
AN ABSTRACT OF THE THESIS OF

Stephen H. Phillips for the degree of

Fisheries

Master of Science in

presented on May 28, 1986

Title: Winter Ecology of Juvenile Coho Salmon (Oncorhynchus kisutch)

In Modified and Unmodified Sections of a Coastal Stream

Abstract approved:

Redacted for Privacy
iichard A. Tubb

Natural and gabion modified habitats containing coho salmon

(Oncorhynchus kisutch) were observed and measured seasonally in East

Fork Lobster Creek, a fifth order stream in western Oregon. Coho

salmon usually inhabited backwater and secondary channel pools in

winter. Large wood debris complexes and undercut banks were the

primary sources of cover in winter. Beaver activity played a vital

role in creating summer and winter habitat.
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Study sites with gabions maintained large numbers of fry
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discharge months. During winter high discharges, gabion sites with

backwater pool habitat held relatively larger numbers of fish than
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WINTER ECOLOGY OF JUVENILE COHO SALMON (ONCORHYNCHUS KISUTCH) IN

MODIFIED AND UNMODIFIED SECTIONS OF A COASTAL STREAM

INTRODUCTION

Wild coho salmon (Oncorhynchus kisutch) populations in the coastal

streams of the Pacific Northwest have declined dramatically over the

last century. Research projects involving juvenile and adult coho

salmon have been conducted in the attempt to rehabilitate these

populations by habitat improvements. Most studies of the effects of

habitat improvement related to juvenile coho salmon have been carried

out in the summer. High stream discharges during the winter make

evaluations and censusing the juveniles difficult if not dangerous.

However the winter is a critical time since it is a period when coho

must seek protection from potentially harmful, high stream discharges

(Cederholm and Scarlett 1981, Bisson and Nielson 1983).

Many projects have been initiated to try to rehabilitate streams

which have watersheds that have been logged. Rehabilitation projects

have attempted to replace the natural physical features that were lost

through logging activities. The importance of large woody debris to

salmonids is well documented both biologically (Ruggles 1966, Sedell

et al. 1982) and physically (Ruggles 1966, Hall and Baker 1975,

Swanson et al. 1976). Use of boulders, pools, boulders with cabled

log cover, and gabions are some of the stream improvement projects

that have been carried out in the Pacific Northwest (Bjornn 1971,

Anderson and Miyajima 1975, Engles 1975, Ward and Slaney 1979,

Anderson and Cameron 1980, House and Boehne 1985).

This investigation was undertaken to study the effects of a series

of gabions located on East Fork Lobster Creek, Oregon (Fig. 1). The
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Figure 1. Location map of East Fork Lobster Creek drainage.

* = Sites modified by gabions (Source: House and Boehne

1985).
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main objective of this study was to determine the relative effects of

selected environmental variables on the distribution of coho salmon in

modified (gabion) and unmodified sites on East Fork Lobster Creek,

Oregon. A second objective of this study was to characterize the

microhabitats utilized by juvenile coho in terms of depth, velocity,

and cover in selected gabion sites and in unmodified sites.

Constructed in 1981, the rock structures were placed with the

intention of increasing salmonid spawning gravel and summer rearing

habitat (House and Boehne 1985). The gabions increased stream

diversity and provided summer habitat for all age classes of salmonids

(House and Boehne 1985). The creation of pools in gabion-treated

sites was especially beneficial for coho salmon fry (House and Boehne

1985). The preference of coho salmon for pool habitat has been well

documented for the summer months (Hartman 1965, Ruggles 1966).

East Fork Lobster Creek (EFLC) also supports runs of cutthroat

(Salmo clarki) and steelhead (Salmo gairdneri) trout. Gabion-treated

sites also increased numbers of trout fry in summer, but not as

dramatically as that of coho (House and Boehne 1985). All of the

research conducted on EFLC between 1981 through 1983 by House was done

in low flow summer months. The usefulness of gabions in providing

winter habitat for juvenile coho has not been fully investigated in

EFLC or in other Pacific streams.

The quantity of winter habitat data concerning juvenile coho in

Oregon coastal streams is limited (Rodgers 1986). EFLC provided the

opportunity to study fish populations in the winter by direct

observation, utilizing the snorkeling technique. The stream has a
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relatively small watershed (14 km2), with an average annual flow of

1.2 m3 (House and Boehne 1985). There is good water clarity, and the

cool temperate climate made snorkeling feasible.
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MATERIALS AND METHODS

The East Fork of Lobster Creek is a part of the Alsea River

Drainage and is located about 19 km south of Alsea, Oregon. The study

area begins at 0.8 km and ends 2.6 km from the mouth of EFLC (Fig. 1).

Over the last 25 years, 60% of the EFLC watershed has been logged by

clear-cutting, including the riparian zone. About 80% of the

drainage's vegetation is 0-50 years old. Much of the woody debris in

the creek sluiced out during a major storm in 1964 (House and Boehne

1985). Dominant second-growth trees in the riparian areas along EFLC

consist of red alder (Alnus rubra), bigleaf maple (Acer macrophyllum),

western redcedar (Thula plicata) and Douglas fir (Psuedotsuga

menziesii) (House and Boehne 1985). Thirteen sites, each 30 meters in

length, were selected for study. Four of these sites were modified by

gabions and contained two or more gabion structures. Nine additional

unmodified sites were selected after a careful evaluation of the

stream and included the range of habitats found in EFLC (Table 1).

Photographs were taken of representative sites in the study area

(Appendix 1).

Coho populations were surveyed by wetsuit snorkeling. The

techniques used to monitor fish habitat utilization was similar to

those used by Bustard and Narver (1975). Fish were observed for 1-3

minutes until their focal points (center of their holding positions)

were determined. The positions of coho fry were marked by yellow

pyramid sinkers and fishes were counted by a mechanical tabulator.

After each site was snorkled, habitat data were recorded. Each

site was divided into the following microhabitats (partially after
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Table 1. Habitat survey of 1.8 km study section and nine unmodified
sites in East Fork Lobster Creek.

Habitat Type

L OWFLOW
(House, pers. comm.)

Habitat survey
(flow - 0.04 m3/second)
% of each habitat type

9 unmodified sites
July 7-11, 1985

(flow < 0.15 m3/s)
% of each habitat type

Dam pool

Backwater pool

Lateral scour pool

Plunge pool

Trench pool

Secondary channel pool

Low gradient riffle

High gradient riffle

Rapid

Secondary channel riffle

Glide

19

4

13

2

9

8

31

4

1

2

7

16

2

14

0

2

6

22

0

<1

0

38

HIGHFLOW
February 19-20, 1985

Habitat survey
(flow: 0.85 m3/second)

9 unmodified sites
December 1-15, 1984
(flow: 0.31-2.86 m3/s)

Dam pool 0 0

Backwater pool 3 2

Lateral scour pool 10 14

Plunge pool 3 0

Trench pool 4 2

Secondary channel pool 4 5

Low gradient riffle 25 13

High gradient riffle 22 0

Rapid 9 17

Secondary channel riffle 2 0

Glide 18 47
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Bisson et al., 1982) plunge pool, dam pool, backwater pool, lateral

scour pool, trench pool, secondary channel pool, glide, riffle, and

rapid (Appendix 2). Physical stream (cover) characteristics (Appendix

2) were measured with a steel measuring (Jacobs) rod or tape measure.

