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Winter habitat use by juvenile coho salmon (Oncorhynchus kisutchy varied with cover type and flow level in
outdoor stream channels. Cover utilization and the number of fish remaining in stream channels increased sig-
nificantly as cover complexity increased. Mast fish emigrated during a simulated freshet unless the most complex
cover (low velocity, shade, and wood debris combined} was available. At both high and low flows, emigration
occurred primarily during the rapid decline in light levels at twilight. Most coho formed aggregations beneath
cover, exhibiting feeding and aggression at temperatures as low as 2.5°C. We conclude that (1) social interactions,
in concert with habitat features, influence the abundance of coho salmon within specific stream habitats in winter,
and (2) structural complexity of wood debris is an important consideration for management practices designed
to protect or enhance winter habitat for this species.

’habitat utilisé en hiver par les saumons cohos juvéniles (Oncorhynchus kisutch) variait en fonction du type de
couvert et du débit dans les chenaux extérieurs. L'utilisation du couvert et le nombre de poissons restant dans
les cheneaux augmentait nettement en fonction de la complexité du couvert. La plupart des poissons émigraient
pendant une crue simulée 3 moins de disposer du couvert le plus complexe (faible vitesse, ombre et débris de
bois combinés). Que le débit soit fort ou faible, I'émigration se produisait surtout pendant la rapide baisse de
I'éclairement au crépuscule. La plupart des cohos se fenaient en groupe sous le couvert, présentant des compor-
tements d’alimentation et d’agression 2 des températures pouvant descendre jusqu’a 2,5°C. Nous en concluons
que 1) les interactions sociales, combinées aux caractéristiques de I’habitat, influent sur 'abondance du saumon
coho dans certains habitats lotiques précis en hiver et que 2) la complexité structurale des débris de bois est un
aspect important a considérer dans les pratiques de gestion visant a protéger ou a améliorer I’habitat hivernal de

cette espece.
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ver the past decade, the behavior and ecology of
stream-dwelling salmonids during winter has received
considerable attention. High mortality rates and dif-
ferent, often more restrictive, habitat requirements during win-
ter (e.g. Mason 1976; Rimmer et al. 1984; Cunjak and Power
1986) have emphasized the importance of this season to sal-
monid management. Because the quality and quantity of cover
appears to be a major factor governing overwinter survival (e.g.
Hunt 1969; Mason 1976; Tschaplinski and Hartman 1983),
research has focused on defining winter cover requirements.
For juvenile coho salmon (Oncorhynchus kisutch), large
wood debris provides a major component of winter cover (Hart-
man 1965; Bustard and Narver 1975a; Tschaplinski and Hart-
man 1983; Heifetz et al. 1986). Wood debris is thought to pro-
vide protection from predators during this period of low water
temperatures, and from downstream displacement from high
velocities by frequent and at times severe winter freshets that
characterize coastal systems (Hartman 1965; Bustard and
Narver 1975a). Recent studies have documented that (1) higher
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numbers of coho salmon remain within accumulations of wood
debris after winter freshets than in other types of stream habitats
(Tschaplinski and Hartman 1983), (2) the number of overwin-
tering coho salmon is positively correlated with the volume of
debris (Tschaplinski and Hartman 1983; Martin et al. 1986),
and (3) the number of overwintering coho is low in stream
reaches where debris abundance has been reduced by debris
removal associated with streamside logging (Tschaplinski and
Hartman 1983; Murphy et al. 1986) or other disturbance (Mar-
tin et al. 1986).

Although previous studies have established the importance
of debris in providing winter cover for coho salmon, the char-
acteristics that determine its suitability have not been clearly
defined. The objective of this study was to examine selection
of various cover types by coho salmon. The effects of high
current velocities on cover selection were also examined,
because population declines during winter have often occurred
in conjunction with freshets (Mason 1976; Tschaplinski and
Hartman 1983).

Materials and Methods

Test Channels and Fish

Experiments were conducted in outdoor stream channels that
allowed fish either to become residents or emigrate in response
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FiG. 1. Stream channel dimensions and representative distribution (arrows) of coho salmon in relation
to velocity isopleths (cm/s) before (1100 h) and during (1330, 1430, 1500 h) a simulated freshet in
stream channels having a baffle cover structure. PP = plunge pool at pool-riffle interface, W = windows.

