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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.
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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

e,

R



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:
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{1y The 1981 spawning was Tess successful “han 1980 spawning
and/or the incubation portion of the 1981 brood year life
cycle had a lower survival than the 1980 brood year which

caused a decrease in number of fish at the sites examined

ahove the Chulitna River,

The only data that divectly support this hypothesis are the Tow numbers
or von-existent catches during the limited sampling effort that was
undertaken in Portage Creek and Indian River, Numbers collected during
the 1981 open water season were also guite Tow although large increases

ir

it

the catch from these tributaries occurred during the 1981 fall

outmigration.

(2) The Tow flow conditions of the mainstem Susitna River during
the 1982 open water season reduced the capability of juveniles
to pass into the sloughs and tributary wmouth areas, and
therefore decreased the utilization of these habitat types in

the upper river,

This hypothesis is inferred from the examination of distributional data
betwoen 1981 and 1982. At sloughs and other sites sampled both years,
the catch per wunit effort was substantially lower. The catch of

autmigrants of Age 0O+ and 1+ at the outmigrant trap suggests that

movement of chinook occ in the mainstem during the couvse of the

summer and may reflect a continual downstream displavement into suitable
reaving habitat., Since data were not collected on outmigration rates

during the 1981 open water season, we have ng comparable

it



determine what faciors wmay have affected the catch rates at the

outmigrant trap.

(3} The decreased catch rates at the designated habitat sites may
reflect a toss of usable habitat at these sites because of

decreased stage reloied to lower mainstem Susitna flows.

Quatitative date on the availability of cover at the sloughs and tribu-
tary mouths influenced by mainstem back up suggests cover may decregase
substantially with decreasing mainstem discharge. Areas of brush,
undercut banks, Tloys, and other types of overhead cover were often
dewatered under the 1982 low flow conditions. These conditions may have
contributed to the Tower numbers of juveniles at these sites because of

a behavioral response 7o the lack of cover,

The change in ubundance of juvenile chinook salmon observed in the major

habitat types may be explained by any or a combination of the above
o Y

L

three hypotheses., The 1983 open water study design should provide

4

information that will help establish the importance of these factors in
influencing the retative abundance of chinock juveniles in the system.
Variations in the distribution of chinook fry within the specific
habitat sites and possible causes are addressed in the following

section.



?2.1.2.7 Habitat and environmental factors associated

with the juvenile phase of the life ¢ycle

The habitat utilized by‘ju%@ﬁééa chingok was investigated during 1981
and 1982. During the 1981 field season, habitat data collection
demonstrated the range of conditions that were associated with minnow
trap catches of juvenile chinook. This habitat data was collected to
obtain distributicnal information over the general habi%&t types that

occur in the system (ADF&G 1982).

The 1982 sampling program was designed to provide additional dis-
tributional data on chinook salmon Jjuveniles and to specifically test
factors that wmay affect their distribution. During the 1981
investigations, it had been noted that the slough habitats and tributary
mouths consistently provide a higher catch per unit of effort (CPUE)
than other habitats. It was also observed that the CPUE varied
considerably with the time of year and the Tlocation. It was
hypothesized that these influences reflected the migratory behavior of
this species so that the CPUL data often reflected these conditions

rather than micro-habitat conditions.

Infiuences of the mainstem discharge caused itwo major effects on many of
these habitat sites. The high water flows that overtopped the head of
many of the sloughs during the open water season created sudden and
substantial increases 1in discharge within these areas and altered
habitat significantly. The mainstem also created a backwater effect,

dependent on stage of the mainstem, that extended up intu the slouchs

20



and tributary mouths., This area extended for over a mile in some of the
fow gradient sites, or less than 50 Teet where the mouth of the
tributary or slough had a relatively steep gradient. The surface areas
of the backwater regions are dependent upon tributary flow, flow
avertopping the head of some of the sites, and the extent of backup at
the mor*h. The juvenile study program was designed to determine the
response of the surface area of these backwater "zones" to changes in
mainstem discharge and to test if the CPUE was different bhetween these
zones and other adjacent sites at any given point in time., By combining
these two components, an estimate of the influence of mainstem discharge

juvenile salmon habitat can be made., The analysis of this data 1s
presented in Appendix F and is used as the basis for the Following

discussion.

2.1.2.2.1 Physical habitat conditions of rearing

Juveniles

Discharge (velocity and depth) vrelationships and their effects on

indices of available habitat

investigations examining the effects of discharge on rearing habitat of
juvenite fish frequently have employed hydraulic models to simulate
reaches of streams under variable discharges, The rvesultant model
predictions of epth and velocity have been compared with the velocities
and depths ass  “~ted with the natural distribution of figsh, By

incorporating the natural selectivity of fish for particular depths and



yelocities into a habitat simulation model, the available habitat at any
particular discharge has been estimated (Bovee 1962).
The ADFAG Susitna studies employed a similar concept but used a more
general approach to addressing the response of Jjuvenile chinook to
mainstem discharge changes. Seventeen designated habitat locations at
the mouths of tributaries and sloughs, which had relatively high CPUE
rates during the 1981 investigations, were selected. There were twelve
sites above the Chulitna River confluence and five below. A1l of these
sites were selected primarily because of ‘importance to Juvenile fish
during the previous season, the logistical convenience of sampling, and

4,

because they provided a good representation of the various

4

habitat types
present.  The response of the physical habitat component was based on
the Gold Creek gaging station of the USGS for the upper reach of river

and the Sunshine station for the lower.

The affects of mainstem discharge on chinook salmon juvenile rearing
habitat at representative sites are presented in Appendix F (Appendix
Figures F-3 fto F-6}, T@é habitat response to discharge s Vimited to
the study area defined in the appendix at each of the designated habitat
tocations.,  Because these locations were selected due to  their
comparative importance to rearing Jjuveniles, responses to mainstem

discharge of the habitat at these sites probably reflects habitat

conditions for many of the fish within the reach of river examined,

22



There was Vittle difference in distribution of <chinook salmon in
backwater zones and the areas not backed up by the mainstem., Therefore,
the projected changes in  habitat, as vreflected by tThese zones,
paratleled the surface areaz of all zones. This information reflects
only the minimum decreases or increases in habitat with changes in

meinstem Susitna discharge,

Water quality and thermal relationships

The water quality parameters investigated with respect to juvenile
chinook distribution fincluded dissolved oxygen, conductivity, pH,
and turbidity, During the open water season, temperature and turbidity
are probably the main factors that influence the distribution of juve~

nile chinook.

Temperature affects the basic metabolism of fish and the warmer areas of
a cotd water river system such as the Susitna often attract Jjuvenile
fish (Appendix F). Where there were significant thermal differences at
the mouth of clear water tributaries, juveniles were freguently found in
the warmer water. This may also explain why some sloughs that have
warmer temperatures during the winter also have higher densities of

4

juvenile chinook during the winter.

Turbidity affects the distribution of juvenile salmon in several ways,

it provides cover from predation but also Timits primary production,

food availability, and probably feeding efficiency. However, the 1982




on chinook
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studies did not demonstrate any effects of turb

distribution {Appendices F and Gj.

2.1.2.2.2 Tiwing of outmigration from the tributaries,
stoughs and mainstem and its relationship

to environmental changes.

The timing of outmigration and the factors that influence outmigration
of fish in the Susitna system have been investigated. The following

factors probably play some role in determining outmigrant timing.

{1} Photoperiod. The response to the length of day is probably an
inherited behavioral stimulus for outmigration. The out-
migration timing prebably corvegponds with optimal survival
conditions 1in the estuary or ocean environment and may

correspond to plankton bloo

w‘}

FclF S -

Size of juvenile. There are some data available that indicate

5

T,
e
S

that juveniles saimon that grow faster may outmigrate earlier
Studies on the Deshka (Delansy et al, 1981), indicate that
during even year pink ‘almon runs when Jjuvenile chinook feed
heavily on pink salmon eggs the young of the year juvenile
chinook outmigrated into the mainstem Susitna and do not
averwinter in the Deshka River system. Juveniles in other
tributaries have been observed to remain until the next

spring, These fish are generally smaller than the earlier
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of slough

Physical habifat conditions. Water temperature can influence
the rate of development, and therefore alter the outmigration
timing of juvenile chinook. Other factors that will affect
their available food supply, such as changes in turbidity and
flow stability, will also affect their growth rate and may
cause alterations in the outmigration timing as discussed in
(2) above. Other effects that are more likely to be ocbserved
include the response of  juveniles to the discharge
fluctuations of the wmainstem Susitna. The rates of
outmigration of Jjuvenile chinook have been positivaly
corrvelated with the daily mainstem discharge measurements at

Gold Creek (Appendix H).

this correlation include the influence on access in and out

rearing habitats by the stage of the mainstem, Increased

depths and velocities during outmigration probably provide a behavioral

stimilus to move out into the mainstem.

In summary, observed timing of ocutmigration can be Influenced by several

factors, but has probably evolved to maximize survival of the juveniles.

Mai

into

instem d

i 4

neg 5

jucharge probably influences the short term movements of fish

'l

ystem but the size of the individual and behavioral response

to photoperiods may be the dominant factors controlling outmigration,

LI



2.1.2.2.3 Food supply for rearing juveniles and its
relationship to other parameters and
preferance dependency of species in the

system,

The 1982 studies initiated an investigation of the selectivity of
chinook Jjuveniles for aguatic invertebrates at slough and tributary
mouth sites. Comparisons were also made between the invertebrate

L

community composi

P %

tion of the different types of sites. These studies
were designed to provide some initial insight as to whether or not the
use of different types of habitat associated with the Susitna River can

be explained in terms of food type availability and selectivity.

Tre species composition of the invertebrate community was dicsimilar at
all sites examined with chironomid larvae the dominant form present.
The larvae of the chironomid was also consvmed in greater numbers and
frequency by juvenile chinook and thus appeared to be a preferred food
item.  However, food item selectivity data did not suggest that
invertebrate community composition had a major influence on  the
distribution of juvenile chinook wnich points to invertebrate density as
a major factor. However, no attempt was wmade to quantify the
invertebrate communities present. The relationship between invertebrate
densities and the density or growth vates of Juvenile chinook awaits

further study.

Terrestrial insects also comprise a significant portion of the juvenile

chinook diet, suggesting the presence of overhanging vegetation or

,,,,,
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area, may provide important sources of food for rearing juveniles. This

5

hypothesis is supported by the observation that juvenile chinook rearing

jo33

at Fourth of dJuly Creek mouth which has the largest amount of bank and

L

verhanging vegetation of the seven food habitat study sites had the

highest percentage use by chinook juveniles of terrestrial insects,

The qualitative investigation conducted has established the primary tdaxa
utitized by Jjuvenile chinook salmon but has not provided any
quantitative comparisons of habitat and invertebrate communities, To

establish the potential of the mainstem to rear juvenile chinook, and to
determine the possible response of the invertebrate communities to
mainstem fiow alterations, further studies would be required, This data
base would also provide information as to the possible effects that
mainstem flow alterations may have on aquatic invertebrate communities

in the slough envivonments,

2.1.2,2.4 0ther physical and biological constraints

The distribution and abundance of juvenile chinook salmon is undoubtedly
influenced by many other parameters, both physical and biclogical,

o

Predation by other fish, such as Dolly Varden and burbot, may

6

effectively vrestrict their distribution dnto areas of heavy cover
because of behavirpal avoidance of thease predators. They may also
compete for food resources with other species, such as sculpin or coho

Juveniles, Preference for overhead cover, may be related to predation

by terrestrial predaters, such as Arctic terns, gulls, or king fishers,

P



2.2 Coho salmon

Coho salimon, also known as silver salmon, support a substantial sport
fishery in the Susitna River and contribute to the upper Cook Inlet
commercial fisheries. Each of the freshwater phases of the 1ife cycle
of this species that occurs in a portion of the Susitna basin that may
be affected by the proposed hydvoelectric project is discussed in the
following narrative. Figure 2«5 depicts the periodicity of the various
1ife stages 1in macro-habitat areas that have been identified in the

system.

2.2.1 Adult phase of Tife cycle

Migration of adult coho salmon into the Susitna begins in the middle of

July and continues through September.

2.2.1.1 Adult harvest by sport and commercial fisheries

Bafore entering the Susitna River, coho salmon are harvested by the Cook
Intet commercial fisheries. They are also harvested by a sport fishery
within the Susitna River drainage. The adult coho may be the most
sought after of the anadromous sport fish, with the exception of chinock
salmon. The harvest estimate of coho is illustrated in Figure 2-6,
This figure indicates substantial increases in the commercial harvest in

recent years.

