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PREFACE

This report is one of a series of reports prepared for the Alaska Power
Authority (APA) by the Alaska Department of Fish and Game (ADF&G) to
provide information to be used in evaluating the feasibility of the
proposed Susitna Hydroelectric Project. The ADF&G Susitna Hydro Aquatic

Studies program was initiated in November 1980.

The report covers studies of juvenile salmon and resident fish species
of the Susitna River conducted from May through October 1984, In
addition, some information on overwintering of resident fish radio-
tagged in 1983 is included. The majority of the effort during the 1984
open-water season was on the lower river (from the mouth to the Chulitna
River confluence). No studies were conducted this year in the area

above Devil Canyon. This volume consists of four parts.

Part 1 (RSA Tasks 16A and 16B) covers the migration and growth of
juvenile salmon. Coded wire tagging of chum and sockeye fry in the
middle river (Chulitna River confluence to Devil Canyon) and collecting
of all.species of outmigrating fry at Talkeetna Station were similar to
1983 studies. In addition, a mark-and-recapture cold branding study was
conducted in tributaries, sloughs, and side channels of the middie river
to obtain an index of chinook and coho juvenile salmon abundance and
residence time in these rearing areas. This study complements the coded
wire tagging studies of chum and sockeye fry in the middie river. Also,

outmigrant traps were operated at Flathorn Station (River Mile 22.4)

v
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near the mouth of the river to obtain a timing index of outmigration

from the lower river.

Studies of the distribution and relative abundence of juvenile salmon
and modelling of rearing habitat in the lower river are discussed in
Part 2 (RSA Tasks 14 and 36). These studies were similar to those
conducted in the middle river in 1983. Habitat suitability criteria
developed for the middle river were used tor the Tower river unless
evidence of different conditions 1in the Tlower river necessitated
modifications. Habitat modelling results from 14 RJHAB model sites and
& IFIM model sites are presented. The RJHAB and IFIM models were

compavred by using both at two sites.

Part 3 (RSA Task 14) contains the results of resident fish studies in
both the middle and lower river. Monitoring of fish movement through
use of radio tags was continued and index sites in the middle river were
sampled as part of the long term monitoring effort. Population esti-

mates for some species were made from multiple year mark-recapture data.

Part 4 (RSA Task 16A) is a statistical time series analysis of 1983 and
1984 discharge, turbidity, and juvenile salmon outmigration data in the
middle river. This part represents the beginning of an effort to
analyze, integrate, and summarize the five vears of data collected by
the Susitna Aguatic Studies Program. The final report on this five year

summary will be completed a year from now.
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PART 1

THE MIGRATION AND GROWTH OF JUVENILE SALMON
IN THE SUSITNA RIVER
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THE MIGRATION AND GROWTH OF JUVENILE SALMON

IN THE SUSITNA RIVER

Report No. 7, Part 1

by Kent J. Roth and Mike E. Stratton

Alaska Department of Fish and Game
Susitna Aquatic Studies Program
620 East 10th Avenue, Suite 302

Anchorage, Alaska 99501

ABSTRACT

Studies of adult salmon spawning, embryo incubation, and juvenile
rearing are all critical in understanding the current habitat dynamics
of the Susitna River but the final measure of the value of a reach of
river to the freshwater 1ife stages of saimon is the number and condi-
tion of the fry which outmigrate from the reach to the ocean. Baseline
data on salmon outmigration have been collected at Talkeetna Station (RM
103.0) for the past three years. The data from 1982 and 1983 had shown
that a substantial number of chinook, coho, and sockeye fry outmigrate
from the middle river during their first summer. Because the majority
of returning adults have spent at least one winter rearing in fresh-
water, an important question was whether these age 0+ fish overwintered
in the lower river of had a low survival rate. To help answer this

gquestion, outmigrant traps were also operated near the mouth of the

Susitna River (RM 22.4) during 1984. Mark and recapture studies gave
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population estimates for chum and sockeye fry (marked by coded wire
tags) in the Susitna River above Talkeetna Station (middle river) and
for chinook and coho fry (marked by cold branding) in Indian River and
other cites. " The cold branding study also monitored outmigration timing
from Indian River and obtained estimates of juvenile chinook residence
time in mainstem rearing areas. The Talkeetna River and Deshka River
were also intermittently sampled to help expiain the mainstem outmigrant
trap data. Age 0+ chinook fry apparently outmigrate from the middle
river upon reaching a critical size. A Tlarge proporticen remain to
overwinter and outmigrate during their second summer. Coho fry outmi-
grate at a wider range of lengths than chinook fry so the cumulative
biomass of coho fry lags behind the cumulative numbers of individuals by
one or two weeks. Age 0+ chinook and coho fry grow about 30 mm in
lergth during the open-water season. Juvenile sockeye salmon appear to
seek out lake-like rearing areas at a size of about 50 mm. The limited
amount of this habitat in the middle river forces them to the lower
river. The estimated middle river population size was 299,000 for age
0+ sockeye and 2,039,000 for chum fry. Chum fry feeding in the middle
river was demonstrated by their growth and by analysis of stomach

contents.
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1.0 INTRODUCTION

Studies of the migration and growth of juvenile salmon in the mainstem
Susitna River are a part of the ongoing investigations being conducted
by the Resident and Juvenile Anadromous Fish Project (RJ) of the Susitna
Aquatic StudGies Program. The scope of these studies has been to describe
the periods of freshwater residence, growth, and timing of outmigration
for juvenile salmon in the Susitna River and to provide population
estimates for the reach of river between Talkeetna and Devil Canyon.
This report presents the results of juvenile salmon outmigration studies
concucted on the Susitna River between Cook Inlet and Devil Canyon
during the 1984 open-water season. Five Pacific salmon species are

addressed in this report: chinook (Oncorhynchus tshawytscha), ccho (0.

kisutch), sockeye (0. nerka), chum (0. keta), and pink (0. gorbuscha).

Investigations of the distribution, abundance, and migration of juvenile
salmon during 1982 and 1983 were focused primarily on the Susitna River
reach above the Chulitnz River confluence (ADF&G 1983, Schmidt et al.
1984). These studies included the operation of stationary outmigrant
traps at Talkeetna Station river mile (RM) 103.0, during 1982 and 1983
and a mark-recapture program for post-emergent chum and sockeye saimon
fry using half-length coded wire tags in 1983 (Roth et al. 1984). These
techniques have provided valuable information on the success of previous
spawning runs, the effect of discharge on redistribution of young-of-
the-year salmon juveniles, and estimates of population and survival for

chum and sockeye salmon fry.
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During the 1984 open-water season, additional tasks were added to
further describe juvenile salmon growth, migration timing, and response
to changing habitat conditions. The study area was expanded to include
the entire river between Cook Inlet and Devil Canyon. New tasks begun
in 1984 were the addition of stationary and mobile outmigrant traps at
Flathorn Station (RM 22.4), intermittent trapping of migrating chinook
salmon juveniles in the Deshka and Talkeetna rivers, and mark-recapture

by cold branding of Jjuveniie chinook and coho salmon in the Curry

Station to Devil Canyon reach.

Investigations of the migration and growth of juvenile salmon above
Talkeetna during 1982 and 1983 indicated extersive migration of
pre-smolt juveniles of all species to areas below this reach. This
migration of pre-smolt chinook salmon was also observed in the Deshka
River in 1980 (Delaney et al. 1981). If this movement is common in the
major tributaries entering the Susitna River, extensive rearing and
growth of juvenile salmon, particularly chinook, may occur in habitats
associated with the mainstem river. Small habitat changes in the reach

of river below Talkeetna could impact large numbers of rearing salmon.

The combined studies of juvenile salmon growth and migration conducted
during the 1984 open-water season were developed to provide data to meet

the following objectives:

0 Estimate the timing, vrelative abundance, and size of
outmigrating juvenile salmon in the Susitna River above the

Chulitna River confluence.
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Estimate the population of outmigrating chum and sockeye
salmon fry and egg to outmigrant fry survival in this reach of

river.

Estimate the timing and size of outmigrating chum salmon from

the Talkeetna River.

Estimate the timing and rate of movement of juvenile chinook
and coho salmon out of Indian River and their residence time
at selected macrohabitats associated with the mainstem Susitna

River.

Estimate the timing and rate of outmigration of chinook salmon

juveniles from the Deshka River into the mainstem Susitna.

Estimate the timing and rate of outmigration of juvenile

salmon from the Susitna River into Cook Inlet.

Estimate the rate of growth of juvenile chum and chinook
salmon from the time they enter the Tower river (below
the Chulitna River confluence) until they enter the marine

environment.

Estimate the effect of changes in mainstem Susitna discharge
and other environmental variables on juvenile salmon out-

migration.
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Sampling of chum salmon fry in the Talkeetna River was hindered by
equipment failure and insufficient data were collected for this species,

although some growth and relative abundance data for chinook salmon were

collected.

Although initially designed as a survey of Portage Creek using a
stationary outmigrant trap, the cold branding study was relocated to
Indian River with minnow traps serving as the primary collection
technique. The design of the original collection equipment did not lend
jtself well to the continually fluctuating hydraulic conditions present
at Portage Creek. The low numbers of juvenile salmon observed in Portage
Creek after June 15 combined with the comparative logistical inaccessi-
bility of this stream made Indian River a better choice for a study

site.