Data were collected in October 1984 and from December 1984 through

July 1985. An additional set of habitat data on fish distribution was

gathered during the following December (1985) to corroborate the

previous winters findings. In the analysis of the December 1985 fish

distribution data, habitat data from January 1985 were substituted

since flow conditions in the two months were similar and stream

morphology had not changed substantially.

After enumerating the coho and recording microhabitat data, fish

position data were recorded according to each coho or group of coho.

Water depth at fish location, focal point and maximum area velocities,

as well as cover type and distance to suitable cover were quantified

for each coho or group of coho (Appendix 2). Multiple cover

designations were given to those coho that were within 2 meters of

more than one cover type. Current velocity was measured with either a

Pygmy Gurley or Marsh-McBirney current meter.

Electrofishing data gathered by Robert House, BLM Biologist were

used to corroborate snorkel sampling (Appendix 3). The total-removal

electrofishing technique was employed. Sites were blocked by seines

and fish removed by electrofishing with a Smith-Root model VIII-DC

shocker until no fish were recovered. While snorkeling, an underwater

flashlight and small stick were used to help locate fish under rocks,

undercut banks, debris jams, etc. Coho were counted between 9 am and



8

3 pm PST. 'Snorkeling of the microhabitats within each site was done

while working gradually upstream. Underwater observations were not

made when streamflows were greater than 2.86 m3/second (stream gauge

height 2.4) in order to minimize variability in underwater visibility.

Sampling time for the 13 sites was approximately 2 weeks. Eight of

the 13 sites were sampled at the beginning of each month over a 4-day

period, to minimize variability in stream flow and temperature. The

data on position of coho from these 8 sites (2 gabion, 6 nongabion)

were used for determining water depth at fish location, focal point

velocity, and maximum area velocity.

An additional site (10a) was added in December of 1984 to monitor

the influence of riverine pond habitat on coho densities in the

winter. Sites 2 and 10a were predominantly of slow deep water and had

beaver activity throughout the winter. Beaver excavated the banks and

bottom of Site 2. In October of 1984 Site 10a was a mixed-riffle-

glide with a small pool at the downstream end. In November of 1984,

site 10a was transformed into a large dam pool when old growth cedar

fell and blocked the stream. Beaver sealed off the top of the dam and

also dropped several red alder trees into this pond creating instream

and overhead cover. This site was also a riffle-glide by the

September 1985 sampling. As high discharges commenced in November of

1985, Site 10a filled up with water and once again became a large dam

pool. The coho densities in sites 2 and 10a were compared with the 8

other unmodified sites and 4 gabion modified sites.

A USGS flow station is located near the mouth of EFLC. Flow, in

cubic meters per second, was recorded prior to each sampling.

Temperature was also recorded prior to each day's sampling (Fig. 2).
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Figure 2. Temperature and flow data for East Fork Lobster Creek.
Temperature data were from sampling days. Flow data were
collected from USGS flow station. * = Estimate based on
rainfall data.
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Juvenile steelhead and juvenile and adult cutthroat trout were

observed during the sampling. The decision not to analyze trout data

was based on the failure to locate sufficient numbers of these species

and the wide disparity between the number of trout counted by snorkle

sampling and those enumerated by electrofishing. Coho estimates using

the electrofishing methods were similar (Appendix 3).

Statistical Analysis

A general index of coho habitat utilization (Bisson and Sedell

1983) was computed by the following formula:

Utilization =

Habitat Specific Density (coho/m2)-Average Total Density (coho/m2)
Average Total Density (coho/m2)

where:

habitat specific density = average density in the habitat type of

interest

average total density = average density over the entire system

Total habitat avoidance and preference equaled -1 and + infinity,

respectively. Unmodified sites were analyzed separately.

Correlation analysis (Snedecor and Cochran 1980) was employed to

describe the association between biological and physical variables.

Data from the gabion and nongabion sites were combined into five time

sequences: December 1984 - February 1985, April 1985, May and June

1985, July 1985 and December 1985. January 1985 habitat measurements

were utilized for the December 1985 data set. The December-February

and April data sets contains information on the 1984 year class of
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coho. The May - June, July and December 1985 data were for the 1985

year class of coho. The remaining small population of II" coho (84

year class) in the May - June, July, and December 1985 data sets were

not analyzed.

A habitat complexity index (Forward 1984) was used to describe the

effects of site complexity on fish abundance. Ten variables used in

the index were (1) percent pool, (2) average depth, (3) maximum site

depth, (4) average site velocity, (5) small woody debris, (6) large

woody debris (single log), (7) woody debris jam, (8) boulder edge, (9)

undercut bank, and (10) bottom ledge.

The habitat complexity data were also combined into the 5 time

sequences. Point totals were awarded as follows: Sites with the

highest value of each of the variables 1-3 and 5-10 were given 13

points; the second highest value were assigned 12 points, and the

lowest ranked sites received 1 point. The site with the slowest

average site velocity received 13 points and the site with the highest

average site velocity was given 1 point. Those sites with equal

quantities of a specific habitat variable were ranked by adding the

ties and dividing by the appropriate number. All data were recorded

in the field (Appendix 4).

Box plots (McGill et al. 1978) were used for the data on fish

depth, focal point velocity and maximum area velocity. The "box"

represents the middle 50% of the observed values. Percentiles and

medians (instead of means) were used to determine central tendencies

because of the asymmetrical nature of these data.
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RESULTS

Winter of 1984-1985 was characterized by a lack of the usual

major storms. There were no substantial increases in stream

discharges from January 1 - February 6, 1985 (Fig. 2).

Steelhead and cutthroat were difficult to find by snorkeling in

the winter, particularily during higher flows. It has documented that

steelhead trout juveniles begin hiding at temperatures as high as 7-8°

C (Bustard and Narver 1975). Observation in EFLC indicated steelhead

and cutthroat juveniles began hiding at 7.9° C in EFLC. Both trout

juveniles and cutthroat adults had a more pronounced fright response

than did coho fry. Trout juveniles exhibited a fright reaction at a

distance of 5 meters. When disturbed, the juveniles darted upstream

or to cover. Coho juveniles exhibited a much less intense fright

reaction than did trout. Sometimes coho approached as I swam toward

them, especially if the bottom sediments were disturbed. All fish

exhibited less fright reaction during higher flows.

Coho frequently were in schools, especially in the winter months.

Trout, particularly adult cutthroat, were more solitary. Only in the

deepest pools were mixed schools of coho and trout encountered.

Invariably the older trout were at or near the bottom in the deepest

portion of the pool; 0+ age trout occupied the margins of the pool in

shallower water close to the bottom. The extensive secondary channel

pool region of Site 2 was almost entirely inhabitated by coho

juveniles, with trout apparently electing not to inhabitat these types
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of microhabitats. In April, recently emerged trout and coho occupied

similar habitats of shallow near-bank slackwaters.

Microhabitat Use

Unmodified Sites (1984 year class). Coho fry preferred pool habitat

and avoided non-pool habitat throughout the winter months (Fig. 3).

Trench and secondary channel pool habitats and, to a lesser degree,

lateral scour pools were used most frequently by coho fry through the

winter (Fig. 4).

Modified Sites (1984 year class). Most of the non-pool habitat in the

sites modified by gabions was composed of glides. In the low

discharges of October 1984, coho showed minimal preference for pools

and minimal avoidance of glides (Fig. 5). Coho fry were found about

evenly distributed among the gabion habitats of plunge pool, dam pool

and glide in October. With the higher flows and cooler temperatures,

in December 1984, coho moved out of the gabion created plunge pools

and glides and into the lateral scour and backwater pools at the

stream margin (Fig. 6). In February, April, and May, coho prefered

glides over pool habitats, though the difference was minimal. Coho

use of backwater areas also diminished during these months (Fig. 4 and

5).

