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Wednesday, October 2

REVISED AGENDA

Susitna River Project Review

8:30a - 9:30a
9:30a - 10:30a
10:30a - 12:00p
12:00p - 1:00p

1:00p - 2:00p
2:00p - 3:00p
3:00p - 4:30p

Thursday, October 3

8:30a - 10:30a
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12:00p - 1:00p
1:00p - 4:30p

Friday, October 4

10:00a - 12:00p

October 2 - 4, 1985

Lower River Saimon Escapement (K. Tarbox)

Middle River Salmon Escapement (M. Thompson)

Middie River Qutmigrant Evaluation (K. Roth)

BREAK FOR LUNCH

Lower River Spawning Habitat Evaluation (L. Bartlett)
Middle River Resident Fish Study (R. Sundet)

Aquatic Habitat Monitoring (D. Vincent-Lang)

Long Term Monitoring Strategies (L. Bartlett)
Review Team Discussion
BREAK FOR LUNCH

Review Team Report Preparation

ADF&G/APA Long Term Monitoring Meeting




REVIEWERS GUIDE

Your participation in the Susitna Project Review 1is sincerely appreciated.
As a reviewer, your comments and recommendations will assist the Commercial
Fisheries Division develop and refine future fisheries study plans for the
Susitna River.

The Division presently has two primary management goals for the Susitna. The
first goal is "TO ENSURE THAT OPTIMUM ("ADEQUATE") SPAWNING ESCAPEMENTS ARE
MAINTAINED FOR SUSITNA RIVER SALMON STOCKS."™ The second primary goal ad-
dresses monitoring potential changes resulting from the construction and
operation of the Susitna Hydroelectric Project on fish populations and their
habitats. More specifically the goal is "TO DESCRIBE THE NATURAL PRE-PROJECT
VARIATIONS IN FISH POPULATIONS AND THEIR HABITATS AT A LEVEL OF RELIABILITY
NECESSARY TO DETECT AND EXPLAIN POSSIBLE FUTURE CHANGES CAUSED BY THE
HYDRO-ELECTRIC DEVELOPMENT".

Given the reality of shrinking budgets and rapidly increased resource de-
mands, we must carefully assess our fisheries projects to ensure 1) techni-
cal merit 2) cost effectiveness, and 3) relevance to primary management
goals. In this regard, please attempt to use the following list of questions
as an outline to structure your comments and recommendations.

1. Do the objectives of this project appear to adequately address the
Division's primary goals? How might project objectives be modified to
more clearly address our goals?

2. If you believe that technical difficulties associated with this project
may exist; what are they and how might they be remedied?

3. Could our sampling programs be modified to reduce project costs without
unreasonably sacrificing technical quality.

4, What priority would you give this project in terms of meeting the
Division's primary goals?
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PROJECT TITLE: Lower River Salmon Escapement
PROJECT SUPERVISOR: Kenneth Tarbox
ASSISTANT PROJECT SUPERVISOR: Bruce King

FY 86 ALLOCATION:-

Susitna Station - $ 53,500 {operational)
Biosonic Contract - 74,147 (C.I.P.)
Species Allocation - 15,000 (C.I.P.)

FY 86 SPENT TO DATE (AUGUST):

Susitna Station - § 32,612
Biosonic Contract - 71,147
Species Allocation - 14,100

PROBLEM STATEMENT:

The Susitna River drainage is located within the northern portion of the Cook
Inlet area and drains an area exceeding 49,200 km2. The mainstream Susitna
River extends approximately 442 km from its source in the Alaska Mountain Range
to its point of discharge on the west side of Cook Inlet. The major tributaries
are the Chulitna, Talkeetna, and Yentna Rivers. All are glacial in origin and
are heavily silt laden during ice free months. Many smaller tributaries are
characterized by clear water and are perennially silt free.

Determining total salmon escapement by species into the Susitna River is compli-
cated by the glacial nature and multiple channels of the major streams. No
successful method for achieving this result has been defined to date.

OBJECTIVES:

The objectives of the Susitna Station and Yentna River drainage salmon escapement
project is to assess:

1) the relative magnitude of escapement, migrational timing, and migrational
behavior of sockeye salmon in the mainstem river at River Mile 26;
2) the age, length, weight, sex, and scale characteristics of the sockeye

salmon escapement; and
3) the magnitude, timing and distribution of spawning sockeye salmon within

established tributary index areas.

Additional objectives within the time frame of the sockeye salmon escapement
project are to assess:



1) the relative magnitude of escapement of coho salmon, chum salmen, and
pink salmon in the mainstem river; and

2) the age, length, weight, and sex characteristics of coho salmon, chum
saimon, and pink salmon escapements.

OVERVIEW OF METHODS:

Because of the complex nature of this project, please refer to the attached
operational plans for each project phase. However, in general, hydroacoustic
equipment was operated as follows in 1985:

Susitna River Mile 26 (east bank) - Bendix counter {13978 model)
Bendix long range counter {1984 model)

Yentna River Mile 4 (north bank and south bank) -
Bendix counter {1980 model)

Susitna River Mile 26 {transect across river) -
Biosonic dual beam system

Sampling for species allocation of hydroacoustic targets was accomplished by
fishwheels and gill nets.

CONCLUSIONS DRAWN TO DATE:

1.

The horizontal and verticle distribution of salmon in the Susitna River (RM 26)
is varitable and dependent on a number of factors (water velocity, depth, bottom
profile, species, tributary input, etc.).

2. Downstream movement of salmon is evident and a .counting system must take this
into consideration.

3. A flexible counting system is required to monitor and meet changing river con-
ditions.

4. Species apportionment of hydroacoustic targets remains a critical problem.

5. The Bendix system alone is not conducive to achieving a total estimate of
salmon escapement.

6. The Bendix system fixed counting logic is not suitable for monitoring fish
behavior.

7. The ultimate cost of counting salmon by hydroacoustic techniques in the main-
stem at RM 26 may reach $100,000-%$200,000 annually.

RECOMMENDATIONS :

1.

Evaluate the cost/benefit of counting salmon in the Susitna River.



Continue the Yentna River and east bank Susitna Station Bendix counting oper-
ations for inseason management.

Continue the Biosonic program with emphasis on deployment techniques and system
design.



CPPER COOK INLET SOCKEYE SALMON ENUMERATION INVESTIGATION
OPERATIONAL PLAN

1985

INTRODUCTION

Sockeye saimon escapement enumeration projects will be conducted on the
Kenai, Kasilof, Susitna, Yentna and Crescent Rivers in 1985 (Figure 1).
Methods of enumeration and monitoring will include side scanning sonar
counters, fishwheels, and index area escapement surveys.

The Kenai River drainage encompasses approximately 5,200 kn? of the western
Kenai Peninsula and is considered to be the major sockeye salmon producing
watershed in the Upper and lower Cook Inlet areas {Figure 2). Four species

of Pacific salmon (sockeye salmon, coho salmon, pink salmon, and chinook
salmon) spawn in the river or tributary lakes and. streams. Chum salmon, a
fifth species, do not utilize the drainage to an appreciable extent. Numerous
sockeye salmon nursery lakes are contained within the drainage: Skilak,
Kenai, Hidden, Upper Trail, Lower Trail, Upper Russian, Lower Jean and Tern
(Mud) Lakes. Skilak, Kenai, Upper Trail, and Lower Trail Lakes are glacially
occluded.

Two runs of sockeye salmon occur in the Kenai River. An early run enters
the river from late May through June and a tate run enters the river from
late June through August.

Early-run fish are believed to be bound predominately for Upper Russian Lake
and its tributaries and Lower Jean Lake. The late run fish are more numerous,
and excluding Lower Jean Lake, spawn throughout the system upstream of the
outlet of Skilak Lake. Since 1964 only the late run of sockeye salmon has
been commercially harvested.

Sonar enumeration of the sockeye salmon escapement into the Kenai River has
been conducted annually 32 km upstream of the river mouth. Since 1980,
enumeration efforts have employed two 1980 model Bendix side scan sonar
(SSS) counters.

Escapement sampling was originally conducted from 1957 to 1959 to monitor
the age, length, and sex characteristics of the Kenai River sockeye salmon.
Sampling was discontinued from 1960 to 1965, however, investigations were
resumed in 1966 and have been conducted annually to establish a data bank
of escapement information.

Surveys of the clearwater sockeye salmon index spawning areas in the Kenai
River drainage were initiated in 1925. Comprehensive surveys have been
conducted annually since 1946 to obtain an indication of spawner distribution
and relative escapement magnitude. These index area surveys have also served
as an alternate index of escapement to compare with more recent sonar
enumeration.
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The Kasilof River drainage encompasses 190 km? and contains the largest
glacial lake, Tustumena Lake, in the Cook Inlet area (Figure 3). Four
species of Pacific salmon, sockeye salmon, coho salmon, pink salmon, and
chinook salmon are known to spawn within the drainage. Chum salmon are
infrequently observed in the system. Sockeye salmon are believed to begin
entering the river in early June, but the majority of the run occurs in
July.

In-season escapement enumeration in the past has been limited by the glacial
nature of the Kasilof River and Tustumena Lake. Prior to the initial
deployment of sonar counters in 1968, escapement enumeration activities
consisted of test fishing at the mouth of the river; age, length, and sex
sampling; and index area escapement surveys. Test fishing was conducted

from 1962 through 1974. Sonar enumeration (using two 1978 model SSS counters)
of sockeye salmon has been conducted annually 27 km upstream of the mouth

of the Kasilof River. A new site (adjacent to the Sterling Highway bridge)
was selected for operation of the SSS system in 1983. The move was
accomplished to provide counting conditions more suitable to the Bendix
system. Age, length, and sex characteristics of sockeye salmon escapement
have been monitored annually since 1966. Clearwater index area surveys have
been conducted annually since 1925 to determine relative escapement magnitude
and distribution. More recently, these surveys have also been used to
establish the reliability of the sonar counts.

The Susitna River drainage is located within the northern portion of the
Cook Inlet area and drains an area exceeding 49,200 kmZ. The mainstream
Susitna River extends approximately 442 km from its source in the Alaska
Mountain Range to its point of discharge on the west side of Cook Inlet
(Figure 4).  The major tributaries are the Chulitna, Talkeetna, and Yentna
Rivers.' All are glacial in origin and are heavily silt laden during ice
free months. Many smaller tributaries are characterized by clear water
and are perennially silt free.

The salmon stocks of the Susitna River drainage are major contributors to
the Cook Inlet sport and commercial salmon harvest. A1l five species of
Pacific salmon (Oncorhymchus sp.) spawn within the drainage.

Determining total escapement into the Susitna River is greatly complicated
by the glacial nature and multipie channels of the major streams. A test
fish program was conducted near the mouth of the river from 1963 through
1970 to determine relative abundance of all salmon species. A fishwheel
and gillnet escapement sampling program was initiated 40 km upstream from
the Susitna River mouth at Susitna Station in 1969 and continued through
the 1972 season. Research investigations were expanded in 1972 to include
monitoring of the salmon escapement into the Talachulitna River drainage, a
major producer of sockeye salmon and pink salmon.

Since 1974 various methods have been employed to generate salmon escapement
estimates. A sockeye salmon tag and recovery population estimate was derived
for the Yentna River in 1974. This program was expanded in 1975 to encompass
the entire Susitna River drainage for population estimates of sockeye salmon
and chum salmon. In 1976, two 1972-model MTS (multiple transducer sonar)
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counters were deployed at Susitna Station, but problems associated with
pressure on the transducers as a result of water depth precluded an accurate
estimate of sockeye salmon numbers. 1In 1977 a tag and recovery project was
reinstituted at Susitna Station with major emphasis on sockeye salmon although
partial escapement estimates were determined for coho salmon, chum salmon,

and pink salmon. Two 1978 model SSS counters have been used at Susitna
Station since the 1978 season. Because of siting and operational problems

in 1982 and 1983, the west bank counter will not be operated in 1985. Sonar
counts and fishwheel catches from Yentna Station will provide daily escapement
estimates for the west bank. Additional studies will be conducted on the

east bank to assess mid-river and upper water column migration of salmon.
These studies will be performed with existing side scanning equipment, and

a new experiemental substrateless long range (up to 500 feet) counter recently
developed by Bendix Corporation.

The Crescent (Grecian) River drainage comprises a major sockeye salmon
spawning and rearing area on the west side of the Central District of the
Cook Inlet area (Figure 5). All five species of Pacific salmon spawn within
the watershed. Crescent Lake, a semi-glacial lake approximately 10 km long
and 3 km wide is drained by the river.

Annual escapement surveys of the clear water spawning areas were initiated

in 1947. Escapement enumeration activities were limited to post-season
surveys until 1974 when the State Legislature appropriated funds for a
fishwheel project. No work was conducted in the area from 1976 to 1978. A
side scanning sonar unit and a multiple transducer sonar unit were placed in
the river in 1979 for in-season escapement enumeration of sockeye salmon.

Two side scanning sonar units {one 1977 and one 1979) have been operated
since the 1980 season. Beginning in 1984, the Crescent River sonar project
was moved to a site approximately one to two miles from the terminus of

the river at Cook Inlet. Success of the project at the new site will
determine whether additional enumeration activities at the Crescent Lake site
are necessary. If it appears that this is the case, enumeration equipment
will be transferred to the upper site prior to entry of the run into Crescent
Lake.

OBJECTIVES

The objectives of the Kenai, Kasilof, Susitna, Yentna and Crescent River
drainage escapement projects in 1984 will be to determine:

1} the relative magnitude of escapement and migrational timing of
sockeye salmon in the mainstem river;
2) the age, length, weight, sex, and scale characteristics of the

sockeye salmon escapement; and
3) the magnitude, timing and distribution of adult sockeye salmon
within established index areas (excluding Crescent River).

Additional objectives within the time frame of the sockeye salmon escapement
project will be to determine:
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1) the relative magnitude of escapement of coho salmon, chum salmon,
and pink salmon in the mainstem river; and

2) the age, length, weight, and sex characteristics of coho salmon,
chum salmon, and pink salmon escapements.

PERSONNEL

During the 1985 season, supervision of projects will be the responsibility
of the Research Section of the Division of Commercial Fisheries. Project
supervisors will be Ken Tarbox and Bruce King. The crew will consist of
four seasonal fishery biologists and eleven seasonal fishery technicians.
The crews will be assisted in the field periodically by the project
supervisors.

OPERATION DATES

Field activities for sonar enumeration will begin and end on the following
dates:

Kenai River Sonar: 22 June to 8 August
Kasilof River Sonar: 10 June to 31 July
Crescent River Sonar: 16 June to 31 July
Susitna River Sonar: 1 July to 31 July
Yentna River Sonar: 1 July to 8 August

Index area escapenent surveys for the Kenai, Kasilof and Susitna River
drainages will occur between 1 August and 1 September.

METHODS

Two Bendix SSS counters will be employed at each of the sonar sites except
Susitna Station. Procedures for deployment of the substrate and equipment
operations are described in the Cook Inlet Field Operations Manual.

Sonar counters and transducers will be tested and monitored by Mr. Al Menin
(Bendix Corporation engineer) and trained ADF&G personnel.

Counts of saimon crossing the substrate will be recorded on printer tape
each hour of the day. The paper printouts will be removed from the counters
and the counts tabulated on a separate form once each day. The accuracy of
the counter will be monitored daily by hand tallying fish-related echos
displayed on an oscilloscope. The ratio of visual counts to SSS counts

will be used to derive a calibration factor. This calibration factor will
then be used to adjust the fish swimming speed setting on the sonar counter.

Because the sockeye salmon run into each system differs in strength, entry
pattern, and daily timing, different criteria for adequate monitoring are
necessary for each sonar system. All sites will monitor a minimum of two
hours per counter per day (four visits at one-half hour each) prior to the
beginning of the peak of the run.



When the sonar counts begin to increase indicating the beginning of the peak,
monitoring time at the Crescent and Kasilof River sites will increase to

three hours per counter per day. The approximate dates during which increased
monitoring will be conducted (based on historic average escapement dates

for entry of 60% of the run) are as follows:

KasiTof River: 5 July - 21 July
Crescent River: 1 July - 24 July

These dates may be adjusted in-season at the discretion of the Project Leader.
Monitoring time on the Kenai, Susitna and Yentna Rivers will be increased when
sonar counts reach 500 per hour (12,000 per day) as follows:

1) a minimum of 100 visual oscilloscope counts per hour will be recorded
and compared with SSS counts to determine counter accuracy;

2} if counts from the two sources differ by more than 20%, then the
pulse repetition rate will be adjusted accordingly;

3) if results from monitoring indicate a change in pulse rate is
necessary, then an additional 100 fish targets will be counted to
assess the results of the change. This step will be repeated
after each change in pulse rate;

4} as counts drop below the 500 per hour level, the monitoring level.
will return to a minimum of two hours per counter per bank.

Evaluation of hourly passage rate between 1979-1984 suggests definite trends
in fish movement during different parts of the day at each site. Therefore,
monitoring effart will be concentrated during those pericds when most of

the fish are moving. Monitoring schedules will be as follows:

Crescent River: 1200 - 1800 hours
Yentna River: 0800 - 2200 hours
Susitna River; 0800 - 2200 hours
Kenai River: 1600 - 0400 hours
Kasilof River: 0800 - 2200 hours

Fishwheels will be installed at all sites to assist in assessing migrational
timing and relative abundance of salmon species, apportion sonar counts, and
obtain escapement samples. All fish captured in the fishwheels will be
enumerated by species and sampled according to methods and schedule provided
in the Cook Inlet Field Operations Manual. Additional crewmembers will
be provided to assist in obtaining samples during peak passage periods.

Radio or telephone contact will be maintained between sonar sites and
Soldotna on a daily basis.

Index area escapement surveys will be conducted by staff personnel on the
Kenai, Kasilof, and various Northern District minor river systems. Foot
surveys will be conducted on the Kenai and Kasilof River drainages. Spawning
areas to be surveyed are listed in Table 1. A minimum of two survey rounds
will be conducted in each area.
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Table 1. Upper Cook Inlet sockeye salmon escapement index areas.

Susitpa River Drainage Kenai River Drainage Kasilof River Drainage
Byers Lake Railroad Creek Nikolai Creek

- Talachulitna River Johnson Creek "Crystal Creek
Trinity-Movie Lakes Carter-Moose Creek Clear Creek
Shell Lake Ptarmigan Creek Glacier Flat Creekl/
Hewitt-Whiskey Lakes Tern (Mud) Lake Seepage Creek
Red Salmon Lake Quartz Creekl/ Moose Cree
Puntilla Lake Lower Russian River Bear Creekl/

West Fork Yentna River Hidden Lakel/
Chelatna Lake

Fish Lake

Clear Creek

Stephan—Mur? r Lakes

Larson Lak

Swan Lake

Red ‘Shirt Lake

Northern District Minor System

Fish Creek (Big Lake)l/
Nancy Lake

Coal Creek (Beluga River)
Cottonwood Creek

'1/ F.R.E.D. Division weir counts.
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APPENDIX C

}}Q order to achieve a quantitative description of the Hhorizontal and
7 rtical distribution of migrating salmon in the Susitna River the
contractor will provide 4 field technicians for to be staticned at the
Rlaska Departmant of Fish and Game Field Camp at Susitrna Station and preovide
them with two complte hydroacoustic systems and all necessary support
instrumentation and supplies to perform data acquistion. Data collection
will begin on July 20,1883 or later i1if requested ty RADF+G personnell, and

continue for 20 days.

During this time, the contractor will implewment tne following sampling

strategy:

2. section the horizontal distarnce (at the high water marks) of
the river 1into 10 segments with six, 200 ft. segments (3 on each bank)
begirnning at the high water mark on ei1ther bank. The remaining midriver

distance will be divided into 4 egual parts.

b. partition the 20 day data collecticon pericd into 20, &4 haour
periods with each period consisting of 2 ten hour pariods (beginning and
ending times to be determined by consultation with ADFG staff). Each of the
10 sesgments will Ee sampled during each 10 hour period. Two 30 wminute
samples will be collected in the rearest irnshore s=gmaent on each bank wnile
one 30 minute sample will be collected in e2ach of the 8 remaining segments.
R sampling period will be exterded 15 miriutes whzn less tham 20 fish are

observed. The location of each sample will be rzrndomly located in  each
sainarnt.
;

C. within each segment, trarnsducers will be aimed vertically
such that position in the _water columnm can be detsrmired along with upstream
or downstream movement. When water depth 138 1258 than ft., ransducers

will be oriented horizontally and depth informaticn collected by varyirng the
horizorntal aiming anglfiaa-@:uﬁﬁbkg

S

Postseasorn, the contractor will process data in order to record:

a. time of detection

b. ravige at first deifection

c. range at last detéction

d. target strength as determired by dual besam recordings

The contractor will also analyze data according to 4 day groupings in order

to determines

the number of fish passirng through =ach segment per urnit time

a.
b. the vertical disiribution in each sszwent
C. Lasic statistics =f distributions for =zach sepment

-

for review no later

ch
o
{
3

fﬁe contractor will provide a draft report to RLEFG



Noverber 18, 1985 with a final report to follow =2 later than December 20
includingsy :

P . . . _

i a. a summary by sampling station of tre horizontal and vertical
distribution of migrants over the field season. £ minimum of 4 summaries

will be prepared with one gach for combinations of ugstream and downstream
migrants with periods of high and low passage rates.

b. summaries by & day periods of ho
distribution of migrants over the total field s=
movement and time of day.

izontal and vartical

-
ason by direction of

c. other summaries as reguested by 225G and agreed through
mutual consent.

ARlaska Department of Fish and Game wi1ll provide the following:

1. round trip tranmsportation of personr=sil and equipment from
Anchorage to Susitra Station

2. boats, motors and gasolime at Susitrna Station

3. food and lodging at the Susitrna Station {(=stimated cost to AUF+G
is $1,&00)



APFENDIX D

1.4™ The total amount of this contract shall nrnot exceed $63,647.
2. Up to 20% of theitotai aimount as stated in Rppendix D, Article 1, may
be withheld by tho state as the final payment in order to insure tne

Contractor’s complete performance of all terms as specified in Appendix C of

this contract.

3. The Contractor shall submit a detailed billing including manbours
worked and overhead charges upon satisfactory completion of the contract.
The Department project represaentative as desigrated under Article 4.2 of
this contract will approve the billirngs and forward same to the Director,
Division of Administration, Departmznt of Fish arnd Game for prompt payment.

4. The Contractor will be re2imbursed for actual costs according to the
following budget:

Projecct managemz=nt and suparvision %3, 449
Cata acgquistion technician labor %19, 732
Travel $4, 000

$11, 500

Equipmzent leases

Expaendable supplies $5, 000

Data reduction techician £5, 760
Data analysis

Praoject lzacar $10, 883

Project technician %$1,200

JWNReporting

‘ Wordprocessing $311

Techhical editing %1, 152

TOTAL 63, 647

)
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BioSonics™
BiaSonics, Inc.
4520 Union Bay Piace NE
Seatlie, Washington $8106
{206) 6270905

14 March 1985

Deva Gaadst

Aleska Dept. of Fish &d Game
Commarcisl Fish Division
Bax 3-2000

Junss, AKX 99802

Telsphona * 907-485-4210
Telefax ¥ 907-586-6595

Beur Dave,

Here's the detoil shests for the proposed project.  1f you hove quastions plsssa try toceich
me lomorrow sinca 11 be out of my offics unti! fridey of next week.