Juvenile salmon outmigration timing and rates during 1984 for the reach
of river between Talkeetna and Devil Canyon (middle river) are
presented. Population and survival estimates are provided for chum and
sockeye salmon fry migrating downstream of this reach, and data on
population size and intrastream movements of juvenile chinook and coho
salmon are also given. Length comparisons by species and study area are
provided to show the growth of juvenile salmon for all the sites

surveved.

The data presented in this report will provide an index that can be used
to determine the size of the present fishery resource, its potential

loss caused by hydroelectric development, and the mitigation
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requirements necessary to compensate for any reductions of the juvenile

salmon populations in the Susitna River.
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Liming and rate of outmigration for juvenile chinook salmon (Fig. 3).
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2.1.3 Talkeetna River

A beach seine sampling site for outmigrants was located i the north
channel of the Talkeetna River (RM 97.5) approximately one mile upstream

from the river's mouth.{Fig. 4).

2.1.4 Talkeetna Station

Two stationary outmigrant traps were deployed on the mainstem Susitna
River --~ove the Chulitna River confluence at Talkeetna Station (RM
103.0) at the same Tocations used in 1983. One trap was set off the
east bank (Trap 1) and the other off the west bank (Trap 2) of the river
(Fig. 4).

2.1.5 Coded wire tagging

Coded wire tagging sites were selected from those locations above the
Chulitna River confluence where high density spawning by adults was
recorded (Barrett et al. 1984), and from surveys of the availability of
sufficient numbers of post-emergent chum and sackeye salmon fry for
collection and tagging (Fig. 4). Specific coded wire tagging sites (Fig.

4A) were:
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CODED WIRE TAGGING

SITES RIVER MILE
Slough 8B 122.4
Slough 8A 125.3
Stough 9 129.2
Slough 11 135.3
STougn 15 137.3
Indian River 138.6
Slough 20 140.1
Stough 21 142.0
Slough 22 144.3

2.1.6 Cold branding

A cold brand mark-recapture study was conducted at the mouth and at
numerous side channels and side sloughs of Indian River (RM 138.6) which
were found to contain large concentrations of juvenile chinook and coho
salmon. Indian River was divided into three sections for this study.
Section I included the mouth upstream to TRM 0.5, Section II was the
portion of Indian River from TRM 0.5 to 7.5 and Section III was from TRM
7.5 upstream to TRM 12.3 (Fig. 4).

Cold branding was also used to estimate the populations and study the

movements of juvenile salmon at the “ollowing study sites (Fig. 4A):
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COLD BRANDING

SITES RIVER MILE
Moose Slough 123.2
Side Channel 10 133.8
Upper Side Channel 11 135.9
STough 16 137.7
Stough 17 138.9
STough 19 139.7
STough 20 140.1
Side Channel Slough 21 141.1
STough 22 144.3

2.2 Field Data Collection and Recording

2.2.1 Flathorn Station outmigrant traps

The stationary outmigrant trap on the west bank of the Susitna River at
Flathorn Station (RM 22.4) was operated from May 20 through October 1,
1984, A description of this outmigrant trap is provided in ADF&G
(1985). The trap was checked at least twice each day to remove the

captured fish and to clean the trap.

The mobile outwigrant trap at Flathorn Station was operated for
approximately 20 days each month from July 12 through September 13,
1984, A description of the trap and its operation is presented in ADF&G
(1985). The trap was fished for 20-minute periods at ten di:rerent

transect points duiing a fishing day.
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Habitat and biological data recorded for each check of the stationary
outmigrant trap included fishing effort (hours), trap depth (feet),
distance from shore {feet), and catch by species and age class.
Mainstem stage was recorded once each day. The first 25 fish of each

species and age class collected daily were measured for total Tength

(tip of snout to tip of tail) in millimeters (mm).

Biological and habitat data for the stationary trap were entered
directly into an Epson HX-20 microcomputer in the field. Operational
procedures for the microcomputer and the associated data form program
are presented in ADF&G (1985). Computer entries were made for each trap
check throughout the field season. Printouts and cassettes were
periodically transferred to Data Processing to be entered into a

mainframe computer for later data retrieval and analysis.

Transect number, fishing effort, total water column depth, set velocity,
and drift velocity (if the trap was not held stationary during the set)
were recorded for each individual transect point at which the mobile
outmigrant trap was fished. Total catch by species and age clac: was
also recorded, and total length measurements were taken for all captured

fish. Data were recorded on a field data form for later analysis.

2.2.2 Deshka River outmigrant weir

A weir was established on the Deshka River (RM 40.6) using a fyke net

(3/16 inch square mesh) to block a portion of the river. The fyke net is

described in ADF&G (198%). The weir was operated at varying tributary
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miles (TRM 2.0 - 5.0) periodically from May 10 through June 22. The
weir was moved to TRM 2.5 on July 11 and was fished periodically through
September 18. Minnow traps were fished intermittently from late June

through mid October to supplement the weir data.

Fishing effort and total catch by species and age class were recorded
for the outmigrant weir and the minnow traps. A sample of each species
and age class captured were measured for total length and scale samples

were collected for age determination.

2.2.3 Talkeetna River beach seining

Beach seining (1/8 inch square mesh) was conducted one to two times each

week from June 5 through September 15. Sampling was conducted to obtain

a sufficient sample for comparative length and outmigration timing data.

Total catch by species and age class was recorded. All captured fish

were measured for total length and released.

2.2.4 Talkeetna Station outmigrant traps

Two inclined plane outmigrant traps were operated continuously in the
mainstem Susitna River at Talkeetna Station (RM 103.0) from May 14
through October 6, 1984 using the methods outlined by Roth et al.
(1984).
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Measurements of the following habitat parameters were recorded daily at
the outmigrant traps: air and surface water temperature (°C), turbidity

(NTU), water velocity (ft/sec), and mainstem stage data. The equipment

and methods used to collect the habitat data are given in ADF&G (1985).

Trap fishing depths and distances from shore were adiusted to maximize
catches and minimize mortalities. A1l juvenile fish captured were
anesthetized using MS-222 (Tricaine methanesulfonate). Field specimens
were identified using the guidelines set forth by McConnel and Snyder
(1972), Trautman (1973), and Morrow (1980). Juvenile chinook and coho
salmon collected at the traps were checked for a cold brand mark and all
recovered marks were recorded. Chum and sockeye salmon juveniles with
a clipped adipose fin were passed through a detector to verify the
presence of a coded wire tag. All coded wire tagged fish recovered at
the traps were preserved and tags were late removed and decoded using a
reading jig and a binocular microscope. A1l other fish recovered at the
traps were held until anesthetic recovery was complete and then released

downstream of the traps.

Scales were collected from a representative sub-sample of fish captured
for comparison to length frequency data for final age <class
determination. Biological and habitat data were entered directly into

an Epson HX-20 microcomputer.

Length and weight relationship data were also collected from samples of

juvenile chinook, coho, and sockeye salmon collected in the outmigrant
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traps at Talkeetna Station. Total Tlength was recorded to the nearest

millimeter and 1ive weights were determined to the nearest 0.1 grain.

2.2.5 Coded wire tagging

The coded wire tagging was conducted at Slough 11 (RM 135.3) from May 16
through June 20, 1984. The fish were transported from the collection
areas to Slough 11 in an aerated tub, tagged, held for at Teast 24
hours, and then returned to the collection areas. The fish were also

held overnight at the collection areas prior to release.

The primary fish collection techniques were beach seines which were used
to weir off the downstream end of the collection area. These weirs were
checked at least once each day to collect fish and remove debris. Beach
seining and dip netting supplemented the weir catches at sites where

weiring alone did not provide enough fish for the tagging operation.

The coded wire tagging equipment and implantation procedures are similar
to those outlined by Roth et al. (1984) using the guidelines provided by
Koerner (1977) and Moberly et al. (1977). One-half length binary coded
wire tags measuring 0.02 inches (0.533 mm) in Tength and 0.01 inches
(0.254 mm) in diameter were used in the study. The captured fish were
separated by species and length prior to tagging. Physical differences
between fish required the use of separate head molds for each species
and length class. Fifty fish of each group were measured for total

length to determine the proper head moids for the tagging procedure.
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The adipose fin was clipped from each fisﬁ prior to tagging to provide &
visual indicator of the presence of a coded wire tag. At the end of
each tagging day, a subsample of 100 tagged fish were anesthetized and
passed through the quality control device to determine the tag retention
rate. Mortalities were recorded the following day and just prior to
release. A single tag code was used for each species tagged and for
each collection site. Six distince tag codes were used for juvenile

sockeye salmon and fourteen distinct tag codes were used for juvenile

chum salmon.

Coded wire tagging data recorded at each site inciuded date tagged, tag
code, species, number of fish tagged, percent tag retention, mortality,
and date and time of release. Total numbers of fish tagged by species,
collection site, and release date as well as final tag retention and

mortality were tabulated for each tag code.

