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Abstract:

Many small streams in Southeast Alaska contain both wood debris deposited by natural causes and/or
logging and populations of juvenile salmonlds. Resource managers have assumed that large amounts of
wood debris were detrimental to fish populations and have recommended debris removal. This study
was initiated to describe the effects of wood debris and debris removal on populations of Juvenile coho
salmon and Dolly Varden in four tributary streams of Staney Creek, Prince of Wales Island, Alaska
during the summers of 1979-1981. Three streams were located in clearcuts and had debris removed
from selected subsections by manual labor.

A fourth stream was located in an uncut forest stand and provided information on fish populations
under natural conditions. Population densities and production of both species were typically higher in
subsections having debris accumulations intact. Production during the June-September period for age
0+ and age 1+ coho combined ranged from 0.464-2.496 g/square meter. Dolly Varden production
ranged from 0.106-0.879 g/square meter. For coho, debris provided visual isolation, permitting larger
numbers of fish to live together without excessive territorial interactions.

Greater Dolly Varden numbers were related to increased cover provided by debris. There was little
apparent competition between the species. An examination of microhabitat preferences showed that
each of two coho and three Dolly Varden age classes was found in distinct areas. Coho occupied
midwater positions that they defended from other fish. Dolly Varden were found on the stream bottom
in dense cover. Analysis of stomach contents showed that coho selected most dietary items from the
drift whereas Dolly Varden primarily exploited benthic prey.

Discriminant analysis showed that depth of focal point, depth of water, distance to nearest fish and
distance to nearest cover were the most important variables accounting for separation of the five
species-age class groups. Discriminant analysis using species as groups and incorporating the
proportion of diet from terrestrial sources as an independent variable revealed that dietary differences
also contributed to group separation. Stream cleaning in streams similar to those studied will likely be
detrimental to anadromous Juvenile fish populations.
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ABSTRACT

Many small streams in Southeast Alaska contain both
wood debris deposited by natural causes and/or logging and
populations of juvenile salmonids. Resource managers have
assumed that large amounts of wood debris were detrimental
to fish populations and have recommended debris removal.
This study was initiated to describe the effects of wood
debris and debris removal on populations of Juvenile coho
salmon and Dolly Varden in four tributary streams of Staney
Creek, Prince of Wales Island, Alaska during the summers of
1979-1981, Three streams were located in clearcuts and had
debris removed from selected subsections by manual labor.

A fourth stream was located in an uncut forest stand and
provided information on fish populations under natural
conditions., Population densities and production of both
specles were typically higher in subsections having debris
accumulations intact. Production during the June-September
period for age O+ and age 1+ coho combined ranged from
0.464-2,496 g/square meter. Dolly Varden production ranged
from 0.106-0.879 g/square meter. For coho, debris provided
visual isolation, permitting larger numbers of fish to live
together without excessive territorial interactions,
Greater Dolly Varden numbers were related to increased
cover provided by debris. There was little apparent
competition between the species. An examination of
microhabitat preferences showed that each of two coho and
three Dolly Varden age classes was found in distinct areas.
Coho occupied midwater positions that they defended from
other fish., Dolly Varden were found on the stream bottom
in dense cover., Analysis of stomach contents showed that
coho selected most dietary items from the drift whereas
Dolly Varden primarily exploited benthic prey.
Discriminant analysis showed that depth of focal point,
depth of water, distance to nearest fish and distance to.
nearest cover were the most important variables accounting
for separation of the five species-age class groups. .
Discriminant analysis using species as groups and :
incorporating the proportion of diet from terrestrial
sources as an independent variable revealed that dietary
differences also contributed to group separation. Stream
cleaning in streams similar to those studied will likely be
detrimental to anadromous juvenile fish populations, .
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INTRODUCTION

The forests of Southeast Alaska contain many sméll
stréams that provide important spawning areés and réafing
space‘for Juvenile anadromous fishes., These streams
typically contain large amounts of wood debris deposited by
| natural processes. In addition, logging operations
frequently result in the additional deposition of slash and
unmerchantable timber. When this occurs, resource
management policies call fof stream cleaning., While the
intent of these policies is to restore affected streams to
prelogging conditions, little is known about the role of -
wood debris in the structure of fish habitats and the
consequences of stream cleaning on fish populations. -

Stfeam cleaning operations in the United States have
been conducted for over 100 years (Sedell and Luchessa
1982). In the past, it was generally assumed that large
amounts of wood debris were detrimental to fish populations
and the efficacy of‘stream cleaning operations was rarely
questioned. Early studies were largely based on the belief
that debris negatively affected fish populations and
generally advocated drastic clearance of logs and debris
from stream channels (Merrell 1951). One of California's
first maJér Stream clearance programs "...was deemed
beneficial, although no satisféctory method was devised to

evaluate results." (Holman and Evans 1964). Narver (1971)
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reviewed the environmental requirements of eight salmonid
" species and concluded that aecpmulations‘of.logging debfis
could have serious negative consequences on their o
production in small streams, Au (13972) recommended a »
vigorous cleanup of Oregon streams‘to maintain coho salhoh
(@ncorhynchus kizninh)‘populations within norﬁal ranges,

In recent years, however, some researchers have become
more critical of the effects of stream cieanihg. ;Woed
debris accumulates naturally in forest streams where it
strongly influences channel ﬁorphologyﬂand biological |
processes (Swanson et al. 1976). Many fishes have evolved
in its presence; salmonids in particﬁlar have demonstrated
a broad range of tolerance, if not adaptation, to varying
amounts of debris (Sedell and Luchessa 1982). Recognizing
these facts, Hall and Baker (1975) concluded that debris in
stream systems could have positive as gell as detrimental‘
effects depending upon the particuiar stream and the extent
of debris loading. Bustard and Narver (1975) suggested
that overzealous stream cleaning may result in the loss of
overwintering habitat and decreased survival in coho salmon

and steelhead (Saimo gairdneri) populations. In Southeast

Alaska, Elliott and Hubartt (1975) documented decreased Dolly

Varden (Saiveiinus malma) populations following debris

removal,

The present study was undertaken to determine the

relationships between wood debris and associated habitat
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features and salmonid populétions in sméll sdutheast Alaska
streams, The effects of stream cleaning on distributions,
numbers, and the production of coho salmon and Dolly Varden
were examined during the June-September field seasons'from»
1979 through 1981, Microhabitat use and resource
partitioning were examined to account for interactions

among the various age classés and species and habitat

characteristics present. The findings of the study will be
used to evaluate and develop management practices dealing

with salmonid rearing habitat in Alaska.




P

DESCRIPTION OF STUDY AREA

The Staney Creek Drainage lies in the Tongass National_.
Forest on the west side of Prince of Wales Island in South-
east Alaska (Figure 1). The Tongass is part of the North-
western Pacific needle-leaf forest -- an environmént
characterized by cool, cloudy weather and denSe stands of
old growth coniferous trees. The mean annual temperaturé

recorded at the U.S. Forest Service station at Ketchikan;

approximately 135 kilometers (km) southeast of Staney
Creek, is 8,0 Celsius (C) and annual precipitation réhgeér
from 225 to over 500 centimeters (ecm) (Louis Bartos,
personnal communication). Western hemlock (Isuga -
heterophylla) and Sitka spruce (Picea sitchensis) are the
principal codominant tree species with mountain hemiock
(§namgggxn§xig ngg;kaj}ngi;) and western redcedar (Thuis
p}jgg;g)rpresent on many sites. Red ﬁlder (A}nn: :ﬁhzg) is
common along stream margins and on disfurbed soiis{ |
Logging in the drainage has produced a mosaid.of »

clearcuts interspersed with virgin timﬂer'stands;
Clearcuts ranged in siie from 10 to over 1,000 hectares
(ha). Revegetation in clearcuts oqcured in dense patches
with Sitka spruce and western hemlock dominatingAshrub
communities variously composed of salal (Gauitherta
shallon), salmonberry (Rubus spectabilis), bluebefry
(Yaceinium spp.L} and curranf“(xjhgg'spp.x‘ |
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Figure 1., Map of Staney Creek Drainage, Prince of Wales

Island, Alaska and the location of study
streams.,
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Four tributaries to Staney Creek were selected for
study (Figure 1). All streams were approximately 2 meters
(m) wide and contained wood debris depoSited as a result
of logging and/or natural processes. Selected chemical
characteristics were measured monthly during 1980 and 1981
(Table 1). The obéerved}ranges of alkalinities and
conductivities were representative of similar streams in
Southeast Alaska (Louis Bartos, personal comgunication).:l'

Tye Creek was located in a clearcut created in 1967
and emptied into the South Fork of Staney Creek. Summer
low flbw in Tye Creek during 1979 was approximately 0,0003
cubic meters per second., A 170 m study section on Tye o
Creek was enclosed Sy two-way fish‘t}aps (Figﬁfé 2).

Toad Creek drained into a pond which in turn emptied
into the East Fork of Staney Creek, .The 340 m study section
on Toad‘Creek, locatéd’in an area clearcut in 1971, also
was enclosed by tuo-uay_fish traps (Figure 2).

Debris was reﬁoved from the lower half of Tye Creek
and the upper half Qf Toad Creek study séctions during_July'
1979 by a Forest Serﬁice stream cleaning crew using hand
tools. The remaining subsections in both streams were hot
cleaned and served as controls,

Knob Creek drained an area logged in 1972 and
paralleled a logging road to its juncture with the East
Fork of Staney Creek. Within the 260 m study séction on

Knob Creek, 100 m at the upstream end were totally cleared
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Table 1. Monthly measurements of selected water chemistry
pagameters from 4 Southeast Alaska streams, 1980~
1981.

Month pH Alkalinity Conductivity 'NO3
Stream (mg/1) (umhos/cm (mg/1)
" €25 C) '
Year _
; 1980 1981 1980 1981 1980 1981 1980 1981
une '
Tye 7.80 7.02 50 140 98 1.5 1.2
Toad T7.00 6.93 45 35 112 78 1.5 2.2
Knob 7.80 7.80 125 130 230 270 1.5 1.3
Aha 7.50 6.99 30 15 63 68 1.5 0.9
July '
Tye 6.87 T.15 50 55 104 110 0.7 1.3
Knob 6.90 8.00 135 145 260 275 0.6 0.6
Aha 6.75 T7.10 20 35 52 76 0.4 1.0
August .
Tye T.55 T.17 55 35 121 120 1.6 1.6
Toad 7.00 6.30 - 35 20 80 60 0.7 0.8
Knodb T7.90 7.00 140 145 290 280 1.1 1.7
Aha 7.00 7.84 25 30 73 82 1.5 = 2.7
September | _ ' o
Tye T.35 50 ‘ 110 . 0.6
Toad 6095 35 82 007
Knodb 7.60 - 145 300 0.7
Aha T.02 35 70 0.6
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Figure 2. Location of the totally cleaned '(C), partially
cleaned (P) and uncleaned (U) subsections on the
§ study streams in Southeast Alaska. A
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of debris, 100 m from the middle were partially cleared and
60 m at the downstream end were left with debris
accumulations intact., In total cleaning, all logging
debris was removed from the stream channel, while only the
debris that could readily be taken out by hand was removed
from the partially cleaned subsection. Knob Creek was
cleaned in 1977,
Anha Creek was located in an uncut forest stand

along the West Fork of Staney Créek. The 304 m study
section on Aha Creek provided informat;on on’débris-fiéh
population relationships under natural conditions.

Coho salmon and Dolly Varden were preSeht in all Study
- streams. Cutthroat trout (Salmo slarki) were found in Toad

and Knob Creeks, while steelhead were found in Tye Creek

only. Coastrange sculpin (Cottus aleuticus) were captured
in all study streams but Aha Creek. |
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‘ MATERIALS ARD METHODS
Establishment of Stations

Thevstudy sections on all streams were.divided into
consecutively numbered stations to assess fish movements.
Tye Creek included 7 stations at 20 m intervals with 1
30 m station at the downstream end.‘ Toad Creek contained
eight stations of 40 m with a 20 m station at the down-

stream end. Aha Creek had seven 40 m stations and a 20 m

station at the upstream end. Six 40 m stations with' one 20

m station at the upstream end were established on Knob

Creek.

Transect Location and Measurements

Transects were established to measure selected
characteristics of the channel at each trapsite and at 10m
intervals throughout the study sections on each stream.
Transects were established perpendicular to the thalweg and
depth measurements were made at 0.3 m intervals once during
each field season, Wooden staff gauges placed at each
transect site in 1980 and 1981 showed that aside from
occasional freshets, stream channel depth was relatively
stable during the period of sampling in 1980 and 1981.
Estimates of stream surface areas were made using maps

derived from transect data and a digitizing planimeter.
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Fish Population Sampling

Fish bopulations in each subsection were'estimated |
monthly from June-Séptember using mark-recapturéi |
techniques. Fish were captured in baited minnow tfaps,’
anaesthetizgd with tricaine methanesulfonate (ﬁS-éZZ),
measured to the nearest millimeter'(mm) for total iength
(TL) and fork length (FL), marked and released at the site
of capture. Traps had a 0.6 cm mesh and were baited with
boraxed salmdn eggs contained in perforated}Whirl-pac
plastic bags which allowed odors to eséape but‘prevented'
fish from eating the‘bait. Tréps were set in allylocations
with water depth'sufficient to submerge at least one entry
funhel. L | | _’

Fish 50 mm TL or greater were marked with a freeze
brand (Bryant and Walkotten 1980) indicating both the month
and statioh ‘at the time of marking. : Fish' less than 50 mm
TL received a fin punch mark ihat 1ndiéated the mpnth but not
the stétion of capture. One week after marking,'fish}uére
again captured, measured and all marks rgcorded. During
the recapture period invj980~and 1981, abproximately five
fish pgf species in eéch SYmm size group from each 's‘tream
subsection werevueighed to the nearest 0.05 gram (g) using
a triple beam balance, Monthly average'weights were
derived using meén fork lengths 1h logarithmic regressions‘

of length on weight. Weights for fish in each subsection



12

- during 1979 werelestimated using length-weight regression
equations'from the appropriate pooled 1980 and 1981 data.
Population estimates (N) for each species and age
class in each subsection were made using ihe Chapman
modification of the Petersen formula (Ricker 1975) and were
converted to density estimates (N/m2). If population
estimates did not decline over the season, density estimates
were derived from regression equations. Population
estimates for 1978 were based on data from Cardinal
(unpublished data). Age classes were determined by length-
frequency distributions. |
Monthly production (P) estimates were computed
according to the formula P=GB, where G is the instantaneous
growth coefficienc and B is the average biomass during the
period of measurement. The instantaneous growth ‘
coefficient was estimated by the equaticn,'
G=1n(wg,q)=1n(w),
where w 1s the mean weight of individuals in a time period
(Chapman 1978)., Mean weight and population estimates were
smoothed by regression techniques prior to use in
’production calculations taking into account confidence
intervals and sample sizes, Average biomass was computed as

the mean of the product wxN in successive samplings.
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Microhabitat Sampling

‘Microhabitat sampling wasv§pnducted in 1980 and 1981
on rain-free, windless days between 0900 and 1500 hrs., Sites
were selected by walking upstream to where.a discreie
stream area could be observed,

After selecting a site, the observer positioned
himself on a stream bank and remained as motionless as
posﬁible; If disturbed by the observer's approach, fish
appeareq to resume normal activity after approximately 10
minutes (min). The observer watched'until he was'satisfied;A
tha£ the all fi;h occupying focal points had been }
identified and their locations recorded on a field sketch
(Figure 3). This typically required observatidn periods of
from 60 tb 180 min, Painted and numbered markers
Vcorresponding to the different speciés and sizé clas;es
present were placed on the‘stream bottom under the focal
point of each fish, Fish not having specific‘focal points
also were hoted and markers were placed at the locations _
they most frequently occupied, Following an additional 10-
20 min observation period to verify the placement of
markers, focal point characteristies including water depth, -
velocity, gubstrate type and size and type of cover were
measured, Descriptions of the cover and substrate
categories are given in Tables 2 and 3, respectively. The

distance to and spécies of nearest fish also webe recorded
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Sketch of a microhabitat study observation site.