Shaded sections =riffles, unshaded = pools.

to manipulations of cover features and current velocity. The pair
of channels (each 4.9 X0.9 X 0.6 m) (Fig. 1) was constructed
adjacent to Dicks Creek, a tributary of Carnation Creek, a small
stream located on the west coast of Vancouver Island (see map,
Bustard and Narver 1975a). Channels contained a gravel (2-6
cm in diameter) substrate and two alternating sequences of pools
(depth 23.5 cm) and riffles (depth 6.4 cm). A flume carried
water from Dicks Creek to a commmon header box, and water
flow into each channel was controlled by boards in the header
box and the flume. A dam located at the outlet of Dicks Lake,
1 km upstream from the channels, allowed us to release large
quantities of water into the channels to simulate a freshet. A
0.6-cm-mesh screen was placed at the upstream end of the
channels to prevent fish from entering the header box.
Emigrating fish were captured in a net positioned at the
downstream end.

Wild coho used in experiments were captured during
December 1985 from the Sarita River (2 km south of Carnation
Creek) with baited minnow traps. Fish were held in outdoor
tanks supplied with a constant flow of Dicks Creek water and
fed frozen euphausids daily. One hour prior to tests, coho were
mildly anesthetized in a 2-phenoxyethanol solution and their
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fork length was measured to the nearest millimetre. At least 1
wk elapsed prior to re-use of fish in experiments.

Cover X Flow Experiments

Four types of cover and two levels of flow were used to test
winter cover use. In order of increasing complexity, cover types
were:

{A) No cover: channel lacked any in-stream or overhead
cover.

(B) Baffle: low velocity refuge as provided by a sub-
merged log was simulated by a25 X 45 cm ply-
wood sheet attached at a 45° angle to the side of
the channel in the upstream half of the second
pool.

(C) Baffle/shade: an undercut bank providing both over-
head shade and low velocity refuge was simu-
lated by extending a 36 X 91 c¢m plywood sheet
extending downstream from the top of the baf-
fle, and positioned 5 cm above the water surface.

(D) Baffle/shade/simulated root mass: a debris jam pro-
viding low velocity refuge, shade, and a com-
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plex of interstitial spaces was simulated by
placing a 25 X 36 X 91 cm ‘root mass’ (six alter-
nating layers of 3—6 cm diameter limbs) beneath
the baffle/shade structure.

The two flow levels used in experiments were ‘‘low flow™’
and “‘high flow,”’ the latter simulating the rising flow pattern
of a freshet. During low flow, mean bottom velocity was 15
cny/s in riffles and 3.5 c/s in pools when no cover (cover type
A) was present. During a simulated freshet, mean bottom
velocity was 60 cmy/s in riffles and 28 cnv/s in pools at maximum
flow (Fig. 1). Velocity was measured 5 cm above the substrate
at three points along six equidistant transects across each chan-
nel with a Gurley pygmy current meter. Low and high flows
corresponded to average bottom velocities determined from
measurements made along pool and riffle transects of Carnation
Creek when discharge at the main hydrological weir was at base
winter low (0.23 m?/s) and during a small-magnitude freshet
(2.26 m*/s), respectively. Winter flows in Carnation Creek fluc-
tuate widely and rapidly from about 0.2 m*/s up to 64.9 ms;
annual peak winter flows averaged 35 m*/s from 1971 to 1986
(Tschaplinski and Hartman 1983; Hetherington 1988).

During each 46-h trial, the type of cover in the experimental
channels was the same. At 1100 h on day 1 of an experiment,
20 coho ranging in fork length from 54-77 mm (£ = 64.6 mm)
were added to each channel. For the first 24 h, rear exits were
blocked and low flows were maintained in both channels to
allow fish to acclimate. At 1100 h on day 2, rear exit screens
were removed, and fish had the choice of remaining in or leav-
ing channels over the next 22 h. In one channel, low flow was
maintained for the remainder of the trial. In the other, fish were
exposed to a simulated freshet (high flow) by increasing the
release of water from the header box every 30 min from 1300
to 1500 h (Fig. 1). Maximum discharge was then maintained
for the remainder of the trial (18 h). At 0900 h on day 3, chan-
nels were drained and remaining fish counted and measured.

Two trials of this procedure were performed for each of the
four different combinations of cover. The relatively short test
period (46-h) was considered representative of the patterns of
residency, emigration, and habitat use exhibited by coho over
longer periods since fish readily acclimated to experimental
conditions (see below). In a more direct test of this assumption,
Taylor (1988) found that, over a 1-mo observation period,
microhabitat use by coho in laboratory stream channels
remained stable after as little as 24 h. The low variation in
patterns of cover use and emigration in our experiments lent
additional support to our assumption.