2.2.6 Cold branding

Mark-recapture studies using cold branding were conducted from July
through mid October. Sites in Indian River were sampled twice a month
and fish were captured, branded, and released continually throughout the
field season. Sampling in the sloughs and side channels of the Susitna
River was conducted for five consecutive days and captured fish were
either branded and released the same day or held until the end of the

five day period before release.
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Primary collection techniques were minnow traps, beach seines, and dip
nets. Captured fish were transported from the areas of collection to
the Gold Creek field camp for cold brand marking. Cold branded fish
from all sites except Indian River were held for 24 hours to determine
marking mortality before being released at the area of collection. Fish

collected in Indian River were marked, held for 24 hours, and then

released at a side slough at TRM 7.2.

The brands consisted of single brass letters or symbols measuring
approximately three millimeters 1in height which were soldered onto
threaded brass caps. Liquid nitrogen was used as the cooling agent and
the branding procedures were similar to those outlined by Raleigh et al.

(1973). The cold branding equipment is described in ADF&G (1985).

Juvenile chinook and coho salmon were marked with a distinctive brand to
signify the collection site and date of their capture. Fish were marked
on one side of the body at one of three target branding areas (Fig.

5}, and a branding time of two seconds was used.

Date, collection site, gear type, fishing effort, species, number of
fish captured, and brand symbol were recorded for each site. The number
of recaptures by species and the symbols for previously marked fish were
also recorded. Total length was measured for 50 fish of each species

during each sampling trip.



Six Branding Locations

Left Side Right Side
a) anterior to dorsal fin

b) beneath dorsal fin

c) posterior to dorsal fin
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Figure 5. Branding locations and sampie brands used for cold branding chinook
and coho salmon juveniles, 1984.
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2.3 Data Analysis

2.3.1 Juvenile salmon catch per unit effort

The catch per unit effort (CPUE) data collected for juvenile salmon at
the stationary outwigrant traps are presented as the average catch per
hour for each calendar day of sampling affort. The catch was expanded
to 24 hour intervals by dividing the number of hours fished on a given
day into 24 and chen multiplying this ratio by the catch for each

species and age class.

The catch rates plotted for each species and age class of juvenile
salmon collected at the stationary traps were smoothed using the von

Hann linear filter (Dixon et al. 1981). The equation is:
= = 1 1 1
Ziey = #e1) © V() T (e
where: Z(t) = smoothed catch per hour for day {t} and
Y(t) = observed catch per hour for day (t)

This is similar to a three dey moving average except that the current

day is weighted twice as heavily as the preceding and subsequent days.

The cumulative catch totals were adjusted for days not fished by
tabulating the mean of the total catches recorded for the three days

preceding and the three days foliowing an unsampied day.
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Length frequency distribution and scale analysis data were used to
determine the age class composition of chinook, coho, and sockeye salmon

juveniles.

Weights were converted to grams and the data entered 1into a Tinear
regression computer program to provide the length/weight relationship
for each species. These data were used to provide estimates of the
total biomass passing the Talkeetna and Flathorn station outmigrant

traps by sampling period through the season.

2.3.2 Population and survival estimates

Potential egg deposition for chum and sockeye salmon was calculated by
multiplying the average fecundity for each species by the estimated
number of female spawners that passed Curry Station in 1983 (Barrett et
al. 1984). The chum, sockeye, and chinovk salmon adult population
estimates were reduced by 40%, 39%, and 7% respectively, to account for
milling fish which eventually spawned below the Chulitna River
confluence (Barrett 1984; Barrett et al. 1984). The following formula

was used to determine egg deposition:

Total potential egg deposition = (E} x (1-M) x (P) x (F)

where:
E = Adult population estimate at Curry Station
M = Percent milling
P = Percent females
F = Average fecundity
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| Population estimates fTor chum and suckeye outmigrants were calculated
E by the Schaefer (1951) method. Estimates of survival for both species
were determined by dividing the population estimates by the calculated
potential egg deposition for each species. Only valid tagged fish were

used in the calculations. The total number of valid tagged fish was

determined by subtracting the mortalities for each day of tagging from

the total number of fish tagged and then multiplying this by the tag
retention rate. Total tag recoveries at the Talkeetna Station out-
migrant traps include only those fish with a coded wire tag. Fish
having a clipped adipose fin but no tag were not considered in the po-

pulation estimates.

? Population estimates for chinook and coho salmon were calculated from
V the data collected during the cold branding study using the Petersen
(Chapman 1951) or Schaefer (1951) methods, or by comparing catch per
unit efforts. Egg-to-fry survival for chinook salmon in Indian River was
extrapolated using the technique listed above for determination of chum

and sockeye survival except that the estimate of egg deposition was

reduced to represent the percentage of chinook (determined from peak
spawning counts) which spawned in Indian River. Fecundities used were
those measured by Healy and Heard (1984) for Kenai River and Cook Inlet

chinook salmon.

2.3.3 Environmental variables

Results of a statistical time series analysis of discharge, turbidity,
aud age O+ chinook and sockeye salmon outmigration are presented in Part

4 of this report.
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3.0 RESULTS

The results of the juvenile salmon outmigration studies are presented by
species. The catch per unit effort (CPUE) data are presented as a
percentage of the highest CPUE (after smoothing) recorded at the
stationary traps during 1984. The cumulative catch data are presented as
a percentage of the total adjusted cumulative catch after application of
the smoothing functions. Juvenile salmon length data collected at
Flathorn Station are from both the stationary and mobile traps and the
length information presented for Talkeetna Station is from both the

stationary traps located at this site.

3.1 Chinook Salmon

3.1.1 Catch per unit effort

3.1.1.1 Age O+

Chinook salmon fry were collected incidentally during the coded wire
tagging study in May and June. As chum and sockeye fry were targeted in
the -oded wire tagging study, chinook catch rates were not recorded.
Chinook fry were observed to be most abundant at Slough 22 and Indian

River,

The cold branding study captured 26,823 chinook salmon fry in Indian

River from July 1 through October 15. Fifty eight percent of this
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catch was recorded near the mouth of the river (section I}, 30% in the
lower portion (section II) and 12% in the upper portion (section III).
Beach séining of sections II and III during July captured 3,280 chinook
salmon fry; 66% in section III and 34% in section II. Minnow trapping
begun in Indian River 1in late July collected a total of 23,543 chinook
fry during 947 minnow trap days (defined as one trap day for each

overnight minnow trap set) for a season average of 24.9 fish per trap

day.

Catch rates in Indian River (Fig. 6) were generally highest in section
IT except during late August when high and turbid water conditions
reduced trapping effectiveness. The CPUE for chinook fry in Indian
River for all sections combined was highest during late July (average of
36 fish per trap day) and steadily declined through the season to a low

of 15 fish per trap day in early {October.

A total of 11,875 chinook salmon fry were captured in sloughs and side
channels in the middle reach of the Susitna River during the cold
branding study from July 1 through October 15. Sloughs accounted for
84% of the catch while the remaining 16% were collected in side
channels. Beach seining during July and August collected 39% of the
total catch at these sites while minnow trapping begun in early

September captured 61% of the chinook fry.
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The 7,291 chinook saimon fry captured by minnow trapping at slough and
side channel sites in the middie river were coliected during 378 minnow
trap davs for an average of 19 fish per trap day. Mean CPUE by study
site ranged from a high of 48 fish per trap day at Slough 22 during
early October to a low of 3 fish per trap day at Side Channel 21 in late

September.

A total of 14,110 chinook salmon fry were collected at the Talkeetna
Station outmigrant traps. Peak catches were recorded from late June
through early August and the highest catch rate of 17.3 chinook fry per
hour was recorded on July 26 (Fig. 7). Fifty percent of the catch was
recorded by July 20. Catches decreased after early August and the last

capture of chinook fry at this site was recorded on September 29.

A total of 2,118 chinook salmon fry were captured in the stationary
outmigrant trap at Flathorn Station. Catch rates were greatest between
late June and late August (Fig. 8). The chinook fry catch rate at this
site peaked at 7.8 fish per hour on July 23, 50% of the captures were

recorded by July 13, and the last capture was recorded on September 30.

The highest catch rate of the Flathorn Station mobile trap was 16.2 fish
per hour, recorded on July 23 (Fig. 9). Of the 1839 chinook fry
collected in the mobile trap during 1984, 60% were captured at bank
transect sampling points and the remaining captures occurred at center

channel sampling sites (Fig. 10).
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Figure 9.

Chinook salmon (age 0+) daily catch per unit effort recorded
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August 30, 1984.
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The Deshka River weir captured 1,808 chinook salmon during 1984
(Appendix Table A-1)., Eighty-eight percent of the captures were
recorded during July and the peak catch rate of 21.2 fish per hour was

recorded on July 25. Minnow trap catches at this site were highest

during late June at 8.7 fish per trap (Appendix Table A-2).

A total of 1,356 chinook salmon fry were collected in the lower reach of
the Susitna River by the Juvenile Aquatic Habitat Studies (JAHS) surveys
from June through early October (see Part 2 of this report). Catch
rates for all sites combined peaked in August and then decreased through

early October (Fig. 11).