Sim}y;

,/7‘2’{;

Thomas J. Corison
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BioSonics™
DATE: 14 Morch 1985
10 Dave Baudst, Aleska Dept. of Fish and Game
FROM: Tom Carlison
SUBJECT:  Delafl for Project to Estimsta the Horizonta] snd Vertical Distribution of
Upstream Migrents in the Susitne River, Alsska Using Hydrooooustic Methads
DATA ACQUISITION

Crew, Bosl end Hydrosnoustie  Instrumentstion

A single boat will be usad (1 spoke with Ken Tarbax when | wes in Soldatna He described
the various boats availeble. | believe thst one of the existing profect boats will be adequste with
tha sdtition of & canves cenopy to provids sheltsr to the instruments ond crew. We will be sble
to purchese the canopy out of tha project funds allocatsd for miscs!lanaous supply expanses.).

The crew will consist of four man working in two 10 hour shifts esch day continuously
through the 20 doy dota noqusisition period The two 10 hour periods will be aslected in
conference with ADF &S Suistina project mansgament so that dafly time perfods of major interest
ore includsd The crew will aeriva ot the project sile four days before sampling 1s o bsgin o
install the ydroscoustic equipment abosrd the boat and to position the sampling stations marker
buys. Thecrew will spend one day 8fter sampling has ended to remove the instrumentation
from the boct and prepare it for shipment and to perform other comp bresking chores. The total
time &t the project sits will be 25 days. It is assumed that food and todging will be provided for
the crew ot no cost to the projact budget while they are 6t the profect site (1.e. they will be
Incorpareted info the project camp and trested os other ADF&G employzes st the camp). It is
also assumad that ADF &G will provide transportation of the field crew to the project site from
Ancharage at no edditionat cost to the project budget. 8ioSonics will provide sir transportation
of the crew o Anchorags from Seettle using project funds sllacated for thet purposs.

Two hydrooooustic systems snd sl netesssry support instrumentetfon end supplies
required 1o perfoem the ¢ats soquisition progrem to be deseribed will be provided by BioSanics.
A detsiled st of this etipment focluding iis damensions end weight will be provided o ADF&G
porsanne] whi ere o arrengs for trensfer of the equipmeant from Anchorege (o the project site
during projact planning [t is assumed that ADF&GB will pay the round trip costs of shipping the
auipmenl butwecn the project site end Anchorage.  BioSonles will mee sl errangaments
recessuy 10 ship the eqsipmunt to Anchorege end will pay for air freight from project funds

alloey'=] for thst purpos.
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. Ssmpling Sirolegy

Tha river oross saction at or neer the projact site will be divided into len sagments
{ measured horizontslly bank to bank), Thare will ba threa 200 foot wide scoments es meesured
from the expectsd high waler boundry for esch bank. Thers wiil slso be four segments of aqual
wicth that will includa the total river width not included in the other six 200 fool segments.

It's expected thst the mejority of fish will pess within the first few hundrsd fest of the
shore (i.e. that is, the distribution of fish soross the river s not expected to be uniform but
skevwsd lowerd shors).  The exscf nature of the distribution of upstream migrants scross the
river 1s not known, of course, or this study would not be necessary bul experience by ADF&G
personnel to date Indicates that this is a reasonsdla essumption and need be includad in the design
of the study. Inaddition, it is the nsar shore environment most susceptisble to both short terms
ss well ss long term changes due o erosion, dwngs In river flows, etc. 1t s not unressonable to
expect that, given the probadility of hicher pessags rales nesrer shors, tha short term
instahility of the nesshore environment {relative to mid river regions) and the unknown
species spegific bebavioral tendencies for near shore versus off shore migrstion; that thesa first
few hundred feet from shore will b Tocations where the behavior (1.e. vertical and horizontal
distribution emong cthar vorfoblss) of fish will be most variehls and where the most ssmpling
sffort nesd be allocated to achieve sample sizes larga enough to overcoms (in o statistical sense)

the effect of this higher varishility.

In addition to those statistical arguments that could be mads for allocation of more
sampling effort nearshore, there is also the nead to measure 63 socurstely &s passible the
nessshore distribution of fish so that dats soguirsd in the past by ADFAB and others using
various iydroacoustic end nonhytroscoust e methods to estimate fish passage con be reevalusted
An sssentlel estimste In this context Is en estimste of the peroentsage of the total number of edult
fish passing upstream pod downstream that pess within 200 fest of shore.

Tha boundries of ths segments will be marked with bugys held in placs with anchors (The
anchors will ba waighted with chain end will be largs encugh to maintain thair position even
should the buoy ropes become fouled with debris.). In addition o boundry markers the bugys
will serve &3 points to ts the boat during sampling. The location of the sampling station i

boundrfes will be determinad using 8 positioning system.

The primery chisctive of the study is to estimate the horizontal end vertical distribution
of upstream migrents passing through river mile 28. It's clsar that ths time end rescurces to
achizve this objective ere limiled so bounds must bs plsced on the spacial and temporal
resalition with which estimstes of upstresn migrant distribution &e to be mede. Resolution of
i tha messurements to be meds is the subject of tha rest of inis seclion.

Tempoeal oonsiderstioas. Ths field seasan will consist of 20 days {more pracis:ly twenty
24 bour periods) of saripling plus four ¢eys prioc tosamplingel tha prajest site preucing the
bost ord instruments a4 one oy afler ssmpling ends to bresk ths equipment diwn end prepace it
for shipment back fo Sesttla This 20 day sampling period will b= divided (nto five 4 day

saFnonia
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During sach 24 hour periad thers will be two 10 hour sempling shifis. The assignment of
the sampling shifts within the 24 haur perfods will be made et the baginning of the fizld season
sfter consullstion with ADF&G personnel ot the site. Tdeally onz 10 hour period wiil correspend
to tha time during each 24 hour peritd when pessege rete is highest the other to when passage
rete is lowest o to some othsr phensmon such as dey/night periods which might affect the
behavior of upstream migrents.

One of the primery products of the project will be tan estimstes of the vertical and
horizontsl distribution of upstream migrents, one estimate corresponding to esch 10 hour
period within each 4 doy sampling ssgment. Each of thess estimates will be besed on 6 sample
size of 4 messuremants, ong messurement resulting from the sampling conduciad each 10 hour
perfod Thus ths plannad temporal resolution of the measurements will be a single estimats of
tha verticsl end hoetzontal distribution of upstresm migrants exch 96 hour period.

Snecinl ponsideratinns. Individual semples will consist of the fish detected during stondsrd
obsarvet fon pariods esch 30 minutes long  The standerd ahservation period will be extendsd an
acditional 15 minutes if fewer then 20 fish &re detected during the standard period

Duringeach 10 hour sempling shift esch of the 10 sampling segments {stelions) across
the river will be sempled Becsuss of the Importenca of the nsar shore ssgments two senples
will be teken fn esch of tha two naar shore senents and ona sample will be eken ineach of the
remsaining 8 sagments for a tolal of twelve 30 minute stondard cbservation periodseach
sznpling shift. The location of esch sample witl be randomly sslected within sach segment.

Irangcer ortenistinng  The standsrd sempling maethodology will be o use vertically
gimad transducers. The vertieal eiming engle will be salectsd to optomize the detection of
migrants while permitting determination of their direction of trevel {i.e upstreamor
downstreem) end Tocation in the waler column, which is necessary data for estimetion of
veriical distribution. The exception to this standsrd will ba the near shors region whare water
depths are less than 4 fest. In these regions horizontally aimed trensducers will be used The
or ientation of the horizontally simed transducers will not necessarily be restricted to a shore
outward or fentation. Otlher ocientations that heve praven to be vecy effective in similar
situalions such 83 upstream o downstream ortentations will also be used to optomize fish
detertion &nd daterminstion of fish direction of movement.

In locetions where watzer denth will not permit vertice) arientstion of rensducers, the
locstion of migrents within ths weler column cennct be dgler minsd end thus vertical

di=iribuiion cannot be estimels
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DATA PROCESSIRG, ANALYSIS AND REPORY PREPARATION

Dzl Processing
. Data will be acquired in two forms, &s echoprams and &s taps recordings.

The primary dsis form will be echograms, Echogrems will be processed by digitizetion
using a computer &nd bit pad For esch fish detectton ths following dsta will be recoverad from
the echogram recorg: 1) time of detsction, 2) rengs ot first datection, 3) rangs ot est detection
&nd 4) sampling station. This dsta will parmit estimetion of the directian of travel of the
:E{ectad Msh, the fish's location In the woter column end will plece ths fish In the river and in

ime,

Only dual bsam echo returns will ba tape recordsd (axcluding the passibility of chart
recorder follure). Thess records will be processad to oblain mesn targst strength estimates of
telected fish. Adittional processing may bs underteken o prodice messures similar to thcse

chiained during echooram processing
Dola Analysis

Tha primary statistic (o be estimated from each sampls is the fiux of fish {number of fish
passing ﬁwam the 1018l ensanifisd volums per unit time) through sach station. A basic
assumplion is that the flux of fish through the talal volume ensonifisd by the transducers usad
for sompling is & good estimste of the flux through the sampisd segment es e whole (e on
assumption of uniform distribution of fish flux through esch sagment).

The first stage of enolysis will be to compule estimalss of fish flux and vertical
distribution from esch sample. These estimetes will bs groupad eccording 1o the scheme
presented earlier and estimeates of mean flux and mean vertical distribution for 4 dey long
periods will be computed. The meen eslimates ond essociaiad ststistical messures of dispersion
will provide a basic dela bass for further anatlysis of differences betwsen periods within days
and gver the course of the Tigld sszeon. However, sines this project has been designed primarily

toprwideestlm&tesdmig‘mtdlstribuhmHﬂmsp&lﬁchfpﬂtfmmmsmw _} SR
exiensive analysis of deta more 8ppropriete to frypotheses testing will not be undertsken.  ~  — -~ =

Estimates of mean single fish targat strength will be onalysed toevaluste the use afauﬁl
messurements es elements of s method to clessify fish echoes.

Report Preparsation

Dete reduction end enalysis will ba conductsd immadicisly fallowing dsla soquisition. A
traft repot witl be submitiad far review on Kovernbar 18 A final report will be submitled by

Derember 20 ofler evpradime'ely 2 wecks of cuview of Lir (refl repirt by ADFEG.

A m(ejor pxticn of the regort will ba presentstion of {ha data sonuired during the project.

The dsta will &'sa ba stored in fles wrilten in 1BM format on fleppy dlsks. Coples of the disks

sred o cesoription uf !ham‘ Ois structur s will sconmpaory ths ﬂrﬁxrml
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The rest of the report will consist of presentation of the anatysis of the vertical end
horizontal distr ibution of migrants passing through river mite 28. Definite resulls to be
presentad will be:

1. Asummary by sampling station of the horizontal end vertical distribution of migrants
over the total field season. At least 4 summaries will be prepared one each for
combinations of upsiream and dwwnstream migrants with periods of high end low

passage rate ’

2. Summaries by 4 doy pariods of the horizantal end vertical distribution of migronts
over the totsl field sesson. This will result in 20 data tsbles groupod according to the
direction of migrant movement and time of day (L.e. passage rete pariod).

3. Olher summarics determined during the project as desiresbls or requested by ADF&O.
No attempt witl be made to extrapolate tha results of this study to previous or current.

ADF &G studies of migrant passegs or to interpart the results of this study in the context of the
results ofsu:h studies.

1
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EXECUTIVE SUMMARY

Project Title: Susitna River Adult Salmon Investigations (1981-1985)
Project Supervisor: | Larry Bartlett
- Task Manager: Mike Thompson
FY 86 Allocation: 335.7K
Spent To Date: Unavailable.

Problem Statement:

Anadromous fish utilizing the lower and middle Susitna River are one facet of
the fisheries resource that may be impacted from operation of proposed hydro-
electric development at Devil and Watana canyons. Because of this potential
impact, the Alaska Power Authority has contracted the Alaska Department of
Fish and Game (ADF&G) to provide a baseline data base on the escapement of
anadromous fish to the middle and to a lesser extent, the lower river reaches.

Objectives:

1. Determine the abundance of sockeye, pink, chum, and coho salmon at
Flathorn (1984-85), Yentna (1981-84), Sunshine (1981-85), Talkeetna
(1981-84), and Curry (1981-85) stations. Also, determine the abundance
of chinook salmon at Flathorn (1985), Sunshine (1982-85), Talkeetna

(1982-84), and Curry (1982-85) stations.

2. EvaTuate migrational timing and migrational characteristics (rates of
travel and bank/channel preference) of adult salmon at stations operated

from 1981-85,

3. Monitor the age, length, and sex composition of the adult salmon escape-

ments at the locations and years defined in objective 1.

4, Assess the extent of adult salmon spawning in middle river side channel,

main channel, slough and tributary habitats (1981-85).

5. Assess the extent of adult salmon spawning in 10wek river main channel,
side channel, slough (1981-84, except 1983) and tributary stream mouths

(1984-85) habitats.

6. Determine the timing, age, length, and sex characteristics and spawning

areas of eulachon in the Susitna River (1982-83).



Overview of Methods:

Salmon escapements were enumerated using either a modified Petersen estimator
or Bendix side scan sonar. The Petersen estimate was derived using the tagged
to untagged ratios of salmon captured in fishwheels and from spawning ground
surveys. The number of tags deployed was adjusted for tag loss prior to
calculating population estimates. The Bendix sonars were 1980 models and had
an effective counting range (with substrate) of up to 60 feet. A1l sonar
counts were apportioned to species using fishwheel catch composition.

Migrational timing and characteristics (bank/channel preference and travel
rates) were determined from fishwheel catch per unit effort information and
recapture of previously tagged fish.

Age, Tlength, and sex composition were assessed from a subsample of the fish-
wheel catch. Standard sampling procedures were employed.

Locatfon, timing, and extent of salmon spawning in slough, side channel, main
channel, and tributary habitats were determined using data collected from foot
and helicopter surveys.

Conclusions:

A1l presented conclusions are a very brief synopsis of findings presented in
1981-84 Su Hydro, Adult Anadromous reports. Therefore, stated conclusions
relate specifically to the years of study.



1. Population estimates by location and year:

ESCAPEMENT BY SPECIES AND SAMPLING LOCATIONS FOR 1981-1984

ESCAPEMENT
SAMPL ING 2/
LOCAT 10N YEAR CHINOCK SOCKEYE= PINK CHUM COHO TOTAL
Flathorn 1984 3/ 605,800 3,629,300 812,700 190,100 5,238,500
Station
Yentna 1981 139,400 36,100 19,800 17,000 212,300
Station 1982 113,800 447,300 27,800 34,100 623,00
1983 104,400 60,700 10,800 8,900 184,800
1984 149,400 369,300 26,500 18,200 563,400
Sunshine 19861 3/ 133,500 49,500 262,900 19,800 465,700
Station 1982 52,900 151,500 443,200 430,400 45,700 1,123,700
1983 90,100 71,500 40,500 265,800 15,200 483,100
1984 121,700 . 130,100 1,017,000 - 765,000 94,700 2,128,500
Talkeetna 1981 3/ 4,800 2,300 20,800 3,300 31,200
Station 1982 10,900 3,100 73,000 49,100 5,100 141,200
1983 14,400 4,200 9,500 50,400 2,400 80,900
1984 24,800 13,100 177,900 98,200 11,800 325,800
Curry 1981 3/ 2,800 1,000 13,100 1,100 18,000
Station 1982 17,300 1,300 58,800 29,400 2,400 103,200
1983 9,700 1,900 5,500 21,100 800 39,000
1984 18,000 3,600 116,900 49,300 2,200 190,000
v Escapement estimates were derived from tag/recapture population estimates except Yentna
Station escapements which were obtained using side scan sonar.
2 Second-run sockeye salmon escapements only.
3/

=~ Chinook salmon were not monitored for escapement.

2. Migration timing and rates:

Adult salmon occupied the middie river from mid-June through mid-September
based on fishwheel catches. Specifically, each species were present as
follows:

Chinook mid-June to mid-July
Sockeye mid-July to end of August
Pink last of July to mid-August

. Chum mid-July to end of August
Coho last of July to mid-September

There was a behavioral trend, exhibited by all spec1es, to dincrease their
travel rate as they pro ressed beyond the three rivers confluence (Sus1tna,
Chulitna, and TaTkeetna% This trend was attributed to milling in the
confluence area.
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3. Spawning:

Chinook salmon spawned exclusively in tributary habitats in the middle river.
Peak spawning generally occurred during the last week of July and first week
of August. Chinook have been documented in four tributaries above the pro-
posed Devil Canyon dam site.

Second-run sockeye spawned primarily in middle river slough habitats. Minor
spawning has been noted in main channel areas (1983-1984). Peak spawning in
sloughs has occurred between the first and third weeks of September.

Pink salmon, 1ike chinook, spawned almost exclusively in middle river tribu-
taries. They spawned in sloughs to a limited extent, while the main channel
was not used for spawning. Peak spawning in tributaries has occurred during
mid-August.

Chum salmon spawn in middle river main channel, slough, and tributary hab-
jtats. Spawning in sloughs reaches a peak during the first week of September,
one or two weeks later than peak spawning in tributaries.

Coho spawn primarily in middle river tributary streams. Peak spawning oc-
curred during the last two weeks of September.

4, Eulachon:

Eulachon entered the Susitna River in two distinct runs (1982-83). 1In 1982,
the first migration passed through the intertidal reach (RM 0-7) after ice
breakup, in late May (May 16-30). A second migration followed in early June
(June 1-8). 1Inl1983, the first migration occurred in mid-May (May 10-17)
followed by a second migration in mid-May and early June (May 19-June 6).

The upper distance of eulachon migration in the Susitna River was about 50
miles in 1982 and 1983. The first migration reached RM 40.5 in 1982 and RM
28.5 in 1983. The second migration reached RM 48.5 and 50.5 in 1982 and 1983,
respectively. The Tlargest concentrations of first and second migration
eulachon in both years remained in the initial 29 miles of the Susitna River
main channel.

Recommendations:

1. Refine the existing tag/recapture model to a form which stratifies tag
deployment into several time intervals. This will allow seasonal vari-
ation in gear efficiency to be addressed.

2. Review alternative methods to assess stock characteristics (age, length,
and sex composition). Presently, all reported characteristics are
subject to fishwheel selectivity bias.

3. Develop a method to accurately assess milling at population estimate
sites.



I1.

OPERATION PLAN
Adult Sa]mon‘EScapement
Division of Commercial Fisheries
Susitna Aquatic Studies
Anchorage, Alaska

Prepared by Mike Thompson
September 1985

Problem Statement

A.
B.
C.

Scope
Objectives

Justification

Project Narrative

A.
B.

Duration

Location

Personnel

Discussion of Assumptions
Procedures

Budget



I. Problem Statement

Anadromous fish utilizing the Tower and the middle Susitna River are one facet
of the fisheries resource that may be impacted from operation of the proposed
hydroelectric development at Devil and Watana canyons. Because of this
potential impact, the Alaska Power Authority has contracted the Alaska Depart-
ment of Fish and Game (ADF&G) to provide a baseline data base on the escape-
ment of anadromous fish to the middie and to a lesser extent, the Tower river
reaches.

A, Scope:

Adult salmon captured with fishwheels were tagged and released at Flathorn,
Sunshine, and Curry stations (Figure 1}. Tag recovery and spawning ground
surveys were conducted in all middie river sloughs and streams and to a
1imited extent in Tower river sloughs and streams. Population estimates were
derived by the Petersen method. Tag recoveries were also used to evaluate
migrational timing between fishwheel sites. The adult salmon escapement
composition of age, length and sex was determined from a sub-sample of the
fishwheel catch.

B. Objectives:

1. Determine the abundance of sockeye, pink, chum, and coho salmon at
Flathorn (1984-85), Yentna (1981-84), Sunshine (1981-85), Talkeetna
(1981-84), and Curry (1981-85) stations. Also, determine the abundance
of chinook salmon at Flathorn (1985), Sunshine (1982-85), Talkeetna
(1982-84), and Curry (1982-85) stations.

2. Evaluate migrational timing and migrational characteristics (rates of
travel and bank/channel preference) of adult salmon at stations operated
from 1981-85.

3. Monitor the age, length, and sex composition of the adult salmon escape-
ments at the locations and years defined in objective 1.

4. Assess the extent of adult salmon spawning in middle river side channel,
main channel, slough and tributary habitats (1981-85).

5. Assess the extent of adult salmon spawning in lower river main channel,
side channel, slough (1981-84, except 1983} and tributary stream mouth
(1984-85) habitats.

6. Determine the timing, age, length, and sex characteristics and spawning
areas of eulachon in the Susitna River (1982-83).

C. Justification:

In the event of hydroelectric construction on the Susitna River, a fisheries
baseline data base will be necessary to develop a long-term monitoring program
and to make specific recommendations concerning possible mitigation.



II. Project Narrative

A. Duration:

1. Adult salmon escapement monitoring stations were operated as follows:

Flathorn Station (RM 22) May 25 - September 3
Sunshine Station (RM 80) June 4 - September 10
Curry Station (RM 120) June 10 - September 12

2. Lower river tag recovery surveys began July 5 and will end October 7.

3. Middle river.tag recovery and escapement surveys began July 15 and will
end October 15.

B. Location:
- 1. Escapement monitoring Tocations are presented in Figure 1.
2. Lower river tag recovery survey schedules:

Table 1. Lower river general salmon escapement survey schedule.

SURVEY
RIVER

STREAM MILE PERIOD FREQUENCY METHOD DISTANCE

Noname Creek 27.8 7/5-10/7 Weekly Foot 1/3 mile
Fish Creek 31.2 7/5-10/7 Weekly Foot 1/3 mile
Whitsol Creek 35.2  7/5-10/7 Weekly Foot 1/3 mile
Rolly Creek 39.0 7/5-10/7 Weekly Foot 1/3 mile
Willow Creek 49.1 7/5-10/7 Weekly Foot 1/3 mile
Little Willow Creek 50.5 7/5-10/7 Weekly Foot 1/3 mile
Grays Creek 59.5 7/5-10/7 Weekly Foot 1/3 mile
Kashwitna River 61.0 7/5-10/7 \Weekly Foot 1/3 mile
Caswell Creek 64.0 7/5-10/7 Weekly Foot 1/3 mile
Sheep Creek 66.1 7/5-10/7 Weekly Foot 1/3 mile
Goose Creek 72.0 7/5-10/7 Weekly Foot 1/3 mile
Montana Creek 77.0 7/5-10/7 Weekly Foot 1/3 mile
Rabideux Creek 83.1 7/5-10/7 Weekly Foot 1/3 mile
Sunshine Creek 85.1 7/5-10/7 Weekly Foot 1/3 mile
Birch Creek 89.2 7/5-10/7 Weekly Foot 1/3 mile
Trapper Creek 91.5 7/5-10/7 Weekly Foot 1/3 mile
Cache Creek 95.5 7/5-10/7 Weekly Foot 1/3 mile
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Table 2. Specific lower river chinook salmon tag recovery survey schedule.

