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Abstract:

Relationships between fish populations and stream habitat features in logged and unlogged areas on
Prince of Wales Island, southeastern Alaska, were studied in 1977 and 1978. Principal components
analysis of fifteen habitat features showed that the majority of variation in habitat data (40,3%) was
accounted for by fine debris features. Principal component ordination indicated differences in fine
debris concentrations between Tye-One-Ohn and Little Toad creeks in logged areas and Three-Tenths
Mile Creek in unlogged forest. Measurements of fine and coarse debris were 165-467% greater on
Tye-One-Ohn and Little Toad creeks in logged areas than on Three-Tenths Mile Creek in an unlogged
area. Debris in the streams in logged areas often extended completely across the stream channel
increasing mid-channel cover for fish and creating dams that increased pool area and average depth.
Multiple regression analysis indicated that age 1+ coho salmon (Oncorhynchus kisutch) in
Tye-One-Ohn Creek preferred submerged coarse debris in mid-channel areas. Age group 2-3+ Dolly
Varden (Salvelinus malma) seemed to use pools formed by debris dams and undercut banks when age
1+ coho salmon were not associated with this feature, Riffles with debris were important to age group
0-1+ Dolly Varden in this stream. In Three-Tenths Mile Greek age 1+ coho salmon preferred undercut
banks and seemed to make use of debris at stream edges in September. Dolly Varden of both age
groups in this stream were primarily associated with debris in July. Undercut banks and features of
debris not associated with age 1+ coho salmon in September became important to age groups 2-3+ and
0-1+ Dolly Varden respectively. Age 0 coho salmon used fine debris when it was not associated with
age 1+ coho salmon and age group 2-3+ Dolly Varden but were forced to use cover free areas if these
age groups were present. Logging debris in Tye-One-Ohn Creek apparently provided fish with suitable
habitat over a greater area of the stream and resulted in separation of age groups into distinct habitats.
The riparian vegetation along Little Toad Creek appeared to mask the relationships between measured
habitat features and fish populations. It may have provided additional cover for age 1+ coho salmon
and both age groups of Dolly Varden, It was predicted that removal of the debris associated with
logging from the streams in logged areas may have negative impacts on fish populations, particularly
on Dolly Varden.
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ABSTRACT

Relationships between fish populations and stream habitat
features in -logged and unlogged areas on Prince of Wales Island,
southeastern Alaska, were studied in 1977 and 1978, Principal
components analysis of fifteen habitat features showed that the
majority of variation in habitat data (40.3%) was accounted for
by fine debris features., Principal component ordination indicated
differences in fine debris concentrations between Tye-One-Ohn and
Little Toad creeks in logged areas and Three-Tenths Mile Creek in
unlogged forest. Measurements of fine and coarse debris were 165~
467% greater on Tye-One-Ohn and Little Toad creeks in logged areas
than on Three-Tenths Mile Creek in an unlogged area. Debris in
the streams in logged areas often extended completely across the
stream channel increasing mid~channel cover for fish and creating
dams that increased pool area and average depth. Multiple
regression analysis indicated that age 14 coho salmon (Oncorgynchus
kisutch) in Tye-One-Ohn Creek preferred submerged coarse debris
in mid-channel areas. Age group 2-3+ Dolly Varden (Salvelinus
malma) seemed to use pools formed by debris dams and undercut banks
when age 1+ coho salmon were not assoclated with this feature.
Riffles with debris were important to age group 0-1+ Dolly Varden
in this stream. In Three-Tenths Mile Creek age 1+ coho salmon
preferred undercut banks and seemed to make use of debris at stream
edges in September. Dolly Varden of both age groups in this stream
were primarily associated with debris in July. Undercut banks and
features of debris not associated with age 1+ coho salmon in
September became important to age groups 2-3+ and 0-1+ Dolly Varden
respectively. Age O coho salmon used fine debris when it was not
associated with age 1+ coho salmon and age group 2-3+ Dolly Varden
but were forced to use cover free areas if these age groups were
present. Logging debris in Tye-One-Ohn Creek apparently provided
fish with suitable habitat over a greater area of the stream and
resulted in separation of age groups into distinct habitats. The.
riparian vegetation along Little Toad Creek appeared to mask the
relationships between measured habitat features and fish populations.
It may have provided additional cover for age 1+ coho salmon and
both age groups of Dolly Varden. It was predicted that removal of
the debris associated with logging from the streams in logged areas
may have negative impacts on fish populations, particularly on
Dolly Varden. '




INTRODUGTION

Logging in southeastern Alaska has resulted in the déposition
of large quantities of debris and slash in many small streans.,
Excessive deﬁris has been shoﬁn to increase biochemical oxygen
demand and decrease surface and intragravel dissolved oxygen
(Hall and Lantz 1969; Morlng 1975). Debris can fill interstices .
in gravei and rubble substrates reducing living space fo;.inverte-
brates (Hynes 1960) and refuges for young salmonids (McCrimmon‘i954)e‘
Channel instability can result from the movement of debrls af '
high flows (Bishop and Shapley 1963, Helmers 1966). Fish p0pu1a£ions
have been shown to change'in watersheds that have been légged_, |
(Naxrver 1972, Moring and Lantz 1974, Moring 1975)n However, few
studies have been made to evaluate changes in fish populafions as
a result of instream debris removal.

Logging operations began on Prince of Wales Island in 1951
when the United States Forest Service (U.S.F.S.) awarded a 50
year timber sale contract to the Ketchikan Pulp Company (now
Louisiana Pacific Ketchikan)o Prior to 1974, the U.S.F.S, required
the comﬁany_to remove debris only from streams used for spawning,
During 1974 they required debris be removed from streams used for
rearing, and began a program of debris removal on rearing streams
in previously logged -areas (Fred Ziegler, personal commupicétionj;
The U.S.F.5. Pacific Northwest Forest and Rangé Experiﬁent Statién

initiated studies in 1977 on fish, aqugtic macroinvertebrates,
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stream morphology and hydrology in streams on Prince of ﬁales
Island to document the effects of debris remox-ra.l° The present
study was undertaken to provide information prior to debris
removal on: |
1. Habitat in streams in logged and unlogged areas.
2. Fish population numbers, age composition, biomass and -
movernents.
3e Distribuﬁion of fish within habitats in streams in
logged and uﬁlogged areas.
Field work was conducted between June and September in 1977 and -

1978.




DESCRIPTION OF STUDY AREA

The study area was located on Prince of Wales Island in
southeastern Alaska., BRecords of the U,SQ'Weather Bureau-on'Annette
Island, 20 miles éast 6f Prince Wales, show precipitation aﬁeraged
- 290.3 cm per year from 1941-1970. Average précipitation for July;
August, and September for these years was 13.7, 18.2 and 25:5 cm |
respectively. In 1977 precipltation was 67, 16, and 43% below
normal for July, August, and September.respectively,— In 1978
precipitation was 66 and 16% below normal for July and Augmsf and
16% above rormal for September. The annual air temperaturé averaged
7.6°C £rom 1941 through 1970. |

Prince of Wales Island supported a rain forest composed largely

of Sitka spruce (Picea sitchensis) and western hemlock (Tsuga

heterophylla). Alaska yellow cedar (Chamaecyparis nootkatensis),

mountain hemlock (Tsuga mertensiana), western red cedar (Thuja plicata),

red alder (Alnus rubra), and American devils club (Oplapanax horridus),
were also present. Logging operations on the island have produced
clearcut areas in the forest ranging from several hundred to several

thousand hectares in size. Salmonberry (Rubus spectabilis), blue~

berry (Vacciniumrspp), and spruce and hemlock seedlings dominated in

clearcut areas.
Three-Tenths Mile, Tye-One-Ohn and Little Toad creeks on the

northwestern corner of Prince of Wales Island were selected for '




L
study (Figuréll)o All three streams were (1) tributaries to
Staney Creek, (2) 1ess than 2m wide, and (3) used as rearing areas °
by salmonids. The study section on Three~Tenths Mile Creek was

80m in length and lay in unlogged forest between Twin Spur Road

and Staney Creek. It contained coho salmon (Oncorbynchgg kisutch)

and Dolly Varden (Salvelinus malma). The study section on Tye-One~Ohn

Creek lay between Road FDR 5400 and Staney Creek. It was 110m in
length and was situated in a clearcut created in 1967. Coho salmon,

Dolly Varden, coastrange sculpin (Cottus aleuticus), and cutthroat

trout (Salmo clarki) were found in this stream. The study section

on Little Toad Creek was located between Road FDR 5410 and Road
FDR 5414, It was 170m long and lay in a-clearcut created in 1971.
Coho salmon, Dolly Varden, and cutthroat tfout were present in

this study section.
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TUXEKAN
PASSAGE

(Pacific Ocean)

Figure 1. Map showing the location of the study streams in the
Staney Creek drainage on Prince of Wales Island.




METHODS
Sampling Stations

Bleven stations of 10m length were established on Tye-One-Ohn
Creek and used during 1977 and 1978. Eleven stations of 20m length
Wwere established on Little Toad Creek in 1977. In 1978 four of
these were retained, three were shortened by 10m, and four were
shortened ﬁf Sm. Bight stations of iOm length vere eétablished on
Three~Tenths Mile Creek in 1978. All stations on a given stream
comprised the study section. Stations were selected to provide a

range of habitats on all streams.

Measurement of Habitat

Bach station was mapped in 1978 to show undercut banks, riffles,
pools, areas with fine debris (lem to 10cm in diameter), and_
individual pieces of coarse debris (greater than 10cm in diameter
and 30cm in length). Shallow, fast moving portions of the sfream
were mapped as riffles and areas that appeared to have siower
currents and greater depth were recorded as pools. Mapping was L
done with a steel tape apd compass on a 1:48 scale.

Six to elght line transects were established perpendicuiar
to the stream channel at each station. Intervals betweenlfhe
transects were equal and dependant on the length of the station.

Depth was measured to the nearest O.5cm at 15cm intervals along-
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each transect, Fine debris was sampled by the line intersect
method of Froelich et al. (1972). Individual pieces of fine‘debris.
were counted‘along the entire wetted portion of each transect ‘
and classified as submerged or elevated.
The following habitet features were derived from measurements
taken at each.station.

1. Fine debris as percent of surface area (submerged and
elevated),
2. Submerged fine debris as percent of surface area,
3. Elevated fine debris as percent of surface area,’
4, Density of fine debris (submerged and elevated).
5. Density of submerged fine debris. ¢
6. Density of elevated fine debris,
7. Coarse debris as percent of surface area (submerged
and elevated)
8. Density of coarse debris (submerged and elevated)o
9. Density of submerged coarse debris.
10, Stream gradient
11. Pools as percent of surface area.
12. Average depth,
13, Water surface area.
14, Undercut bank as percent of surface area.
15. Length of undercut bank as percent of total bank.

Measurements of undercut bank, coarse debris, fine debris, and stream
surface areas were made from station mapé with a planimeter, Stream
gradients were determined with a stadia rod and hand level., Volume

of fine debris per unit area (V) was calculated by:
2 .2

Qd
8L

V=

where d= count of intersections of all pieces in diameter class times.
mean dlameter (2.42 cm)p and L = length of transect- line (Froelich

et dl. 1972). Pleces of coarse debris were measured individually
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and submerged pleces were counted. Specific weight of organic
nmaterial was assumed to be 0.5 (Swanson et al. 1977) and density

of debris was described as kg/m2 water.