Figure 3.
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Table 2. Descriptions of 11 cover categories utilized in
the microhabitats of juvenile coho salmon and
Dolly Varden in 4 Southeast Alaska streams.

Cover category

Description

Cobble
Boulder
Log
Branches

Debris +
overhead cover

Fine debris

Debris +
undercut bank

Overhead
vegetation

Aquatic
vegetation

Undercut bank

Overhead
vegetation +
undercut bank

Rocks of approximately 100-300 mm
diameter on the streambed.

Rocks larger than cobble with space
underneath suitable for hiding.

Wood debris ranging from approximately
10 cm to 1 m in diameter.

Wood debris <10 cm anchored to the
streambed,

Stream bank vegetation intertwined with
branches,

Loose collection of wood and other
dedbris.

Branches forming the base for or
extending from an earth bank,

Trees and/or other vegetation extending
over the water surface.

Primarily leaves of Symplocarpus sp.
(skunk cabbage)

Overhanging earth bank carved by water
current.

Vegetation and earth bank.




Table 3.

16

‘Desceriptions of 10

substrate categories found at

the focal points of juvenile coho salmon and
Dolly Varden in 4 Southeast Alaska streams.

Substrate category

Description

Floculent particles$0,06 mm,.

size > silt and £2 mh.
size >’sand énd £12 mm.

size > smallfgravel and
size > medium gravel and

size > large grével bﬁt not
in the stream bottom.
embedded rock.

vegetatiﬁe debris particles.

Smooth earth surface, no rock.

Silt
~ Sand _ Particle
Small gravel - Particle
Medfium gravel o Pariicle
-~ £100 mm,
Large gravel Particle
_ . X300 mm.,
_Rock Particle
' embedded
Ledge Shelf of
Fine debris Wood and

Clay |
Log

Wood debris >10 cm diameter.,
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as was the distance to nearest cover. The site was then
photographed and its areal'dimensions and essential habitat
feafures recorded on the field sketch, Additionai
observation sites were chosen by ualkihg upstream from the
previous site. | | |

.Where'féasible, fish at each site were captured with a
backpack electrofisher to analyse food habits and verify
Species and age classes. The stomach contents were taken
from samples of fish representing the range of species and
size classes at the site by a flushing teqhniqué’(ﬂeehan
and Miller 1978) and immediately preserved‘in 10$'forma11n.
Food items were identified by Taxoh, Ihc. Aquatic
Consultants, Corvallis, Oregon. -Estimatés of food item
volume were computed from length-width measurements, after
assigning a spheroidal or cylindrical Shape to individual
food items. |

The initial analysis of continuous microhabitat
variables‘was based on paired comparisons‘between all age’
classes and species; The Kolmogorov-Smirnov (K-S) two-
samplé tesp fof identical distributions (Conover 1971)vwas
used to detect differences in microhabitat use befween _
pairs. | o o |

Niche breadth #nﬁ pairwise overiap in'fesourcé use
were eialuatéd for substrate, cover type and food. Niche

breadth,

Byi=1/%(px12)
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was calculated for each age class and species where Pyy wWas
the proportion of a kiven species (x) utilizing resource
category (1) (Levins 1968), Three measures of resource
overlap, defined here as the overlap in use of a conmon '
resource between two species or different size groups of
the same species, were calculated. The first was
Schoener's (1968) index,
y=1-0. silpxi-pyil.

where py4 and Pyy are the proportional utilizations of
resource category i by species x and Yy respectiveiy. Horn's
(1966) modification of Morisita's index, o

Cxy=22(PyyPys)/(Tpgs2)+(2pys2)
was also calculated as it has proved to be more accurate
than Schoener's index where overlapkexceeds 85% (Linton“et
al. 1981). A third index, the sample correlation ‘
_ coefiicient, Fxy (Snedecor and Cochran 1970) also‘was
calculated and compared to values for Schoener's and Horn's
measures., ‘

Stepwise discriminant analysis was used to identify
interactions between and to determine the relative
importance of resource categories in distinguishing micro- |
habitat use by specles and size class. This and a11
statistics were computed with either the SPSS (Nie‘et al,
1975) or BMDP (Dixon 1981) statistical packages at the

Montana State University Computor Center.
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RESULTS

© Width, Depth and Wetted Perimeter

Mean width, depth and wettéd périmeter heaéuréhents
for all subsections in Tye, Toad, Knbb, aﬁd Aha creéks frbm
1979-1981Vafe.presented in Tables n;7, resbéétivéiy. Nbv'
'consistent pattéfn related to stream cleaning could be
detected in these pafémeters during the sampling seasons
(t-test;‘p<0.05). The lack of observed différences in
stfeam_channél characteristics was brobably due:to thér'
dynamic nature of stream channel formation and the choice
of transects for measurement., Transects were estahlished
at all trapsites thus favoring deeper areas. Due>t6 this
bias for deep sites, the differences 1niwidth,‘dep£h and
wetted perimeter between subsections were relatively small

and did not appear to reflect changes in fish habitat.
- Water Surface Area

Water surface‘areas tended to be stable in all streams
within the sampling seasons. In the cleaned subsection of
Tye Creek, water surface areas decreased by 3% ohe week
after cleaning (Table 8). Most of the reduction in surface
area was due to the 1oss of small pool areas form.ed by logs
and tree branéhés. Tye Creek surface area in the cleaned

subsection decreased 17% in 1980 and remained at this level



Table 4, Mean 295% CI for width, depth and wetted
perimeter during the sampling seasons in Tye
Creek from 1979 through 1981, Number of
transects in parenthesis.

Year Width Depth Wetted
Subsection - (m) (cm) perimeter
(m)
1979
- Cleaned 1.7820.33 0.09+0.02 1.82+0.29
(25) (25) (25)
Uncleaned 1.89+0.41 0.0940,02 1.7210.481
‘ ‘ (22) (22) - (22)
1980
Cleaned 105610.“1 0.09:0.02 109310.“6
- (18) (20) (18)
Uncleaned 1.7240.82 0.0740.01 1.6620.39
: (13) (16) 7 €13)
1981 '
Cleaned 1.7010. 36 0. 0910002 1.8“:0.37
- (24) (24a) - (23)
Uncleaned 1.60+0.33 0.09+0,03 1.7220.39
' (20) (20)

(19)




Table 5. Mean $95% CI for width, depth and wetted
perimeter during the sampling seasons in- Toad

Creek from 1979 through 1981. Number of
transects in parenthesis,
Year width Depth Wetted
Subsection (m) (cm) perimeter
‘ (m)
1979 S g . :
Cleaned 1.7720.27 0.1340,02 - 1.9340.30
' (26) . (25) (25)
Uncleaned 1.7140.17 0.1220,02 1.8940.27
: 27 27) - (27)
1980 ;
‘Cleaned 1.9640.26 0.1020,01 1.80+40. 24
- : (36) -~ (36) . (36)
Uncleaned 1.8920.39 0.09+0,02 1.5840.18
S (17) (39) (38)
1981 o
Cleaned - 1.8920.25 0.09£0,02 1.6620.24
(40) ' (31) (40)
Uncleaned = 1.7340.63 0.0940,02 1.7340.18
(42) (43) (42)

1 i <o o A R PSP, . T s ot e




Table 6, Mean +95% CI for width, depth and wetted
perimeter in Knob Creek during the sampling

seasons in 1980 and 1981.

. in parenthesis.

Numbers of transects

Year | Width

. - Depth .- Wetted
Subsection (m) (cm) pezi?eter
: m
1980 ’
Cleaned (C) 2.06+0,.30 0.1540.01 2.,1720.32
E (20) (20) (20) :
Partial (P) 1.8120.35 0.1340,02 1.8540,33
(16) : (16) (16)
Uncleaned (U) 1.8140.54 0.1440.04 2.1720.34
‘ (9) (9) (9)
1981
Cleaned (C) 1.6540.25 0.0940,02 1.7240.26
(31) (31) (31)
Partial (P) 1.7030.2“ 001210002 1.80:0.26
: 27) 27) (27) .
Uncleaned (U) 1.92+0,.21 0.134£0.03 1.8020,22
~ ' (17) (17) (17)

Table 7. Mean +95% CI for width, depth and wetted
perimeter in Aha Creek during the sampling

seasons in 1979 through 1981, Number of
transects in parenthesis. :
Year ' Width Depth Wetted
Subsection (m) (cm) pezi?eter
, m)
1979
0-302m-' : ’ 201110075 0007:0.17 2.n010.32
(37) (¥8) (47)
1980 - ' ' : ' '
0-302m 2.3010.2“ 0.0930.01 ) 2.26:0.23
: ‘ - (63) (59) ‘ (57)
1981 .
0-302m 2.87:0.37 001“10.03 2.701003“‘
(34) (33) (33)
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Table 8, Water surface areas (mz) in subsections of &
study streams in Southeast Alaska.

Stream ‘ : - Year
Subsection ‘
1979 ' 1980 1981
Tye |
Cleaned -
Precleaning 157.6 ‘ ‘
Postcleaning 153.9% 130.6 129.9
Uncleaned 136.5 o 136.6 . 136.2
Toad ‘ ,
Cleaned
Precleaning  292.7 L
Postcleaning 262,3% 272.8 : 280.7
Uncleaned 281.6 254.5 . 301.5
Knodb - : . : , .
Partially cleaned : 154,.6 150.0
Cleaned , I 169.8 156. 4
Uncleaned 92.2 - 105.9

% Water surface area one week after stream cleaning,

in 1981; Toad Creek surface area in the cleaned subsectidn
decreased by‘10$ one week after cleaning:but ihcféaSed by
lin 1980'ahd.2$ in 1981 as fewer but larger pools were
formed ﬁehind large debris logs not removed by clééning and
accumulations of leaves énd bfher litter from stream-side
vegetatibﬁ; Surfacé areas ih‘the uncleaned subsection of
Toad Creek decreased in 1980 bﬁt increased in 1981‘probab1y
‘due to the désfbuction and reformation of transient pools.

Surface aféas in thé'Knob Creek’Study sections rémaihedH
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relatively stable during 1980 and 1981, while Aha Cfeek .
surface area fluctuated widely between years., Many of gﬁe_
pools in Aha Creek were formed by gravel accumulations
rather than debris and thus tended to be unstable at high

flows occurring in the fall.
Population Movements

Young-of—ihe-year (YOY) were recruited to the coho 7
population in May and June. Downstream emigration was the-
only significant movement by age 0+ coho (Figure 4). 1In f
1979 and 1981, emigration was 95% éomplete in Tye Creek and
984 complete in Toad Creek prior to the first population
census in June. Emergence of coho fry was apparently‘later
in 1980 however, as emigration was only 80% complete in Tye
and 81% complete in Toad Creek before popui;ﬁion censusing
began, In the 6-day interval between the the marking and
recapture period, 2,395 YOY coho representing 14% of the
total emigration pa;sed through the downstream fish trap oﬁ‘i,
Tye Creek and left the study sectioﬁ. At the same time,‘ |
330 YOY coho (16% of the total emigration) emigrated from
Toad Creek. Recruitment to the yearling coho age class
depended primarily upon overwintering survival of the
previous year's fry and to a lesser extent on immigration.
Though yearling coho moved both into and out of the study
sections, most movement was completed prior to each year's

June census (Figure 5).
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Dolly Varden YOY movements were not evaluated in this
study. Due to their small size (<30 mm), many Dolly Varden
fry passed through the two-way traps and escaped. Like
yearling coho, yearling and older-aged Dolly Varden moved
‘into and out of the study sections (Figure 6). Late August
and September Dolly Varden movements priﬁarily consisted of
immigration and seemingly random movements by individuals
in spawning condition. |

Inter-station movements by yearling coho and yearling
and older Dplly Varden duping 1979-1981 are summarized in
Tables 9-11, respectively., Fish tended to remain |
’throughout the sampling season within the station at whiéh
they were marked. 1In each of the three field seasons,
greater than 93% of the recaptured coho and Dolly Varden
had remained within the station at which they were marked,
Among those fish.moving, approximately equal numbers of
coho went upstream and downstream while twice as many Dplly .
Varden moved downstream as up. The lack of movement
greatly simplified population estimation and}the.estimation
of growth and mortality rates for popdlatiohs_uithin

subsections.
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Table 9, Directionanddistance(m) of interstation
movements by juvenile coho and Dolly Varden in
3 study streams during 1979. Station numbers

.in parenthesis,

Coho Dolly Varden
: , Direction :
Stream - ' Up Down Up Down
Tye Creek
No. fish recaptured
and ¥ recaptures .
that moved 88(10.0%) 38(11.0%)
Distance 40(7-5) 40(3-5) 40(7=-5) 100(3-8)
» 40(6-4) 4o(4-6) 10(3=1)
40(5-3) 40(2-4) 80(7-3)
60(7-4) 80(4-8)
‘ ‘ 80(7-3) :
Toad Creek :
No. fish recaptured
and % recaptures '
that moved 139(4,0%) 182(9.0%)
Distance , 20(9-8) 40(4-5) 80(7-5) 80(4-5)
40(8-7) B0(4-5) Re30(3-4)
R0(3-2) 80(2-4) 5680(2-4)
2680(7-9)
120(6-9)
160(4-8)
280(1-8)
Aha Creek
No. fish recaptured
and % recaptures
that moved 89(7.0 50(6.0%)

%)
Distance 40(8-3) 80(1-3)
30(3-2) 80(3-5)
(3-6)
(1-8)

80(4-2)" 200(1-6)
80(6-4)
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Table 10. Direction and distance (m) of interstation move-
ments by juvenile coho and Dolly Varden in 3
study streams during 1980. Station numbers
in parenthesis.