3.1.1.2 Age 1+

Age 1+ chinook salmon were captured incidentally during the coded wire
tagging Study in May and June and were most abundant at Indian River and
Slough 11. No age 1+ chinock were captured during the cold branding

study begun in July, as most of these fish had outmigrated by that time.

Peak catch rates of the 1,321 age 1+ chinook captured at the Talkeetna
Station outmigrant traps were recorded during the deployment of the
traps in mid May and again in mid and late June (Fig. 12). Fifty
percent of the season catches occurred by June 23. The highest catch
rate for this age class was 3.6 fish per hou} recorded on May 15 and the

last age 1+ chinook was captured in the traps cn August 7.
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Catch rates for the 346 age 1+ chinook salmon captured at Flathorn
Station were highest during early June {Fig. 13). The highest CPUE of
6.4 fish per hour was recorded on June 14 (50% of the season total by

this date) and the last age 1+ chinook was collected at this site on

August 23.

Nine age 1+ chinook salmon were colliected in the Deshka River during
weir and minnow trap sampling, with the last capture recorded on QOctcber

10.

3.1.2 Growth

3.1.2.1 Age 0+

Chinook fry collected between Talkeetna and Devil Canyon (middle river)
averaged 43 mm during late May and showed a steady growth through the
season to a mean length of 64 mm by early October (Fig. 14)}. Age 0+
chinook collected between Cook Infet and Talkeetna (lower river) during
tis same period averaged consistently larger than fry collected in the
middle river. Chinook fry in the lower river increased from a mean
Tength of 41 mm in late May to 75 mm in early October. The number of
fish measured, mean length, and range of lengths by sampling period for
chinock salmon fry are presented for each data collection area in

Appendix Table A-3 and A-4,
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3.1.2.2 Age 1+

Age 1+ chinook salmon for all sites sampled averaged 78 mm de=ing May
and the mean length increased to 90 mm during early June. Average
Tengths for this age class stayed the same through late July by which

time most of the age 1+ chinook had migrated out of the Susitna River.
A sample of juvenile chinook was measured at Talkeetna Station to
provide a relationship between length and weight for fish passing this

site (Fig. 15).

3.1.3 Cold branding

A total of 23,406 chinook salmon fry were cold branded in Indian River
between July 1 and October 15, 1984 (Table 1). One hundred forty-seven
of these marked fish were later recaptured in Indian River, five were
captured in the Talkeetna Station outmigrant traps, and five were
captured below Indian River in side channels and sloughs associated with
the mainstem Susitna River. The time between release of marked chinook
fry in Indian River at TRM 7.2 and their subsequent recapture at the
mouth of this tributary ranged from nine to 70 days with a mean of 30
days. The five chinook fry branded in Indian River which were collected
in the outmigrant traps at Talkeetna Station averaged 17 days between

release and recapture with a range from 8 to 26 days.

A total of 9,802 chinook salmon fry were cold branded in sloughs and

side channels in the middle river between July 1 and October 15. Of

A
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Table 1. The number of chinook salmon fry marked and recovered in Indian River by
sampling period, 1984,

Recapture Period

Number

Marking of Fish July August August Sept. Sept. Oct

Period Marked 16-31 1-15 16-31 1-15 16-30 1-15 Total
July 1-15 2,093 26 10 5 2 3 3 49
July 16-31 1,928 - 5 4 5 5 2 21
August 1-15 6,735 - - 8 17 8 8 41
August 16-31 3,806 - - - & 5 2 11
September 1-15 5,492 - - - - 17 7 24
September 16~30 3,356 - - - - - 1 1

TOTALS 23,406 26 15 17 28 38 23 147
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these fish, 643 (6.6%) were later recaptured; 631 in the same slough
they were originally marked and released, six fish in sloughs and side
channels downstream from their release sites, four fish in the Talkeetna
Station traps and two fish at sites upstream from their points of
release. The branded chinook fiy collected in the Talkeetna outmigrant

traps averaged 12 days between release and recapture with a range from 8

to 17 days.

3.1.4 Population estimates

Females comprised 43.9% of the estimated population of 8,450 adult
chinook salmon (greater than 350 mm) which passed Curry Station in 1983
(confidence intervals (C.I.) of 5,700 to 13,150 fish). Indian River
chinook comprised 26.9% of the peak spawning survey counts (Barrett et
al. 1984). An estimated 10,635,000 eggs were deposited in Indian River
during 1983 which provided a total production of 3,211,000 chirnook
salmon fry during 1984, a survival rate of 30.2% (C.I. - 19.4 to 44.8%).
The calculations used in the Schaefer estimate of population for chinook

fry in Indian River are provided in Appendix B.

Population estimate experiments were conducted at four sloughs and three
side channels in the middle river during the cold branding study (Table
2). Populations were estimated at a high of 47,050 chinook fry in

Slough 22 to a low of 3,420 in Upper Side Channel 11.
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Table 2. Chinook salmon fry, population estiamtes by site for sloughs and side
;:ggz?e?s surveyed in the Susitna River above the Chulitna River confluence,
Sampliing Branding Recapture Estimate Population
Site Dates Dates Method Estimate
Upper Side Channel 11 7/19 - 8/1 7730 - 8/2 Schaefer 3,420
Side Channel 10 7716 - 7/19 7/17 - 7720 Schaefer 7,630
Moose Slough 8/8 - 8/11 8/9 - 8/12 Schaefer 4,990
Slough 22 9/8 - 9/13 10/8 Petersen 47,050
Slough 19 B/29 5/26 Petersen &,550
$ide Channel 21 9/24% - 8/26 CPUE [ndex 3,700
Stough 20 10/8 - 10/12 CPUE Index 13,800
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3.2 Coho Salmon

3.2.1 Catch per unit effort

3.2.1.1 Age 0+

Juvenile coho salmon were observed during the coded wire tagging study
to be most abundant at Indian River. Catch rates were not recorded.
The cold branding study collected 1,548 coho salmon fry in Indian River
from July 1 through October 15. Of this catch, 31% of the coho were
captured in Section I, 44% in section II and 26% in section III. Beach
seining of sections II and III during July captured 444 juvenile coho
salmony 76% in section II and 24% in section III. Minnow trapping begun
in late July captured 1,129 juvenile coho saimon during 947 minnow trap
days for a season average otf 1.2 coho per trap day. Of these catches,
43% were recorded in the lower section, 31% in the middie section, and

26% in the upper sectior.

The catch per unit effort for all Indian River sections combined was
steady through the season ranging from 1.1 to 1.5 fish per trap day
(Fig. 16). Catches of coho fry were always highest in section III which
averaged 5.0 coho per trap day over the season. Season average CPUE in
section II was 1.4 ccho per trap day and Section I averaged 0.8 coho per

trap day.

A total of 90 ccho salmon fry were captured during the cold branding

study in sloughs and side channels 1in the middle Susitna River.
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Ninety-five percent of the coho catch was recorded in slough habitats in
this reach. Beach seining during July and August captured 40% of the
season's total catch while minnow trapping during September and early
October collected the remaining 60% (average of 0.2 cohe per trap day).
Daily minnow trap CPUE ranged from a low of 0.0l at Slough 22 and Side
Channel 21 in September to a high of 7.6 coho per trap day at Slaugh 14

on September 10.

Peak catches for the 1,830 age 0+ coho salmon collectsd at the Talkeetna
Station outmigrant traps were recorded during late July and August, and
the highest catch rate of 2.9 coho fry per hour was recorded on July 30,
by which time 50% of the season total had been recorded :Fig. 17). The

last coho fry was captured in the traps on October 4,

A total of 441 age 0+ ccho salmon were captured at the Flathorn
stationary outmigrant trap during 1984. Catch rates were highest during
late August and late September and the peak catch rate of 1.5 fish per
hour was recorded in the trap on September 30 (Fig. 18). Fifty percent
of the catch at this site occurred by August 26. Only 16 age 0+ ccho

were captured in the mobile trap at Flathorn Station.

A total of 380 age O+ coho salmon were < jtured in the lower Susitna
River during the JAHS study {see Part 2 of this report). Catch rates
were highest during the late summer sampling and the peak catch rates

were recorded in early October (Fig. 19).
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outmigrant traps, May 14 through October 6, 1984.
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The Deshka River weir captured 95 coho salmon fry during 1984; the peak
catch rate of 1.3 fish per hour was recorded on July 25 (Appendix Table
A-1). Minnow trap catches at this site were highest during late August

at 2.6 coho per trap (Appendix Table A-2).

3.2.1.2 Age 1+ and older

Age 1+ coho salmon were collected sporadically during the coded wire
tagging study in May and June with the highest concentrations observed
in Slough 11 and Indian River. The cold branding study from July
through early October captured 25 age "+ coho at Indian River and 18 at

middle river slough and side channel sites during the season.

Peak catches for the 1,425 age 1+ coho salmon juveniles captured at the
Talkeetna Station outmigrant traps were observed in mid June and were
again high in late July and late August (Fig. 20). Fifty percent of the
catch was recorded by June 25. The highest catch rate for these age
classes was 1.6 fish per hour recorded on June 18 and the last capture

was on October 2.

