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PREFACE

B S R

This report ds & synopsis of the fisheries, acuatic habitat, and

o
S

instream 1 ata collected by the Alaska Department of Fish and Game

%"’@

£

Jiof
(ADF&G) Susitna Hydroelectric {Su Hydro) Feasibility Aquatic Studies
Program during the 1981-82 (October-May) ice-covered and 1982
{May-Dctober) open water seasons. It s one of a series of reports
prapared for the Alaska Power Authority (APA)} by the ADFEG and other
contractors to eveluate the feasibility of the proposed Susitna

Hydroelectric Project,

In addition to the synopsis, this report also includes the analysis of
the pre-project fish and habitat relationships derived from Yolumes Two

through Five (ADFEG 1983a, 1983b, 1983¢c, 1983d) and related reports

r

preparved by other study participants. The topics discussed in Volumes

Two through Five are iliustrated in Figure A,

These and other ADF&G reports (1974, 1976, 1977, 1978,

¢, dy, &, F, 1982} and information reported by others will
and analyzed by the Arctic Envirommental Information and Data Center

within the ovzrall study

o g e B e s K o o P G s T g A a4 5 g % g 48 g oarrdes " oy o g
area of the provosed project {Figure B). |Woodward Clyde Consultants
will, in turn, use fhis information to support the preparation of the

License Application.

Mydro Aquatic
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Adult Anadromous Fish Studies (AA), Resident and Juvenile Anadromous

Fish Studies (RJ), and Aquatic Habitat and Instream Flow Studies (AH).

1.  AA - determine the seasopal distribution and relative abun-

dance of adult anadrompys fis

m

sh populations produced within the

study area [Figure B);

o

Py
&

e
s

- determing the seasonal distribution and relative abun-
dance of selected resident and Jjuvenile anadromous fish
populetions within the study area; and

3. AH -~ characterize the seasonal habitat reguirements of

selected anadromous and resident Tish species within the study

j=-H

area and the relationship between the availability of thess
habitat conditions and the mainstenm discharge of the Suysitna

River,

fgeg

The 198.-8Z ice-covered and 1982 open-water ADF&G study areas (Figures C

and D) were limited to the mainstem Susitna River, associated sloughs

and side channels, and the mouths of major tributaries.  Portiong of

¥

be inundated by the proposed Watana and Deyil
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Guestiors concer

se reports should be directed to:

Thomas W, Trent

Alaska Department of Fish & Game
Su Hydro Agquatic Studies Program
2207 Spenard Road

Anchorage, Alaska 99503

Telephone (907) 274-7583



Acres fmerican, Inc. {Bcres) 1980, Susitna Hydroelecuiric Project Plan

of Study. Prepared for the Alaska Power Authority. Anchorage,

Alaska Departmert of Fish and Game [ADF&G). 1974, An assessment of the
anadromous fish populations in the Upper Susitna River Watershed

hetween Devil Canyon and the Chulitna River. Anchorage, Alaska,

1976,  Fish and Wildlife studies related to the Corps of
Engineers Devil Canyon, Watana Reservoir Hydroelectric Project.
KOFRG,  Anchorage, Alaska.

Susitn

is}

L

. 1877, Preauthorization assessment of the proposec

AR

Hydroelectric  Projects:  pesViwminary investigations of water
guality and acuatic species composition.  ADF&G.  Anchorage,

Alaska,

rary envivonmenta’ essment of hydroelectric

: 2 s P

development on the Susiona River. Anchorrge, Alaska.

study fish and studies
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1.1 Purpose of report

This repert ig designed to integrate, on a species Tevel, data collected
by the Alaska Department of Fish and Game (ADF&G) Su Hydro Aquatic
studies during 1981 and 1982. The material is reported separately for
study areas above and below Devil Canyon because of the different types

of impacts anticipated.