Coho Dolly Varden
Direction
Stream Up Down Up - Down
Tye Creek
No. fish recaptured L
and % recaptures :
that moved 134(9.0%) 49(14.0%)
Distance 4o(6-4) 2640(1- 40(7-5) 30(1-

) 3)
40(3-1) 2660(5-8) - 60(8-5) 80(4-8)
4680(4-8) 80(7-3) 26100(3-8)
120(1=-T)
140(1-8)
Toad Creek
No. fish recaptures
and ¥ recaptured

that moved 231(5.0%) 217(7.0%)
Distance 36120(4-1) 40(5-6) 80(4-2) 40(2=-3)
- 30(7-8) 20120(7-4) 120(5-8)
80(2-4) : 160(4-8)
80(1-6) 200(4-9)
80(6-8)
100(3-8)
120(4-T7)
160(3-7)
160(4-8)
Aha Creek :
No. fish recaptured
and ¥ recaptures - - : ‘
that moved S 163(9.0%) 187(6.0%)
Distance. 60(8-6) B0(1-2) 2680(5-3) 40(3-4)

26880(5-3) 80(5-7) 3€120(6-3) 80(1-3)
- 80(6-4)  120(5-8) 120(8-5) 80(3-5)

58120(6-3)  240(2-8)  80(6-8)
160(8-8) -~ 120(3-6)
- . . 200(3-8)

Knob Creek
No. fish recaptured
and % recaptures ‘ ’
that moved 207(4.0%) 55(2.0%)
Distance . 3640(5-3) 120(&-7) o 80(1-3)
40(2-1) - ' ‘
40(3=-2)
80(4-2)
80(6-4)
200(6-1)
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Table 11.

Direction and distance (m) of interstation

movements by juvenile coho and Dolly Varden in
3 study streams during 1981. Station numbers

in parenthesis.

Coho Dolly Varden
- Direction :
Stream Up Down Up Down
Tye Creek
No. fish recaptured
and % recaptures :
that moved 61(8.0%) 28(7.0%)
Distance 60(7-4) 80(5-T) 40(3-1)
80(7-3) 100(3-8) R0(7-5)
100(8-3) -
Toad Creek
No. fish recaptured
- and % recaptures : o
that moved 93(0.0%) 137(5.0%)
Distance 80(7-5) 80(2-4)
120(1-%)
56120(4-7)
Aha Creek
No. fish recaptured
and % recaptures
that moved 172(9.0%) 104(3.0%)
Distance 80(8-6) 3680(4-6) 80(6-8)
- 80(7=-5) 80(6-8) 120(2=5)
80(4-2) 26120(5-8) 200(1-6)
: 120(8-5)  120(4-7) |
Knob Creek 4 . '
No. fish recaptured
and ¥ recaptures
that moved - 60(17.0%) 37(11.0%)
Distance K0(3-2) 120(2-5) 80(3-1) 80(1-3)
40(7-6) 26120(4-7) 120(5=-2)  120(3=6)
80(3-1) 160(3-7) -
80(6-84)
120(5=2)

160(6-2)
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Population Abundance

Population estiinatés for age O+ and age 1+ coho and age
1+ and age 2+ Doily Varden in Tye, Tdad, Knodb and Aha
creeks are presented in Appendix Tables 1-6. It was not
| possible to calculate population estimates fof égé.0+‘Dolly
Varden or cutthroat trout and steelheadrof any age; Dolly'i'
Varden because of small size and cutthroat and steelhead
becaﬁse ofvinsufficient‘numbérs. Sémpling was not
conducted during September, 1979 and no Petersen estimates
were calculated for thét month. However, point estimates
for Septémber were derived by extrapolation of the trend in
prévious months using regression techniques,

Tables 12-15 contain population density eStimétes for
coho and Dolly Varden in Tye; Toad, Knob;.and Aha creeks,
respéctively . Densities of_fish within a subsection
generélly declined between monthly Sampling périodé and"
varied relatively little from year to year. Thdugh‘initial
densities of YOY coho wére frequently high, emigration and
mortality quickly reduced their numbers to comparable -
levels among years. The June 1980 density estimates for
YOY coho in Tye Creek (Table 12) were the highest recbrded
“"for any group due to the inclusion of fish that were soon
to emigrate. These inflated estimates were therefore not
representative of the YOY coho population densities that

the stream could support.
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Density (N/m2) of fish in cleaned (C) and
uncleaned (U) subsections of Tye Creek, 1978-

Species, age class Year
Month Subsection
1978 1979 1980 1981
c U (o U c U o U
Coho O+
June 2.20 2.86 5057 18033 0082 1036
July 0.90 2.33 1.42 2.13 3.98 3.94 0.68 1.23
August 0.93 1,60 1.10 1.60 0.59 1.17
September 0.73 1.31 0.60 1.19 0.44 0,85 0.53 1.12
Coho 1+ ‘
June 0.%1 0.56 0.25 0.43 0.25 0.28
July 0.32 0.40 0.36 0.51 0.21 0.37 0.22 0.26
August 0.32 0.45 0.19 0.31 0.21 0.25
September 0.25 0.37 ©0.29 0.42 0.17 0.26 0.20 0.23
Dolly Varden 1+
June 0.36 0,43 0.17 0.38 0.37 0.22
July 0.32 0.65 0.36 0.40 0.16 0.30 0.35 0.21.
August ‘ 0.35 0.38 0.15 0.26 0.32 0.20"
September 0.41 0.51 0.38 0.36 0.15 0.23 0.30 0.18
Dolly Varden 2+
June 0.26 0.39 0.19 0.19 0.11 0.10
July 0.21 0.55 0.25 0.37 0.18 0.18 0.08 0.09
August . 0.25 0.36 0.17 0.15 0,07 0.08
September 0015 0.25 0.24 0035 0016 0015 0005 0007

Uncleaned strean

had either greater or

subsections (Tables 12 and 13).

subsections in Tye and Toad Creeks

similar densities of fish as cleaned

The only exception to this

general relationship occurred in Tye Creek during the 1981

season when September age .1+ Dolly Varden densities were.

lower in the uncleared than in the cleared subsection.
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Table 13. Density (N/mz) of fish in cleaned (C) and
uncleaned (U) subsections of Toad Creek, 1978-

1981,
Species, age class Year
Month _ Subsection
1978 1979 1980 1981
c U c U c U c U
Coho O+ ;
June 1.13 1.02 0.66 2.39 1.83 2.29
July 0.69 0,20 0.56 0,60 0.43 0.84 1,39 1.68
August 0.41 0.44 0.33 0.46 1.13 1.33
September O.14 0,49 0.30 0.36 0.28 0.30 0.94 1,08
Coho 1+ .
June : 0.22 0.30 0.22 0.32 0.11 0.25
July 0.21 0.33 0.21 0.27 0.22 0.42 0.10 0,23
August 0.22 0.25 0.22 0.81 0.10 0.22
September 0.22 0.24% 0.21 0.23 0.21 0.41 0.10 0.20
Dolly Varden 1+
June ' ~ 0.31 0.33 0.31 0.28 '0.31 0.29
July 0.36 0.32 0,28 0.31 0.29 0.27 0.29 0.29
August 0.27 0.28 0.27 0.26 0.28 0,28
September 0.32 0.44 o0.2% 0.26 0.25 0.26 0.27 0.28
Dolly Varden 2+ | ‘ ‘ -
June 0.31 0.58 0.19 0.59 0.32 0.37
July 0.25 0,38 0.29 0.49 0.18 0.55 0.32 0.35
August 0.30 0.41 0.17 0.51 0.31.0.3%

The relationship of debris removal to fish densities
was less distinct in Knob Creek (Table 14)., In 1980
densities of coho and Dolly Varden were greatest where
there was no debris removal. This relationship changed in
1981; the uncleaned subsection supported fewer age 0+ coho

and both age classes of Dolly Varden,'but more age 1+ coho
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Table 14, Density (N/m2) of fish in totally cleaned (C),
partially cleaned (P) and uncleaned subsections
of Knob Creek, 1980-1981.

Species, age class Year _
Month Subsection
1980 1981
C P U c P U
Coho 0+ :
June 0.35 0.58 0.61 1.41 1.25 0.76
July . 0.33 0.51 0.55 1.35 1.19 0.76
August 0.31 0,4 0.52 . 1.28 1,15 0.76
September 0.29 0,40 0.50 1.22 1.10 0.76
Coho 1+
June 0.3%5 0.50 0,60 0.22 0.19 0.34
July 0.34 0,47 0.55 0.22 0.18 0.32
August 0.32 0.45 0.51 0.20 0,17 0.29
September 0.30 0.43 0.47 0.20 0.17 0.27

Dolly Varden 1+ .
0.38 0.12 0.16

June 0.21 0.10 0.29
July 0.20 0.10 0,28 0.35 0.12 0.15
September 0.19 0,10 0.26 0.29 0.11 0.14
Dolly Varden 2+ S
June . 0.26 0.24 0,40 0.35 0.11 0.31
July 0.25 0.28 0.38 - 0.33 0.09 0.29
August 0.28 0.23 0.37 0.31 0.08 o0.27
September 0.23 0.23 0.36 0.29 0,07 0.25

than in the uncleaned subsection., Coho densities in the
partially cleaned subsection were intermediate between the
totally cleaned and uncleaned subsections except for
yearlings in 1981. Dolly Varden densities always were

lowest in the partially cleaned subsection.
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Table 15. Density (N/m2) of fish in Aha Creek, 1979-1981.

Specles, age class ‘ ~ Year
Month -
1979 - 1980 ' 1981
Coho O+
June .32 5,48 . 0.8%
July 1.13 1.53 0.72
August 0.52 0.73 : .- 0.64
September 0.30 0.43 0.59
Coho 1+
June 0.16 0.13 0.19
July 0.15 0.13 0.17
August 0.13 : 0.13 0.16
September 0.14 0.12 0.14
Dolly Varden 1+
June 0.32 0.23 0.24
July ’ 0.30 0.23 0.24
August 0.29 0.22 0.23
September 0.28 0.21 0.23
Dolly Varden 2+
June 0.10 - 0.13 0.20
July 0.07 0.13 ~0.20
August 0.05 0.13 : 0.19
September 0.0%4 0.12 0.19

Populationkdensities in Aha were ushaily lower than
in the other streams (Table 15); The Jﬁne, 1979 and 1980
estimates for age O+ cohb, houevef; were among @he largest
observed in any stream. This may have‘beeﬁ due_to thev
presence of emigrating or soon to emigrate iﬁdividualﬁ. No
two-wéy traps were used on Aha Creek to explicitly evaluate
this possibility, but emigration from Tye and Toad creeks
at least in 1980 was incomplete during the same time period{
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Fish Weights

The paraméter estimates from the regressions of logqg
length on logyg weight for coho and Dolly Varden are
presented in Appendix Tables T7-8, respéétively._ Séﬁarate
regressions were calculated for each subsection in 1980 and
1981. Length-weight regressions for 1979 were based on
data from 1980 and 1981 pooled by species,

Mean monthly weights for each species and age CIassAin
cleaned and uncleaned subsections of Tye and Toad creeks
are presented in Tables 16 and 17 respectively., Mean
weights.for agé O+ and age 1+ coho were greater 1n'c1eahed
subsections with the exception of age 1+ coho in Toad during
1981. Before cieaning in 1979, ﬁean weights for coho
shoﬁed no relation to stream subsection, Weights of Dolly
Varden from Tye and Toad creeks did not appear to be
related to stream cleaning. | |

In’Khob Creek coho weights were greater in the
partially or totally cleaned subsections; in contrast,
Dolly Varden welghts were generally greater in undisturbed
subsections (Table 18). Mean weights for fish in Aha Creek
(Table 19) were within the range found in the other study

streams,
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‘Table 16, Mean weights of fish (g) in cleaned (C) and
uncleaned (U) subsections of Tye Creek, 1979-

1981.
Species, age class Year
Month Subsection
1979 1980 1981
c U c U c U
Coho 0+
June 0.42 0.32 0.34 0.36 0.53 0.55
July 0.51 0.52 0.44 0.44 0.65 0.63
August 0.62 0.63 0.57 0.54 0.79 0.73
September 0.74 0.77 0.7%4 0.67 0.86 0.83
Coho 1+
June : 2,76 2.58 3.30 2.79 2.73 2.31
July 2.84 2,82 3.70 3.16 3.03 2.69
August 2.92 3.09 4,15 3.57 3.36 3.12
September 3.01 3.38 5,65 4,03 3.73 3.62
Dolly Varden 1+
/ June 1.27 1.17 1.82 1.79 1.70 1.61
July 1.40 1.37 2.07 1,96 1.77 1.68
August 1.55 1.61° 2.36 2.15 1.83 1.76
September 1,71 1 2.69 2.35 1.90 1.85
Dolly Varden 2+
June 5.08 5.25 9.07 9.48 5.62 6,12
July 5.36 5.76 9.49 10.10 5.85 6.42
August 5066 6031 9-9“ 10.75 6.09 ' 6073
September 5.98 6.92 10,40 11.45 6.35 7.06
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Table 17. Mean weights of fish (g) in cleaned (C) and

ungleaned (U) subsections of Toad Creek, 1979~
1981. ‘

Species, age class Year

Month : Subsection
1979 1980 o 1981
c 4] : c U c 1]
Coho O+ ' -
June 0.70 0.56 0.72 0.57 - 0.85 0.68
July 0.88 0.76 ' 0.88 0.73 1,02 0.80
August 1.11 1.02 1.07 0.92 1.22 0.95
September 1.39 1.36 1.30 1,17 - 1.85 1.12
Coho 1+ :
~June 3.99 4,07 3.78 3.62 3.24 3.38
July '4.'-!7 no“‘ no‘? 3099 ’ 305” 3075
- August  5.02 4,78 4,60 4.40 3.87  4.16
September 5.63 5.17 5.07 4,84 5,23 4,61
Dolly Varden 1+ '
June - 1.84 1,97 2.35 2.17 1.96  2.26
- July 1.98 2.26 2.55 2.40 2.07 2.44
September 2.31 2095 3001 2.93 2031 2.8‘;
Dolly Varden 2+
June 5.91 6.63 6.22 6.12 - 6.26 6.39
July 6.18 6.91 6.7T7 6.53 6.48 6,63
: August ‘ 6.47 7.19 70 37 6096 6.70 6.89 ’
September 6.77 T7.49 8.03 T.42 6.92 7T.15
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Table 18. Mean weights (g) of fish in totally cleaned (C),
' partially cleaned (P), and uncleaned (U)
subsections of Knob Creek, 1980-1981.