Trials were run from 15 December 1985 to 5 March 1986.
Fish were not artificially fed during experiments. Natural insect
drift entered channels from Dicks Creek. Drift net samples taken
from the flume indicated the amount of drift available during
an experiment was low. Water temperatures ranged from 2.0 to
8.3°C, but were usually 5-6°C; temperature extremes never
exceeded 1.8°C during an experiment. During the winter high
flow period in Carnation Creek (October-March), average daily
temperatures ranged from 2-9°C and were usually 4-6°C (Bus-
tard and Narver 1975a; Brown and McMahon 1988). Bustard
and Narver (1975a) found that cover-seeking behavior of juve-
nile coho salmon during this period was most pronounced at
terperatures <7°C. Moderate increases in turbidity occurred
in stream channels during high discharge (actual levels not
measured), but declined to a level where an observer could eas-

ily see across the channel within 1 h after maximum flow was
attained (1600 h).
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Fi16. 2. Mean number (* range) of juvenile coho salmon remaining
in stream channels with cover X flow combinations (A) no cover; (B)
baffle; (C) baffle/shade; and (D) baffle/shade/root mass.

Fish were observed through slits in black plastic curtains cov-
ering six windows located along one side of each channel. Fish
appeared to readily acclimate to experimental channels. Fright
responses (rapid swimming, rapid breathing, tight grouping,
and bleached coloration) subsided within 1 h and normal feed-
ing and aggressive behaviors occurred within 6 h of release.
After this 6-h period, observations of cover use, feeding, and
aggression were made at least once each morning and afternoon
along the length of each channel.

Cover use was defined as the percent of fish in the channel
occurring within 15 cm behind or under a cover structure. Cover
use was based on observations of =15 fish; fish numbers varied
due to emigration. Use of cover at high flow was determined
during the 2-h period of flow increase. Use of cover by coho
inhabiting the darkened shade or simulated root mass cover
structures was determined by subtracting the number of fish
away from cover from the total number of fish present.

Rates of feeding were determined by counting the number of
feeding acts and rates of aggression by counting the number of
aggressive acts (nipping, chasing, lateral display, sensu Hart-
man 1965) observed in groups of 3-15 fish for 13 min during
low-flow conditions. Feeding rates of coho in groups of less
than three fish were not counted since feeding tended to be
sporadic and variable among individuals and hence did not
accurately reflect trends in feeding of the entire group of coho
inhabiting a channel. Observations of feeding and aggression
of fish occupying the shade or simulated root mass cover struc-
tures were made on fish occurring along the edge of cover.

Fish behavior was monitored during simulated freshets and
their distribution was recorded at least every 30 min during
daylight hours. Emigrants were removed from nets and meas-
ured at least hourly from 1200-2000 h (every 15 min during
periods of high emigration) and again at 0900 h the next mormn-
ing. Timing of emigration in relation to time of sunset, sunrise,
and twilight was calculated from the Nautical Almanac (Anon-
ymous 1986) corrected for the latitude and longitude of Car-
nation Creek (48°55'N, 125°00'W).
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Results

The namber of coho remaining in stream channels (Fig. 2)
varied significantly among cover types (Friedman’s two-way
ANGCVA, Zar 1984, Xf‘—— 11.37, p<0.01) and flow levels
(X,>=17.0, p<0.01). During low flow trials, less than five coho
remained in channels when no cover or a baffle was present.
The number of residents increased markedly with the addition
of overhead shade. When the root mass was added, all 20 fish
introduced at the start of the experiment remained in the chan-
nels. Further, few coho remained in channels during a freshet
unless the baffle/shade/root mass structure was present. Pair-
wise comparisons of each cover X flow treatment demonstrated
that, at both high and low flows, significantly more coho
remained in channels during trials with the root mass than when
other cover types were available (Fig. 2; Duncan’s multiple
range tests on ranked data, p<<0.03).

