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Abstract

Channel Morphology and Habitat For Pacific Salmon
in a Headwater Stream Following Timber Harvest,

Olympic Peninsula, Washington

By Robert P. Jones Jr

Chairman of the Supervisory Committee: Professor S. Mathews
School of Fisheries
Channel morphblégy( associated aqﬁaticrhabitats, cover,
andrsubstraée in headwater streams are important factors
in salmonid production. Logging in riparian and adjacent
upland areas can impact these stream features, and thus
affect salmonid production. This study compared channel
morphology, habitat, instream-cover, and spawning
substraﬁes of sﬁream sections adjacent to logged riparian
areas and stream sections within mature forest in Bear
Creek, a fourth-order tributary of the Bogachiél River

near Forks, Washington.

Bear Creek adjacent to logged riparian and upland areas
exhibited reduced channel complexity and habitat diversity
compared to stream sections within mature forest. Shifting
channel integrity was pronounced for stream sections
adjacent to logged areas. Cover was significantly less

abundant in stream sections adjacent to logged areas



compared to stream sections within mature forest. Percent
composition of fine materials in substrates judged to be
potential spawning gravels was not significantly different
in stream sections adjacent to logged areas compared to
étream sections within mature forest. Until riparian trees
grow large enough to provide a source of stable instream
structure, cover abundance will likely decline and channel
instability will persist in stream sections adjacent to

logged riparian areas.
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Introduction

Riverine environments play a unique role in the life
cycle of Pacific salmon and trouts (Oncorhynchusg spp.).
Headwater streams sustain these species during crucial
stages of their life history, from juvenile rearing to
adult return and spawning. Multiple life stages and
different species also comﬁdnly utilize microhabitats of

a particular stream concurrently.

RiVerine,gnvironments function as part of an,uplaﬁd
"terrestrial, riparian, and aquatic habitat complex.
Riparian corridors play a particularly important role in
this complex as transition zoﬁes between upland and aquatic
habitats, and are closely related to riverine environments
(Gregory and Ashkenas 1990; Gregpry et al. 1991). As a
primary source of stféam structure (e.g., large wood and
rock), riparian areas are crucial in the development and
distributionrof aquatic habitats and increased habitat
complexity, and provide substrates for biological activity
(Swanson et al. 1982; Bisson et al. 1987). Riparian
vegetation moderates water temperatures and photic regimes
(Agee 1988), key factors affecting the behavior, growth and
abundance of juvenile salmonids (Lantz 1971; Brett 1979;
Martin 1985). Riparian areas also contribute fine

vegetation or litter to the food base of riverine



environments (Vannote et al. 1980), and terrestrial
invertebrate fauna, an important food source for salmonid

fishes (Hunt 1975).

Another important function of riparian areas is their
influence on hydrologic, geomorphic, and ecologic
processes that shape stream integrity and fish habitats.
Habitat and associated fauna characteristic of stream
énVironmenpé'hgve eVolvéd under natural’diSturban¢e
fegiﬁes during extended pefiods (Pringle et _al. 1988).
Flood events, high winds and resulting downed trees, and
landslides are examples of naEural phenomena that affect
the delivery and distribution of large wood, rock,
sediment, and water, and thus shape stream morphology and
,characteristic habitaﬁ diversity. Naturél or undistufbed
riparian areas regulate the distribution of materials to
streams (Swanson et al. 1982; Gregory et al. 1991),
moderate the effeét of these natural processes, and thus
maintain channel integrity (Sedell and Beschta 1991) and
stream productivity, important'factors in salmonid

production.

The loss and degradation of riverine habitats has been
attributed as a primary factor in the decline of both

anadromous and resident Pacific Coast salmonid fish stocks,



and the extinction of numerous others (Williams et al.

1989; Nehlsen et al. 1991). Reduced salmonid diversity
- in some Pacific Northwest streams is another consequence
of habitat degradation (Bisson and Sedell 1984, Li et al.

1987, Hicks 1990).

Logging and associated activities can affect the delivery
of water and different materials (e.g. sediment) to
' riverine_environments, upset natural processes that
maintain stream integrity, and thus result in the loss or
degradation of habitats crucial to these fishes (Forest
Ecosystem Management Assessmeﬁt Team 1993). Reduced
habitat complexity (variation in stream depth, velocity,
etc.) and pool habitat quantity and quality can result
- following timber harQest'in adjéCent'riparian areas (Bisson
and Sedell 1984, Sullivan et al. 1987, Hicks et al. 1991,
Bisson et al. 1992, Frissel 1992). Comparing more recent
habitat inventories with historical records, Sedell and
Everest (1991) described a general deterioration of
anadromous salmonid habitat and noted that land use
practices, including logging, have reduced large pool
habitat between 50% and 75% in the Snake River Basin and
other Pacific Northwest river systems. Water temperature
regimes, an important factor in the production of anadromous

fishes, can also be altered as a result of logging.



(Beschta et al. 1987, Bisson et al. 1987). Accelerated
erosion processes often result from timber harvest
activities, particularly road construction (Ice 1985,
Swanson et al. 1985), leading to changes in sediment
transport and storage, upslope stability, channel
morphology, and stream substrate composition. Changes
in streamflow volume, duration and timing can also
result from logging (Keppeler and Ziemer 1990, Wright et

al. 1990).

Although riverine habitat degradation and declines in
juvenile salmonid production have been established as
potential consequences of logging activities, the range
and magnitude of these consequences resulting_from timber
harvest practices remains difficult to predict (Hicks |
1990). Complex relationships between upland, riparian
and riverine environments, natural variation in riverine
habitat (e.g., shifting location of pools and riffles)

and fish survival, interspecies interactions,
characteristic geology, and variation in weather (e.g.,
differences in the magnitude and duration of storm events),
confound evaluations of timber harvest effects and
determination of site specific management practices that
afford appropriate habitat protection. Bear Creek studies

were designed to discriminate effects from different timber



harvest activities on cutthroat trout (Oncorhynchus clarki)
with broader application to other salmonids having similar

life histories and habitat requirements.

Study Background

In an effort to assess the effects of timber harvest
activities on the stream ecosystem and particularly on
indigenous cutthroat trout and their associated habitats,
a series,of_investigatiohs was planned in Bear Creek, a
fourth-order tributary of the Bogachiel River on the
Olympic Peninsula, near Forks, Washington. The purpose
of Bear Creek investigations éf which the present study
is a part, was to isolate different aspects of logging,
and thus better define potential effects to headwater
stream habitat and Eﬁtthioat—thut populations resulting

from individual logging activities.