Unmodified Sites (1985 year class). Coho in EFLC emerged from the

gravel between mid-March and the end of April. Recently emerged fry

had a strong preference for pool habitat, especially for backwater and

secondary channel pools (Figs. 7 and 8). Backwater, secondary channel,

and lateral scour pools were of the most importance to coho in May and
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June and July. However, backwater habitat in June and July was less

than 25 m2. Beavers began dams that affected the main channel at the

end of May at Sites 3, 4, 7, and 8. Subsequent coho use of dam pools

was seen in June and July. The use of glides was most evident in

June. By December, coho fry strongly preferred pools especially

secondary channel and trench pools.

During the December 1985 sampling more than 50% of coho fry were

found deep within rootwads and debris jams. It was very likely that

large numbers of coho were not found in this sampling period because

of hiding behavior.

Modified Sites (1985 year class). Recently emerged fish at the gabion

sites showed a strong avoidance of glides and strong preference for

pools, especially backwater pools (Figs. 9 and 10). Lateral scour

pools were the most frequently occupied habitat in May with plunge

pools, backwater pools and glides being of secondary importance. In

late spring and early summer, coho were primarily found in plunge and

dam pools. In low flow months (June, July) the damming of the water

above the gabion structures caused the lateral scour and backwater

pools to become incorporated into the gabion-created dam pools.

Correlation Analysis

A correlation matrix was calculated to detect preferences of coho

for selected variables on a seasonal basis (Tables 2 and 3). The

sample size (n = 13 sites) for this data was quite small and the

results were not conclusive. Significant correlations do provide,

however, an insight into the main physical variables affecting coho
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Table 2. Correlation matrix of biological and physical variables, December-February 1984-1985, April 1985, and December

* Significant at 0.05 level. n 13. (December 1985 coho/m2 data included with Dec-Feb. 1984-1985 correlations.)

1985.

1 2 3 4 5 6 7 8 9 10 11 12 13 14

December-February

1 Coho/m2 1.00 0.99 0.00 -0.32 -0.13 -0.65* 0.55* 0.39 0.80* 0.57* 0.50 -0.19 -0.12 0.89*

2 Coho/m 1.00 0.01 -0.35 -0.12 -0.67* 0.54 0.42 0.82* 0.60* 0.51 -0.13 -0.15 0.88

3 Large woody debris 1.00 -0.08 -0.16 -0.08 -0.17 0.45 -0.08 0.17 0.57* -0.12 -0.13 0.10

4 Boulder edge 1.00 -0.16 0.00 0.07 0.66* -0.06 -0.27 -0.49 0.22 0.34 -0.16

5 Small woody debris 1.00 -0.18 0.12 0.06 -0.11 0.28 0.07 -0.12 -0.36 -0.23

6 Average site velocity 1.00 -0.40 0.23 -0.88* -0.77* -0.32 -0.37 0.38 -0.47

7 Average site depth 1.00 0.18 0.55* 0.60* 0.60 -0.17 -0.06 0.61*

8 Undercut bank 1.00 0.27 0.57* 0.72* -0.01 -0.27 0.32

9 Site % pool 1.00 0.70* 0.29 0.37 -0.37 0.61*

10 Maximum site depth 1.00 0.50 0.20 -0.24 0.57*

11 Woody debris jam 1.00 -0.22 -0.25 0.42

12 Turbulence
1.00 -0.33 -0.35

13 Bottom ledge
1.00 -0.33

14 Coho /m2 1985
1.00

April

1 Coho/m2 1.00 0.97* -0.17 -0.22 0.08 -0.69* 0.89* 0.60* 0.76* 0.79* 0.61* -0.21 -0.06

2 Coho/m 1.00 -0.21 -0.27 0.19 -0.78* 0.83* 0.64* 0.81* 0.80* 0.65* -0.04 -0.14

3 Large woody debris 1.00 0.36 -0.01 -0.10 -0.16 0.06 0.01 -0.02 0.06 -0.13 -0.37

4 Boulder edge 1.00 -0.38 -0.11 -0.13 -0.47 -0.11 -0.11 -0.43 0.00 0.00

5 Small woody debris 1.00 -0.28 0.02 0.13 0.11 0.24 0.02 0.30 -0.36

6 Average site velocity 1.00 -0.54 -0.41 -0.87* -0.71* -0.40 -0.33 0.52

7 Average site depth 1.00 0.49 0.67* 0.82* 0.47 -0.17 0.25

8 Undercut bank 1.00 0.58* 0.41 0.90* -0.18 -0.29

9 Site X pool 1.00 0.75* 0.50 0.37 -0.32

10 Maximum site depth 1.00 0.49 0.18 0.04

11 Woody debris jam 1.00 -0.23 -0.26

12 Turbulence
1.00 -0.21

13 Bottom ledge
1.00



Table 3. Correlation matrix of biological and physical variables, May-June 1985 and July

n - 13.

1985. * Significant at 0.05 level.

1 2 3 4 5 6 7 8 9 10 11 12 13

May-June

1 Coho /m2 1.00 0.89* 0.37 -0.55* 0.48 -0.46 0.50 0.46 0.45 0.24 0.38 0.15 -0.60*

2 Coho/m 1.00 0.47 -0.48 0.23 -0.59* 0.51 0.41 0.67* 0.38 0.31 0.53 -0.50

3 Large woody debris 1.00 0.10 -0.20 -0.07 0.20 0.31 0.23 0.07 0.28 0.17 -0.33

4 Boulder edge 1.00 -0.57* 0.68* -0.28 -0.52 -0.12 -0.22 -0.48 0.03 0.29

5 Small woody debris 1.00 -0.49 0.29 0.20 0.00 0.21 0.08 -0.19 -0.41

6 Average site velocity 1.00 -0.64* -0.42 -0.47 -0.72* 0.34 -0.32 0.12

7 Average site depth 1.00 0.47 0.53 0.72* 0.29 0.20 -0.11

8 Undercut bank
1.00 0.43 0.46 0.92* -0.10 -0.30

9 Site X pool
1.00 0.61* 0.34 0.66* -0.38

10 Maximum site depth
1.00 0.42 0.19 0.17

11 Woody debris jam
1.00 -0.24 -0.23

12 Turbulence
1.00 -0.31

13 Bottom ledge
1.00

July

1 Coho/m2 1.00 0.90* 0.31 -0.67* 0.13 -0.59* 0.56* 0.81* 0.36 0.64* 0.33 -0.07 -0.42

2 Coho/m 1.00 0.48 -0.56* 0.02 -0.65* 0.48 0.72* 0.49 0.58* 0.36 0.08 -0.40

3 Large woody debris 1.00 0.01 -0.16 -0.02 -0.03 0.13 0.03 0.03 -0.02 -0.13 -0.36

4 Boulder edge 1.00 -0.21 0.48 -0.29 0.65* -0.02 -0.27 -0.43 0.24 0.21

5 Small woody debris 1.00 -0.13 -0.07 0.17 0.05 0.08 0.17 0.38 -0.34

6 Average site velocity 1.00 -0.72* -0.35 -0.48 -0.68* -0.06 -0.40 0.02

7 Average site depth 1.00 0.46 0.56* 0.95* 0.16 -0.01 0.14

8 Undercut bank 1.00 0.27 0.53 0.68* -0.29 -0.34

9 Site X pool
1.00 0.66* 0.19 0.55* -0.30

10 Maximum site depth 1.00 0.22 0.07 0.01

11 Woody debris jam
1.00 -0.28 -0.19

12 Turbulence
1.00 -0.09

13 Bottom ledge
1.00
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population over time. During December 1984 to February 1985 there

were significant positive correlations (P < 0.05) found between

coho/m2 and maximum site depth (0.57), % pool (0.80), and average site

depth (0.55). A significant negative correlation of -0.65 was also

found between coho/m2 and average site velocity (Table 2).