Fish Populations

Fish populations were censused on Little Toad Creek duriﬁé
July 13-27 and August 10-24 and on Tye-One-Creek during August
10-24 and September 9-21, 1977. In 1978.fish populations‘weré
- censused during July 10-21 and September‘1-4 on all streams.

Fish were captured in minnow traps ﬁaited with salmon eggs piaced‘

at tﬁree trap sites per station on Three-Tenths Mile and Tye~One-0Ohn
creeks, Traps were used at three or four sites per statioh on Little
Toad Creek. Traps were spaced as evenly afart as depth and channel
characteristics permi£tedo Captured fish‘were anesthéiized with

MS 222 (Tricane Methanesulfonate), measured to the nearest mm

(Total length) and marked with a station-specific combination of-
caudal and/or anal fin punches which were identifiable for up to

two weeks,

Estimates of fish numbers on each study section of Tyé-One-Ohn
and Little Toad creeks.in 1977 and July 1978 were made using the
Chapman modification of the Schnabel formula (Ricker 19?5)0‘
Estimates on the study sectlon of Three-Tenths Mile Creek during

July and on the study sections of all streams 1n September, 1978
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were made with the Chapman modification of the Peterson formula
(Ricker 1975). Confidence limits for Schnabel and Peterson
estimates were obtained following the procedures of Ricker (1975),
Population densities were estimated by dividing population estimateé
by stream volumes. '

The lengths and wéights of 20-25 live coho salmon an@ 20-25
living Dolly Varden were obtalned at the end of each census.period
in 1978 to determine sizeiage and length-weight relationsbip_s° Thé
ages of these fish were determined from examination of otoliths-
following the procedures‘c-if Williams anci Bedford (197_3); ‘Size
ranges were determined for each age or age group and these were
compared to length-frequency distributions. The Fife 1 computer
program (Hesse 1977) was used to sort length-frequencles from the
population census détaa

Biomags estimates on each stream were calcuiated using the
populatiqn estimates and predicted weights from the length-weight
relationships calculated by the Fire 1 computer programo‘ The
estimates of densities and biomass of each species for stations
within each study section_ﬁere obtained by proportioning the
estimates from a given section to its individual stations based on

the percentage of fish marked at each station during the censuses.
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Fish Movement
Fish movements were monitored by one way box traps. Two one
Wway box traps were located upstream and downstream from the study
sections on Tye-One-Ohn and Little Toad creeks. The ﬁumbers,
specles, and direcfion’of movement of fish captured at these siteé
were recorded. Traps were checked dally between July 17 and

September 21 in 1977 and between May 12 and August 16 in 1978."

Statistical Analyses

frincipal component (PC) analysis (Nie et al. 1975) was used
to identify linear combinations of habitat features which describéd
levels of varilation in the habitat data from the three study streams.
The first combination of habitat features (PC-1) explained the "
éreateét amount of variation in the habitat‘data, Each subsequént
PC was the combinatioh of habitat features that explained the |
greatest amount of the variation that was not accounted for by
preceeding components. Bach PC was independant of the éthers. Within
each PC habitat features having a correlation coefficient of 0{8‘or
more with other features were identified.

A stepwise multiple regression procedure (Nie et al. 1975)
was used to determine the variation in fish population estimates
attributable to specific habitat features or cOmbinations of

features in each stream. Population densities for each age group of
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coho salmon and Dolly Varden at each station served as dependant
variablés. Measurements of habitat features at each station having
low (0.8 or less) correlation to other habitat features were used
as independent variables, The use of low-correlated habitat features
from each PC allowed a reduction in the number of variables considered
in the same regression and reduced bias due to multicollinearity |
(Nie et al. 1975). The amount of variation in fish population
estimates attributable to habitat features was described by the
statist;c sto This statistic was the coefficient of determination
(Rz) adjusted for the number of independant variables and the number
of cases (stations per stream) in the analysis (Nie et al. 1975).
It was a more conservative estimate of the variation explained than .
was Rz, especially when the number of cases was small, Ali
statistical analyses were performed with the Sigma 7 computer at

Montana State University.




RESULTS
Habitat
Maps of ﬁhe sampling stations showing the location of fine

debris, coarse debris, pools, riffles, and undeicut banks are
presented in Appendix Figureé 3-33. Measurements of the habitat
features at each station are given in Appendix Tables 16-18,
~Mean values for the meagured habitat features in each study |
_ seqtion are given in Table 1. Fine debris covered.approximately
60% of the channel on Tye-One-Ohn and Little Toad creeks. It
oftén extended completely across the channel on these streams.,
Fine debris covered 22.2% of the channel on Three-Tenths Mile
Creek and was concentrated at the stream edges. The submerged
éomponent of fine debris comprised 62-67% of total fine debris oﬁ
all streams. Tye-One—Ohn Creek had the highest density énd cdverége
.measuremen£s of coarse-debrise Submerged coarse debris comprised »
36,37, and 12% of the total density of coarse debris on Tye-One-Ohn,
Little Toad, and Three;Tepths ﬁile creeks respectively, 'Coa;se
debris, particularly small pieces, was often distributed throughout
the channels of Tye-Ong-Ohn and Little .Toad creeks and con?entrated
at stream edges in Three-Tenths Mile Creek. Measuremenfs of‘gradient,
pool area, and depth were greatest on Little Toad Creek. Deﬁris
~dams (Appeﬂdix Figures 15-25) appeared to have increased the pool

area and depth on this. stream.




Table 1. Mean values of habitat features measured on the study section of each stream in 1978.

Habitat Features Tye-One-0Ohn Little Toad Three-Tenths
. Creek Creek Mile Creek

Fine d.ebris as p:ercent of surface area (submerged § elevated) 60.7 57.1 22.2
Submerged fine debris as percent of surface area 37.6 38.1 14.4-
Elevated fine debris as percent of surface area 23.1 18.9 7.8
Density of fine debris-submerged § elevated (kg/m2 water) 37.0 27.8 10.8
Density of submerged fine debris (kg/m2 water) 23.7 18.3 6.9
Density of elevated fine debris (kg/m2 water) 13.3 9.5 3.9
Coarse debris as percent of surface area (submergeq § elevated) 24.4% 20.8 17.0
Density of coarse debris-submerged § elevated (kg/m2 water) 37.4 32.1 20.1
Density of submerged coarse debris (kg/m2 water) 135.6 11.9 2.4
Stream gradient (m/10m of st;‘eam) 0.41 0.62 0.22
Pools as pércé;lt of surface area 69.7 78.1 70.7
Average depth (;:m) 8.5 9.3 8.5
Water surface area (mz) 20.7 22.7 18.0
Undercut bank as percent of surface area 10.8 12.3 13.6

. 20.5 28.9 30.8

Length of undercut bank as percent of total bank

€1




14

The first five linear combinations of the habitat features
constructed by the PC anaiysis are given in Table 2. Together
these accounted for 80.7% ofvthe variation in the habitat data.
PC-1 accounted for 40,3% of the variation and showed high loading
values (correlations between‘the feature and the PC they appear 1n)
for fine debris features. Pool area and depth, coarse debris
features, surface area and stream gradient, and undercut bank
features had high loading values in PC-1i throuéh 5e Fgatures
having correlation coéfficients of 0.8 or greater with other

features in the same PC are identified in Table 3.

Fish Populations

The numbers of fish collected in 1977 and 1978 are given in -
_ Appendix Table 19. Coho salmon was the most abundant speciles
collected followed 5y Dolly Varden, Cutthroat trout and coastrange
sculpin together represented less than 5% of the numbgr of fish
collected,

The estimated densitles of fish in each study section in 1977
are presented in Table 4. Coho salmon was the doﬁinant_fish

species and appeared to decline from July through September on both

streams.. Densities of Dolly Varden on each stream in September were
greater than densities for July and August. No estimates of population

numbers were made for cutthroat trout and coastrange sculpin because




Table 2. Results of the principal component (PC) analysis for the habitat features measured on Tye-One-Ohn, Little Toad, and
Three—Tenths Mile creeks during 1978. The percent of total variance in the habitat data accounted for by each PC is
in parenthesis. High loading values are underlined.

Habitat Features . PC-1 PC-2 PC-3 PC-4 PC-5

(40.3) {16.3) (10.1) 8.9) 6.1)
Fine debris as percent of surface area (submerged & elevated) .927 142 ' .258 .095 -.053
Submerged fine debris as percent of surface area .828 .398 .219 -.007 .009
Elevated fine debris as percent of surface area . 794 -.278 .237 .218 -.129
Density of fine debris (submerged & ele;vated) .946 -.069 .222 .073 -.085
Density of submerged fine debris 2924 .109 .196 -.024 -.043
Density of elevated fine debris . .817 -.331 .225 .209 -.135
Coarse debris as percent of surface area (submerged & elevated) .343 ‘ .121 .431 .208 ©o.118
Density of coarse debris (submerged § elevated) .407 .011 .826 .017 ~.080
Density of submerged coarse debris .329 .056 -886 -.001 .048
Stream gradient (m/10m of stream) .079 .149 -.194 -868 .044
Pools as percent of surface area .068 L7583 -.026 -.006 .169
Average depth ’ y -.061 859 097 L1111 -.147
Water surface area .095 -.115 .367 594 -.183
Undercut bank as percent of surface area -.136 .014 -.013 -.069 909
Length of undercut bank as percent of total bank ~.530 -.042 .028 .415 .431

Each loading value indicates the correlation between the individual habitat' feature and the entire PC in which it hppears. -

1

a1




Table 3. Habitat features having correlation coefficients of 0.8 or greater with other habitat features in the same
principal component (PC).
PC
1 Fine debris as percent of surface area with. Submerged and elevated fine debris as percent
. co ‘of surface area, density of fine debris, and
density of submerged and elevated fine debris
Submerged and elevated fine debris with Fine debris as percent of surface area, density
as percent of surface area of fine debris, and density of submerged and
elevated fine debris
Density of fine debris with Fine debris as percent of surface area, submerged
and elevated fine debris as percent of surface
area, and density of submerged and elevated fine
debris
Density of submerged and elevated with Fine debris as percent of surface area, submerged
fine debris and elevated fine debris as percent of surface
area, density of fine debris
3 Deasity of coarse debris with ° Density of submerged coarse debris
Density of submerged coarse debris with Density of coarse debris
5 Undercut bank as percent of surface area with Length of undercut bank as percent of total bank
Length of undercut bank as percent of with Undercut bank as percent of surface area

total bank

91
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Table 4, Population densities (numbers/m of stream) of the major
fish species on each study section of Tye-One-Ohn and
Little Toad creeks in 1977. The 95% confidence limits
are in parenthesis. )

Location Sampling Date Coho Salmon "Dolly-Varden'
Tye~One-Ohn August 2,92 2.41 ;
Creek (2.61-3.28) (2.09-2.77)

September 2;7? 2.54
(2046"3912) ) (203“’"2076).
Little Toad July : 2,95 1,83
Creek (2.51-3.48) (1+459-2.11)
August ' 2,44 1.73
: (2.13-2.80) (1.43-2,09)
September 2.35 1.98
(2,01-2,74) = (1.83-2.14)

"they were preSent in only small numbers throughout the study.

The estimated densities of fish in each study sectign in 1978
are given in Table 5, Coho saimon was the dominant species apd
showed declines on all streams from July through September.

Densities of Dolly Varden showed an increase of 25% in September on
Three-Tenths Mile Creek. ' '
The length-frequencies of coho salmon and Dolly Varden'collectea

in each study section in 1978 are given in Appendix Figures 34-39,
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Table 5. Population densities (numbers/h of stream) of the major
fish species on each_study section in 1978. Population
densities (numbers m3 water) are in parenthesis, .