It was determined that the Bear Creek watershed had never
been logged and supported a climax forest characteristic

of Pacific Northwest coastal areas. Initial studies in
1977 and 1978 (June 1981), provided planimetric maps of the
stream (Appendix A), quantified aquatic habitats and
instream cover, and described the cutthroat trout
population in Bear Creek. This work provided a basis for

assessing any effects resulting from subsequent logging



activities, including road building, tree felling, and

finally timber removal.

In February 1979, timber was felled adjacent to the lower
1000 meters of the Bear Creek study reach (treatment
reach). Logging practices employed at the study site
followed United States Forest Service regulations. Except
for a limited number of trees (generally red alder) and
various shrubs-immediately adjacent to the'stream'channel,.
the riéarian canopy and undefstory community were
eliminated. A reserve within which all riparian vegetation
was protected from disturbancé or removal was not provided.
The watershed upstream remained in its natural state,
including the remaining_ZOQ meters of the study reach
(control reéch), contiguous to but upstream from the

treatment study reach.

Subsequent studies investigated cutthroat trout production
following timber felling (canopy removal) but priof to any
physidal disturbance of the stream channel, riparian zone,
or upland area that may accompany timber removal.
Investigations of food supply, food consumption, and the
production of cutthroat trout following canopy removal were
conducted in 1979 and 1980 (Martin et al. 1981, White 1981,

Martin 1985). Road construction and the removal of felled



timber were delayed until 1981 to isolate any effects

resulting from canopy removal.

Study culminating in this thesis planned to evaluate
channel morphology and aquatic habitats important to
cutthroat trout'inrtféatment and control reaches of

Bear Creek, and determine whether cutthroat trout
production was affected by logging. Surveys were conducted
in,1983p 1984, and 1985 following the removal of previously
felled timber and the completion of all timber harvest

activities.

Study Objectives

A prima;y study objective when field work began was to
assess whether cutﬁhfoat'trout'production in_Bear Creek
had been affected by logging. Focus of the étudy shifted
to an asseésment of channel morphology and characteristic
habitat following logging, after discovery of large numbers
of juvenile coho salmon (Oncorhynchus kisutch) in the study
reach (approximately 25,000 coho fry were introduced just
upstream from the study area in the spring of 1983). Coho
salmon did not occur in the study reach during previous
assessments of cutthroat trout production, and competitive
interactions between cutthroat trout and coho salmon could

not be accounted for.



Under these circumstances and considering previous
investigations in Bear Creek characterizing channel
morphology, aquatic habitats, and instream cover, this

study proceeded with the following primary objectives.

1. Determine whether stream morphology in Bear Creek

chahged as a result of logging,

2. . Assess.whether the quality,-quantity,,and:dynamic_
gstate of fish habitat in Bear Creek changed as a

result of logging,

3. Determine whether cover changed as a result of

logging, ang,

4. Determine whether stream substrates changed as a

result of logging.



Chapter 1: Description of the Study Area

This study was conducted in the upper watershed of Bear
Creek, a remote fourth-order tributary of the Bogachiel
river in the Olympic National Forest near Forks,
Washingtoh (figﬁre i).  Previous to 1981, the watershed
was roadless and had never been logged. Following road
construction and completion of logging in 1981, vehicular
'accesS.was,limited, and the area experienced little or no.

use.

Climate and Geology

Climate in this vicinity is oceanic with annual
precipitation averaging 300 centimeters, consisting
primarily as rainvseloﬁ 600 meters elevation (Phillips
1965). Geology of the study area is characterized by
Cretaceous sedimentary rock referred to as the Soleduck
formation, the oldest known material in the Olympic
Range. This rock consists of coarse textured, thickly
bedded graywacke interbedded with fine-textured, thinly
bedded mudstone, siltstone, and argillite (Snyder et al.
1972). Surrounding terrain is moderately steep with
slopes ranging from 20 to more than 40 percent. Physical

characteristics of Bear Creek are provided in Table 1.
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Table 1. Physical characteristics of the Bear Creek study reach.

study reach length along the thalweg

reatment reach length along the thalweg

Treatment stucdy sections

© _-Control (upstream) reach length alcng the thalweg

Control -study sections

‘Elevaticn at 0 meters (treatment)
Elevation at 1200 meters (ccntrol).

verage gradient

Sinuosity

s

Yool oford inate watevsbed area of

n

tream- aspect

App
App

Minlmum temperature
Maximum temperature

Low-flow water surface area

Fercent pool habitat of total

T O oximate ﬁininum'dischafge-
rox1mate maximum olscharge

study r=ach

reach surf'ce area

75

550

00
1000

1000
1125

- 1200

- 1200
- 125
- 600
- 850

= 1200

.- 1050
- 1175

184
310

mecers

meters
meters
meters
meters

mecers
meters

meters

meters .
meters

2.1 percent’

1.2 percent

'230 hectares

Northwest

O 02 cubic meters/second
6o cuolc weters/second

1

3.0 degrees C
4.8 degrees-C

3477 sqguare meters

€4.8 percent
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Ecology

Vegetation in the study area is comprised primarily of
mature forest including western hemlock (Tsuga
heterophylla), western red cedar (Thuja plicata), and
Sitka spruce (Picea gitchensisg) (Jones 1936). Other
species bordering the control reach, and remnant

riparian vegetation of the treatment reach include

red alder (Alnus rubra), vine maple (Acer circinatum),

salmqnberry kRubus sgectabilitis); dévils:club (Oplopanax

horridum), salal (Gaultheria shalion); tall blue

huckleberry (Vaccium ovalifolium), and red huckleberry

V. parvifolium). Indigenous fishes of the study reach
include prickly sculpin (Cottus asper), and both resident
and anadromous cutthroat trout (Oncorhynchus clarki). A
log-jam waterfall that previously prevented the escapeﬁént
of larger anadromous salmonids, i.e. coho salmon
(Oncorhynchus kisutch) and steelhead trout (Oncorhynchus
gairdneri) into the study reach was partially removed in
1982 by a winter storm. Despite modification of this
barrier, adult coho salmon and steelhead trout were not
observed in the study reach during 1982, 1983, or 1984.
Approximately 25,000 coho salmon fry were introduced into
Bear Creek at a road crossing a short distance upstream
from the study reach by the Washington Department of

Fisheries during the spring of 1983.