SURVEY
RIVER
STREAM MILE PERIOD FREQUENCY METHOD DISTANCE
Alexander Creek 10.1 7/15-8/5 Once Min. Boat Field Selected
Talchulitna Creek 28.0 7/20-8/5 Once Min. Boat Field Selected
Lake Creek 28.0 7/15-8/5 Once Min. Boat Field Selected
Deshka River 40.6 7/20-8/5 Once Min. Raft Field Selected
Rabideaux Creek 83.1 7/20-8/5 Once Min, Canoe Field Selected
Clear Creek 97.1 7/15-8/1 Once Min. Helicopter Field Selected
Prairie Creek 97.1 7/15-8/1 Twice Min. Foot Field Selected
Troublesome Creek 97.8 7/20-8/5 Once Min. Foot Field Selected
Byers Creek 97.8 7/20-8/5 Once Min. Foot Field Selected
Middle Fork
Chulitna River 97.8 7/20-8/5 Twice Min, Raft Field

Selected




3. Middle river tag recovery and escapement survey schedules:

Table 3, General salmon escapement survey schedule above river mile 97.1.
SURVEY
RIVER
STREAM MILE PERIOD FREQUENCY METHOD D{STANCE
Fish Creek 97.1 8/10-8/25 Twice Foot Field Selected
Larson Creek 97.1 8/11-8/10 Once Foot Field Selected
Byers Creek 97.8 8/10-8/15 Once Foot Field Selected
Unnamed Tributary to
Tokositna 97.8 8/1-8/10 Once Foot Field Selected
Troublesome Creek 97.8 9/5-9/15 Once Foot Field Selected
Byers Creek 97.8 9/5-9/20 Once Foot Field Selected
A11 Sloughs 98.6-161.0 8/6-10/7 Weekly Foot Entire
Whiskers Creek 101.4 8/6-10/7 Weekly Foot 0.5
Chase Creek 106.4 8/8-10/7 Vieekly Foot 0.75
Slash Creek 106.9 8/8-10/7 Weekly Foot 0.25
Gash Creek 11.6 8/8-10/8 Weekly Foot 1.0
Lane Creek 113.6 8/8-10/7 Weekly Foot 0.5
Lower McKenzie Creek 116.2 8/8-10/7 Weekly Foot 0.25
McKenzie Creek 116.7 8/8-10/7 Weekly Foot 0.25
Little Portage Creek 117.7 8/8-10/7 Weekly Foot 0.25
Deadhorse Creek 120.9 8/8-10/7 Weekly Foot 0.25
Fifth of July Creek 123.7 8/8-10/7 Weekly Foot 0.25
Skull Creek 124.7 8/8-10/7 Weekly Foot 0.25
Sherman Creek 130.8 8/8-10/7 Weekly Foot 0.25
Fourth of July Creek 1311 8/8-10/7 Veekly Foot 0.25
Gold Creek 136.7 8/8-10/7 Weekly Foot 0.25
Indian River 138.6 8/8-10/7 Weekly Foot 1.0
138.6 8/8-10/7 Weekly Helicopter Upper Spawning Limit
Jack Long Creek 144 .5 8/8-10/7 Weekly Foot 0.25
Portage Creek 148.9 8/8-10/7 Weekly Foot 0.25
148,9 8/8-10/7 Weekly Helicopter Upper Spawning Limit
Cheechako Creek 152.4 8/§-10/7 Weekly Helicopter 1.0
Chinook Creek 157.0 8/8-10/7 Weekly Helicopter 1.5
Devil Creek 161.0 8/8-10/7 Weekly Helicopter 1.0




Table &, Chinook salmon escapement and tag recovery survey schedule.

SURVEY

RIVER :
STREAM MILE PER10D FREQUENCY METHOD DISTANCE
Whiskers Creek 101.4 7/15-8/5 Twice Foot 0.5 Mile
Chase Creek 106.9 7/15-8/5 Once Foot 1 Mile
Lane Creek 113.6 7/15-8/5 Twice Foot Upper Spawning Limit
Fifth of July Creek 123,7 7/15-8/5 Twice Foot Upper Spawning Limit
Sherman Creek 130.8 7/15-8/5 Twice Foot Upper Spawning Limit
Fourth of July Creek 131.1  7/15-8/5 Twice Foot Upper Spawning Limit
Cold Creek 136.7 7/15-8/5 Twice Foot or Helicopter Upper Spawning Limit
Indian River 138,99 7/15-8/15 Four Foot 1 Mile
Portage Creek 148.9 7/15-8/15 Four Foot 0.25 Mile
Cheechako Creek_ 152.4 7/15-8/5 Twice Helicopter Upper Spawning Limit
Chinook Creek 157.0 7/15-8/5 Twice Helicopter Upper Spawning Limit
Devil Creek 161.0 7/15-8/5 Twice Helicopter Upper Spawning Limit

C. Personnel:

Project Leader:

Task Manager:
Flathorn Station:
Sunshine Station:
Curry Station:

Lower river survey:
Middle river survey:

Fishery Biologist III

Fishery Biologist II

Fishery Technician II's

Fishery Technician I1's

Fishery Biologist I & 1 Fishery Technician II
Fishery Biologist 1's '

Fishery Biologist I & 1 Fishery Technician I1

RHMNP O

D. Discussion of Assumptions:

Tag/Recapture and Sonar

This project has had the unique opportunity to evaluate tag/recapture and so-
nar as methods of population enumeration at the same site in the same year.
The tag/recapture projects used the modified Petersen estimator and the sonars
were 1980 model Bendix side scan units,

There were discrepancies between population estimates from sonar versus esti-
mates from the tag/recapture project. Both estimates have inherent
deficiencies. It should not be assumed that all fish pass over the sonar sub-
strate. The sector distribution of salmon will vary with site and species,
with an undetermined number of salmon passing beyond the counting range. A
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major source of error present in sonar counts is related to the methods of ap-
portionment and the bias inherent in those methods. Although all fishwheels
used to apportion counts were in close proximity to the counters, it must be
recognized that fishwheels are species selective. The apportioned sonar
counts would then reflect the selected catchability of the fishwheel. In ad-
dition, sonar counters are adjusted for fish velocity and sensitivity, thereby
introducing an unknown variance component into the counts.

Tag/recapture methods of estimating the population and the Petersen estimate
in particular make six assumptions. Failure to meet these assumptions will
bias the population estimate and consequently the confidence intervals. The
following assumptions were made in estimating population size:

1. Fishwheel capture of salmon was random with respect to the population.

2. There was no mortality as a result of the tagging process.

3. There was no differential mortality between tagged and untagged salmon.
4, Tagged salmon mixed randomly within the population.

5. Recovery of tagged salmon was not influenced by the tag.

6. There was no unknown tag loss.

In summary, both methods of enumerating salmon have potential drawbacks but at
this point, they represent the state of the art in estimating population sizes
in glacial river systems. The discrepancies, where they exist, between Peter-
sen and sonar population estimates reflect the limitations inherent in both
techniques.

E. Procedures:

1. Tagging Operation

Fishwheels were operated for tag/recapture at all main channel monitoring
stations. At Flathorn Station, six fishwheels were operated for the duration
of the chinook salmon escapement period, approximately May 25 through July 1,
and four for the remainder of the season. Two fishwheels were deployed on
each side the Susitna River at Sunshine Station and a single fishwheel off-
shore of each bank at Curry Station.

Fishwheels were operated on a continuous 24 hour basis. Exceptions were dur-
ing periods of high flows when fishwheels were not operated for safety reasons
and during periods of peak catches when fishwheels were stopped for four hours
from 4:00 a.m. to 6:00 a.m. and 4:00 p.m. to 6:00 p.m.

Fishwheels were sampled for catch and checked for maintenance needs a minimum
four times daily.

-8-



A1l adult salmon caught by fishwheels at Flathorn, Sunshine, and Curry sta-
tions were tagged and released except:

1. Fish that appeared lethargic or stressed.

2. Fish which were in post-spawning condition.

3. Chinook salmon less than 400 mm in length (FL) and sockeye, pink,
chum, and coho salmon less than 300 mm in length.

4. Fish previously tagged at another tagging site.

These fish were released untagged.

The type of tag, color, and percent of each species tagged at Flathorn, Sun-
shine, and Curry stations are defined in Table 5.
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Table 5. Tag type, color and percent of each species tagged at Flathorn, Sunshine, and Curry stations.
RIVER PERCENT OF TAG TAG
STATION MILE SPECIES LENGTH CATCH TAGGED TYPE COLOR
Flathorn 22 Chinook 400 mm o  eme—— emeee
Chinook 400 mm 100 FT-4 Spaghetti Yellow
Sockeye 300 mm 100 FT-4 Spaghetti Yellow
Pink 300 mm 100 FT-4 Spaghetti Yellow
Chum 300 mm 100 FT-4 Spaghetti Yellow
Coho 300 mm 100 FT-4 Spaghetti Yellow
Sunshine 80 Chinook 400 wmm o L emmeee e
Chinook 400 mm 100 FT-4 Spaghetti Orange
Sockeye 300 mm 100 FT-4 Spaghetti Orange
Pink 300 mm 100 FT-4 Spaghetti Orange
Chum 300 mm 100 FT-4 Spaghetti Orange/Blue
Coho 300 mm 100 FT-4 Spaghetti Orange
Curry 120 Chinook 400 mm o e eeeee
Chinook 400 mm 100 1" dia. Petersen Disc Orange
Sockeye 300 mm 100 1" dia. Petersen Disc Orange
Pink 300 mm 100 1" dia. Petersen Disc Orange
Chum 300 mm 100 1" dia. Petersen Disc Orange
Coho 300 mm 100 1" dia. Petersen Disc Orange




Special Tagging Instructions:

1. At Flathorn Station odd one thousand tag series (xxxx) were used for fish
captured in west chanrel fishwheels and even one thousand tag series were
used for fish captured in east channel fishwheels (note: 0-999 are
considered even one thousand series).

2. Chinook salmon captured at Flathorn and Sunshine stations were tagged
with 15 inch FT-4 spaghetti tags. All other species at these sites were
tagged with 13.5 inch FT-4 spaghetti tags.

3. At Sunshine Station early run sockeye salmon (through approximately June
28) were tagged with blank FT-4 spaghetti tags

Fish recaptured from other tagging location were released with the original
tag left in place following species identification and recording of tag type,
color and number. A1l resident fish were identified to species and, if time
allowed, tagged before being released.

2. Age, Length and Sex Composition Sampling

~ At Flathorn, Sunshine and Curry stations age, length and sex data were collec-

ted daily from 50 chinook, sockeye, pink, chum and coho. At Flathorn Station
the 50 samples were divided such that 25 are from west channel f1shwhee1s and
25 were from east channel fishwheels.

3. Surveys
SToughs were surveyed in their entirety and streams to a distance previously

defined in Tables 1-4. Surveyors wore polarized glasses and used hand held
tally counters to enumerate live tagged and untagged salmon and carcasses.

Salmon spawning in main and side channel habitats was recorded on the Aduit
Anadromous Spawning Site Map form. Information recorded included date, river
mile, geographic code, a map of the spawning site, number of fish and a
general habitat description.

4, Eulachon

Eulachon timing and age, length and sex compositon were determined from set
gilinet catches between river mile 3 and 5 on the Susitna River.

Spawning Tlocations and the upper Tlimits of migration were identified by
electrofishing and hand-held dipnets.

-11-



F. Budget:
LINE
TASK DESCRIPTION 100 200 300 400 500 TOTAL
4aA Middle River Escapement 55.4 0.2 7.5 14.8 0 77.9
5A Sunshine Escapement 98.2 0.4 13.6 15.7 Q 127.9
8A Flathorn Escapement 101.6 1.4 8.9 18.0 0  129.9
TOTAL 255.2 2.0 30.0 48.5 0 335.7

-12-




B-3 Middle River Outmigrant Evaluation
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EXECUTIVE SUMMARY

Project Title: Susitna River Juvenile Salmon Qutmigration Monitoring; Susitna
Aquatic Studies, Tasks 4B, 5B, and 8B.

1. Task 4B: Middle River Outmigrant Monitoring
2. Task 5B: Sunshine\Qutmigrant Monitoring
3. Task 8B: Flathorn Qutmigrant Monitoring

Project Supervisor: Larry Bartlett

Task Manager: Kent J. Roth

FY 86 Allocation:

Task 4B 257.1
Task 5B 36.1
Task 8B 85.1
TOTAL 378.3

Spent to Date: Not Available.

Problem Statement:

The hydroelectric development proposed for the Susitna River would alter the
natural environmental conditions and subsequently would affect the incubation,
emergence, and outmigration of juvenile salmon produced in the middle reach of
the river (Talkeetna to Devil Canyon). We must determine the present regimes
of seasonal juvenile salmon distribution and relative abundance in this reach,
as well as the timing of outmigration and its response to naturally changing
habitat conditions. These baseline data will assist to observe and mitigate
daT-induced changes in the freshwater 1ife history of middie river juvenile
salmon.

Objectives:
1982

1. Estimate the timing, size, and relative abundance of the five species of
juvenile salmon outmigrating past the Talkeetna Monitoring Station.

2. Estimate the affects of changes in mainstem Susitna River discharges and
other environmental variables on juvenile salmon outmigration rates and
timing.

3. Continue the data collection on the relative timing, abundance, and size
of downstream migrating juvenile resident fish.



1983

4, Estimate the middle river population of emergent chum and sockeye salmon
fry and their survival from egg to outmigrant fry.

1984 to Present

§. Continuation of objectives 1 through 4 and dinclusion of objectives 1
through 3 at Flathorn Monitoring Station.

6. Estimate the timing, rate of movement, and population size of juvenile
chinook and coho salmon outmigrating from Indian River.

7. Estimate the overwintering survival of juvenile chinook salmon in the
middle river.

8. Estimate the horizontal distribution of juvenile salmon migrating past
Flathorn Station.

Overview of Methods:

Minnow traps, beach seines, and backpack electroshockers provided initial data
during 1981 to catalog and inventory the distribution and relation abundance
of Jjuvenile salmon in the Susitna River from Cook Inlet upstream to Devil
Canyon. Qutmigration studies were begun in 1982 with the deployment of an
inclined plane trap at Talkeetna Station. A mark-recapture study was ini-
tiated in 1983 using one-half length coded wire tags to mark post-emergent
chum and sockeye salmon fry, and a second outmigrant trap was deployed at
Talkeetna Station which served as the primary recapture site. Cold branding
of juvenile chinook and coho salmon in the middle river was begun in 1984, and
a stationary and a mobile outmigrant trap were operated at Flathorn Station in
the Tower river. The collection equipment at Flathorn Station was improved
during 1985 and the outmigrant programs are continuing.

Conclusions Drawn to Date:

Chinook Salmon

A significant percentage of middle river chinook salmon juveniles outmigrate
from this reach as age 0+ fry. Peak downstream movement past Talkeetna
Station occurs from late June through mid-August at a mean total length of
approximately 55 millimeters (mm). The remaining chinook fry overwinter in
the natal tributaries or in sloughs and side channels of the middle river, and
then outmigrate as age 1+ fish during May and June at a mean length of approx-
imately 90 mm. A portion of the outmigration of age 0+ fish occurs in
response to changes in the mainstem discharge.

Coho Salmon

Juvenile coho salmon outmigration from the middle river is relatively contin-
uous for all age classes through the open water season. Most coho juveniles
enter the ocean as age 1+ or 2+ fish after rearing in tributary, side channel,
slough, or beaver pond habitats.

-2-
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Chum Salmon

Sockeye Salmon

Similar to chinook salmon juveniles, a large percentage of middle river
sockeye outmigrate from this reach as age 0+ fish. Preliminary data indicates
that many of these fish enter side channel habitats in the lower river to
overwinter while some continue to the ocean as age 0+ smolts. Peak downstream
movement of this age class past Talkeetna Station occurred from June through
August. Coded wire tagging data showed that following emergence, sockeye fry
grow approximately three millimeters each week until they reach a critical
size of 50 to 55 mm. The juvenile sockeye which overwinter in the wmiddle
river outmigrate at a mean length of approximately 75 mm.

Information collected from the coded wire tagging program for sockeye salmon
fry are presented in the following table.

SAMPLING NO. OF FRY NO. OF FRY NO. OF MARKS POPULATION 95% SURVIVAL 95%
SEASON MARKED CAPTURED RECAPTURED ESTIMATE C.l. ESTIMATE C.l. |
1983 17,963 12,312 394 560,000 509,000 to 34 4 31.3 to 28.1
620,000 7
1984 14,532 7,484 366 299,000 268,000 to 21.9 19.6 to 24.0
328,000
1985% 11,436 5,082 189 306,000 266,000 to 9.3 8.1 to 10.8
353,000
* Through August 31, 1985 (Provisional) ‘ /Jo—f/
4
¢TI,

Chum salmon outmigrate as age 0+ fish during the spring and summer with peaks
observed during May and June, and the outmigration is virtually complete by
the end of July. A portion of the chum fry outmigrate shortly after emergence
while the other fry remain in the middie to rear for a few weeks before
outmigrating. The peaks in chum saTmon fry outmigration coincide with increas-
ing mainstem discharge.

Population and survival estimates for middle river chum fry are presented in
the following table.



SAMPLING NO. OF FRY NO. OF FRY NO. OF MARKS POPULATION 95% SURVIVAL 95%
SEASON MARKED CAPTURED RECAPTURED ESTIMATE C.l. ESTIMATE C.l.

1983 24,287 8,616 62 3,322,000 2,633,000 14,0 11.2 to 18.4
to
4,327,000

1984 31,396 3,590 51 2,039,000 1,845,000 16.0 14.8 to 19.4
to
2,414,000

1985%* 13,341 8,126 34 3,098,000 2,236,000 12.0 8.7 to 17.2
‘ to
4,426,000

* Provisional

Pink Sa]mqn

Pink salmon outmigrate soon after emergence and the peak catches at Talkeetna
Station occur during May and June. ’

General:

The methods presently being used to monitor middle river outmigration are very
effective in collecting and marking juvenile salmon. Coded wire tagging has
been shown by this program to be the most efficient method of marking large
numbers of post-emergent sockeye and chum salmon fry while cold branding is
very efficient in providing long-term marks on larger juvenile salmon. The
inclined plane traps provide an effective method of capture for juvenile fish
in a river system such as the Susitna River, and marked fish are randomly
mixed with unmarked fish as they pass the recapture site.

Recommendations:

1. Continue the outmigrant programs being conducted in the middle river to
provide the Tong-term data base on the timing and size of juvenile salmon
outmigration in this reach.

2. Begin the operation of the mobile outmigrant trap at Talkeetna Station
for comparison to the stationary trap data. The information collected in
the mobile trap would also show the horizontal distribution of outmigra-
ting fish as well as helping to more accurately define the timing and
abundance of outmigrating chum and pink salmon fry and age 1+ fish. The
mobile trap would also help to collect a larger percentage of marked chum
fry resulting in tighter confidence intervals for the population esti-
mates.
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Develop a sampling design that would allow for the comparison of the
stationary trap catch data to the mobile trap data to determine if it
would be possible to provide the ocutmigration data by operating only the
mobile trap. This comparative design would also assist in determining if
a reduced sampling schedule would be sufficient to provide the outmigra-
tion data.

Monitor specific sites to quantify present spawning success at sites
which would be affected by hydroelectric development.

Monitor specific sites to quantify present overwintering survival of
rearing juvenile salmon to provide a data base for comparison to the
construction and operation phases of development.
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I. Problem Statement

Determine the present regimes of juvenile salmon seasonal distribution and
relative abundance in the Susitna River as well as the timing of outmigration
and its response to naturally changing habitat conditions. This information
is necessary to provide the baseline data to assist in observing and miti-
gating changes in the freshwater 1ife history of middle river juvenile salmon
resulting from the proposed hydroelectric development.

A. Scope:

Post-emergent chum and sockeye salmon fry were marked using 1/2 length coded
wire tags, and juvenile chinook and coho salmon were marked using cold brands.
Qutmigrating fish were collected at the Talkeetna Station traps and all marked
and unmarked fish were recorded. Population estimates were calculated using
the Schaefer (1951) and Petersen {Ricker 1975) methods.

Population estimates for juvenile chinook and coho were also calculated using
the Jolly-Seber method (Ricker 1975). Survival estimates were generated by
comparing the population estimate to the calculated total potential egqg
deposition. Habitat timing, size, and growth data as well as environmental
variables were collected at the outmigrant trapping sites monitored.

B. Objectives:
1982

1. Estimate the timing, size, and relative abundance of the five species of
juvenile salmon outmigrating past the Talkeetna Monitoring Station.

2. Estimate the affects of changes in mainstem Susitna River discharges and
other environmental variables on juvenile salmon outmigration rates and
timing.

3. Continue the data collection on the relative timing, abundance, and size
of downstream migrating juvenile resident fish.

1983

4. Estimate the middle river population of emergent chum and sockeye salmon
fry and their survival from egg to outmigrant fry.

1984 to Present

5. Continuation of objectives 1 through 4 and inclusion of objectives 1
through 3 at Flathorn Monitoring Station.

6. Estimate the timing, rate of movement, and popu]atioh size of juvenile
chinook and coho salmon outmigrating from Indian River.

7. Estimate the overwintering survival of juvenile chinook salmon in the
middle river.



8. Estimate the horizontal distribution of juvenile salmon migrating past
Flathorn Station.

C. Justification:

A measurement of the current production of juvenile salmon in the Susitna
River is necessary to assess potential impacts resulting from hydroelectric
development. These data can also be used as a benchmark to compare to future
project effects and for determining the mitigation required to protect the
fisheries resources in areas impacted by this development.

II. Project Narrative

This narrative describes the 1985 field season.
A. Duration:

1. Post-emergent chum and sockeye salmon fry were marked with coded wire
tags from breakup through late June.

2. Juvenile chinook and coho salmon were minnow trapped from late June
through early October, and collected fish were marked with cold brands.

3. Outmigrant trapping was conducted through the open water period (mid-May
through early October).

B. Location:

1. Coded wire tagging was conducted at Indian River and at sloughs where
high density adult spawning was documented the previous fall.

2, Cold-branding was conducted at two sites in Portage Creek and four sites
in Indian River.

3. Outmigrant trapping and mark recovery was conducted at Talkeetna Station
(RM 103). Outmigrant trapping and horizontal distribution studies were
conducted at Flathorn Station (RM 22).