Catch rates for the 291 age 1+ coho salmon juveniles captured at the
Flathorn stationary outmigrant trap were highest during late August and
September (Fig. 21) and the highest CPUE of 0.8 coho per hour was
recorded on September 3. Fifty percent of the total catch was recorded
by August 30 and the last capture of these age classes was October 1.
The mobile outmigrant trap captured 10 age 1+ coho salmon during the

5eason.
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The JAHS study in the lower river collected 62 age 1+ coho salmon
juveniles with most of the captures being recorded at tributary sites in

this reach.

The Deshka River weir collected 26 age 1+ coho while minnow trapping at
this site captured 119 fish. Catches were observed throughout the

season with a peak rate of 6.2 coho per trap recorded in late August.

A total of 44 age 2+ coho salmon juveniles were collected during the
1984 studies. Talkeetna Station, Flathorn Station and the Deshka River

accounted for 95% of the captures of this age class.

3.2.2 Growth

3.2.2.1 Age 0+

Coho fry collected in the lower river were consistently larger than the
fry collected in the middle river throughout the season (Fig. 22). <Zoho
fry collected between Talkeetna and Devil Canyon averaged 40 mm total
length during Tate May and showed a steady growth to a mean of 58 mm by
late August. Coho fry in the Tower river averaged 42 mm in early June
and had grown to a mean length of 71 mm by late September. The number
of fish measured, mean length, and range of lengths by sampling period
for coho fry are presented for each data collection area in Appendix

Table A-5 and A-6.
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3.2.2.2 Age 1+ and older

Age 1+ coho salmon juveniles collected in the lower river also averaged
larger through the season than fish of the same age class collected in
the middle river (Fig. 23). Age 1+ coho averaged 70 mm total length in
both reaches during May and increased to 104 mm in the middle river and
111 mm in the lower river by early October. Length data by collection

area and sampling period are provided in Appendix Table A-7 and A-8.

13}

Age 2+ coho salmon juveniles collected during the 1984 studies averaged

137.1 mm and ranged from 114 to 176 mm (Appendix Table A-9).
A sample of juvenile coho salmon were measured at Talkeetna Station fo
provide a relationship between length and weight for fish passing this

site (Fig. 24).

3.2.3 Cold branding

A total of 1,480 juvenile coho salmon were cold branded in Indian River
from July 1 through October 15. Of these fish, five were recaptured in
Indian River and two were recovered at the Talkeetna Station outmigrant
traps. The marked coho recaptured in Indian River were branded and
released at TRM 11.5 on July 17 and recaptured at TRM 2.2 between
September 9 and 11, for an average of VSS days between release and
recovery. The two branded coho recovered at Talkeetna Station were

released in Indian River on August 12 and were recovered in the outmi-
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grant traps on August 31 and September 22; 19 days and 41 days,

respectively, between release and recovery.

A total of 106 juvenile coho saimon were cold branded at slough and side
channel sites, and the only recapture was recorded at Talkeetna Station.
The recaptured fish was marked and released at Slough 14 on September 10

and was recovered in the traps on September 16.

3.2.4 Population estimates

Since only 100 to 200 of the estimated 750 adult coho passing Curry
Station in 1983 entered Indian River; and since Jjuvenile coho of the
same brood year outmigrate as age 0+, 1+, and 2+ fish, few juvenile coho
salmon were captured for marking during the 1984 cold branding studies.
Too few branded coho salmon were recaptured to provide population

estimates for any of the sites surveyed.

3.3 Sockeye Salmon

3.3.1 Catch per unit effort

3.3.1.1 Age 0O+

Sockeye salmon fry were collected during the coded wire tagging study in
May and June at sloughs 8A, 9, 11, and 21 but catch rates were recordnd

oniy for Slough 21. These data were determined from 24 hour fyke net

catches and are presented in Appendix Table A-10.
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A total of 248 sockeye salmon fry were capiured at slough and side
channel sites in the middle river and in indian River during beach seine
sampling conducted in July and August. Of these fish, 94% were col-

lected 1n sloughs and the remaining 6% were collected in Indian River ;

and at mainstem side channels.

Peak catch rates for the 7,484 age 0+ sockeye salmon fry collected at
the Talkeetna Station outmigrant traps were recorded in mid June and
early July with the highest daily catch rate of 13.0 sockeye fry per
hour occurring on June 18 (Fig. 25). The major downstream redistri-
bution of sockeye fry in this reach had occurred by mid July (50% by
July 4). The last sockeye fry at Talkeetna Station was observed on

October 4.

Juvenile sockeye catches at the Flathorn stationary outmigrant trap were

greatest during May and June but the downstream movement of sockeye fry

continued through the open water season (Fig. 26). A total of 2,315
sockeye Tiy were collected in the trap during 1984, and the peak catch
rate of 4.6 fish per hour was recorded on June 8. Fifty percent of the

catches had occurred by June 29 and the last capture was October 1.

Mobile trap catches of sockeye fry at Flathorn Station were highest

during June and the peak catch rate of 5.4 fish per hour was recorded

on July 12 {Fig. 27). Of the 114 sockeye collected in the mobile trap

during 1984, 59% were captured at bank transect points (Fig. 28).
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Figure 25.

Sockeye salmon (age O+) smoothed daily catch per unit effort
and adjusted cumulative catch recorded at the Talkeetna
stationary outmigrant traps, May 14 through October 6, 1984.
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at the Flathorn mobile outmigrant trap, July 12 through
August 31, 1984.
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A total of 412 sockeye salmon fry were collected in the lower river
during JAHS surveys from June through October (see Part 2 of this
report). Catch rates at JAHS sites peaked in late June and then were
low throughout the remainder of the season {Fig. 29). An increase in
catch rates was recorded at some sites including Rolly Creek (RM 39.0)

and Beaver Dam Slough (RM 86.3) in late August and September, indicating

the movement of sockeye into these sites during late summer.

3.3.1.2 Age 1+ v

A total of 90 age 1+ sockeye salmon juveniles were collected. HNineteen
were captured at Talkeetna Station and 63 were collected at Flathorn

Station.

Ninety-six percent of the catch for age 1+ sockeye collected at the
outmigrant traps (Talkeetna and Flathorn combined) was recorded during
May and June (Fig. 30). The 1last age 1+ sockeye was captured at

Talkeetna Station on July 29.
3.3.2 Growth

The mean length and range of lengths for age 0+ sockeye salmon by reach
of river and sampling period is presented in Fig. 31. During May and
June, sockeye fry collected in the middie river reach had a smaller mean
length than the same age class sockeye collected in the lower river. By

early July, sockeye fry averaged the same length (49 mm) in both
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reaches, and by late August; middle river sockeye fry were averaging
larger than fish collected in the lower river. This trend continued
through the remainder of the season. The numoer of fish measured, the
mean length and range of lengths by sampling period for sockeye salmon

fry are presented for each of the data collection areas in Appendix

Table A-11.

The 90 age 1+ sockeye salmon collected during 1984 averaged 73 mm total
length and ranged from 56 to 102 mm (Appendix Table A-12). A coded wire
tagged sockeye fry released in 1983 and recaptured in 1984 had increased

from 32 mm to 81 mm.
A sample of juvenile sockeye were measured at Talkeetna Station to
provide a relaticnship between length and weight for fish passing this

site (Fig. 32).

3.3.3 Coded wire tagging and recovery

A total of 14,532 tagged sockeye salmon fry averaging 33 mm total length
were released between May 22 and June 22, 1984 (Table 3). Tag retention
rates for sockeye fry averaged 97.1% and ranged from 92.3 to 99.0%.

Tagging mortality ranged from 0.6 to 2.6% and averaged 1.3%.

A total of 366 tagged sockeye salmon fry (2.5% of the total tagged
sockeye released) were recovered from the 7,484 age 0+ sockeye captured

and examined for tags at the Talkeetna Station outmigrant traps during
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Table 3. Coded wire tag release data for sockeye salmon fry on the Susitna River by
tagging site and release date, 1984,

Tagging Site Number of Date of Percent Tag Percent

(River Mile) Fish Tagged Release Retention Mortality

Slough 21 3,736 5/28 97.9 2.6%
{RM 142.0)

Siough 11 2 327 5722 92.3 1.1
{RM 135.3) 2,.52 5/24 97.7 0.7

1,537 6/22 86.6 1.1

Slough 9 2,052 6/9 99.0 1.0
{RM 128.3)

Slough 8A 2,148 6/13 99.0 0.6
(RM 125.3)

TOTAL - ALL SITES 14,532 5/22-6/22 97.1 1.3

8 Mortality due to handling, thermal, and anesthetic stresses.
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1984, In addition, 15 sockeye fry with clipped adipese fins but no
coded wire tags were recovered in the traps. When compared to the total

tagged sockeye salmon fry recovered, this provides a tag retention rate

at the traps of 96.1%.