In April 1985, significant positive correlations were found

between coho/m2 and % pool (0.76) undercut bank (0.60), maximum site

depth (0.79), and woody debris jam (0.61) (Table 2). A negative

correlation of -0.69 existed with average site velocity. Another

negative correlation of -0.55 existed between coho/m2 and boulder edge

from May to June 1985 (Table 3).

The correlation analysis for July 1985 showed postive correlations

between coho/m2 and average site depth (0.56), undercut bank (0.81),

and maximum site depth (0.64). Negative correlations were found with

boulder edge (-0.67) and average site velocity (-0.59) (Table 3).

During December 1985 coho/m2 had significant positive

correlations of 0.61 with average site depth, 0.57 with maximum site

depth and 0.61 with % pool (Table 2).

Habitat Complexity Index

Coho density and site complexity were significantly correlated

during all sampling periods except May June and July 1985 (Tables

4-7, Figures 11-15). Quantitative habitat measurements and rankings

based on habitat complexity are listed in Tables 4-7. Higher

correlation coefficients between habitat complexity and coho/m2 were

recorded in the winter months: December February, r = 0.83; April,



Table 4. Habitat complexity variables and rankings for 13 selected sites in East Fork Lobster Creek. December-February

1984-1985. Thirteen equals highest complexity ranking for each variable. * = gabion modified sites.

Average site Maximum Small Woody

Large Boulder site woody debris Coho m2

Site woody edge velocity depth Rootwad X depth Bottom debris jam

location debris (m) (m/sec) (m) (m2) pool (m) ledge (m2) (m2) Dec-Feb Dec 85

Site Complexity Variables

1 6.6 23.5 0.716 0.36 0.3 15 0.6 1.0 1.5 0.0 0.00 0.00

2 0.9 0.0 0.055 0.54 5.3 100 1.3 0.0 1.5 9.7 1.01 0.76

3 0.0 0.0 0.777 0.37 4.7 5 1.0 0.0 10.6 0.0 0.004 0.0

4 0.0 0.0 1.08 0.39 0.0 4 0.6 0.0 0.0 0.0 0.0 0.0

5* 4.4 0.0 0.549 0.42 7.0 34 1.1 0.0 3.1 7.6 0.13 0.09

6* 4.3 4.7 0.332 0.41 2.3 41 1.1 0.0 2.9 0.0 0.03 0.01

7* 0.0 16.8 0.673 0.47 3.3 47 1.0 0.0 0.1 0.0 0.002 0.0

8 9.5 0.0 0.713 0.39 6.8 14 1.0 0.0 2.9 15.4 0.06 0.07

9 0.0 18.0 0.905 0.49 0.7 9 0.9 22.0 0.6 0.0 0.03 0.33

10 8.9 12.4 0.497 0.40 4.0 31 1.2 8.5 0.1 5.5 0.25 0.45

11 0.8 15.1 0.387 0.50. 0.0 28 1.1 0.0 11.0 ..0 0.05 0.07

12* 0.0 19.7 0.311 0.34 0.0 54 1.0 0.0 2.7 0.0 0.06 0.0

13 0.0 11.0 0.823 0.30 1.0 0 0.6 13.6 0.0 0.0 0.0 0.0

Complexity Ranking
Totals

1 11 13 5 3 4 6 2 10 6.5 4.5 65.0

2 8 3 13 13 11 13 13 5 6.5 12 97.5

3 3.5 3 4 6 10 3 6.5 5 12 4.5 57.5

4 3.5 3 1 4.5 2 2 2 5 1.5 4.5 29.0

5* 10 3 8 9 13 10 10 5 11 11 90.0

6* 9 6 11 8 7 9 10 5 9.5 4.5 79.0

7* 3.5 10 7 10 8 11 6.5 5 3.5 4.5 69.0

8 13 3 6 4.5 12 5 6.5 5 9.5 13 77.5

9 3.5 11 2 11 5 4 4 13 5 4.5 63.0

10 12 8 9 7 9 8 12 11 3.5 10 89.5

11 7 9 10 12 2 7 10 5 13 9 84.0

12* 3.5 12 12 2 2 12 6.5 5 8 4.5 77.5

13 3.5 7 3 1 6 1 2 12 1.5 4.5 41.5



Table 5. Habitat complexity variables and rankings for 13 selected sites in East Fork Lobster Creek. April

1985. Thirteen equals highest complexity ranking for each variable. * = gabion modified sites.

Site
location

Large
woody
debris

Boulder
edge

(m)

Average site

Rootwad
(m2)

%

pool

Maximum
site
depth

(0
Bottom
ledge

Small
woody
debris
(m2)

Woody
debris
jam
(m2) Coho m2

velocity
(m/sec)

depth

(m)

Site Complexity Variables

1 10.8 48.0 0.466 0.38 1.2 20 0.8 0.0 0.1 0.0 0

2 1.0 0.0 0.70 0.66 18.0 100 1.3 0.0 6.0 12.5 0.57

3 3.9 0.0 0.640 0.40 4.5 0 0.8 0.0 20.0 0.0 0.03

4 0.0 0.0 0.762 0.30 0.0 0 0.5 0.0 0.0 0.0 0

5* 3.2 0.0 0.338 0.42 8.5 43 1.2 0.0 9.9 8.5 0.12

6* 9.2 4.3 0.460 0.41 4.7 60 0.9 0.0 5.5 0.0 0.02

7* 0.0 25.0 0.460 0.42 3.2 38 0.8 0.0 1.0 0.0 0.01

8 6.1 0.0 0.704 0.39 13.8 25 0.8 0.0 1.7 12.0 0.02

9 0.0 8.8 0.345 0.53 0.0 7 1.0 27.9 0.2 0.0 0.07

10 3.8 15.0 0.405 0.54 4.8 55 1.3 7.7 1.6 3.9 0.33

11 6.4 19.5 0.372 0.46 0.0 25 1.0 0.0 4.0 3.4 0.14

12* 0.0 15.0 0.284 0.42 0.0 60 1.1 0.0 2.0 0.0 0.10

13 0.0 15.5 0.674 0.37 2.0 9 0.7 14.8 0.0 0.0 0

Complexity Ranking
Totals

1 13 13 6 3 5 5 4.5 6 3 0 58.5

2 6 3 13 13 13 13 12.5 6 10 13 102.5

3 9 3 5 5 8.5 1.5 4.5 6 13 0 55.5

4 3 3 2 1 2.5 1.5 1 6 1.5 0 21.5

5* 7 3 11 8 11 9 11 6. 11 11 88.0

6* 12 6 7.5 3 8.5 11.5 7 6 9 0 73.5

7* 3 12 7.5 8 7 8 4.5 6 5 0 31.0

8 10 3 3 4 12 6.5 4.5 6 7 12 68.0

9 8 7 1 11 2.5 3 8.5 13 4 0 58.0

10 3 8.5 9 12 10 10 12.5 11 6 9 91.0

11 11 11 10 10 2.5 6.5 8.5 6 8 8 81.5

12* 3 8.5 12 8 2.5 11.5 10 6 12 0 73.5

13 3 10 4 2 6 4 2 12 1.5 0 41.5



Table 6. Habitat complexity variables and rankings for 13 selected sites in East Fork Lobster Creek. May-June