C. Personnel:

Larry Bartlett (FB IIT) was the supervisor during the 1985 field season. Kent
Roth (FB II) was the task manager in charge of the outmigrant studies. Gold
Creek Station (coded wire tagging and cold-branding) was operated by one FB I
(crew leader) and one Fishery Biologist (FB I) and two Fishery Technicians (FT
I1). Talkeetna Station outmigrant trapping was conducted by one to two FB I's
and one to two FT II's, Flathorn Station outmigrant trapping was conducted by
one FB II, one to four FB I's, and one to two FT II's,

0. Assumptions:

1. Neither mortality nor catchability varies between marked and unmarked
fish,



2. Tag retention does not vary between tagging and recovery.

3. Marked fish are randomly distributed within the total outmigrant popula-
tion at the point of recovery.

4, A1l marks were recognized and reported during recovery.
E. Procedures:
1. Coded Wire Tagging Operation

Binary coded one-half length wire tags were used in conjunction with adipose
fin clips to field mark post-emergent sockeye and chum salmon fry.

Coded wire tagging operations were conducted at Slough 11 (RM 135.3) with
equipment and personnel staged in a portable wall tent. Fish to be tagged
were transported in an aerated holding tub from the various collection areas
to the tagging site at Stough 11. The tagged fish were returned to the areas
of collection, held overnight, and then released the following day.

The primary fisheries collection techniques were beach seines and weirs. One
or more seines were set as weirs at fixed locations across the lower end of
the sampling location and fished as necessary during the tagging period. The
seines were made from 3/16 inch or 1/4 inch square mesh, four feet in depth
and 25 to 40 feet in length. The weirs were checked periodically to collect
fish and remove debris. A1l captured fish were removed by dipnet and placed
in live boxes for holding until the tagging operation. Active beach seining
supplemented the weirs at sites where weiring did not provide enough fish for
the tagging operation, or at those sites at which weirs were not deployable.

The coded wire tagging equipment was leased from Northwest Marine Technology,
Inc. (Shaw Island, Washington) and operated in accordance with the manufac-
turer's dinstruction and operation manual. The equipment used was the NMT,
Model MKZA tagging unit and included the following:

--- Coded wire tag injector with 1/2 length tag capability
--- Quality Control Device (QCD)

--- Water pump

--- Portable power supply

The one-half length tag capability was necessary due to the small size of the
fish to be tagged. Susitna River chum salmon emerge at a mean total length of
40 millimeters {mm) and averaging 1,500 fish per pound, while sockeye salmon
were observed emerging at a mean total length of 32 mm and averaging approxi-
mately 3,000 fish per pound. The small area of cartilage in the snout of fish
at this size for tag implantation does not allow the use of full length tags.

The coded wire tags for the program were made from biologically inert stain-
less steel wire which are capable of magnetic detection, and have a contin-
ually repeating binary code etched into the wire which allows code reading of
recovered tags. Half-length tags measure .02 inches (.533 mm) in length and
.01 inches (.254 mm) in diameter.
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A total of 60,000 one-half length coded wire tags consisting of 21 separate
binary code groups were ordered for the program. As many tag code groups as
possible were implanted, however, only one tag code was used for each species
at any given site during each collection and tagging period. A tagging period
consisted of one to six days of tagging per site, depending on the availabil-
ity of fish. At the completion of each tagging period, a new tag code group
was used for the next site or species to be sampled. Up to four different tag
code groups were implanted at any one site for a given species during the
entire program.

The coded wire tag implantation procedures were similar to those outlined by
Moberly et al. (1977). Adjustments to these procedures were implemented as
necessary by our particular field program.

The following day, a random sample of 100 tagged fish were collected from the
holding tank and run through the QCD to determine the percent tag retention
and tag mortality was recorded. All tagged fish were released at the capture

~site at the end of each tagging period.

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 data as well as final tag retention and mortality were tabu-
lated for each tag code.

2. Cold Branding

Cold-branding operations were conducted at the Gold Creek camp (RM 136.3).
The fish were transported in buckets from the collection site to the Gold
Creek camp and were then returned to the release site after branding. Fish
were held a minimum of 24 hours after branding to determine mortality.

The primary fisheries collection techniques included beach seines, dip nets,
and minnow traps. Minnow traps and beach seines were used to collect juvenile
chinook and coho salmon in Portage Creek. Ten minnow traps were set twice
each week in each of the three upper Indian River sites. Twenty-five traps
were fished daily at the mouth of Indian River.

The cold-branding equipment included:

--- Cyrogenics nitrogen container (60 liter)
--- Cold-branding box
--- Brands

This equipment is all field portable. The nitrogen container is a doubled-
walled insulated canister which will last for approximately 10,000 juvenile
fish brands or 15 days. The cold-branding box was constructed from a poly-
vinyl chloride (PVC) pipe coupling, a 4 inch brass-cap, threaded brass pipes,
and spray urethane insulation. The design is similar to that used by Mighell
(1969), Raleigh et al. (1973) and Laird et al. {(1975). The brands consisted
of letters and symbols approximately 3 mm in height soldered on threaded brass
caps by a local jeweler.



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, 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 recap-
tures by species and the symbols for previously marked fish were also record-
ed. Total length was measured for 50 fish of each species for each collection
site every two weeks.

3. Talkeetna Station Outmigrant Traps

Two inclined plane outmigrant traps were operated continuously through the
open water season. Trap fishing depths and distances from shore were adjusted
to maximize catches while maintaining trap efficiency. A1l juvenile fish
captured were anesthetized using MS-222 (Tricaine methanesulfonate). Field
specimens were identified using the guidelines set forth by McConnell 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
coded wire tag. All coded wire tagged fish recovered at the traps were
preserved and tags will be later 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.-

Measurements of the following habitat parameters were recorded daily at the
outmigrant traps: 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). :

Scales were collected from a 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. Print-
outs and cassettes were periodically transferred to Data Processing to be
entered into a mainframe computer for later data retrieval and analysis.

Length and weight relationship data were also collected from samples of
juvenile salmon captured in the outmigrant traps at Talkeetna and Flathorn
stations. Total length was recorded to the nearest millimeter and Tlive
weights were determined to the nearest 0.1 gram.

4. Flathorn Station Qutmigrant Traps

Two inclined p1éne outmigrant traps were operated daily from.7:00 a.m. to 7:00
p.m. The traps were fished continuously for one 24 hour period each week.
Data collected were similar to Talkeetna Station.

A mobile inclined plane outmigrant trap was fished daily at up to 12 transect
points. Vertical sampling was conducted at a single transect point once each
week. Transect number, fishing effort, total water column depth, set velo-
city, and drift velocity (if the trap was not held stationary during the set)
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were recorded for each individual transect point at which the mobile outmi-
grant trap was fished. Total catch by species and age class was also record-
ed, and total length measurements were taken for all captured fish. Data were
recorded on a field data form for later analysis.

F. Budget: (FY 86)

TASK 4B TASK 5B TASK 88 TOTAL
Line 100 178.0 24.7 56.8 259.5
Line 200 4.7 1.2 1.0 6.9
Line 300 16.9 2.7 7.3 26.9
Line 400 57.5 7.5 20.0 85.0
Line 500 0 0 0 0
TOTAL 257.1 36.1 85.1 378.3
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EXECUTIVE SUMMARY

Project Title: Chum Salmon Spawning and Passage Habitat Assessment in

Lower River Mainstem and Side Channel Habitats; Susitna
Aquatic Studies Task 9

Project Supervisor: Larry Bartlett

Task Manager: Tim Quane

FY 85 Allocation: 128.2 K

Spent to Date: FY 86 20.2

FY 85 27.6

Problem Statement:

Approximately 5,000 chum salmon were discovered spawning in Tower river
mainstem side channel and slough habitats in 1984. Baseline data to
characterize this spawning habitat had not been collected.

Substantial numbers of 0+ juvenile salmon outmigrate passed Talkeetna Station.
It is uncertain if these fish outmigrate to Cook Inlet or overwinter in side
channel and slough habitat in the Tower river.

Objectives:

1. Estimate the number of adult saimon spawning in mainstem and side channel
habitats of the Tower Susitna River between RM 28.0 and RM 98.6 (Yentna
River confluence and the Talkeetna/Chulitna rivers confluence).

2. Monitor the inmigration and the outmigration of juvenile salmon to
Trapper Creek Side Channel to ascertain the use of this side channel by
outmigrating middle river juvenile salmon as overwintering habitat.

3. Evaluate passage conditions for adult salmon in those side channel habi-
tats jdentified from surveys to support relatively large numbers (3 100)
of spawners.

Overview of Procedures:

Adult surveys by helicopter followed by foot. Passage by physical measurement
of depth and length correlated to mainstem discharge. Water surface elevation
by physical measurement and survey to a temporary bench mark; correlated to
mainstem discharge. Juvenile inmigrants captured in fyke nets.

Conclusions:

1. Chum salmon utilize lTower river side-channels for spawning; incubation is
successful. : ,



2. Chinook, coho and sockeye juvenile salmon utilize lower river side
channel habitat for overwinter rearing.

3. Passage, spawning, incubation and rearing success is related to ground
water flow in side channels and the controlling mainstem discharge.

Recommendatidns:

1. Baseline data be collected through the 1985 season on side channel
habitat in the Tower river when large numbers of adult salmon spawn.

2. The section of the Tower river between RM 63 and RM 98 be monitored in

conjunction with the middie river reach for project related impacts if

“the baseline data collection indicates this habitat is used by substan-

tial numbers of salmon for spawning and/or overwinter rearing.



APPENDIX

Table 1. Summary of chum salmon spawning observations in lower river sloughs
and side channels.

YEAR NUMBER FISH RIVER MILES * SURVEY PERIOD
1981 72 68.3 - 97.0 9/2 - 10/9
1984 3,600 - 4,900 57.0 - 98.6  eeee-
1985 1,200 8/8 - 9/10
1/

= This number represents the peak counts of chum salmon for the period of
8/8 - 9/10. Total salmon observed from surveys for same period is 1,590
and includes chum, sockeye, and coho.

Table 2a. Summary of outmigrating juvenile salmon observations in lower river
side channel habitats April-May 1985. Task 9 Technical memorandum.

SPECIES
SIDE CHANNEL CHINOOK COHO SOCKEYE CHUM PINK
Trapper Creek 372 436 671* 32 45
Sunset 2 4 0 - 165 2
Circular . 310 143 36 131 1
Birch Creek 2 -2 0 1 1

* Includes six 1+ sockeye tagged as O+ in the middle river during the 1984
season; an estimated 250 additional sockeye were released uncounted.




Table 2b. Summary August-September of juveniles salmon observations in Trapper
Creek side channel. Task 9, 1985.

INMIGRANT SPECIES

CHINOOK COHO SOCKEYE CHUM  PINK
Total Fish Passing Inmi- 240 373 118 2 0
grating Aug. 26-Sept. 11

Fish With Ventral ClipY = 4 11 1 0 0
Total Fish Passed Outmigra- 80 114 16 0 1
ting Aug. 29-Sept. 11

Fish With Ventral Clip%/ 6 21 2 0 0

1/

7/ Fish were c]ippéd when observed outmigrating.
- Fish were clipped when captured inmigrating.

Table 3. Summary of Tlower Susitna River study sites to be evaluated for
passage conditions during the 1985 open water season.

STUDY SITE RIVER MILE SALMON UTILIZATION
Circular Side Channf}l/ 75.3 Chum
Sunset Side Channel~ 86.9 Chum
Birch Creek Side Channel 87.0 Chum, Sockeye, Coho
Birch Camp Area 88.5 Chum
Trapper Creek Side Channel 96.0 Chum, Sockeye, Coho
Upper Cache Side Channel 99.0 Chum, Sockeye, Cocho

Y,

Turbid water has precluded an accurate count of fish in these side
channel. Field observations from 1984 have shown these side channel to
have over 100 chum salmon spawning. Present surveys have noted salmon in
Sunset Side Channel.
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Figure 1. Side channel and slough habitats surveyed for spawning chum salmon

Task 9.



Table 4. Main channel and side channel salmon areas surveyed to date in the
lower reach of the Susitna River between RM 28.0 and 98.6, for 1985.
Other side channels have been observed to have fish but due to flow
conditions, spawning counts have not been possible.

SITE RIVER MILE
Upper Cache Side Channel - 99.0
Trapper Creek Side Channel 96.0
Lower Musher Side Channel 95.2
Birch Creek Side Channel 87.0
Sunset Side Channel 86.9
Goose East Side Channel 70.0
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Summary of conclusions of work conducted in 1984 as reported in the Task 9
Technical memorandum June 1985,

1.

Substantial numbers of chum salmon were observed to spawn in the Tlower
river side channel habitats.

Chum salmon spawn primarily in side channel areas influenced by ground
water upwelling or bank seepage.

Intragravel water temperatures in side channels influenced by ground
water upwelling are generally warmer and more stable in temperature than
is surface water. '

Water surface elevations in side channels influenced by ground water
upwelling remain relatively constant over a wide range of mainstem flows
until breaching occurs. Low winter mainstem flows lower the water
surface elevations in side channel until the mainstem ice cover forms.
The surface water elevation then rises and stabilizes.

Substrate composition varies from site to site and within sites. <Com-
position is predominantly large gravel (1.3") from the surface to approx-
imately 4 inches. Smaller gravel generally follows the larger gravel to
a depth of approximately 16 inches. Sand and silt are intermixed to
varying degrees throughout. (Substrate was not 1imiting to survival at
any redds examined.)

Weighted usable area (WUA) for spawning in most side channels peaked just
after the site flows became controlled by mainstem discharge and then
decreased as mainstem flows increased. Overall, the sites with higher
controlling discharges provided more WUA for chum salmon spawning over
time than did sites with lower controlling discharges.

The survival of incubating embryos was generally high during the incu-
bation period examined {August-January). Those side channels subject to
dewatering had higher mortality than those that were not because of redd
desiccation and freezing.

Qutmigrant trapping confirms the survival of chum salmon embryos through
emergence and the overwinter use of the habitat by rearing chinook, coho,
and sockeye juvenile salmon.
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I. Problem Statement

1. Adult Salmon

Approximately 5,000 salmon (predominantly chum) were discovered spawning in
lower river mainstem side channel and slough habitats during 1984 (Barrett et
al. 1985). The Alaska Power Authority, funding agency of the Susitna Aquatic
Studies, has proposed that the Department of Fish and Game ascertain if
observations of this magnitude were the result of an above normal 1984 escape-
ment or if these habjtats are used consistently but undiscovered in previous
years. Baseline data to characterize this spawning habitat had not been
collected; and because of the large number of fish utilizing this habitat, and
jts proximity to the impacted middle reach, a reconnaissance study of spawning
habitat is underway.

Z2. Juvenile Salmon

- Trapping of outmigrant juvenile salmon at Talkeetna Station has proven that
substantial numbers of 0+ juvenile salmon outmigrate from the middle river.
The 1ife history of these juvenile salmon after they pass Talkeetna Station
(e.g., do they overwinter downstream or migrate to the estuary?) is uncertain.
In the spring of 1985, 1,556 1+ juvenile salmon were caught when Tleaving
Trapper Creek side channel where they allegedly overwintered. Several of
these fish had been coded wire tagged as 0+ in the middlie river the previous
spring. The Alaska Power Authority has proposed that the Department of Fish
and Game undertake a reconnaissance level study to determine the timing,
species composition, age class, and relative abundance of juvenile salmon
entering Trapper Creek side channel to overwinter.

A. Scope:

This task will determine the timing, location, and abundance of adult chum
salmon spawning in the side channel and mainstem habitats of the lower river.
The effects of temperature on spawning will be monitored by monitoring the
ground water temperature at selected sites until the mainstem ice cover forms
and the ground water flow stabilizes for the winter.

Potential passage and dincubation problems will be didentified through the
correlation of mainstem discharge to side channel ground water flow.

The timing and abundance of juvenile salmon migrating into Trapper Creek side
channel to overwinter will be determined by capturing inmigrating and out-
migrating fry during the fall until the numbers of fish caught substantially
fall off.

B. Objectives:
1. Estimate the number of adult salmon spawning in mainstem and side channel

- habitats of the lower Susitna River between RM 28.0 and RM 98.6 {Yentna
River confluence and the Talkeetna/Chulitna river confluence).
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2. Monitor the inmigration and the outmigration of Jjuvenile salmon to
Trapper Creek side channel to ascertain the use of this side channel by
outmigrating middle river juvenile salmon as overwintering habitat.

3. Evaluate passage conditions for adult salmon in those side channel
habitats identified from surveys to support relatively large numbers
(>100) of spawners,

C. Justification:

There is no baseline data base for spawning habitat in the side channel and
mainstem habitats where substantial numbers of salmon were observed spawning
in 1984; and in Trapper Creek side channel for juvenile salmon which were
observed to have allegedly overwintered there.

II. Project Narrative

A. Duration: (1985)

Task 9 begins with the spawning surveys in mid-August. The surveys continue
through approximately October 15.

Temperature data is collected from selected side channels until the mainstem
ice cover is formed and the ground water flow in the side channels stabilize.

The passage assessment begins when the side channels are no longer breached
and will continue through mainstem discharge increments of approximately 5,000
cfs until passage is no longer possible.

Water surface elevations will be obtained from selected side channels from

~when the side channels are no longer breached until a solid ice cover is

formed on the mainstem.

Juvenile salmon inmigration and outmigration will be monitored at one side
channel (Trapper Creek) beginning in mid-September and until migrations have
substantially decreased.

This task is presently funded for one year only (FY 86).
B. Location:

Side channel, slough and mainstem habitats of the lower reach of the Susitna
River, For this task, the lower reach of the Susitna River is characterized
as extending from the Yentna River confluence (RM 28.0) to the Talkeetna/Chu-
Titna river confluence (RM 98.6).

The trapping of inmigrant and outmigrant juvenile salmon is being conducted at
Trapper Creek side channel (RM 91.6). This side channel 1is logistically
accessible; was not observed to totally freeze over during the winter of
1984-85; and was discovered to contain a sizable number (1,556 captured) of
overwintering juvenile salmon in the spring of 1985,
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Personnel:

Project Leader: Larry Bartlett, FB III

Task Manager: Tim Quane, FB 11
Field Crew: Jeff Bigler, FB I
Field Crew: Jeff Blakely, FB I

Assumptions:

Chum salmon utilize lower river side channel and mainstem habitats for
spawning and their presence in 1984 was not the result of an above
average escapement.

Changes in seasonal with-project mainstem flows may affect the ground
water contribution and water surface elevations in side channel habitats.
This may result in impacts on passage, spawning, incubation, and over-
winter rearing.

Lower river side channels are important overwinter rearing habitat for
juvenile salmon. Juvenile salmon from upstream habitats enter the side
channels (which offer suitable habitat) in September and October to
overwinter.

Procedures:

Spawning Surveys - Mainstem and side channel habitats between RM 28.0 and
RM 98.6 will be surveyed for adult salmon spawning from mid-August
through mid-October. These spawning surveys will include both aerial
counts and foot counts. The reach of river extending from RM 28.0 to RM
98.7 will be divided into three sub-reaches identified as follows:

Sub-reach 1: RM 28 - Willow Creek
Sub-reach 2: Willow Creek - Montana Creek
Sub-reach 3: Montana Creek - Chulitna Confluence

Aerial Survey: Adult salmon will be enumerated by absolute count from a
hovering helicopter. The aerial count will be performed on one day for
the reach of Susitna River from RM 28.0 to RM 98.6 and will be repeated
following a minimum of 7-9 days (chum salmon streamlife in the Susitna
River has been estimated to be 7 days; Barrett et al. 1984).

Foot Survey: Immediately following the aerial count, foot surveys will
be conducted on sub-reaches 1-3. One day will be expended for foot
surveys for each sub-reach. Foot surveys will include a count of live
and dead salmon with carcasses being marked.

Temperature - Intragravel and surface water temperatures will be obtained
on a continuous basis using Omnidata two-channel recorders. These
recorders simultaneously record both surface and intragravel water
temperatures.



Passage Evaluation - Passage reaches will be identified in the field by
locating areas where water depth is potentially 1imiting passage of adult
salmon into spawning areas. Passage reaches will be defined as areas
where the thalweg water depths are 0.5 feet or less based on the passage
criteria threshold for successful passage (Blakely et al. 1985). At each
identified passage reach, a transect is established perpendicular to the
flow of water to represent the depth characteristics of the passage reach
and provide a consistent point of measurement. Representative transects
are established at the shallowest or most critical point of the passage
reach and marked with wood stakes and rebar headpins. The physical
habitat characteristics of 1individual passage reaches are defined by
measuring lengths, widths, and water depths, using the established
transect as .a reference point. Passage reach lengths and widths are
measured with a fiberglass surveyor's tape graduated in one-tenth foot
increments. A standard surveying rod is used to measure the thalweg
depth at each transect.

Substrate conditions will be evaluated to determine the type of substrate
present at each passage reach. Substrate data are collected by visually
classifying the substrate present in the passage reach into the two
dominant size groups based on the substrate size classification system
presented in the following:

Table 1. Substrate size classification system used to evaluate substrate
conditions at Tower river study sites.

SUBSTRATE TYPE SYMBOL SIZE CLASS

Silt SI Very Fines
Sand SA Fines
Small Gravel SG 1/4 - 1"
Large Gravel LG " - 3"
Rubble RU 3" - 5"
Cobble co 5" - 10"
Boulder BO Greater than 10"

Passage reach data collected will include 1length, width, depth, and
substrate. These data will be summarized in table format for the physi-
cal conditions characterizing each passage reach. Site maps will be
developed from aerial photos to illustrate locations of passage reaches
at each site. A summary table of breaching flows will be developed for
each site incorporating any revisions made this year.



F.

Water Surface Elevations - Water surface elevations will be evaluated in
the side channels in areas influenced by ground water and will be ob-
tained by staff gage measurements. Water surface elevations will also be
obtained in the mainstem in areas adjoining the side channel study sites.
These water surface elevations will also be obtained by staff gage
measurements except during periods of ice cover. During periods of ice
cover, water surface elevations will be obtained using the survey tech-
nigue of differential leveling relative to a temporary bench mark.

Inmigrating and outmigrating juvenile salmon will be monitored in Trapper
Creek side channel on a daily basis. Juvenile salmon will be captured
with fyke nets and marked with a left ventral fin clip for inmigrating
fish and right ventral fin clip for outmigrating fish. The length and
species of each fish will be recorded, as will scale samples be obtained
for each species for each length class. Cold branded fish will be
recorded. Wire tagged fish will be preserved.

Budget:

FY 85

This task had no specific budget in FY 85, A1l effort was in conjunction with
other tasks. Costs are estimated as:

TASK 36 DATA PROCESSING ADMIN. SUPPORT
Line: 100 300 100 300
19,500 2,500 5,000 . 600
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“FY 86
Line 100 FB 11 9mm 38.7
FB I 9mm 32.0
FB I 8mm 29.2
ppPC I1I 0.8mm 2.3
Line 200 Travel and Per Diem 1.0
Line 300 Contractual Services 17.0
Line 400 Commodities 8.0
Line 500 Equipment 0.0
TOTAL 128.2

G. Literature Cited:

Barrett, et al. 1985. Adult Salmon Investigations: May-October 1984,
- Susitna Aquatic Studies Program. Report No. 6. Alaska Department of
Fish and Game, Anchorage, Alaska.