Species, age class , Year
Month Subsection
1980 1981
C P U ) C P U
Coho O+ : :
June 1.27 1.28 1.43 0.93 0.91 0.92
July 1.54 1.58 1.57 1.16 1.21 1.15
August 1.87 1.96 1.72 1.44 1,61 1.45
September 2.26 2.42 1.89 1.79 2.14 1,81
Coho 1+
June .32 4,20 4.10 4.8 3.99 4.10
July 4,95 &K.64 4,47 5.17 &4.64 14,62
August 5.66 5.14 4,87 5.51 5.41 5,21
September 6.%9 5.68 5,31 5.88 6.30 5,88
Dolly Varden 1+
June 2.39 2.21 2.51 2.54 2,81 2.87
July 2.54 2,45 2,62 2.80 2.94 3,08
August 2.70 2.72 2.73 3,09 3.08 3.31
September 2.87 3,03 2.8% 3.41 3.22 3.55
Dolly Varden 2+
June 5.88 4,85 5,59 5.15 6.42 6.86
July . 6.51 5,28 5,93 5.61 6.59 6,69
August 7.22 5.75 6.28 6.11 6.T7 6.94
September 8.01 6.26 6.66 6.65 6.95 T.20
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Table 19. Mean weights of fish (g) in Aha Creek, 1979-1981.

Species, age class Year
Month Subsection
| 1979 1980 - 1981
Coho O+ ’
June 0.49 0.54 - 0,63
~July 0.64 0.71 0.74
August 0.83 0.95 : 0.88
September 1.08 1.26 1.03
Coho 1+
June , . 2495 3.29 - 2.65
July 3.30 3.T7 3.02
August : 3.68 5,33 - 3.43
September 5.11 4,97 3.90
Dolly Varden 1+
June 1058 . 1.65 1071
July 1.82 1.91 1.87
August . 2.09 2.21 2.04
September 2.40 2.56 2.23
Dolly Varden 2+
June 5036 5093 409!‘
Ju1y 5.88 6.71 50“1
August 6.44 7.59 . 5.93
September 7.06 8.60 6.49
Production

Production is probably £he most compréhénsive
population parametef by which a species perférmance can be
evaluated in a given environment (LeCren 1969). Estimates
of population size, mortality and the groﬁth rates and
sizes of individuals within a>popu1atioh are reflected in
broduction estimateS. Monthly growth rates and biomass and

production estimates per ml for Tye, Toad, Knob and Aha '
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creeks appear in Appendix Tables 9-10, 11-12, 12-14 and 15,
respectively.

In 1979 and 1981, the total seasonal production in Tye
Creek was greater 1h the uncleaned than in the cleaned
subsection (Table 20). Total production in 1980 was
greater in thelcleaned subsection, however, due to the high
June population estimate for age 0+ coho which included'
fish that had not yet emigrated. Densities of ago Of coho
in the cleaned declined faster thau in the uncleaned »
subsection (Table 12) and by'Septenber, production uas-t
greater in the latter (Appendix Table 9). Yearling Dolly
Varden pfoduction during 1981 was greaterzin the'cleanod
subseotion primarily beoause of greater fish density (Tablo
12) and to a lesser dogree greater fish weight (Table 16).

fhe pattern of.total seasonal fish production from
1979-1981 in Toad Creek (Table 21) was similar to that in
Tye Creek and demonstrated greater production by all groups
in the uncleaned subsections. In 1979 yearling and in 1981
subyearling coho production was greater in the'oleaned
subsection., The higher yearling production in 1979
supports the contention that stream cleaning uas
responsiblo for the lower production in the cleaned
subsection in subsequent years. In 1981, greater
production by age O+ coho in the cleaned subsection

primarily resultedvfrom larger fish size (Table 21). Dolly
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Table 20, Summary of June-September production in g/m2 by
: coho salmon and Dolly Varden in cleaned (C) and
uncleaned (U) subsections of Tye Creek.

Production g/m2

Species and Year
age class 1979 1980 1981
Subsection c U c U c U
Coho 0+ 0.376 0.636 2.234% 1.252 0,272 0.345
Coho 1+  0.088 0.384 0.262 0.812 - 0,211 0,336
subtotal 0.864 1,020 2,496 1.664 0.483 0.681
‘Dolly Varden 1+ 0.157 0.280 0.136 0.156 0.066 0,048
Dolly Varden 2+ 0.210 0.599 0.256 6.310 0.042 0,083
 subtotal 0.367 0.879 0.392 0.466 0.108 0.131
Total 0.831 1.899 2.888 2,130 0,591 0.812

Varden production was always greater in the uncleaned
subsection,. |

The relationship of stream cleaning to production in
Knob Creek (Table 22) was the opposite of that 1n Tye and -
Toad creeks with total production greatest where at least -
some stream’cieaning had been performed. Total coho
production was always lowest in the uncleaned and highest
in the partially cleaned subsections. Production by age O+
coho was greatest in the partially cleaned and lowest in
the uncleaned subsection during both 1980 and 81.
Production by age 1+ coho was greatest in the uncleaned

subsection during 1981 but lowest during 1980. However,
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the difference between the highest and lowest yearling coho

production in 1980 was only 0.043 g/m2. The pattern of

Dolly Varden production also was less distinct in Knob

Creek, with production in the uncleaned subsection

intermediate between the partially cleaned (lowest) and

totally cleaned (highest) subsections.

Table 21. Summary of June-September production in g/m2 by
coho salmon and Dolly Varden in cleaned (C) and -
uncleaned (U) subsections of Toad Creek.

Production g/m2

Species and Year
age class 1979 1980 1981
_ Subsection c v c v c v
Coho O+ 0.359 0.417 0.226 0.852 0.751 0.652
Coho 1+ 0.360 0.288 0.288 0.515 0,102 0.267
~ subtotal 0.719 0.705 0.514% 0,967 0.853 0.919
Dolly Varden 1+ 0.133 0.283 0.177 0.201 0,097 0.167
Dolly Varden 2+ 0.267 0.381 0.312 0.637 0.185 0,282
subtotal 0.800 0,664 0,489 0.838 0.282 0.449
Total | 1.119 1,369 1.003

1.805

1.135 1.368

Production values in Aha Creek were similar to those

in the other study streams (Table 23). Total production in

1979 and 1980 was affected by high age 0+ coho population

densities (Table 15), which resulted from incomplete

emigration noted in the population density section,
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" Table 22, Summary of June-September production in g/m2 by
coho salmon and Dolly Varden in totally cleaned

(<,

subsections of Knob Creek.

partially cleaned (P) and uncleaned (U)

Species and

Production g/m2
Year

age class 1980 1981
Subsection Cc P U C P - U
Coho 0+ 0.312 0.535 0,240 1.135 1.426 0.667
Coho 1+ 0.710 0.678 0.667  0.198 0.401 0.551
subtotal 1.022 1.213 0.907  1.333 1.827 1.218
Dolly Varden 1+ 0.094 0.079 0.089  0.296 0,053 0.101
Dolly Varden 2+ 0.500 0.326 0.313  0.509 0.053 0.231
subtotal 0.594 0.305 0.502  0.805 0.106 0.332
Total 1.616 1.618 1,509  2.138 1.933 1.550
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Table 23. Summary of June-September production in g/m2 by
coho salmon and Dolly Varden in the study
section on Aha Creek.

: Production g/m2
Species and ' Year

age class 1979 - 1980 | - 1981
Coho 0+ 0.631 0.976 0.272
Coho 1+ | 0.168  0.220  0.208

subtotal . 0.799 1.196 0.480
Dolly Vafden 1+ 0.242 - 0,206 0.12%
Dolly Varden 2+ ﬁ‘ 0.106 - 0.331 - 0,298

subtotal 0.348 - 0.537 0.422
Total 1,187 1.733 0.902

Microhabitat

Preliminary K-S‘tests showed that there were only
minor differences in values of microhabitat variables
between streams. Data from.all microhabitat sites were
therefore pooled for subsequent analyses.,

Frequency distributions for uate} depth (D) and depth:
of water at focal poihts (FPD) shbﬁed that both age classes
of coho usually iere found at specific midwater locations
with age 1+ coho occupying éites in deeper water (Figure 7).
Subyearling Dolly Varden did not occupy specific focal

points but were typically observed in shallow water on the
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stream bottom, Older Dolly Varden occupied focal points
located in the deepest water on or near the streambed
The probabilities that values for D and FPD were -

equally distributed for any species-age class pair are
presented in Table 24, With few exeeptions,'the use_of

D and FPD differed and appeared to be partitioned among the
groups. Yearling coho and Dolly Varden were observed at
similar D's but the Dolly Varden had deeper FPD's. Age O+

coho and Dolly Varden apparently utilized similar D's-
and FPD's. Hoiever, the shallow focal point depths

assigned to the Delly Varden were related to the shallow
depth of water. Age 1+ and 2+ Dolly Varden utilized
similar D's and FPD!'s,

The distance to nearest cover (DTNC) from fish focal
points decreased for both species with increasing age
(Figure 8). The affinity for cover was most apparent in
the yearling and age 2+ Dolly Varden of which 53% and 889%,
respectively, were found in cover (DTNC=0). Differencee :
between species were more pronounced than differences
within species (Table 25). ‘

The distance to nearest fish was used as a generalized
indicator of agonistic tendencies. Tolerance towards other
fish as measured by the DTNF was greatest for subyearling
Dolly Varden and least for yearling coho. For cohe, the

DINF increased with fish size. The DINF and fish size were
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Table 24, Kolmogorov-Smirnov 2-tailed test p-value for
differences in use of water depths and depths
of focal points among groups of coho and
Dolly Varden in & Southeast Alaska streams.

Species and Water depth Focal point
age class ’ depth
Coho 0+ and 1+ <0,001. . <0,001
Coho O+, Dolly Varden 0+ 0.081 0.889
Coho O+, Dolly Varden 1+ 0.007 <0,001
Coho O+, Dolly Varden 2+ ‘ <0.001 <0.001
Coho 1+, Dolly Varden O+ 0.003 0.043
Coho 1+, Dolly Varden 1+ 0.836 <0,001
Coho 1+, Dolly Varden 2+ 0.024 <0.001
Dolly Varden 0+ and 1+ , 0.014 0.005
Dolly Varden 0+ and 2+ 0.002 0.001
Dolly Varden 1+ and 2+ , 0.055 0.347

not related for Dolly Varden. As was the case for DTNC,
the differencés in DTNF were more pronounced between.‘
species than among age classes (Table 25).

The distance to nearest conspecific fish (DTNCF) was
mea;ured to obtain an indication of the degree of _
territorial behavior exhibited b§ a fish towards other fish
of the same species and age class (Figufe 8).' For all
groups, DTNCF was greater than DTNF, indicating greater
aggression towards conspecifics. However, due‘to
complications introduced by the local abundancé Qf
conspecific fish ahd the phyéical characteristics of a
site, the DTNCF did not accurately reflect territoriality.
The disﬁribhtion of values for the DTNCF maintained'by
yearling coho Sdggests that while these fish wére highly
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territorial, at least a few tolerated conspecifigs at close
range. For yearling coho, the DTNCF may have been
influenced toth by the local abundance of conspecifics and
by the degree of visual isolation between territories., At
several sites, visual isolation was prbvided by wood debris
or streambed topography, thereby allowing adjacent
territory holders to coexist despite their proximity.
Subyearling Dolly Varden appeéredrto be highly territorial
because their average DTNCF exceeded all others (Figure 8).
But the distribution of values for the DTNCF was related to
the relative scarcity of sub-yearling Dolly Vardeh at
individual sites énd not territoriality. Aggression
between these fish and fish of any other group was nevei‘

observed. The DTNCF was thérefore not considered in

further analyses.

Table 25, Kolmogorov-Smirnov 2-tailed test p-value for

: differences in distance to nearest cover, fish
and conspecific fish among groups of coho and
Dolly Varden in 4 Southeast Alaska streams.

Species and Distance to nearest
age class cover fish conspecific fish

Coho O+ and 1+ 0.198 0.010 <0,001
Coho 0+, Dolly Varden 0+ 0.393 0.218 : 0.003
Coho O+, Dolly Varden 1+ <0.001 0.012 0.020
Coho 0+, Dolly Varden 2+ <0.001 0,270 . 0.293
Coho 1+, Dolly Varden 0O+ 0.697 0.005 0.609
Coho 1+, Dolly Varden 1+ 0.001 0,001 <0,001
Coho 1+, Dolly Varden 2+ 0.001 0.007 - 0,003
Dolly Varden O+ and 1+ 0.057 0.882 . 0,051
Dolly Varden O+ and 2+ 0.001 0.988 0.164

Dolly Varden 1+ and 2+ 0.052 0.912 0.308
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Water velocities at focal points were placed into
three categories: zero; greater than zero but less than 9.0
cm/sec; and greater than or equal to 9.0 cm/sec (Figure
9). While velocities of less than approximately 9.0
cm/sec were difficult to measure, over 85% of the coho and
95% of the Dolly Varden occupied4foca1 points where the
velocity was between 0.0 and 9.0 cm/sec. Similar
preferences by coho for areas having low water velocity -
were reported by Bustard and Narver (1975) in coastal

British Columbia streams where 86% of the age O+ and 84% of
the age 1+ fish observed had focal point velqcities between
0.0 and 15,0 cm/sec.