Location Sampling Date Coho Salmon Dolly Varden
Tye-One-Ohn July | I, 80 ‘ 2.16
Creek - (25.3) (11.3)
September 3.29 1.67
(17.4) (8.8)
Little Toad July 3.39 2.39
Creek ' _ (24.7) (17.4)
September 1.79 1.86
(13.0) - (13.7)
Three-Tenths July - -
Mile Creek : (21.0) (10.3)
September - _ -
(15"5) (1209)

Ages were assigned to the length-frequencies by application of the
length-age relationship obtained from the specimens in which 6toliths
were examined. The estimated densities for each age group of these
species at each station of the study sections in 1978 are given
in Appendix Tables 20-25. |

The densities for each age group of coho salmon and Dolly
Varden in each study section in 1978 are presented in Table 6.

Populations of coho salmon contained age 0 and 1+ fish. Age 0 fish
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Table 6, The densities (numbers/h water) of the age groups of the.
major fish species on each study section in 1978. The
95% confidence limits are in parenthesis.

) Coho_Salmon Dolly Varden

Location Sampling Date Age O Age 1+ Age 0-1+ Age 2-3+
Tyé—One—Ohn July I 20. L“ 6 609 . Ll‘o’?l’

Creek (16.8-25.4) (4.1-5.4)  (6.0-8.1) (3.9-5:1)
September 13.3 hwl C 6.1 2.7

(10.4-16.9) (3.1-5.5) = (4.6-8.3) (2.0-3.7)

Little Toad July 17 4 7.3 9.4 8.0 .

Creek o (13,6-22.1) (6,1-8.8)  (7:b4-12, o)(6.6 9.8)
September 7.6 5.l 9.1 4,6

(5.6-10.7) (4.2-6.9)  (6.8-12.4)(3.5-5.8)
~ Three-Tenths July 17.6 - 3.b 6.0 4.3

Mile Creek (14.0-22.2) (2.3-5.4)  (3.8-9.9) (2.9 -6.4)
September 12.1 3.4 9. 7 3.2

(9.4-15.7) (2.4-5.,0) (6.8- 1u 4)(2.2-4.7)

comprised 59-84% of the coho salmon populgtions and experienced a
31-57% moftality from July through Septembér, Estimates of mortality
for age 1+ fish in this species ranged from 0 to 26%. Populations
ofﬂDolly Varden contained individuals ranging from age O to.3+;

Age 0 and 1+ together comprised 54% of the population. Eétimates

of mortality for Dolly Varden were in contrast to those for coho
salmon as the older age group (2-3+) declined more than the younger .

age group (0-1+). The density of age group O-1+ Dolly Varden_'_f
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increased by 63% from July to September in Three-Tenths Mile Creek,
This increﬁse in estiﬁated density may ha#e been caused by .
recruitment into thg sampled population as a resu1£ of groﬁth of
these fish. This probably resulted in low estimates.of mortality

for the 0-1+ age groufe

Estimates of Fish Biomass

The length-welght relationships for coho sélmon and Dolly Va?den
in each study section are presented in Appendix Table 26, 'Estimates
of biomass for coﬁo salmon and Dolly Varden at each sampling stétion
of the‘study sections are given in Appendix Tables 27-32, The
estimates of biomass for fish in each study section are presented
in Table 7. Dolly Varden comprised 60-68% of the total fish bilomass:
in each sampling period. Their biomaés was dominated by age group
2-3+, The biomass for age groups 2-3+ and O-1+ decreased 11~36%
ana increased 2-98% respectively from July through September on all
streams, Age 1+ coho salmon comprised 52-73% of the biomass of that
species. Biomass estimates for this age increased by 14-15% from
July through September on Tye-One-Ohn and Three-Tenths Mile creeks -
and declined by 8% on Littie Toad Creek. Biomass of age 0 coho salmon -
declined by 19-51% on Little Toad and Threé-Tenths Mile creeks but

increased by 7% on Tye-One-Ohn-€reek between the sampling peiiods,




Table 7. Estimates of biomass (g/m3 water) for the major fish species on study sections in 1978. The 95% confidence

limits are in parenthesis.
.

Coho Salmon

Dolly Varden

Location Sampling Date Age 0 Age 1+ Totals Age 0-1+ Age 2-3+ Totals
Tye-One-Ohn July 11.5 13.2 24.7 14.8 31.5 46.3
Creek : (9.3-14.1) (11.8-15.5) (12.8-17.3) (27.9-36.5)
September 12.3 15.0 27.3 16.2 23.2 39.4
(9.6)-15.5) (11.3-20.1) (1z.2-22.1) (17.2-31.8)
Little Toad July 135.6 26.9 40.5 27.1 57.6 84.7
Creek (10.6-17.3) (22.4-32.4) (21.3-34.6) (47.5-69.8)
September 9.0 24.7 33.7 27.4 37.0 64.4
(6.6-12.6) 15.2-31.5) (20.5-37.3) (28.1-46.6)
Three-Tenths July 13.4 14.2 27.6 11.9 29.2 41.1
Mile Creek (10.6-16.9) (9.6-22.6) (7.5-19.6) (19.7-43.4)
September 11.3 16.4 27.7 23.6 25.9 49.5
(8.7-14.6) (11.6-24.1) (17.8-38.0)

(16.5-34.9)

1¢
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Fish Movemeht

Coho salmon aﬁpeared to move into box traps more than Délly
Varden from July through August on Little Toad and Tye-One-Ohn
creeks (Table 8). .The méjority of movements by coho salmon were
made by age 0 fish (36-60mm) resident to the‘pool where the trapsb
were located (Appendix Tables 33 and 34). Net movement of.poho S
salmon over all sampling periods was less than 10 fish inté the.'
study areas on Tye-One-Ohn and Little Toad creeks. The greatest A
movemehts of Dolly Vaxrden occurred in September on both §t£eams and
were probably associated with higher stream.flows. At this time

Dolly Varden fry (26-50mm) and spawning adults (up to 290mm)

"moved into the study area on Little Toad creek through the upstream
and downstream traps respectively (Appendix Table 34). Movements
of Dolly Varden showed a net decline of 16 and a net gain of 85
fish over the sampling periods on the study areas of Tye-One-Ohn
and Little Toad creeks respectively.

In~1978 coho salmon moved more than Dolly Varden in late May‘
and early June (Table.9) because of the AOwnstream dispersal of

_ their‘31—50mm‘emérgent fry (Appendix Tables 35.and 36). :By‘fhe>end
of June dispersal had ceased. Movement of coho salmon was negl'igible

.during the remainder of trap operations and was primarily due to
resident fish., Movements of coho salmon shbwed a net ga}n of 2270

'and 10 fish for the study areas on Tye-One-Ohn and Little Toad




Table 8. Movements of fish of the major species through box traps on Tye-One-Ohn and Little Toad creeks im 1977.-

. 1
Sampling Dates and Direction Moved

7-17 to 7-31 §-1 to 8-15 8-16 to §-31 9-1 to 9-15 9-16 to 9-21
Location Species - Movements [i] D . 3] D [1] D [i] D [i] D
Tye-One-Qhn coho salmon Into study area 3 24 0 51 0 30 10 28 3 5
Creek
Out of study area i 25 4 33 10 32 0 24 2 5 2
Dolly Varden Into study areca 7 7 [ 1 0 6 10 52 2 26
Out of study area 11 1 8 1 19 0 49 6 22 10
Little Toad coho salmon Into study area 67 8 55 5 104 4 47 3 14 3
Creek
Out of study area ! 1 78 0 54 0 92 [¢] 56 1 19
1
Poily Varden Intc study area | 17 6 12 0 14 2 sl 76 16 23
' i
Out of study area I 10 16 2 10 0 10 25 46 5 8
!

! U = upstream, D = downstream.

£C




" Table 9. Movements of fish of the major -species through box traps on Tye-One-Ohn and Littie Toad creeks in 1978,

Sampling Dates and Di'rection1 Moved
5-12/5-15  5-16/5-31 6-1/6-15 6-16/6-30 7-1/7-15 7-16/7-31 8-1/8-16

Location Species Movements U D U D Uy D U D U D U D .U D

Tye-One-Ohn  coho salmon  Into study area ‘—'o 5 0 642 14 3082 5 41 5 6 3 10 0 2

Creek Out of study area 1 ] 41 782 155 532 10 0 12 0 6 4 1 0

' Dolly Varden Into study area 0 0 0 2 2 0 0 0 ] o' 1 3 0 o0

Out of study area 1 1 g 11 3 3 1 0 2 2 2 8 0 0O

Little Toad coho salmon Into study area 3 4 7 15 33 3 10 '3 6 3 9 7 0 4
Creek

Out of study area 2 10 4] 39 0 14 1 4 o] S 0 19 3 0

Dolly Varden Into study area 2 0 "6 30 13 0 3 10 6 14 16 13 0 4

Out of study area 0 . 10 0 10 0 5 0 2 1 S i 22 o] 1

y- upstream, D = downstream.

.172
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creeks respectively. Movements of Dolly Vérdeﬁ were greafest in
late May and late July. Dolly Varden fry moving into the study
5reaAthrough the upstream trap comprised the majority of movements
on Little Toad Creek (Appendix Table 36). Net movement over all
sampling periods was 55 Dolly Varden out of the study area on
Tye-One-0Ohn Creeklgnd 60 into the study aréa on Little Toad Creek.

Most of the above movements of coho salmon and Dolly Varden
occurred before and after the time period when population estimates
ﬁere conducted, In addition, movements of Dolly Varden were by
fish too small or too large to be successfully trapped, therefore
movements did not affect population estimates. .

A greater percent of the recaptured Dolly Varden than coho
salmon had moved among stations during population censuses in 19?8
(Appendix Table 37). In both species a greater percent of the
recaptured fish of the older age groups than yqunger age groups
had moved among stations, Thefnumbers-of fish moving and the
distances moved during population census in 1978 are given in Appendix
Tables 38-40, Age 1+ coho salmon comprised 62-100% of fish in‘thét
species moving amohg stations. Age group 2-3+ comprised 54-84% of
the Dolly Varden that mow}ed0 The distances traveled by age groups
14+ coho salmén and 2-3+ Dolly Varden averdged 27.7 and 25.7m
respectivé;y and were 102 and 32% farther than fish in the younger

age groups in these species., Fish in each age group did not appear
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té move ‘consistently in éﬁy direction. Only two marked cgho,galmoﬁ
and one marked Dolly Varden were captured in box traps outside:of
the study sections during the tensuses on Tye-One-Ohn and Littie
Toéd creeks respectively, indicating declinés'in popul#tion numbers -

‘were not due to movenments,

Multiple Regression Analysis

Three-Tenths Mile Creek - July 1978

Multiple regression analysis (Table 10) showed density of
submerged coarse debris, water surface area, and density of elevated
fine debris together accounted for 93% of the .variation in the
| density of age 0 coho sailmon (P<.01). Density of sdbmerged coarse
debris was the most important 'single habitat feature and was ‘
.negatively related to these fish, |

Undercut bank as percent of surface area accounted for 76%
of~the variafion in the density of age i+ tho salmon. This
feature was directly related to these fish (P<,01).