0
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2.2.1,2 Adult escapement

The escapement of adult coho salmon into the Susitna is probably the
fowest of any of the Pacific salmon species, but a complete estimate 15
not available. The escapement estimate that was made with Peterson
population estimates at the Sunshine, Talkeetna, and Curry stations
during the 1982 season is showan in Figure 2-7. The numbers depicted
indicate the number of fish pessing the capture site fishwheels, but not
necessarily the total spawners that escape above these sites. An
estimate of 36,800 coho in 1981 and 79,800 in 1982 in the Susitna River
was made by combining the Yentna sonar counts with the Sunshine Station
Peterson estimate. This estimate excludes the tributaries between river

mile 6 and river mile 77 with the exception of the Yentna River.

2.2.1.3 Habitat and environmental parameters associated with the

adult phase of the Tife cycle

The most obvious factors which influence the success of coho spawning
are the discharge and temperature of the mainstem Susitna and of the
natal tributaries. As with chinock salmon, the behavior of coho during

natural variations in discharge and ‘emperature of the mainstem may

provide insight into what may occur 1T the dam were constructed.
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2.2.1.3,1 Discharge, water guality, and temperature relationships

with adult salmon migration

The discharge and temperature data collection was described previously
for chinooks. The plots of mean daily discharge and temperature are
plotted against the movement of coho salmon in Appendis Figure B-2.
Within the natuval variations in temperature, no %f%ﬁat on  coho
migrations was observed during 1982, The influence of discharge on fish
behavior s apparent at the higher discharge levels. An inverse
correlation exists when peak flows occurred during migration. Peak
flows also caysed a decrease in temperature. This relationship was
observed during the 1881 coho migration as well and similar effects have
been obssrved with the other species. Within the range of flows that
occurred during the migration, no influence on the behavior of the fish

at the lower end of the flow regime was observed.

Coho salmon have not been observed during 1981 and 1982 passing through
Tower Devil Canyon. Passage of fish into the mouths of clear water
tributaries, Indian River and Portage Creek, has been examined in more
detail {Trihey 1983). By examination of the stream wouth gradient and
associated water velocities and the distance that such velocities are
Tikely to occur under alternative flows of the mainstem Susitna, pre-
dictions of the influence of mainstem flow on tributary passage of coho
salmon can be made. Trihey concluded that salmon passage inte the
tributaries is not likely to be affected, regardless of the flow of the

mainsien Susitna,

L)
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Goho often use the smaller tributaries for spawning in addition to the
major tributaries. Gash Creek, a small tributary near river mile 111.6,
has had significant numbers of spawning coho during 1981 and 1982, This
creek flows through a culvert under the Alaska Railroad. Dewatering of
the side-channel during very Tow flow periods could potentially block
gecess,  This potential has not been quantatively examined yet. Lower
McKenzie Creek and Whiskers Cresk also have substantial numharﬁ»@f'cah@¢
Substrate stability at the mouth of these streams has been addressed by

studies by R and M Consultants (1982).

Possible infiuences of dissolved gas supersaturation on salmon adults
migrating into Devil Canyon has been discussed previously under chinook

saimon and is not repeated here,

Habitat reqguirements associated with spawning have not been established
for this species bpecause minimal spawning s associated with areas
influenced by the Susitna mainstem. This observation suggests there ave
Timitations to spawning cohos in sloughs and the Susitna mainstem,
Temperature, substrate, velocity, and depth at areas used by spawning
coho in some of the clear water tributaries can be incorporated into an

analysis that will provide an estimate of the potential for side channel

§3‘3

areas of the Susitna to support post-project coho Sspawning and

incubation,
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e

.a.2 Other fTactors that influence the spawning success of

cohe salmon

The Vimitations to spawning of coho salmon in the Susitna basin above
the Chulitna River confluyence are not totally known. The influence of
turbidity on the selection of vredds, the suffocation of redds by
suspended sediment, and the cover or depth requirements to provide cover
from predators, may all Timit the ability of the mainstem Susitna to
support coho salmon spawning. [ce processes must be a major concern.
During the ice formatian process, channels can become dewatered and bed
scouring may occur in isolated areas. Intragravel temperatuves may vary
greatly in a short period of time and may adversely affect egy or alevin
survival. An understanding of the effects that ice processes have on
flew patterns 1in potential spawning sites and on winter thermal
characteristics is essential to define limits to spawning under current

flow conditions or under vegulated conditions.

2.2.2 Juvenile rearing and migration phases

¢

Coho rearing 1is often associated with habitats that are affected by

mainstem Susitna discharge, turbidity, and temperature. The focus of

the 1981 and 1982 juvenile anadromous studies has been on determining
the relative asbundance and general habitat types associated with the

reaving of this and other anadromoug species. The general distribution

drta  have been used to select specific sites fTor more detailed
investigations regarding hebitat suitability for Juvenile salmon and
for measuring the response of these habitat areas to changes in mainstem



discharge. This has provided the first step in assessing the response

of juveniiz salmon to incremental alterations in flow.

?)‘0&

(A

2.1 Relative abundance of juvenile coho salmon

Juvenile coho salmon probably emerge from the gravel fIn their natal
clear water tributaries in March or April. From this time until they
outmigrate into Cook Inlet, they are actively feeding and are dependent
ypon suitable habitat for rearing, Age (0+) coho apparently spend the
first two months after emergence in the vicinity of their natal areas
{(Movrow 1980). They apparently begin redistributing downstream shovtly
after this initial period and are collected in small numbers at habitat
sites assoy ated with the mainstem Susitna (Figure 2-8). Reaw%ﬁgkby the
young of the year also occurs within the clear water tributaries with
significant numbers present until late fall. At this time, apparently a
substantial portion of the populations outmigrates intp the mainstem
Susitna. From this period until May of the next year, some of the
juveniles that originate in Portage Creek and Indian River and other
clear water tributaries are dependent upon habitat conditions in the

mainstem Susitna.

Age O+ fish were collected at the outmigrant trap throughout the summer
with a larger portion captured in the fall, when compared with the gther
species. This probably reflects a general redistribution intc rearing
areas in  sloughs and tributary mouths or smell  backwater areas
throughout the system. The Age 1+ and 2+ fish made up 15.2 percent of

the population outmigrating during the period that the trap was

:
R
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place. The outmigration of these older fish was congsiderably more

reqular throughout the summer than other species of salmon (Appendix H).

The trapping efforts that eccurred at sloughs and tributaries during the
1981 and 1982 open water seasons indicated a substantial difference in
cateh rates between the years. This followed a similar patta?n for
chinook juveniles; possible hypotheses as to the cause were discussed in

the chinool salmon section.

Variations in the distribution of coho fry within the specific habitat

sites and possible causes are addressed in the following section.

2.2.2.2 Habitat and envivonmental factors associated with the

juvenile phase of the life cycle

The Juvenile coho habitat utilization was investigated during 1981 and
1682, During the 1981 field season, habitat data collection was coupled
with the collection of distributional information identical to that

described for chinook (ADF&G 1982).

The analysis of this data is presented in Appendix F for all juvenile
satmon and is used as the basis for the following discussion on coho

satmon.



Z.2,2.2.1 Physical habitat cenditions of rearing juveniles

Discharge {velocity and depth) velationships and their effects on

indices of available habitat.

The studies addressing the response of juvenile coho to mainstem dis~
charge changes were similar to those for chinook juvenile studies. Toa
reach of river above the Chulitna confluence was investigated usirg
designated habitat locations at the mouths of tributaries and sloughs
tnat had relatively high catch per unit effort rates during the 1981
investigations., Five other sites were selected in the reach of river
below the Chulitna confluence, inese were primarily based on high catch
rates during the previous season and the logistical convenience of
sampling. The response of the physical habitat component has been based
on the Gold Creek gaging station of the U.5.6.5. for the upper reach of

river and the Sunshine station for the lower,

The effects of mainstem discharge on coho salmon Jjuvenile rearing

nabitat at Sunshine Creek and Side Channel, Birch Creek and STough, and

3

Lane Creek and Slough 8 are illustrated in Appendix Figures F-7, F-8,

=

and F-9, The habitat response to discharge is Timited to the study area

defined in Appendix E at each of these study sites.

The definition of habitat used in the above example limits the 1iteral
interpretation of the figure as actually representing lost habitat.

With coho salmon, we observed that the distribution of the fish within

T kI N S o S . N I . PR TS ;o ST E I TTY Y VI
the backwater zones influenced by the mainstem was significantly Tower



than areas not backed up by the mainstem. Therefore, the projected
changes in habitat as reflected by Appendix Figures F-7, F-8, and F-9,

incregse with the decreasing backwater zone.

This has provided a very general method of estimating the Toss or gain
of habitat used by juvenile coho. The advantages of this method include
requiring a relatively Tow level of resources so a relatively large
number of sites can be sampled. The evaluation of habitat value at a
particular site is estimated based on the actual observed distribution
of fish at the sites. This eliminates the problems associated with
distribution being influenced by other factors such as wmigration,
proximity to natal areas, etc. The biggest disadvantage of this ap-
proach for coho is that wmicro-habitat changes within the zones that
ooccur with flow will not provide any effect on the habitat availability
indices calculated. Observations of the effects of discharge on avail-
able cover and the apparent dependence of coho saimon on this cover
suggest that this component of habitat may be an important factor that

affects the distribution of juvenile salmon,

Water guality and thermal relationships

The water quality parameters studied, with respect to Jjuvenile coho

distribution, included dissolvea oxygen, conductivity, pH, and

turbidi . During the open water season, temperature and turbidity are

l

probably the main factors that influence the distribution of juvenile

40



Temperature affects the basic metabolism of these species;y warmer water
frequently acts as an attractant to these fish. This may also be a
factor in the densities of Jjuvenile coho observed in sioughs that bave
warmer temperatures during the winter months because of groundwater

influences,

Turbidity may also affect the distribution of the species, providing
cover from predation, but also Timiting yrimary"prsdugticﬁﬁ food
availability and probably feeding efficiency. Coho salmon Jjuveniles
appear to be found in clear water as opposed to turbid areas and were
most abundant in clear water tributaries, The tributary mouth habitat
with Tow velocities created by morphological pools or by backed up water
from the mainstem, often had substantial numbers of coho Jjuveniles when
there was available cover in the form of ewergent vegetation. I cover
was low in the lower pools, concentrations were often Tound in the
faster water of the tributary upstream of the mainstem influences,
Since cover was not taken into account in the analysis of the habitat
indices, the preference for the portions of the study sites that did not
have water backed up from the mainstem was the dominant influence on the

habitat values projected (Appendices F and G).

2.2.2.2,2 Timing of outwigration from the tributaries, sloughs and

mainstem and its relationship to environmental changes.

The timing of outmigration and the factors that influence outmigration

have been of much interest in the Susitna system. Factors influencing



coho salmon outmigration are probably simitar to those listed for

chincok salmon

There ere some data available that indicate that juvenile coho salmon
may outmigrate earlier if densities are higher and if winter development
rates are nigher (Hartman et al. 1982). The rate of outmigration of
juvenile coho in 1982 had statistically significant but wmodest
correlations with the daily mainstem discharge measurements at Gold
Creek (Appendix H). Juvenile coho salmon outmigration was more evenly
distributed than other species throughout the period the outmigrant trap
was operating. The response of this species to shert term péék
disciharge before sufficient fresh water growth occurs has suggested to

ath

o

r investigators possible value in regulating flow (Hartman et al.
1982). The size of the individual faﬁﬁ behavioral response to
photoperiods may be less important in controelling outmigration than for

*he other species of satmon (Hartman et al, 1982).

2.2.2,2.3 Food supply for rearing juveniles and its relationship
to other parameters and preference dependency of species

in the system,

The 1982 studies initiated an investigation of the selectivity of
rearing coho juveniles for aquatic invertebrates at slough and tributary

moutng as was desceribed for chinook,

The food habits of the coho were similar to the chinook salmon deseribed
eartier with minor difTerences observed between the species. The



general level of resolution of this study did not allow association of
invertebrate communities with micro~habitat. The invertebrate cou~
munities were differen among the si*es studied out did not follow a

consistent pattern.

The qualitative investigation conducted has established the primary taxa
ubiti.ed by Juvenile salmon but further studies would be requirved
to provide any quantitative comparisons of habitat and invertebrite
communities to mainstem flow alterations. Relating food availability to

Juvenile coho requirements would also require additional investigatior.
2.2.2.2.4 Other physical and biological constraints

As with the other salmen juseniles, the distribution and ahuﬁd&nﬂé af
Juvenile coho salmon are undoubtedly influenced by many other
parameters, both physical and biological. Predation by other fish, such
a5 Dolly Varden and burbot, may effectively restrict their distributicon
to areas of heavy cover., They may also compete for food resources with
other species, such as chinook Juveniles, which may 1in turn affect 1o

their micro-habitat preference (Hall and Knight 1981).

Preference for overhead cover may be related to predation by avian

o . - o

predators, such as Arctic terns, gulls, and kingFfishers.



2.3 Sockeye salmon

The sockeye salmon, also referred to as red salmon in Alaska, is the
most important commercial salmon species in the Cook Inlet area. It
also contributes to an important sport fishery. The distribution of the
Fish species by 1ife history stage in macro-habitat areas that have been
identified in the Susitna River drainage is depicted in Figure 2-9,
This report discusses the fresh water phases of the sockeye salmon's
Tife cycle that cccur in the portion of the Susitna basin that mey be

affected by the proposed hydroelectric project.