Chapter 2: Methods and Materials

Experimental Design

The study reach was 1200 kilometers in length, including
a 1000 meter treatment reach within a riparian community
subject to timber harvest,'and an upstream and contiguous
200 meter control reach entirely within mature forest
(Figure 2). Five study sections, each section 50 meters
in length,rwere located in the study reach. Three study
sections were located in the 1000 meter treatment reach -
and two sections were located in the 200 meter control
reach. Representative study éections were selected in
1977 based on similarities in channel morphology and
aquatic habitats. Study sections were established for .
perménént reference to facilitate later comparison and
determination of any resulting effects from different
-aspects of logging. To ensure that surveys of stream
channel morphology were relative from year to year,
permanent reference points were established on therleft
and right banks above the high-water mark at 25 meter
intervals for the entire study reach (0 to 1200 meters).
Stakes were also positioned in each of the five study
sections to monitor stream channel cross-section.

In 1978 prior to any timber harvest activities, surveys

were completed and a planimetric view of the entire study



14

Bear Creok
Cabin Cresk

'SCALE

: 1

..25 . S0
Xilometer

or

l-egend

B Research Czabtin

Figure 2. - Upper Bear Creek watershed and study area.
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reach was drawn. Before surveys in 1983 and 1984 could
proceed, reference points established in 1977 were located
and cleared of vegetation to make them clearly visible.
Reference points ensured that locations surveyed before
and after logging, and resulting ordinate and abscissa
scales were identical to facilitate comparison of study

section profiles.

Channel Morﬁhology )

Channel morphology surveys were conducted in September’
1983 and August 1984 with a theodolite and electronic
distance meter utilizing lasef technology. Polar
coordinates were converted to rectangular coordinates and
rdata were plotted to scale using a personal computer and
commefcial épréadéheet program. Channel morphdlogy for
treatment study sections following logging in adjacent
riparian and upland areas, and for control study sections
within mature forest, was depicted by longitudinal,
planimetric, and cross-sectional profiles. Planimetric
views of Bear Creek in 1978 previous to logging were
digitized and plotted to scale using a personal computer

and computer aided drafting program.
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Habitat

Previous surveys of Bear Creek in 1978 located pool and
riffle habitats on planimetric views of each stream
section. Pool and riffle habitats are depicted by
longitudinal profiles of stream sections adjacent to
logged riparian and upland areas in 1983 and 1984, and of

stream'sections within mature forest in 1984.

Habitat‘was inventoried.fof,treatment,and control- study
sections during a low-flow period in January, 1985.

Width, depth, and length of pool, riffle, and rapid
habitats were recorded, and cover was quantified
consistent with 1978 surveys previous to logging. The
composition of different habitats was described utilizing
a stream habitat definition technique that combinés iivihg
space requirements with fluvial geomorphology (Bisson et
al. 1981). The area and volume of each habitat category
(pool, riffle, and rapid) and each habitat sub-category
(plunge pool, low gradient riffle, etc. see Appendix B)
were recorded and expressed as percentages of the total
habitat present in treatment and control study sections.
The percentage of total pool habitat in each habitat study
section with an average depth greater than 0.4 meters and

the percentage of pool habitat less than 0.4 meters in
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depth was also reported. Cover structure was identified
(e.g. large wood, or boulder substrate) and measured for
each habitat category and subcategory. The percentage of
each habitat category and sub-category associated with a

particular cover structure was also recorded.

Spawning Substrate

Stream substrate was sampled during August 1983 from
_locationé with water velocity and gravel size preferréd by,l
spawning cutthroat trout in treatment and control study
sections of Bear Creek (typically transition areas between
pools and riffles). Samples wére collected with a modified
McNeil corer and later wet sieved to determine the
volumetric displacement and percent composition of
dlfferent size stream substrates (Cederholm et al. 1978)
The percent composition of each sample was reported for
substrate greater than 26.9 millimeters (mm), greater than
3.35 mm, greater than 0.85 mm, greater than 0.106 mm, -less
than 0.10 mm, and less than 0.85 mm. Substrate samples
were collected in pairs from each location except where
remaining material representative of spawning substrate at
that location was disturbed from collection of the first
sample. A total of 12 samples were collected from the
1000 meter treatment study reach, and 6 samples from'the

upstream 200 meter control reach.
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Stream Discharge and Surface Area

Stream discharge and surface area measurements were
collected on one occasion (discharge measured on October
29, 1983 and surface area on October 9, 1983) under
low-flow conditions. Stream discharge, reported in cubic
feet per second, was measured near the downstream boundary
of the treatment reach (meter 53), the boundary between
treatment and control reaches (meter 1000), and at the
‘upstream boundary of the control reachr(metér 1200) to
determiﬁe discharge in the treétment reach éhd innthe»
control reach. Surface area was measured over the entire

1200 meter study reach.

Salmonid Production

Popuiation census infﬁrmation Qas-cbllecﬁed in'freatﬁent
and control study sections of Bear Creek, first during
 late September-early October, 1983, and in April 1984. A
| high-flow event precluded completion of sampling in July

1983 (recapture of fish previously marked was impossible).

A mark and recapture method was used to estimate the
abundance of salmonid species in each study section
(treatment and control). Beginning at the origin of the

treatment study reach (0 meter stake) and proceeding
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upstream, collected fish were marked and then returned to
their approximate location of capture. One to three days
later, sampling proceeded upstream through the study reach
a second time and the number of recaptures (previously
marked fish) and others were recorded. For each 25 meter
study section, cutthroat trout and coho salmon were
measured to the nearest mm and weighed to the nearest 0.1
gram with an Ohaus dial balance scale. A Smith Root Type
VII backpack electroshocker was used to*collectrfish;
Cutthroat trout and coho salmon population estimates and
95 percent confidence limits were calculated for
individual study sections, for total treatment sections,
and for total control sections. Estimates of population
abundance were derived by the Chapman modification of the
Petersen formula (Chapman 1951): ‘

(m + 1) (c + 1)
N =

(r + 1)

Where N an estimate of population abundance

m = the number of fish marked on the first pass

¢ = all fish collected on the recapture pass

r = the number of marked fish recaptured.
Confidence limits (95%) were calculated for cutthroat
trout and coho salmon population estimates from Chapman’s

formula derived from hypergeometric distribution:
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N
A N.? (c-r)
Var (N,) =
(c+1) (r+2)
N ~
Pr(N, - Z \/Var N, <= N< N, + Z_g \/Var N) = 1l-c

o<
2 2

Cutthroat trout age structure was determined from previous
scale analysis and length frequency distributions of fish
-in Bear Creek (June 1981), and from a length frequency
diStribution ofrfish-éoliéC;ed dﬁring this'study_-
(September and October 1983). Ages are reported as the
number of winters survived. The term year class refers to
the year a fish emerged from stream substrates following

incubation.