Blakely, et al. 1985. Salmon Passage Validation Studies (August-October
1984). Susitna Aquatic Studies Program. Addendum to Report No. 3,
Chapter 6. Alaska Department of Fish and Game, Anchorage, Alaska.
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Table 1. Summary of chum salmon spawning observations in lower river sloughs

and side channels.

YEAR NUMBER FISH RIVER MILES SURVEY PERIOD
1981 72 68.3 - 97.0 9/2 - 10/9
1984 3,600 - 4,900 57.0 - 98.6  emee-
1985 1,400% ' 8/8 - 9/10
y

This number represents the peak counts of chum salmon for the period of
8/8 - 9/10. Total salmon observed from surveys for same period is 1,590
and includes chum, sockeye, and coho.

Table 2a. Summary of outmigrating juvenile salmon observations in lower river

side channel habitats April-May 1985. Task 9 Technical memorandum.

SPECIES
SIDE CHANNEL CHINOOK COHO SOCKEYE CHUM PINK
Trapper Creek 372 436 671% 32 45
Sunset 2 4 0 165 2
Circular 310 143 36 131 1
Birch Creek 2 2 0 1 1
* Includes six 1+ sockeye tagged as 0+ in the middle river during the 1984

season; an estimated 250 additional sockeye were released uncounted.




Table 2b. Summary August-September of juveniles salmon observations in Trapper
Creek side channel. Task 9, 1985.

INMIGRANT SPECIES

CHINOOK COHO SOCKEYE CHUM PINK
Total Fish Passing Inmi- 240 373 118 2 0
grating Aug. 26-Sept. 11
Fish With Ventral C1ipY/ 4 11 1 0 0
Total Fish Passed Qutmigra- 80 114 16 0 1
- ting Aug. 29-Sept. 11
Fish With Ventral Clip%/ 6 21 2 0 0

1/

7/ Fish were clipped when observed outmigrating.
=/ Fish were clipped when captured inmigrating.

Table 3. Summary of Jlower Susitna River study sites to be evaluated for
passage conditions during the 1985 open water season.

STUDY SITE ~ RIVER MILE

SALMON UTILIZATION

1/

Circular Side Channel}~
Sunset Side Channel=
Birch Creek Side Channel
Birch Camp Area

Trapper Creek Side Channel
Upper Cache Side Channel

75.3
86.9
87.0
88.5
%96.0
99.0

Chum
- Chum
Chum, Sockeye, Coho
Chum ‘
Chum, Sockeye, Coho
Chum, Sockeye, Coho

1/

Turbid water has precluded an accurate count of fish in these side

channel, Field observations from 1984 have shown these side channel to
Present surveys have noted salmon in

have over 100 chum salmon spawning.
Sunset Side Channel.
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Table 4. Main channel and side channel salmon areas surveyed to date in the

lTower reach of the Susitna River between RM 28.0 and 98.6, for 1985.
Other side channels have been observed to have fish but due to flow
conditions, spawning counts have not been possible.

SITE RIVER MILE
Upper Cache Side Channel 99.0
Trapper Creek Side Channel 9.0
Lower Musher Side Channel 95.?2
Birch Creek Side Channel 87.0
Sunset Side Channel , : 86.9
Goose East Side Channel 70.0
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B-5 Middle River Resident Fish Study
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EXECUTIVE SUMMARY

ProjectyTit1e: Middle River Resident Fish Monitoring; Susitna Aquatic

2.

Studies Tasks 2 and 6

Task 2: Completion of FY 85 Task 34: Winter Studies of Resident and

Juvenile Anadromous Fish

Task 6: Middle River Resident Fish Monitoring

Task 2 Project Supervisor: Stephen Hale

Task 6 Project Supervisor: Larry Bartlett

Task 2 and 6 Task Manager: Richard Sundet

FY 86 Allocation:

Task 2 0.8
Task 6 67.0
Task Manager Salary (w/benefits) 51.6

K (only Line 300 and 400)

Spent to Date:

Task 2 0.4
Task 6 30.0
Task Manager 17.2

Problem Statement:

Population and habitat characteristics of resident fish species in the Susitna
River below Devil Canyon are. It is anticipated resident fish will be affec-
ted by the proposed hydroelectric development on the Susitna River,

1.

Objectives:

Define the seasonal distribution and relative abundance of resident fish
in the Susitna River between Cook Inlet and Devil Canyon. (Stated in the
1981 RSA.)

Characterize the seasonal habitat requirements of selected resident
species within the study area. (Stated in the 1981 RSA.)

Quantify the important habitat parameters associated with spawning and
rearing (growth? of resident fish species such as rainbow trout and
burbot; and measure fish density in these habitats to provide an estimate
of habitat quality. (Stated in the 1983 RSA.)

Describe the distribution and habitat associated with overwintering

rainbow trout in the mainstem Susitna River below the Chulitna River
confluence., ({Stated in the 1984 RSA.)

-1-



5. Estimate the response of rainbow trout overwintering habitat at selected
sites to hydraulic changes during the winter period (assuming habitat
response parallels open channel hydraulics). (Stated in the 1984 RSA.)

6. Provide long-term baseline data on the distribution and abundance of
resident fish in the middle reach of the Susitna River. (Stated in the
1985 RSA.)

Overview of Methods:

Since 1982, sampling efforts have primarily focused on the middle river rather
than the lower river. Resident fish are collected primarily by boat electro-
fishing. In the middle river, most boat electrofishing efforts has been at 13
index sites. In the lower river, less boat electrofishing has been expended
and these efforts have been focused at tributary mouths and several randomly
chosen mainstem sites.

Secondary gear types used are hook and line, baited trotlines and hoop nets,
gill nets, and beach seines. In addition, resident fish catches at outmigrant
traps and fishwheels are recorded. Radio tags have been implanted in rainbow
trout, burbot, and Arctic grayling to monitor seasonal movements and document
spawning areas.

Conclusions to Date:

1. Resident fish relative abundance studies on the middle river show the
most important rainbow trout summer rearing tributaries are: Whiskers
Creek, Lane Creek, Fourth of July Creek, Indian River, and Portage Creek.
Arctic grayling are found most often at Indian River and Portage Creek
compared to other middle river areas. Round whitefish are found most
often above RM 136.7 compared to other areas. CPUE data show burbot are
more numerous in the Tower than the middle Susitna River.

2. Modal gill raker counts show Coregonus pidschian is the species of the
humpback whitefish complex found in the Susitna River. This species
appears to be anadromous in the lower river. Anadromous Bering cisco
migrate into the Susitna River in September.

3. Rainbow trout and Arctic grayling move into middle river tributaries with

clear water in mid-May. Middle river Arctic grayling usually spawn in
late May and rainbow trout usually spawn in early June. Studies suggest
much of the middle river rainbow trout population originates from Takes
which drain into Fourth of July and Portage creeks.

Round whitefish and longnose suckers use the mainstem Susitna as well as
tributary mouths for spawning. Round whitefish spawn during mid-October
{freeze-up) and longnose suckers spawn during late May to early June.
Lower river burbot spawn up to TRM 25.0 of the Deshka River. Burbot in
both reaches of river are believed to use the mainstem Susitna for
spawning. Burbot spawn during late January. Bering cisco spawn in
mid-October near RM 77 in the mainstem Susitna River.



Radio telemetry and CPUE data shows most middle river adult resident
species migrate into tributaries from the mainstem Susitna during the
spring for summer rearing; then begin to migrate back to the mainstem
during the fall for overwintering. Limited data shows similar behavior
occurs in the smaller, lower river east side tributaries. Burbot is one
species which is found primarily year-round in the mainstem Susitna.
Summer rearing rainbow trout show a close association with spawning
salmon.

Microhabitat suitability criteria were generated in the summer of 1983
for adult rainbow trout, Arctic grayling, round whitefish, and longnose
sucker, and juvenile round whitefish in mainstem influenced areas of the
middle Susitna River. Microhabitat criteria were generated for rainbow
trout in middle river clear water tributaries. Turbidity appeared to
have the most effect on fish species distribution. Adult rainbow trout,
Arctic grayling, and round whitefish appear to avoid turbid Susitna water
(? 30 NTU). Adult Tongnose suckers and juvenile round whitefish avoid
clear water (£ 30 NTU). Rainbow trout in clear water tributaries pre-
ferred pools with velocities «0.5 fps and depths >2.0 ft. An abundance
of cover also appeared to be tied to ra1nbow distribution in clear water
tributaries.

Instantaneous survival rates calculated in 1983 for four middle river
species (however, burbot were pooled from the lower and middle rivers)
ranged from 33.3 percent for rainbow trout to 70.5 percent for burbot.
Data suggests the lower rainbow trout survival rate is due to high
overwintering and post-spawning mortalities. Also, overall rainbow trout
populations are low probably because of low reproduction and/or low egg
and juvenile survival.

Population estimates were generated for four adult resident species from
the middle Susitna River in 1984 using the Jolly-Seber model. The
population estimates of these species for the year 1983 are the follow-
ing:

Rainbow trout 1,036
Arctic grayling 6,783
Round whitefish " 7,264
Longnose sucker 7,613

Appendix A  provides further dinformation on the 1984 Jolly-Seber
population estimates.

Population estimates were generated in 1983 for rainbow trout in Fourth
of July Creek (RM 131.1, TRM 0.0-0.8: 107 fish > 150mm) and for burbot in
the mainstem Susitna R1ver (RM's 138.9-140.1: 15 fish > 300mm).

Radio telemetry studies indicate lower river rainbow trout prefer to
overwinter under jce cover in side channels which have low to moderate
water velocities and depths. Radio telemetry studies also show middle
river rainbow trout overwinter in areas usually downstream and within



four miles of the tributary where the fish was tagged. These areas are
characterized by no anchor ice and Tow to moderate water velocities.
After the middle river freeze over in mid-January, rainbow trout appear
to use surface ice as cover.

Recommendations:

1.

Continue boat electrofishing at 16 middle river index sites to monitor
trends in relative abundance. Boat electrofishing has proven to be the
most effective capture method for resident fish in mainstem Susitna
influenced areas. Biological information should also be collected from
captured resident fish.

Continue to capture fish by secondary gear methods such as gill netting
and baited traps to supplement boat electrofishing data. These data will
supplement 1inherent mark-recapture data problems generated from boat
electrofishing capture data such as fish avoiding the electric fjeld and
low recaptures.

Continue the mark-and-recapture program to generate middle river popula-
tion estimates and to further define migrational patterns of selected
resident fish species.

Continue to make a yearly population estimate (in late July) for rainbow
trout in Fourth of July Creek as a long term index site.

Continue to collect habitat data of selected spawning resident fish to
further document their spawning locations, timing, and habitat character-
istics.

In 1986, collect habitat data to further define the microhabitat suit-
ability criterias of selected middle river resident fish.

Continue to record adult resident fish catches in fishwheels and juvenile
fish catches in outmigrant traps to assist in evaluating trends in fish
populations.
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APPENDIX A

The 1984 Jolly-Seber population estimates for middle river resident fish were
made using multiple-year data from four catch periods {1981-1984). Each catch
period was one year. The methodology behind the Jdolly-Seber model is the
following: on time 1{1981), the fish were marked; on times 2(1982), 3(1983),
and 4(1984), unmarked fish were recorded as well as recaptured fish from
previous years. The Jolly-Seber model can also be used when sampling is

longer than four catch periods. Therefore, in 1985, recaptured fish from
years 1981-1984 can be used.

Included is an excerpt from Sundet and Pechek (1985) on methods, results and
discussion of the Jolly-Seber population estimates done in 1984,



Methods

Population éstimates were made of adult rainbow trout, Arctic grayling, round
whitefish, and 1longnose sucker populations in the middle river using the
multiple-year (1981-1984) tagging and recapture data. Since only adult fish

have been tagged, population estimates are applicable only for fish above 199

mm fork length. The Jolly-Seber and Bailey methods (Ricker 1975) were set up
on a commercial microcomputer spreadsheet program. The 95 percent confidence
interval for the Jolly-Seber population estimate was developed using the
method of Manly (1984),

The number of recaptures of each species was adjusted by the tag retention
rate for that species (Appendix A; Appendix Table D-2). Floy anchor tag
retention rates were calculated in 1983 and 1984 for several resident fish
species. This was done by comparing the number of fish recaptured with tags
to the number of fish recaptured which showed a tag scar. Tag scars were not
recorded for fish captured in 1982 so actual tag retention rates are unavail-
able for that year. However, since retention rates are known for 1983 and
assuming there was Tlittle change in retention rates between years, 1983
retention rates were applied to recaptures made in 1982,

Results and Discussion

Population estimates presented in Appendix Table D-1 from the Jolly-Seber
method and Bailey's method must be considered tentative at this time. The
numbers of recaptures were low, leading to large confidence intervals on the
population estimates using the Jolly-Seber method. One of the main problems
was that there was a high mortality on the fish marked in 1981; hence the
recapture rate of these fish was low in comparison to 1982 and 1983. The high
mortality was caused by the use of gill nets in 1981; we changed in 1982 to
boat electrofishing as the primary capture method. Round whitefish are
particularly sensitive to gill nets; only one of the 48 fish marked in 1981
was ever recaptured. Because the Jolly-Seber method requires three marking
periods, the 1981 data cannot be discarded from the estimate presented here.
However, we will be able to discard the 1981 data after the 1985 field season,
and use the 1982 to 1985 data.

Note that several of the confidence intervals (particularly in 1982, which was
affected by the 1981 mortality) are so wide as to be meaningless. The 1983
estimates, however, give a general idea of the magnitude of the populations.
We can conclude, for example, that it is unlikely that there are more than
15,000 Arctic grayling larger than 200 mm in the middle reach of the Susitna
River, and that the true number is closer to 7,000. A similar type of con-
clusion can be made for round whitefish and longnose suckers.

For the long term monitoring program, efforts will be redirected so that we
can get higher recapture rates and therefore better population estimates.
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Appendix Table D-1. Population estimates, using the Jolly-Seber and Bailey methods, for four species of resident fish in the middle river,

1981-84,

POPULATION ESTIMATES

FiSH FISH RECAPTURES OF FISH MARKED AT
JOLLY= 95% CONF IDENCE b e NEWLY CHECKED TOTAL

DATE SEBER INTERVAL BAILEY S.D. BAILEY S.D. MARKED FOR MARKS 1981 1982 1983 RECAPTURES
Rainbow Trout
1981 NA - NA - - - 92 NA NA NA NA NA
1982 1,408 548 - 6,661 1,450 1,148 NA - 151 191 7 NA NA 7
1983 1,036 312 - 29,667 NA - 1,009 1,009 274 312 2 4 NA 6
1984 NA - - - NA - NA 204 0 1 16 17

Total Recaptures NA NA 9 5 16 30
Arctic Grayling
1981 NA - NA - - - 49 NA NA NA NA NA
1982 2,866 783 - 28,192 2,356 1,551 NA - 400 425 6 NA NA 6
1983 6,783 4,070 - 15,152 NA - 5,787 2,329 765 911 3 30 NA 33
1984 NA - - - NA - NA 563 1 9 34 by

Total Recaptures NA NA 10 39 34 83
Round Whitefish
1981 NA - NA - - - 48 NA NA NA NA NA
1982 9,529 - 11,125 11,125 NA - 720 787 0 NA NA 0
1983 7,264 4,829 - 13,806 NA - 6,204 2,006 1,079 1,172 1 50 NA 51
1984 NA - - - NA - NA 642 0 14 55 69

Total Recaptures NA NA 1 64 55 120
Longnose Suckers
1981 NA - NA - - - 80 NA NA  NA NA NA
1982 6,930 837 - 261,062 8,602 6,922 NA - 418 462 2 NA NA 2
1983 7,613 4,003 - 20,439 NA - 8,101 4,667 L34 447 2 14 NA 16
1984 NA - - - NA - NA 223 0 5 7 12

Total Recaptures NA NA 4 19 7 30

a
b
¢
d
N
S

Population estimates made
Population estimates made
Population estimates made using 1982-84 data.
See text for explanation.
A = Not applicable.
.D. = Standard deviation.

using 1981-84 data.
using 1981-83 data.

D-2
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I. Problem Statement

Population and habitat characteristics of resident fish species in the Susitna
River below Devil Canyon are not well defined. It 1is anticipated these
~ populations will be affected by the proposed two-dam hydroelectric development
on the Susitna River. A monitoring program should be implemented to determine
what these effects are on resident fish populations.

A, Scope:

Resident fish will be captured in the middle Susitna River from mid-May to
mid-October primarily by boat electrofishing at 16 index sites. Using these
data, trends in relative abundance can then be made at these sites within the
year and between years. A mark-and-recapture program will continue so popula-
tion estimates can be generated and further information on fish movement
.behavior can be Tearned. The population estimate will be done by the Jolly-
Seber model using multiple-year data.

B. Objective:

Provide long-term baseline data on the distribution and abundance of resident
fish in the middle Susitna River.

C. Justification:

Past hydroelectric projects have produced both positive and negative effects
on the nearby fisheries. The principal effects of the proposed Susitna dams
that are expected to impact resident fish populations are changes in turbidi-
ties, temperatures, and fluctuations in mainstem discharge. The most positive
post-project effect expected may be a decrease in summer sediment load and
turbidity. This would 1ikely manifest itself in the creation of more favor-
able resident fish rearing and spawning habitat for several resident fish
species. Also, with warmer winter temperatures and higher discharge, the
survival of some resident fish species could be expected to increase.

Negative effects of the proposed dams include an increase in water turbidity
during the winter and possibly rapid water fluctuations if power-peaking flows
were to occur. Although the mainstem Susitna River is the principal over-
wintering area of middle river resident fish, it is unknown what effect an
increase in winter turbidity would have on middle river resident fish distri-
bution. It is suspected that burbot and reund whitefish spawning which
currently occurs in the mainstem may be affected.

In addition, fishing pressure will almost certainly increase 1ikely causing
populations, and age and species composition of some resident fish species
(most 1ikely rainbow trout and Arctic grayling) to change.

Selected reaches of the mainstem middle Susitna River have been monitored
during the summer for the past four years. Because various populations of
resident fish use the mainstem for some summer rearing and much overwintering,
a monitoring program should be implemented to provide a long-term index of the
abundance and distribution of resident fish populations that use the middle
river reach,

2.
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Project Narrative

Duration:

From ice-out (mid-May) to freeze-up (mid-October), the resident fish crew

will boat electrofish at index sites twice per month. In 1986, sampling
will be conducted as in 1983 where sites were divided into cells. This

information will be used to generate microhabitat su1tab111ty criteria
and supplement the criterias developed in 1983,

Between mid-May and mid-October, sampling will also be done with second-
ary sampling gear such as gill nets whenever possible and appropriate.
This sampling will be done at Susitna influenced areas as well as at
selected sites in important tributaries. Gill nets will not be set when
Targe numbers of adult salmon are present.

A mark-and-recapture program using Floy anchor tags will be conducted on
selected species of adult resident fish from mid-May to mid-October.
Biological data of captured fish whether tagged or not will also be
recorded during this time period.

During late July, sampling will be done on lower Fourth of July Creek to
generate a population estimate of rainbow trout.

Between June 1 and September 15, sampling will be done in the mainstem
middle Susitna River to generate population estimates of burbot.

Location:

Sixteen middle river index sites will be sampled consistently during the
summer (Figure 1). These sites are composed of three major macrohabitats

~influenced by the Susitna River. These macrohabitats are: wmainstem,

sloughs, and tributary mouths. Other middle river opportunistic sites
will be sampled by boat electrofishing and other gear methods during the
summer whenever possible and appropriate. These sites include Susitna
influenced areas as well as in important tributaries such as Portage
Creek.

A population estimate will be made for rainbow trout between tributary
river miles (TRM) 0.0 and 0.8 of Fourth of July Creek.

Population estimates will be made for burbot during 1985 in five one mile
reaches of the mainstem middle Susitna River. These one mile reaches of
river will be within the following areas: RM's 98.5-110.0, 110.0-120.0,
120.0-130.0, 130.0-140.0, and 140.0-150.0, :

Personnel:

The project supervisor will be Larry Bartlett (FB III) and the task manager
will be Richard Sundet (FB II). A two man crew will conduct the resident fish
sampling program. Between mid-May and June 1, Richard Sundet and one seasonal
FB I will conduct sampling. Between June 1 and August 31, two FB I's will
continue the sampling program. After August 1, Richard Sundet and one FB I
will continue sampling until freeze-up.

-3-
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Figure 1. Resident fish study sites on the Susitna River between
the Chulitna River confluence and Devil Canyon, 1985.




Between June 1 and August 30, Richard Sundet will work on Task 2.
D. Assumgtions:

1. Random mark-and-recapture effort.

2. Time does not affect recapture probabilities.

3. The population is closed geographically.

4. Population estimates Timited to the older age classes of fish species are
due only to insufficient sample sizes of smaller fish.

5. There is a random mixing of tagged fish with non-tagged fish.

6. Mortalities, due to capture and tagging are insignificant.

7. There is 1ittle difference in behavior between tagged and untagged fish.
8. There is little variability in sampling effort.

F. Procedures:

During the open water period, a two man crew will collect samples of resident
fish on the Susitna River between the Chulitna River confluence and Devil
Canyon for habitat and relative abundance studies and a radio telemetry-
migrational! study. River boats, fixed-wing aircraft, and helicopters will be
used for support. Sampling methods to be used in this study area include boat
and backback electrofishing, angling, trotlines, gill nets, and hoop nets.
The crew will operate out of a tent camp located on the Susitna River at Gold
Creek and at the ADF&G trailer at Talkeetna.

1, Habitat and Relative Abundance

Resident fish will be collected at Susitna mainstem, slough, and tributary
mouth sites primarily with a boat mounted electrofishing unit. In addition,
sampling will be done by secondary gear types in important tributaries.

Biological data (species, age, length, sex, and sexual maturity) will be
collected as outlined in ADF&G (1983a). Scales for age determination will be
taken from a representative sample of rainbow trout captured above the Chulit-
na River confluence. Scales will also be collected from spawning Arctic
grayling and round whitefish to determine ages of spawners for these species.

Survival rates will be calculated for rainbow trout above the Chulitna River
confluence as in 1983 and 1984 using catch and age data. These methods are
presented in Everhart et al. (1975).

The following habitat parameters will be collected at all resident fish
spawning sites: water temperatures, water depths, water velocities, conduc-
tivity, dissolved oxygen, pH, turbidity, and substrate composition.



The mark-and-recapture program to generate population estimates and monitor
the seasonal movements of adult resident fish will be continued. In 1981 and
1982, 1,550 and 3,118 adult resident fish were Floy anchor tagged in the
Susitna River between Cook Inlet and Devil Canyon (ADF&G 1981, 1983b). During
1983 and 1984, 3,037 and 2,287 adult resident fish were tagged in the same
reach, respectively (Sundet and Wenger 1984; Sundet and Pechek 1985). Tagging
crews will attempt to tag on additional 3,000 resident fish during the 1985-
1986 field season. Tagging in 1985-1986 will be primarily conducted above the
Chulitna River confluence, however, fishwheel crews below the Chulitna River
confluence will also tag fish.