2.3.1 Adult phase of Tife cycle

In Cook Inlet, two distinct migrations of sockeye salmon can be
observed. An early migration that begins in June is followed by a July
migration. The early migration was thought to be primarily associated
with the Kemai River, but 1982 studies on the Susitna River identified a
small early migration into the Talkeetna River drainage. The commercial
harvest of the Susitna stock is primarily directed at the late run which

is the larger of the two.
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Adult harvest by sport and commercial fisheries

A summary of the sport and commercial harvests is presented in Figure

2-10.  Overall commercial harvests have increased in recent years,

sugogesting improved escapement of parent stock or dmproved envirvonmental

conditions,  Sport fishing on the Susitna River for sockeye duves occur
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but the catches are noil large when compared with those of the other

species,
72.3.1.2 Adult escapement

An estimate of the adull sockeye salmon escapement into the Susitna
River is not available, An escapement estimate has been produced from
the 1981 and 1982 Su-Hydro surveys by combining the sonar counts of the
Yentna River with the Petersen estimates of Sunshine sampling station.
This estimate of 265,000 sockeve in 1982 and 273,000 in 1981 excludes
the tributaries, except the Yentna River, below Susitna vriver mile 77
and ahove rivey mile 6 . Petersen estimates of the escapement for the
other sampiing stations are depicted in Figure 2-11. This demonstrates
g marked reduction in sockeys salmon numbers in the Susitna above the

Chulitne River confluence,

3
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Hibitat and envivonmental parameters associated with the
adult phase of the 1ife cycle (upstream migration,

passage and spawning).

During the upstream spawning migration, sockeye salmon are infiuenced by
envivonmental variables that wmay ult'mately affect their spawning
syceess, The sockeye escapement in the upper Susitna above the Chulitna
confluence is primarily into stoughs with perhaps a small number running
into the Chase Creek drainage. As with other salmon species, sockeye
may be influenced behaviorally by discharge and water femperature
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2.2.1.2.1 Discharge, watsr guality, and temperature

relationships with adult sockeye salmon migration

The timing of sockeye salmon migrations in the Susitna River have been
comparsd with temperature and mainstem dischavge, similar to that
presented earlier for chinook and coho., These movements are 1llustrated
in Appendix Figure B-5 and the analysis is described in Appendix B. The
peak of the sockeye wigration in 1982 was inversely correlated with
discharge., The movements appear to decrease as discharge increases and

increasad movement occurs as discharge decreases,

Access to tributaries i3 net a major factor for sockeve salmen with
perhaps the exception of Chase Creek. Although escapement was not
documented in Chase Creek in 1982, earlier studies (ADF&G 1974)
documented sockeye salmon spawning in this drainage. The problems of
access into the smaller tributaries at Tower mainstem flows is addressed

by a report by REM Consultants (R&M 1982},

Since the spawning of this species occurs almost exclusively in slough
habitats in the Susitna River above Talkeetna, most of the analysis has
concentrated on the effects of discharge on passage and the availability

of spawning habitat in these sloughs.

Passage into the sloughs of the upper Susitne is addressed in Appendix
B, which also outiines the methodology used to develop passage

g

gstimates. For sockeye salmon adults, passage into Sltoughs 11, BA, and



21 appears most critical because they had the highest observed counts of
sockeye during the spawning period, Sockeye were also found in Moose
Stough, Slough B, Slough 8B, Siough 9, Slough 8C, Slough 9B, and Slough
98, The effect of discharge on salmon passage into sloughs is described

in Appendix B and is summarized in Appendix Table B-Z.

In addition to passage into sloughs, the availability of suitable
spawning conditions has been evaluated for Sloughs 8A, 21 and 9. By the
yse of IFG-IV models, an analysis of the physical habitat under variable

flow conditions has been produced in Appendix D,

Although information is available on the physical habitat, the analysis
has not yet included usage by sockeye salmon because of Timited datas.
Suitable discharge and temperatuve conditions during other phases of the
Tife cycle must also be considered in addition to adeguate passage and
spawning  conditions. Optimal passage and spawning conditions may
provide very little benefit to the freshwater production of sockeye
smolts if incubation and rearing are the major limits on production.

These other factors arve addressed in the following discussion.

2.3.1.3.2 Substrate type associated with spawning

Substrate quality and quantity may be critical factors for successful
spawning and incubation (Cooper 1965 as cited in Bell 1980). The
stability of the substrate after spawning also has to be considersd.
Because of the possible critical nature of the substrate for successful

reproduction, adult sockeye probably have behavioral instincts to select

G



substrate suitable for successful reproduction., Appendix € addresses
the substrate preferences by chum and sockeye salmon at selected

stouchs and their tendency to key on areas of upwelling.

These data can be used in future analysis of the potential of other
non-slough habitats for enhanced production of sockeye and can be also
used in further analysis of the effects of high water on substrate
stability in these sloughs,

% &

An important factor which s not addressed in these studies is the

«Mw

sffect of suspended sediment on the substrate. The deposition of
suspended sediment on the gravels used by the spawning sockeye has been
documented to adversely affect survival of incubating embryos, generally
by suffocation (Iwamoto et al. 1978). Substrate used by the spawners,
needs to be periodically cleansed by highwater velocities to remove the
deposited sediments. However, 1T the velocities become excessive, the
gravel can be completely washed out, and suitable spawning substrate
will be replaced with a larger bed material which s unsuitable for

spawning,

2.3.1.3.3 Other physical and biological constraints on

spawning success

During spawning, other Tactors cen becoms significant in reducing
spawning  success, The dower end of the discharge that provides

sufficient passage and adequate habitat conditions for spawning, may not



be sufficient for protection from predation by bears or predatory birds.
Atthough not possible to quantify under the constraints of this study,

Tow Tlows could potentially reduce spawning success.,

2.3.2 Incubation and emergence phase of life cycle

The incubation of sockeye salmon eggs after spawning and the subsequent
emergence of juvenile sockeye from the gravel encompasses the period of
time from early September until June of the following year. Ongoing
investigations will provide more data on timing of egg incubation and
emergence and will be included 1in & winter report summary. An
additional controlied study of the effects of temperature on sockeye egg

incubation is being undertaken by the U.5. Fish and Wildlife Service.

Important effects of mainstem discharge on incubation and emergence
include the possible disruption of redds by fall floods. Scouring flows
after sockeye eggs are deposited in the gravel can be expected to
severely decrease survival of the redds. The effects of ice processes
during the fall and winter can also be guite adverse. Ipitial
ohservations of winter mainstem flow through Slough 8A, indicates that a
sudden and  prolonged decrease in  temperature occurred and the
developmental rates of juveniles were delayed. An apparent increase in
egg mortality may also be velated to this event, A more complete
analysis of egg incubation processes will be included in the 1982-1983

winter report.



2.3.3 Juvenile rearing and migration phases

The rearing phase of sockeye juveniles in the Susitna River above the
Chuiitng River confluence has been puzzling. Although substantial
numbers of sockeye adults consistently return fo selected s$loughs above
the Chulitna River confluence, juvenile rearing above the confluence has
been difficult to document. Since sockeye are plankton feeders &ndrm@st
frequently vrear in lake envirvonments, similar types of habitat were
thought to be requived for successful rearing of this species. Analysis
of the adult sockeye scales and the operation of an outmigrant trap has
provided the bulk of the evidence as to the nature of the juvenile

sockeye rearing but major questions still remain.
2.3.3.1 Relative abundance of juvenile sockeye salmon

During 1982, the use of beach seines and electrofishing gear provided
some information on the distribution of sockeye juveniles. Sockeye were
collected at all of the sixtaen sampling sites between Goose Creek and
Stough 21 duving the summer {Figure 2-12). With the exception of a
small number of Age 1+ Juveniles collected at Stough 6A, these sockeye
were all youny of the year (Age 0+). The cutmigrant trap, which began
operation on June 18, provided more specific results. The Age O+
Jjuveniles were collected during the summer period with peak catch/houyr
oceurving during the second week in July. Less than 3 percent of the

juvenile sockeye collected at the smolt trap were Age 1+,
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The analysis of adult sockeye scele patterns suggests that they are
rearing in freshwater during their juvenile 1ife phase. The majority of
the retuyrning adult sockeye salmon outmigrated at Age 1+, thus
indicating two summers of growth in freshwa.er. In addition, scale
pattern analysis of upper Susitna sozkeye did not find that these stocks
were significantly distinguishabie from- stocks of the Chulitna or the
Talkeetna drainage (Bernard et al., 1983). Based on the assumption that
no fry rear above Curry Station, the suthors suggested that these fry
most Tikely die or move to areas in the Susitna River below the Chulitna

confluence to rear,

The movement of Age O+ sockeye monitored by the outmigrant trap and the
Timited numbers of juveniles collected at first appears to support this
nypothesis. However, substantial numbers of rearing juveniles may have
outmigrated by the time the outmigrant - .,ap was installed (June 18).
Further, the collection of Age 0+ Jjuveniles in the outmigrant trap
indicated continual growth during the summer. The food habits
investigation indicated active feeding of Juvenile sockeye 1in the
stoughs during the summer with planktonic forms in addition to Targer

insects being used.

Finally, initial observations of outmigration during the spring of 1983
at Slough 11 suggests a significant number of Age 1+ sockeye are
oresent., The viability of this stock will best be resolved through
monitoring the returns of the coded wire tagging program currvently in

progress. Because the monitored populaticns of Age 1+ sockeye arve small,

it is questionable that studies of sockeye rearing in the Tower river



would provide any definitive results, but the analysis of scale patterns
and the frequency of the coded wire tagged returning aduits should

yosaive this issue,

2.3.3.2 Habitat and environmental factors associated with the

juvenile phase of the 1ife cycle

Assumi=~g that the juvenile sockeye are rearing successfully in the upper
Susitna drainage, it 1is important to determine how this population
responds to  changes 1. their physical environment. The following
discussion addresses primarily the distribution and associated habitat
of the Age O+ sockeye in the study areas investigated during the 1982

field season,

£.3.3.2.1 Physical habitat conditions of rearing juveniles

The 1082 sampling program was cesigned to provide distributional data on
sockeye  Jjuveniles and to  identify factors that affect their
distribution. The rationale for the development of the study design has

peen described earlier for chinook salmon., The sampling program for

Juvenile cockeye was also designed to determine the aveas where this

%

pecies rezved., Previous years studies provided 1ittle distributional
information, osrimarily because of the Vimitations of the collecting gear

used. The analysis of Jjuvenile sockeye habitat data presented in

Fopendix F ois used as the basis Tor the following discussion,

b6



G

Discharge ({velocity and depth) vrelationships and their effects on

indices of available habitat

The effects of mainstem discharge on juvenile sockeye salmon rearing
habitat in Slough 8A, Birch Creek and Stough, and Slough 19 is outlined
in Appendix F, and illustrated in Appendix Figure F-10, F-11, and F-12.
ihe hgbitat response to discharge is limited to the study areas defined

in Appendix E at these sites,

The pattern of catches observed indicates that the juvenile sockeye
preferred low velocity areas and were most often associated with the
backed up area of the mainstem Susitna. Freguently, the concentrations
of Jjuvenile sockeye were near their natal sloughs. An fimportant
exception was Slough SA which did not have any sockeye spawning and
consistently provided habitat for rearing Jjuveniles. This slough has
relatively clear water, is heavily vegetated around its perimeter, and
has no limitations on access. The presence of high concentrations of
Juvenile sockeye 1in this slrugh suggests that access into sloughs by

rearing juveniles may be an important factor affecting their survival,

The Appendix ¥ analysis has provided a very general method of estimating
the loss or gain of habitat used by juvenile sockeye. The advantages
and disadvantages of this method have been previously described for coho

and chinook salmon and will not be repeated.




Water quality and thermal relationships

The factors which dominate the distribution of sockeye salmon are
probably temperature and turbidity within the sloughs, in addition to
the hydraulic parameters discussed earlier. Slough 6A, where the head
is rarely, if ever, breached, had large concentrations of Jjuvenile
sockeve,  Slough 11, where the head vrarely breaches, also had
significant numbers of rearing sockeye. Assuming slough rearing sockeye
have similar requirements to their lake vearing relatives, the Tlow
velocities and Tow turbidity levels of sloughs where the heads are not
open to the passage of mainstem water may be important prereguisites for

successful rearing.

The water quality parameters studied, with respect to Juvenile sockeye

distribution, include dissolved oxygen, conductivity, pH.and turbidity.