' Two features of §ubmergéd debris, water surface area, stream
gradient, and undercut bank together accounted for 98% of the variation“
in the density of age group 0-i+ Dolly Va.rden (P < .01) Submerged
fine debris as percent of surface area, density of submerged coarse {
.debris, and water surface area were the mosf important features.,

All features, except submerged fine debris. as percent of surface arsea,




Table 10. Statistically significant rqsulfs of the multiple regression analysis of fish population densities and measured
habitat features on Three-Tenths Mile Creek “in July 1978. The signs of the simple correlation coefficients of
fish densities and individual habitat features are in parenthesis. . -

: P Increments
Age and species . Habitat Features B R N of R2'
0 coho salmon . Density of submerged coarse debris (-) . .73 ’ . .73
Water surface area (+) . .82 . .09
_Density of elevated fine debris (-) S K L .11
1+ coho salmon . - Undercut bank ‘as percent of surface area (+) LT6** .76
0-1+ Dolly Varden Submerged fine debris as percent of surface area (-) .09 .09
Density of submerged coarse debris (+) .40 .31
Water surface area (+) .79 : .39
Stream gradient (+) 92 .13
Undercut bank as percent of total bank (+) - .98* .06
2-3+ Dolly Varden Density of submerged coarse debris (+) . 77 . 77
Stream gradient (+) .78 . .01
Undercut bank as percent of total bank (+) .81 ] . .03
Density of elevated fine debris (+) .87 .06
Coarse debris as percent of surface area .93x* .06

- submerged § elevated (+)

42

2t . . -
-+ The R® value represents the amount of variation accounted for by features at and above the value.
* All features at and above the single asterisk are significant at P< .05.

*#A11 features at and above the double asterisk are significant at P< .0l.
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were directly related to‘age group-061+ Dolly Varden,

Two features of.coarsé debris, stream gr;dient, undercut bank
and one feature of fine debris accounted for 93% of the variétipn
in the density of age gvoup 2-3+ Dolly Varden (P <.01). Density
of éubmerged coarse débris alone accounted for 77% of the variation.
All five features had a positive relatlonship with'age group 2-3+
Doily Vardenok -

-Tenths Mile Creeck - Seéptember 1978

Three

| The ielationships between habltat features and age O coho
Salmoh'in September were similar to those iﬁ July. Density of
submérged coarse debris, density of elevated fine debris, and water
surface area accounted for 91% of the variatién in the density of
age 0 coho salmon and were significant at P<,01 (Table 11).
Density‘of'subme;ged éoérée debris was again the most important
single feature and was negatively related to these fish.

'Featurés of the undercut bank, density of fine and coarse
débrig, water surface érea,‘and average depth accounted for 9% of
the vaiiatibn in the density of age i+ coho salmon (P-=<.01).  A§ T
in Juiy, undercut baﬁk aslpercent of surfaée arsa was,{ha most
imporignt single feature explaining B8U4% of_the variation in thése
fish and was directly related to theirldénsityg ‘

Four featﬁres of tﬁe density of debris; pool aféa, aéd ﬁndercut

bank accounted for 99% of the variation in the density of age group.




Table 11. Statistically significant results of the multiple regression analysis of fish population densities and measured

habitat features on Three-Tenths Mile Creek in September 1978.
of fish densities and individual habitat features are in parenthesis.

The signs of the simple correlation coefficients

Age and Species

Habitat Features

0 éoho sglmon

1+ coho salmon

0-1+ Dolly Varden

2-3+ Dolly Varden

Density of submerged coarse debris (-) -
Density of elevated fine debris (-)
Water surface area (+)

Undercut bank as percent of surface area (+)
Density of elevated fine debris (+)

Water surface area (-)

Density of submerged coarse debris (+)
Average depth (+)

Density of submerged fine debris (+)
Pools as percent of surface area (-)
Density of coarse debris - submerged § elevated (-)
Density of elevated fine debris (+)

Undercut bank as percent of total bank (+)

" Density of submerged coarse debris (+)

Undercut bank as percent of total bank (+)
Average depth (+)

214, Increments
R of R
.79 .79
.80 .01
L91%* W11
.84 .84
.91 .07
.95 -.04
.98 .03
- -99%* .01
: .56 .56
.75 .19
.87 212
.95 .08
.96 " .01
99w+ .03
.33 .33
.43 .10
.88** .45

Pools as percent of surface area (-)

- pl! coes
+ The R© value represents the amount of variation

**All features at and above the double asterisk are significantat P< .0I.

accounted for by features at and above the value.

62
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0-1+ Dolly Varden (P-s .01), Density of submerged fine debris was the .
most important single feature. It accounted for 56% of the variation
and was directly ¥elated to these fish.

Undercut bank as percent of total bank, average depth, and pool
area expiéiqed 88% cf the variation in the density of age group 2-3+
Dolly Varden (P"eOi)a Pool axrea was the.only feature with a negetive
rela.t’ionship° | »' -
Tye—One;Ohn Creek - July 1978

Multiple regression analysis (Table 12) showed stream gtadient,
coafse and submefged fihe deb:is as percent of surface area together.
accounted for 72% of the variation.iﬁ the density of age 0 coho
salmon (P < 001)., T_txe above features together with -water surface area
and average depth accounted for 78% of the variation (P<.05). The
features of stream gradient and coarse debris were negatively reiated"
while submerged fine debris was directly related to age 0 coho salmono

Average depth and density of elevated fine debris accounted fcr
61% of the variation in the density of age 1+ coho salmon (P <.01),-
With the addition of the features of pool area, water surface area,
submerged coarse debrisgeahd undercut banks 78% of the varietioﬁ was
accounted for (P <.05). .The features of average depth and density
of fine debris were negatively related to these fisha

Average depth, three features of density of debris, pool area,

and stream gradient accounted for 91% of the variation in the density




Table 12. Statistically significant results of the multiple regression analysis of fish population densities and measured

habitat features on Tye-One-Ohn Creek in July 1978.

fish densities and individual habitat features are in parenthesis.

The signs of the simple correlation coefficients of

214 Incremer'lts
Age and Species Habitat Features i R of R
0 coho salmon Stream gradient (-) .23 23
Coarse debris as percent of surface area - .
submerged § elevated (-) : ' .37 .14
Submerged fine debris as percent of surface-area (+) s LT2%* .35
‘Water surface area (-) .75 .03
Average depth (+) : ) .78* .03
1+ coho salmon Average depth (-) .21 .21
Density of elevated fine debris (-) H1%* .40
Pools as percent of surface area (+) . .62 .02
Water surface area (-) .64, .02
Density of submerged coarse debris (+) .67 .03
Undercut bank as percent of surface area (+) .78* 11
0-1+ Dolly Varden Average depth (-) . .50 .50
Density of coarse debris - submerged § elevated (+) .54 .04
Density of submerged coarse debris (+) . .70 .16
Pools as percent of surface area (-) .83 .13
Density of elevated fine debris (+) : .85 .02
Stream gradient (+) L9 .06
2-3+ Dolly Varden Stream gradient (+) , - .25 .25
Density of submerged fine debris (-) .35 .10
Average depth (-) .43 .08
Density of elevated fine debris (-) .47 .04
Pools as percent of surface area (+) . .64 .17
Water surface area (-) L76%* .12

11 - .
+ The R2 value represents the amount of variation accounted for by features at and above the value.

* All features at and above the single asterisk are significant at P< .05.

*rA1]l features at and above the double asterisk are significant at P< ,01. .
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_of age group 0-1+ Dolly Varden (P< ,01). Average depth was the mést
important ;ingle-féature and accounted for almost 50% of the
variation. This featuré had a negative relationship to ége 0-1+

[

Dolly Varden.

Stream gradlent, two features of fine debris, average depth, pool

area, and water surface area combined to explain 76% of the Variafién o

in the density of age group 2-3+ Dolly Varden (P< .01). Stream
gradient and pool area were the only features directly related to

these fish.

Tye-One-Ohn Creek. - September 1978

Three features of the densliy of debris and the water surface -
area accounted for 84% of the variation in the density of age.o ‘coho
'salmén at the P< .01 level (Table 13), Dénsity of elevated and
submergedyfiné débris were the most important.feature§ and together
accounted for 63% of the variation., As in July, the features of
debris and water surface area were directly and negatively associéted
respectively;

‘ Two featuresfof coarse debris, water_surface area, anﬁ a feature
of fine debris tdgether.accounted for 64%‘of the variation.;n the
denslty .of age 1+ coho salmbn (P <,05)s The features of coarse
debris'ahd water surface area were directly and negatfvel& related
to these fish respectivély, as they:were in July.

Average depth, two features of fine debris, and pool area °




Table 13. Statisically significant result of the multiple regression analysis of fish population densities and measured
habitat features on Tye-One-Ohn Creek in September 1978. The signs of the simple correlation coefficients of

fish densities and individual habitat features are in parenthesis.

. . . 2t Increments

Age and Species Habitat Features ) R of p2°
0 coho salmonl Density of submerged fine debris (+) ’ .40 40
Density of elevated fine debris (+) .63 .23
~ . Water surface area (-) .75 .12
Density of coarse debris - submerged & elevated (-) . .84%* .09
1+ coho salmon . Density of submerged coarse debris (+) .11 11
Water surface area (-) .30 .19
Density of fine debris - submerged & elevated (-) ' .60 .30
. Density of coarse debris - submerged & elevated (+) c .64*% .04
0-1+ Dolly Varden Average depth (-) .46 .46
Density of submerged fine debris (+) .68 .22
Density of elevated fine debris (+) .72 .04
Pools as percent of surface area (-) . . . JTJ9E* .07

2-3+ Dolly Varden Undercut bank as percent of surface area (+) . .25 .25 -
Water surface area (+) . .45 .20
. Density of coarse debris (-) .55% .10

2! .
+ The R”  value represents the amount of variance explained by features at and above the value.
* All features at and above the single asterisk are significant at P< .05.

**All features at and above the double asterisk are signiij,iéant at P< .01.
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accounted for 7% of %he variation in the:aehsity of age group 0-1+
Dolly Varden (P <.0i). As in July, average depth was the most
important single feature accounting for 46% of the Variation‘and
was négatively related to these fish.

Features of undércui bank, water surfaqe area, and coarseé debfis
combingd-to accountafor 55% of the variatioﬁ in the density of age
group 2-3+ Dolly Vaxden (E~?°05); The features of'gndercut bank and
water surface area were directly related to these fish, |

8

Little Toad Créek = July 197

Multiple regressioﬁ analysis (Taﬁie 14)'showed two features bf
the déﬁsity'of debris, undercut bank, popl afea,-and water sufface
area tOgethgrlaccounted’for 85% of the variation in thé_density of
age 0 coho ‘salnon (P<.01). Density of elevated fine debris was
the most imporfant single feature explaining 4% of the variation
and was negatively related to these fish.

Stream gradient, two features of debris, and wa£er suiface area‘
accounted for 85% of the variation in the density of age 1+ coho
salmon (P </01), Stream gradient and density of submefged coarse
débris wére the most important features and were -both negatively
related to these fish. | | |

Average depth and submerged fine debris as percent of su;face aréa
accounted for 63% of the variation in the density of #ge éroup 0-1+

‘ Dolly Varden (P <,01). Both features had a negative relationship




Table 14. Statistically significant results of the multiple regression analysis of fish population densities and measured

habitat features on Little Toad Creek in July 1978.

densities and individual habitat features are in parenthesis.