Coho behavior and distribution also varied with cover type
and flow. At low flow, during trials with either no cover or a
baffle present, coho occurred in front or rear pools in aggrega-
tions of >135 individuals, where water velocity was 2-7 cmy/s;
no fish were observed in riffles and only a few were observed
in the lee of the baffle where velocity was near zero (Figs. |
and 3). When overhead shade was added, coho use of the cover
structure increased significantly (arcsine transformation of per-
centages, t=9.21, df= 18, p<<0.001). Cover use increased sig-
nificantly again when the baffle, shade, and simulated root mass
were combined (r=2.47, df=18, p<<0.05) (Fig. 3). At low
flow, therefore, increased use of cover was accompanied by an
increase in the numnber of fish remaining in channels. Cover use
was similar when channels were closed (during acclimation) or
open to emigration {f-tests, p>0.3).
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As water velocity was increased during a simulated freshet,
use of cover also increased (Figs. 1 and 3). During no cover
trials, coho oriented downstream in the plunge pool at maxi-
mum flow, but had difficulty maintaining position in the tur-
bulence, and most fish later emigrated from the channel. During
trials with a baffle or a baffle/shade structure, fish formed a
tight group that swam against the eddy behind the baffle (Fig.
1). Bottom velocity at this location averaged 10 cnv/s at maxi-
mum flow; however, high turbulence made it difficult for coho
to maintain position. In contrast, the addition of a simulated
root mass to the baffle/shade structure provided an effective
refuge from high velocity and turbulence. At maximum flow,
water velocity in the downstream half of the cover structure was
14 cm/s, but velocity and turbulence directly behind the baffle
was near zero.

Emigration occurred predominantly during twilight (Fig. 4).
Seventy-five percent of the total number of coho emigrating
from channels during a freshet and 61% of the total emigrating
from channels with low flow did so during the period of rapidly
decreasing light intensity from 30 min before to 60 min after
sunset; an additional 23% of coho emigrating from channels
with low flow left early the next morning. This emigration pat-
tern was consistent throughout the experimental period, despite
a progression in the time of sunset of ~90 min.

Physical displacement of coho by high current velocities did
not appear to be the primary cause of emigration during sim-
ulated freshets. During a freshet, coho maintained their position
in the lee of a baffle or in the plunge pool, but as light levels
decreased they swam higher in the water column and then were
swept downstream. Only 17% of all emigrants from high flow
channels (18 of 105} left channels during the ~4 h period of
high flow before sunset (Fig. 4) and only four fish were found
impinged on the rear screen that covered most of the down-
strearn end of the channels. Few fish left channels during the
~2 h period of higher turbidity following the increase in flows
(Fig. 4).

Feeding and aggression occurred during all trials and were
observed at temperatures as low as 2.5°C. Neither rates of feed-
ing (means = 1.4-4.7 acts per 10 min; Kruskal-Wallis one-way
ANOVA, H=12.38, P =0.49) nor aggression (means =0.6-1.2
acts per 10 min; H=1.79, P=0.41) differed significantly
between trials with different cover types. Aggression was less
pronounced and less frequent than that reported at higher tem-
peratures (Hartman 1965; Glova 1986), occurring most fre-
quently when one to two fish excluded all others from territories
established during brief (<30 min) feeding bouts at the inter-
face of fast and slow currents near the edge of cover. When the
root mass was present, coho were evenly distributed within the
structure ~15-20 cm apart and defended small areas around
these sites primarily by erecting the dorsal fin whenever another
fish swam close by, and occasionally by nipping or chasing
intruders.

Size differences between residents and emigrants were not
significant in most trials (Table 1). Residents tended to be
smaller than emigrants in trials lacking the root mass and larger
than emigrants when the root mass was present, but in only
three trials were differences statistically significant. The four
coho found impinged on the rear screen during a freshet were
all in the smallest 5-mm size range used, suggesting that small
coho were most susceptible to downstream displacement.

Discussion

Structurally complex accumulations of large wood are an
important component of winter habitat for juvenile coho
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Tasre 1. Mean lengths and differentes (s-test) between mean lengths
of resident and emigrants coho salmon in cover X flow experiments
(number of fish in parentheses). Initial refers to fish introduced into
stream channels at the start of the experiment.

Mean fork length (mm)

Cover® X flow®
treatment Initial Residents Emigrants ¢
AXLF 62.8 56.0(3) 63.8 (17) 2.45°
66.1 61.0(5) 66.8 (15) -1.57
AXHF 628 — (© 62.8 (20) —
66.1. 65.8(5) 66.3 (15) -0.15
BXLF 63.1 58.0(03) 66.3(17) 2.16°
68.5 65.8(5) 69.6 (15) ~1.14
B X HF 63.8 53.00) 63.8 (19) —
66.0 64.0(1) 66.0 (19) —
CxXLF 63.1 64.3(13) 61.6(7) +0.43
66.5 64.6(14) 70.7(6) 2.15¢
CxHF 633 59.5() 64.8 (18) -1.09
66.4 63.8(6) 67.0 (14) ~1.07
DXLF 6.8 668200 — O —
66.1 66.1(200 — (O —
DX HF 65.9 66.4(14) 65.0(6) +0.33
66.0 66.6(17) 62.00) +1.15

*A =no cover, B =baffle, C=baffle/shade, D = baffle/shade/root
mass.