Turbidity provides cover from predation and limits primary production,
food availability, and probably feeding efficiency. Areas with low
velocities created by morphological pools or by backed up water from the
mainstem, often had significant numbers of Jjuvenile sockeve. Since
cover was not taken into account in the analysis of the habitat indices,
the preference Tor the portions of the study sites that had water backed
up from the mainstem was the dominant influence on the habitat values

projected,



2.3.3.2.2 Tiwming of outmigration from the tributaries, sloughs and

nainstem and its relationship to environmental changes

Factors affecting the outmigration of sockeye salmon juveniles can be
quite complex. Immediately after emerging, sockeye juveniles generally
redistribute into rearing habitat. This redistribution behavior 1is
apparently genetically controtled (Brannon 1972). Juvenile sockeye
apparently also pass through a period of time when thay are able to
successfully smolt, If retained in freshwater past their wmigration
time, their response to the presence of salt water may again resemble

that of freshwater fish and they can remain land locked (Foerster 19681,

Outmigration of Jjuvenile sockeye from lakes 1is also affected by

temperature (Foerster 1968).

Outmigrant data did not demonstrate any dramatic response of sockeye
juveniles to mainstem envirvonmental variables tested but a positive
correlation with discharge changes was appavent (Appendix H). The
temperature changes that oeccur in the mainstem Susitna in the spring
were targely completed when the monitoring of outmigrants began in 1982,
Other factore which may influence the smolting and outmigration process
have been previocusly discussed for chinook and coho and would generaily

apply to sockeye as well,



2.3.3.2.% Food supply for rearing juveniles

Rearing areas and food supply dis probably the limiting factor in
production of sockeye salmon in slough environments of the Susitna
River above the Chulitna confluence. Sockeye are generally considered
lake rearing species although stough populations are not uncommon
{Foerster 1968; McCart et al. 1979). Recent studies (McBride 1983) on
the East River near Yakutat indicate large returning runs can occur in
rivers where major returns are from O+ Age outmigrants. This suggests
Timited fresh water rearing, Our Vimited investigation of food habits
indicated that sockeye were feeding on an assortment of aquatic and
terrestrial invertebrates but also had significant slough zooplankton in
their diet. The downstream migrant distribution noted by the outmigrant
trap catch rates may reflect displacement into Tower river areas in
search of more favorable food supplies. The size and growth measured
for the few Age 1+ sockeye that weve collected was within the range of

growth associsted with lake populations in south central Alaska.

2.3.3.2.4 Predation and cover relationships

As with the other juvenile salmon, cover appears to be important for
sockeye salmon, However, schools of Age O+ juvenile sockeye appeared to
be much more visible and their general behavior was not as evasive as

that associated with chinook or coho juveniles. Further study is needed

to quantify effects of cover on the juvenile sockeye distribution.



2.4 Chum salmon

s
uw.

i chum salmon, also referred to as dog salmon, is an important
commercial species in Cook Inlet with Timited use by sport fishermen.
This species makes substantial use of slough habitats for spawning.
Chum salmon also spawn in the mainstem and side channels of the Susitna
River reach above the Chulitna confluence, With the exception of the
even year run pink salmen, it is the most abundant species using this
reach of river. Figure 2-13 depicts the distribution of the various
1ife stages of chum salmon in macro-habitat areas that have been

identified in the Susitna River drainage above the Chulitna confluence,
2.4.1 Adult phase of Tife cycle
2.4.1.1 Sport and commercial fisheries harvest

The chum salmon adults provide a major component of the Cook Inlet
commercial harvest in addition to a VTimited sport fishery. A summary of
the sport and commercial harvests 15 presented in Figure 2-14.
Commercial harvests have vanged from less than 300,000 to over 1.4
mittiion chum salmon over the past twenty years, The 1982 harvest

>

the largest on record for this species in Cook Inlet”. The long term

s

average 1s approximately 700,000 fish., The sport fish harvest is quite

modest, reflecting the rapid decrease in the quality of this species

& ks

after 1t enters fresh water,

y . R S ¢ J P SO UNELS B G QPR S T ) R T
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2.4.1.2 Adult escapement
An estimate of the escapement of chum salmon into the Suzitna River is
not available. An escapement estimate was produced from the 1981 and
1982 Su-Hydro studies by combining the sonar counts at the Yenina River
station with the Petersen estimates at Sunshine station. This provided
an estimate of A4B8,500 chum for 1982 and 283,000 chum for 1981, This

estimate excludes the tributaries between river mile 6 and river mile 77

4]

with the exception of the Yentna River,

Petersen estimates for each of the sampling sites and the escapement
estimate from the Yentna sonar site are depicted in Figure 2-15. The
numbers of chum passing the Sunshine station are very large, with
approximately 50,000 chum salmon escaping up the Susitna River and its

tributaries above the Chulitna confluence.

2.4.1.3  Habitat and snvironmental parameters associated with the
adult phase of the life cycle {upstream migration,

passage and spawning)

As with the other species, chum salmon upstream migratory movements can
be influenced by the effects of mainstem discharge. Because this
species spawns in clear water tributaries, sloughs, and some of the
turbid water side channels of the mainstem, a broad array of chum

nabitat conditions may be affected by mainstem discharge changes.
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2.4.1.3.1 Discharge, water quality, and temperature relationships

with the adult chum salmon migration

The chum migrations in the Susitna have a minor correlation with dis-
chargey appavently, short duration high water periods cause a decrease
in migration vrates, This observation is based on both the 1981 and the

1982 data (ADF&G 1982; Appendix B).

Because the mainstem temperature during the chum migration varied
inversely with discharge, the effect of cold water, as well as the

discharge, may be a factor in decreasing upstream migration.

Access into the tributaries for chums 1s similar to other species and
has been evaluated by Trihey (1983). WNo access problems at Indian River

sl 4

and Portage Creek are anticipated under a wide range of flow conditions.

Chum were observed at eight streams above the Chulitna River confluence
in 1982, Portage Creek, Indian River, Lane Creek and Fourth of July
Creek had the largest chum salmon survey index counts. Little Portage
Creek, Skull Creek, Fifth of July Creek, and Jack Long Creek also had
chums present during the surveys. The tributary and the slough index
counts provide only reative abundance of the fish during peak spawning
periods. Absolute numbers or percentage of the escapement using the

different habitat types have not been determined.

Because of the use of sloughs by this species, much of the analysis has
concentrated on passage by adult chums into these areas {ﬁﬁ@@ﬁd%ﬁ B,

66



Chums were observed in 17 of 34 sloughs surveyed in 1982, The greatest
numbers were recorded at Sioughs 21, 11, 8A, and 9, with over 80 percent
of the sitough index counts occurring in these areas, The effects of
discharge on access into the sltoughs are portraved 1in Appendix Table

B-2,

The Tow water year of 1982 compared with the relatively high water year
of 1981 provides an opportunity to compare the effects of discharge
during the spawning season on index counts in the representative sloughs
and over the remainder of the viver in general (Appendix B). The
estimated chum escapement in 1982 was 2.4 times greater past Talkeetna
Station than the 1981 escapement counts. Thrae-hundred-thirty-four
fewer salmon were counted in the sloughs in 1982 than in 1981, despite
the much Tlarger total escapement estimate. Tributary streams, not
affected by the Tow mainstem discharge, had much higher counts in 1982

than in 1981 in the index areas surveyed.

The numbers chbserved spawning in the sloughs versus the escapement, the
distribution of fish within the sloughs, anc v ir response to the short
term changes in discharge (fish rvemaining in the sloughs during the
September high water period were able to move further upstream) provide
abundant evidence that some habitat was unavailable and the flows of

19872 had an adverse affect on the success of slough spawning chums.
The effects of discharge on slough-spawning chum salmon have also been
evaluated using the IFG-1V model for three sloughs that were studied

intensively {Appendix D),
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2.4.1.3.2 Substrate type associated with spawning

Because of the limited range of calibration of the hydr-ulic modeling,
the analysis is limited to only those conditions that were present when
the data were collected., An examination of substrate availability
versus utilization, in the intensively studied sloughs, is described in
Ropendizx C. Substrate quality and quantity ultimately affect spawning
suyccess and is probably a major factor in the behavioral selection of
redd sites by spawning chums, The modeling results described in

Aopendix D suggest a decided preference for certain types of substrate.

As with

i

ockeve, this analysis can be used for determining the effects
of short term flood events on the substrate. Because of accumulated

ediment, occasional flushing flows may be required to clean spawning
gravels., However, such floods occurri g after the eggs are deposited,
may decrease survival. In the case of high flood flows, the substrate
may be removed completely, leaving only armored cobble, unsuitabie for
spawning,  This information, combined with the other environmental

varameters, should provide an indication as to the conditions that will

]

be nece. ary to develop possible mitigation for salmon losses associated
with the project as well as detarmining potential uses of other segments

of the mainstem Susitna cr its side channels uader alternative project



2.4.1.3.3 Other physical and biological constraints on spawning

SUCCess

Other factors may also limit the success of spawning chum. As with
sockeye, predation by bears, gulls, and eagies will probably increase as
the discharge decreases, because of limited cover. [Ice processes and
summer floods strongly affect the morphology of the sloughs and side
channels, in addition to affecting substrate stability. These processes
probably remove beaver dams from the sloughs and side channels and help
maintain the spawning conditions at these sites. Virtually all sloughs
that have no upper berm that is occasionally overtopped (upland sloughs)
have very limited or no spawning by chum salmon or other salmon species.
Beaver dams probably create passage problems in addition to causing
focal sedimentation and decay in the quality of spawning gravels. The
beaver dams on Slough 8A appeared to create access problems during the

1982 chum migration,

2.4.2 Incubation and emergence phase of 1ife cycle
The dncubation of chum salmon ewbryos extends from deposition of the
eqggs in September to alevin emergence from the gravel in mid-April to
June.  The studies of the effects of environmental variables are
Fal!

currently ongoing and the results will be presented in the upcoming

winter report,

fnitial observaticns have indicated that winter overtopping of sloughs




development rates and increass embryo mortality., A parallel laboratory
study on the effects of temperature on development vrates fis being

ildlife Service.

]
fon
5

conducted by the U.S. Fish ar

Z2.4.3 Juvenile rearing and migration phases

The rearing of Juvenile chums was first observed in the upper Susitna
stough habitats during the summer of 1982, Our field collection program
provided information on the distribution and relative abundance of this
species which had previously had limited sampling., The first two or
three months after emergence may be spent in freshwater and significant
growth may occuvr. The amount of fresh water growth may influence long
term ocean survival and subseguent run returns. The Jjuvenile chum
studies attempted to establish the distribution and outmigration timing
of this species and to determine the influence of mainstem discharge on
habitat quality.

2.4.3.1 Relative abundance of juvenile chum szlmon

During 1982, the use of beach seines and electrofishing gear, in addi-
tion to the minnow traps, provided much more information than in 1981 as
to the distribution and relative abundance of Jjuvenile chum salmon,
Chum Juveniles were collected at all sampling sites above the Chulitna

River confluence except for Portage Creek. Al1 sites sampled before the

first of July in the rsach of river below the Chulitna confluence also



[

had chums present except for Rabideux Creek and Whitefish Slough which

were not sampled until after July 1 (Figure 2-16),

The outmigrant trap provided information on the relative timing of the
outmigration., However, the data suggests that the pezak outwmigration may
have occurved prior to the installation of the trap on June 18th
{Appendix H, Appendix Figure H-4), HNumbers of outmigrants peaked about
the time of installation and rapidly decreased after this time. Compar-
ison of the length of the juveniles collected at the onset of the traps
operation with the juveniles collected toward the end of the observed
outmigration, suggests that significant fresh water growth is occurring

above the Chulitna confluence reach of the Susitna,

2.4.3,7 Habitat and envirvomnmental factors associated with the

juvenile phase of the 1ife cycle

Juvenile chum spend as much as three months in freshwater, prior to
outmigrating. The rearing opportunities in the Susitna River estuary
may be quite limited because of the high turbidity, thus suggesting that
fresh water rearving in the mainstem Susitna and its sioughs could be
important for this species. These habitats may act as a substitute for
rearing habitat associated with estuaries usually utilized by chum
during their dnitial growth phases before migration into the deeper
water ocean envirvonments., Although we have Vimited data which support
this bypothesis, cbservations of Juvenile chums within the slough
envirvonments dn the upper and lower portions of the river suggest thig

2 P E e ey b g s s o v [ AU N TR P N A M T T
rearing habitat may be very important for the populaZtion,
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2.4.3.2.1 Physical habitat conditions of rearing juveniles

The 1982 sampling program was designed to provide distributional data on
the chum juveniles and to test specific hypotheses as to what factors
influence their distribution. The rationale for development of the
study design has been described earlier for chincok Jjuveniles and

applies equally to the evaluation of the habitat for chum rearing.

Bischarge §v$}0£éty and depth) relationships and their effects on

&

indices of available habitat

An analysis of the effects of discharge on the usable wetted surface

areas of selected sloughs and tributary mouths s described in
Appendices £ and F. The response of habitat to discharge is Timited to

the confines of the study design and the study sites described. These
study Tocations were selected because of logistical convenience, in

addition to being important for juvenile rearing.