1985. Thirteen equals highest complexity ranking for each variable. * - gabion modified sites.

Average site

Large Boulder

Site woody edge velocity depth

location debris (m/sec)

Rootwad
(m2)

Maximum
site

depth Bottom

pool ledge

Small Woody
woody debris
debris jam
(m2) (m2) Coho m2

Site Complexity Variables

1 6.0 37.4 0.378 0.30 0.9 47 0.5 0.0 0.1 0.0 1.44

2 1.0 0.0 0.052 0.44 8.0 100 1.1 0.0 14.0 9.5 2.6

3 1.9 0.0 0.152 0.30 3.2 0 0.6 0.0 16.3 0.0 1.72

4 0.0 0.0 0.366 0.30 0.0 0 0.3 0.0 6.0 0.0 1.55

5* 9.3 0.0 0.058 0.36 6.3 95 1.0 0.0 3.1 4.4 2.62

6* 6.3 4.7 0.067 0.35 2.2 89 0.7 0.0 3.5 0.0 2.10

7* 0.0 18.2 0.290 0.33 2.8 77 0.6 0.0 0.60 0.0 0.89

8 3.9 0.0 0.213 0.27 11.5 53 0.6 0.0 2.2 15.0 1.30

9 0.0 17.4 0.183 0.30 0.0 0 0.8 34.8 0.1 0.0 0.33

10 4.3 16.0 0.146 0.38 4.4 31 0.9 12.5 2.1 5.0 0.10

11 2.7 14.2 0.332 0.19 0.0 0 0.4 0.0 4.4 3.0 0.99

12* 0.0 14.4 0.082 0.27 0.0 80 0.8 0.0 7.6 0.0 0.55

13 0.0 17.6 0.325 0.23 0.0 45 0.6 18.4 0.0 0.0 0.16

Complexity Ranking
Totals

1 11 13 1 6.5 6 7 3 5.5 2.5 4.5 60.0

2 6 3 13 13 12 13 13 5.5 12 12 102.5

3 7 3 8 6.5 9 3 5.5 5.5 13 4.5 65.0

4 3 3 5 6.5 3 3 1 5.5 10 4.5 44.5

5* 13 3 12 11 11 12 12 5.5 7 11 94.5

6* 12 6 11 10 7 11 8 5.5 8 4.5 83.0

7* 3 12 4 9 8 9 5.5 5.5 4 4.5 64.5

8 9 3 6 3.5 13 8 5.5 5.5 6 13 72.5

9 3 10 7 6.5 3 3 9.5 13 2.5 4.5 62.0

10 10 9 9 12 10 6 11 11 5 10 93.0

11 8 7 2 1 3 3 2 5.5 9 9 49.5

12* 3 8 10 3.5 3 10 9.5 5.5 11 4.5 68.0

13 3 11 3 2 3 3 5.5 12 1 4.5 48.0



Table 7. Habitat complexity variables and rankings for 13 selected sites in East Fork Lobster Creek. July

1985. Thirteen equals highest complexity ranking for each variable. * = gabion modified sites.

Average site Maximum Small Woody

Large Boulder site woody debris

Site woody edge velocity depth Rootwad X depth Bottom debris jam

location debris (m) (m/sec) (m)
(m2) pool ledge (m2) (m2) Coho m2

Site Complexity Variables

1 5.0 36.0 0.305 0.23 0.0 24 0.5 0.0 0.1 0.0 0.44

2 1.0 0.0 0.018 0.56 8.8 100 1.5 0.0 3.5 4.5 1.82

3 3.3 0.0 0.152 0.30 4.4 0 0.6 0.0 9.0 0.0 0.90

4 0.0 0.0 0.152 0.20 0.0 0 0.3 0.0 1.0 0.0 0.59

5* 5.4 0.0 0.024 0.42 8.5 94 1.0 0.0 0.1 16.9 1.20

6* 6.3 4.3 0.055 0.33 0.8 87 0.8 0.0 2.4 0.0 1.21

7* 0.0 15.7 0.079 0.37 1.8 100 0.7 0.0 0.0 0.0 0.64

8 0.0 0.0 0.210 0.25 7.5 41 0.6 0.0 7.1 26.4 0.99

9 0.0 14.5 0.061 0.40 0.0 0 0.8 30.2 0.0 0.0 0.43

10 1.3 13.9 0.165 0.44 0.0 81 1.0 6.6 3.6 8.5 0.30

11 3.6 14.6 0.268 0.19 1.5 14 0.4 0.0 2.7 0.0 0.54

12* 0.0 20.7 0.061 0.29 0.0 100 0.8 0.0 10.7 0.00 0.47

13 0.0 18.3 0.326 0.23 0.3 59 0.5 14.7 0.0 0.0 0.20

Complexity Ranking
Totals

1 11 13 2 3.5 3 5 3.5 5.5 4.5 5 56.0

2 7 3 13 13 13 12 13 5.5 9 10 98.5

3 9 3 6.5 7 10 2 5.5 5.5 12 5 65.5

4 3.5 3 6.5 2 3 2 1 5.5 6 5 37.5

5* 12 3 12 11 12 10 11.5 5.5 4.5 12 93.5

6* 13 6 11 8 7 9 9 5.5 7 5 80.5

7* 3.5 10 8 9 9 12 7 5.5 2 5 71.0

8 3.5 3 4 5 11 6 5.5 5.5 11 13 67.5

9 3.5 8 9.5 10 3 2 9 13 2 5 65.0

10 8 7 5 12 3 8 11.5 11 10 11 86.5

11 10 9 3 1 8 4 2 5.5 8 5 55.5

12* 3.5 12 9.5 6 3 12 9 5.5 13 5 78.5

13 3.5 11 1 3.5 6 7 3.5 12 2 5 54.5
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r = 0.85; December 1985, r = 0.65; but not in the spring and summer:

May - June, r = 0.14; July, r = 0.50.

Fish Position Data

Depth. The depth data presented here represents the depth of the water

where coho were located. The intent of this measurement originally

was to quantify the actual depth of the coho juvenile. However, coho

were often found off the bottom, especially during the summer months

when they were frequently feeding at the surface. Coho were in water

of median depth 0.7 m, when flows were 1.13-2.86 m3/second during

December. Coho were found in progressively shallower water, from 0.6

to 0.5 m, as flow decreased through January and the beginning of

February. Coho once again were located in deeper water, from 0.6 to

0.7 m, as flow increased in March and April, respectively. The median

depth at which the 1985 year class of coho was found, 0.3 m, was

unchanged from April to July, although discharges also gradually

decreased throughout this period (Fig. 16).

Coho Focal Point Velocity. Velocities steadily increased, from 0.3 to

0.21 m/second, at the fish focal point throughout the winter months

(1984-1985). In May, during lower discharges, fish focal point

velocities decreased, to 0.15 m/second. In April, recently emerged

coho were close to the stream margins and mostly in stagnant pools,

median = 0.0 m/second. Fish moved away from the stream margins in May

resulting in greater focal point velocities of 0.12 m/second. Lower

discharges in June and July resulted in decreased stream velocities

and lower focal point velocities, from 0.06 to 0.03 m/second (Fig.