Chapter 3: Results

Channel Morphology

Bear Creek featured diverse channel morphology including a
sinuous thalweg, numerous pools and riffles, and multiple
stream channels in 1958 (from June, 1981) previous to
logging (Figures 3 through 7). Planimetric views of Bear

Creek previous to logging are provided in Appendix A.

Bear Creek study sections within mature forest surveyed in
1984, again exhibited diverse:channel morphology (Figures
8 and 9). Variable channel elevation defining a
progression of pool and riffle habitats (Figures 10 and

.11) typified these stream sections.

Stream sections adjacent to logged riparian and upland
areas in general exhibited little complexity in channel
morphology, and limited pool development in 1983 surveys
(Figures 12 - 14). This was particularly evident for
sections 2 and 3, each section displaying even channel
gradient representing continuous riffle habitat
interrupted by a single pool. Only section 1 channel
morphology was irregular; increasing and decreasing
elevation denoting developing pool and riffle habitats.

Longitudinal and planimetric views of Bear Creek adjacent
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zeter stake

neter stake

Figure 3. Planimetric view of study section l, Bear Creek,

previous to logging adjacent riparian and upland areas (from
June, 1981).
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550 @

peter stake

Figure 4. Planimetric view of study section 2, Bear Creek,
previous to logging adjacent riparian and upland areas
(from June, 1981).
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Figure 5. Planimetric view of study section 3, Bear Creek,
previous to logging adjacent riparian and upland areas
(from June, 1981).
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Figure 6. Planimetric view of study section 4, Bear Creek,
within mature forest (from June, 1981).
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Figure 7. Planimetric view of study section 5, Bear Creek,
within mature forest (from June, 1981).
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Planimetric View of Bear Creek
Habitat Section 4 - 1984
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Figure 8. Planimetric view of study section 4, within mature forest,
Bear Creek, 1984.
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Planimetric View of Bear Creek
Habitat Section 5 - 1984

1125 meter stake

o ten N : {75 meter
R\ )

70 . 80 %0 100 110 - 120

l ------ Thalveg  ----- Walers Edge —— Bankfull

Figure 9. Planimetric view of study section 5 within mature
forest, Bear Creek, 1984,
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to logged areas (treatment sections 1, 2, and 3) and
within mature forest (control sections 4 and 5), are

provided in Appendix C.

In 1984, irregular channel morphology representing
successive pool and riffle habitats was apparent in stream
sections adjacent to logged riparian and upland areas.
Development of pool habitat, depicted by depressions in
cnannel mprphoiogyfwith associated level or increasing
water. surface elevations, was prominent in stream sections

1, 2, and 3.

Scour and deposition processes characteristic of dynamic
stream environments (evolving channel morphology) were
e&idenned in stream sections adjacent to logged areas and
in sections within mature forest. Cross-sectional
profiles of stream sections adjacent to logged areas in
1983 and 1984, and profiles of section 4 within mature
forest in 1983 and 1984 and section 5 within mature forest

in 1984, are provided in Appendix C.

Habitat
The number of pools per lineal foot of stream was a more

dynamic quantity in stream sections adjacent to logging
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than in control sections. For treatment sections, pool
number decreased sharply until 1984, but then rebounded
gsomewhat in 1985. The number of pools in Bear Creek
sections adjacent to logged areas was substantially
reduced four years after trees were felled. However, by
the fifth year after logging, there was a measured
increase in pools. Study section 1 had 5 pools in 1978
.r(Figure 3)-,',_2 in 1983 and 5 in 1984 (Figure 1_2-)',, Study
section 2 had 3 pools in 1978 (Figure 4), 1 in"1983 and 3
in 1984 (Figure 13). Study section 3 had 5 pools in 1978
(Figure 5), 1 in 1983, and 3 in 1984 (Figure 14). Stream
sections within mature forest had the same number of pools
in 1984 as in 1978. For study section 4, pools numbered 4
in 1978 (Figure 6), and'4 in 1984 (Figure 10)._  For study
section 5, pools numbered 3 in 1978 (Figure 7), and 3 in

1984 (Figure 11).

Pool habitat as a percentage of total stream surface area
increased in all study sections (treatment and control)
between 1978 and 1985 (Table 2). Trees downed in
treatment and control sections by a storm in October 1981
was the apparent explanation for this increase in pool

habitat. Trees falling into treatment sections were
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Table 2. Percent pool and riffle area in Bear Creek study
sections 1, 2 and 3 before logging (1978) and after logging
(1985), and in study sections 4 and 5 within mature forest.
1978 data are from June 1981.

%
v L% % % Pool Pool/Run
Study Sections_-Year .Riffle/Rapid Pcocol/Run > .4 m .2-.4m
o ’ ’ depth . depth
- Treatment - - . R .
Séctions - N : . : LT
I : 1978 = 63 37 7 30.0
1585 61 39 0 39.4
II 1978 33 17 1 17.0
1985 54 46 . 21.9 32.4
I1I 1978 93 : 7 1 7.0
. 1985 45 55. 0 45.9
.Control : : : )
Sections ) ) : e : - . -
I . 7 1978 76 - 24 7. 17.0 -
' 1985 64 S 36 - 3.5 32.8
ir 1978 91 9. 2 7.0

1885 . . 46 54 1.3 35.8
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relatively small since larger riparian trees were absent
after logging. Small to very large trees fell into the
control sections. Pools comprised 46.3 percent by area of
the total treatment sections adjacent to logged areas in
1985. Mean pool depth was 0.26 meters. Pools comprised
45.3 percent by area of the total conﬁrol sections within
mature forest, with a mean pool depth of 0.27 meters

(Table 3).