The signs of the simple correlation coefficients of fish

. Increments
Age and Species Habitat Features R2'* _of p2'
. 0 coho salmon Density of elevated fine debris (-) .41 41 .
B Density of submerged coarse debris (+) .58 . .17
Undercut bank as percent of surface area (-) .70 L12
Pools as percent of surface area (-) .78 .09
Water surface area (-) .85%% . .07
1+ coho salmon Stream gradient (-) 54 .54
_ Density of submerged coarse debris (-) .78 J24
Water surface area (+) .84 .06
Elevated fine debris as.percent of surface area (+) 85** .01
0-1+ Dolly Varden Average depth (=) .61 © .61
Submerged fine debris as percent of. surface area (-) - 635 .02
2-3+ Dolly Varden Average depth (-) .25 .25
. . Water surface area (-) .46 .21
Density of submerged fine debris (-) 54 .07 -
. Coarse debris as percent of surface area - submerged §
elevated (-) .59% . .05

- -
+"The R value represents the amount of variance explained by features at and above the value.

e ‘A1l features at and above the single asterisk are significant at P< 05

**All features at and above, the double asterisk are significant at P« .01.
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with these fish.
Average depth combined with water surface area and two features
" of debris accounted for 59% of the variation in the density of age
groupv2—3+ Dolly Varden. Average depth and water surface area were
the  most important feetures and were pegatively related to_these
fish, |
Little Toad Creek - September 1978
Density of elevsted fine-and submerged coarse debris, pool area
ahd water surface.area accounted for 81% of the variation in the
density of age 0 coho salmon at the P'=901 level (Table 15) As in
July, density of elevated fine debris was the most 1mportant feature'
and was negatively related to these fishe
Stream gradient and four features of fine and coarse debris,
accounted for 997 of the variation in the density of age 1+ coho
salmon (P <.01). As inlJuly, stream gradient and density of submerged.
coarse dehris were the most important features and were neéatively
'related to age 1+ coho salmono
Average depth and two features of debris combined to explatn
51% of the:variation‘in the density of age group 0~1+ Dolly Varden -
(P<.05). As in July, all features had a negative relationship with ““
these fish, -
Features of-average:depth and undercut'bahk accouhted for 4u% . -

. of the.variatior in the density of age group 2-3+ Dolly Varden




Table 15. Statistically significant results of the multiple regression analysis of fish population densities and measured

habitat features on Little Toad Creek in September 1973.

fish densities and individual habitat features are in parenthesis.

The signs of the simple correlation coefficieuts of

Increments

P . . 21+
Age and Species Habitat Features of r2'
¢ coho salmon Density of elevated fine debris (-) .34 .34
' Pools as percent of surface area (-) .62 .28
‘Density of submerged.coarse debris (+) .78 .16
Water surface area (-) 81%* .03
1+ coho salmon Stream gradient (-) .59 59
Density of submerged coarse debris (-) .89 .30
Submerged fine debris as percent of surface area (+) .97 .08
Elevated fine debris as percent of surface area (+) .98 .01
Coarse debris as percent of surface area - submerged
& elevated (-) L99%* .01
0-1+ Dolly Varden Average“depth (-} .32 .32
Density of submerged’ coarse debris (-) .45 .13
Fine debris as percent of surface area - submerged
§ elevated (-) ,51%* .06
2-3+ Dolly Varden Average depth (-) 16 .16
Undercut bank as percent of total bank (-) L44* .28

21 ‘ .
+ The R” value represents the amount of variance explained by features at and above the value.

* All features at and above the single asterisk are significant at P<.05..

**xA11 features at and above the double asterisk are significant at P< .01.
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(P<.05). Both featuies were negatively related to these fish.

The measured habitat features of debris and undercut bank that
were impox%ént to fisﬁ on Tﬁree~Tentﬁs'Mi1e and Tye<One-Ohn creeks
‘genefally accounted for lower levels of varigtion and did not have |
direct relationships to fish on Little Toad Creek. Riparian
vegetation was ver& abundant along many stati&ns and often extended.
completely across the channel on this stream. The influence of this
feature may have masked the response of fish to the measured habitét

features,




DISCUSSION

Habiﬁat and Fish Populatiéns - 1978
Diffefences in habitat between Tye-One-Ohn and-Little Toad creeks
 in logged areas and Threé;Tenths Mile Creek in unlogged forést wexre
identified by constructing a plot diagram using the two principal
components that accounted for the greatest amount of variation in the
habitat data. Two dlstinct clusters were apparent from this PC
ordination (Pigure 2). Stream stations having similir habitats formed
each cluster, All stations on Three-Tenths Mile Creek and 7 stations
from Tye-One-Ohn and Little Toad creeks comprised cluster I, Twelve
stations from the streams in logged areas comprised cluster II. These
clusters were separated along the PC - 1 axis indicating that
differences in habitat were largely attribptable to fine debris. The
o deliberate selection of stations wifh low quantities of debris on the
streams in logged areas accounted for the 30% overlap of these stations
in cluster I, Had a more random seleétion,of stations been conducted
it is‘likely that thejOVerlap of stations from logged and unlogged
areas in'cluster I would have been even less, Three stations from
Tye-One-~Ohn and Little Toad creeks were not included in clusters I
and II because they were'chafacterized by extremely'high conicentrations
of debris. 4 _

Measurements of fine debrls were 165-242% greater on Tye-One-Ohn

and Little Toad creeks than Three-Tenths Mile Creek (Table 1).
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Figure 2.
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PC-1

Principle components ordination of habitat data from Tye-One-Ohn, Little Toad,

and Three-Tenths Mile creeks. Large circles represent clusters formed by

principal component ordination. Numbers associated with stream symbols indicate
the specific stream stations.
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Density of submerged céarsewdebris w#s'396—467%.greater on the two
streams“in'logged areas, Coarse debris as percent of surface area
and density wefe only 22»86% greatef on these streams bécause numerous
logs'Iay'across the-chénnel of ThreerTentﬁs Mile Creek, Blowdown
attributable to the preseﬁce of Twin Spur Road may have contributed
-té the coarse debris in this stream.

Logging undoubtediy‘increased the levels of debris in the streams
' in logged areas. "Swanson et al. (1977) observed that clearcutting
increased the debris in the streams in the Staney Creek area by five
to ten times. Debris wés more widely distributed across the channels
of Tye-One-Ohn and Little Toad creeks than fhree-Tenths Mile Creek
(Appendix Figures 3—33). This appeared to reduce water velocities
and ihcrease stream wid%hs, pools, and depths in thesé streams;
Marzolf (1978), Ha;ll-a.nd Lantz (1969), and Swanson et al. (1976) also
reported logging debris produced thése effects.

Multiple regression analysis was used to identify the relationships
between fish denéities and specific habitat features within each
stream, It shqwed that(debris was an important component of hébitat
© for fish in Tye-One-Ohn and Three-Tenths ﬁile creeks (Tgbles 10-13),

Densities_of ége 1+ éoﬁo salmon in Tye-One-Ohn Creek in Juiy were
posiﬁively associatéd'with.unQercut banks,,submerged‘coarse debris,
and pools in shallow aréaé (Table iZ). Submerged coarse debris was

particularly important. to these fish in September (Table 13). The .
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coarse debris in mid—ch@nnel areas was‘observed to receive the
gfeatest use b& these~fisﬁ, while fine débris‘(Taﬁles 12-13) was
apparently avqided; On Three—Ten£hs Mile Creek age 1+ coho salmon
were positively associated with undercut banks and in September showed
increased associat;on-with submerged coarse and elevated fine deb¥is
(Tables 10-11) that was limited to the stream edge (Appendix Figures
26—33).’ The coarse debrls in mid-channel areas of Tye-One-Ohn Creek
and the stream edge of both streams appeared to provide areas of low
velocity necessary for these fish to maintain a low activity level
(Carline 1968) and feed on drif£ing organisms (Mundie 1969).

Age group 2-3+ Doily Varden in Tye-One-~Ohn Creek in July appeared
to be most abundant in the shallower pools in areas of higher stream
gradient (Table 12), Observations indicated that these popls were -
created 5y debfis dams. This age group of fish was primarily
;ssociated with.subme:ged céarse debris, elevated fine debris, and
undercut banks in July on Three-Tenths Mile Creek (Tableflo). Undercﬁt
banké became more important to these fish in botﬁ'streams in September
(Tables 11 and 13).

| On Tye-One-Ohn Creek in July undercut banks were important to
age 1+ coho salmon but not age group 2-3+ Dolly Varden. Thé inverse
of this relationship existed in September, suggesting that coho salmon
were competitively exéluding Dolly Varden from undercﬁt banks. A

decline in the association of debris features to age group 2-3+
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Doily Vafden on Three-Tenths Mile Creek from July to September
corresponded to an increase in association of the same features to .
age 1+ coho salmon, indicating competitive exclusion from debris
habit#ts on this stream. However, the areas of undercut bank were
larger on Three-Tenths Mile Creek than Tye-One-Ohn Creek (Appendix
Figures U-14 énd 26—33)zand seemed to provi&e space for both age
groups. |
| Age O coho'éélmon_were positively ;ssociated ﬁith sﬁbmerged and
elevated fine debris and negatively with areas of high stream gradient
and coarse debris on Tye-One-Ohn Creek (Tables 12-13). This same
age gfoup was negativély'associated'with submerged coarse debris
(Tables 10-11) and were mostly observed in_COVer-free, mid-channel and |
edge areas on Three-Tenths Mile Creeks. Scott and Crossman (1973),
| ‘Ruggles (1966), and Mundie (1969) also reported the use of stream ‘
edge dnd-backwater‘areas'by age O coho salmon. Fine debris hablitats
.andicover—free areas not utilized by the older age groups of the major
species seemed to be occupled by age 0 coho salmon. This distribution
may. be due to the territorial aggression and predation from thesen
61der age groups. Areas with debris were used when they were availébie
- and appeared to prqvide:age 0 coho salmon protection and visual
isolation from other fish. |
Age gréup 0-1+ Dolly Varden in.Tyé-One—Ohn Creek seemed to use

shallow riffle aréas where cover was provided by coarse and fine
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debris (Tables 12-13). On Threé-Tenths Mile Creek this age group
was linked with coarsé and fine debris at the stfeam edge and undercut
banks (Tables 10-11). The debris features associatea with dge group
0-1+ Dolly Varden on Tye—One—Ohn Creek probably provided these fish
. with areas of low velocity and cover that were nét preferred by the
. older ége groﬁps of béth ma jor specles. Héwever, the assoclations
of debris features to these fish declined from July to September '
correspohding to an incfeased association of the same featﬁreé to
age 1+ coho salmon'on‘Three—Tenthg Mile Creek, suggesting the’
possibility of combetitive exclusion on this stream, Observations
indiééted that age group 2-3+ Dolly Varden used faster and degper
water'than the smaller, age group O-14 fish on Three-Tenths Mile
Creek. Everes£ and Cﬁapman (1972) McCrimmon (1954), and Saunders
and Gee (1964) have shown this size-velocity distribution for. -
steelhead trout, chinook salmon, and Atlantic salmon.

The larger quantity and wider distribution of debris in Tye-One-Chn
Creek obviously proviaed fish with suitable habitat over a greater
area of the phannel and ailowed separation of age groups into distinct
habitats. The importance of debris in providing fish shelter, escape
cover, and feeding stations is well documented (Chapman 1962, Marzolf
1978, Bustard and Narver 1975). The debfis in Tye-One-Ohn Creek may
have allowed for increased numbers of fish by providing additional

habitat, but this cannot be assessed by the present study due to lack
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of prelogging data. _

Riparian vegetation on Little Toad Creek seemed to mask the
relationships between fiéh densities and habitat features. It may
have affected fish distribution by providing additional cover,
particularly in areas lacking debris and undercut banks. This type‘
of cover would have greatest impact on age 1+ coho saimon and both age
groﬁps of Dolly Varden, perhaps allowing greater densities of these
fish to be supported. Meehan et al. {1977) has indicated the
importance of overhanging ripariah vegetation in providing escape

cover for salmonids.