Cover

The percent of use of 11 cover categories are shouh‘in
Figure 10. In several instances it was not possible to
assign a unique cover type to a fish obséfvétion which
neccessitated the use of joint cover‘designations. These
joint categories were treated és distinét cover types in
this analysiﬁ. | |

Logs, branchés, uhdercut'banks, dense overhead
vegetation, and large boulders undercut by current were the
primary types of cover closest to fish of both‘species. |
These cover types had in common the ability to completely

conceal fish at least from a streambank vantage point and

were termed "superior" cover.
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Logs and branches alone comprized over 50% of the
cover utilized by age O+ coho (Figure 10). Logs and
branches also were important to yearling coho. Along
with undercutlbanks, these cover types accounted for over
60% of the cover used by yearling coho. The use of superior
cover by yearling coho was, hoﬁevér, even greater than that
indicated by the percent utilization figures. when
vearling coho were disturbed, for example, by sudden

movements of the observer on the streambank, they usually

attempted to conceal themselves by darting to cover. In
several instances these yearling coho by-passed tﬁeAnearest
cover and, instead, utilized more distant superior cover.

Branches énd aquatic vegetation comprized 49% of the
cover used by age O+ Dolly Varden. Yearling and older
Dolly Varden made the most extensive use of superior cover
types with over 70% of the age 1+ and 85% of the age 2+
fish utilizing superior cover.

Larger‘values for cover niche greadth (Table 26)
indicate utilization of diverse cover types, while smaller
values indicate preference to a few cover types. Cover
niche breaths were similar among the subyearlings and
subyearlins of both species. The relatively nérrow cover
niche breadth for age 2+ Dolly Varden demonstrated their

preference for superior cover.
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Table 26. Niche breadth for utilization of 11 cover
categories by Jjuvenile coho and Dolly Varden.

Species and age class : Cover .
Coho 0O+ . 5.64
Coho 1+ 6.11
Dolly Varden O+ 5.21
Dolly Varden 1+ 6.22
Dolly Varden 2+ 5,87

The three niche overlap indices yielded different
overlap values for the cover data (Tabié 27) though the
patterns of overlap within each index were similar; Values
combuted with any oné index indicated overlap-émong ét 801
of the specles-age class palirs. The greatest overlap
occurred between the largest body sized coho (age 1+) and

Dolly Varden (age 2+) (Table 28). In contrast, the least
.overlap occurred between the smallest and largest groups:

age O+ and age 2+ Dolly Varden.
Substrate

Sixty-five percent of the age 0O+ andv55$ of the age 1+
coho were found over small and medium gravel (Figufe 11).
Similarly, 61’ of the age 1+ and 55% of the age 2+ Dolly
Varden used small and medium gravel. Age O+ Dolly Varden
were found over small gravel which together with rock and
fine debris comprized their total substrate usé. The
narrow substrate niche breadth (Table 29) for age 0+ Dolly
Varden dembhstrated this limited use of substrate types. ‘
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Table 27. Overlap in utilization of 11 cover type
categories for juvenlle coho and Dolly Varden in
4 Southeast Alaska streams, Oxy=Schoener's_..
measure, Céyzﬂorn's measure, rxyzcorrelation

coefficien

Species and . Cover

age class ‘

' oxy_ Cxy Txy
Coho O+ and 1+ 0.74 0.83 0.66
Coho 0O+, Dolly Varden O+ .. .. 0,69 0.8 0,71
Coho 0+, Dolly Varden 1+ 0.69 0.82 0.66
Coho 0+, Dolly Varden 2+ 0.69 0.85 0.75
Coho 1+, Dolly Varden O+ ‘ - 0.63 0,76 0.56
Coho 1+, Dolly Varden 1+ 0.67 0.78 0.56
Coho 1+, Dollg'Varden 2+ 0.%8 0.31 0.86
Dolly Varden O+ and 1+ 0.68 0.83 0.69
Dolly Varden 0+ and 2+ 0.57 0.65 0.40
Dolly Varden 1+ and 2+ 0.53 0.68 0.42

Table 28, Means and standard errors. for total lengths of
a sample of Juvenile salmonids in 4 Southeast
- Alaska streams. ’

Species and Sample Mean | Sténdard

~ age class size total length error
Coho 0+ 209 50.6 . 0.40
Coho 1+ = . 53  75.3. 1.50
Dolly Varden 0+ 32 39.2 S 0.78
Dolly Varden 1+ 31 70.7. . 1.82

Dolly Varden 2+ 28 101.6 2.57
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Table 29, Niche breadth for utilization of 10 substrate
categories by juvenile coho and Dolly Varden.

Species and : Substrate
age class '
Coho 0+ 3.61
Coho 1+ - 4,64
Dolly Varden 0+ 2.79
Dolly Varden 1+ 4,42
Dolly Varden 2+ 3.81

As was the case for cover types, the values computéd
with the three niche overlap indices for substrate types
were different but the patterns of 6ver1ap weie similar
(Table 30). All species-age class pairs demonstrated
overlap in substrate use. |
Table 30. Overlap in utilization of 10 substrate categories

for juvenile coho and Dolly Varden.

Oyy=Schoener's measure, =Horn's measure,
rxy-correlation coefficien¥

Species and : - : Substrate
age class

Oxy Cxy xy
Coho 0+ and 1+ 0.86 0.95 0.95
Coho 0+, Dolly Varden O+ 0.70 0.86 0.81
Coho 0+, Dolly Varden 1+ 0.76 0.91 0.87
Coho 0+, Dolly Varden 2+ 0.58 0,67 0.48
Coho 1+, Dolly Varden 0+ 0.73 0.88 0.88
Coho 1+, Dolly Varden 1+ 0.85 0,96 0.93
Coho 1+, Dolly Varden 2+ 0.69 0.82 0.70
Dolly Varden 0+ and 1+ 0.81 0.95 0.98
Dolly Varden O+ and 2+ 0.76 0.87 0.8%
Dolly Varden 1+ and 2+ 0.71 0.87 0.79




PERCENT UTILIZATION

0 | DOLLY VARDEN ] |
30 - ' AGE O+ AGE I+  AGE 2+
, l
N=14 N=45 N=24
20} |
| J§
A M@ , N 7 on o
40 | COHO .
30 r AGE O+ AGE I+
77
20 } N=25S N= 62
173 A4 r-Ea .
- [o] - s w J x w w 0 > Q
3 z Jg 3% g% 3 e zz 3 S
“ &g ¥§ g ° 3 4
SUBSTRATE TYPE
Figure 11, Percent usage of 10 substrate types by coho

and Dolly Varden in & Southeast Alaska
streams. :

65



60
Discriminant Analysis--Physical Microhabitat Variables

The results of stepwise discriminant anayléis on
variables measured in the microhabitats of two age groups
of coho ami threé age groups of Dolly Varden showed that
all seven variables contributed to the.separation and were
retaihed‘by the stepwise procedure (Table 31). Four
discriminant functions were computed; however, ovér 96% of
the discriminatory power was contained in the first two
which form the basis for the following discussion.

Table 31. Results from a 5-group diécriminant analysis.
Grouping and sample size (N) were coho age O+

(246) coho age 1+ (60), Dolly Varden age O+ (13),
Dolly Varden age 1+ (45), Dolly Varden age 2+

(25). .
Discriminant function
1 11 IIT IV
Percent of variance 88.16% 8.14% 3.32% 0.38%
Variable . : Standardized discriminant functioﬁ
coefficlents

Focal point depth (FPD) ~2.088 =0.426 0.094 0.387
Distance to nearest

cover (DTNC) 0.344 -=0.060 -0.140 -0.,850
Distance to nearest : "

fish (DTINF) = 0.136 0.581 =0.023 0. 140
Velocity (V) _ 0.036 - 0.078 0.809 =0.424.
Cover (C) 0.030 0.084 0.654 0.620

Substrate (S) -0.120 =0.128 0.276 0.083
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The absolute values of the standardized discriminant
- function coefficients 1listed in fable 31 show that in order
of decreasing importance, FPD, D, DINC, and DTNF |
contfibutéd the most to group separation in the first
discriminant function. The discriminant score centroids
and ranges along the discriminant axis were plotted in
Figure 12. A centroid represents the mean position of an
individual group along the discriminant axis, while the
range encompasses all the discriminant scores computed for
each group. Differences among centroids represent the
degree of separation along thé function. Generalized
gradients for the four variables dominating this function
appear under the discriminant axis. .

The first discriminant function primarily demonstfated
differences between species. Compared to Dolly Varden,
coho of both age classes were: higher ih the water column; |
in shallower water; further from the nearest cover;‘and
further from other fish., Within species differences aiso
were apparent. The age classes of coho and Dolly Varden
separate with regard to the variable gradients except for
the DINF for coho. This occurred because the DTNF was the
fourth most important variable in the first function and
therefore had less influence relative to the first three in

distinguishing group differences.




Dolly Varden 4

. age |+ # P
. . age O'* R
1. age 2’1 4
f T 1
L oge I+ 1 4
¥ T 1
b age O+ 11' i
' I 4 Il 2 A a2 l 1 4 I 3 '} g .
I i 1
-7 . -6 -5 -4 -3 2 -l 0 | 2 3 4 5 6 7
Deep — Focal Point Depth Shallow
Deep — Depth Shallow
Near Distance to Nearest Cover Far
Near Distance to Nearest Fish Far

Figure 12, Mean and ranges of positions on the first
discriminant axis for 5. groups of coho and
Dolly Varden in 4 Southeast Alaska streams,

29



63 _

The most important variables in the second function
were D, DTNF and FPD (Table 31). This function accurately
described intraspecies differences ob;erved for both
species. Within both coho and»Dolly Varden groups, the
older fish were in deeper water“further from other
fish and had deeper focal point depths., However, the
function did hotrmake a clear distinction between species
as evidenced by the position of tﬁe centroid for )
subyearling coho relative to those for age 1+ and 2+ Dblly
Varden (Figure 13). Depth was theﬁmost important variable
in this function but the distance to nearest fish was
probably resbonsible for the mofe bositive ﬁosition:of
yéariing cohd ih felatioﬁ tb all other grouﬁs. Centroids
on the second'akis ﬁere necéSséfily closer thén 6n_the
fifSﬁ as thé Secénd function cbntained only 8% of ihé total
diécfimihatory bbwer. ‘

Another useful feature of the discriminant anaiysis
technique is the ability to predict group membership based
on the group classification fuhctions and valhes of the
original variables (Klecka 1975). The classification
matrix shown in Table 33 gives the proportion of cases.
correctly classified and distribution of incorrect
classifications by group. The percent classification by
group demonstrates the major separation by species with
less distinction between individual age classes.

Subyearling coho were most frequently misclassified as
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yearling coho and vice-versa. Over 85% of all poho were
classified correctly. Likewise, Dolly Varden
misclassifications mostly fell into other Dolly Varden
groups. No age 2+ Dolly Varden were misclassified as coho

and only 11.,1% of age 1+ Dolly Varden were misclassified as

subyearling and yearling ¢oho.

Table 32. Predicted group membership based on classification
functions derived from a discriminant analysis on
5 groups of Juvenile salmonids from four Southeast
Alaska streams. Actual numbers in parenthesis.

Sample Size Predicted Group Membership

Actual Group N ~CO 0+ CO 1+ DV 0+ DV 1+ DV 2+
Coho age O+ : 246 62.2% 22.8% 13.8% 1.2% 0.0%
(CO 0+) | ' ‘ (153)  (56) (34) (3) (0)
Coho age 1+ 60 31.7% 55.0% 8.3% 3.3% 1.7%
(CO 1+) ‘ (19) (33)  (5) (2) (1)
Dolly Varden age O+ 13 T.7% 0.0% 69.2% 23.1% 0.0%
(DV 0+) : ' (1) (0) (9) (3) (0)
Dolly Varden age 1+ 45  6.7% 4,33 22.2% 37.8% 28.9%
(DV 1+) 3) (2) (10) a7y «3)
Dolly Varden age 2+ 24  0.0% 0.0% 20.8% 20.8% 58.3%
(DV 2+) (0) (0) (5) - (5) (14)

The discriminant function plots and classification
matrix suggest that while differences exist among all
five groups, the principal separation occurs between
species. Age classes within a species merely occupied

different locations on what was essentially a species
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continuuy. To demonstrate this relationship, a two group
(species) discriminant analysis was conducted using the
combined age classes of both species. The results from
this analysis appear in Table 33.

Table 33. Results from a 2-group discriminant analysis.

Grouping and sample size (N) were coho (307) and
Dolly Varden (82).

- Discriminant Function I

Percent Of variance 100.00%

Variable '~ Standardized discriminant function
coefficients :

Depth (D) . 1. 892

Focal point depth (FPD) -2.217

Distance to nearest cover (DTNC) 0.327

Distance to nearest fish (DTNF) : 0.207 .