" Cover is any material or condition that provides protection
from predators, competitors, or variations in streamflow
(Boussu 1954, Lewis 1969). Légs associated with the
streambank, woody debris, vegetation near the water surface,
rubble, boulders, undercut banks, or water depth may all
function as cover (PlaEts-et al.-1983);' Comparing mean
cover in treatment and control sections (Table 4) each year
(groups of two), mean percent stream surface areavwith
instream cover for sections 1, 2, and 3 before logging, and
the mean for sections 4 and 5 within mature forest (1978),
were not significantly different (t-test, p =z .05). Mean
surface area with instream cover for sections 1, 2, and 3
before felled riparian trees were removed, and the mean for
gsections 4 and 5 within mature forest (1979) were not

significantly different (t-test, pz .05).
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Table 3. Percent area and volume (by total stream surface area
and total stream volume) of pools, riffles, and rapids, and the
mean depth of individual pools at low flow, in total treatment
and control study sections of Bear Creek, January, 1985.

Total % Pool . % Riffle % Rapid Mean Depth
Area Volume Area Vol Area Vol Area Vol Pool

N

TREATMENT SECTIONS I, II, AND III AFTER LOGGING TOTAL

547.6 118.8  46.3 69.8 48.1 27.7 5.6 2.5 .26

STUDY. SECTIONS IV AND V WITHIN MATURE FOREST TOTAL

©319.5  66.0  45.3 ~73.4 35.3 20.1 18.4 &.5° .27




Table 4.
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Percent stream surface area with cover from woody

structure or debris, or from foliage within 1 meter of the water
surface in Bear Creek study sections 1, 2, and 3 before logging

(1978), before removal of felled timber (1979), and after logging
(1985), and in study sections 4 and 5 within mature forest.
data are from June 1981, and 1979 data are from Martin et al. 1981.

1978

Study Percent Cover

Section 1978 1979 1985
No.

TREATMENT STUDY SECTIONS
1. 75 - 125 m, o 20 19 48
2. 550 - 600 m 18 17 68
3. 900 - 950 m 9 19 50

CONTROL STUDY SECTIONS
4. 1000 - 1050 m 24 23 '83
5. 1125 1175 m g "_95_

21
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Increased instream cover in 1985 for all study sections
(treatment and control) is consistent with increased pool
habitat found for all study sections, and is attributable
to downed trees in the stream channel from a 1981 storm
event. Study sections adjacent to logged areas however,
had less instream cover compared to study sections within
mature forest. Mean percent stream surface area with
instream cover for sections 1, 2, and 3 after completion
of logging (1985) was significantly different‘compared to
| sections 4 and 5 within mature foreét (tQtest; p = .05).
For sections 1, 2, and 3 four years after completion of
logging in adjacent areas, mean surface area with ihstream
cover was only 55.3 percent qompared to 89.0 percent for
sections within mature forest. Cover was associated with
Aonly 48.2 pércent:of the total pool volume of the
treatment sections compared to 65.3 percent of the total
pool volume of the control sections (Table 5). For riffle
habitat, 10.7 percent of the total riffle volume in the
treatment sections had cover compared to 58.3 percent of

total riffle volume in the control sections.

Spawning Substrate
Stream substrate was sampled in treatment and control

study sections during a low-flow period (August 1983).
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Table 5. Habitat composition, and the percentage of each habitat
component associated with different cover structures in treatment
(subsequent to logging in adjacent riparian and upland areas) and
control study sections of Bear Creek during a low-flow period,

January, 1985.

- % of stream

% vol.

’ Total Mean
Habitat E - reach Volume Depth assoc.
Category Subcategory . Area Vol cubic meters with cover
‘ ' meters - structure
TREATMENT SECTIONS I, II AND IIXI TOTAL B
‘Pool Total . 46.1 .70.0 . 82.4 - .28 48.2
" lateral scour - 27.6 38.8 45.6 27 30.2
plunge 10.2 22.0 . 25.9 .38 100.0
~dammed 6.0 .7.5. 8.9 21 0.0
“trench 1.7 :1.5- 1.8 i 0.0
. backwater 0.6 0.4 0.5 15 0.0
_ CONTROL SECTIONS IV AND V TOTAL
Pool Total 45.4 73.4 48.4 .29 65.3
lateral séour  30.3 -41.1 27.1 - .22 83.7
dammed. . 12.8 . 30.4 20.0 .49 100.0
. backwatexr 2.3 1.9 1.3 .17 32.4
TREATMENT SECTIONS I, IXI AND III TOTAL
Riffle Total A 53.9 30.0 35.9 .09 10.7
low gradient 28.7 16.9 20.1 .12 19.1
high gradient 19.4 10.8 12.9 .08 0.0
rapid 5.8 2.5 2.9 .03 0.0
CONTROL SECTIONS IV AND V TOTAL
Riffle Total 54.6 26.6 17.6 .08 58.3
low gradient 36.3 20.1 13.3 .10 77.2
rapid 18.4 6.5 4.3 .05 0.0
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Fine materials in spawning substrates provide a measure of
sedimentation or siltation that can affect salmonid
-incubation and emergence from the gravel. Percent fine
materials (<0.85 mm) in treatment study sections was not
significantly different (t-test, p = .05) compared to
percent fines in control sections. For treatment sections,
fine materials comprised 18.22 percent of all substrates
sampled compared to 17.78 percent of the substrates from

control séctions (Table 6). .

Stream Discharge and Surface Area

Stream discharge measured during a typical low-flow period
(October, 1983) was 5.24 cubic feet per second (cfs) at
~the downstream boundary (0 meter stake) of the treatment
study.reaéh,,and'3.84~cfs at the downstream bbundary,(lOOO
meter stake) of the control reach (Table 7). Surface

- areas under low-flow conditions were 517.30 square meters
for total treatment sections (the sum of sections 1, 2 - and-
3), and 307.75 square meters for control sections 4 and 5

(Table 8).

Salmonid Production
Early in the study it became apparent that plans to

evaluate whether logging affected cutthroat trout
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Table 6. Mean percemt composition of stream bottom substrate
sampled at potential spawning sites in treatment (stream reaches
adjacent to logging) and control (stream reaches within mature
forest) study sections of Bear Creek, August, 1983.

