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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 cn the lTower 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 middle 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 middle river. Also,

outmigrant traps were operated at Flathorn Station (River Mile 22.4)
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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 abundance of juvenile salmon
and modelling of rearing habitat in the lower river are discussed in
Part 2 (RSA Tasts 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 for the Tower river unless
evidence of different conditions in the lower river necessitated
modifications. Habitat modelling results from 14 RJHAB model sites and
6 IFIM model sites are presented. The RJHAB and IFIM models were

compared by using both at two sites.

Part 3 (RSA Task 14) contains the results of resident fish studies in
both the middle and Tower river. Monitoring of fish movement through
use of radio tags was continued and index sites in the middle river were
sampled as part of th2 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 years of data collected by
the Susitna Aquatic Stud‘es 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 or 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 salmon 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
question, 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 sites. 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 Kiver
were also intermittently sampled to help explain the mainstem outmigrant
trap data. Age 0+ chinook fry apparently outmigrate from the middle
river upon reaching a critical size. A Tlarge proportion 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
length 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 Studies 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
conducted 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), coho (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 Chulitna 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 salmon
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
saimon juveniles in the Deshka and Talkeetna rivers, and mark-recapture

by cold branding of juvenile 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 extensive 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
greath of juvenile salmon, particularly chinook, may occur in habpitats
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, relative 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 lower 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
itself well to the continually fluctuating hydraulic conditions present
at Portage Creek. The Tow numbers of juvenile salmon observed in Portage
Creek after June 15 combined with the comparative logistical inaccessi-
bility of this stream wade 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

surveyed.

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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Bottom profile of the Susitna River at the stationary and mobile
outmigrant trap sampling points at Flathorn Station. Measured
on August 23, 1984 at a mainstem discharge of 114,000 cfs at the
USGS gaging station at Susitna Station.
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2.1.3 Talkeetna River

A beach seine sampling site for outmigrants was located in 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 depioyed on the mainstem Susitna
River above the Chulitna River confluence at Talkeetna Station (RM
103.0) at the same locations 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 tagginc

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 sockeye salmon fry for
collection and tagging (Fig. 4). Speéific coded wire tagging sites (Fig.

4A) were:
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Map showing the reach where juvenile salmon mark-recapture sites are
located (RM 122.2 to 144.8 and Indian River) and the locations of the
Talkeetna stationary outmigrant traps (RM 103.0), and the Talkeetna

River sampling site (TRM 1.0), 1984,
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CODcD WIRE TAGGING

SITES RIVER MILE
Slough 8B 122.4
STough 8A 125.3
Slough 9 129.2
Slough 11 135.3
STough 15 137.3
Indian River 138.6
Slough 20 140.1
STough 21 142.0
STough 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 following 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
Slough 16 137.7
Slough 17 138.9
Slough 19 139.7
STough 20 140.1
Side Channel Slough 21 141.1
Slough 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 outmigrant 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 different

transect points during 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 class 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 (1985). 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. A1l 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 adjusted 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 ccded 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 Tlength frequency data for final age class
determination. Biological and habitat data were enteréd 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 length was recorded to the nearest

millimeter and live 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 least 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 length 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 molds for the tagging procedure.
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The adipose fin was clipped from each fish prior to tagging to provide a
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 included 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 moriality 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 in 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 chinock 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.
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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 outmigrant traps are presented as the average catch per
hour for each calendar day of sampling effort. The catch was expanded
to 24 hour intervals by dividing the number of hours fished on a given
day into 24 and then multiplying this ratio by the catch for each

species and age class.
The catch rates plotted for each species anc¢ 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:

L) = F(e-1) * H(e) * V(e

where: Z(t) = smoothed catch per hour for day (t) and

observed catch per hour for day (t)

Y(t)

This is similar to a three day 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 following an unsampled 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 into a Tlinear
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 chinook 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 for chum and sockeye outmigrants were calculated
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
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 (determ