The report provides a synopsis of the findings on each of the target
species of both resident and anadromous fish, and an analysis of fish
and habitat data contained in the ADF&G 1982 Phase 11 Basic Data reports
(1983a, b, ¢, d). With the exception of summary tables or figures, data
and analysis pressnted in the Basic Data reports are not repeated. The
reader of this report should refer to those volumes when supporting or

L)

more specific data are desired, Extensive literature reviews for the

si’i
n

species of fish discussed have not been included, Literature reviews of
the freshwater habitat relationships for some of the species have been
compiled by the U.S. Fish and Wildlife Service and are available for a
broader perspective on  the Susitna River fish species (see
Bibliography). Life histories for all species mentioned have been

summarized by Hart (1973}, Morrow (1980), and Scott and Crossman (1973),

A oglossary of common and scientific names is enclosed at the end of the

report.
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Study objective:

H

Detailed study objectives are reported in earlier ADF&G reports (1979,

e

b.

¢, d, e} and a synopsis of the major objectives 1s repeated

Determine the seasonal distribution and relative abundance of

adult anadromous fish populations within the study area.

Determine the seasonal distribution and relative abundance of
selected resident and juvenile anadromous fish populations

within the study area,

Characterize the seasonal habitat requirements of selected
anadromous and resident fish species within the study area and
the influence of mainstem discharge on the availability of

these habitats.

Specific analytical components ave presented “n the appendix of this

report o

1.3

compiemsnt the major findings discussed in this repori.

Utility of the report din dmpact analysis and mitigation

planning

The mitigation of adverse impacts of the project by appropriate flow

management can be analyzed by use of the same types of data that are

&

used to determine potential impacts of the project. The response of the

™



£

fish populations to & particular flow regime can be estimated by
determining the vresponse of their habitat to natural variations in
discharge under pre-project conditions. Adverse flow related impacts of
the project have the potential to be avoided or minimized by developing
downstream flow vrelease schedules that provide hydraulic and water

gquaiity conditions suitable for the fish species present.

This report and associated data analysis provides information to assist

with:

1. Preparation of the impact statement necessary for application

b

of the Federal Energy Regulatory Commission (FERC) Ticense.

2. Description of the existing environment and the magnitude of

the resource that will potentially be impacted.

3. Determination of the effects of natural flow alterations on
adult anadromous species, important resident fish species,
rearing anadromous fish species, and the habitat necessary t

@

sustain populations of those species,

This report is also useful in evaluating other potential effects of the
project such as thermal alteration, geomorphological changes, icing

conditions, and alterations of water quality.

L
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. RESULTS AND DISCUSSION OF THE FISH AND HABITAT STUDIES ON THE

SUSITHA RIVER BELOW DEVIL CANYON

The current state of knowledge concerning the 1ife history of each of
the major species of resident and anadromous fish that have been found
in the Susitna River below Devil Canyon is discussed in the following

sections,

2.1 Chinook salmon

Chinook salmon, more commonly called king salmon in Alaska, are an
important sport fishing species in the Cook Inlet area with use by
subsistence Tisheries and dncidental harvest by the commercial
fisheries, Figure Z-1 depicts the periodicity of the various Tife
stages of chinook salmon in wmacro-habitat areas that have been
identified in the Susitna River above the Chulitna River confluence.
This section of the report discusses the fresh water phases of the
chinook salmon 1ife cycle that occur in the portion of the Susitna basin

that may be affected by the proposed Susitna Hydroelectric project.

2.1.1 Adult phase of life cycle
The Susitna River escapement of chingok salmon peaks in late June and
is essentially completed by mid July (ADFAG 1983a). During this
migration, very little commercial harvest occurs. This species is a

major sport fish in the Cook Inlet area and 15 sought after extensively
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portions of the Susitna River basin and elsewhere in the Cook Inlet
area, There is alsc g smell subsistence fishery at Tyonek, Histori-
cally, chinook were an important commercial species; during the 1950's,

targe numbers were harvested.

2,1.1.1  Adult harvest by sport, commercial, and subsistence

fisheries

The harvest estimate is 1llustrated in Figure 2-2. Although none of the
clear water tributaries above the Chulitna River confluence are
currently open to sport fishing for chinook greater than 20 dnches in
tength, some fish migrating to spawning grounds in these tributaries are

probably harvested when they hold at the mouth of Tlower river

i:‘?"‘

tributaries such as the Deshka River, Willow Creek, Sheep Creek, and
Montana Creek. This holding behavior was commonly observed by the radio

telemetry studies in both the 1981 and 1982, (ADF&G 1981a, 1983a),

A commercial harvest of Cook Inlet chinook occurs incidentally to the

sockeye salmon harvest. Most of these chinook salmon are harvested from
the stocks destined for the Kasilof and Kenai Rivers. Susitna River
chinook do not contribute significantly to this fishery. The village of
Tyonek, on the west side of Cook Inlet, is currently authorized a
harvest of chinook salmon for subsistence purposes. Up to 4,200 fish
are allotted annually for this purpose and a harvvest of 1,500 fish was
recorded in 1981, The take of chinook salmon in sport fisheries in the
Susitng River was estimated to be 7,250 fish in 1981 (Mills 1982). This
.