No. of Substrate Percent Composition {mm)
Samples  >26.9 >3.35  »0.85  >0.106  <0.105  <0.85
 TREATMENT
12 41.80  30.54 9.44 9.09 9.13 18.22
CONTROL
6  46.82° -27.14 - 8:27  10.10 . - 7.8 - 17.78

Table 7. Bear Creek discharge for treatment and control study
sections during a low-flow period, October 22, 1983.-

Study Reach Discharge in Cubic Fest Per Second

Treatment ' 5.24

Control 3.84
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Table 8. Surface areas for Bear Creek during a low-flow period,
October 13, 1983.

Stream Reach Square Meters
Study Section I 0 - 100 301.85
75 - 125 179.00
100 - 200 324.75
200 - 300 397.90
300 - 400 351.00
400 - 500 377.50
- 500 - 600 401.10
Study Section IX -550° - 600 221 .85
600 - 700 o 402.50
T . ‘ 700 - 800 ; 392.85 -
o ) 800 - 900 ) B . 263.00
Study Section III 900 - 950 116.50
" Lo : 900 - 1000 ) ‘ 7240.50 -
‘'Treatment Sectionsa Together. ~517.30
Total Treatment " .3452.95
Study Section IV 1000 - 1050 138.75
- oL T 1000 - 1100 266.75 -
Study Section V- 1125 - 1175 169.00
) : 1100 - 1200 : - 314.00
— o ) Control Sections Together 307.75

- Control Reagh Total - 888.50 -

Study Reach Total 4341.50
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production in Bear Creek had been compromised by the
introduction of juvenile coho salmon (see ecology section

for details).

As was expected, juvenile coho salmon dominated all
samples from Bear Creek in 1983, comprising 84.5 percent
of all fish collected in July, and 83.0 percent of the
fish collected in September (Table 9). Coho salmon
;densities in 1983‘far exceeded cutﬁhroat-trout density in
Bear Creek. In late September-early October 1983, coho
salmon densities were 0.65 fish per square meter (Table
10) for total treatment sectigns after logging, and 0.31
for total control sections. For April 1984, population
estimates-were only available for control sections and
coho density (total for control sections) declined-to 0.12

fish per square meter.

Cutthroat trout abundance, density, and biomass for all
age classes, was estimated for stream sections adjacent to
logged areas, and for sections within mature forest in
1983 and 1984 (Table 11). Cutthroat trout density
averaged over the treatment study sections was not
significantly different from the average of the control

sections (t-test, p = .05) in 1983 or 1984.



46

Table 9. Total cutthroat trout and coho salmon collected in single

samples, from stream sections 1, 2 and 3 adjacent to logged riparian
and upland areas (designated treatment), and from stream sections 4

and 5 within mature forest (designated control), Bear Creek 1983.

Stgdy Cutthroat Trout . Coho Salmon
Sectlons July September July September
‘Treatment 236 253 1370 1216

Control 35 31 - 108 . 167 - -
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Table 10. Coho salmon population estimates, 95 percent confidence
limits for populations, and densities for study sections 1, 2

and 3 after logging in adjacent areas, for sections 4 and 5 within
mature forest, and for treatment section totals and for control
section totals in Bear Creek, September/October 1983, and April 1984.

Study Section Population Sstimate Fish/m?
1983
1 101.25 - 45.18 0.23
II | 125.i8 . 32.14 0.55
-III ' 122,2Y ! 19.60 1.04
iv 45.80 - 9.19. 0.33

v ‘52.56 * 10.68 0.31

Total for Treatment

Secticons 337.28 * 47.66 0.65
Total for Control _

Sections 84.57 : 12.11 0.31
1984

I N/A ’ N/A

i1 N/A N/A

11T N/A N/A

aY) 17.50 - 12.93 0.13

v 15.75 * 10.29 oL
Total for Treatment N/A N/ A

Sections

Total for Control
Secticns 36.00 > 19.82 2.

[
tJ
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Table 11. Cutthroat trout population estimates, 95 percent
confidence limits fqr populations, densities, and biomass- for study
sections 1, 2, and 3 after logging in adjacent areas, for sections 4
and 5 within mature forest, and for treatment section totals and
control section totals in Bear Creek, September/October 1983 and
April 1984.

Study Section Population Estimate £ish/a’ g/=’
1583

I . 38.33 & 23.75 0.21 1.06

IX 20.57 £ 9.20 0.08 1.69

I1X 29.25 % 14.24 0.25 2.46

iv - ‘10_.50:1 " 4.49 0.07 1.20

A" S ) "16.00 . -9.91 0-.09 1.33

:* Total- for Treatment’ . .
' Sections 94.87 &+ 32.36 0.18 1.88

Total for Control

Sections 24.88 % 10.19 0.08 1.20
- 1984

I 32.00-% 31.36 0.17 1.54"

1L - N/A N/A N/A

IIT 16.66 & 15.77 0.14 2.08

v 25.00 + 30.99 0.18 3.56

v 24.75 + 17.30 0.14 2.71

Iotal,for'Treatment )
Sections 51.00 £ 39.09 0.17 1.92

Total for Control
Sections 48.75 &+ 36.59 0.15 3.00
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Similarly, average cutthroat trout biomass in treatment
sections was not significantly different (t-test, p = .05)

from that of control sections in 1983 or 1984.

Cutthroat trout in Bear Creek were aged based on the
length frequency distribution of fish sampled during
September and October, 1983 (Figure 15), and previous
scale analysis (from June 1981). Mean lengths and weights
by*age class for cutthrqat'in theitreatment reach after
_logging’épd thé control»feach:during falivi983_énd_s§rin§-
1984 are provided in Tables 12Vand‘13. Mean length of age
0 dutthroat was significantli'less after loggihg (1983
measurements) (t-test, p = .05) in the treatment reach
(71.71 mm) compared to éhe control reach (75.33 mm).
Gféatervmean:weight of age é cutthroét-inithe conffbl;_
feach (4;43 grams) compared to age 0 cutthroat in'the
treatment reach (3.92 grams) was not significant (t-test,

, pv; .05). Age 1 cutthroat mean iength and mean_weight
(1983 measurements) were significantly greater in the
treatment reach after logging compared to the control
reach (t-test, p = .05). Mean length and weight for age

2 cutthroat in the treatment reach and the control reach

in 1983 were not significantly different (t-test, p = .05).
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Mean length (in millimeters) by year class for cutthroat

trout in stream sections adjacent to logged areas (designated
treatment study reach), and in stream sections within mature forest

(designated control study reach), Bear Creek 1983 and 1984.