The response of the habitat index %o mainstem dischavrge for chums at
these sites s {fllustrated in Appendix Figures F-13 to F-15. The

pattern obhserved at these sites suggests that Jjuvenile chums prefer

lowaer velocity areas, and are most often associated with the backed up
regions near the mouths of the sloughs and clear water tributaries., The

distribution of chums, during the June and early July samplings,
paralieied that of sockeye saimon so that much of the discussion on
snckeye rearing applies to this species as well, Passege into the

4 TR —
downs tream




natal area way be influenced by the discharge and associated stage of
the mainstem. Slough 6A had high concentrations of juvenile chums, even
though minimal chum spawning occurred there. As with sockeye juveniles,
this may veflect the combination of quality vrearing habitat and

efficient passage into these areas.

This analysis has provided a general method of estimating chum juvenile
habitat availability under a Timited range of mainstem flows., The
advantages and disadvantages of this method for describing the changes
in habitat availability have been described in the chinook Jjuvenile

section.

Water quality and thermal relationships

Water quality may have important effects on the rearing habitat used by
Juvenile chum salmon (Appendices F and G). Chum were found in both
clear and turbid water. The concentrations of chum usually followed the
numbers  of  spawning  adults, Stough  6A, which had significant
concentrations of rearing Juveniles during June, also has very high
cover, easy access, and non-glacial water, although the tannin staining
provides some cover,  Although not quantified, the Juvenile chum
ap .eaved to be found in schools in clear water whereas in turbid area
they appeared to be much more broadiy distributed as individuals., This
type of behavioral influence has been described for pink salmon in the

Fraser River Estuary in British Columbia {VYernon 1966).

5



Temperature s another habitat component that may influence rearing
habitau. In areas where 2 thermal contrast occurred, no ocbvious

influence on distribution was apparent (Appendix F).

2.4,3.2.2 Timing of outmigration from the tributaries, sloughs
and mainstem and its relationship to environmental

changes

The timing of outmigration for juvenile chum salmon 15 apparently much
more keyed to the time of year or associated daylength than with the
other species (Appendix H). The species must migrate to the ocean
within a Timited pevriod after its emergence for successful development.
Changes in growth and development may affect this process and the
tolerance of the fish to salt water is affected (Iwata 1982). Access to
the mainstem Susitna may be affected by very low water levels in the
spring.  Fish have occasionally been observed to be trapped in land
Tocked pools.

Data currently available have indicated that at least a portion of the
poputations rear in the sloughs of the Susitna and cutmigrate during the
first two weeks of June. Insufficient dats were obtained to correlate

envivonmental conditions with the outmigration of this species,



2.4.3,2.3 Food supply for rearing juveniles and its relationship
to other parameters and preference dependency of species

in the system

Only VTimited observations on the food habits of vrearing chum were made,
The few stomachs analyzed from juveniles collected during the 1982 field
season, suggest that the fish are actively feeding and that Chironomids
may be the primary food item (ADFAG/Su Hydro unpublished data). Because
the survival of this species in the Cook Inlet area may be keyed to
fresh water growth, further study of the availability of food sources

and the dependency of chum on these food sources would be desirable.

2,4.3.2.4 Predation and cover relationships

As discussed for the other rearing species of salmon, cover appears to

be an important factor for juvenile chums. This wmay affect the pre-

dation on juvenile chums,



Pink salmon

0
&
[

Pink salmon, otherwise known as humpback salmon or "humpies”, have a two
year life cycles which results in distinct odd and even year runs. In
the Susitna River, the even year run is the strong run; thus, the 1982
season provided an opportunity to monitor various components of the
adult 1ife history. During even years, pink salmon are the most abun-
dant species of salmon in the Susitna River. Figure 2-17 depicts the
distribution of pink salmon in the Susitna by 1ife history stages

associated with macro-habitat areas in the Susitna River basin.

2.5.1 Adult phase of life cycle

2.5.1.1 Adult harvest by sport and commercia: fisheries

The pink salmon of the Susitna River contribute to substantial harvests
by both sport and commercial fishermen. A summary of the sport and
commercial harvests is presented in Figure 2-18. Harvests of the even
year commercial catch have averaged about 1.6 million with odd year
averaging less than 10 percent of that number. The commerciai harvest
fluctuates greatly, even within comparisons of strong and weak year
harvests, Even vear harvests nave varied from over 3,000,000 to fewer
than 500,000 fish while the odd year has varied from over 500,000 to a

Tow of 23,000 fish.

The sport catch of pink salmon exceeds that of all other species of



]

gmm &
[T R

-

2 oz
53w L=
- 5
LA bt
5 g . P
S8 U z =%

S 2 3
e~ @ £ 5 "2
=g B 2 o 2o
'R B B B
36 5w g 22
[ [ R |
25 < B 9 aa
CR I I B R
& B 5 P wma
£ L b “
4 E om v e

D -

a5y 440G

b A s

) b .
BuAf . iy ot W
g uep = =
886 1405 MM

Grig.hip =
Hsunp gy D
U u0p
awm;%m
Boy b g
pUAP. sy uz
B T
360 ey
oy By . ayap

Oulmigroting Juven

Ct
983a, 1983b).

i

(1

.G

&2 - E gom 43
Bay-Ainf g m o
S wnpaey g po
15 uop o £
Al 5. M S B - i
93 eduy

Bhgod g %
sunp .y U7

y from AD

454 . vEg S
s0g.1d6g =, B
Brg . dipp L2 ,m
gung . gdy U3 s WMW

opg -ugp

Spuwning & incubo

wag-jdes - Rw
By Ape e
gy E By
Sung. ady £ b
{
- unp A
= o |
S o
L)
o~ W0
« Sy ydag o @U
A Angy Adgn R
sy sy o e
FET T e
eetenston A
Wy - ey m e
By aynp E e T
T w% T L)
FunE oy ol P
g s p 4 G
y i o
-G = [
A Boy cynd g i e
: e
By aby iy ey
U WP o
| veg adey
! i § Baygoapar )
baunp sy o -~
. v ) M,m& Ly pR sz
m ! Ty ! o
4 w
o & o 2
5o 8 et
] g o

| BADIEY 0 18Py

L




HARVESTEDR

OF FigN

snmsemeenes JPPER COOK INLET HARVEST

{tociudes aon-Susitng stooks)
g s o . SUBSISTENCE » TYORE K
55 e G AST SIDE BPORT FigH
*E e s YEST SUSITHA SPORT FISH
B o o o v TOTAL GPORT FISH

ZTD0-

P Y

2440y

2100~

w

O -

1804 -

R

SO -

wod | /

i

5 mma%“
S

3 §

¥ H ¥ L e H ¥ H * ¥ &
WEG 67 8L 64 8% &5 &7 68 &9 YO Tv ¥R rE o4 B FGOOTT v Yy B0 Bt 1483

YEARS

%3 g g T Ju g o TRy ey e o L B T y . g . .

Figure 2-18.  Harvest summary of Cook Iniet and Susitne River pink
v sl 4 s g e e g ay Ao o F R, BEVE g o s Y

tis. darvest data from ADFRG (1981fF) and

r
nray (Personal communication, ADF&G, Anchorage),

svbsirtence catch data from Foster (1982) and sportfish
cate’ data from Mills (1982). Data from 1997 are

oretiminary,



5.1.2  Adult escapement

An accurate estimate of pink salmon escapement into the Susitna River is
not available, Scnar counts at Susitna Station have provided an escape-
ment index that ; been used for management purposes in recent years.
An escapement estimate for the Susitna River drainage, that excludes
tributary streams below river mile 77 and above river mile 6 with the
exception of the Yentna River drainage, has been calculated. The Yentna
sonar counts were combined with the Sunshine station Petersen estimates
producing a total estimate of 85,600 pink salmon in 1981 and 890,500

pink salmon in 1982 for this portion of the drainage.

Escapement estimates for each of the sampling sites conducted by the
Su-Hydro Studies are included in Figure 2-19. These figures use the
sonar sites at Yentna Station and the Petersen population estimates at
Sunshine, Talkeetna and Curry Stations. Total estimates of 73,000 fish
above Talkeetna in 1982 as compared with the 1981 estimate of 2,300

indica

C“?

that the even year lied a higher proportion of Tish using this
reach of river then the odd vear when compared with the overall Susitna

i

River escapement.

Sonar counts were concicted at Sunshine and Talkeetna, in addition to
the estimates obtained by FPetersen indices, Differences batween the
estimates obtained by the Petersen indices and the sonar counts are

discussed in ADFRG (1983a) and Appendix A,
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.5.1.3  Habitat and environmental parameters associated with the

adult phase of the life cycle

As with the other saimon species during the upstream migration in the
mainstem Susitna, pink salmon encounter varying environmental con-

di

ity

tiv s, including discharge and temperature variations. As they
approach their natal spawning areas, the adult pinks must be able to
gain access into the spawniny clear water tributaries and sloughs.
Pinks spawn primarily in tributaries but limited numbers were observed
spawning in sloughs in 1982. Although not as important to the pink
salmon population as for the chum or sockeye population, the effects of
mainstem discharge on slough passage and usable spawning habitat have
some  importance to the continued propagation of the species in the

Susitna River,

2.5.1.3.1 Discharge, water quality, and temperature relationships

with the adult salmon migration

The pink salmon upstream migrations exhibit a minor inverse correlation

K

with dische

-
%\.

rge as it appears that rapid increases in discharge and
perhaps the associated decrease in temperature, decrease the migration

rate. ATl of the adult salmwon specic: were similarly affected.

Breess veqr vements into the major tributaries is similar to the other
species and been evaluated by Trihey (1983). Pink salmon were found

in virtually all of the minor tributaries in the Susitna River above the



Chulitna confliuence (fourteen in total), Indian River, Fourth of July
Creek, Lane Creek and Portage Creek had the highest index counts.
Because of the broad distribution of this species, access into the
smaller tributaries is also important. Studies eof the mouth of some of
the smaller tributaries under alternative flow regimes has been

conducted by R&M Consultants (R&M 1982),

As previously noted, the clear-water feeder streams support the majority

the pink salmon spawners with sloughs having a minor role. Passage
into the sloughs at the various stage levels has been evaluated for
those species Visted in Appendix B and apply to pink salmon as well.
Important sloughs for pink salmon include 11, 20, 21, 64 and 6B. Slough

15, although not assessed, had large numbers of pink salmon present.

An analysis of the hydraulic conditions of Slough 8A, 9 and 21 are
presented in Appendix D. Because of the Vimited use of sloughs by pink
salmon, insufficient data were obtained for this species to develop
reliable criteria for projecting habitat availability under various flow

regimes.,

Habitat requirements associated with spawning have not been established

.,%
fo)
-5
i

his species because their spawning habitat is generally not associ-
ated with the Susitna mainstem. However, such information will be
useful to ascertain if adverse effects of the project can be mitigated
by development of spawning populations in the mainstem under post-
project conditions. The Timitations of the existing dota base wmay be

P

partially remedied during the upcoming field season, but the odd vear

83



may 1imit the amount of data collected and not reflect the full spectrum

of habitat used by the stronger even year run,

The thermal differences between the sloughs and the clear water tribu-
taries may provide a partial explanation for their appavent prefarence
for tributary habitat. Pink salmon spawn somewhat earlier than other
species (except chinook) which accelerates initial development before

the winter cold water temperatures begin to retard development rates.

Other factors, such as substrate stability during the incubation period,
ice processes, and effective cover during spawning may Timit the pink
satmon's selection of spawning habitat. The other factors discussed for
Timitations on mainstem spawning for the other salmon species, apply

egually to pink salmon and are not repeated here,

2.5.2 Incubation and emergence phase of 1ife cycle

Because most of the population of pink salmon use the clear water
tributaries for spawning and subseguent fincubation, Tittle study has
been conducted on these phases of the life cycle of this species. To
evaluate of the wmainstem Susitna under post-project

infyrmation on the conditions

associated with embryo development 1in the clear water tributaries.
Studies of thermal requirements and associated developmental rates of

pinks in clear water tributaries are planned for the fall and winter of

84



2.5.3 Juveniie rearing and migration phases

Pink salmon wusually outmigrate immediately upon emergence from the

s

gravel in the spring and have a very abbreviated freshwater 1ife cycle

T

{(Morrow 1980). Most rearing probably occurs during the outmigration
through the mainstem and in the Tower reaches of the Susitna and its

estuary.

2,5.3.1  Timing of outmigration from the tributaries, sloughs and

mainstem and its relationship to environmental changes

Studies conducted during the spring of 1983 should provide more insight
into the outmigration and emergence of pink salmon. Available data
suggest emergence will occur as early as Tate March and continue through
the end of May. The outmigrant trap, which began operation on June 18,

collected very few of this species: perhaps outmigration was essentially

completa by this time.

Only Timited information s available on environmental factors that
affect pink salmon developmen rates during embryo development. Again,
ongoing studies should provide wore information as to what factors

influence this ocutmigration.