Substrate (S) -0. 152

Only 5 of the original 7 variables were requi’redv to
account for all of the variance associated with the single
discriminant function. The order of variable importance
was the same as for the firsﬁ discriminant function in the
préceeding five-group analysis (Tablé 31), namely FPD, D,
DTNC and DTNF. Cohq occupled focal points that were higher
in the water column, in deeper water, and further from
cover and other fish than Dolly Varden. The plot of
species discrimihant score centroids and ranges illustrates

the separation between species and reflects the overlap in
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computed discriminant scores along gradients of the four

r

most important variables (Figure 14). The dashed vertical
line represents the dividing line separating the zone of
coho prediction from that for Dolly Varden. The right-
facing arrow indicates those Dolly Varden that were
misclassified as coho while the left arrow shows coho that
were predicted to be Dolly Varden, The overlap along this .
multidimensional axis was 5.7%. The classification matrix
(Table 34) illustrates the high degree of discrimination
between species with over 96% of the coho and 85% of tﬁe
Dolly Varden correctly classified.
Table 34, Predicted group membership based on classification
functions derived from a discriminant analysis on
two groups of juvenile salmonids from four

Southeast Alaska streams. Actual classification
numbers in parenthesis. :

Sample Size Predicted group membefship

Actual group . N Coho Dolly Varden
Coho 307 96.7% 3.3%
: (297) (10)
Dolly Varden 82 18,6% . 85.4%
(12) (70)
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Food Resources

Prey Type

A total of 2,24l prey items was recovered from the
stomachs of 162 Jjuvenile sélmonids. Only three fish, a
subyearling coho, a yearling Dolly Varden and an age 2+
Dolly Varden, had empty stomachs. The breakdown of major
prey taxa into 27 categofies by percent number'and volume
is presented in Table 35. Arprey type was considered as a
separate cétegory if it comprised 0.5% by number or volume
of the diet of at least one group of fish. 'Host taxa were
grouped at the ordinal 1eve1 for ease of interpretation.
Because all sampling was conducted during a single, 6-week
1nterva1, the data from all the streams were combined for
all analyses. |

' Items from aquétic sources made up from 78%-92% by
number of the fishes' diet (Table 35). Larval chironomidae,
"Collembola and larval Ephemeroptefa comprized 51% and 469%
of the stomach gontents of both age O+ and age 1+ coho,
respectively. Adult Diptera from terrestrial sources and
chironomidae were more prominent in the diets‘of yearling
coho‘than subyearlings, indicating the greater success of
the former group in exploiting drift or surfacé prey.
Chironomid larvae and larval ephemeropterans comprized 70%

and 43% respectively of the diets of age 1+ and age 2+
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Table 35. Food resource categories from aquatic and
terrestrial sources by percent number and percent
volume for coho and Dolly Varden from 4 Southeast
Alaska streams during July and August, 1981.
N=number of stomachs sampled, A=zadult, L=larvae,

O Age O+ CO Age 1+ DV Age O+ DV Age 1+ DV Age 2+
Food N=63 Neb2 N=3 =26 N3

.category 3No, $Vol. %No, ¥Vol. ¥FNo.fVol. FNow ¥Vol. 3Na. %Vol.

Auatic sources

. Acarina ’ 7.28 2,88 3.97 0.83 1.36 0.37 1.18 0.01
Oligochaeta .17 173 0.15 0.7 0.34 0.19 : .
Ostracoda - 7.19 140 0.15 0.01 1.02 0.28 1.78 0.00
Nematoda 0.271 0.01 2.14 0.06 1.34 0.02 5.33 0.18
Diptera A 1.26 .34 229 1.00 0.59 0.03
. L. 5,49 4.04 ‘2,90 2.39 . .69 0.93 1.78 0.03
- Collembolla - 10.52 2.32 17.71 3.3 ] 0.68 0.06 4,18 0.13
- Emphemercptera .
A. 0.27 1.'%7 0.92 0.68 0.34 0.76 0.37‘0.32
9.26 9.98 10.84 4.09 38,46 74.50 30.17 34,11 23.08 1.66
' Plecoptera A. 0,09 0.21 0.46 0.2u4
L. 2.43 2,42 1.0{ 2,53 T.69 .68 3.05 2.65 3.55 0.u48
" Trichoptera '
A 0.18 0.06 1.22 6.68
L. 3.42 17.93 1.98 5.91 7.69 3.55 5.08 30.90 9.147 19.48
Colecptera - 0.9 1.82 3.971 1.02 8.51 3,55 1,11
Chironanidae
A, 8,05 0,21 11.45 0.49 15.38 1.55 5.92 0.07
L. 31.21 3.08 17.10 1.35 23.08 4,64 42,37 6.48 20,12 0,38
Miscellaneous .53 0.14 . 1.78 0.39
subtotal 86.58 50.03 78.32 50,54 92.30 98.92 88.46 85.26 84,64 24,27
Terrestrial sources _
Araneae .53 7.24 1,98 2,73 ’ 7.80 1.28 355 2,14
Diptera A, 2.43 2,58 6.41 2.78 7.69 1.08 0.68 0.61 2.37 0,2
Cercopidae 1.71 30.33 1.83 26.33 1.18 5.49
Cicadidae 0.27 2.01 1.22 4.51 1.78 0.53
Aphididae - 3.15 1.46 4,12 .28 - 1.69 0.44 2.96 0.20
Hamoptera 0.72 0.22 0.61 0.56
Hymenoptera 1.26 0.49 3.21 4.16 0.34 10.51 0.59 0.02
Stylamatophora 0.09 1.21 : 1.78 .80
Miscellaneous 1.89 3,92 11.83 5.43 0.68 1,48 1.18 1.30
subtotal 13.52 49.97 21.68 49,46 7.69 1.08 11.51 14.74 15.38 75,70

Total 100 100 100 100 100 100. 100 100 100 100
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Dolly Varden, illustrating the greater dependence of these
fish on benthic prey production. |

The dietary contribution of each taxa by percent
volume presents a somewhat different picture than percent
- by number. Small items such as Chironomidae and Collembola
madé large numeric contributions, but the‘larger, less
frequently encountered items such as Trichoptera and
'Coleoptera larvae and Homoptera together comprised the bulk
of the stomach éontents. Coho diets included approximately
equal volumes of aquatic and terrestrial foods, with adult
Homoptera and Trichoptera larvae comprising approximately
50% of the stomach contents. Ephemeroptera larvae were the
most important in age O+ and age 1+ Dolly Varden diets in
terms of volumg. Age O+ and agé 1+ Dolly Vafden derived
over 98% and 85% of their diet from aquatic sources.
Terrestrial sources comprised over 75% of the diets of agé
2+ Dolly Varden due to the inclusion of a small number of

large slugs (Stylomatophora).
Food Niche Breadths and Overlaps

Food niche breadths and overlaps are presented in
Table 36. Yearling coho had the largest niche breadth for

both numbers and volume per prey taxa, 1nd1cating the most

diverse diet.
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Table 36. Niche breadth for utilization of 27 prey
categories occurring in stomach samples of
Juvenile coho and Dolly Varden from &4 -
Southeast Alaska streams by percent number
and volume. - g R '

Species and Number Volume
age class o :

Coho 0+ : : 7.28 6.75
Coho 1+ 13.80 9,45

Dolly Varden 0+ ' : 3,12 1.72
Dolly Varden 1+ 3.55 k.24
Dolly Varden 2+ . ' 8.38 2. 11

Yearling and subyearling coho had considerable overlap
in volﬁme consuméd per taxa (Table 37). They did not
exhibit overlap in numbers per taxa, however, since yearling
coho captured proportionally more individual prey items
from terrestrial sources (Table 35).

Table 37.' Overlap in 27 categories of prey by percent
- number and volume occurring in stomach samples
of juvenile coho and Dolly Varden from 4 South-

east Alaska streams. 0,,=Schoener's measure,
cxyzﬂorn's rxy:correlagfon coefficient,

Species and = - Number - Volume-

OWNaT-aaNOOO

age class , v
Coho 0+ and 1+ 0.59 0.51 0.32 0.67 0.85 0.8
Coho 0+, Dolly Varden O+ 0,45 0,63 0,58 0.20 0.24 0.2
Coho 0+, Dolly Varden 1+ 0.58 0.80 0,84 0,42 0.50 0.4
Coho 0+, Dolly Varden 2+ 0.61 0.79 0.71 0.33 0.21 0.1
Coho 1+, Dolly Varden O+ 0.40 0.47 0,43 0,16 0,10 0,0
Coho 1+, Dolly Varden 1+ 0.35 0.30 0,20 0.36 0.31 0.1
Coho 1+, Dolly Varden 2+ 0.54 0.59 0.39 0,26 0.11 -0,0
Dolly Varden O+ and 1+ 0.62 0.84 0.82 0,46 0,67 0.7
"~ Dolly Varden 0+ and 2+ 0.62 0.86 0.92 0.06 0.04 -0.0
Dolly Varden 1+ and 2+ 0.65 0.83 0.91 0.27 0.19 0.1
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The‘diets of all Dolly Varden groups exhibited overlap
by number per taxa but, with the exception of yearlings and
subyearlings, not by volume. The lack of overlap by volume
was partly éttribuﬁable toafew large slugs in the diet of
age 2+ Dolly Varden. | - .

Subyearling coho diets showed Qverlap in numbers per
taxa with both age 1+ and age 2; DollyVVarden. Yearling
coho did not exhibit dieta}y overlap Qith any Dolly Varden'

group.
Prey Size Selection

- Individual prey items wére grouped into 10 size
categbries ignoring their source or taxonomic affiliation.
Size categories were chosen to reflect the volume of
individual prey items occurring in stomach sambles of each
fiSh group. The cumulative percentages of prey volume in
these sizé categories show that while prey appeared to be
allocated according to fish size, with larger fish
captufing larger items, large fish also utilizgd'prey from
the small end of the size spectrum (Figure 15). Prey size

utilization by speciesAappeared’to be virtuélly identical
(Figure 16). |
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.Discriminant Analysis--Micrbhabitat and Food

In the preceding discriminant analysis (Tabie 33) a
high degree of separation was achieved by coho and Dol;y
Varden along multidimensional gradients of physical
microhabitat variables. Such differences in microhabitat -
preferences also contribute to dietaryrspecialization.
Being more closely associated with the substrate (Figure
7), Dolly Varden reliéd mbre heavlliy 6n benthic food |
production thén coho, as indicated by the.high proportion
of food froﬁ aquatic sources in their diets (Table 35). To
determiné the felative importance of dietary differences, a
third discriminant analysis was cqnducted incorpprating the
proportion of fodd frdm £efrestria1 soﬁrces occurring in
individual stomach sampies (TEBP) as a new variable.

Despit‘e the fact that this énalysis was based on a
much reduced data set, the standardized discriminant
function coefficients were selected in nearly the same
order as in the‘previous ahalyses (Table‘38). The new
variable TEﬁP was rated fourth in importance, slightly
behind DTNF, and the DTNC, a highly rated variable in
earlier models, was rated less impbrtant. The pércentage
overlap in discriminant scores between species‘was'5.5$
(Figure 17) a marginal improvement over the 5.7% (Figure

14) observed when diet was not considered.
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Table 38. Results from a 2-group discriminant analysis.

Grouping and sample size (N) were coho (117) and
~Dolly Varden (16).

Discriminant function I

Percent of variance 100,00%
Variable Standardized discriminant function
v coefficients

Depth (D) , 1.858
Focal point depth (FPD) -2.250
Distance to nearest cover (DTNC) 0.108
Distance to nearest fish (DTNF) 0.289
Velocity (V) 0.186
Substrate (8S) -0.111
Proportion of food from

terrestrial sources (TERP) ' 0.287

The percentages of correct classifications (Table 39)
were slightly higher in the previous two-group discriminant
analysis (Table 35) with 97% of the coho and 87% of the

Dolly Varden cases correctly classified.

Table 39. Predicted group membership based on \
classification functions derived from a
discriminant analysis on 2 groups of Jjuvenile
salmonids from 4 Southeast Alaska streams.
Actual classification numbers in parenthesis..

Sample size  Predicted group membership

Actual Group} a N ~ Coho DollyVarden
Coho : 17 97.4% 2,63
. ' (118) (3
Dolly Varden 46 ' 13.0% 87.0%
: (6) (40)




Dolly Varden | Coho

" + . ' ' >1’ (13.0%) .

.}' L (26%)<——1——-|1T ' . . :

5 -4 -3 -2 -i 0 | 2 4
Deép . , Focal Point Depth Shallow
Deep - ' — Depth — Shallow
Near - Distance to Nearest Fish Far
Low ——-—— % Food From Terrestrial Sources High

Figure 17. Mean positions and ranges along the

. discriminant axis for coho and Dolly Varden,
age classes combined, in 4 Southeast Alaska
Streams with the proportion of food from

terrestrial sources as a variable,

gl
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DISCUSSION

Wood debris in small Southeast Alaska streams uas_an
important component in the habitats of Jjuvenile coho and
Dolly Varden, and its removal from stream channels '
generally resulted in lowered carrying capacities for both
sSpecies, Population densities and production values in
uncleaned subsections'were greater than or equal to those
in cleaned subsections of Tye and Toad creeks., - Population
densities in a third strean, Knob Creek were greatest in
the uncleaned subsection during 1980.but not 1981, and no
relationship‘between'stream‘cleaning and production could .
be established (Table 22). Fish in Knob Creek, the most .
-chemically productive of the three streams (Table 1),
generally had greater growth rates than fish in the other
streams which may have masked or overridden the effects of
‘stream cleaning on production. In addition, 3 years had
4e1apsed since cleaning on Knob Creek._ During this time,
cover such as undercut banks and overhead vegetation may

have developed to compensate for that lost with debris

removal.

Wood debris made direct contributions to fish habitat
Small pools formed behind debris dams providing space that
might otherwise have been unavailable due to shallow water

-depth or high velocity in an unimpacted stream channel.