Floy anchor tags will be used to tag seven species of adult resident fish.
Species to be tagged are humpback whitefish, round whitefish, burbot, longnose
suckers, rainbow trout, Arctic grayling, and Dolly Varden.

A1l resident fish that appear healthy after capture and large enough to
accommodate a tag will be tagged. Burbot with a total length (TL) greater
than 225 millimeters (mm) will be tagged and other resident species with fork
Tengths {FL) greater than 225 mm will be tagged.

Floy anchor tags will be inserted between the tateral line and the posterior
ray of the dorsal fin with a Floy tagging gun.

Tags will be recovered by the following means:
--- Resident fishery crew

--- The angling public will be requested to return recovered tags or report
the tag number to the nearest office of the Alaska Department of Fish and
Game with information regarding the location and date of catch, and if
the fish was released with the tag intact. The public will be informed
of the tagging program by Su Hydro staff and posters placed in conspi-
cuous places frequented by anglers.

- -=-- Adult Anadromous fishwheel operations

Population estimates will be made for rainbow trout, Arctic grayling, round
whitefish, and Tlongnose suckers greater than 225 mm in fork length in the
middle river using the Jolly-Seber model incorporating multiple-year (1981-
1985) tagging and recapture data. Population estimates will not be made for
otheg species because past year's data show they are too infrequently cap-
tured.

Population estimates will be made for rainbow trout on Fourth of July Creek
using a behavioral model from a computer program called CAPTURE. This program
is described in Otis et al. (1978) and White et al. (1982). Population
estimates will be made for burbot in selected mainstem reaches of the Susitna
River by a muitiple removal model. Rainbow trout will be captured by hook and
Tine and burbot will be captured by baited hoop nets and trotlines.



2. Radio Telemetry

During May and June 1985, the resident fish crew will attempt to deploy the
remaining 30 radio tags left over from 1984 studies.

Approximately 15 internal and 8 external radio tags will be implanted in or
attached to, respectively, rainbow trout in the middle Susitna River for
spawning and migrational studies. The remaining seven external tags will be
attached to middle river Arctic grayling for the same studies.

The tagging crew will radio tag healthy adult resident fish collected within
the proposed study area.

Tags to be internally implanted in rainbow trout during the 1985 radio tele-
metry study are Advanced Telemetry System's Model 10-35. Advanced Telemetry
System's Model 625 external tag will be used to radio tag Arctic grayling and
advanced pre-spawning rainbow trout.

The same procedures to surgically implant radio tags in resident fish that
were described in Sundet and Wenger (1984) will be used in 1985, The external
tag will be attached using the same methods used as in 1984 (Sundet and Pechek
1985). Radio tagged fish will be monitored through the winter of 1985-86 or
until the batteries of their radio tags expire. In January, ground surveys
will be conducted at Tocations of still functioning radio tags to determine
the fate and habitat characteristics of the radio tagged fish.

F. Budget:
Task 2
Line 300 0.5
Line 400 0.3
TOTAL 0.8
Task 6
Line 100 29.5
Line 200 1.2
Line 300 20.7
Line 400 "~ 15.6
Line 500 0.0
TOTAL 67.0
Task Managers Salary for Tasks 2 and 6: 51.6
Grand Total for Tésks 2 and 6 119.4
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B~6 Aquatic Habitat Monitoring




Project Title: Aquatic Habitat and Instream Flow
Investigations.

Project Supervisors: C. Estes, D. Vincent-Lang, and D.
Schmidt.

Problem Statement: The Susitna River and its associated
riparian lands support diverse and abundant populations of
fish and wildlife resources which are of considerable
commercial, cultural, and recreational value to the people
of Alaska. The State of Alaska has proposed to build and
operate hydroelectric power generation facilities on the
Susitna River. A prerequisete for such development is the
acquistion of a Federal Energy and Regulatory Commission
(FERC) license and other associated state and federal
permits. Integral to the acquistion of the license and
associated permits is consideration of the impacts the
development will have on the fish and wildlife resources of
the river and mitigative measures that can be taken to
alleviate these impacts.

The commonly accepted means for evaluating the impacts that
a proposed hydroelectric development will have on fish and
their associated aquatic resources in a river is to first
detemine the spatial and temporal distribution of fish
species according to their life phases within the various
aquatic habitats of the river to be impacted. Once this
information is obtained, the next step is to determine if
and how these utilized habitats are influenced by variations
in flow which would occur with the proposed hydroelectric
development and whether and how these changes would
influence the quality and quantity of the habitat avaiable
to fish.

An advantange of evaluating habitat as opposed to fish
directly is that the amount of habitat available in a given
river can be modeled over a specified flow range. Because
the habitat can be modelled over a range of flows, an
quantitative assessment of flow-related changes can be made
and thereby of the potential impacts expected. Also, an
evaluation of the impact and mitigative potentials of
alternative flow regimes can be tested.

For these reasons, an assessment of the baseline habitat
conditions present in the Susitna River and their
relationship to flow was undertaken. Flow of the mainstenm
river was chosen as an index for monitoring change of other
habitat variables as it was thought to be the variable that
was expected to change the greatest with construction and
operation of the proposed dams and was thought to influence,
to varying degrees, the other physical and water quality
habitat variables of importance to the fish species/life
stages that utilize the various habitats of the Susitna
River.



Habitat Project Objectives:

1. To define the aquatic habitat types available
to the anadromous and resident fish populations of
the Susitna River and rank them according to the
type and degree of impact expected.

2. To determine the seasonal utilization of the
defined aquatic habitat types by the fish
species/life stages that utilize then.

3. To describe the habitat conditions present in
each of the aquatic habitat types and determine
those which are limiting to selected critical fish
species/life stages that utilize them. '

4. To select target species/life stages and
aquatic habitat types that will be impacted by the
proposed project for detailed evaluation.

5. To evaluate the habitat conditions present in
selected representative habitats of each target
aquatic habitat type and to determine the
relationship these habitat conditions have to
discharge of the Susitna River.

6. To extrapolate the result of the site-
specific representative habitat analysis to the
the remaining impacted river segement.

7. To determine, based on the site-specific and
extrapoliation results, the impacts that are
expected to occur to fish and their habitats
resulting from construction and operation of the
proposed hydroelectric facilities.

8. To determine specific mitigation options
available to aliveate expected impacts to fish and
their habitats.

Overview of past work and conclusions drawn to date:

1. Using a macrohabitat approach, the river segment thought
to be impacted by hydroelectric development was divided into
unique reaches depending on selected macrohabitat
characteristics such as channel morphology and gradient,
watershed characteristics, riparian habitat characteristics,
and the type and degree of impacts expected. Based on this
approach, three reaches were defined:

Lower Reach - This reach extends from the three
rivers confluence downstream to the estuary. The
river in this reach is typically multiple or
braided in nature and less confined within its
floodplain. Due to a lower reach gradient, lower
channel velocities and smaller, less-armoured
substrates are present in the reach. Lesser
impacts were expected in this reach due to the

o



aleviating flows of the unimpacted Chulitna,
Talkeetna, and Yentna rivers.

Middle Reach - This reach extends from Devil
Canyon downstream to three rivers (Chultina,
Talkeetna, and Susitna Rivers) confluence. The
river in this reach is typically single or
multiple channel confined by less steep canyon
walls. It has a steep gradient which results in
high channel velocities and large well-armoured
substrates. Many peripheral-type habitat occur in
this reach. Significant impacts were expected to
occur in this reach as flows in this reach will
primarily be influenced by dam outflows.

Upper Reach - This reach extends from the Tyone
River downstream to Devil Canyon. The river in
this reach is typically single channel and
confined by steep canyon walls. It has a
relatively steep gradient which results in high
channel velocities and large well-armoured
substrates. Significant impacts were expected in
this reach as the river will be changed from a
free-flowing (lotic-type) to lentic-type habitat.

Because the upper reach was expected to have impacts that
are not reconciable and because the lower reach was expected
to have impacts that were less than those of the middle
reach, the middle reach was selected for intial detailed
habitat investigations on a multi-year prioritization basis.

Habitat investigations were, however, conducted in the upper
and lower reaches. The investigations conducted in the
upper reach centered on quantifying the amount of habitat
that would be lost to inudation and thus would need to be
mitigated for. The investigations conducted in the lower
reach were similar to those conducted in the middle reach as
discuused below, but on a less detailed basis.

2. The aquatic habitat types that were present in each of
the reaches were then delineated based on selected
hydrological, hydraulic, and water quality characteristics
(i.e., streamflow, temperature, channel gradient and
geometry, turbidity, substrate composition, etc.).
Hydrological and hydraulic characteristics were selected as
the basis for delineation as these were the characteristics
of these habitats which would most likely change with
construction and operation of the proposed hydroelectric
facilities.

Using this process, seven aquatic habitat types were defined
and ranked according to the degree of impact expected on the
habitat type (see attachment for a description of the
aquatic habitat types defined). These aquatic habitat
types, with the degree of physical and water quality impact
expected to occur, include:



Mainstem - High degree of physical and water
quality impact.

Side Channel - High degree of physical and water
quality impact.

Side Slough - Moderately high degree of physical
and water quality impact.

Upland Slough - Moderate degree of physical and
water quality impact.

Tributary Mouth - Moderate degree of physical and
water quality impact.

Tributa - Impact only for those tributaries to
be 1mpouned.

Lake = Impact only for those lakes to be
impounded.

3. Selected physical (discharge/flow, channel gradient and

geometry, substrate, ice, and upwelling) and water quality
(dissolved oxygen, conductivity, pH, turbidity, and surface
and intragravel temperature) variables were monitored in
each of the seven aquatic types to determine baseline
habitat conditions in each of the seven habitat types and
any relationship they may have to mainstem discharge.

4. The seasonal utilization of each of the seven aquatic
habitat types in each reach by anadromous and resident fish
species during each stage of their life cycle was then
determined. Important findings include:

Mainstem habitat -~ Little utilization by
anadromous species other than as a migrational
corridor, with the exception of eulachon and
Bering cisco which use it as their primary
spawning habitat. Supports limited chum and
sockeye salmon spawning and chinook and chum
rearing. Used primarily as an overwintering
habitat by resident fish although some use does
occur year-round (i.e., burbot).

Side channel habitat - Moderate utilization by
chum, sockeye, and pink salmon for spawning and
incubation. High degree of utilization by
juvenile chinook salmon for summer rearing and
overwintering (if not dewatered). Moderate
utilization by resident fish for rearing and
overwintering.

Side slough habitat - Significant utilization by
chum and sockeye salmon for spawning, incubation,
and early rearing. Significant seasonal
utilization by juvenile chinock and coho salmon
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for rearing and overwintering. Moderate
utilization by resident fish for rearing.

Upland slough habitat - Little utilization by
salmon for spawning. Significant utilization by
juvenile coho and sockeye salmon for rearing and
utilization. Moderate utilization by resident
fish as a rearing area.

Tributary mouth habitat - Moderate utilization by
chum and pink salmon for spawning and incubation.
High seasonal degree of utilization by rearing
juvenile salmon during periods of high food
availability and outmigration. High degree of
utilization by rearing resident fish.

Tributary habitat - Very high utilization by
chinook, coho, chum, and pink salmon for spawning,
incubation, and rearing. High degree of
utilization by resident fish for spawning and
rearing.

5. Evaluation species and life phases were then selected
for those aquatic habitat types that were expected to be
impacted and that had significant fish utilization.
Selection of evaluation species was based on the occurance
of a species/life stage in a critically impacted habitat and
on the relative importance of a species in terms of its
economic, cultural, and recreational value. Selection of
target aquaitc habitat types was based on the degree of
physical and water gquality impact expected and the degree of

‘utilization by the species/life phase of interest.

Species/life phases selected for evaluation in such critical
aquatic habitat types were:

Chum and sockeye salmon spawning and incubation in
side slough/side channel habitats.

Chum salmon spawning in tributary mouth habitats.

Chinook, chum, and coho salmon rearing in side
channel/side slough and upland slough habitats.

Other species/life phases and habitats were also evaluated,
but because of limited time time, will not be discussed
here. These include chum, pink, and sockeye salmon rearing

-in side and upland slough habitats, chum and sockeye salmon

spawning and incubation in mainstem habitats, resident fish
rearing in mainstem, side channel and side and upland slough
habitats, and eulachon and Bering cisco spawning in mainstem
habitats. The reader is referred to the Su Hydro report
series for information on these species/life phases and
habitat evaluations (see attached bibliography).

6. Based on the baseline habitat data collected in support



of 3, important habitat variables for each of the evaluation
species/life stages in each of the critical habitat types
were then determined. The habitat wvariables determined to
be critical included:

Depth, velocity, substrate, and upwelling for chum
and sockeye salmon spawning in side slough/side
channel and tributary mouth habitats:

Upwelling, temperature, and substrate for chum and
sockeye salmon incubation in side slough/side
channel and tributary mouth habitats; and,

Velocity, cover/turbidity, and depth for chinook,
chum, and coho salmon rearing in side channel/side
slough and upland slough habitats.

7. Representative habitats in each of the critical aquatic
habitat types were then selected for detailed habitat
investigations. Selection of representative habitats was
based on the representativeness of particular habitats in
terms of their habitat characteristics and fish utilization
patterns. In general, representative sites selected for
study were those sites which had fish utilization by the
species/life phase of interest and which were representative
of other similar habitats, in terms of their habitat
characteristics, that had fish utilization by the
species/life phase of interest. The representative habitat
types selected for detailed investigations in the middle
river reach based on these criteria were:

Chum and sockeye salmon spawning in side
slough/side channel habitats - Sloughs 8A, 9, and
21 and Side Channels 10A, Lower and Upper 11, and
21.

Chum and sockeye salmon incubation in side
slough/side channel habitats - Side Sloughs 10,
11, and 2land Side Channels 10, Upper 11, and 21.

Chum salmon spawning in tributary mouth habitats -
Lane and Fourth of July Creek tributary mouths.

Chinook and chum salmon rearing in side
slough/side channel habitats - Side sSloughs 8, 9,
21, and 22, and Whiskers Creek Side Slough and
Side Channels 10A, Lower 11, Upper 11, and 21.

Chinook and coho salmon rearing in upland slough
habitats - Upland Sloughs 5 and 6A.

8. Methods were then selected for use in evaluating the
representative habitat types. Selection of a method
depended on:

a. The abiltiy of the method to describe the
response of the critical habitat variables at the



representative study sites to changes in discharge
of the river expected with construction and
operation of the hydroelectric facilities.

b. The abiltiy of the method to describe the
habitat responses of the target species/life
phases to changes in discharge of the mainstenm
Susitna River.

Based on these criteria, the methods selected for use and
rationale for their selection were:

Chum and sockeye salmon spawning in side slough
and side channel habitats - U.S. Fish and Wildlife
Service (USF&WS) Instream Flow Incremental
Methodology (IFIM) Physical Habitat Simulation
Modelling (PHABSIM) methods (IFG 1980, Bovee
1982). USF&WS IFIM PHABSIM methods were selected
because:

~-The method is a 1egally accepted means
of quantifying habitat changes as a
function of flow.

-The input variables into the models
which form the basis of this methodology
are the variables which limit the
species/life phases under study,

~The method is able to predict the
incremental responses of habitat in
these habitat types in terms of the
limiting habitat variables to changes in
flow ranging from the current to
expected post-project flows, and

-The method provides the required
information about habitat changes over
time to allow an evaluation of project
impacts and mitigation options.

-For a detailed discussion of the
underlying assumptions in this
methodology refer to Vincent-lLang et al,
1984 and Estes, 1984.

Chum salmon incubation in side channel and side
slough habitats - Whitlock-Vibert Box methods.

-A quantitative methodology such as IFIM
to assess the availabiltiy of incubation
habitat in terms of flow was not
available at the time of the study.

-For this reason and monetary and

personnel restrictions, the assessment
of incubation habitat was limited to a
more qualitatively-based assessment of
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incubating embyro development and
survival in terms of selected critical
habitat variables through the use of in
situ egg incubation chambers. These
‘methods, however, did not allow for a
quantitative assessment of the effects
of flow on the availabiltiy of
incubation habitat. For this reason,
only qualitative assessments could be
made.

Chum salmon spawning in tributary mouth habitats -
An adaptation of Washington methods (Collins 1972,
1974) . Washigton-type methods were selected as
the basis for analysis because:

-The USF&WS IFIM PHABSIM methods could
not be applied as the tributary mouth
habitats did not have fixed boundaries
and are thus not amenable to modelling
with the IFIM approach.

-An adaptation of the Washington
methodology was the most applicable
method available to estimate the
response of habitat as a function of
observed flow. Because the method is
‘not emprically predictive, evaluations
outside the observed flow range must be
extraploiated based on professional
judgement. For this reason, the method
could only be used to estimate expected
impacts but not to quantify them or to
evaluate flow related mitigative
measures quantitatively.

Chinook, chum, and coho salmon rearing in side
channel and side and upland slough habitats -
USF&WS IFIM PHABSIM methods and Schmidt et al
RIJHAB methods (Schmidt et al, 1984). These
methods were selected for these analyses as:

-The USF&WS IFIM methods were selected
for analysis for the same reasons they
were chosen for the chum and sockeye
spawning habitat assessment in side
sloughs and side channels as outlined
above.

-It was felt, however, that the IFIM
methods may not always accurately assess
rearing habitat in these habitat types
as rearing fish density may not be
solely a function of the factors
integral to the models which form the

- basis for the method (i.e., depth,
velocity, substrate cover may not be
sole limiting habitat variables).



Further, the IFIM methods do not
effectively model backwater ares with
little flow which appear to be utilized
by juvenile salmon ¥or rearing

For these reasons and due to manpower
limitations, a more generalized approach
was also developed and applied to assess
rearing habitat changes as a function of
flow in these habitat types. This
method, called the RJHAB method, better
evaluated changes in habitat in terms of
large scale catastrophic hydraulic
events and the availability of cover in
terms of turbidity. These factors were
considered to be the dominant variables
influeing the quality of habitat for
rearing by chinook and coho salmon
juveniles. RJHAB models cannot,
however, simulate physical conditions
and therefore cannot be used to predict
habitat conditions outside the range of
flows evaluated, only extrapoliated.
Such predictive quantitative assessments
were made with the IFIM approach.

-For a detailed discussion of the
limitations of the RJHAB model and a
discussion of its comparision to USF&WS
IFIM methods see Schmidt et al (1984).

8. The representative habitats were then evaluated using
the respective methods described above to define the
responses of habitat in each representative habitat type in
terms of the critical habitat variables to changes in
discharge of the mainstem river. Important findings

include:

-The baseline amount of chum and sockeye salmon
spawning habitat in side slough and side channel
habitat types was found to be dependent on the
amount of upwelling surface area present at a
specific study habitat. Above this baseline, the
amount of habitat available was found to peak
near the breaching discharge of the specific study
habitat indicating, that up until breaching, the
amount of wetted surface area (i.e., depth)
present in a site is the factor limiting the
amount of usable spawning habitat after which
velocity becomes limiting. Additionally, the
availability of the habitat in these habitat types
was found to be dependent on the accessabiltiy of
the habitat in the sites. Accessibility was found
to be a function of the depth at the study sites
which itself was found to be dependent on both the
specific channel geometry and discharge/site flow
characteristics of the sites. For details, refer



to Vincent-Lang et al (1984) and Sautner et
al(1984).

-The amount of chum salmon spawning habitat in
tributary mouth habitats was found to be a
function of both the tributary flow and mainstenm
discharge depending on the type on confluence the
tributary has with the mainstem river (i.e., sheer
or non-sheer). At sheer type confluences, the
amount of available usable habitat generally
decreased with increasing mainstem discharge
regardless of tribuary flow, whereas at non-sheer
type confluences the amount of available usable
habitat incresed with both increasing mainstem and
tributary discharges. For details, refer to
Sandone et al (1984).

~-The largest demonstrated cause of incubating
embyro mortality within side channel, side slough,
and tributary mouth habitats was found to be due
to dewatering and subsequent freezing of the
streambed. The effect was greatest in side
channels and least in side slough habitats and was
directly related to the presense or absence of
upwelling. Thus, the amount of incubation habitat
within these habitats appeared to be a function of.
the amount of upwelling that persisted within the
habitats throughout the incubation period of the
embyros. Other factors that were also found to be
important included temperature of the upwelling
water source, the degree of upwelling present, and
the occurance of breaching winter flows. For
details, refer to Vining et al (1985).

~The amount of chinook salmon rearing habitat in
side slough and side channel habitats was modelled
for turbity levels above and below 30 NTU's as
turbidity appeared to be the major variable
influencing the distribution of juvenile chinook
salmon in these habitat types. In general, the
amount of available usable habitat in these
habitat types was greatest under turbid conditions
when the velocity was moderate. For this reason,
usable habitat in the modelled habitats peaked
just after the modelled study sites became
breached by the mainstem flow. The reason for
this appeared to be based in the use of turbidity
as suitable cover. Under low turbidity
conditions, the amount of usable habitat was found
to be dependent largely on the amount of object
cover present. Coho salmon did not appear to
utilize to any large extent the turbid-water
mainstem-influenced side slough and side channel
habitats for rearing.

In contrast, upland slough habitats appeared to be

highly suitable habitat for coho salmon juvenile
rearing and less suitable habitat for chinook
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salmon juvenile rearing. The reason for this is
that upland sloughs are typically clear and have
slow moving waters and object cover which are
preferred by coho salmon juveniles but not by
chinook salmon juveniles. The amount of coho
salmon rearing habitat in upland slough habitats
was found to be largely a function of the surface
area of those habitats. For details, refer to
Schmidt et al (1984).

9. The results of the ADF&G site-specific habitat
investigations are currently being extrapoliated by E. W.
Trihey and Associates, with the input of ADF&G, to the
overall set of habitats that the representative habitats
were intended to represent. The extrapoliation is
concentrating on the target species selected by the Alaska
Power Authority which are chum salmon spawning in side
channel and side slough habitats and chinook salmon rearing
in side channel habitats. Included in the extrapoliation
process is consideration of the relative utilization of
specific evaluated and non-evaluated habitats by the
species/life stages that utilize them and of the influence
the limiting habitat variables have on the utilization of
these habitats. Also considered is the relationship of
other life phases on the target life phase such as effects
of passage restrictions on spawning.

10. After the extrapoliation is completed, a detailed impact
assessment will be conducted by Harza-Ebasco to determine
specific impacts expected with specific discharge regimes of
the proposed hydroelectric facilities.

11l. The results of the impact assessments will then be used
in conjunction with the aquatic habitat evaluations to
develope a mitigation plan to alliveate expected impacts.

12. Work similar to that discussed above for the middle
reach has also been initiated for the lower river reach.
This work is centering on describing the relationship that
juvenile salmon rearing habitat in lower river side channels
has to lower river discharge. Initial findinds show the
response of juvenile salmon habitat to changes in discharge
in the lower river to be generally the same as for the
middle river with the exception that after breaching, usable
habitat in side channels did not always fall as it did in
the middle river. The reason for this is likely tied to the
increses in surface area with increases in mainstem dischage
that are usable in terms of velocity.