"LF =low flow, HF =high flow.

p<0.05.

salmon. The results of our experiments support previous field
and experimental studies which demonstrated that during win-
ter coho occupy pools and undercut banks containing large
wood or root wads and are generally absent from main-channel
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habitats lacking such cover (Bustard and Narver 1975a,b;
Tschaplinski and Hartman 1983; Heifetz et al. 1986; Brown
and McMahon 1988). Our study demonstrated that coho abun-
dance increased as cover complexity increased, with only the
most complex structure supporting significant numbers of fish
during simulated freshets. As in studies of cover selection in
brown trout (Salmo trutta; Hartman 1963), we found that the
most suitable winter cover for coho combined all three envi-
ronmental features of low velocity, shade, and three-dimen-
sional complexity.

Cover requirements of coho during winter differ from, and
are generally more restrictive than those during summer. In
summer, coho occupy a wide range of stream habitats, includ-
ing pools, side channels, glides, and the edges of riffles (Bisson
et al. 1982; McMahon 1983; Murphy et al. 1986). Current
velocity is often considered the primary variable governing
microhabitat selection by salmonids during summer (e.g. Shir-
vell and Dungey 1983; deGraaf and Bain 1986). We found that
slow current velocities are important to coho in winter habitat
selection, but only when in conjunction with cover that provides
shade and three-dimensional complexity (see also Bustard and
Narver 1975a). The preference by cohe for shade during winter
contrasts sharply with Ruggles’ (1966) findings that the number
of resident coho decreased by nearly 50% during summer when
overhead shade was added to his experimental channels. Such
a response may be related to a general increase in photonegative
behavior among salmonids during winter (Bustard and Narver
1975a; Cunjak 1988).

Shifts into high cover, low velocity microhabitats during win-
ter appear to be characteristic of many stream-dwelling sal-
monids (Chapman and Bjornn 1969; Bustard and Narver 1975a;
Rimmer et al. 1984; Cunjak and Power 1986). Types of cover
utilized as overwintering habitat vary depending on species,
fish size, temperature, and hydrologic regime (Bustard 1986;
Cunjak and Power 1986). In addition to their use of large woody
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debris as winter habitat, coho also overwinter in lakes and in
off-channel ponds, swamps, sidechannels, and tributaries
(Peterson 1982a, 1982b; Swales et al. 1988; Hartman and
Brown 1988). In these habitats, too, coho are found in close
association with woody debris or other types of complex cover
such as emergent vegetation.

We observed two behaviors in coho that would minimize dis-
placement during winter freshets. First, there was a strong pref-
erence for structurally complex cover; second, as velocities
increased, coho shifted to the lowest-velocity microhabitats
available and then emigrated (chiefly during twilight) from areas
that failed to provide shelter from high turbulence. Movements
of coho from sites lacking wood into areas having suitable win-
ter habitat have been described for a number of streams coin-
cident with declining temperatures and increasing flows in
autumn (e.g. Peterson 1982a, 1982b; Tschaplinski and Hart-
man 1983; Brown and McMahon 1988). Emigration from these
areas during twilight may serve to decrease mortality from vis-
ual predators during shifts in habitat (Helfman 1981a).

In coastal streams, these behaviors are undoubtedly impor-
tant for survival of young coho during winter when freshets are
common and swimming abilities are reduced. Based on data
from Glova and Mclnerney (1977), we calculated that at 3°C
the critical swimming speed of coho 60-mm long is 22 cm/s,
~50% less than that at summer temperatures (18-23°C). Bot-
tom velocity in open pools and riffles in Carnation Creek com-
monly exceeds this level even during relatively small freshets
(e.g. 2.26 m*/s). Both this study and that of Tschaplinski and
Hartman (1983) indicate that debris serves to dissipate the
energy of flowing water and create pockets of shelter from high
current velocities. In a recent analysis of pool-forming features
in various coastal streams in Oregon, Kaufmann (1987) found
that the size of pools and the volume of low velocity zones
present at high flows was positively related to the structural
complexity of debris.