Trap recoveries of coded wire tagged sockeye fry were made from 0 to 109
days (mean = 35 days) following their release at the tagging sites
(Fig. 33). 1In addition, one tagged sockeye fry which was released from
Slough 21 on May 28 was recaptured at Flathorn Statior on July 7. Seven
coded wire tagged sockeye fry were recovered during the cold branding
study in early August (Table 4). Six of these fish were recovered at
Moose Slough {RM 123.2) and one tagged sockeye fry was recovered at a

side channel below Slonah 11 (RM 135.2).

A single coded wire tagged sockeye salmon marked and released during
1983 was recovered during the 1984 sampling season. This fish was
released June 8, 1983 at Slough 11 and was recovered at Talkeetna

Station on July 21, 1984,

The ratio of coded wire tagged sockeye fry to tota! sockeye fry was the
same {(0.05:1.00) in both traps at Talkeetna Station. This indicates
that the coded wire tagged fish were uniformly mixed in the total

popuiation by the time they migrated past the traps.
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Length of time between the mark and recapture of coded
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Table 4. Recoveries of coded wire tagged sockeye salmon fry at
mainstem r’ver sites between Talkeetna and Deril Canyon,
1984.

Collection Collection Release Release
Site Date Site Date

Moose S]oughl 8/8 STough 21 5/28

Moose Slough 8/8 Slough 21 5/28

Moose Slough 8/8 Slough 11 6/22

Moose Slough 8/8 Slough 9 6/9

Moose Slough 8/8 Stough 8A 6/13

Moose Slough 8/8 Slough 8A 6/19

Slough 11 Side Channel? 8/3 STough 21 5/28

1 River Mile 123.2

~,

River Mile 134.9
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3.3.4 Population estimates and survival rates of outmigrants

Females comprised 38.5% of the population of 1,900 adult sockeye salmon
estimated past Curry Station in 1983 (C.I. - 1,600 to 2,300 adults) and
the fecundity of Susitna River sockeye averaged 3,350 eggs per female
(Barrett et al. 1984). Milling activity was estimated at 30% (Barrett
1984), These data provided a calculation of total potential egg

deposition for sockeye salmon of 1,715,000 eggs during 1983.

Using the method outlined by Schaefer (1951), a population of 299,000
sockeye salmon fry was estimated to have outmigrated past the Talkeetna
Station traps during 1984 (Appendix Table B-1 and B-2). A comparison of
the population estimate to the calculated potential egy deposition
(dividing the estimated number of fry by the number of eggs) gave an
egg-to-outmigrant survival rate of 17.4%. The survival rates ranged
from 14.4 to 20.7% using the confidence intervals from the adult

population estimate at Curry Station.

3.4 Chum Salmon

3.4.1 Catch per unit effort

Chum salmon were collected during the coded wire tagging study in May
and June and during beach seine sampling of Indian River in July. Catch
rates were not generally recorded during these studies except for 24

hour fyke net sets at Slough 21 (Appendix Table A-10).
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Peak catches of chum fry collected at the Talkeetna Station outmigrant
traps were recorded during late May and mid June, with the highest
daily catch rate of 8.0 fish per hour occurring on June 14 (Fig. 34).
Ninety-five percent of the 3,530 chum fry captured at Talkeetna Station
were recorded by July 15. The major outmigration had occurred by the end

of June (50% by June 13), although the migration continued until

September 11.

Chum salmon fry catches at Flathorn Station were greatest during June
with a peak catch rate of 10.9 fish per hour recorded on June 14 by
which time 50% of the season catch had occurred (Fig. 35). Of the 783
chum fry collected at this site, 97% were captured by Jﬁiy 1 and the

last chum fry was captured at Flathorn Station on July 22.

Beach seining and electrofishing at side channel, slough, and tributary
sites in the lower river reach collected chum salmon fry during June and
July (see Part 2 of this report). Chum fry were abundant in this reach

during early June but catches steadily decreased through July (Fig. 36).
3.4.2 Growth

Chum fry in the middle river reach averaged 40 mm during May, 45 mm
during June, and 46 mm during July FabTe~&}. During June, Indian River
chum fry averaged the smallest at 40 mm while Slough 8B fish had the
largest mean length of 49 mm. Indian River chum fry had increased to a

mean length of 48 mm by early July.
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Figure 34.

Chum salmon fry smoothed daily catch per unit effort and
adjusted cumulative catch recorded at the Talkeetna
stationary outmigrant traps, May 14 through October 6, 1984.
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Chum salmon fry collected at Talkeetna Station showed an increase of six
millimeters in mean length between May (40 mm) and early June (46 mm)
and averaged 43 to 45 mm after this period. Talkeetna Station outmigrant
trap recoveries of coded wire tagged chum fry showed a two millimeter
increase in mean length between release and recovery (mean time interval
of eight days). Tagged chum fry which were captured 11 or more days

after release averaged 48 mm, an increase of five millimeters between

release and recovery.

Limited sampling of the Talkeetna River during June and July indicated a

mean length of 43 mm for chum fry outmigrating from this tributary.

Below the Chulitna River confluence, growth was less apparent as chum
fry averaged 40 to 43 mm at the sites sampled in this reach throughout
the period of outmigration. The mean length and range of lengths for
chum fry by sampling period for each of the areas surveyed are presented

in Appendix Table A-13.

3.4.3 Coded wire tagging and recovery

A total of 31,396 tagged chum fry averaging 43 mm total length were
released between May 22 and June 22, 1984 (Table 5). Tag retention
rates ranged from 93.0 to 100% and averaged 96.4%. Mortality rates

between tagging and release averaged 0.9% and ranged from 0.0 to 2.7%.
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Table 5. _ Coded wire tag release data for chum salmon fry on the Susitna River by
tagging site and release date, 1984.

Tagging Site Number of Date of Percent Tag Percent
{River Mile} Fish Tagged Release Retention Mortality
Stough 22 2,383 6/7 98.0 0.5
{RM 144.3)
Stough 21 2,201 6/3 96.6 1.4
{RM 142.0)
Slough 20 15255 6/11 96.9 0.6
{(RM 140.1)
Slough 15 351 6/1% 100.0 0.0
{RM 137.3)
Indian River 4,612 6/1 94,5 0.7
{RM 138.6) 341 &6/1 93.0 0.0,
4,592 6/21 93.8 2.7
2,511 6/22 95,0 G.4
Slough 11 2,031 5/22 97.7 0.1
{RM 135.3) 2,203 5/24 93.9 0.3
572 5/2% 938.0 0.2
1,916 6/16 98.0 0.4
Siough 3 5,122 6/6 99.4 0.7
{RM 128.3)
Siough 8B 1,306 6/13 98.0 0.8
{RM 122.4)
TOTAL - ALL SITES 31,3%6 5/22-6/22 96.4 0.9

@ hi gh mortality due to injury from improper hesadmoid.
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Fifty-one tagged chum salmon fry (0.2% of the total tagged chum
released) were recovered from the 3,590 chum salmon fry captured and
examined for tags at the Talkeetna Station outmigrant traps during 1984.
In addition, two chum fry with clipped adipose fins but no coded wire
tags were recovered in the traps. l!hen compared to the total tagged

chum salmon fry recovered, this provides a tag retention rate at the

traps of 96.2%.

Trap recoveries of tagged chum fry were made from 0 to 29 days (mean = 8

days) following their release at the tagging sites (Fig. 37).

The ratio of coded wire tagged chum fry to the total number of fish
caught at each trap at Talkeetna Station was 0.016:1 at Trap 1 and
0.013:1 at Trap 2, indicating that the tagged chum fry were randomly
distributed with the untagged population by the time they migrated past

the traps.

3.4.4 Population estimates and survival rates of outmigrants

. Adult population estimates at Curry Station during 1983 were 21,100 chum
salmon with confidence intervals of 19,200 to 23,500 adults and females
comprised 34.5% of these fish (Barrett et al. 1984)., Fecundities of
Susitna River chum salmon were determined during 1982 to be 2,850 eggs
per female. Chum salmon milling was estimated at 40% (Barrett 1984).

These data provided an estimate of total potential egg deposition of

12,448,000 eggs.
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The population estimated using the Schaefer (1951) method was 2,039,000
chum salmon fry outmigrating past Talkeetna Station during 1984

{Appendix Table B-3 and B-4).
Using the above data, an egg-to-outmigrant survival rate of 16.4% was
calculated for chum salmen with a confidence interval (from the adult

population estimate) of 14.7 to 18.0%.

3.5 Pink Saimon

Sixty-eight pink salmon fry were captured between May 15 and July 18 at
the Talkeetna Station outmigrant traps during 1984, with the peak catch
rate of 0.8 fish per hour being recorded on June 18 (Fig. 38). Pink fry
migrating past Talkeetna Station averaged 36 mm total length with a

range from 29 to 53 mm.

A total of 405 pink salmon fry were collected in the stationary outmi-
grant trap at Flathorn Station. Catches occurred from May 21 through
July 6 and the peak catch rate of 4.0 fish per hour was recorded on June
5 (Fig. 39). Fifty percent of the catches at this site were recorded by
June 11. Pink fry coliected at Flathorn Station averaged 34 mm and

ranged in length from 25 to 46 mm.