Possible Effects of Debris Removal

A reméval of all debris associated with logging from Tye-One-Ohn
and Little Toad creeks would probably result in a reduction in pool
areas, loss of mid-channel cover, higher water velocities, and a
reduction in channel widths. The loss of debris may force fish;
partiéularly age 1+.coho salmon and both age groups of Dolly Varden,
to use stream edgés more extensively tﬁan when debris was present,
If suitable habitat is nbt provided for displaced fish by stream edges
or riparian vegetation Qvercrowding may occur resulting in increased
interactions, stress, and perhaps a lower carrying‘capacity. Brown
(1557)‘reported that stress from overcrowding can increase mortality.

Emigration must also be considered as a source for potential loss of
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fish if removal of debris results in a severe reduction in habitat.
Dolly Varden.would probably show the greatest deciine with the
removal of débris becéuse age 1+ coho salmon éan apparently uée the
edge areas on streams‘iﬁ logged areas more effectively. Age 0 coho
salmon should.be legst affected because they would be able to utilize
the cieared.areas without conflict from the older age groups. Coho
salmon are considered to be a resilient fish able to compensate for
advefsg cqnditions (Hall and Lantz 1969). Populations of coho salmon
'in.tw0vwatershed§ in Oregon remained stable or even showed increases
aftér 1oéging and debris removal while cutthroat trout populaiions'

became severely dépressed (Moring and Lantz 1975).
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. Table 16. Nieasureu;ents of the habitat features at each station of Tye-One-Ohn Creek in

1978.

Habitat .Features -

. - . Stations o
- ] 1 2 3 4 5 6. 7 g -9 1 11
Fine 'delbrlj.ls- as percent of surface aree; (submerged § elevated) ~79.l6 62:9‘: 88.8 55.0 77.6 33:7. '9-3,6 70.8 33_1: 492 23.3
- Sbierged fine debris as percent of surface area - ‘.47..;1 385 52.7 44.4 54.4 9.6 J:ts.s' 4.3 35_.'4 25.5 15.7
élevateq finé dgbris as perce‘nt: of surface area ‘.' ’ 32.3 '24.5‘ 36.1- 10'._7 23.2 24:0° 47,.3’\ 16.5 _\7.7 ?23.7 7.6.
D'en.s:ity c}f"fig.e debris (kg/m’ wAter) . | R - 53.2 9.9 77.2 305%6. 37.6 9.6 159;6‘ :";1.6 14.1-31.2' 12,4
Déns;.ty 'oi; sul:merged fine dein‘fis-(kg/mZ wate;‘) B 31.6 3;1.7 49.2 ‘ 24.7 \ 27.9 2.7 29.2 i5:4 10.8 16'.0' - 8.3
Density of elevé.v:ed' fine debris (kg/mz wateT) . \21.6 15.2 28.0 5.8 9.'6 6'.8- 30.4 6.2 .3.3 15.2 4.1
Coarse debris’ as percent of surface area (submerged § elevated) 24.7 26.7 3?4 :;>0.1 25.6 7.5 35:0 11.6 22.‘2 28.1 14.5
‘Dénsitir of coarse '.debris-§ubmerged and elevated (kg/m2 water) 22.9 -23.4 67.8 45.8 31.7 30‘.2 '88.8 7.7 41.4 -33.8 18.6
Density of éubméfged coars;z debris (kg/mz'water) - 22.9 14.9 12:7 12.?; 22.9 '1.3 18.2 7.7 15.7 6.4 14.3
S;:reahl gradiént-(m'/IOm-o:f stream) " 0.37 0.24° 0.49 0.06 0.39 0.61 0.64 ‘0.18 0.61 .58 -0.31
. Pools as p_ercer;t of surface area . . . 81,3 68.2 49.7 7i.4 77.1 63.7 67.7.85.8 8,4.‘3 59.1 ‘58.7
Average'depth (cm) ) ' 9.8 S_).O 4.5 9.4 5.4 6.0 5.9 12.6 8.1 1.1-.2 11.4
Water surfa-ce area (mz) . . : 27.2 17.3'_ 19.2 21.8 16.8 17.1 19.7 19.9 23,3 20.6. 25,1
Under.cxllt bar‘ﬂ—c as percent of .s,u;-i"?ace area ' 5.6 2.1 6.8 55.6- 6.2~12.8 2.7 1.-5‘1 is.-s 6.5 5.4
20.0 27.3 6.7 13.7 26.6 '23.2

Length of undercut bank as percenf of_total bank ©38.5. 9.1 12.5 11.0

37.2

(A




Table 17. Measurements of the habitat features at each station of Little Toad Creek in 1978.

Habitat Features B} Stations .

. 1 2 3 4 5 6 7 8 9 - 10 11
- Fine debris as percent of surface area (submerged & elevated) 38.7 66.1 64.7 73.6 ' 74.6 50.9 97.9 64.6 27.0 31.1. 38.5.
Subme'rged. firvl'e del;ris as percent of surface area 21.5, 38.3 31.8 47.1 39.7 34.4 78.9 50.3 23.9 23.6 30.0
Ele\’rated fine’ d.ébxlis as percent of surface area o 17.2 27.8 32.9 26.6 34.9 16.4 1§._9. 4.3 3.1- 7.4 8.5

.Density of fine debris-submerged & elevated (kg/m2 water) 19.6 24.9 36.0 48.4 38.3 26._1»-. 51,3, 27.3 ?.9 14.8 12.5 .-

Density of s.ubm,é.rged i::ine debris (kg/m2 water) . 10:.9 14.4 17.7 30.9 20.3. 17.7' 41.4. 21.3 6.1 11..2 98
Density of elevated fine debris (kg/m2 water) ’ g.7 10.5 18.3 17.5 17.9 8.4 9.9 6.0 0.8 3.5 2.7
Coarse debris as percent of surface area (ubmerged § elevated) 4.8 22.5 16.1 24.8 34.4 3.9 43.9 17,9 19.1 29.5 12.3
Density of coarse debris-submerged & elevated (lcg/rrr2 water) 3.1 34.9 13,9 36.8 78,2 3.1 91.3 17.3 35.3‘ 28.9 12.8
Density of submerged coarse debris (kg/m2 water) 3.1 4.6 2.8 12.9 39.3. 3:.0 6.7 10.1 14.9 27.6 5.6
Stream gradient (m/10m of stream) 0.61 0.37 0.61 .88 .0.61 0.46 0.64 0.37 0.85 0.55 0.85
Pools as percent of surface area 70.5 83.8 64.0 80.3 77.2 78.0 84.9 93.9 68,2 81.8 77.2
Average depth (cm) 5.9 8.8 8.3 11.1 10.7 6.2 12.6 10.8 8.0 7.8 11.6
KWater surface area (mz) 22.5 20.6 20.1 22.7 30.9 28.9 17.5 15.7 15.1 26.4 29.5
Undercut bank as percent of surface area . ‘ 19..9 20.6 7.33 11.9 ‘12.5 9.9 2.6 14.6 11.3 12.1 12.6
25.6 12.3 32,7 31.0 38.5 39.3

Length of undercut bank as percent of total bank ' 32.9 38.0 15.5 20.6 32.0

€S




Table 18. Measurements of the habitat features at each station of Threc-Tenths Mile

Creek in 1978.

Habitat Features

Length of undercut bank as percent of total bank

Stations
1 2 3 4 5 6 7 8

Fine debris as percent of surface area (subﬁerged & elevated) 16.8 24.5 10.9 25.2 29.5 23.5 21.6 25.5
‘Submerged fine debris as percent of surface area 14.2 17.5 9.5 10.0 15.5 14.4 17.1 17.?
Elevated fine debris as percent of surface area 2.6 7.0 1.4 15.2 13.9 9.1 4.5 8.§
Density of fine debris (kg/m2 water) 7.0 13.9 4.7 14.1 19.7 4.9 10.2 12.2
Density of submerged fine debris (kg/m2 water) 5.9 9.9 4.1 5.6 10.4 3.0 8.1 8.2
Density of elevated fine debris (kg/m2 water) 1.1 4.0 0.6 8.5 9.3 1.9 2.1 4.0
Coarse debris as percent of surface area (submeﬁged & elevated) 7.4 20.3 0.5 41.3 5.3 22.4 20.2 18.5
Density of coarsc debris-submerged and elevated (kg/m2 water) 7.1 32.2 0.1 28.2 3.1 . 38.1 35.5 16.9
Density of submerged coarse debri; (kg/m2 water) 1.1 2.3 0.1 3.8 3.1 1.5 3.4 4.0
Stream gradient (m/1i0m of Stream) 0.21 0.31 0.03 0.34 0.12 0.09 0.15 0.49
Pools as percent of surface area 59.3 63.5 70.6 65.4 75.2 83.5 74.3 73.7
Average depth (cm) 6.2 8.2 6.9 7.5 9.8 8.6 11.4 9.1
Water surface area (mz) 20.0 20.7 22.4 15.8 11.6 16.1 16.7 20.3
Undercut bank as percent of surface area 17.2 8.0 5.2 17.1 22.5 1.5 14.5 24.8

45.7 28.4 10.2 48,1 33.3 6.8 32.1 41.9




55

Table.19. Numbers of fish in each species collected during 1977 and
- 1978. The species composition of each collection is given
as a percent in parenthesis.
Sampling Coho bolly Cutthroat Coastrange
Location Date . Salmon  Varden Trout Sculpin
Tye-One-Ohn  July 1978 323 . - 219 2 3 .
Creek . (59.0) (40.0) (0.4) (0.6)
August 1977 271 215 3 7
. (55.0)  (43.0) (0.6) (1.4)
September 1977 260 268 4 10
(48.0)  (49.0) (1.0) (2.0)
September- 1978 268 122 1 2
(68.2)  (31.0) (0.3) (0.5)
Little Toad July 1977 351 281. . 24 0
Creek ’ (53.5) (42.8) (3.7)
July 1978 329 281 24 0
(51.9) (44.3) (3.8)
August ‘1978 369 220 19 0
(60.7) (36.2) (3.1)
September 1977 338 393 28 0
(44.5)  (51.8) (3.7)
September 1978 240 245 20 0
‘ (47.5)  (48.5) (4.0) ‘
Three-Tenths July 1978 209 99 0 0
Mile  Creek ' (68.0) (32.0) ‘
September 1978 168 122 0 0
C (57.9) (42.1) ‘
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Table. 20. The densities (numbers_/m3 water) for each age of coho
salmon at stations on Tye-One-Ohn Creek in 1978.

Stafion > ‘Age -Q ’ Age .1+
: July = September July September
1 119 9.7 - 3.0 2.8
2 | 28.5 270 - 5.2 - 9.0
3 205 | 23.6 3.5 2.5
4 13.3 | 12.9 . 3.5 5.9
5 25.4 16.5 16.6 8.3
6 5.2 | 7.9 | 11.7 3.1
7 1.5 7.0 3.5 3.7
8 60.4 23.2 3.6 2.6
9 18.0 7.9 6.9 7.4
10 8.4 8.8 1.3 . 0.9

11 18.5 . 7.6 3.5 2.6
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Table 21. The denéities (numbers/m? water) for each age of coho
salmon at stations on Little Toad Creéek in 1978.