Use of structurally complex cover by coho salmon during
winter is likely also to minimize predation risk (Werner et al.
1983). A. Dolloff’s {U.S. Forest Service, Blacksburg, VA
24061, pers. comm.) recent count of 230 juvenile coho salmon
and Dolly Varden charr (Salvelinus malma) otoliths in one river
otter scat collected next to a beaver pond in southeast Alaska
points to the potentially high predation rates on coho during
winter. The preference of coho for shade as shown in our study
may also minimize predation by providing camouflage and by
enhancing detection of predators (Helfman 1981b).

Although aggression diminishes in winter and coho com-
monly form aggregations under cover (Hartman 1965; Mason
1965; Glova 1986, this study), we found that coho continue to
exhibit agonistic behaviors. High structural complexity of wood
debris may serve an additional function of reducing the fre-
quency of agonistic interactions by increasing the visual iso-
lation of individual fish (Dolloff 1986). This may explain the
significant increase in numbers of coho of all sizes remaining
in stream channels when the root mass was added to the baffle/
shade cover structure.

The results of our experiments emphasize the importance of
protecting and/or enhancing the structural complexity of wood
debris for proper management of coho salmon habitat. The
abundance and structural integrity of wood debris can be sub-
stantially reduced after streamside logging, stream cleaning,
and other forest management practices (Bisson et al. 1987). In
Carnation Creek, stream reaches impacted by logging had 93%
less wood volume and a 75% fewer overwintering coho than
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nonimpacted reaches (Tschaplinski and Hartman 1983; Brown
and McMahon 1988). Since accumulations of large wood
remain low for at least 50 yr after debris loss (Grette 1985;
Martin et al. 1986; Andrus et al. 1988), winter habitat for coho
salmon in the mainchannels of debris-impoverished streams is
likely to be reduced for many decades. Winter habitat for coho
can best be maintained during and after logging by leaving wood
debris in the stream and ensuring its continued recruitment by
leaving buffer strips of trees along streambanks (Tschaplinksi
and Hartman 1983; Heifetz et al. 1986). Protecting clumps of
trees along certain stream sections could increase the possibility
that natural processes of windthrow and bank undercutting
introduce wood imto the channel in multiple configurations
(Sedell et al. 1984; Bisson et al. 1987).

Acknowledgements

We thank B. Andersen, D. Leahy, and D. Claughton for expert
assistance in constructing stream channels and for field camp support,
8. Carruthers and G. Bracher for drafting figures, and T. G. Brown,
R. Cunjak, A. Dolloff, B. Holtby, R. Ptolemy, J. C. Scrivener, and J.
Tash for their reviews of the manuscript. The study was made possible
by a Natural Sciences and Engineering Research Council of Canada
postdoctoral fellowship to T. E. McMahon.

References

Anprus, C. W., B. A. Long, anND H. A. FroesLicH. 1988. Woody debris and
its contribution to pool formation in a coastal stream 50 years after log-
ging. Can. J. Fish. Aguat. Sci. 45: 2080-2086.

ANONYMOUS. 1986. The nautical almanac. U.S. Government Printing Office,
Washington, DC. 276 p.

Bissow, P. A, R. E. By, M. B. Bryant, C. A. DoLLoFF, G. B. GRETTE,
R. A. Housg, M. L. Murety, K V. Koski, anp I R. SEDeLL. 1987. Large
woody debris in forested streams in the Pacific Northwest: past, present,
and future, p. 143-190. In E. O. Salc and T. W. Cundy [ed.] Streamside
management: forestry and fishery interactions. College of Forest
Resources, University of Washington, Seattle, WA 471 p.

Bisson, P. A., § L. NiELSEN, R. A. PALMASON, AND L. E. GROVE. 1982. A
system of naming habitat types in small streams, with examples of habitat
utilization by salmonids during low streamflow, p. 62-73. In N. B.
Armantrout [ed.] Acquisition and utilizatior of aquatic habitat inventory
information. Western Division, American Fisheries Society, Portland, OR.

Brown, T. G., anp T. E. McMaHoN. 1988. Winter ecology of juvenile coho
salmon in Carnation Creek: summary of findings and management impli-
cations, p. 108~117. In T. Chamberlin {ed.] Proceedings of the workshop:
applying 15 years of Carnation Creek results. Pacific Biological Station,
Nanaimo, B.C. 239 p.