Age
class in parentheses, sample size n.
Sample Date Year Class
1980 1981 1982 1933 1984
TREATMENT STUDY REACH .
: IrI I I 0+
Sept/Oct 1983 178.63 140.15 115.03 71.71
- . . r,n=18 n=47 n=101 n=177
April 1984’ A¥LC I I 0+
: N/A 139.00 102.92 72.63
3 " n=4 © n=13 n=ll
CONTROL - STUDY" REACH
L . I1x 1T I 0+
.Sept/Oct 1983 N/A 141.50 110.57  75.33
. n=3. . n=19 . n=12
April 1984 1r - Ix 1 o+
.. 182.00 . 144.50 ~.102.836 75.42.
i=2 n=2 n=27 -

. n=7
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Table 13. Mean weight (in grams) by year class for cutthroat
trout in stream sections adjacent to logged areas (designated
treatment study reach), and in stream sections within mature
forest (designated control study reach), Bear Creek 1983 and

1984. Age class in parentheses, sample size n.

Sample Date

Year Class

. n=2 . n=2

1980 ‘1981 1982 1983 1984
“TREATMENT STUDY REACH
, : IIX S S 0+
Sept/Oct 1983 58.16 25.14 13.95 3.92
n=18 n=47 n=101 n=177
April 1984 1rr  .I1r . 1 0+
: ’ N/A o -27.17 11.20-  ..5.30
) d n=4 n=11 n=11
CONTROL STUDY REACH
11T 1T T 0+
" Sept/Oct 1983 N/X 27.35 i2.3 4.43
n=_8 n=21 - n=12
April 1984 IIT 11 1 0+
63.50 26.70 12.46 4.89
. n=27 n=7 .
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Cutthroat trout mean densities, weights, and biomass in
treatment sections previous to logging, in treatment
sections after logging, and in control sections are
presented in Table 14. The mean density (total for all
age classes) of cutthroat trout in treatment stream
sections before logging (1977/78), and in treatment
sections after logging (1983/84), was not significantly

different (t-test, p = .05).
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Chapter 4: Discussion

Headwater streams in coastal areas of the Pacific
"Northwest are important salmonid spawning and nursery
areas (Burns 1971, Edie 1975). These streams are
generally characterized by diverse channel gradient and
water depth representing a succession of pool and riffle
habitats (Figure 16). Maintenance of this diversity and
habitat order within dynamic environments is anpther
‘importahp charactefistic<of headﬁaté; streams. Headwater;
streams within mature riparian forest typically feature
well developed channels and stable banks, fluctuating

gradient, and a diversity of complex habitats.

ﬁrevious to logging, Bear éreek'was‘réprésentative ofja
Vtypical headwater stream aﬁd supported resident and
anadromous cutthroat trout. Habitats utilized by cutthroat
troutrin Bear Creek were similar to habitats preferred by
cutthroat trout elsewhere (Wickham 1967, Everest 1969,
Griffith 1972, Bovee 1978). Initial studies (June 1981)
quantified habitat in Bear Creek and described cutthroat
trout production and habitat preferences previous to
logging. Subsequent work evaluated the response of
cutthroat trout to elimination of the riparian canopy but

before felled trees were removed (Martin 1985).
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Investigating cutthroat trout production in Bear Creek in
relation to physical disturbances associated with logging
initially was a primary objective of this study. Bear
Creek investigations were conceived and systematically
undertaken with the intent to isolate any effects on
cutthroat trout and their supporting habitats resulting
first from felling mature riparian forest, and second from
actual removal of those trees. Unfortunately, an
unpredicted planting of coho salmon fry occurred during my 7
study, whiéh-impedéd the ébiiity to evaluate such.
potential effects on cutthroat trout. ' Potential
competitive interactions between cutthroat and recently
introduced juvenile coho salmon could not be accounted
for. Under these circumstances, further assessment of
Cﬁt:hrqat trouﬁrproductionfwas miniﬁiééd énd study insﬁead
focused on evaluatibn of stream features and processes

important for cutthroat trout.

Stream channel morphology is determined by erosion and
deposition processes. Vegetation and instream structure
from riparian areas affect the magnitude and duration of
these processes, and thus represent an important element
in stream channel development and stability. Lestelle

(1978) found that habitat stability, bed configuration,



58

and the degree of deposition and erosion appeared to be
related to the abundance and type of debris structure
within the stream channel. Mackin (1948) concluded that
reduced instream structure resulted in greater bedload
movement upsetting any equilibria between pools and
riffles. Large organic debris (LOD) recruited from
riparian areas thus provides increased aquatic habitat
diversity and cover structure, and contributes to

streambank and channel stability.

The abundance and distribution of cover structure is also
known to be a potential limiting factor in salmonid
production (Needham et al. 1945, Hartman 1965, Chapman
1966, Everest71969, Giger 1973). Juvenile salmonid
distribution and survival is closely asédéiated with ﬁhe,
' presencé of woody structure (Bisson and.Nielsen 1983).
Cover structure in the form of solitary LOD, complex
rdebris matrices, or woody materials imbedded into the
streambank provides refuge for fish during low-flow
periods and sanctuary from excessive water velocities
during high discharge events. Bustard and Narver (1975),
June (1981), and Tschaplinski and Hartman (1983) also
concluded that cover structure provided important winter

habitat for cutthroat trout.
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Permanence of instream cover structure depends primarily
on its size. Larger materials resist being dislodged by
higher flows and persist longer before decomposition
results in their failure. Stable cover structure and the
development of habitats preferred by salmonid fishes
depends on such materials (Lestelle 1978). Habitat
recovery and-increased cover in streams adjacent to logged
areas depends on the regeneration rate of riparian trees.
This is espe01ally true where the dellvery of  LOD from

upstream areas is 11m1ted

Logging of riparian trees and’removal of other vegetation
can reduce stream bank resistance to erosion and
recruitment to the stream channel of woody structure, both _
important factors in stream channel development and | |
configuration. ‘Reduced abundance, stability, and
complexity of cover structure in headwater streams can )
also directly affect the production of cutthroat trout and
other salmonid fishes. Murphy and Hall (1981) and Bisson
and Sedell (1985) attributed the loss of large woody
structure and changes in channel morphology and
characteristic habitat, including reductions in pools, to

logging. Reductions in instream cover are known to cause

declines in the abundance of cutthroat trout (Narver 1972,
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Moring and Lantz 1975). Changes in habitat composition
and habitat utilization by cutthroat trout have been
attributed to reduced LOD from logging (Murphy and Hall
1981) and may contribute to population declines. Instream
cover structure has been found to have a significant
effect on salmonid population abundance and overwinter
mortality. Reduced densities of juvenile salmonids during
winter periods was attributed by Murphy et al. (1984) to
the absence of LOD in'lbgged streams. Martih et'ai.