estimate includes "immature" Tish (less than 20 inches in tength).
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2.1.1.2  Adult escapement

A complete estimate of escapement of adult chinook salmon into the
Susitra river drainage is not available. The annual sport fish aerial
survey counts  in clear water tributaries have provided escapement
indices {(Figure 2-3). These surveys were conducted during the peak of
chinook salmon spawning from 1977 to 1982, Aerial survey chinook counts
in the Yast years of these surveys have been very low due to Timited

isibility caused by high water conditions present during the peak

spawning period.

Aevial survey data can be comparsd with the escapement estimates that
waere made using Peterser estimates at the ADF&G Sunshine, Talkeetna, and
Curry field stations during the 1982 season (Figure 2-3). The numbers
of chinook salmon indicate the number of fish passing the fishwheel
tagging stations but not necessarily the total number of chinook that
spawn above these sites because significant numbers of tagged chinook
were obzerved in lower viver tributavies downstream of the tagging

operation.

Differences between the aerial survey population estimates and the
Petersen estimates can be explained by two sources of error. First, the

aerial counts miss some of the fish that have not yet entered the clear

water drainage or have spawned and died, thus providing an underestimate

gf the tetal numbers of spawners. Second, mark-recapture estimales are
i s g gy o I Y . e S S 4 LIV .
probably overestimetes because some of the fish initially migratirg past

sttps  Yater spawn  below the Sunshine, Curry or
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fishwheel sites., Some of the biases of *he fishwheel capture and sonar
apportionment methods used and suggestions of the possible reasons for
differences 1in estimates made by the two methods are discussed in

Appendix A and in ADF&G (1982a).

2.1.1.3  Habitat and environmental parameters associated with
the adult phase of the 1life cycle (upstream

miagration, passage and spawning)

During the upstream migration adult chinook encounter environmental
conditions that wmay reduce spawning success,  The most obvious
influences are the discharge and temperature of the mainstem Susitna and
of the natal tributaries. By monitoring the behavior of chinook during
natural variations in discharge and temperature, and by examining the
hydraulic conditions at the mouths of the clear water tributaries,
insight can be obtained into the effects of flow alteration on the

“

Suysitna chinook salmon,

2.1.1.3.1 Discharge, water quality, and temperature
retationships with the adult chinook salmon
migration

<

. Geological Survey (USGS) monitors the discharge of the mainstem

2%

The ..
susitna above and below the Chulitna River confluence. The gages are
located at the Gold Creek Bridge and at the Parks Highway bridge near

Sunshire Creek {called the Sunshine station). These

as  the primary basis to compare responses of
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physical habitat parameters to changes in mainstem flow. Temperature
data are also coliected at several mainstem locations. The effects of

mainstem temperature on adult salmon behavionis examined in Appendix B,

There are two sources of biclogical information that are used to
correlate the effects of these environmental variables on fish migratory
behavior. The movement of the fish upstream has been monitored by use
of fishwheels, sonar and ground surveys, and the movement of individuals
has been monitored by radic telemetry, Within the natural variations 1in
temperature, no effect of temperature on fish migration was observed
during the 1982 migration. The influence of discharge on the behavior
of the figh was detectable at the higher discharge levels. At higher
discharge levels, an inverse correlation exists. Upstream movement of
adult chinook was slowed when peak flows occurred during the migration.
Although chinook salmon movement also corrvelates with a decrease 1in
temperature, the discharge variation was greater and is believed to be
the dominant factor causing the decreased rate of movement. This
behavior was also observed during the 1981 chinook migration. Similar
effects have been observed with the other species of salmon. Variation
in discharge in the lower flow regimes were not observed to influence

the behavior of adult chinook salmon.