No pink salmon fry were collected during the cold branding studies in
the middle river, during sampling of the Deshka River. or at JAHS sites

in the Tower river during 1984.
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3.6 Descriptive Statistics for Catch and Environmental Variables

Summary statistics for Talkeetna Station catch are given in Table 6 and
for environmental variables in Table 7. Flathorn data are summarized in
Table 8. The influence of discharge peaks on the level of outmigration
can be seen by comparing the seasonal discharge level (Fig. 3%A; Fig.

39B) with the outmigration plots presented earlier.
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Table 6. Summary statistics for juvenile salmon catch per hour by

species and age class recorded at the Talkeetna Station

outmigrant traps, May 14 through October 6, 1984.

Catch Per Hour, Both Trapsa
Min Max Mean Std. Dev.

Chinook 0O+ 0.0 17.2 2.2 3.2
Chinook 1+ 0.0 3.5 0.3 0.6
Coho O+ 0.0 2.9 0.3 0.4
Coho 1+P 0.0 1.7 0.3 0.3
Sockeve 0+ 0.0 13.0 1.2 1.8
Sockeye 1+ 0.0 0.3 0.0 0.0
Chum 0.0 8.0 0.7 1.2
&N = 145

b includes all juvenile coho age 1+ or older.
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recorded on the

Susitna River between the Chulitna River confluence and
Devil Canyon, May 14 through October 6, 1984,

Min Max Mean Std. Dev. n
Discharge (ft3/sec)a 6,780 52,000 19,405 8160.0 146
Water Temperature (°C)b 2.0 13.5 8.8 3.0 145
Turbidity (NTU)P 13 400 115 92.0 145

& ysas provisional data at Gold Creek, 1984,

b

ADF&G data at Talkeetna Station outmigrant traps, 1984.
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Table 8. Summary statistics for juvenile salmon catch per haar.by
species and age class recorded at the Flathorn Station
outmigrant traps, May 20 through October 1, 1984,

Catch Per Hour® Min Max Mean Std. Dev.
Chinook 0+ 0.0 7.8 0.7 1.1
Chinook 1+ 0.0 6.5 0.1 0.6
Coho 0+ 0.0 1.5 0.1 0.3
Coho 1+ 0.0 0.8 0.1 0.1
Sockeye 0+ 0.0 4.6 0.8 0.8
Sockeye 1+ 0.0 0.4 0.0 0.1
Chum 0.0 10.9 0.3 1.1
Pink 0.0 4.0 0.2 0.5
Discharge (ft3/sec)® 40,800 166,000 93,122 28,887.5
& n =134,
b

Includes all juvenile coho age 1+ or older.

© Uses provisional data at Susitna Station, 1984,



TEMPERATURE (°C)

68818~
59988;
43086+
39989;

29288~

DISCHARGE (cfs)

fr}
L<]

18808+ //

Temperature

] N

Turbidity

j »
Discharge

_ \ A\ -588
)
. - 408
e
Rz

- 300
>—
%——
‘ - 200 H
fa
o
tes &
-
=~

Lo

MAY

| I S H TR A R S R T SN SRR R IS N
1817 24 31

JUN JUL AUG

1984

7 142128 5 tz1826 2 9 162338

N A R R B B
& 132827 4

SEP CCT

Figure 39A.

Mainstem discharge, water temperature, and turbidity in the middle

reach of the Susitna River, 1984.
USGS gaging station at Gold Creek.
were measured at Talkeetna Station.

Discharge was measured at the
Water temperature and turbidity



1 ggaaa
- E
o 158629 -
WP
Q 3
A4
w 128088 —
O©
% 88888 -
Z
g ceR8n -
o

302D

H i i ¥ ¥ 4 H H ¥ 1 13 3 H

18 17 24
MAY

L S T R T S R ]
2 ®& @ 23] W 6 8 I 4

31 = &7
JUNE JULY AUGUST SEPTEMBER CCTOBER
1884

Figure 39B. Mainstem discharge in the lower reach of the Susitna River
measured at the USGS gaging station at Susitna Station, 1984.



DRAFT/PAGE 1
5/3/85, 5/25/85, 5/21/85
NUM1/Discussion

4.0 DISCUSSION

4.1 Chinogk Salmon

4.1.1 OQutmigration

Fifty percent of the outmigration of age 0+ chincok salmon past
Talkeetna Station during both 1983 and 1984 had occurred by mid July,
but the rates and timing were different between the two years (Fig. 40).
During 1983, two puises of chinook fry movement were recorded, one in
late June and the second in mid August. Conversely, the 1984
outmigration did“not start until mid June and was then relatively steady

through late August.

Low tributary flows during July of 1983 trapped chinook fry in pools and
side channels in Indian River until high tributary flows from heavy
rainfall in mid August allowed access or flushed fry to the Susitna
River (Roth et al. 1984). In 1984, minnow trap catches of marked and
unmarked chinook in Indian River during the cold branding study showed
the movement of chinook fry out of this tributary continued from July

through early October.

In 1984, age 0+ chinook salmon in the middle river that had outmigrated
from the tributaries were found predominately in shallow, turbid, rocky
bottom areas 1in breached sloughs and side channels during Juiy and

August. Not until mid August, when mainstem flows had decreased and
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many of tinese sloughs and side channels were no longer breached, did
catches of juvenile chinook increase at clear water sloughs and side
channels. In early September, juvenile chinook were concentrated at the
mouths of clearwater sloughs and side channels, but as water tempera-
tures and stage continued dropping through September and early October,
rhore fi: slowly dispersed throughout these sites with the major
cancentr:tions being found in areas with non-imbedded substrate and a

groundeeter source,

The rates of outmigration of age 1+ chinook salmon past Talkeetna
Station were similar in 1983 and 1984 (Fig. 41), but the date by which
half of the total seasonal outmigration occurred was ten days earlier in
1983 than in 1984, primarily because of the late start of outmigration

in 1984,

The chinook fry appear to associate with the banks of the river during
their downstream movement. Although juvenile chinook were captured
across the entire river at Flathorn Station, 60% of the total mobile

trap captures were recorded at bank transect sites.

4.1.2 Freshwater 1ife history

Chinook salmon juvenileg in the middle river appear to group into at
least two separate categories. The first group are those juveniles
which rear and overwinter in their natal tributaries and outmigrate to

the ocean as age 1+ fish during the spring of their second year. The

second group of chinook juveniles spend a portion of their first summer



(O
0
(A
o
0
0
fu
~
)
-

M
M
-
Z
I
®
T
O
5
-{m

1G5 S
& /

90 - e
/./
80 — -
; {

w 70 -~ !
£ /
g BO - _ //
g 1983 /-
O 50 -
i;hi 40 - i

PER

f
N___\_

10 - v

U T T T T T ThTTT T o T r vyt

MAY 18 JHE JN 15 JY 1 JY 18 AUGC 1 AUG 15 AuUG 31
DATE

Figure 41. Chinook salmon (age 1+) adjusteu cumulative catch recorded
at the Talkeetna stationary outmigrant traps, 1983 and 1984.




DRAFT/PAGE 3

5/3/85, 5/25/85, 5/21/85

NUM1/Discussion
in their natal tributaries and then, probably because of density
dependent interaction of flushing by high flows, enter the mainstem
river. These fish actively search out suitable habitats as they move
downstream. Many of the fish enter sloughs and side channels in the

middle river to overwinter while others continue downstream to the lower

river.

Since 80% of the Talkeetna Station trap catch had occurred by August 1,
and high catches were recorded at Indian River and selected sloughs
above Talkeetna Station in August, September, and October, it appeared
that a significant percentage of 1983 brood year chinoock salmon were
going to overwinter in the middle river. Previous winter sampling has
not been successful in Tlocating 1large concentrations of juvenile
chinooks in this reach (ADF&G 1982). Possible reasons are: 1) the much
higher adult chinook escapement 1in 1983 than in 1980, 2) the winter
sampling during 1981 was conducted in January, February, and March when
water temperatures approach 0°C, and the behavior of the fish may change
in that they go into the substrate and are less susceptibie to capture,
and 3) the sampling methods and intensity at selected sites were limited
during the 1981 sampling. (Ed. Note: Sampling during the winter of
1984-1985 has confirmed the presence of large numbers of chinock fry in

this reach).

A third group of chinocok salmon juveniles may be present in the Susitna
River. Data collected at the Flathorn Station ocutmigrant trap showed
that a portion of the age 0+ chinouk were moving downstream past this

site. Although it 1is possible that these fish may overwinter in
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freshwater habitats below Flathorn Station, it appears that many of
these fish would enter the ocean as age 0+ fish. Scale samples col-
lected from vreturning adults indicated that this age class of out-
migrants represented less than 3% of the middle river returning chinook

during 1983 (Barrett et al. 1984) and less than 1% in 1984 (Barrett et
al. 1985).

Intermittent operation of an outmigrant weir on the Deshka River during
1984 showed that a large number of chinook fry were outmigrating from
this tributary during July and August. Similar data were collected in
1980 by Delaney et al. (1981), who postulated that the observed
outmigration was a size related response 2s the fish reached approxi-
mately 80 mm and that the chinook fry were able to reach this critical
size during even numbered years of high pink salmon escapement and
related abundant food supplies. It is not known whether these fish
remain in habitats associated with the mainstem river or if they
continue to the ocean as age 0+ fish, but data collected at JAHS sites
below the Deshka River during 1984 indicated that very few chinock fry

were rearing in this area.