2.5.3.2  Other physical and biological constraints

2 ©

The freshwater juvenile life phase of pink salmon is rather brief. The

fecting freshwater survival after emergence is probably
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predation by resident fish species or birds. We have no data on the
effect of predation on survival of pink salmon juveniles in the Susitna
River., However, if a substantial reduction in turbidity of the Susitna
were to occur following flow regulation, predation may be accelerated,
During the lower flow years on the Fraser River, decreased survival of
pink salmon in the estuary was observed (Vernon 1966). Such factors may

be equally important in the Susitna River,

o



fa

.6 Rainbow trout

Rainbow trout are one of the more important sport fish in the Susitna
River drainaye, Although not numerous, they are the object of an
intensive fishery at areas of Tlocal concentrations. Rainbows are
normally associated with the clear waler tributaries but are found
throughout the river. The tributaries of the Susitna River, such as
Portage Creek and Indian River, are near the northern-most point of the
rainbow trout’s natural geographical distribution in North America.
Therefore, the species may be very sensitive to environmental changes,
particularly with regard to its reproductive cycle,

3

2.6.1 Adult phase of Tife cycle
2.6.1.1 Sport fishery harvest
Sport fisning for rainbow trout occurs throughout the open water season,

Rainbow trout fishermen 1in the Susitnz drainage generally concentrate

their effort at the mouths of clear water tributaries,

the sport fishery for rainbow trout in the veach of vriver above

Talkeetna occurs at Whiskers Creek, Lane Creek, Fourth of July Creek,
Tndian River and Fortage Creek., Information on the extent of the
harvest is Timited to data available from Mille (1982) and is presented

in Table 2«1 for rainbow and all other species of sport fish,

¥}



Table Z-1. Summary of resident sport fishery harvest in the Susitna River,
1977-1982 . %

Year
Spacies 1977 1978 1979 1980 1981 1982

Rainbow Trout 13655 18948 23081 20060 21843 19399
Doliy Varden 5824 9148 9518 577} 5911 6214
Arctic Grayling 11883 13325 19578 20206 17110 16272
Northern Pike 132 316 382 232 125 6C7

Burbot 734 424 881 1073 431 975

* Sport harvest data from Mills (1982) and preliminary 1982 data.

[a X%
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2.6.1.2  Adult population indices

The population information on rainbow trout is derived from relative
abundance data collected by electrofishing and trot Tine catches as
recoveries of marked rainbow trout do not provide sufficient information
to estimate their abundance. However, the relative magnitude of the
population can be estimated with this data. During the 1982 season, 18
of the 195 fish tagged in 1982 and 11 of 206 fish tagged in 1981 were
recovered.,  These data suggest the population 1is small and perhaps
numbers in the thousands., Systematic collection of mark and recapture
information over selected reaches of habitat during the 1983 summer,
after migratory movement has ended, should provide more precise

estimates of local populations.

2.6.1.3 Habitat and environmental pavameters associated with the

kS

adult phase of the 1ife cycle.

The distribution patterns of rainbow trout and other resident fish are

resented in Appendix G, The habitat of the Susitna River has been

]

classified 1into several major types. These include clear water
tributaries, tributary wmouths, upland sloughs, side sloughs without
major tributaries, side sloughs with major tributaries, and mainstem

sites In addition, the study sites examined most intensively were

¥

further sub~divided finto zones., The zone classification grouped the

3, 7

collected data into areas influenced by backwater of the mainstem

“ £ e oy PR 4 vy e y o g I A T, . oy PR - S b do
Susitna, aveas that had different water sources, and aveas that
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had different water velocities. This anaiysis is included in

The distribution of rainbow trout followed the expected pottern with

[

tributaries having the highest concentrations and mainstem sites having
the Towest. Siougns were intermediate. The distribution of fish, as

indicated by catch per unit effcrt data, demonstrated a preference for
tributary water; the highest concentrations were found in the clear
water areas, fTollowed by mixing zones, and the lowest concentrations
were in mainstem  Susitna water during the open water season.
Comparisons of vrainbow trout distributions 1in zones with different

velocities, i.e. zones backed up by the wmainstem, and zones not

ek
(£

intluenced by the mainstem, only showed minor differences. Th
observation agrees with the general distribution of rainbow trout catch
%,

data, and reconfirms the close association of this species with clear

water tributaries.

During the winter months, rainbow trout apparently move 1into the
mainstem Susitna, as demonstrated by increasing catch rates near the

2

mouths of the clear water tributaries. Radio-tagged fish demonstrate
ittle movement in the mainstem aithough some downstream migration has
securred durong the winter period, The fish appear to concentrate,

since catch rates of rainbow at relocation sites of the radio-tagged

to be higher., Further studies of radic-tagged fish are

progress and should provide better information on the

ized by this species during the critical over

d, Our limited data indicate a possinle association with ground



water areas which have warmer temperatures and higher levels of

conductivity,

2.6.,2 Reproductive phase of life cynie and juvenile dis-

tribution and abundance

Because of the lack of information on rainbow trout spawning avsas in
the Susitna drainage, much of this information is inferred vwuys ips
distribution of juveniles. During the spring, gravid adults have been
captured at the mouths of clear water tributaries, such as Fourth of
July Creek and Indian River. [t is believed that rainbow trout in the
Susitna River dra‘nage spawn in the upper reaches of clear water
tributaries, although Timited investigations 1in these areas have not
documented this event. The numbers of juveniles collected are very few
when compared to other clear water spawning species such as Arctic
grayling, This suggests that spawning success is low or that the
reaving of the juvenile rainbow trout is confined to the tributaries,
and not, to any appreciable extent, associated with the mainstem
Susitna. Spawning may be a critical factor limiting the northern

distribution of this species.

gy

urther investigations of the spawning rainbow trout and of the clear

P

o

&
Ml

r tributaries are planned during the spring of 1983 and should help

resolve this guestion.



2.7 Burb

fane
s

Burbot are common in the mainstem Susitna River and are among the few
species that indicate preference for the turbid glacial water, This
species is considered a sport fish but the harvest rate is Tow when
compared to its relative sbundance in the system, 1Its apparent prefer-
ence for glacial water and the possible decreases in turbidity of the
upper Susitna HRiver under post-project development has necessitated

research on this species.

Z.7.1 Adult phase of life cycle

2.7.1.1 Sport fishery harvest

Burbet harvests in the Susitna have been retatively small when compared
with other, move popular, species such as Arctic grayling and rainbow
troyt., A summary ¢f burbot sport fishing harvests is listed in Table
2-1 (Mills 1982), Burbot are primarily harvested by local residents and
its flavorful flesh 1is considered to be of high table guaiity. The
appavent abundance of this species in the vriver suggests that the
current populations could support & higher harvest rate.
2.7.1.2 Adult populaticn indices
trily relative abundance information is cvailable foo bLurb~t . Recovery

of marked fish during 1982 were Timited to three of 265 .gged figh.
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cayse of their broad distribution, burbot were often caught at
mainstem sites. Populations of specific reaches of river have not been
obtained, but an intensive mark/recapture program is being initiated in
the summer of 1983 to establish reach specific densities. Further
discussion of the relative abundance data with respect to macro-habitat

differences follows,

2.7.1.3 Habitat and environmental parameters associated with the

adult ph.se of the 1ife cycie

The relative catch per unit effort at the various sampling sites was
compared with the macro-habitat conditions at the sites Tisted in
Appendix G. In addition to the habitat conditions within different

zones, a further subdivision of the macro-habitat were evaluated for

differential catch rates (Appendix F),

Asc discussed earlier, burbot are primarily associated with the mainstem
river and although significant numbers of burbot were taken at tributary
mouths by electrofishing methods, this gear type is not as effective in
the mainstem habitat and a complete distribution scenario or burbot in
the Susitng River is not possible. The distribution by zones suggests a
dramatic segregation by habitat with a strong avoidance of clear water.
The disteibution demonstrates preference for fast water as well as the
turbid conditions. On the Tanana River, Mecum {1982) observed a similar
avoidance of clear water sloughs and preference for the turbid side

i b P I
channels,



2.7.2 FReproduction phase of the 1ife cycle and juvenile

distribution

Habitat conditions associated with burbot spawning have not been
astablished because of difficult winter sampling conditions 1in the
mainstem Susitna. Studies currently under way using radio-telemetry
equipment may provide some insight into spawning requirements. Burbot
are known to spawn in the winter at the mouths of the larger Tlower
tributaries, such as the Deshka River, This river mouth has relatively

deep water and a siit or sand-laden bottom.

Burbot larvae were observed in the Susitna River at several sites above
Talkeetna indicating some spawn’ng takes place in this veach., The
larvae, collected 1in June 1982, were associated with the silty,
tow-velocity areas near the mouths of several sloughs. This suggests
that the mainstem Susitna in this region has Timited use by spawning
burbot. Ongoing studies on the river may provide more insight into the
use of the mainstem river and further details on the timing and use of

particular habitat conditions by this species.

Intermediate age class fish were coliected by the outmigrant trap
tocated 4.5 miles above the Chulitna River confluence. This suggests
that rearing burbot as well as the adults use the mainstem. Other than
their association with the mainstem, 1ittle is known about the specific

habitat utilized by the vounger age class burbat.



2.8 The Whitefish - Round, Humpback, and the anadromous

Bering cisco

Two species of whitefish (Family Coregonidae) are broadly distributed in
the Susitna River. The anadromous Bering cisco was found to be present

in the Susitna River for the first time during the 1981 studies.

Z2.8.1 Adult phase of Tife cycle

2.8,1.1 Sportfishing and other harvests

Although whitefish species are abundant and broadly distributed in the
Susitna Hiver drainage, statistics collected by the ADF&G Sport Fish
Divisior indicate that there is 1ittle use of these species by sport
fishermen., They ave, however, utilized by sport and subsistence

fishermen in other parts ¢f the State.

2.8.1.2  Adult populations indices

2.8.1.2.1 Round whitefish

Round whitefish were the wmost abundant of the whitefish species
collected in the Susitna River during 1981 and 1982, Catch per unit
effort data suggested this species is eight to ten times more abundant
than the humpback species. This species is possibly the most abundant

resident species occurving in the mainstem Susitna.



2.8.1.2.2 Humpback whitefish complex

Humpback whitefish were collected throughout the study areas but in
fesser concentrations than the round whitefish., Although taxonomically

complex, the species of humpback whitefish in the Susitna River has been

tentatively identified as Coregonus pidschian based on the number of
gill rakers observed in a significant sub-sample of specimens. Concen-
trations of this species occurred near Sunshine Creek and near Portage
Creek. Significant numbers were alsc captured, in September by the
fishwheels at Sunshine 5tation. This indicates a fall upstream spawning

migration.

2.8.,1.2.3 Bering cisco

Prior to the discovery and identification of Bering cisco in the Susitna
River during the 1981 studies, only one confirmation of Bering c¢isco in

Cook Inlet was on vrecord ({Morrow 1980). The spawning areas and

2

assoctated habitat in the Susitna River have now been described,

Although a population estimate of this species was not attempted, over

500 individuals were observed or caught at the spawning areas samplied.



2.8.1.3 Habitat and environmental parameters associated

with the adult phases of the Tife cycle.
¥

The habitat parameters associated with the whitefish species is poorly
understood.  Because of the lack of economic importance of these
species, little research has been conducted on their habitat relation-
ships in northern areas. Even basic Tife history information is quite
Timited. For example, the 1982 recapture of a Bering cisco that had
been tagged while spawning in 1981, is the only known evidence that this

species may be capable of repeated spawning.

Point specific data were recorded for a limited number of spawning sites
for these species and ave listed in the data reports for 1981 and 1982,
The data 1s most complete for Bering cisco, which were concentrated at

the few spawning sites Tocated.

With the exception of burbot and longnose suckers, the whitefish ap-
peared to be more capable of using the mainstem Susitna for rearing
habitat. The data suggests that round whitefish migrate into the larger
clear water tributaries in the early spring while significant numbers

P g

remain  in  the mainstem Sugitna. These mainstem areas are often

agssociated with tributary moutns or clear water sloughs where turbid and

clear water mixira occurs.




The humphack whitefish has similar behavior but may also have some of
their 1ife cycle asscciated with the estuary., The small numbers of
humpback whitefish catches have precluded obtaining sufficient infor-

mation on their habitst requirements.