Work is also progressing on evaluating the response of chum
salmon spawning and incubation habitat and juvenile sockeye
salmon overwintering habitat in lower river side channels to
changes in lower river discharge. Important findings to
date include:

-A significant population of spawning chum salmon
utilize lower river side channels for spawning and



incubation.

-The availability of the habitat is a function of
mainstem discharge. The relationship of these
factors is currently being investigated.

~-The success of incubating embyros in the side
channels is tied to the maintenance of upweeling
groundwater which appears to be related to
mainstem ice staging conditions.

-Significant juvenile sockeye salmon overwintering
may occur in selected lower river habitats.

The results of these site specific will also be
extrapoliated to the overall lower river using similar
approaches developed for the midle river. Based on the
results, an impact assessment will be conducted and
mitigation plan developed for the lower river.
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B-7 Long Term Monitoring Strategies




RESIDENT FISH LONG TERM MONITORING

Problem:

Hydroelectric development may alter the population struc-
tures of resident fish in the middle Susitna River reach.

Natural conditions are characterized by:

1. low, clear winter flows
2. high turbid summer fiows

With-project conditions will be characterized by:

1. high, relatively turbid and warmer winter flows
2, delayed ice formation
3. lower and clearer summer flows




Objective:

Assess the positive and negative with-project effects to
resident fish populations in the Susitna River by comparing
these populations' densities and distributions from pre- to
with-project.

Procedures:

We propose a continuation of the basic procedures now in
place. The pre-project data will be compared to the post-
project data. Changes will be documented and reported.



The procedure for 1long term resident fish monitoring is
divided into:

Pre-project (natural conditions)

1. Below Devil Canyon

With-project

1. Below Devil Canyon

2. Impoundment

v



Pre-Project:

Below Devil Canyon

1.

Continue to electrofish by boat at the 16 middle river
index sites to make pre- to with-project comparisons in
catch and CPUE. These sites are composed of three
major habitats and comparisons in resident fish catches

can also be made between macrohabitats.

Continue to use secondary gear types such as gill nets
and hook and line to supplement boat electrofishing
data. Also, continue to record fishwheel and out-
migrant resident fish catches.

Continue to collect biological data from resident fish
to observe for trends in age compositions.

Continue the mark-and-recapture program to generate
population estimates and determine migrational patterns
of selected resident fish species. Population esti-
mates will be made for adult rainbow trout, Arctic
grayling, burbot, round whitefish, and longnose sucker
in the middle river. Population estimates will also be
made separately for rainbow trout > 150 mm in Fourth of
July Creek,

Fish movement data will be provided by analysis of tag
recoveries. Species that will be tagged are rainbow
trout, Arctic grayling, burbot, Dolly Varden, round and
humpback whitefish, and longnose suckers.

Every third year beginning in 1986, generate micro-
habitat suitability criteria curves to supplement
microhabitat data gathered during previous years.
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With-Project:

A.
1.

Below Devil Canyon

Continue boat electrofishing at middle river index
sites and use of secondary gear types as described in
the with-project procedure.

Continue to collect biological data as described in the
with-project procedure.

Continue the mark-and-recapture program as described in
the with-project procedure.

The radio telemetry program should be re-instituted for
two years during construction and for at least three
years after construction to provide better movement
data on middle river rainbow trout, Arctic grayling,
and burbot.

Microhabitat suitability criteria for adult middle
river resident fish should be generated each year
during construction and for at least two years after

--construction to determine how these fish have adapted

to with-project changes.
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Impoundment

Re-institute the mark-and-recapture program during
construction and continue the program for at least two
years after construction to:

a) generate population estimates for Arctic grayling,
and

b) determine movement patterns of selected fish
species in the eight major clear water tribu-
taries.

Tagging and subsequent recapture of Arctic grayling
will also be done in the upper reaches of Deadman
Creek. This area has a much greater frequency of large
Arctic grayling compared to other areas in the upper
Susitna drainage. One access proposal to the dam site
is the building of a road nearby upper Deadman Creek.
Because of easier access, fishing pressure is expected
to increase and thereby substantially alter the Arctic
grayling "population structure in the now "trophy"
Arctic grayling area.

Continue to cellect biological data from resident fish
to observe for trends in age structures.

Radio tag Arctic grayling for at least two years to
provide better information than gathered by tag recov-
eries on with-project Arctic grayling movement beha-
vior.



Assumptions:

1.

Random mark-and-recapture effort.

Time between sampling does not affect recapture proba-
bilities.

The population is closed geographically.
Gear efficiency varies with the size of fish.

There is a random mixing of tagged with non-tagged
fish.

Mortalities due to capture and tagging, are insignifi-
cant.

There is Tittle difference in behavior between tagged
and untagged fish.

The variability in sampling remains constant within and
between years.



Recommendations:

1.

With the expected increase in fishing pressure at
middle river and impoundment clear water tributaries, a
creel census program could possibly be instituted to
monitor the effects of fishing mortality on populations
and to provide biological data. This method may also
provide an alternative to sampling in the post-project
phase.

Data suggests much of the middle river rainbow trout
population originates from lakes draining into clear
water tributaries, and that there is a low existing
reproduction of rainbow trout in the middle river. In
several middle river lakes, there is known good spawn-
ing habitat. Middle river rainbow trout populations
may be enhanced by stocking existing lakes with access
to middle river tributaries that currently have no
rainbow trout. Also, suitable stocking Tlakes with
limited access to middle river tributaries could be
altered to provide better access. This scheme may
ultimately increase the numbers of rainbow trout in the
middle river.



MIDDLE RIVER LONG TERM WATER QUALITY PARAMETER
AND DISSOLVED GAS MONITORING PROGRAM

Problem:

Development and operation of the proposed hydroelectric
facilities on the Susitna River is expected to alter the
natural habitat conditions. Changes in water quality
conditions which influence habitat are expected to include
changes in downstream dissolved gas concentrations, turbid-
ity Tlevels, and water temperatures. This task will imple-

ment a long-term monitoring of these water quality param-
eters.

. Dbjective:

To monitor selected water quality parameters (water tempera-
ture, dissolved gas concentrations, turbidity Tlevels,
suspended sediments, dissolved oxygen, and pH) for the
development of a historical data base.



Methods:

1. Temgerature

Surface water temperature will be monitored on a continuous
basis from May-October 1985 at the following locations:

SITE RM HABITAT
Mainstem upstream of Parks Highway Bridge 86.6 Mainstem
Talkeetna Station 103.0 Mainstem
Curry Station 120.7 Mainstem
Fourth of July Creek 131.1  Tributary
Mainstem downstream of Gold Creek Bridge 135.8 Mainstem
Indian River 138.6 Tributary
LRX 53 140.1 Mainstem
Portage Creek 148.8 Tributary
Mainstem downstream of Devil Canyon 150.1 Mainstem
Mainstem at Watana Dam Site 184.2 Mainstem

Surface water temperatures will be obtained on a continuous
basis using Omnidata two channel datapcd reccrders. These
temperature recorders are capable of monitoring water
temperature simultaneously from each of the two channels.
Both channels will be used to monitor surface water tempera-
tures to ensure as complete a record as possible. In
addition to the datapod recorders, Ryan thermographs will be
installed as backup units in the event the datapod recorder
malfunctions.
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2. Turbidity

Turbidity samples will be obtained on a daily, weekly, or
bi-monthly schedule from seven mainstem locations extending
from just upstream of the Parks Highway Bridge to Devil
Canyon at river mile 150.1. These sites are as follow:

SAMPL ING
SITE RM SCHEDULE
Mainstem upstream of Parks Highway Bridge 86.2 Weekly
Talkeetna Station 103.0 Daily
Curry Station 120.7 Daily
Mainstem upstream of Curry Station 120.9 Weekly
Mainstem downstream of Gold Creek Bridge 135.8 Weekly
Mainstem upstream of Portage Creek 149.4 Weekly
Mainstem at Watana Dam Site 184.2 Bi-Monthly

Both 250 ml and two liter water samples will be obtained in
the field for turbidity analysis. Turbidity samples ob-
tained in 250 ml bottles will be analyzed in the field on a
HF Instruments DRT-15 turbidity meter according to instruc-
tions outlined in Appendix IX of the Phase I ADF&G Su Hydro
Aguatic Studies Procedure Manual (ADF&G 1981). The two
liter water samples will be returned to Anchorage within 24
hours for analysis by Northern Testing Laboratories, Inc.
A1l turbidity samples will be analyzed as Nephlometric
Turbidity Units (NTU).



3. Total Dissolved Gas Concentrations

Dissolved gas will also be monitored on a continuous basis
for the 1985 open water field season at four mainstem
locations restricted to the reach of river extending from
Curry Station (RM 120.7) to the proposed Watana Dam Site (RM
184.2). These sites are as follows:

SITE RM

Curry Station ‘ 120.7
Mainstem downstream of Gold Creek Bridge 135.8
Mainstem downstream of Devil Canyon 150.1
Mainstem at Watana Dam Site 184.2

Total dissolved gas concentrations will be continuously
monitored using a Common Sensing model TGT-F tensionometer.
Long term monitoring of dissolved gas should normally be
from May-October. The sites selected for installation are
areas of steep banks and well mixed mainstem water.



4., Dissolved Oxygen, pH, and Suspended and Settleable
Solids

The water quality parameters of dissolved oxygen, pH, and
suspended and settleable solids will be obtained on a weekly
basis from five mainstem locations with the exception of the
Watana Dam site sampling location where only dissolved
oxygen and pH will be obtained. These samples sites are as
follow:

SUSPENDED
AND
RIVER SETTLEABLE
SITE MILE D.0. pH SOLIDS
Mainstem upstream of Parks 86.2 X X X
Highway Bridge
Talkeetna Station 103.0 X X X
Mainstem upstream of Curry 120.9 X X X
Station
Mainstem downstream of Gold 135.8 X X X
Creek Bridge
Mainstem upstream of Portage 149.4 X X X

Creek

Mainstem at Watana Dam Site 184.2 X X




a. Dissolved Oxygen and pH

The water quality parameters of dissolved oxygen (D.0.} and
pH will be measured using a Hydrolab model 4041 portable
multiparameter meter using procedures outlined in the FY 84
ADF&G Procedures Manual (ADF&G 1984). Measurements will be
made on an instantaneous basis in areas considered to be
well mixed.

b.  Suspended Solids and Settleable Solids

Water samples will be collected on a weekly basis at selec-
ted sites in areas observed as being well mixed. These
water samples will be obtained by submersing two one-liter
nalgene bottles simultaneously. These water samples will
provide ample water for analysis to be performed by Northern
Testing Laboratories, Inc. Both suspended solids and
settleable solids will be reported as mg/1.



Conclusions Drawn to Date:

Temperature

Surface water temperature recording at the seven mainstem
sites from upstream of the Parks Highway Bridge (RM 86.6) to
the Watana Dam site (RM 184.2) provide a good temperature
evaluation for that reach. Installation of temperature
recorders on the smolt traps has improved the continuity of
data collection needed at those sites.

Water temperature data are retrieved from the datapod
temperature recorders as six-hour minimum, mean, and maximum
temperatures. These six-hour bases are edited and corrected
for storage errors and anomalous data. From these corrected
data bases, the daily and monthly mean, minimum, and maximum
temperatures are calculated and reported in tables and
plots. Examples of these tables and plots are presented in
Attachments 1 and 2.

Turbidity

Turbidity has been measured in the field daily at four
sites; by Northern Testing Laboratories, Inc. and ADF&G
weekly at four sites and bi-monthly at one site. The data
will be put in table form for comparison and plotted against
time and/or mainstem discharge. No conclusions have been
derived to date.



Total Dissolved Gas

Dissolved gas is being measured at four mainstem sites from
RM 120.7 to 184.6. These sites appear adequate to describe
changes in dissolved gas within this reach. After a data
base is established (possibly by November 1986) at these
sites, one or more of the sites may need to be moved to
evaluate a longer reach. Tables and plots will be made to
include total dissolved gas, dissolved oxygen, time and
mainstem discharge at Gold Creek.

Data collected in 1982 by Dr. Dana Schmidt indicates that
total dissolved gas concentrations greater than 100 percent
occur naturally in Devil Canyon and decay at a steady rate
downstream approximately as far as Gold Creek.

Dissolved Oxygen (D.0.)

This parameter is being measured weekly at six mainstem
sites from RM 86.2 to 184.2. These sites are adequate but
sampling should be more often so a wider range of mainstem
discharges could be encompassed. In addition to being
analyzed with total dissolved gas, monthly averages will be
tabulated and plotted.

Suspended Solids and Settleable Solids

Suspended solids and settleable solids are being measured
from samples collected at five mainstem sites from RM 86.6
to 149.4. These samples are processed by a lab in Anchor-
age. This arrangement has worked well. These data and the
turbidity of the samples will be tabulated and plotted with
time and/or mainstem discharge.



Recommendations:

1. Surface Water Temperature

a. To establish a historical data base for the reach from
Talkeetna to Watana, the six mainstem sites should be
continued at least two more years.

b. Temperature sites at the smolt traps should continue as
long as the traps are used.

C. If temperature needs to be described for the reach
below Talkeetna, sites should be chosen for that
purpose.

2. Turbidity

a. Past turbidity data and this years should be carefully
examined to determine whether daily sampling is useful
and whether field methods are adequate.

3. Total Dissolved Gas

Recommendation should await the input of more data.

4, Dissolved Oxygen, pH, Settleable Solids, Suspended
Solids

These parameters should continue to be sampled weekly at the
present sites for at least two more years to establish a
data base. Sampling of these parameters should be done more
often if manpower and funding allow.
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Project Title: Middle River Long-Term Water Quality Parameter and Dis-
solved Gas Monitoring Program

Project Supervisor: Larry Bartlett

Task Manager: Tim Quane

Budget:
Allocated Spent To Date
Line 100 80.0 25.0
Line 200 0.5 0.2
Line 300 8.5 1.0
Line 400 11.0 4.0
Line 500 0.0 0.0
TOTAL - 100.0 30.2

Problem Statement:

Develop and operation of the proposed hydroelectric facilities on the Susitna
River is expected to alter the natural habitat conditions currently utilized
by fish in the various aquatic habitat types present. Changes in water
quality conditions which influence habitat are expected to include changes in
downstream dissolved gas concentrations, turbidity levels, and water tempera-
tures. This task will implement a long-term monitoring of these water quality
parameters. The data collected can be used on the short-term basis for impact
and mitigation analyses and for developing a historical data base. On a
lTong-term basis, the data collected can be used to ensure the project is
operated under 1licensed gu1de11nes

Objective:

To monitor selected water quality parameters (water temperature, dissolved gas
concentrations, turbidity levels, suspended sediments, dissolved oxygen, and
pH) over a short-term basis for use in impact and mitigation assessments and
over a Tong-term basis for the development of a historical data base.

Overview of Methods:

1. Temperature

Surface water temperature will be monitored on a continuous basis from May-
October 1985 as the following locations:




AT

SITE RM HABITAT

Flathorn West Channel 22.4 Mainstem
Flathorn East Channel 25.1 Mainstem
Mainstem upstream of Parks Highway Bridge 86.6 Mainstem
Talkeetna Station 103.0 Mainstem
Curry Station 120.7 Mainstem
Fourth of July Creek 131.1 Tributary
Mainstem downstream of Gold Creek Bridge . 135.8 Mainstem
Indian River 138.6 Tributary
LRX 53 140.1 Mainstem
Portage Creek 148.8 Tributary
Mainstem downstream of Devil Canyon 150.1 Mainstem
Mainstem at Watana Dam Site 184.2 Mainstem

Surface water temperatures will be obtained on a continuous basis using
Omnidata two channel datapod recorders. These temperature recorders are
capable of monitoring water temperature simultaneously from each of the two
channels. Both channels will be used to monitor surface water temperatures to
ensure as complete a record as possible. In addition to the datapod record-
ers, Ryan thermographs will be installed as backup units in the event the
datapod recorder malfunctions.

2. Turbidity
Turbidity samples will be obtained on both a daily and weekly schedule from

seven mainstem locations extending from Flathorn Station (RM 22.4) to Devil
Canyon at river mile 150.1. These sites are as follow:

SAMPLING
SITE RM SCHEDULE
Flathorn West Channel 22.4 Daily
Flathorn East Channel , 25.1 . Daily
Mainstem upstream of Parks Highway Bridge 86.2 Weekly
Talkeetna Station 103.0 Daily
Curry Station 120.7 Daily
Mainstem upstream of Curry Station 120.9 Weekly
Mainstem downstream of Gold Creek Bridge 135.8 Weekly
Mainstem upstream of Portage Creek 149.4 Weekly
Mainstem at Watana Dam Site 184.2 Bi-Monthly




Both 250 ml and two liter water samples will be obtained in the field for
turbidity analysis. Turbidity samples obtained in 250 ml bottles will be
analyzed in the field on a HF Instruments DRT-15 turbidity meter according to
instructions outlined in Appendix IX of the Phase I ADF&G Su Hydro Aquatic
Studies Procedure Manual {ADF&G 1981). The two liter water samples will be
returned to Anchorage within a 24 hour period for analysis by Northern Testing
Laboratories, Inc. A1l turbidity samples will be analyzed as Nephlometric
Turbidity Units (NTU). :

3. thal Dissolved Gas Concentrations

Dissolved gas will also be monitored on a continuous basis for the 1985 open
water field season at four mainstem locations restricted to the reach of river
extending from Curry Station (RM 120.7) to the proposed Watana Dam Site (RM
184.2). These sites are as follows:

SITE RM

Curry Station 120.7
Mainstem downstream of Gold Creek Bridge 135.8
Mainstem downstream of Devil Canyon 150.1
Mainstem at Watana Dam Site 184.2

Total dissolved gas concentrations will be continuously monitored using a
Common Sensing model TGT-F tensionometer. Time of installation for three of
these meters in 1985 is dependent on the purchase of the instruments and the
time necessary to ensure their compatibility with Omnidata datapod recorders.
The fourth meter was installed at the Devil Canyon site on June 15, 1985,
Long term monitoring of dissolved gas should normally be from May-October.
The sites selected for installation are areas of steep banks and well mixed
mainstem water.

4. Dissolved Oxygen, pH, and Suspended and Settleable Solids

The water quality parameters of dissolved oxygen, pH, and suspended and
settleable solids will be obtained on a weekly basis from five mainstem
locations with the exception of the Watana Dam site sampling Tlocation where
on1¥ dissolved oxygen and pH will be obtained. These samples sites are as
follow:



: ' SUSPENDED AND
STTE : RM D.0. pH SETTLEABLE SOLIDS

Mainstem upstream of Parks . 86.2 X X X
Highway Bridge

Talkeetna Station 103.0 X X X

Mainstem upstream of Curry 120.9 X X X
Station

Mainstem downstream of Gold 135.8 X X X
Creek Bridge

Mainstem upstream of Portage -149.4 X X X
Creek

Mainstem at Watana Dam Site 184.2 X X

a. Dissolved Oxygen and pH

The water quality parameters of dissalved oxygen (D.0.) and pH will be mea-
sured using a Hydrolab model 4041 portable multiparameter meter using proce-
dures outlined in the FY 84 ADF&G Procedures Manual (ADF&G 1984). Measure-
mentz will be made on an instantaneous basis in areas considered to be well
mixed.

b. Suspended Solids and Settleable Solids

Water samples will be collected on a weekly basis at selected sites in areas
observed as being well mixed. These water samples will be obtained by sub-
mersing two one-liter nalgene bottles simultaneously. These water samples
will provide ample water for analysis to be performed by Northern Testing
Laboratories, Inc. Both suspended solids and settleable solids will be
reported as mg/1.

Conclusions Drawn to Date:

Temperature

Surface water temperature recording at the seven mainstem sites from upstream
of the Parks Highway Bridge (RM 86.6) to the Watana Dam site (RM 184,2)
provide a good temperature evaluation for that reach. The three temperature
sites from the mouth to Talkeetna do not adequately evaluate that reach.
Installation of temperature recorders on the smolt traps has improved the
continuity of data collection needed at those sites.

4.



Water temperature data are retrieved from the datapod temperature recorders as
six-hour minimum, mean, and maximum temperatures. These six-hour bases are
edited and corrected for storage errors and anomalous data. From these
corrected data bases, the daily and monthly mean, minimum, and maximum temper-
atures are calculated and reported in tables and plots. Examples of these
tables and plots are presented in Attachments 1 and 2.

Turbidity

Turbidity has been measured in the field daily at four sites; by Northern
Testing Laboratories, Inc. and ADF&G weekly at four sites and bi-monthly at
one site. The data will be put in table form for comparison and plotted
against time and/or mainstem discharge. No conclusions have been derived to
date.

Total Dissolved Gas

Dissolved gas is being measured at four mainstem sites from RM 120.7 to 184.6.
These sites appear adequate to describe changes in dissolved gas within this
reach. After data base is established (possibly by November 1986) at these
sites, one or more of the sites may need to be moved to evaluate a longer
reach. Tables and plots will be made to include total dissolved gas, dis-
solved oxygen, time and mainstem discharge at Gold Creek.

Data collected in 1982 by Dr., Dana Schmidt indicates that total dissolved gas
concentratians greater than 100 percent occur naturally in Devil Canyon and
decay at a steady rate downstream approximately as far as Gold Creek.

Dissolved Oxygen (D.0.)

This parameter is being measured weekly at six mainstem sites from RM 86.2 to
184.2. These sites are adequate but sampling should be more often so a wider
range of mainstem discharges could be encompassed. In addition to being
analyzed with total dissolved gas, monthly averages will be tabulated and
plotted.

Suspended Solids and Settleable Solids

Suspended solids and settleable solids are being measured from samples collec-
ted at five mainstem sites from RM 86.6 to 149.4. These samples are processed
by a Tab in Anchorage. This arrangement has worked well. These data and the
turbidity of the samples will be tabulated and plotted with time and/or
mainstem discharge.

Recommendations:

1. Surface Water Temperature

a. To establish a historical data base for the reach from Talkeetna to
Watana, the six mainstem sites should be continued at least two more.
years,




3.

Temperature sites at the smolt traps should continue as long as the traps
are used.

If temperature needs to be described for the reach below Talkeetna, sites
should be chosen for that purpose.

Turbidity

Past turbidity data and this years should be carefully examined to
determine whether daily sampling is useful and whether field methods are
adequate.

Total Dissolved Gas

Recommendation should await the input of more data.

4,

Dissolved Oxygen, pH, Settleable Solids, Suspended Solids

These parameters should continue to be sampled weekly at the present sites for
at least two more years to establish a data base. Sampling of these param-
eters should be done more often if manpower and funding allow.



ATTACHMENT 1

Datapod temperature recorder data summary: intragravel and surface water
temperatures (C) recorded at Fourth of July Creek - Site 3, RM 131.1, TRM 0.2.