The older age classes of both species were typically found
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in the deepest water (Figure 7) available at a site and all
groups preferred siower water velocities (Figure 9).
Debris also provided cover, with the larger fish being more
closely associated with cover than their smaller
conspecifics (Table 26). Gofdon and MacCrimmon (1982)
demoqétrated the importahce of 1n3tream logs and brush, and ’
permanent bank céver to density»and biomass of Jjuvenile
coho salmon, rainbow and brown trout. Similar )
relationships for Juvenile salmonids Qere noted by Boussu
(1954) and Hartman (1963). |

.Debris also may have affecped coho populations by
reduciﬁg the‘frequency ot.aggressive interactions.-
Juvenile cohg and other'speciesvemploy gggressive
territorial behavior as a mechanism to regulate population
dgnsities (Hoar 1951; Hartman 1965; Chapman 1962).
Territorial defense prevents overcrowding in areas where
food resources are available in limited quantities; :Larger
fish dominate their shaller conspecifics, forcing the
1atter to reside in suboptimal habitat or to emigrate
(Chapman 1962). Territoriality thus ensures that larger,
more aggfessive individuals have the best access to food
and other resources (Morse 1974)., This is édvantageous
from the standpoint of relative individual fitness; the -
larger.a fish is when it emigrates and begins its marine

existance, the more likely it is to survive and return to

spawn (Bilton 1978).
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Territory size, however, may be larger than that
neccessary to satisfy the requirements’of territory holders
(Dill 1978a). While territory size has been shown tb be
inversely cdrrelated with benthic food abundance (pi11 et‘
al., 1981), térritorial behaviqr may continue‘even in the

presence of excess food (Chapman 1966). The minimum area
defended is therefore constrained by innate spatial
‘requirements irrespective of fdod ébundance (bill 1978b).
This suggests that in streams where food is not limiting,
territorial behavior may restrict carrying capacities to
levels below what might otherwise be sustained, Becéuse
territorial defense is initiated by sight (Kalleberg 1958),
wood dedris visual barriers. may isolate individuals, reddce
the frequency of aggressive interactidns and'lead to greater
fish densities and productionf

No attempt was:made in this study to evaluaie food
avallability or delineate territories. However, with féw
exceptions fish in uncleaned subsections were greater in
number, smaller in average size and displayed faster growth
than fish in cleaned subsections, This may have been the
result of gfeater visual isolation in the uncleaned
subsections, Gréater numbers of smaller fish remained in
the uncleaned subsections due to the increased availability
of territory space, while smallifish in the cleaned
subsections failed to become established and ﬁefe forced to

emigrate, ‘The mean size of fish in the udcleaned
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subsections was less because of the greater numbers of
smaller fish‘that also were present. The slower growth
rate of fish in the cleaned subsection may .have'been a
reflection of the greater energy cost of territorial
maintenance in suboptimal habitats (Dill 1978a). With
greater territory size, fish in the cleaned subsections may
have expended greater amounts of time and energy in
territorial defense and maintenance that might. otherwise
have gone into foraging and growth.

Age 1¥-and 2+ Dolly Varden densities and production
also were greater in the uncleaned subseetions of Tye and
Toad creeks; Territorial defense was apparently less
important to Dolly Varden. Aggression, vis-afvis
'territoriality, was rarely observed. Dolly Varden
typically were observed in deeper water closely associated
with oover,‘and other‘nearby fish were usually tolerated
regardless of species. Dolly Varden numbers and'production
were probably enhanced in uncleaned subsections by the
availability of suitable cover such as.that proVided by
_debris. While debris per se was not preferredrover any
other cover type, it comprised a significant portion of the
available cover at most sites. Saunders and Smith (1955)
‘and Elwood and Waters (1969) have demonstrated the

dependence of brook trout (Salvelinus fontipalis) standing
crops on the availability of hiding places. '
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Interspecific interactions also may have influenced
populotion densities and produotioni If, for example, coho
and Dolly Vorden compoted for food or space, populations of
one or the the other may have been depressed, leading tov
decreased overall production. | |

Coho and Dolly Varden coexistance in all study
streams was explained by differences in miorohabitat
utilization and diotary preferencés. The segregation
between species was apparently more of the selective as
opposed to the interactive typo (Nilsson 1967). Seloctive
'Segregation occnrs‘ﬁhen'for genetic reasons one Species>
occuplies different microhabitats or exploits resources not
"selected” by the othér. Interactive segregation occurs
when use of a resouroe by one species precludes or inhibits
the use of that reoource by another species.‘ Interactive
segregation has been doooribed for coho and rainbow trout
by Hartman (1965) and coho and cutthroat by Glova (1978).
Despite overlap in several nicho parameters, particularly
as related to spocific items in the diet, observed micro-
habitat diStributions and foraging patterns indicated that
each species was primérily exploiting food resouroes not_
readily available to or selected by the other.

The existance of inter- and intraspecific size groups
also may have contributed to microhabitat partitioning and
selectiﬁe Segregation. iLarge differenceskin total lengths

(Table 29) were noted for all groups except for the
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yearlings of both species. Considering all microhabitat
variables simultaneously with discrininant analysis, the
greatest group segregation occurred between the smailest
coho group (age 0O+) and the largest Dolly Vardenigroup (age
2+) (Figure 13). None of individuals in these groups was
ever misclassified as belonging to the other group (Table

33). Everest and Chapman (1972) attributed segregation of
~ Juvenile chinook (Qncorhynchus tshawythcha) and steelhead
‘in Idaho to size related spatial requirements. These fish
had similar habitat preferences at a given size but avoided
severe interactions-oy var&ing tines of emergence and
smoltifieetion. Similar habitat segregstion bi_size has
been described for Juvenile chinook and coho (Lister and
Genoe 1970) and single species populations of Juvenile
Atlantic salmon (Salme salaz) (Saunders and Gee 1964;
Symons and Heland 1978; Wankouski and Thorpe 1979) and
brook trout (Saunders and Smith 1955).

Evidence for or against interactive segregation must
come from more detailed studies. Only sympatric
popnlations were observed and it is possible that
interactive'segregation was undetected by the methods of
investigetion used in this‘study. Detailed observations
over all seasons and habitats coupled with species
addition-removal experiments (or sympatry Vs, allopatry

observations) may reveal that interspecific interactions
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occur and have an impact on community organization. The
mode of segregation aotwithstanding, the consequence of
coexistance was more complete utilizatien of the available

habitat and probably greater total production than would be

possible by either species alone,
Conclusions and Recommendations

The results of tbis study suggest that cleanihg ia
streams similar to those studied will decrease carrying
capacities for juvenile salmonids. Houever, where dedbris
blocks the movements of fish into suitable habitat, limited
stream cleaning to:improse'fish'paSSage may be Justified
and desirable. But determinations of blocks to fish
passage based on appearances alone can be misleading.
Despite what appeared to be impassable amoants of debris,
adult coho and Dolly Varden were able to enter all four
study streams as evidenced by the springtime presence of
fry above suspected debris blocks. '

The addition of debris may even enhance stream
carrying capacities, The simplest method would involve
leaving buffer strips of timber along stream courses,
thereby providing for debris "recruitment" by natural means
such as windthrow and bank undercutting. |

It also may be desirable to deliberately place debris
in stream channels that lack essential habitat features

such as a series of small pools. Coho frequeatly inhabit



86

small backwater pools and side channels (Hartmanr19§5).
Where these pools are separated from thé stream channel
they may be subject to drying durihg periods of low flow,
Pools in the channel are less likely to dry up and, thus,
should result in greater survival over the low flow season
(Mundie 1969).

Many small pbols are preferrable to a few large‘pools.
Glova (1978) found a negative correlation between coho and
cutthroat trout biomass/m2 and pool surface area. He
‘attributed this relationship'to competition among the fish
for choice feeding positions at the head of pools., Fish
density decrea#ed in the remaining area of any pool, with
proportionally fewer fish in larger pools. |

New pools should be constructed from materials
(debris) available on site to minimize cost. Pool design
and placement should be supervised by both a fishery
biologist and a hydrologist knowledgable in stream
mechanics to‘ensure maximum useful life and a minimum of
maintenance, .

Finally, consideration must be given to the cost-
effectiveness of any habitat 1mprovément program. Stream
cleaning 1s expensive. The cost of cleaning a 1.0 km lohg,
2,5 m wide stream section in the Tongass National Forest
ranged from approximately $2,550 to over $9,500 during the

late 19708 (Michael Pease, Personnal Communication).
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Obviously, stream cleaning in streams such as those
examined in this study cannot be justified on economic

grounds considefing its negativé biological impacts,
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Appendix Table 1. Petersen population estimates and 95%

confidence limits (N$2SE) for coho
salmon in Tye Creek, 1978-1981.

Month Year
Subsection Species-age class
1978% 1979 1980 1981
' Coho Age 0+
June
Cleaned 136+£108 464y : 1132 99
; gncleaned 365+178 2504 1792 91
uly
Cleaned 153+ 59 396+144 5502127 Slise 22
Uncleaned 247+ 70 332+ 144 546+ 87 - 138+ 41
August ' : i
Cleaned 1322 43 - 1262 26 752 41
Uncleaned 2044107 - 211+ 33 160+ 27
September ,
Cleaned 124 27 92 632 U2 762 30
Uncleaned 139+ 38 162 118+ 30 1462 22
Coho Age 1+
.June T o
Cleaned 912 50 292 15 412 23 .
Uncleaned 1032 30 592 26 48+ 29
July . : :
Cleaned 54 3 55+ 17 32+ T 15+ 4
Uncleaned 42+ 5 6ue 22 52¢ 17 23+ 4
August ‘
Cleaned 50+ 17 28+ 6 222
~Uncleaned 51+ 20 424+ -6 29+ 1
September : '
Cleaned 43+ 13 45 18+ 5 202
Uncleaned 39+ 9 57 37+ 6 292

Vi O

#Estimated from data from Cardinal
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Appendix Table 2. Petersen population estimates and 95%
confidence limits (N£2SE) for Dolly

Varden in Tye Creek, 1978-1981.
Month Year
~Subsection Species-age class
1978% 1979 . 1980 1981
Dolly Varden Age 1+
June
Cleaned 1681227 40253 5+ 6
Uncleaned 1112 90 70256 24420
July
Cleaned 55 6 1272132 21217 102 8
Uncleaned 69212 434 28 41221 28437
August S
Cleaned 48+ 34 162 9 . 30239
Uncleaned 852+ 77 35220 124+ 6
September -
Cleaned 69415 52 82 4 39¢22
Uncleaned 54+19 49 32417 25+ 8
Dolly Varden Age 2+
June i
Cleaned 612 33 12414 132 9
: Uncleaned 1362 96 27225 14414
July ' ' ‘
Cleaned 352 O 752 117 - 8% 5 12212
Uncleaned 58+ 3 41+ 18 22222 6+ 6
August i
Cleaned 28+ 24 20210 53 0
Uncleaned 2T+ 6 16+ 9 5+ 3
September ' ,
Cleaned 26+ 3 40 23213 - 72 0
Uncleaned 26+ 6 48 20412 9+ 5

#Estimated from data from Cardinal
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Petersen population estimates .and 95%

confidence limits (N22SE) for coho

salmon in Toad Creek, 1978-1981.

Month

Year
Subsection Species-age class
1978#% 1979 1980 1981
Coho Age O+
June
Cleaned 3534248 183+ 69 5092195
Uncleaned 3004215 6674268 6964681
July '
Cleaned ‘203151 135+. 29 112+ 25 400+ 91
Uncleaned - 5717 150+ 84 186+ 64 4964158
August : ’ ‘
Cleaned 1012 28 92+ 19 270+ T0
Uncleaned 108+ 49 1052 33 3244 86
September ‘
Cleaned 40211 79 77+ 23 2592 70
Uncleaned 139439 101 - 882 33 3312 91
Coho Age 1+
~ June A :
- Cleaned 65+ 15 552 18 332 20
Uncleaned 88+ 27 105+ 21 52+ 29
July )
Cleaned 61+15 62+ 12 - T2% 16 242 7
Uncleaned 94418 68+ 15 1132 19 752 22
August .
Cleaned 53+ 13 . 54+ 12 . 28+ 11
Uncleaned 63+ 18 93+ 21 40+ 7
September - :
Cleaned 64+11 55 - 572 15 30+ 12
Uncleaned 68+10 65 110+ 26 57T+ 16

#Estimated from data from Cardinal
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Appendix Table 4, Petersen population estimates and 95%
. confidence limits (Ni2SE) for Dolly
Varden in Toad Creek, 1978-1981.

Month Year

Subsection Species-age class
1978% 1979 1980 - 1981
Dolly Varden Age 1+
June
Cleaned 102# 70 78243 58442
Uncleaned 1964215 46422 33234
July . ' : .
Cleaned 106156 81+ 43 65425 69446
Uncleaned 90427 86+ 31 85451 75270
August o .
Cleaned - T22 3T 68445 T 69261
Uncleaned 79+ 50 40419 65467
.September ‘ . : :
Cleaned 95421 63 - 90442 - 86466
Uncleaned 125452 73 77480 ° 86437
Dolly Varden Age 2+
June —
Cleaned 112+ 41 Ri414 . ‘784234
Uncleaned - 243+ 79 141443 122495
July ' :
Cleaned Tux17 TT2 24 38211 111247
Uncleaned 96+18 126+ 25 157425 92433
August A
Cleaned - 572 19 57+42 .- 32213
Uncleaned 96+ 19 89+21 - 54430
September j .
Cleaned 512 6 73 : 44420 . 78228
Uncleaned 7515 96 87129 104424

#Estimated from data from Cardinal
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Pétersen estimates and 95% confidence
limits (N+2SE) for coho salmon:and
Dolly Varden in Knob Creek, 1980-1981.

Month
Subsection Species-age class
1980 1981 1980 1981
. Coho 0+ Coho 1+
June . -
Cleaned 60+48 155+113 49413 35246
Partial 34424 88+ 96 75162 14411
5 gncleaned 30427 B3+ 39 71445 29224
uly . :
Cleaned 55215 2592120 53+10 35217
Partial 58421 2524346 67+11 28427 .
Uncleaned 27+11 81+ 63 51+12 42431
August , .
Cleaned 53416 2192 64 56110 20+ 6
Partial 70426 179+ 63 89423 . 32+16
Uncleaned 48422 82+ 27 47+11 © 36415
September '
Cleaned 38221 264+ 99 72436 .25+ 9
Partial 62228 160+ 55 58+24 21+ T
Uncleaned 46432 80+ 34 29212 27+ 8
Dolly Varden 1+ " Dolly Varden 2+
June » ' ' ‘ '
Cleaned 30+39 42+ 1Y 42454 25426
Partial 4y 4 50467 254124
Uncleaned 6+ 4 72 9 45149 18218
July . ‘ ‘ o :
Cleaned 37433 .110+131 22423 72444
Partial 15410 122 13 22413 - 28434
Uncleaned 84+ 6 18+ 21 262 9 331238
August
Cleaned 29420 964124 40422 - 34421
Partial 15414 212 20 42441 24432
Uncleaned 24419 13+ 30 20+11 29+12 .
September v ,
Cleaned 36420 42+ 34. 27211 45420
Partial 24431 40+ 40 39428 9+ 6 .
Uncleaned 25232 212 24 36+26 17£11




Appendix Table 6. Petersen population estimates and 95%
, confidence limits (N:2SE) for coho
salmon and Dolly Varden in Aha Creek,

1979-1981.
Month fear
1979 1980 1981
Coho Age O+
June 325741578 47874966 600+£239
July 61%1 197 13& +117 5951273
August 415+ 54 612+ 55 517+ 68
September - 207 366+ 64 389+ 69
Coho Age 1+

June 101+ 33 98+ 24 1344 47
July 119+ 44 93+ 11 1422 25
August 88+ 8 103+ 15 130+ 18
September 97 1012 25 98+ 13

.Dolly Varden Age 1+
June 183+ 105 2884222 1702228
July 2972 253 1822 39 1852 T1
August 167+ 45 192+ 59 © 192+ 87
September 193 125¢ 37 ~ 1602 53

Dolly Varden Age 2+

June 68+ 53 96+ 55 107+ 80
July 61+ 49 76+ 19 2352 67
August 302 7 140+ 37 157+ 66
September 28 101+ 24 117+ 26
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Length-weight regressions for coho

salmon in the subsections of & study
streams in Southeast Alaska, 1979-1981.