BUSTARD, D. 1986. Some differences between coastal and interior stream eco-
systems and the implication to juvenile fish production, p. 117-126. In
1. H. Patterson {ed.] Proceedings of the workshop on habitat improve-
ments, Whistler, B.C., 8-10 May 1984. Can. Tech. Rep. Fish. Aquat.
Sci. 1483. 219 p.

Bustarp, D. R., anp D. W. NaRVER. 1975a. Aspects of the winter ecology
of juvenile coho salmon (Oncorhynchus kisutch) and steethead trout (Salmo
gairdneri). J. Fish. Res. Board Can. 32: 667-680.

1975b. Preferences of juvenile coho salmon (Oncorhynchus kisutch)
and cutthroat trout (Salmo clarki) relative to simulated alteration of winter
habitat. J. Fish. Res. Board Can. 32: 681-687.

Cuapman, D. W, anp T. C. BIoRNN. 1969. Distribution of salmonids in
streams with special reference to food and feeding, p. 153-176. In T. G.
Northeote fed.] Symposium on salmon and trout in streams. H. K.
MacMillan Lectures in Fisheries, University of British Columbia, Van-
couver, B.C.

CunJaK, R. A. 1988. Behaviour and microhabitat of young Atlantic salmon

. (Salmo salar) during winter. Can. J. Fish. Aquat. Sci. 45: 2156-2160.

CuUNJAK, R. A., AND G. Power. 1986. Winter habitat utlization by stream
resident brook trout (Salvelinus fontinalis) and brown trout (Salmo rrurta).
Can. J. Fish. Aquat. Sci. 43: 1970-1981.

DEGRAAF, D. A., AND L. H. BAIN. 1986. Habitat use by and preferences of
juvenile Atlantic salmon in two Newfoundland rivers. Trans. Am. Fish.
Soc. 115: 671-681.

Can. J. Fish. Aquas. Sci., Vol. 46, 1989



quat. Sci. Downloaded from www.nrcresearchpress.com by MONTANA STATE UNIV BOZEMAN on 07/01/13
For personal use only.

DorLorr, C. A. 1986. Effects of siream cleaning on juvenile coho salmon and
Dolly Varden in southeast Alaska. Trans. Am. Fish. Soc. 115: 743-755.

GLova, G. 1. 1986. Interaction for food and space between experimental pop-
ulations of juvenile coho salmon (Oncorhynchus kisutch) and coastal cut-
throat trout (Salmo clarki) in a laboratory stream. Hydrobiologia 132: 155~
168.

Grova, G. I, anp J. E. MCINERNEY. 1977. Critical swimming speeds of coho
salmon (Oncorhynchus kisutch) fry to smolt stages in relation to salinity
and temperature. J. Fish. Res. Board Can. 34: 151-154.

GRETTE, G. B. 1985. The role of large organic debris in juvenile salmonid
rearing habitat in small streams. MSc. thesis, University of Washington,
Seattle, WA. 105 p.

Hart™maAN, G. F. 1963. Qbservations on behaviour of juvenile brown trout in
a stream aquarium in winter and spring. 1. Fish. Res. Board Can. 20: 769-
787.

1965. The role of behaviour in the ecology and interaction of under-
yearling coho salmon (Oncorhynchus kisutch) and steethead trout (Salmo
gairdneri. J. Fish. Res. Board Can. 22: 1035-1081.

HartMAN, G. F., anp T. G. BROWN. 1988. Forestry—fisheries planning con-
siderations on coastal floodplains. For. Chron. 64: 47-51.

HereTZ, J., M. L. MURPHY, AND K V. Koski. 1986. Effects of logging on
winter habitat of juvenile salmonids in Alaskan streams. N. Am. J. Fish.
Manage. 6: 52-58.

HerrMmaN, G. S. 1981a. Twilight activities and temporal structure in a fresh-
water fish community. J. Fish. Res. Board Can. 38: 1405-1420.

1981b. The advantage to fishes of hovering in shade. Copeia 1981:
392-400.

HeTHERINGTON, E. D. 1988. Hydrology and logging in the Carnation Creek
watershed — what have we learned? p. 11-15. In T. Chamberlin [ed.]
Proceedings of the workshop: applying 15 years of Carnation Creek results.
Pacific Biological Station, Nanaimo, B.C. 239 p.