Station Age O Age 1+
July September July September

1 3.1 .6.3 10.9 5.7
2 6.9 5.4 10.8 8.4
3 6.3 7.5 8.8 6.5
4 25 2.2 4.4 3.9
5 13.4 3.4 5.5 3.6
6 15.3 7.8 11.0 8.0
7 21.9 8.2 8.9 6.9
8 11.1 3.3 9.3 8.4
9 59.2 27.8 2.0 2'.7
10 45-0. 14.9 5.9 3.7

| 7.7 6.1 4.1

11 ' 19.0
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Table 22. The densitieS'(numbers/m3 water) for each age of coho
salmon at stations on Three-Tenths Mile Creek in 1978.

Station _Age 0 Age 1+
July September July September
1- 24.6 16.3 . 3.6 5.9
P 21.6 14.5 1.9 o '-o‘:.,s
3. 39.1 30.0 . 2.9 | 0.7
'4' 13.4 7.6 4.6 2.6
5 10.7 9.8 2.8 6.4
6 16.7 '12.1 0.8 - 0
7 8.4 4.1 4.1 4.4
8 8.6 4.8 4.8 6.7
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Table 23. The densities (numbers/m3 water) for each age group
: of Dolly Varden at stations on Tye-One-Ohn Creek in 1978.

Station Age Group 0-1+ Age Group 2- 3+

July ' September July . -  September

1 5.1 " 4.0 4.6 4.0

2 11.4 8.3 3.9 - 2.7

3 21.7 24.5 0 0

4 _ 2.6 5.8 : 2.5 4.7

5 - . 14.9 h 19.4 7.8 2.3

6 | 12.1 3.4 o 9.8 : 2.0

7 5.4 ' 8.1 8.7 | 0.9

8 3.7 _ 2.3 | , 2.0 - 0.8
9 77 4.3 5.4 - 5.3

10 2.3 2.5 : 4.8 - 2.7

11 . 7.3 4.9 - 3.9 ' 3.3
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Table 24. The densities (numbers/m3 water) for each age group of
- Dolly Varden at stations on Little Toad Creek in 1978.
Station Age Group 0-1+ ' Age Group 2-3+
July . September . ~July September
1 23.5 . | 27.4 16.2 9.5
2 9.6 . 8.6 8.5 3.5
3 9.5 16.2 9.3 8.3
4 2.5 5.6 6.1 3.4
5 6.2 5.2 5.4 2.9
6 17.8 15.1 115 5.4
7 9.4 9.7 9.9 | 6.3
8 6.5 8.3 11.3 5.7
9 9.2 4.7 9.6 4.4
10 13.1 6.2 6.2 4.7
11 6.9 ' 5.0 3.7 " 1.6
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Table 25. The densities (numbers/m3 water) for each ége group of
" Dbolly Vardeén at stations on Three-Tenths Mile Creek in 1978,

Station Age Group 0-1+ Age Group 2-3+

. July September July September
1 4 1.9 - 0 4.2
2 4.8 11.9 . . 5,2 4.9
3 7.9 7.9 0.7 0
4 . 10.3 10.2 | 6.5 3.5
5 3.6 14.2 5.8 3.6 -
6 1.9 3.9 1.6 o
7 7.1 85 4 6.0

8 7.3 10.2 . 8.9 2.2




Table 26. Length-weight relationships of coho salmon and Dolly Varden sampled from

the study sections during population censuses in 1978.

Location Sampling Coho . Dolly
Date Salmon - ‘Varden
Tye-One-Ohn - July LogW = -5,14 + 3,04 LogTL Logh = -4,77'+ 2,84 LogTL
Creek ’
September LogW. = -5,03 + 2,99 LogTL LogW = -4.77 + 2.83 LoglL
Little Toad July Logh = 4,89 + 2.90 LoglL LogW = -4.79 + 2,84 LogTL
Creek
September Logi = -4.95 + 2,94 LogTL Logh = -4.68 + 2.78 LoglL
Three-Tenths July LogW = -4.76 + 2,84 LogTL LogW = -4,72 + 2,81 LogTL
Mile Creek
September Logh = 4,87 + 2,90 LoglL LogW = -4.96 + 2,78 LogTL

o
N
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Table 27, Estimates of biomass (g/m3 water) for eacﬁ agérof coho
‘ salmon ‘at stations on Tye-One-Ohn Creek in 1978.
Station Age 0 Age 1+
July ~ September July September
1 7.8 11.4 10.5 12.2
2 : 14.7 23.9 11.5 33.0
3 10.6 20.1 8.3 7.9
4 7.4 12.3 9.8 18.1
5 | 14.9 17.2 36.1 21.8
6 3.3 . 8.9 30.9 59.8
7 0.9 5.6 9.0 13.1
8 31.3 17.8 9.7 11.1
9 11.7 8.5 21.8 26.2
10 5.4 9.3 4.1 4.1
11 10.1 6.8 13.3 13.4




64

Table 28. Estimates of biomass (g/m3 water) for each age of coho
. salmon af'stafions on Little Toad Creek in 1978.

Age O

Station . ] Age 1+
July - September July September
1 2.9 8.2 41.5 23.1
2 5.6 6.0 40.1 41.3
3 5.0 9.9 32.6 28.6
4 1.7 2.1 15.1 18.6
5 9.0 3.6 19.5 14 .6
6 11.5 9.5 395 36.5
7 14.9 8.5 32.6 31.3
8 8.3 3.9 31.8 34.6
9 51.3 35.4 9.9 :14.5
10 35.9 18.6 20.9 17.0
11 15.5 8.1 22.0

24.1




65

) . 5 .
Table 29, Estimates of biomass (g/m” water) for each age of coho
salmon at stations on Three-Tenths Mile Creek in 1978. .

Age 0

Station ) Age 1+ _
' July ~ September July September
1 17.4 | 15.8 13.5 29.8'
2 17.7 - 12.6 4.4 3.8
3 $28.6 23.9 12.2 2.2
4 11.3 10.2 20.4 7.4
5 7.6 8.5 20.4 34.0
6 12.4 11.3 5.6 0
7 5.7 4.5 21.5 24.9
8 7.5 4.0 16.4 29.2
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Table 30, Estimates of biomass (g/m3 water) for eacﬁ age group of
‘Dolly Varden at stations on Tye-One-0Ohn Creek in 1978.

Station Age Group 0-1+ Age Group 2-3+
July September July September

1 11.6, 122 37.1 ©32.8
2 ‘ 23.5 / 24.0 30.6 - 18.6
3 36.8 54.3 o 0
4 7.0 16.9 16.7 40.7
5 34.2 40.0 585 174
6 22.6 . 7.2 67.1 21.5
7 - 0.6 22.3 48.4 ‘ 7.0
8 | 8.0 6.4 11,0 6.4
9 17.4 11.9 41.6 29.7
10 ' 4.3 8.6 35.2 23.5

11 S 17.6. - 14.9 26.8 31.0




67

Table 31. Estimates of biomass (g/m3 water) for each age group _
' of Dolly Varden at stations on Little Toad Creek in 1978.

Station AgéqGrQup 0-1+ Age Group 2-3+

July | September - July ~ September
1 67 79.6 © 102.6 80.7
2 30.4 o 27.0 53.3 27.3
3 29.8 46.5 71.7 . " 63.1
4 : 7.5 | 18.6 ' 47.5 f 29.4.
5. ', 19.1 18.0 375 ‘ 23.03'
6 :-..‘ 51.7. ___- 450 76.9 - | 46.2
7 30.8 - - 31,9 86.8 . 46.1
& . - 21 241 73.6 49.4
9 | _ 23.4 - 13.4 - 75.9 36,2

10 0 28.2 17.7 47.5 . 42.2

11" -~ . 17.9 13.3 25.0 118
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Table~32.. Estimates-.of biomass (g/m3 water) for each age group
of Dolly Varden dt stations on Three-Tenths Mile Creek

in 1978.
Station 7 Age broup‘0~1+ Age Group 2-3+
July September July September

1 10.7 . 27.8 o . 20.2
2 109 34.0 T T

3 12.8. 11.8 _ 7.2 .0
4. 21.8 22.5 42.2 28.7
.5_ 6.3 27.7 34.2 306
6 3.3 - 4.8 9.9 0
% | 15.0 25.8 30.4 49.3

8. 13.1 31.2 57.9 15.0




. Table 33. Number of fish per 5 mm size »gi‘éup captured in box traps on Tye-One-Chn Creek during 1977.

7-17 to 7-31 - 8-1 to 8-15 8-16 to 8-31 9-1 to 9-15

Sampling Period 9-16 to 9-21
Species Coho Dolly Coho Dolly Coho Dolly Coho Dolly Coho Dolly
Size “(mm) Salmon Varden Salmon Varden Salmon Varden Salmon Varden Salmon Varden

31-35 2 1 '2
36-40 3 - 1 R 2 2 '

41-45 19 36 27 1 15 1 T -
16-50 13 1 - 10 N 15 15 2 S 2.
51-55 10 1 13 14 12 3 T
56-60 2 5 2 - 57 5 ° 6 8 1

- 61-65 2 i 5 3 12 2 9
66-70 2 3 3 1 16 6
71-75 5 12 3 5 Q 1 4
76-80 1 3 1 3 2 3 - 1 3
81-85 3 1 8 4
86-90 2 2 1 -0 9
91-95 1 6 1 i1 10
96-100 2 2 10
101-105 4 2 2
106-110 1

111-11% 1

116-120 1

171-175 1

326-330

oy
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Table 34. Number

of fish per 5 mm size group captured in box traps on Little Toad Creek during‘1977.

Sampling Period

Species

Sizé (mm)

7-17 to 7-31

8-1 to 8-15

8-16 to 8-31

9-1 to 9-15

9-16 to 9-21

Coho

“Salmon

Dolly
Varden

Coho
Salmon

Dolly *  Coho
Varden Salmon

Dolly
Varden

-Coho
Salmon

Dolly
Varden

Coho
Salmon

Dolly
Varden

26-30
31-33
36-40
41-45
46-50
51-55
56-60
61-65

- 66-70
71-75
76-80
81-85
86-90
91-95
96-100
101-105
106-110

111-115

116-120

121-128

126-130
136-140

141-145

146-150
151-155
166-170
181-185

186-190

191-195
196-200

201-205

206-210

216-220

221-225

226-230

246-250

286-290

13
11

N O =

B NN N

43
62

-

o

[N}

N

[ )
R R R R e B S TN

—

4o

ANR ST M) N D

[SY N1

N

puny

VINNWY B W

HI—‘U‘I.E‘D

[SEEN N NN

—

e

-

04




Table 35. Number of fish per'§ mn size group captured in box traps on Tye-One-Ohn Creek during 1978.

Sampling Period 5-12 to 5-15 5-16 to 5-31  6-1 to 6-15 ° 6-16 to 6-30  7-1 to 7-15 7-16 to 7-31  8-1 to 8-16
___Species Coho  Dolly Coho  Dolly Coho  Dolly Coho  bolly Coho  Dolly Coho  Dolly Coho Dolly
Size (mm) . Salmon Vardeén Salmon Varden . Salmon Varden' Salmon Varden Salmon Varden Salmon Varden Salmon . Varden

26-30 - 1 . iy
31-35 - i - 1
36-40 : .