2.8.2 Reproductive phase of 1ife cycle

The majority of the data on spawning habitat conditions has been col«
lected on Bering cisco in the mainstem river. There 95 also some
pvidence of round whitefish spawning 1in the mainstem.  Humpback
whitefish apparently spawn in the clear water tributaries exclusively,
as we did not collect spawned out individuals associated with the
mainstem, Most of the upstream migration of humpback whitefish was
apparently associated with the Chulitna or Talkeetna drainages, with
some spawning in the mainstem or tributaries of the Susitna above the

Chulitna confluence,

The hydraulic characteristic

(¥4

for spawning areas used by Bering cisco in
1981 and 1982 near the Parks Highway Bridge, have been described. These

2

data are presented in the basic data reports. Becauyse this species

spawns during early October, changes in discharge of the mainstem during

and during the incubation pericd could subsequently affect

A

duction,  Changes in discharge could dewater the incubating egys

[P TR R P B N . P N N Y T e oy g AR RS B
while higher velocities could scour the spawning areas. The relativel
tlabie discharges under natural condifions during this period may bhe

indicative of & vequirement for successful rveproduction of this species.

an



Sufficient spawning location data to evaluate hydraulic conditions and

irements for the other whitefish species has not been collected,

2.8.3 Juvenile rearing and migration

Substantial numbers of Juvenile vround whitefish were collected at

mainstem sites or adjacent to the clear water sloughs of the Susitna
Throughout the zummer of 1982, juveniles of this species were collected
by the outmigrant inclined plane trap Tocated 4.5 wmiles above the

Chulitna River confluence,

In August of 1982, substantial numbers of humpback whitefish were also
cotlected in the trap. This species may be anadromous and these catches

Cook Inlet

8]

coutd be indicative of a Jjuvenile outmigration to th
estuary, Although evidence of juvenile outmigration exists for the
other whitefish species, we do not have evidence of riverine rearing or
juvenile outmigration for Bering cisco. Instead, it is believed that

the young of this species outmigrate as larvae and rear in the Cook

Inltet estuary.

The habitat reguivements for juveniles of all three species ave poorly
understood,  Although significant numbers have been collected at

A

mainsten sites, they appear to concentrate near the sloughs anu

tributary mouths.
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fulachon are probably the most abundant species of fish that occur in
the Susitna River drainage. They currently are not significantly
exploited but may be very fimportant in the estuarine and pelagic
environments as a food item for other species of fish and sea wormels

{other invesligations are cited by Hart 1973).

2.9.1 Freshwater reproductive phase of Tife cycle
The Susitna River has two ruus of eulachon. In 1982, the first run
began in mid May and the second run began on June I1st. The runs
progressed rapidly and were essentially over by June 8th. The runs
extended upstream in the mainstem Susitna to river mile 48.5 with most
of the spawning occurring between river mile 8.5 and the Yentna River

confluence,
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Eulachon ave not heavily exploited. Observations of the sport fishery

je s

during the spring of 1982 indicated that the primary effort occurs
hetween river miles 10 and 30, Field personnel estimated that several

3

thousand eulachon were harvested during this period., There currently is



2,9.1.2 Adult escapement

The populations of eulachon are very large in the Susitna River and are

-

believed to be ¢

o

mposed of mitlions of fish. Large accumulations of
carcasses ssveral feet deep were observed to extend over hundreds of
feet, after spawning was completed. Although this species is capable of
repeated spawning, mortality rates after the 1981 and 1982 runs observed
by ADFEG bioiogists were apparently very high, Much of the informatior
resented in the (ADFAG 1983a) data report is the first information
recorded on the distribution, abundance, and habitat used by this

species in the Susitna River,

2.9.1.3  Habitat and envirormental parameters associated with

spawning

The vrung entered the Susitna River apparently without any obvious
covrelation with water lemperature or tidal stage. The species appears
to ytilize only the mainstem Susitna and the Yentna River before

spawning,  This species appavently uses a broad range of habitat

fos

conditions with the moderate velocity areas being preferred  Spawning
takes place in water depths of a few inches fo greater than four feet,

'#

strate varies considerably, but aveas of sand and gravel or silt and

gravel ¢it2g are preferred.

z

The data base for evaluation of habitat requirements for eulachon is
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small since this was the First year this species was studied. Turthey
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information will be collacted during the 1983 spring investigations.

s



2.9.,2 Juvenile emergence, rearing and migration

The Juvenile portion of the Tife cycle and outmigration has not been
studied and all information on this sublect must be inferred from the

timing information obtained on the adult spawning run,

Fulachon eggs hatch in 20 to 40 days (Hart 1973), depending upon the
water temperature. Shortly after hatching the young passively migrate
as larvae to the Cook Inlet estuary where they rear. The rearing phase
of the life cycle is entirely in the estuarine environment (Morrow 1980)
which indicates the Tarvae would be out of Susitna River by mid-July of

gach year,



2.10 Miscellaneous game species (Arctic grayling and Dolly Varden)

Aretic grayling and Dolly Varden are two common species in the Susitna
drainage which are the target of a sport fishery at clear water
tributary mouths., Grayling are common above the Chuiitna confluence and
are frequently caught by sport fishermen. Dolly Varden are common in
the Talkeetna River and the Susitna Kiver downstream of the Talkeetna

River confluence,

2.10.1.1 Sport fisheries harvest

Harvest data for grayling and Dolly Varden have been compiled by Mills
(1480) using data from the statewide angler surveys (Table 2-1). Ubser-
vaticns of harvest above the Chulitna confluence indgicate grayling are
the most commonly caught resident sport fish in this area and rainbow
trout are als” frequently caught. The sport fisheries are primarily
restricted to Indian River, Portage Creek, Lane Creek, Fourth of July
Creek and Whiskers Creek, although some harvest occurs at other small
tributaries., Dolly Varden are rarely caught in this area as reflected
in the relative abupdance dat~ presented in the data veports. In the
Susitna below the Chulitna confluence, sport fisheries occur at most of
the clear water tributaries for both species. Dolly Varden are much

lowery arsa.,

g

nore common in this
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2.10.1.2 Adult population indices

The reiative abundance of grayling and Dolly Varden have been described
in the data reports for 1981 and 1982. Electrofishing in the mainstem
and ¢lear water tributary mouths in both reaches indicated migratory
movements of both species during the spring. Grayling were also abun-
dant in the fall, Limited sampling in the Tower river “n the fall of
1982 was probably the reason a similar trend was not observed for Dolly
Yarden. This data infers that the mainstem Susitna is used by these

species from September until the second week in June,
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2.10.1.3 Habitat and environmental parameters associated

the adult phase of the 1ife cycle.

The distribution of grayling in macronhabitat areas associated with the
mainstem Susitna s reported in Appendix G. Adult grayling were most
often sssociated with the mouths of the c¢lear water tributaries, These
areas were essentially, extensicrs of the tributary during the summer
months.  The mainstem Susitna was much more important to the younger age
classes in the open water season. Since few Uolly Varden were collected
above the Chulitna confluence, very Tittle gquantitative data was
obtained for this species on this reach., They appear however, to follow

& pattern sin

itar to the distribution of grayling with wmigratory

4

movements up the clear water bributarie

P

in the spring and back down in
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e fall, As this species 15 known to be a predator on salmon juveniies
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apd salimon egas, thelv distribution may be more closely asseciaved with
the salmon distribution than the gpecitic sryivonmeniay conditions, A




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

ki s na w A i, g PICTRN R g
areas werve generally at arveas of lower velocity.
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Juvenile Dolly Varden were collected in insu/ficient numbers to suggest

any trends or hypothesis as to habitat relationships.



2.11 Other species of the Susitna River drainage

The Su-Hydro Aquatic Studies have concentrated on species with
significant commercial or sport fishery harvests and on other species
that have important biological considerations. The following species to
be discussed ofien are abundant but existing information indicates they
have broad environmental tolerances or are rare in the Susitna River
hahitats that may be affected by the development of the hydroelectric
project. These populations could become more important if conditions
were to develop under post-project operation that benefit these species
to the detriment of the species that are of more economic importance.
We currently Tack encugh information on these species to predict

responses by their populations to altered environmen‘al conditions.

2,111 Threespine sticklieback

Threespine stickleback are most common in the Susitna River below the
Chulitna River confluence., Large numbers upstream of the confluence
ware collected in the vicinity of Whiskers Creek and associated slough
in 1981 the 1982 catch date for this reach was much less, The reason

for this difference 1s not known, however the high water during 1981 may

be related to the decreases in population, As threespine stick
may be competitive with rainbow frout or sockeye salmon juveniles,

increasas in numbers may not be desirable. If the above hypothesis is

true for the Susitna River habitats, stabilization of flows could cause

£

substantial increases in numbers, pavticularly above the Chulitna

Q}



confluence., Migratory movements during the spawning period for this
species suggests they are able to redistribute quite easily. The
outmigrant trap catch rates for threespine stickleback in August and
September indicated that large number migrate into the Tower vriver upon
the onset of winter, Observations in May, 1983 of very large upstream
migrations of threespine stickleback in the lower Susitna River suggest
that the anadromous variety of this species occurs in the Susitna River

drainage.

Factors which affect the abundance of this species ave poorly under-
stood. Monitoring of the threespine stickleback population with corre-
sponding measurements of mainstem discharge and associsted habitats
appears to provide the best method for estimating their longterm

responses to discharge variations in the Susitna mainstem.

2.11.2 Longnose suckers

This species is broadly distributed in the mainstem Susitna and utilizes
turbid water environments. They are also associated with clear water
tributaries as are almost all of the species that occur in the system.
Because of theiv relative abundance, we have collected data associated
with theiv rearing habitat for both adults and juveniles. The spawning
areas that have been characterized were associated with the mainstem
Susitna. Longnose suckers are broadly distributed and are found in the
mainstem Susitna above Devil Canyon. Juveniles have been collected in
targe numbers in the c¢lear water sloughs above the Chulitna confluence.

ST T . i P . T 1 e e
Gne unusual finding was the presence of male longnose suckers in SPaW -
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ing condition in the fail., This speciss 1s generally considered to be a
spring spawner and the presence of ripe males in the fall was unexpected
(Morrow 1980).  Spawning was not observed and whether ripe males
overwinter in this condition or a fall spawning poputation exists is not

know .,

2.11.3 Arctic lampray

Arctic Tamprey were not collected in large numbers; however, because the

&%

collection methods rad were not effective for this species. The
species s broadly distributed in the Susitna iver with the largest
numbers observed below the Chulitna confluence. There appears to be an
anadromous form as well as & resident form of this species in the river.
Size 1is used as the primary criterion in distinguishing these forms
{Morrow 1980). We did not obtain any evidence of Arctic lTamprey being
parasitic on other freshwater species collected, Spawning is thought to
occur in the clear water tributaries above the Chulitna confluence as
concentrations of ammocoetes were collected at Gash Creek and Whiskers
Creek, Spawning was observed and habitat conditions recorded in Birch
Cresk Slough. Other than the distribution associated with collection of
adults and immature Tish, Tittle information has been obtained on the
habitat relationships of Arctic Tamprey. Morrow (1980) concludes that

there is Tittle information indicating that this species has significant

importance to man.
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The slimy sculpin is broadly distributed 1in the Susitna River basin.
This species s common in the clear water tributaries and often appears
to be abundant. Lesser numbers are also found in turbid water mainstem
anvironments. This species fis almost entirely finsectivorous but its
feeding habits confine it to bottom organisms and it probably does not
compete with salmonids. Morrow (1980) suggests that when Targe numbers
ogecyr they could compete with salmonids although this has never been

documented,

We have chserved what appears to be a displacement of salmonids in micro
1 i

nabitat areas of the sloughs and clear water tributaries. Riff1

o
2

reas
of moderate velocity that had high numbers of sculpins, usually had few
or no chinook juveniles, Peripheral areas with more depth and cover had
hiigh concentrations of Jjuvenile chinook. Wangaard (personal communi-
cation) observed in the Kenai river, what apoeared to be territorial
defense by slimy sculpin toward Jjuvenile chinook when they would
approach the substrate over which sculpin were feeding. Other than the
general distribution of this species in the macro-habitat areas sampled,

we have not clearly defined habitat relationships. Their broad dis-

&

i

tribution suggests that they would not be particularly sensitive to

kY

changes in their environment but that local populations might be




2.11.5 (ther species

Northern pike is the only other species collected during the course of
the Su-Hydro investigations. One northern pike was collected in the
lower rviver in Kroto slough in 1981 and one was captured at the Yentna
Fishwheel site in 1982, This species has recently become established in
the Yentna drainage. The distribution of northern pike may be expanding
which is not considered desirable because of the predation potential on
salmonids, This was the first record of this species in the mainstem

Susitng.

There are probably several other species, not collected by this program,
which are present in the river near the estuary. These include the
Pacific Tlamprey, nine-spined stickleback, other species of sculpin,

starry flounder, and other species of smelt (Morrow 19807.
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. THE FISHERIES STUDIES WITHIN THE BOUNDARIES OF THE PROPOSED

[MPOUNDMENT ABOVE DEVIL CANYON

Studies conducted during 1981 and 1982 above Devil Canyon have been
directed at estimating the populations of resident species in the clear
water tributaries within this region and of certain portions of the
mainstem Susitna within the impoundment zones. This information has
been used to estimste the exploitation rate that these streams are

able of sustaining by sport fisheries.

7(3
%z

I The fishery resources of the clear water tributaries of the

W 4

fond

impoundment zones

The fisheries studies over the 1981 and 1982 period have concentrated on
the Arctic grayling population associated with the clear water tribu-

taries of the impoundment. These streams are essentially unexploited

and offer high quality sport fishing.