Stream, Subsection Sample Slope Intercept
Year size
N b a r2
Tye Creek
1979
Cleaned and
g uncleaned® 430 3.554 -5.985 0.970
1980 )
Cleaned 146 3.621 -6.101 0.970
g Uncleaned 144 3.521 -5.933 0.955
1981
Cleaned 70 3.205 -5.374 0.962
| Uncleaned 72 3.267 -5.466 0.945
Toad Creek
1979
Cleaned and
: 5 uncleaned® 497 3.209 -5.355 0.969
1980
Cleaned 110 3.185 -5.301 0.965
] Uncleaned 168 3.308 -5.548 0.978
1981
Cleaned 83 2.942 ~4,847 0.960
Uncleaned 136 3.215 -5.372 0.976
Knob Creek
1980
1981
Uncleaned 66 3.129 -5.217 0.983
Partial 35 3.263 -5,456 0.986
Cleaned 17 3.223 -5.384 0.957
Aha Creek
1979 0-302m 4121 3.207 -5.342 0.966

¥*Based on 1980 and 1981

uncleaned subsections.

data from the combihed cleaned and



Appendix Table 8.

102

Length-weight regressions for Dolly

Varden in subsections of 4 study

streams in Southeast Alaska, 1979-1981.
Stream Subsection Sample Slope Intercept
Year size
N b a re
Tye Creek
1979
Cleaned and
g uncleaned® 210 3.338 -5.686 0.958
1980 '
Cleaned 46 301“ -50288 00961;
g Uncleaned 80 3.33 -5.656 0.977
1981
Cleaned 40 3.086 -5.251 0.959
Uncleaned 43 3. 437 -5.884 0.919
Toad Creek
1979
Cleaned and :
g Uncleaned® 397 2.876 -4,782 0.979
1980
g Uncleaned 114 3.004 -5.025 0.975
1981
Uncleaned 131 2.8u48 -4,735 0.966
‘Knob Creek
1980 ‘
Partial 38 3.080 -5.175 0.983
g Uncleaned 43 2.873 -4,874 0.924
1981
Cleaned T4 3.057 -5.155 0.962
Partial 25 3.042 -5.116 0.986
.Uncleaned 25 3.168 -5.352 0.981
Aha Creek ' :
1979 0-302m 397 3.192 -5.396 0.971
1980 194 3.113 -5.220 0.981
1981 204 3.271 -5.568 0.976

#Based on 1980 and 1981 data from the ccmbined cleaned and
uncleaned sections.
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" Appendix Table 9. Monthly instantaneous

iy tants 2 Srowth (G), bilomass g/m2
and production g/m

(P) for coho in Tye

Creek, 1979-1981,
Year

Age class 1979 1980 1981

Subsection

Month G B P G B P G B P
Age O+

Cleaned

June 0.922 12.094 0,436
July 0.194 0.722 0,156 0.258 1.753 1.800 0.204 0,440 0.088
August 0.195 0.576 0.128 0.259 0.629 0.310 0.195 0.468 0.091
September 0,177 0,442 0,092 0.261 0.329 0.124 0.195 0.510 0.093

Uncleaned

June 1.200 6.605 0.747
July 0.214 1,109 0,242 0.201 1.735 0.834 0.136 0.777 0.107
August 0.192 1,006 0,201 0.205 0.867 0,260 0.147 0.852 0,122
September 0.201 0.920 0.193 0,216 0.570 0.158 0.128 0.926 0.116
Age 1+

Cleaned
June 1.139 0.810 0.672

July 0.029 1.027 0,032 0.114 0,794 0.088 0.104 0.676 0.067
“August 0.028 0.949 0,029 0.115 0,795 0.087 0.104 0.7u46 0.072
September 0.030 0.861 0,027 0.114 0,784 0,087 0.104 0,746 0.072

Uncleaned

June 1.456 1.206 0.645 =
July 0.089 1.426 0,130 0.125 1,181 0.143 0,152 0.711 0.102
August 0.091 1.404 0,127 0.122 1.124 0.138 0.148 0.779 0.112
September 0,090 1.412 0.127 0.121 1.063 0.131 0,149 0.851 0.122
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Mon&hly instantaneous growt

B (G), biomass

g/m< (B) and production g/m< (P) for Dolly
Varden in Tye Creek, 1979-1981.
'Year A

Age class 1979 1980 1981

Subsection _

Month G B P G B P G B P
Age 1+

Cleaned
June 0.459 0.307 0.628
July 0.097 0.498 0.048 0.129 0.322 0.042 0,040 0.61% 0.023
August 0.102 0.531 0,053 0.131 0. 0.045 0,033 0,592 0,01
September 0,098 0.564 0,056 0,131 0.391 0.049 0.038 0.570 0.023
Uncleaned
June 0,497 0.603 0.355 :
July 0.158 0.537 0.084 0,089 0.588 0.054 0.043 0.345 0.01%
August 0.161 0.613 0.093 0.093 0.566 0,052 0,047 0.349 0.017
September 0.155 0.675 0.103 0,091 0.550 0,050 0.050 0.340 0,017
Age 2+

Cleaned
June 1.322 1.737 0.606
July 0.054 1,361 0,067 0.045 1,745 0.087 0.040 0,495 0.017
August 0.054 1.435 0,071 0,046 1.675 0,085 0,040 0,422 0,014
September 0.055 1.438 0.072 0.045 1,673 0.084 0.042 0,342 0.011
Uncleaned
June 2.039 1.804 . 0.629
July 0.093 2.153 0.189 0.063 1.774 0.107 0.048 0.566 0.030
August 0.091 2.266 0.199 0.062 1.652 0.103 0.047 0.544 0.028
September 0,092 2.434 0.211 0,063 1.676 0,100 0,048 0.467 0.025
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g/m
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Toad Creek, 1979-1981.

9

(G), biomass
(P) for coho in

Year
Age class 1979 1980 1981
Subsgection
Month G B P G B P G B’ P
Age O+
Cleaned
June 0.789 0.475 1.556
July 0.229 0.490 0.147 0.201 0.377 0.085 0.182 1.413 0,267
August 0.232 0.457 0.115 0.195 0.357 0.073 0.179 1.373 0.251
September 0.225 0.424 0.097 0.195 0.362 0.068 0.173 1.364 0,233
Uncleaned | |
June - 0.571 1.362 1.556
July 0.305 0.459 0.149 0.247 0,614 0.247 0.163 1.348 0,232
August 0.294 0.453 0.132 0.231 0.419 0.119 0.172 1.264 0,222
September 0,283 0.488 0.136 0.240 0.349 0.092 0.165 1.207 0.198
Age 1+ |
Cleaned
June 0.886 0.845 0.346
July 0.114 0.947 0.101 0.098 0.917 0.088 0,089 0.366 0,032
August 0.116 1.129 0.131 0.098 0.995 0.096 0.089 0.386 0,034
September 0.115 1,202 0.128 0.097 1.078 0.104 0.089 0.422 0.036
Uncleaned
June 1.229 1.507 0.852
July 0.078 1.206 0.097 0.097 1.662 0.158 0.103 0.871 0.086
August 0.081 1.188 0.096 0.098 1.815 0.174 0.104 0.912 0.089
September 0.078 1.175 0.095 0.095 1.978 0.190 0.104 0.933 0.092
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Appendix Table 12. Mon&hly instantaneous growts (G), biomass
g/m< (B) and production g/m< (P) for Dolly
Varden in Toad Creek, 1979-1981.

Year '
Age class 1979 1980 1981
Subsection
Month G B P G B P G B P
Age 1+
Cleaned
June 0.572 0.724 0.600
July 0.073 0,548 0.039 0.082 0,729 0.058 0.055 0.605 0.030
August 0.078 0.587 0.048 0,083 0,741 0.059 0,056 0.613 0.036
September 0.076 0.564 0.046 0.083 0,761 0.060 0,053 0.617 0.031
Uncleaned ‘
June 0.658 . 0.652

0
July 0.137 0.690 0.094 0.101 O,
August 0.132 0.724 0,092 0,099 O.
September 0.134 0.765 0.097 0.100 O

597

641 0.062 0.077 0.696 0.054
698 0.067 0,075 0.750 0.051
748 0,072 0.077 0.801 0.062

Age 2+
Cleaned
June 1.817 1.185 2.029
July 0.045 1,795 0.072 0,085 1,216 0.096 0.035 2.054 0.061

August 0.046 1.948 0,099 0.085 1.270 0.099 0.033 2,053 0.062
September 0.045 1,910 0.096 0.086 1.324% 0.117 0,032 2.071 0,062

Uncleaned

June 3.862 3.582 2.353

July 0.041 3.387 0.145 0.065 3.566 0.214 0,037 2.353 0.094
August 0.040 2.937 0.126 ©0.064 3.527 0.213 0,038 2.354 0.094
September 0.041 2,580 0.110 0.064 3.469 0,210 0.037 2.348 0.094
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Appendix Table 13. Monﬁhly instantaneous groth (G), biomass
g/m< (B) and production g/m< (P) for coho in
Knob Creek, 1980-1981,

: - Subsection ) :
Year Total Partial Uncleaned
Age class ,
Month G B P G B P G B P
1980
Age O+
June 0.449 0.737 0.868
July - 0.193 0.508 0.091 0.211 0.808 0.162 0.093 0.868 0.078
August 0.194 0,584 0.104 0,216 0.888 0.178 0.091 0.895 0.079
September 0.189 0.652 0.117 0.211 0.971 0.195 0.094 0.943 0.083
Age 1+
June 1.527 2.092 2.445
July 0.136 1,662 0.223 0.100 2.191 0.214 0.086 2.472 0,221
August 0.134 1.800 0.225 0.102 2.328 0.226 0.086 2.482 0.223
September 0.137 1,9”9 0.262 0.100 2.425 0.238 0.086 2,476 0.223

1981
Age 0+

June 1.314 1.314 0.704

July 0.221 1.565 0.317 0.285 1.444 0.361 0.223 0.879 0.174
August 0.216 1.841 0.375 0.286 1.846 0.477 0.232 1.109 0.219
September 0,218 2,186 0,443 0.285 2.345 0.588 0.222 1,384 0.274
Age 1+

June 1.116 . 0.745

July 0.064 1.124 0,067 0.151 0.835 0.119 0.119 .

1.35
0.1 1.48
August 0.064 1.092 0.066 0,154 0.938 0.133 0.120 1.57
September 0.065 1.090 0.065 0.152 1.050 0,149 0.121 1.72
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(G), biomass
(P) for Dolly
Varden in Knob Creek, - 1980-1981.

Subsection

Year Total Partial Uncleaned

Age class

Month G B P G B P G V}B P
1980

Age 1+

~ June 0.493 0.214 0.735

July 0.061 0.509 0.030 0.103 0.238 0.023 0.043 0.739 0.029
August 0.061 0,541 0.031 0.105 0,264 0.025 0.041 0.740 0,030
September 0.061 0.558 0.033 0.108 0,294 0.031 0.040 0.739 0.030
Age 2+
June 1.524 ' 1.161 2.243
July 0.102 1.610 0.157 0.085 1,264 0.097 0,059 2.251 0,135
August 0.104 1.701 0.166 0.085 1.339 0.117 0.057 2.315 0,137
September 0.104 1.840 0.177 0.085 1.458 0.112 0.059 2.383 0.141
1981

Age 1+
June 0.958 0.337 0.461
July 0.097 0.985 0,097 0.045 0.353 0.017 0.071 0.465 0,032
August 0.099 0.988 0,099 . 0.047 0.370 0,018 0.072 0.500 0.034
September 0.099 1.003 0.100 0,044 0,365 0.018 0.070 0.503 0,035
Age 2+ '
June 1.811 0.727 2.013
July 0.086 1.865 0.165 0,026 0.615 0,020 0.035 1.958 0,079
August 0.085 1.914 0,170 0.027 0.542 0.017 0.037 1.900 0,077
September 0.085 1.956 0.174% 0.036 1.510 0.016 0.037 1.835 0.075




Appendix Table 15, Mothly instantaneous growt
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8

(G), biomass

g/m< (B) and production g/m€ (P) for coho and
Dolly Varden in Aha Creek, 1979-1981.
Year

Species 1979 1980 1981

Age class . :

Month G Bv P G B P G B P
Coho

Age 0+.
June 2.116 2.958 0.531
July 0.267 0.725 0.384 0.274 1.088 0.546 0.161 0.530 0.085
August 0.260 0,429 0,150 0.291 0.691 0.258 0.173 0.565 0.093
September 0.263 0.321 0.097 0.282 0.541 0.172 0.157 0.607 0.094
Age 1+ A
June ' 0.461 0.435 0.502 -
July 0.112 0.492 0.052 0.136 0.489 0.065 0.131 0.524 0,067
August 0.109 0.528 0.056 0.138 0.551 0.073 0.127 0.540 0.069
September 0.111 0.559 0.060 0.138 0.621 0.082 0.128 0.563 0.072
Dolly Varden

Age 1+
June 0.499 0.384 0.408
July 0.141 0.551 0.073 0.146 0.430 0.061 0.089 0.441 0.038
August 0.138 0,602 0.081 0.146 0,481 0,068 0.087 0.475 0.041
September 0.138 0,660 0,088 0,147 0.541 0.077 0.089 0.514 0.045
Age 2+
June 0.528 0.784 0.981
July 0.093 0.426 0.043 0.124 0.871 0.099 0.091 1.060 0.092
August 0.091 0.345 0.035 0.123 0.967 0.110 0,092 1.146 0.099
September 0.092 0.276‘0.028 0.125 1.074 0.122 0.090 1.237 0.107