OCTOBER 1984

INTRAGRAVEL . SURFACE WATER

DATE MIN. MEAN MAX. MIN. MEAN MAX.
841010 2.0 - 2.6 1.8 -— 2.4
841011 2.2 2.7 3.4 1.9 2.5 3.1
841012 2.1 2.6 3.2 1.9 2.4 3.0
841013 0.0 .9 2.6 1.2 - 2.4
841014 -0.2 .1 .6 -—- -—— -——-
841015 -0.3 0.0 g --- --- -—-
841016 -0.3 0.0 4 - --- -—-
841017 -0.3 -0.2 0.0 - --- -
841018 -0.3 -0.2 -0.1 --- --- -
841019 -0.2 -0.2 -0.1 - - -
841020 -0.2 1 .8 --- -— --
841021 .7 1.4 2.2 -— -— -—
841022 1.0 1.4 2.0 - - -
841023 -0.2 .2 1.1 - - -
841024 -0.2 -0.2 -0.1 --- --- ---
841025 -0.3 -0.2 -0.1 - - ---
Monthly Value -0.3 - 3.4 1.2 - 3.1

--- Data not available




WATER TEMPERATURE (°C)
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Attachment 2. Mean daily surface water temperature recorded at Mainstem
Susitna River at Talkeetna Fishwheel Camp (RM 103.0) during
the 1984 open water season.
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Project Title: Evaluation of Long-Range, Side-Scan Sonar Counters as én
Alternative to Tag and Recapture Program

Project Supervisor: "~ Larry Bartlett

Task Manager: Mike Thompson

FY 86 Allocation:

Approximately 20.0K in FY 85 carry over funds.

Spent To Date: None

Problem Statement:

Tag and recapture methods are currently used by ADF&G Su Hydro to estimate
adult salmon escapements in the Susitna River. Estimates obtained by this
method are extremely labor intensive and costly. For the development of a
long term monitoring program, it would be preferable to have a more cost-
effective method of enumerating adult salmon escapements. Hydroacoustic
techniques may provide this alternative. Recent developments in hydroacoustic
technology extend the effective counting range and negate the use of an
artificial substrate, both of which were problems encountered using earlier
model side scan sonar counters in the Susitna River.

Objective:

To evaluate the Bendix Tong range side scan sonar in the turbid Susitna River
as a possible cost effective alternative to tag and recapture programs.

‘Overview of Methods:

Two Bendix Tong range side scan sonars will be deployed off each bank near the
Parks Highway Bridge at approximately RM 83. These units will be operated
with a tag/recapture program at Sunshine Station (RM 80). The tag/recapture
escapement estimates will be used as a basis to judge the accuracy of the side
scan sonars. Two fishwheels will also be deployed, one near each sonar unit,
to provide species composition data to apportion the sonar counts.

Conclusions:
None. The experiment is scheduled for June 1986.

Recommendations:

The Bendix sonar, although designed for salmon, has a limited range in the
Susitna River (approximately 120 feet). A BioSonics sonar should be used for
one season at the site to determine if mid-channel migration paths are used.
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Problem Statement:

Hydroelectric development is proposed for the Susitna River at Devil Canyon
(RM 152) and Watana Canyon (RM 184). With project changes in seasonal dis-
charge, temperature and turbidity are predicted to occur. These changes may
alter the population structures of resident fish. Pre-project (natural)
conditions are characterized by Tow winter flows and high summer flows. Under
pre-project conditions, resident fish characteristically overwinter in the
mainstem river and summer in the clear-water tributaries. With-project
conditions will be characterized by higher and warmer winter flows, with a
delay in ice formation, and lower summer flows. The resident fish populations
must be monitored under natural (pre-project) conditions for comparison
against with-project conditions.

Objective:

Assess the positive and negative with- project effects to resident fish popula-
tions in the Susitna River by comparing these popu]at1ons densities and
distributions from pre- to with-project.

Procedure:

To monitor the resident fish populations during pre- and with-project river
and impoundment area conditions, we propose a continuation of the basic
procedures that have been in place since the beginning of the project. The
pre-project baseline data will be compared to the with-project data to docu-
ment any changes in resident fish populations that are detected.

Pre-Project:
Below Devil Canyon

1. Continue to electrofish by boat at the 16 middle river index sites to
make pre- to with-project comparisons in catch and CPUE. These sites are
composed of three major habitats and comparisons in resident fish catches
can also be made between macrohabitats.

2. Continue to use secondary gear types such as gill nets and hook and 1line
to supplement boat electrofishing data. Also, continue to record fish-
wheel and outmigrant resident fish catches.

3. Continye to collect biological data from resident fish to observe for
trends in age compositions.

4. Continue the mark-and-recapture program to generate population estimates
and determine migrational patterns of selected resident fish species.
Population estimates will be made for adult rainbow trout, Arctic gray-
1ing, burbot, round whitefish, and longnose sucker in the middle river.
Population estimates will also be made separately for rainbow trout > 150
mm in Fourth of July Creek.



Fish movement data will be provided by analysis of tag recoveries.
Species that will be tagged are rainbow trout, Arctic grayling, burbot,
Dolly Varden, round and humpback whitefish, and Tongnose suckers.

Every third year beginning in 1986, generate microhabitat suitability
criteria curves to supplement microhabitat data gathered during previous
years.

With-Project:

A.
1.

Below Devil Canyon

Continue boat electrofishing at middie river index sites and use of
secondary gear types as described in the with-project procedure.

Continue to collect biological data as described in the with-project
procedure.

Continue the mark-and-recapture program as described in the with-project
procedure.

The radio telemetry program should be re-instituted for two years during
construction and for at least three years after construction to provide
better movement data on middle river rainbow trout, Arctic grayling, and
burbot.

Microhabitat suitability criteria for adult middle river resident fish
should be generated each year during construction and for at least two
years after construction to determine how these fish have adapted to
with-project changes.

Impoundment

Re-institute the mark-and-recapture program during construction and
continue the program for at least two years after construction to gener-
ate population estimates for Arctic grayling, and determine movement
patterns of selected fish species in the eight major clear water tribu-
taries.

Tagging and subsequent recapture of Arctic grayling will also be done in
the upper reaches of Deadman Creek. This area has a much greater fre-
quency of large Arctic grayling compared to other areas in the upper
Susitna drainage. One access proposal to the dam site is the building of
a road nearby upper Deadman Creek. Because of easier access, fishing
pressure is expected to increase and thereby substantially alter the
Arctic grayling population structure in the now "trophy" Arctic grayling
area.

Continue to collect biological data from res1dent fish to observe for
trends in age structures.



3.

Radio tag Arctic grayling for at least two years to provide better
information than gathered by tag recoveries on with-project Arctic
grayling movement behavior.

Assumptions:

1. Random mark-and-recapture effort.

2. Time does not affect recapture probabilities.

3. The population is closed geographically.

4, Population estimates limited to the older age classes of fish species due
only to 1nsuffjcient sample sizes of smaller fish.

5. There is a random mixing of tagged with non-tagged fish.

6. Mortalities due to capture and tagging, are insignificant.

7. There is little difference in behavior between tagged and untagged fish.

8. There is little variability in sampling effort.

Recommendations:

1. With the expected increase in fishing pressure at middle river and
impoundment clear water tributaries, a creel census program could pos-
sibly be instituted to monitor the effects of fishing mortality on
populations and to provide biological data. This method may also provide
an alternative to sampling in the post-project phase.

2. Data suggests much of the middle river rainbow trout population origi-

nates from lakes draining into clear water tributaries, and that there is
a low existing reproduction of rainbow trout in the middle river. In
several middle river lakes, there is known good spawning habitat. Middle
river rainbow trout populations may be enhanced by stocking existing
lakes with access to middle river tributaries that currently have no
rainbow trout. Also, suitable stocking lakes with Timited assess to
middle river tributaries could be altered to provide better access. This
scheme may ultimately increase the numbers of rainbow trout in the middle
river.



AT

LONG TERM MONITORING ADULT AND JUVENILE SALMON

Problem:

Hydroelectric development has been proposed for the Susitna
River. A long term monitoring plan to monitor natural and
with-project variation in the numbers of salmon utilizing
the middle river reach needs to be developed.

The design must be cost effective and fit within the overall
RSA appropriation of 1.1 to 1.5 million dollars.

. Objective:

To develop a long term monitoring plan which will provide
the capability to detect hydroelectric development related
impacts to middle Susitna River reach.



1.

Rationale:

Natural variation in pre-project adult escapement and
Jjuvenile outmigration needs to be defined and quanti-
fied to detect with-project impacts.

Strategy suggests that natural variation can be detec-
ted by calculating a Survival Monitoring Index (SMI)
based on fry to adult ratios.

Plan requires the collection of CPUE at two points, a
"treatment" and a "control". The objective 1is a
comparison...

After several years monitoring natural variation, the
assumption is that any post dam {with-project) change
outside the natural variation would be a result of the
dam(s).



.

DEVIL CANYON

¢ GOLD CREEK
s STATION
N
N\
~
N CURRY STATION
t (TREATMENT)
>
4<+@
TALKEETN =,
STATION =z
%4
ol
A TALKEETNA =
™m
]
$\SUNSHINE STATION
A i/ (conTRrOL)
N Q@
X Wy
)
o RN
> ~
' » L+ 4
el A
5 RM 60 v
-~
™
2
3
> ‘\?'
=, 4\
< \
YENTNA STATION &% \{,
5
FLATHORN STATION
’ o] 10 20 30
RM 10 l ( : !
MILES
COOK INLET ( Approx. Scaie)




The Plan:

Treatment:

1.

Adult CPUE data from Curry (RM 120).
5 years data from this site.

2. Juvenile CPUE data from Talkeetna (RM 103) or
Curry.
4 years data from Talkeetna (Curry proposed to
facilitate logistics)

Control:

1. Adult CPUE data from Sunshine (RM 80).
5 years data from this site.

2. Juvenile CPUE data from near the Parks Highway
Bridge.
No data from this site.

Methods:

1. Adult CPUE from fishwheels.

2. Juvenile CPUE from incline plane traps.

a. stationary (bank) traps
b. mobile traps

1. cable suspended
2. powered sweep
3. powered horizontal



Calculations:

Adult to fry ratio based on CPUE index:

Qutmigrant Index
Inmigrant Index

Fry/Adult Ratio =

Probiem of how to calculate:
Adults:
Period of fishwheel operation must span peaks of migration.

Convert CPUE to 24 hour CPUE and then sum over entire
season.



Juveniles:

The period of operation should also span the peaks of
outmigration.

;<—TRAPS OPERATING —¥|
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CPUE

However, we can't be certain of operating the traps to
detect the peak outmigration every year.

a. climate changes timing

b. some juveniles outmigrate under the ice

c. mid-winter redistribution of juveniles is possible
Resolution of juvenile problems:

1. Select an empirically derived percentage of the peak 24
hour CPUE for the entire season.

2. Summarize all days when CPUE exceeds percentage.



-

Survival Monitoring Index (SMI):

Calculation of juvenile and adult annual indices would be
done for both the treatment and control populations.

Then, one number, the Survival Monitoring Index (SMI) would
be calculated by:

SM] = Fry/Adult Ratio for Treatment
Fry/Adult Ratio for Control




FRY/ADULT

Will this method detect change?

Assumptions:

1. Sampling variance is the same for both the treatment
and the control.

2. Factors affecting annual natural variation work equally
on both ratios.

How a dam caused decrease in the treatment fry/adult ratio
and SMI would Took:
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Important Questions:

Is the in the SMI significant?

Large variances mean only large change {(impact) could be
detected.

What percentage of change in the ratio is required before
change can be statistically detected?

Percentage could be calculated beforehand (Shipman et al.
1985) if the variance structure of the ratio is known.

Several years of data may be required before the variance
structure can be known. By then, if a large degree of vari-
ance between the years is evident, it is possible the model
will not accomplish its objective.
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Assumptions:

The following are assumptions which to a greater or lesser
degree need to be valid for the SMI approach for detecting
impacts to work.

1.
2.

The control is a valid control.

Salmon stocks in the Talkeetna, Chulitna, and that
portion of the Susitna River in the control are subject
to the same natural variability as the treatment
portion of the Susitna River.

The Cook Inlet commercial fishery does not selectively
fish for any stock or species migrating above Sunshine
Station (the control).

That adult fishwheel CPUE 1is mostly related to total
escapement regardless of the extent of milling.

The peak of juvenile outmigration for all species
occurs during the open water period.

Smolt trap and fishwheel efficiency remains constant.
For example, a change in the position of the fishwheels
as a result of with-project flows must not affect the
efficiency of the wheels.

The number of outmigrants are related to the number of
inmigrants.

Any with-project change outside the natural variation
of the ratio would be a dam-caused effect.



1.

Problems:

It is not very likely that the control, will be subject
to the same variability as the treatment.

a. The control (Sunshine) 1is not a true control
because it includes treatment effects. The
Talkeetna River may be a better control and should
be considered.

b.  The treatment and the control experience different
and varying milling rates.

c. Gear efficiency varies with discharge, debris
loading, catch rates, etc.

Adult milling is not considered in the CPUE ratio
equation.

The peak migration of some species and age classes may
occur before it is physically possible to place outmi-
grant traps in the river {i.e., under the ice or with
break-up).

The variance in the natural ratio may be so large it
will be impossible to detect a with-project effect
{until a catastrophic impact has occurred). Since work
on the diversion tunnel will begin in 19 this may
not have been enough years of pre-project\data to
detect the full range of the natural variation.

2
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QOptions/Alternatives:

1.

Time series analysis where the natural variability at
one site (Curry) is used for both the treatment and the
control. This method has a problem where several years
would pass before a change could be detected uniess
projected physical parameters regimes were linked to an
index (survival, adult inmigration, juvenile outmigra-
tion) with a transfer function model.

Evaluate habitat for a specific 1life stage (for
example, incubation) 1in conjunction with the adult
inmigration and juvenile outmigration. )



EVALUATION OF LONG-RANGE
SIDE-SCAN SONAR COUNTERS AS AN ALTERNATIVE TO TAG
AND RECAPTURE PROGRAM

Problem:

Tag and recapture methods are currently used by ADF&G Su
Hydro to estimate adult salmon escapements in the Susitna
River. Estimates obtained by this method are extremely
labor intensive and costly. For the development of a long
term monitoring program, it would be preferable to have a
more cost-effective method of enumerating adult salmon
escapements. Hydroacoustic techniques may provide this
afternative. Recent developments in hydroacoustic tech-
nology extend the effective counting range and negate the
use of an artificial substrate, both of which were problems
encountered using earlier model side scan sonar counters in
the Susitna River.

Objective:
To evaluate the Bendix long range side scan sonar in the

turbid Susitna River as a possible cost effective alterna-
tive to tag and recapture programs.



Methods:

Two Bendix long range side scan sonars will be deployed off
each bank near the Parks Highway Bridge at approximately RM
83. These units will be operated with a tag/recapture
program at Sunshine Station (RM 80). The tag/recapture
escapement estimates will be used as a basis to judge the
accuracy of the side scan sonars. Two fishwheels will also
be deployed, one near each sonar unit, to provide species
composition data to apportion the sonar counts.

Recommendations:

The Bendix sonar, although designed for salmon, has a
limited range in the Susitna River (approximately 120 feet).
A BioSonics sonar should be used for one season at the site
to determine if mid-channel migration paths are used.



SUNSHINE
TAG/RECAPTURE
ADF&G CAMP

o FISHWHEEL
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Problem Statement:

Hydroelectric development has been proposed for the Susitna River at Devil and
Watana canyons. This development may impact the fish resources of the middle
reach. A long-term plan to monitor natural variability in the numbers of
salmon which utilize the middle reach needs to be developed. The design
should provide an accurate measure of variability in Susitna River stocks
under natural conditions which could ultimately be compared to variability
under with-project conditions. The monitoring design must be cost effective
in scope to fit the overall projected RSA appropriation of 1.1 to 1.5 million
dollars in FY 87.

This strategy introduces a conceptual approach on how this task might be
accomplished by monitoring the adult salmon inmigration and juvenile salmon
outmigration from the middle river reach. Some additional conceptual approach-
es which could be explored are also mentioned.

Objective:

To develop a long-term monitoring plan which will provide the capability to
detect hydroelectric development related impacts to middlie Susitna River reach
juvenile salmon.

Rationale:

The basis of this proposal is that the natural variation in pre-project adult
escapement and juvenile outmigration needs to be defined and quantified so
with-project impacts, if any, can be detected. With-project variation would
have to be "outside" the pre-project variation to Tabel the variation "project
impact". This strategy suggests that pre-project variation can be detected by
calculating a Survival Monitoring Index (SMI)} based on fry to adult ratios.
This plan would require the collection of CPUE data at two points, a "treat-
ment" and a "control". The objective is to monitor the SMI in the middle
reach of the Susitna River (the treatment) and compare it to the SMI of the
control. The ratio of the treatment to the control would be monitored for
several years under natural conditions. The assumption being, that any post
dam (i.e., with-project) change in the ratio outside of the natural variation
would indicate a dam-caused effect.

Sampling Locations: (The Plan)

Treatment:

Adult salmon CPUE data for the treatment population would be collected with
fishwheels at Curry Station (RM 120). There already exists five years of
adult data at this location. Juvenile CPUE data would be collected at either
Curry or Talkeetna Station (RM 103). There exists four years of juvenile data
at Talkeetna. The rationale for proposing that the outmigrant data collection
be moved to Curry is simplicity of logistics. It is untested if the data from
Talkeetna would be comparable to that of Curry if past data were to be used.
Data should be collected at both points for several seasons to test the
assumption they would be comparable.
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Control:

Adult CPUE data for the control would be taken at Sunshine Station (RM 80)
with fishwheels. There exists five years of adult data from this site. The
juvenile data would be collected near the Parks Highway Bridge (RM 83) just
upstream from Sunshine Station where the river flows through a single channel,

Calculations:

A probable way of calculating fry to adult ratios is to base the ratio on a
CPUE index of the number of adult and juvenile salmon for the years in ques-
tion. The equation would be:

Fry/Adult Ratio = Qutmigrant Index
Inmigrant Index

The only problem is to decide how to calculate this index and how to estimate
the variance. For adult salmon, the fishwheels are operating before the fish
arrive and continue operating until after virtually all of the fish have
passed by on their way upstream, so it is fairly easy to convert each day's
CPUE to a 24 hour CPUE and then sum over the entire season. The period when
the fishwheels are operating has been and should remain constant from year to
year. ' ,

Developing a CPUE index for juveniles poses some additional problems. Ideal-
1y, the period for which the outmigrant traps were operated would be constant
from year to year relative to the timing of outmigration (Figure 1). The peak
outmigration would have to be detected annually. This may not be possible
however, because climatic differences from year to year change the timing.
There is evidence that some fry outmigrate under the ice before the outmigrant
traps are placed.

:<—TRAPS OPERATING —|

|
l
peak delayed
£ 2 weeks !

year X
————-year Y

CPUE

Figure 1. Operating Period.




To resolve this problem, one might summarize the CPUE by adjusting to a 24
hour period, for all those days when the CPUE exceeds an empirically derived
percentage of the peak 24 hour CPUE for the entire season. This method would
result in a index that would be comparable from year to year provided that the
pre- or post- season outmigration rates did not exceed the percentage selec-
ted.

After several years of data have been collected, the inter-annual variance of
either the adult on juvenile indicies could be estimated by using the variance
of the mean of several years of indicies. This may best be approached by
taking the mean of the index from 0-10 percent, 11-20 percent, etc. of the
cumulative migration. Calculation of these adult and juvenile indicies would
be done for both the treatment and the control populations; and then the one
number which would be calculated each year is:

Survival Monitoring Index = Fry/Adult Ratio for Treatment
Fry/Adult Ratio for Control

Will It Work?

Variance:

The ability to statiética11y detect a change is the basic goal of any monitor-
ing program. It is hoped that it will be possible to detect change in the
salmon populations of the middle Susitna River with this proposed methodology.

Variance arises from both natural processes and from sampling. We can prob-
ably assume that the sampling variance is the same for the treatment and the
control because similar methods will be used at both areas. We also have to
assume that the factors affecting year to year natural variation work equally
on both important ratios.

The survival monitoring index (SMI}, which is the ratio of the fry/adult ratio
for the treatment to the fry/adult ratio for the control, is probably under
natural conditions somewhere around one because survival in the two areas
should be roughly equal. Let's assume for a moment that the dam did cause a
substantial decrease in the fry/adult ratio for the treatment. The time
series plots of the fry/adult ratios and the SMI would look 1ike this:
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E; ¢contro!

O —

> \ s WM’\_\/\"\LL

~ A AL w

> HARYARW, .JJ\/\/VLL/'/V‘
E Xtreatment :

YEARS YEARS




The question we would want to ask then is whether the drop in the SMI was
significant. If the fry/adult ratios for the treatment and the control have
large variances, then only a large change over a long period of time in the
SMI will be statistically detectable. It is not possible to "cancel" these
Targe variances by dividing the two. So the question now is what percentage
change in the treatment/control ratio is required before a change can be
statistically detected? What this percentage is could easily be calculated
before the fact (Shipman et al. 1985) if one knew the variance structure of
the ratio. There is probably no good way to make this calculation until we
have several years of data. We will have to calculate the index for several
years and see how much it varies. If there is a large degree of variance
between the years, the model will probably not accomplish the objective.

Assumptions:

The following are assumptions which to a greater or Tlesser degree need to be
valid for the SMI approach for detecting impacts to work.

1. Salmon stocks in the Talkeetna, Chulitna, and that portion of the Susitna
River in the control are subject to the same natural variability as the
treatment portion of. the Susitna River.

2. The Cook Inlet commercial fishery does not selectively fish for any stock
or species migrating above Sunshine Station (the control).

3. That adult fishwheel CPUE is mostly related to total escapement regard-
less of the extent of milling.

4, The peak of juvenile outmigration for all species occurs during the open
water period.

5. Smolt trap and fishwheel efficiency remains constant.

6. A change in the position of the fishwheels as a result of with-project
flows will not adversely affect the efficiency of the wheels,

7. Any with-project change outside the natural variation of the ratio would
be a dam-caused effect.

’Problems:

1. It is not very 1likely that the control, will be Subject to the same
variability as the treatment.

a. The control (Sunshine} 1is not a true control because it includes
treatment effects. The Talkeetna River may be a better control and
should be considered.

b. The treatment and the control experience different and varying
milling rates.

c. Gear efficiency varies with discharge, debris 10ading, catch rates,
etc.

.




2. Adult milling is not considered in the CPUE ratio equation.

3. The peak migration of chum and pink salmon may occur before it is physic-
ally possible to place outmigrant traps in the river (i.e., under the ice
or with break-up).

4. The variance in the natural ratio may be so large it will be impossible
to detect a with-project effect (until a catastrophic impact has oc-
curred).

Options/Alternatives:

1. Time series analysis where the natural variability at one site (Curry) is
used for both the treatment and the control. This method has a problem
where several years would pass before a change were detected unless
projected physical parameters regimes were linked to an index (survival,
adult inmigration, juvenile outmigration) with a transfer function model.

2. Evaluate habitat for a specific 1ife stage (for example, incubation) in
conjunction with the adult inmigration and juvenile outmigration.
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