17).
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Maximum Area Velocity. Coho's maximum area velocity also decreased

from 0.45 to 0.27 m/second, as water discharge levels and temperatures

decreased through January and February. In March and April, as water

discharge levels and temperature increased, the coho's maximum area

velocities increased to 0.39 m/second.

Recently emerged fry were close to the stream margins and in slow

waters of 0.0 m/second. In May, coho moved away from stream margins

and out closer to the main stream channel and higher velocities of

0.18 m/second. Coho were associated with increasingly slower water of

0.18, 0.09, and 0.03 m/second, as discharge levels dropped in May,

June, and July (Fig. 18).

Distance from Cover (1984 year class). Distance from cover did not

change markedly except in February when the discharge level was the

lowest of the 1984-85 winter and the percentage of fish receiving a

"no cover" designation was greatest, about 45%. Being close to stream

margins, recently emerged coho were close to cover such as overhanging

vegetation and felled red alder. Fry that were in other locations

could be displaced downstream and faced greater chance of predation.

None of the recently emerged fry had a "no cover" rating. Later in

the spring and summer, from May - July, more than 37% of coho in the

13 sites sampled had a "no cover" designation. Coho of the December

1985 sample were found closer to cover than at any other time during

the sampling periods (Fig. 19 and 20).

Cover Type. Undercut banks, boulders and woody debris jams were the

covers with which coho were most associated at the 13 sites throughout
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the winter (Fig. 21). However, boulder edge cover occurred in much

larger quantities (3 times as much) than did woody debris jam or

rootwad cover (see Habitat complexity variables Table 4). The

greatest use of debris jam was noted in February and most boulder use

occurred in April. Coho use of gabions as a cover source was minimal

throughout the entire sampling period. Only on rare occasions were

coho juveniles found underneath gabion structures. Small and large

woody debris, turbulence, and bottom ledge were seldom used as cover.

Recently emerged fish were found associated with small woody debris

which included overhanging vegetation. Large woody debris and

boulders were of secondary utilization. All the other categories of

cover were utilized to a minor degree. Throughout the rest of the

spring and summer coho cover preferences were not well defined. Coho

were associated with undercut banks, boulders, and woody debris jam,

in December 1985. This was similar to the pattern of the 1984-85

winter sample (Fig. 22).

Beaver Riverine Pond

In December 1985, there were fifteen times more fish in the

riverine pond sites (2 and 10a) as compared to the unmodified main

channels sites. In December 1984 there were eight times more fish in

the riverine ponds. There was also ten-fold difference in coho

densities between riverine pond and gabion modified sites in December

of 1984 (Fig. 23). Both of the riverine pond sites had beaver

activity throughout most of the year. In addition these two sites

were primarily of deep (maximum depth > 1 m) slow (site velocity <

0.10 m/s) water.
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Densities in Unmodified and Gabion-Modified Sites

Coho densities (1984 year class) were greater in unmodified than

modified sites during the 1984-1985 winter sampling (Fig. 24).

Gabion-modified sites, however, contained more coho (1985 year class)

from May through July 1985 (Fig. 25). It was assumed gabion-modified

sites contained higher coho densities until the onset of winter

disharges in November.
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DISCUSSION

In December of 1984, the age 0+ age coho were found almost

exclusively in pools. Depth and velocity probably accounted for the

concentration of coho. Coho apparently sought out refuge areas in

order to contend with sudden high flow, cold water conditions.

Ability to maintain position in higher stream velocities decreases for

fish in colder water (Swift 1964). Refuge areas were in slow moving

water ( 0.25 meters/second) and in most instances contained cover.

Hydraulic physical variables (% pool, average site depth, average

site velocity, maximum site depth) were the variables most

consistently correlated with coho densities throughout the winter

months. The importance of hydraulic factors on fish overwintering

behavior was discussed by Bisson and Nielson (1983). They found that

overall preference for winter habitat was influenced primarily by

hydraulic conditions and secondarily by woody debris.

Woody debris jams and undercut banks had significant positive

correlations with April coho densities and were frequented by coho as

a cover source. Large woody debris, however, was not significantly

correlated with coho densities. Forward (1984) noted that the

complexity as well as the volume of the wood is important. A log in a

stream channel does not give the same amount of cover or stability as

several logs do, a log that has trapped small woody debris, or a log

with an attached rootwad. The more intricate the wood cover or

undercut bank, the more potential it has for instream cover, overhead

cover, and slack water cover. Woody cover (single logs) in EFLC was
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along the margins of the stream and provided a minimal surface area

for breakwater or cover.

Boulder cover was not significantly correlated with coho densities

in the winter but coho were found close to boulders. This apparent

anomaly occurred because of the availability of boulders. Nine of the

13 sites had boulder cover. Two sites (1 and 13) had substantial

numbers of boulders but contained no coho, thus reducing the

correlation coefficient. Boulders provided small pockets of water but

did not provide the intricate cover of rootwads or debris jam for

coho. Coho avoided the interstitial spaces between boulders.

The most important overwintering areas were those that Peterson

(1982) called "riverine ponds" (Fig. 23). The riverine pond sites (2

and 10a) were caused by different factors but both had slow moving,

deep water. Both sites were particularly enhanced by beaver activity.

Beavers felled red alder (Alnus rubra) into the stream and tunneled

into stream banks. Both these activities created cover that was

extensively used by coho fry. Another beaver pond area that I did not

sample was visually estimated to contain well over 100 coho during the

1984-85 winters. The importance of riverine ponds, beaver ponds,

off-channel sloughs and debris torrent ponds to coho juveniles has

been reported in other studies (Peterson 1982, Tchaplinski and Hartman

1983, Rodgers 1986). The advantageous buffer effect of vast expanses

of deep slow water was also noted in EFLC. During heavy storms fish

moved to the low velocity regions of the slackwater for refuge. In

lower winter flows, fish moved toward the inlet of the beaver pond,

secondary channel entrance, or main channel entrance to feed. A large
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portion of the coho were found to be feeding throughout the daylight

sampling periods in all sites of the 1984-85 winter.

In low discharge months, beavers played an important role in

creating summer habitat throughout the study area. The dams and

bottom excavation added pool habitat to the stream but, more

importantly, the pool habitat added cover in the form of depth. The

beavers felled trees into the water creating overhead and in-stream

cover.

In EFLC, stream disharge rates seemed to have more influence than

temperature in regulating coho winter hiding behavior. Bustard and

Narver (1975) reported that more than 50% of the age of coho observed

in winter were within cover when temperatures were < 7° C. In EFLC

during the 1984-1985 winter only 19% of the coho were hiding at < 7°.

The difference in observations may have been due to a failure to

locate hiding fish or due to the lack of winter storms. The low

stream discharges in EFLC allowed coho juveniles to move away from

covered refuge at the stream margins toward the main channel. Bustard

and Narver (1975) suggested that stream discharge rates and

temperature were the main factors controlling winter hiding behavior

in coho salmon. They reported coho to be more active when discharge

rates increased at temperatures between 4 and 8° C. They cited

temperature as the key factor inducing hiding behavior in fish in

Carnation Creek, British Columbia. My results indicated that

discharge rates were more important than temperature in inducing

winter hiding behavior.
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The December 1985 sample conditions were substantially different

from any 1984-85 winter sampling periods. Previous to the December

1985 sampling a large snowstorm and a subsequent week of melting

caused a prolonged period of cold (< 5° C) high (> 3 m3/second) stream

conditions. The sampling conducted following these harsh conditions

found more than 50% of the fish deep within cover such as undercut

banks and large woody debris jams. The lower stream discharges and

temperature (< 1.1 m3/second and < 6° C) of the January and February

1985 samples resulted in fewer than 20% of the coho within cover. In

addition, coho were not found deep within the areas of cover where

they were located in December 1985.