41-45 o1
46-50 ) 1
51-55

56~60 2

61-65

66-70 )

71-75 1
7680

81-85 - 1,

86-90

91:95

96-100 1

101-105 T
106-110 i 1 2
111-115 ' 1

116-120 . 1 1
121-125 . 1

126-130 1 1
145-150 ] -
161-165 . ) : 1 1
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Table 36. Number of fish per 5Smm size group captured in box traps on Little Toad Creek During 1978,

 Sampling Period _5-12 to 5-15 5-16 to 5-31 6-1 to 6-15 - 6-16 to 6-30 7-1 to 7-15 7-16 to 7-31  8-1 to 8-16

Species Coho Dolly’ “Coho Dolly " Coho Dolly Coho Dolly Coho Dolly Coho Dolly Coho "Dolly
Size (wm) _ Salmon Varden Salmon Varden Salmon Varden, Salmon Varden Salmon Varden Salmon Varden Salmon Varden

21-25 . 4 8 3 9
26-30
31-35 8 o
36-40 ' . 28 12 3
41-45 : 1
46-50 1 1
51-55
56-60
61-65
66-70
71-75
76-80
81-85
86-90
91-95 .
96-100 1
101-105
. 106-110
111-115
116-120
121-125
126-130
151-135
136-140 1
141-145
146-150 1
151-155
171-175
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‘Table 37. The percent of the recaptured fish of age.groups of the
major species that had moved among stations during ‘
population censuses in 1978,

Location Sampling _ Coho Salmon Dolly Varden

Date Age 0O Age 1+ Age 0-1+ Age 2-3+
Tye-One-0Ohn
Creek July 1.1 38.3 34.0 49.0
September 6.5 22.2 ©32.6 - 44,7
Little Toad . '
Creek _ July 4.9 5.2 3.2 7.4
September 0 7.7 - 7.1 16.9
Three-Tenths . ' .
Mile Creek July 2.9 10.0 - 6.3 21.7

September 10.9 . 24.1 21.4 22.2




Table 38. ‘Movémé_pts of coho salmon and bolly Varden among st.ations; .during population cens

.t

uses on Tye-One-Ohn Creek in 1978.

Coho Salmon

Dolly Varden

- - 3 Average - Numbers o Average- Numbers og
. Age ' Distance 1 Movements”™ Age . R Distance Movements™
Month Group Length (mm) Moved (m) U D Group. Length (mm) Moved (ml1 U D -
C+ July 0 47 10 1 -0-1+ 50 10 1
L - 53 20 1
1+ 54 10 1 54 10 1
55 20 2 55 T10- ’ 1
56 i0 : 1 '56 ° .10 "1
- 57 - 10 2 © 58 . 20 -1
- 58 20 2 . 60 10 = 1 - .3
60 10 1 2 61 ‘10 1 1
62 15 3 1 - 64 10 2. 1-
63 21,7 4 27 65 20 1
64 20 1 1 66 10 1 1
65 10 1 67 10 1
66 15.7 5 .2 68 10 1
67 12.5 2 2 69 40 2
68 10 1 70 21 5 5
69 33.3 2 1 7 15 . 4
70 21.7 4 2 .72 12.5 3 1
71 42.5 4 73 12.5 3 1
72 26.7 3 74 10 1
73, 12.5 6 2 75 15 3 1
74 13.3 1 2 76 10 3
75 20 2 ) .
76 30 1 1 2-3+ 77 17.1 7
77 20 1 78 12 3 2
80 20 1 79 13.3 2 1
81 20 1 80 10 | 4
82 10 1 81 12.5 2 2
83 40 1 82 10 .1 .
86 90 1 ' 83 s 23.3 3
. 84 18 2 "3
85 10 . . 2, .
86 34 3 2
- 87 40 1
88 15 2
89 16.7

A




"Table 38. (Continued)

Coho Salmon

Dolly Varden

. Average Numbers of Average Numbers o
o © Age” i ) Distance Movements~ Age - " Distance Movements
Month Group Length (mm} Moved {m) U D Group Length (mm) Moved (m)1 U D
July 2-3+ 90 22 5
: "9l "12.8 5. 2
N . 92 .10 2
. ’ 93 " 10. 2
i ; ) 94 10 .3
95 10 4
96 10 1
98 © 10 1
99 13.3 2 1
100 20 3
101 10 2
102 10 2
106 10. 1
107 15.7 5 2
108 10 1
. 7109 ‘10 1
"110 23.3 2 1
111 16.7 6
- 118 20 1
133 ° 60 -1
- Septeiber 0 - 437 10 1 0-1+ 59 10 1
. 44 10 1 63 10 1
45 10 -1 72 10 : 1
52 10 1 73 10 1
- . . 74 10 1 1
1# 60 30 o .1 75 20 . 1
s 63 : 10 : . 1 76 .10 1
55 . 10 - : 1 77 10 1 1
66 -10 1 81 10 1
68 20 1 82 - 720 -1
73 10 i X 1 85 13.3 2 1

st




Table 38. (Continued)

Coho Salmon

. Doliy Varden

“ Average . Numbers of . . Average Numbers o
. Age - Distance: Movements Age . Distance Movements
Month Group - Length (mm) Moved (m) u D Group _ Length (mm) Moved (m)! U ‘D
September 1+ 77 T 45 2 2-3+ 88 10 1
! ' 78 20 1 90 45 "2
84 10 1 93 80 1
95 60 1
97 10 1
100 30 1
103 10 1
105 50 1.
108 30 1
109 10 1
113 10 1
117 25 2
120 " 60 1.
125 10 1
126 10 1

1 Distance moved is measured between the midpoints of the stations where the fish was marked and subsequently recaptured.

2 U = upstream, D = downstreanm..

94




Table'3§. Movements of coho salmon and Dolly Varden amor{g' stations during poulation censuses on Little Toad Creek in 1978. -

- Coho Salmon : - -Dolly Varden R
- . ‘ Average ‘Numbers‘of _ Average Numbers, og
. . - Age . Distance 1 Movements. Age - . Distance Movements °
Month ) Group . Lehgth (mm) Moved (m) 0 - D Group " Length (mm) Moved: (m)1 U - D
July ° .0 40 20 "1, 0-1+ 69 20 1
- N .~ 43 22.5 1 . . :
Te S - 44 20 - 1 2-3+ 84 20 . 1
. . ’ ’ o " 95 20 1
<1+ 70 20 1 97. 57.5 1
- 78 20 1 98 22.5 1
86 40 1 99 15 1
88 31.3 1 1 101 22,5 1
89 22.5 ’ -1 © 102 22.5 1
103 22.5 1
September 1+ 72 22.5 1 0-1+ 69 . 15 1
" 80 .20 1 2 84 15 - 1
86 20 - 1
87 20 1
; 2-3+ 91 42,5 "1
95 22.5 1
97 17.5 2
99 - 15 1
. 100 17.5 2
103 42.5 1
- 105 20 1
106 20 .1
- 144 57.5

1 Distance moved is measured between the mi_dpo-ints of the stations where the fish was marked and subsequently recaptured.

2 Y = upstream, D = downstream.
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Table 40 Movements of c;ilo salmon and Dolly Val."denv .among stations during population censuses on Three-Tenths Mile Creek in 1978.

g _. Coho Salmon . Dolly Varden

. N j Average Numbers o Average Numbers 'qf
- . - Age LA Distance .-  Movements Age | .Distance |  Movements -

+ . Month _Group - Length (mm) - . Moved (m)' y-. D.- ..Group Length (mm) Moved (m) U - D
July 0 ., 43 10 1 . 0-1% 597", 10, i-

T a5 200 1 60 ° 10 1

46 10 1 1 70 35 1
52 20 1 2-3+ 76 10 1
1+ 57 15 1 77 . 10 1.

65 45 1 78 10 1

73 20 1 87 10 1

80 10 1 92 10 1

84 10 - 1 102 15 1

S0 10 1. 103: 30 -1

96 10 1 108 20 1

, 117 10 1 111 - 60 1-

September 4] 41 10 1 0-1+ © 48 35 1

45 - . . 10 1 2-3+ 76 60 1

55 - ' 20 -1 86 35 1

1+ 926 60 1 95 25 1

100 35 1

105 35 1

"I Distance moved is measured between the midpoints of the stations where the fish was marked and subsequently recaptured, .

2 U = upstream, D = downstream.
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Figure 3. Key to the features on the maps of the study stations on
Three-Tenths Mile, Tye-One-Ohn and Little Toad Creeks.
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Map of station 1 on Tye-One-Ohn Creek in 1978.

Figure 4 .
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Figure 5. Map of station 2 on Tye-One-Ohn Creek in 1978.
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Figure 6. Map of station 3 on Tye-One-Ohn Creek in 1978.
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Figure 7. Map of station 4 on Tye-One-Ohn Creek in 1978.
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1978

Tye-One-Ohn Creek in

Figure 8. Map of station 5 on



Figure 9. Map of station 6 on Tye-One-Ohn Creek in 1978.
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Figure 11. Map of station 8 on Tye-One-Ohn Creek in 1978.




Figure

12.

Map of

station 9 on Tye-One-Ohn Creek in 1978.




89




90

Figure 14. Map of station 11 on Tye-One-Ohn Creek in 1978.
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Figure 15. Map of station 1 on Little Toad Creek in 1978.
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Figure 16. Map of station 2 on Little Toad Creek in 1978.
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Figure 17. Map of station 3 on Little Toad Creek in 1978.




Figure 18, Map of station 4 on Little Toad Creek in 1978.
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Figure 19. Map of station 5 on Little Toad Creek in 1978.




Figure 20.
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Map of station 6 on Little Toad Creek in 1978.
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Map of station 8 on Little Toad Creek in 1978.

Figure 22,
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Figure 23, Map of station 9 on Little Toad Creek in 1978.




Figure 24,

Map of station 10 on Little Toad Creek in 1978.
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Figure 25,

Map of station 11 on Little Toad Creek in 1978.
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Figure 26, Map of station 1 on Three-Tenths Mile Creek in 1978.
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Figure 27, Map of station 2 on Three-Tenths Mile Creek in 1978.
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Figure 28. Map of station 3 on Three-Tenths Mile Creek in 1978.
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Figure 29, Map of station 4 on Three-Tenths Mile Creek in 1978.
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Map of station 5 on Three-Tenths Mile Creek in 1978.

Figure 30,
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Figure 31. Map of station 6 on Three-Tenths Mile Creek in 1978.




Figure 32,
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Map of station 7 on Three-Tenths Mile Creek in 1978.




109

Figure 33. Map of station 8 on Three-Tenths Mile Creek in 1978.
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Figure 34, Length-frequencies of coho salmon captured on Tye-One-Ohn
Creek during population censuses in 1978. Ages were
determined from examination of otoliths.
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Figure 35. Length-frequencies of coho salmon captured on Little
Toad Creek during population censuses in 1978. Ages
were established from examination of otoliths.
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Figure 36. Length-frequencies of coho salmon captured on Three-Tenths
Mile Creek during population censuses in 1978. Ages were
established from examination of otoliths.
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Figure 37. Length-frequencies
censuses in 1978.

g 190 #o 1 to 1o
TOTAL LENGTH (mm)

of Dolly Varden captured on Tye-One-Ohn Creek during population
Ages were established from examination of otoliths.
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Figure 38. Length-frequencies of Dolly Varden captured on Little Toad Creek during population
censuses in 1978. Ages were established from examination of otoliths.
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Figure 39. Length-frequencies of Dolly Varden captured on Three-Tenths Mile Creek during
population censuses in 1978. Ages were established from examination of otoliths.
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