Passage of chinook salmon through lower Devil Canvon was documented for
the first time by the Alaska Department of Fish and Game during 1982,

Chinook salmon were observed spawning at the confluence of two small

k]

clear water tributaries within the Devil Canyon impoundment zone and



spawning chinooks were also cbserved in the same twe tributaries. These
sites were not examined prior to 1982 during the peak of the chinook
migration. The relatively Tow flows that occurred during the chinook

run of 1982 may have allowed these fish to move inte these areas.

Hydraulic conditions supporting passage of fish into the mouths of the
clear water tributaries, Indian River and Portage Cregk, has been
examined in detail (Trihey 1983). The influence of mainstem flow on the
passage of chinook salmon into these tributaries was analyzed by
examination of The stream mouth gradient and associated water velocities
and the distance that such velocities are likely te occur under
atternative flows of the mainstem Susitna. This analysis concludes that

passage into these two tributaries is not likely to be affected by lower

When encountering high concentrations of supersaturated dissolved gas at
the base of hydroelectric projects, adult salmon are known to suffer
from gas bubble dizease {Weilkamp and Katz 1982). Measurements of total

@

dissolved gas concentration below the Devil Canyon rapids gave readings
up to 116% of saturaiion., Levels of over 120% of saturation are
predicted for discharges over 50,000 cubic feet per second (cfs) at Gold
Creek (ADF&G 1983c¢).  The relatively low flow period of August and
September, 1982, produced levels of 113 percent total dissolved gas,

when the gas levels were being continuously monitored., These levels

could create sevious problems for juvenile Tish in hatcheries if they

could not escane the gas concentrations by sounding to deeper areas.
The levels are below the threshold that would be expected to adversely



atvect adult or Juvenile c¢hinook salmon below the vrapids where
sufficient depth is available (Weitkamp and Katz, 1982). The relatively
fow rates of dissipation of the naturally entrained dissolved gas in the
reach of river below the vrapids suggests that higher Tlevels of
supersaturation that may be created by water spillage at either of the
proposed dams would not dissipate sufficiently to reduce the hazard to

either adult or juvenile chingok salmon as well as other species of

salmon.

Habitat requirements for chincok salmon spawning in the Susitna River
have not been established because this species spawns primarily in the
tributeries. However, such information would be useful in assessing if
adverse effects of the project can be mitigated through flow regulation
to support spawning populations in the mainstem under post-project
conditions. The lack of a data base on this aspect of the 1ife history
of Susitna chinook stocks forces the analysis to be Timited to

Titerature values for the species at this time.

One limiting factor to chinook salmon spawning in the mainstem Susitna
and  side channels s probably the amount of suitable substrate
avaitable,. High wvelocities during the spawning period and the
associated probability of redd scouring may limit spawning habitat.
Because of the early timing of the chinook runs, the August floods that

commonty occur in the system could destroy mainstem redds. The

substrate is very unstable during these periods, with major shifis and
mvemsnts o f SsET ;" Ta grave i [ Tremauent '3 i%mg“ AL & +fF the
moyesents O n)g‘,g«h{,_‘ﬂ“g i L‘!? Ve LS cury !2% Pf w\‘ﬁm{,?zi, y& DECAUSE 01 Lt

high velocities in the mainstem, much of the channel of the reach



of river above the Chulitna confluence is armored cobble, unsuitable for
spawning, The stability of the substrate and velocities that occur in
selected side channel areas of the mainstem under various discharges has
not yet been gquantified. Thermal, substrate, velocity, and depth data
collected at areas currentiy used by spawning chinook salmon in Portage
Creek and Indian River could be used to provide an estimate of the
post-project potential for these side channels areas to support chinook

saimon redds,

2.1.1.3.2 Other factors that influence the spawning success of

chinook salmon

The Vimitations to spawning by chinook salmon in the Susitna River are

bt

largely unknown. The influence of turbidity on the selection of redds,

ik

nsufficient dissolved oxygen for dincubating eggs vresulting from
the settling of suspended sediment, and the cover or depth requirements
to provide cover from predators, may all Vimit the ability of the

mainstem Susitna to support chinook salmon spawning.