Limited shocking was done in the winter and it is possible that

coho deep within the rootwads of some of the sites were not

ennumerated. Rodgers in his Knowles Creek study, found that in winter

base flows and temperatures of 4.4° C and below, snorkeling greatly

underestimated coho densities when compared to electrofishing methods

(pers. comm.). Based on this researchers experience with snorkeling

and the "mild" winter of 1984-85, there did not appear to be large

numbers of unsampled fish deep within cover.

The maximum area velocity and depth where coho were found

reflected winter conditions. As stream discharge levels fluctuated,

so did the maximum area velocity and depth at coho position. After

the onset of winter freshets in November coho in EFLC generally

remained in fixed stream reaches, such as riverine ponds, throughout

the winter months. It was assumed that maximum area velocity and

focal point velocity data would follow the same patterns. The
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findings of this study did not support this assumption. Several

reasons may account for the differences in the two velocity

measurements. The two velocity meters used were at times prone to

malfunction and may have introduced some error into the velocity

measurements. Secondly, the maximum area velocities one meter from

coho position may have been excessive in a stream the size of EFLC

where the width is only five meters at winter base flows.

As depth and maximum area velocity fluctuated the focal point

velocity of coho steadily increased throughout the winter. Fish were

observed feeding throughout the winter. Juvenile steelhead trout and

chinook salmon (Oncorhynchus tshawytscha) in Idaho streams during the

summer months were found to inhabit faster water as they grew

(Everest and Chapman 1972). Studies in Idaho streams by Chapman and

Bjornn (1969) with steelehad trout juveniles, and Reimers (1957) with

rainbow trout juveniles, indicated increased numbers of insects in

fish stomachs during the winter months. According to Reimers, lower

digestion rates may have accounted for the increased insect numbers.

Chapman and Bjornn (1969) suggested that perhaps there was adequate

winter food supply for fish even though insect drift levels were

reduced. This may explain the presence of coho in progressively

faster water during the winter. When water temperatures were as low

as 3.9-4.1° C (flows at 0.29-0.27 m3/second) schools of coho had moved

to the head of pools and in some cases into glides and were feeding.

Decreasing discharges in spring and summer were probably

responsible for the trends of decreasing focal point and maximum area

velocities shown by the 1985 year class of coho. Fish depth remained
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unchanged throughout the spring and summer as stream flows steadily

decreased. The decreased discharges caused fish to move away from the

stream margins in April and May and toward midstream and deeper water

by July. This behavior was also reported by Lister and Genoe (1970)

in the Big Qualicum River, British Columbia.

High stream levels in April (0.8-2.04 m3/second) caused newly

emerged fry to be frequently on the flood plain in temporary

offchannel pools. Fish often were under or near bushes and beaver-

felled red alder. In May and June as coho fry grew, their dependence

upon cover and pool habitat decreased. Coho were found nearly equally

in all habitat types except trench pools, glides and, to a small

degree in riffles. No clear cover preferences existed, with 35% of

the fish in the no cover category. In addition, the site complexity

index did not explain coho densities. There were a large number of

spawners in the 1984-85 winter (Appendix 4). Subsequently, the 1985

year class of coho was relatively large when compared to recent years.

Coho fry had the effect of "saturating" sites 1-8 with fish. Lower

flows and warmer water, especially in June (11° C, 0.2 m3/s) permitted

coho to inhabitat the less complex sites (C1, 3, 4) which contained

less cover.

Less complex sites lost many more coho than did the complex sites

by the July sampling. Densities may have decreased because of the

usual competition for food and space or from predation. Belted

kingfishers (Megaceryle alcyon), river otters (Lutra canadensis), and

sculpins (Cottus spp.) were seen at EFLC and all were likely predators

of salmonid fry.
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Gabions

Coho moved toward lateral scour pools at stream margins and

backwater pools at the onset of winter. In February, an avoidance of

pool habitat in the gabion sites was noticed (Fig. 5). Coho avoided

gabion-created, plunge pool habitat in the winter months. Apparently

the turbulence of the plunge pools during the high flow months caused

the coho to change habitats. Interestingly the trout especially adult

cutthroat occupied gabion plunge pools throughout the winter.

Secondly, lower than "usual" winter flows allowed coho to move out

into glide habitats where velocities in February were - 0.4 m/s.

Recently emerged coho fry probably avoided turbulent plunge pools

because of difficulty in navigation and the potential predation by

older salmonids.

Bisson and Nielson (1983) reported that age 0+ age coho inhabited

natural plunge pools in the winter. Debris was cited as a prime

factor in determining whether coho used this pool type. Naturally

formed plunge pools are usually different than V shaped gabion plunge

pools because in the former water flows over the top in a single

channel. Naturally formed plunge pools tend to have large areas of

nonturbulent water at their margins. The V shaped gabion plunge pools

in EFLC often had tubulence next to the streambanks. Unfortunately

there were no naturally occurring plunge pools included in this

investigation. Gabion sites that contained the most coho possessed

slackwater escape cover.

Gabion winter capacity was directly related to the amount of

backwater habitat. In the 1984-85 winter and December 1985 gabion
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site 5 consistently held more fish than any other gabion site. A large

lateral scour pool caused by a boulder-rootwad-large wood conglomerate

was at the head of the site. During high water, fish moved back

toward the margin of the lateral scour pool protected by the rootwad.

Gabion Site 13, which was equal in complexity to gabion Site 6, held

more coho throughout the 1984-85 winter. At Site 13 there was a

backwater pool where fish escaped during freshets. Both gabion sites

6 and 7 were steepbanked sites with little backwater habitat. These

sites possessed cover in the form of rootwad, boulder and woody

debris. However, neither of these sites were a productive

overwintering areas.

During lower stream discharges in the later spring and summer,

gabions provided adequate habitat for juvenile coho. Plunge pools

became less turbulent, while their depth provided good cover. Dam

pools caused by gabion structure in low flow months had nearly the

same effect of beaver dams by raising water levels. In two instances

beavers placed rubble sized rocks upon the gabions further raising

water levels. At lower flows, gabions blocked upstream or downstream

migration of juvenile salmonids. Beaver dams cause nearly the same

effect. Fish were found several times to be circling above gabions

and beaver dams, possibly seeking an exit.

Gabion sites contained over 50% of the coho redds in the 82-82,

83-84, 84-85, 85-86 winters (Appendix 5). This may partially explain

why gabion sites had greater fish densities in spring, summer, and

fall. The percentage loss of coho fry from gabion sites from summer

to winter was greater than from nongabion sites (Fig. 24 and 25).
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The remarkable increase in coho numbers in EFLC in recent years

(Appendix 4) is partially explained by the gabion structures.

According to House and Boehne (1985) EFLC seriously lacked spawning

gravels prior to gabion construction. The intense use by coho (and

steelhead) adults of gabions sites for spawning indicates either the

lack of gravels in the creek or the preference of adults for gabion

gravel. Pool habitat created by the structures appears to have been

sufficient to support coho juveniles until the end of low discharge

conditions in approximately November. Large numbers of coho left the

gabion sites and went downstream in the early winter months to seek

winter refuges such as beaver ponds and secondary sloughs.