If it is assumed that a large percentage of Susitna River chinook salmon
do migrate to the ocean as age 0+ fish, then either (1) the marine
survival of this age class is very low or (2) the adult scales were not
interpreted correctly. Age 0+ outmigrants may possibly form a
transition check or other similar tignhtening of the c¢irculi on their
scales during their entry into the ocean in the summer of their first

year, and this check may be interpreted as a freshwater annulus on the
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scales of returninc adults. This could reduce the percentage of adults
determined to have outmigrated as age 0+ fish and would result in

underestimatica of the 1importance of this age class to the total

population of returning adults.

Richards (1979) showed that a major portion (72%) of the adult scales
analyzed from the Deshka River during 1978 showed that the fish had
migrated to the ocean during their first summer as age 0+ fish. Scale
analysis from creel census samples collected in the Deshka River have
classed these fish as predominantly age 1+ outmigrants (Kubik 1967;

Kubik and Wadman 1978; Kubik and Delaney 1980).

These data indicate that a reevaluation of the criteria used to deter-
mine the period of freshwater residence from adult salmon scales is
needed. Additional tests would be helpful in verifying the age of
chinook outmigrants from the Susitna River and 1in determining the
contribution of each age class to the population of returning adults. A.
comparison of freshwater growth recorded on juvenile scales collected at
the mouth of the Susitna River to the scales of returning adults would
be beneficial. Also, the collection of chinook juveniles in the Cook
InTet estuary would allow the comparisons of circuli formation during
the period of transition from freshwater to ocean growth. Additionally,
a comparison of ages determined from scales and otoliths may provide
insight into the freshwater histories of chinook salmon in the Susitna

River.
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4.1.3 Estimates of popuiation and survival

Population estimates for Indian River chinook salmon Juveniles
(3,211,000 in 1984) and the estimated survival rate of 30.2% are much
higher than what we believe to be the true values. This is due to the
late start of sampling (mid July), intermittent sampling throughout the
season, and the presence of two separate populations; those fish which
overwinter in the middle river and those fish which migrate to habitats
in the lower river. More valid éopa?ation estimates would be obtained
if sampling was conducted throughout the open-water season at these
sites and if a method of distinguishing the sub-populations was

developed.

Attempts were made during July and early August to estimate the juvenile
chinook populations and residence times in selected sloughs and side
channels of the middle river using the Jolly-Seber model ’Ricker 1975).
Both population estimates and residence timing varied so greatly day to
day and site to site, due mostly to differences in individual site
habitat, fluctuating flow conditions, and the resultant changes in gear
effectiveness, that these estimates were deemed invalid. Studies of
residence time did show, however, that at the majority of the sites
sampled, large breaching flows had a flushing effect in that branded
fish were displaced out of the site but, at the same time, new fish

migrated in to replace these ocutmigrants.
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4.1.4 Growth

The increase in mean length of age 0+ chinock by sampling period for the
combined data collected at the Talkeetna Station outmigrant traps during
1982, 1983 and 1984 is presented in Fig. 42. Chinook fry which emerge
from the gravel at an average length of approximately 37 mm have, by
early June, increased to an average of 44 mm. By the end of the
open-water season, chinock fry in the middle river had a mean length of
63 mm. Chinook fry collected in the Tower river in 1984 averaged from
two to ten mm larger than their counterparts in the middle river through

the season (Fig. 14).

OQutmigrating age 1+ fish, after overwintering in the middle reach,
increased 10 mm in length during June and July and averaged 90 mm during

the peaks of outmigration.

Examination of the downstream redistribution of juvenile chinook salmon
in the Susitna River by age class during 1984 as the percent cumulative
of the total catches recorded at Talkeetna and Flathorn Stations
compared to the calculated percent cumulative biomass moving past these
sites shows that chinook fry in the middle river averaged approximately
the same length (50 to 55 mm) throughout the period of peak outmigration
(late June through early August), resulting in very little separation
between cumulative movements recorded for catch and biomass at Talkeetna
Station {Fig. 43). The outmigration of chinook fry in the middle river

appears to be triggered, in part, by the fish reaching a critical size.
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As they reach this critical size, chinook fry which have not found
suitable habitat conditions, redistribute downstream to other rearing

areas.

In the lower river, total biomass movements were delayed in comparison
to the total number of chinook fry moving past Flathorn Station (Fig.
44), This was due to the growth occurring in the Tower river and

because of the mixed stocks present in this reach.

4.2 Coho Salmon

4.2.1 OQOutmigration

The downstream movement of coho salmon fry past Talkeetna Station is
compared for 1983 and 1884 in Fig. 44, Although the outmigration from
May through early July was slower during 1984, 50% of the total season
outmigration was recorded ten days earlier in 1984 than in 1983. The
delay in downstream movement observed during July of 1983 was due in
part to low tributary water levels during this period, and the high
rates of downstream movement recorded in mid August corresponded to a

period of heavy rainfall and high tributary discharges.

The downstream movement of age 1+ coho salmon past Talkeetna Station was

approximately two weeks later in 1984 than in 1983 while the rates of

movement were fairly stable throughout both seasons (Fig. 45).
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4,2.2 Freshwater 1ife history

Most Caﬁo salmon juveniles spend one or more years in the Susitna River
before migrating to the ocean. Analysis of scales from returning adults
indicate that most juvenile coho outmigrate as either age 1+ or age 2+
but the proportion of each age class has varied between years (ADF&G

1982, ADF&G 1983; Barrett et al. 1984; Barrvett et al. 1985).

Coho salmon in the middle Susitna River spawn almost exclusively in the
tributaries and the fry, after emergence, vrear 1in their natal
tributaries or enter the mainstem river in searca of suitable habitats.
Qutmigrant trap data collected at Talkeetna Station have shown a
downstream redistribution of juvenile coho occurring throughout the
open-water season. These coho then move into tributaries, sloughs,
beaver ponds, or other habitats to overwinter. Similar redistributions
of Jjuvenile coho were observed by Delaney and Wadman (1379) and by

Tschaplinski and Hartman {1983).

Trap catches recorded at Talkeetna Station during 1982 and 1984 showed
that high pulses of juvenile coho catches occurred during September or
early October. It was presumed these fish were redistributing to
habitats in the lower river to overwinter, but the data collected at
Flathorn Station in 1984 indicate that a portion of these fish may be
migrating to the ocean during the fall /Fig. 18). This fall
outmigration of juvenile coho may be an adaptive response to

deteriorating freshwater habitat conditions. Considering the high
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mortalities which would be expected if the fish overwintered in
freshwater, ocean conditions (though less than optimum) may provide more

favorable and abundant habitat through the winter resulting in an

increased survivai for these fish.

4,2.3 Growth

The change in mean length for age 0+ coho by sampling period for the
combined data collected at the Talkeetna . 1ition ocutmigrant traps during
1982, 1983, and 1984 i presented in Fig. 46. Coho salmon in the middle
river emerge from the gravel at approximately 35 mm and have increased
to 45 mm by early Juiy. By the end of the open-water season, coho fry
have obtained a mean length of approximately 68 mm. Throughout the
season, age 0+ coho 1in the lower river averaged at least five

millimeters larger than fish collected in the middle rive~ (Fig. 22).

Age 1+ coho salmon in the middle river also showed a steady growth
through the season {Fig. 47) increasing approximately 45 mm between late
May and early October. Similar to age 0+ coho, age 1+ coho collected in
the lower river averaged larger than fish captured in the middle river

reach {Fig. 23).

The downstream redistribution (as shown by tine cumulative biomass) of

juvenile cohe salmon in the Susitna River by age class during 1984
averaged one to two weeks later than the redistribution of the total

number of individuals recorded at both the Talkeetna and Flathorn

Station outmigrant traps (Fig. 48). The difference between the

(Ko}
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outmigrant traps during 1982, 1983, and 1984.
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Coho salmon adjusted cumulative catch and biomass by age class recorded at Talkeetna and

Flathorn stations, 1984,
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cumulative biomass movement and the movement of total numbers of fish
results from the growth of juvenile coho occurring during the open-water
season. It if is presumed that larger fish have a greater chance of
surviving due to their comparatively larger size and increased
mortality, then fish which have spent more time in the river {(and are
thus larger) are of more value than those fish which outmigrated
earlier. Any determinations made concerning mitigation activities for

these fish should then consider the timing of movement of total biomass

in the river rather than formulating actions only from the catch data.

4.3 Sockeye Salmon

4.3.1 OQutmigration

The migration of sockeye salmon fry past Talkeetna Station during 1984
was similar to the timing recorded during 1983 (Fig. 49). Fifty percent
of the total outmigration was recorded by the end of June during both
seasons. Sockeye fry were steadily redistributing to areas below the
sampling site from break-up through late August. Sampling of sloughs
and side channels in the middle river during the cold brandin<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>