Ice processes may be a majov factor. During the ice formation process,

3

channels can become dewatered, and bed scouring may occur in isolated

areas., Intragravel temperatures may vary greatly in a short period of
time, and may advarsely effect embrvo or alevin survival. An

ects that ice processes have on flow patterns in

understanding of the ef)

potencial  spawning  sites and the effects on  winter thermal
characteristics are essential to de:‘ne limits to spawning urder current

flow conditions or under regulated conditions.



2.1.2 Juvenile rearing and migration phases

Unlike the spawning, incubation, and emergence phasas of the Tife cycle,
the chinook rearing phase occurs in habitats that are directly affected

by mainstem Susitna discharge, turbidity, and temperature.

The focus of the 1981 and 1982 Juvenile Anadromous Studies was on
determining the relative abundance of each species and the general
habitat ftypes associated with their rearing. The general distribution
data has been used {o select specific sites for wmore detailed
investigations regarding the suitability of selected habitat areas for
juvenile chinook salmon, and for measuring the response of these habitat
areas to changes in mainstem discharge, This has provided the first
step in assessing the vresponse of Jjuvenile salmon to incremental

alterations in fiow,

2.1.2.1  Relative abundance of juvenile chinook salmon

Juvenile chinook salmon emerge from the gravel of their natal c¢lear
g

i

water tributaries in March or April. From this time until they
outmigrate into Cook Inlet, wusually the following summer, they are
actively feeding and are dependent upon suitable habitat for rearing.
Young of the year chinook (Age O+ ) apparently spend the fFirst two
months in the vicinity of their natal areas after emergence {(Morrow
1980). They begin redistributing downstream shortly afterward and have

en cotlected in small numbers at habitat sites associated with the
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mainstem Susitna (Figure 2-4). Some rearing by youny of the year
chinook saimon also occurs within clear water tributaries where
significant numbers of fish are present until fall, After the second
week in August, most of the population apparently outmigrates into the
mainstem Susitna to overwinter. Most of the juveniles that compose the
poputations of chinook salmon from Portage Creek and Indian River, are
dependent upon habitat conditions in the mainstem Susitna during this

period {late August to May of the next year).

An outmigrant trap was operated from June 18 to October 12, 1982 at
river mite 103.0. Age O+ chinook were collected throughout the summer
with peaks in July and September. This probably reflects a general
redistribution into rearing sloughs and tributary wmouths or small
backwater areas throughout the system. The Age 1+ fish made up 40
percent of the fish coliected during the period that the trap was in
place, Because it s suspected that larger numbers outmigrated before
the smolt trap became operational, those juvenile chinook salmon which

were spawned in the reach of the Susitna River above the Chulitna

confluence may use this reach for most of their fresh water rearing
cyele

The trapping efforts that occurved at sloughs and tributaries above the

Chulitna River during the 1981 and 1982 open water seasons indicated a

3
!

substantial difference in catch rates between the years, when the same

locations were compared. Three hypotheses that could account for these

difterences are:











































































































































































































































































stunted form of this species resides in the upper areas of the Indian
River, Portage Creek and tributaries of the Susitna above Devil Canyon.
We have very 1ittle data Tor this stunted form of the species but they
appear to be broadly distributed but not abundant. Their habitat

requirements are not known. Details of their observed distribution are

discussed in th

]

impoundment area data reports.

2,10,2 Reproductive phase of the Tife ¢ycle

Habitat conditions associated with the spawning of these species have
not been established because spawning occurs in the clear water tribu-
taries. Apparently mainstem conditions and the habitat in the sloughs
is inadequate for their successful reproduction. The presence of
Juveniles of both species in the reach of river above the Chulitna

confluence suggests successful reproduction does occur in the clear

water tributaries in this portion of the Susitna basin.

Juvenile rearing and migration

Juvenile grayiing were frequentiy collected at the mouths of c¢lear water
tributaries in addition to mainstem areas which suggests that during the
summer months suggest the mainstem 13 used by this species for rearing
of juveniles. The larger fish may occupy the better rearing habitat in

e Gy T N .
the cleay watl
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ber tributaries while the vounger age class fish are dis-
Y $ 3

placed into the mainstem Susitna. The distribution of juveniles in the

oy
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areas werve generally at arveas of lower velocity.
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