Apparently, the coho that remained at the gabion sites because of deep

slack water habitat. The majority of the gabion habitat in EFLC did

not provide a good refuge for coho in high winter flows.

Coho habitat improvement projects need to incorporate winter

habitat into their design. The results of this study indicate that

coho leave the main channel sites in winter months to overwinter in

riverine pond or slough habitat. Coho which migrate long distances to

find winter habitat at the onset of the high flows probably face a

greater chance of injury or predation. It is probable that the

mortalities at higher flows would decrease if coho winter habitat were

closes to summer rearing areas.
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CONCLUSIONS

Hydraulic factors were the primary influences upon juvenile coho

overwintering behavior. The majority of coho in EFLC inhabited areas

of slow deep water during the winter months. These areas were

apparently used by coho because fish were far removed from potentially

physically damaging high water. Beaver sloughs and ponds played a

major role in supplying winter habitat. Large wood complexes and

undercut banks were also important for creating smaller areas of

slackwater habitat. Large wood complexes and beaver activities

increase The habitat complexity and winter refuges for coho in coastal

streams.

Low flows of the "drought" type winter experienced in 1984-85

probably affected fish microhabitat utilization since significant

number of coho fry were more than 2 meters from cover confines at that

time. Hiding behavior seemed to be more of a function of discharge

rate than of temperature. During periods of cold temperatures and

high discharge rates more than half of the coho sampled were deep

within cover. During periods of cold temperatures and low discharge

rates less than one fifth of the coho sampled were within cover.

Coho in the spring and summer were less dependent on cover and

lower stream discharges allowed fish to occupy less complex sites.

Gabion projects need sufficient winter habitat at or downstream

of, the project site. In EFLC, gabion sites in steepbanked regions

with little backwater habitat lost nearly all the coho in the winter

months. Conversely, those gabion sites with slackwater refuges
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retained a larger portion of fish. Ail 4 gabion sites in this study

supported large numbers of fry throughout the spring, summer, and

early fall. Plunge pools formed by gabions were used by fry in the

summer months, but were abandoned in high winter flows because of

their turbulent nature. Gabion enhancement projects should be

constructed upstream of beaver sloughs or ponds. When high winter

discharge rates make the gabion sites uninhabitable coho could move

into the backwater areas created by the beaver activities.

It may be difficult to provide winter habitat, spawning gravels

and summer pool habitat with only gabion enhancement projects. Pools

formed by plunging turbulent water at V shaped gabions are not

suitable as winter habitat. Modifications of gabion construction

should allow some winter habitat potential. Simple modifications

could include placing boulders or logs in such a way as to form

backwater regions. Retaining large trees in the stream and the

protection or introduction of beavers are alternate ways to create

winter habitat.

It is not necessary to dig out stream reaches mechanically to

create large stagnant pools. Winter habitat involves hydraulic

factors, cover factors and nearby feeding sites for coho. Moderate

flows through winter refuge areas appear to be of some importance,

probably because they provide some food in the form of drift.

Construction or modification of winter habitat for coho and other

salmonids should be considered further in future stream rehabilitation

efforts.
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Low site complexity (site 4); cover quantity negligible, site

velocit > 0.6 m/s, depth < 0.4 m.

plo.
q".

Moderate site complexity (site 11); moderate quantitites o

boulder edge and wood debris, site velocity > 0.35 ms/, depth

< 0.5.

Appendix 1. Crossection of site complexities including sites

modified by gabions chosen for study in East Fork Lobster Creek.

Pictures were taken in winter high flow.
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High site complexity (site 2); beaver activity, large quantities

of undercut bank/roodwad and wood debris, site velocity < 0.1 m/s,

depth > 0.5 m.

Site moditied by gabions (site 12); note the turbulent plunge

pools and backwater region (upper right).

Appendix 1. Continued.
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Appendix 2. Microhabitat types of East Fork Lobster Creek and
physical habitat definitions.

Pool: Water moving at a slow velocity and is usually deeper than a
glide or riffle (Platts et al. 1983).

Plunge pool: Pool formed by plunging water; typified by turbulence
especially in high flow conditions.

Secondary channel pool: Pool which is distinct and seperate from the

main part of the river.

Lateral scour pool: Pool caused by an obstruction in the stream;
typified by current that is often circular.

Backwater pool: Stagnant pool regions of the main channel, more
frequent in high flows when the stream overflows its banks.

Trench pool: Pool dug out of the main channel, narrow and deeper than

the previous pool types.

Dam pool: Caused by beaver, large wood jams etc. that forms an
obstruction in the stream and causes the water to back up into a pool.

Glide: Water too shallow to be a pool and too slow to be a riffle
(Platts et al. 1983). Velocities of 0.24-0.6 m/sec.

Riffle: Water that is fast, shallow and is typified by turbulence

(0.6-0.9 m/sec).

Rapid: Water that is fast and is typified by a great deal of

turbulence (0.9/m/sec+).

Turbulence: White water on the surface of the stream that is caused
by plunging or rapidly moving water and provides cover for fish.

Rootwad: Where the streambank is < 1 m above water > 2 cm deep. Also

includes rootwads.

Large woody debris: Any wood structure greater than 15 cm in diameter

which is within 60 cm of the water under which a fish can hide (2 cm

of water).

Small woody debris: Shrubby like growth dead or alive which is within

50 cm of the water (or in the water), includes leaves, and underwater

vegetation.

Woody debris jam: Conglomerate of large and small woody debris that

contains at least 1 piece of wood > 15 cm in diameter.
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Appendix 2. Continued

Large boulder edge: Any rock at least 90 cm in diameter that provides

cover in the form of edge or interstitial region.

Small boulder edge: any rock between 50-90 cm in diameter (85 year

class only).

Gabion edge: That part of the gabion that is in contact with the

water.

Bottom ledge: Areas where crags, crevices, and steps occurs which

provide hiding cover.

Microhabitat velocity: The average velocity of each microhabitat.

Taken 5 cm below the surface.

Fish focal point velocity: Velocity of the center of a coho's
territorial area taken 5 cm off the substrate.

Maximum area fish veocity: highest velocity that is within 1 meter

(84 year class) of the fish, taken 5 cm below the surface. Taken at

0.5 m from the fish for 85 year class.



Appendix 3. Snorkling versus electrofishing population estimation in selected areas in East Fork

Lobster Creek during July (lowflow) and November (high flow) 1985.

Species

Enumeration
%

differenceSnorkling Shocking

Flow: 0.13 m3/second Coho (Of) 345 332 +3.77

Temperature: 13° C Steelhead (0 +) 139 224 -37.94

Area: 556.49 m2
(sites 5, 8, 10)

All other trout 58 158 -63.29

Flow: 0.46 m3/second Coho (Of) 42 36 +14.29

Temperature: 5° C Steelhead (01") 0 0 0

Area: 48.82 m2
(site 5, partial)

All other trout 0 1 -100%
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Appendix 4. Sample habitat data sheet used for microhabitat evaluation in East Fork Lobster Creek.
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Appendix 5. Redd placement in East Fork Lobster Creek.

Year
Total Redds on % Redds on

Redds enhancement enhancement

1981 28

1982 66 27 41

1983 70 45 64

1984 33 17 52

1985 95 51 54

1986 268 150 56

x 93.3 58.0 53.4