Hunt, R. L. 1969. Effects of habitat alteration on production, standing crops
and yield of brook trout in Lawrence Creek, Wisconsin, p. 281-312. In
T. G. Northcote [ed.} Symposium on salmon and trout in streams. Uni-
versity of British Columbia, Vancouver, B.C. 388 p.

KaurMann, P. R. 1987. Channel morphology and hydraulic characteristics of
torrent-impacted forest streams in the Oregon Coast Range, U.S.A. Dis-
sertation, Forest Engineering Department, Oregon State University, Cor-
vallis, OR. 235 p.

MARTIN, D. I, L. J. WASSERMAN, anD V. H. DaLE. 1986. Influence of riparian
vegetation on posteruption survival of coho salmon fingerlings on the west-
side streams of Mount St. Helens, Washington. N. Am. J. Fish. Manage.
6: 1-8.

Mason, L C. 1965. Behavioral ecology of juvenile cobo salmon (0. kisutch)
in stream aquaria with particular reference to competition and aggressive

Can. J. Fish. Aquat. Sci., Vol. 46, 1989

behavior. Dissertation, Fisheries and Wildlife Department, Oregon State
University, Corvallis, OR. 195 p.

1976. Response of underyearling coho satmon to supplemental feed-
ing in a natural stream. J. Wildl. Manage. 40: 775-778.

McMaHoN, T. E. 1983. Habitat suitability index models: coho salmon. U.S.
Department of Interior, Fish Wildl. Serv. OBS/FWS-82/10.49. 29 p.

MurprY, M. L., J. HelFeTZ, S. W. JOHNSON, K V. KOsk, AND J. F. THEDINGA.
1986. Effects of clear-cut logging with and without buffer strips on juve-
nile salmonids in Alaskan streams. Can. I Fish. Aquat. Sci. 43: 1521
1533.

PETERSON, N. P. 1982a. Immigration of juvenile coho salmon (Oncorhynchus
kisutch) into riverine ponds. Can. J. Fish. Aquat. Sci. 39: 1308-1310.

1982b. Population characteristics of juvenile coho salmon (Oncor-
hynchus kisutch) overwintering in riverine ponds. Can. J. Fish. Aquat.
Sci. 39: 1303-1307.

RMMER, D. M., U. Paim, anp R. L. SAUNDERs. 1984. Changes in the selection
of microhabitat by juvenile Atlantic salmon (Salme salar) at the summer—
autumn transition in 2 small river. Can. J. Fish. Aquat. Sci. 41: 469-475.

RUGGLES, C. P. 1966. Depth and velocity as a factor in stream rearing and
production of juvenile coho salmon. Can. Fish. Cult. 38: 37-53.

SEDELL, J. R., F. 1. SWANSON, AND S. V. GREGORY. 1984. Evaluating fish
response to woody debris, p. 222-245. In T. J. Hassler [ed.] Proceedings
of Pacific Northwest Stream Habitat Management Workshop. Humboldt
St. Univ., Arcata, CA. 322 p.

SHIRVELL, C. S., anp R. G. DUNGEY. 1983. Microhabitats chosen by brown
trout for feeding and spawning in rivers. Trans. Am. Fish. Soc. 112: 355~
367.

SwalLEs, S., F. Caron, I R. IRVINE, aAND C. D. LEvINGs. 1988. Population
characteristics of coho salmon (Oncorhynchus kisutch) and other juvenile
salmonids overwintering in lake, tributary, stream and main river habitats
in the Keogh River system, Vancouver Island, British Columbia. Can. J.
Zool. 66: 254-261.

TAYLOR, E. B. 1988. Water temperature and velocity as determinants of micro-
habitats of juvenile chinook and coho salmon in a laboratory stream chan-
nel. Trans. Am. Fish. Soc. 117: 22-28.

TScHAPLINKSL, P. J., AND G. F. HarTMAR. 1983. Winter distribution of juvenile
coho salmon (Oncorkynchus kisusch) before and after logging in Carnation
Creek, British Columbia, and some implications for overwinter survival.
Can. §. Fish. Aquat. Sci. 400: 452-461.

WERNER, E. E., I. F. GiLLiaMm, D. J. HALL, aND G. G. MITTELBACH. 1983. An
experimental test of the effects of predation risk on habitat use in fish.
Ecology 64: 1540-1548.

ZAR, J. H. 1974. Biostatistical analysis. Prentice-Hall, Englewood Cliffs, NJ.
620 p.

1557