(1984) foundha positivé correlation betﬁeen thé aréa of
cover structure and salmonid spring population abundance,
and a negative correlation béEweeﬁ area of cover structure
and oyerwinter mortality. Based on these results, Martin
et al. (1984) concluded that the rate of recovery of
salmonidrpopulations_in tributariésfofvthe Toutle River
having little cover structure, may have been limited by
the rate of recovery of mature riparian vegetation and the

rate of recruitment of LOD.

Riverine habitats crucial to the production of cutthroat
trout were adversely affected by logging in riparian and
upland areas adjacent to Bear Creek. Cover abundance,

complex channel morphology, and habitat diversity typical

of Bear Creek and other headwater streams within mature
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forest were reduced in stream sections adjacent to logy.u

riparian and upland areas.

There was no significant difference in cover abundance
between treatment and control study sections before
logging. However, cover abundance in treatment sections
was significantly less after logging compared to control
- sections. Logged riparian areas retained few trees of
'éubstantial siie, ‘Insﬁxeém.cover recruited,fro@ Ehééé;
areas is vulnerable to displacement by high flows, and is
likely to decompose before larger structure in‘control
sections recruited from adjacent mature forest. Until
riparian trees grow large enough to provide a source of
stabieAinstream étructure;réovér abundance ﬁill likeiy
decline in stréaﬁ sections adjacent to logged riparian

areas.

Bear Creek study sections adjacent to logged riparian and
upland areas exhibited reduced habitat diversity compared
to study sections within mature forest. Shifting channel
character or unstable channel morphology was also evident
in study sections adjacent to logging. 1In 1983, four

years after riparian trees were felled, channel morphology
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was very even with little change in elevation denoting
pool and riffle habitats. Headwater streams without
significant riparian vegetation following the eruption of
Mount St. Helens (Martin et al. 1984) exhibited channel
morphology and water surface elevations similar to Bear

Creek treatment sections in 1983 (Figure 17).

When stream sections adjacent to logged riparian and
upland areas were sﬁrVeyed in 1984, substantial ghanges"
in channeirmorphology were~apparent.7_Increased—channe1_ |
diversity was particularly evident in sections 2 and 3,
including notable pool'devélobmént, an important factor in
cut@hroat trout production (Griffith 1972, June 1981).
These rather impressive changes may be a consequence of
the numerous tfees downed in tﬂe channel by a previoﬁs ‘
storm event of unusual intensity. Keller and Swanson
(1979) concluded that woody debris large enough to resist
displacement by high stream flows and rapid deterioration
was important in structuring channel morphology.

Treatment study section channel development in 1984 may be
a temporary condition considering the size of woody
structure entering the channel, and the absence of large
riparian trees representing a future source of stream

structure.
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The Endangered Species Committee of the American Fisheries
Society has identified 214 stocks of anadromous salmon and
trouts in Washington, Oregon, Idaho, and California at
high or moderate risk of extinction or that have declined
to numbers of special concern. All stocks of anadromous
coastal cutthroat are recognized as being at some risk of
extinction (Trotter et al. 1993). The degradation or loss
of freshwater habitats is the most common contributing
factor in these deélines,_and timber'harvéstrandr
éssociated activiéies is identified‘aé a-priﬁéry action

affecting these habitats (Nehlsen et al. 1991).

The threat of further declines and extinctions of many
plants and animals has prompted unprecedented efforts to
dévélop land manégement guidélines that preserve tﬁe f
ecosystems upon which these populations depend, including
riverine and associated riparian environments. Careful
monitoring and evaluation must accompany implementation of
resulting forest practices to determine their
effectiveness and whether refinement is required to

accomplish the necessary habitat protection.
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Appendix A. Planimetric view of Bear Creek 8rev1ous to any logging
activities (plotted from June 1981 data).
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Appendix A. (Continued)
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Appendix A.
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Appendix A. (Continued)
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Appendix A. (Continued)



Appendix B.

Definition of habitat components utilized to assess the
geomorphology, flow characteristics and existing cover and substrate

in second to fifth order streams in the Pacific Northwest (Bisson

et al. 1981)

Habitat componeant

Descripticn

POOLS

1. Lateral scour

2. Plunge pools

3. Trench poois

4., Damxmed pools

5. Backwater pools

‘6. Secondary channel
pools

RIFFLES

1., Low gradient
rif{fles

2. Rapids

3. Cascades

GLIDES

Characterized by deeper low velccity waters.
Velocity is the decisive parameter.

Lateral scour results from current deflection
by instream structures. Often associated with
large organic debris, undercut banks and channel
curvature.

Flow passes over a single obstruction which may

span the entire channel. Water drops vertically
creating a depression. SR : :
Slots formed in stable channel. Often associated
with bedrock and quite long.

Impounded water upstream from channel blockages.
Often associated with debris jams and
considerable depth.

Also known as eddies, occurring behind large
obstructions such as rootwads or boulders.
Usually found along channel margins.

During low flow periods such pools exist 6aly in
braided channels. Generally possess only a small
portion of available instream flow.

Characterized by shallow, medium to high velocity
waters.

Include shallow waters of moderate velocity with
some surface turbulence. Gradient does not
exceed four percent.

Gradient exceeds four percent resulting in high
velocities., Rocks or boulders often protrude
above the water surface producing considerable
turbulence.

Consist of a series of stepped rapids punctuated
by small pools formed by large rocks or boulders.

Characterized by woderate current velocity and
uniform depth lacking any pronounced turbulence
over a gravel or cobble substrarte.
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Planimetric View of Bear Creek
Habitat Section 2 - 1983
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Planimetric View of Bear Creek
Habitat Section 3 - 1983
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