The studies included surveys for salmon that have ascended Devil Canyon.

been documented above the first rapid in Devil Canyon but

none  have Dbeen observed above the rapids below Devil Creek, the

M N g 2o Dienegd 5 b
upparmest rapids in Devil Canyon,

Other studies included investigations of mainstem habitats and fish

- Fel

populations in Sally Lake. This small lake lies in the Watana Creek

drainage and will be inundated by the Watana impoundment.
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selectivity of the gear provided the opportunity to analyze the
sbential effects of incrementally dncreasing sport fishing on the
Arctic grayling populations. This aralysis {s presented in Apperdix I,
The Arctic grayling population, under the assumptions of this del
demonstrated a susceptibility to fishing pressure with the




Ting population estimates by tributary habitat evaluation
, Proposed Irpoundment Areas, 1982,

Population” Grayling/ Grayling/
Estimate Mile Acre
2426 1103 56

949 791 90
Jay Creek 1592 455 101

Fog Creek 176 449

Totals 16,346 664

a. L. c e
correction factor included.

b

95%.
{: 5 i E 5 % N e “ H £ T
Inciudes only that part of Deadman Creek below falls.

@, IR
From ADFEG (1983d).



guickly disappearing from the population under relatively low levels

fishing pressure. The maximum sustained yield, in terms of numbers of
fish caught and kept, s approximately four times the Tevel of effor:
axpended by ADFEG crews during July of 1882,  This model alsy
demonstrates that the initial years of harvest will provide a relatively
high Tevel of catch before the population becowes stabilized at the
maximum sustained yield harvest level. The catch per unit effort of the
sport fishermen can be expected to decline accordingly following the

initial years of harvest.

The onset of construction and the influx of 3,000 or more construction
workers and the opening of the area to the public by the construction of

aecess roads, will result in substantial increases in fishing pressur:

ﬁa

on thaese streams. Depending on regulations and access control, this
model can be used to evaluate the probable effects of the fishing
pressure change on the grayling populations in the system and car

suggest some type of mitigation strategy.
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Relationships of growth, population, and production

data to general and site specific habitat variables.

The Arctic grayling growth rates in  fhe Jimpoundment do not vary
bly between tributavies althoudh the rate of growth of Arctic
grayling varies among individuals. Statewide, the mean rates appear (o
decraase as one goes north in latitude (Armstrong 1982). This suggests
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of the open water season probably affects growth rates

&
n
r

(e

0

el

o3

L0
ot

P

-t

more Lnan other vaviables. A more complete descerstion of growth of



Arctic grayiing is presented in Appendix J. The Arctic grayling in the
impoundment also have significant migrations between tributaries,
suggesting that the populations are not distinctly separate and can be

paoled for analysis.

An examination of the habitat variables and variations among the tribu-
taries examined is presented in Appendix K. These factors are most
ting the densities observed rether than the growth rates of
the fish, The territorial behavior of this species probably influences
the numbers of Tish that can occupy suitable habitat and the

sh in the

ifin

avaiiability of this habitat determines the densities of f

system,

3.2 The fishery resources of the mainstem Susitna within the

impoundment zones.

The mainstem viver primarily serves as a migratory corridor for Arctic
grayling but supporte populations of burbut, round and humpback
whitatish, Jongnose suckers, and cottids. This habitat alsoc s
wpparently the overwintering area for the impoundment tributary popi-

15130({1%\'0

Juvenile Arctic graylirg were found in <loughs of the mainstem Susitna
but quantitative information as to significance of these findings were
not obtained, The trend of juveniles and younger age class fish being

associated with the mainstem in the Tower river below Devil Canyon may

well be (rue in the impourdment.
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The mainstem population structure of burbot in the impoundment appears

to resembie that of the lower river, No quantitative information on the

density of the species in the mainstem is currently available.

The overwintering study is currently in progress and will be described
in a separate report. Only limited data have been obtained although it
appears that all fish monitored by radio-telementry migrated into the

mainstem Susitna to overvinter,
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fishery resources of the lakes within the impoundment

Zone.

Sally lake Vies on a bench above Watana Creek and is entirely within the
impoundment zone. Our studies have indicated a population of Arctic
grayling and fake trout in this lake. The Arctic grayling are the most
abundant although insufficient data were obtained to estimate the
poputations. The number of Arctic grayling and lake trout inm Sally Lake
ave probably small, varying from a few tThousand teo several hundred
respectively,

£~

Several other smail Takes are also found in the impoundment zone, These

fakes have not yet been studied., Investigation of these lakes are

planned in the upcoming summer,
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. SUMMARY OF THE INSTREAM FLOW RELATIONSHIPS OF THE FISHERIES

RESOURCES DOWNSTREAM OF DEVIL CANYON

4,1 Introduction

The studies of the major habitat types of the Susitna River below Devil
Canyon ave summarized in this section of the vreport. The habitat
characteristics which are presented in this summarization are only those
which are likely to be influenced by mainstem conditions (namely
discharge, water temperature, and turbidity) and Tikely to impact upon

fish populations.

The studies downstream of Devil Canyon to the Chulitna confluence
(referved to here as upper river) and the findings below the Chulitna
confluence (referred to here as lower river) are discussed separately,
These reaches differ in physical and biological characteristics, and in
the anticipated impacts of the proposed hydroelectric development. Our
Tevel of understanding is much more refined above the confluence than

i

below due to the greater level of infrarmation available.

4.2 ey findings of fisheries studies downstream of Devil Canyon

to the Chulitna confluence

4,2.1 Principal instream habitat types

The principal instream habitat types occurring in this reach of the

(Y i sy e e sy 4 e fpem P o SR S PR o ok - b
Susitna River drainage arve the mainstem, side channel, side slough
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upiang s fou gh, tributa Yy and tributary mouth habitats, Votume 4 of



the Basic Data Reporit describes and defines these general habitat

categories (ADFRG 1983c).

=
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2 Primary species composition and seasonal availability of

&

instream habitat types

4.2,2,1 Mainstem and side channel habitats

The mainstem and side channel habitats of this section of the Susitna
River function as a migrational corridor; as rearing/feeding habitat: as
overwintering hnabitat; and as spawning/incubation habitat for many of
the resident and apadromous species. The principal fisheries resources

are most dependent on this area for migration and overwintering.

Spawning migrations by the five Pacific salmon species are a well

e

established use of this habitat type. Spawning wmigrations of adult

anadromous Arvctic lamprey also occur.

Other fish species which probably use the mainstem and side channels for
spawning migrations include rainbow trout, burbot, Arctic grayling,

round whitefish, threespine stickieback, and longnose sucker.

Outmigration of juvenile salmon primarily occurs during and Just

following breakup (late March-early June) for pink and chum salmon and

throughout the copen water season for the other species.
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The wuse of mainstem and side channels as a migrational corridor for
rearing and overwintering redistribution is another important charac-
teristic of this habitat., Juvenile chinook, coho, and sockeye salmon,
burbot, Arctic grayling, and rainbow trout probably use the mainstem and

side channels for both overwintering and rearing redistribution.

The mainstem and side channel habitats are heavily used by burbot, round

jsh, and longnose sucker for rearing and feeding habitat.

Overwintering habitat use of the mainstem and side channels in this
reach of viver is probably important to Jjuvenile chinook, coho, and
sockeye salmon, rvainbow trout, and other species as well. However,
evidence supporting this use by these species is mostly circumstantial

berause of Timited winter data.

The mainstem and side channel habitat types are used as
spawning/incubation habitat by adult chum salmon but is probably of
Timited importance to the species. Cohe salmon were observed Spawning
in this habitat type in 1981 but not in 1982, This use is5 also of
ababls  dmoortance Tthaoyah  unsubstantiated tn dononose  sucker
probable importance, although unsubstantiated, to ‘longnose sucker,

burbot, and vound whitefish.

4,2.2.2 Sitde slough habitats

The side siough habitats of the Devil Canyon to Chulitna reach of the

river

are important Tor spawning/incubation of chum and sockeye salmon,

120



Coho and pink salmon also utilize this habitat for spawning/incubation,

but it is apparently not as of great importance.
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de slough habitats in this reach of river also function as impor-
tant rearing and feeding areas for juvenile chinoock, coho, and sockeye
salmon during the open water season, Since Juvenile sockeye catches
have not generally been large, data supporting the importance of this
habitat for rearing of sockeye is not as convincing as is the case foy
juvenile chinook and ccho. Juvenile chum may also use this habitat for
a short rearing period priocr to outmigration., Rainbow trout, burbot,
round whitefish, and Arctic grayling also utilize this habitat type for

rearing/ feeding,

The side slough habitat type in this reach of river s also used as
overwintering habitat by juvenile chinook, coho, and sockeye salmon. As
was the case for the mainstem and side channel habitats, winter sampling
conditions have limited data collection, However, in the case of side

sloughs with upwelling water source

S?ﬁ

it s highly 1ikely that

significant overwintering does occur,

4.2,2.3 Upland slough habitats

ne upland <loughs habitats of the Devil Canyon to Chuiiina reach of
piver are apparently most dimportant as rearing/feeding areas for
juvenile chinogk, coho, sockeye, and possibly chum salmon during the

w b
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open water season. Observations are limited in the cases of sockeye and
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chum. Rainbow trout, round whitefish, and Arctic grayling also utilize

b

he upiand sloughs for rearving/feeding purposes

The upland sloughs also function as spawning/incubation habitat for
small numbers of coho, sockeye, chum, and pink salmon. This use of this
habitat is probably not of great importance to these species in terms of

overall spawning habitat availability.

In upland sToughs with upwelling or tributary water sources, Jjuvenile
chinook, ccho, and  sockeye  salmon  overwinter, Again, data

ubstantiating winter uses of habitat are minimal,

4.2.2.4 Tributary and tributary mouth habitats

The distribution and abundance studies of the fisheries resources in the
tributaries focused on their confluence with the mainstem river, cide
channels and slough habitats. Accordingly, most of the abservations on
the seasonal utilization and species composition are associated with the

%

tributary mouth, with only inferences possible for the tributary

o

nabitat. Some data are available on spawning by adult salmon species.
Use of tributary and tributary mouth habitats for spawning/incubation is
important and well substantiated for chingek, coho, chum, and sockeve
saimon.,  This habitat s the primary spawning habitat for chinook and
pink in this reach of river. Rainbow trout, humpback whitefish, Arctic
grayling, and Arctic lamprey also utilize this habitet for
spawning/incubation,
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Braring/feseding utilization of this habitat by Jjuvenile chinook, coho,

and possibly chum salmon, rainbow frout, burbot, round whitefish, Arctic

grayling, and longnose sucker is probably of importance.

4.2.3 Influence of mainstem discharge and water quality on

instream habitat types

£,2.2.1 Mainstem and side channel habitats

The influence of mainstem discharge and water quality conditions in the
mainstem habitats s obviously a case of complete dependency. The
influence upon side channel habitats is nearly as dependent. As flow

tevels drop, the heads of the side channel are cut off from mainstem

flow., At such low flows the side channels hydraulically resemble side

e
A
o
oy
iy
i
o
%

stoughs., At most "normal™ open water season flow levels
channgls in the Devil Canvon to Chulit confluence reach are not
cut-0ff from the mainstem.

8 » » "

The influence of mainstem discharge upon the use of the mainstem and

side channel habitat types as migrational corridors (for spawning

iy

migrations, redistribution, and is basically & question o

adiation., Mainstem conditions the day to day timing

i

and degree of these wigrations vrather than being an "all or nope”



3.

Mainstem discharge is positively correlated with juvenile salmon daily

outmigration rates in the mainstem and side channel habitats although

the correlation is small (Appendix H).

The influence of mainstem conditions for redistribution upon
rearing/feeding and overwintering, and upon spawning migrations of other
fish species is currently not well defined, Intuitively, mainstem flow
and temperature levels affect the seasonal timing and success of cuch

migrations, but data s ltacking to make definitive conclusions.

The use of the mainstem and side channel habitats for rearing/feeding i

most likely affected by mainstem discharge, temperature, and turbidity
affects, Certain fish species exhibit obvious strong correlations with
turbid water, For example, burbot are generally found in turbid water
while juvenile coho occur in clearer water (see Appendices F and G).
Accordingly, factors which affect the turbidity levels in these habitats

k)

would most tikely affect the distribution and abundance of such species,

Overwintering success of fish in the mainstem and side channel habitats

;:*?

is probably most closely related to ice formation processes and the
distribution and degree of upwelling areas, These habitats are most
Tikely the major sites for overwintering in the area between Devil

Canyon and the Chulitna confluence,

he use of the mainstem and side channel habitats in this veach of river

- SR i o [P B Wl P T ok
for  spawning/incubation 1s not prevaient. the mainstem flow and
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temperature may al fect redd selection., De pen and velocity conditions,



present during spawning, and intragravel conditions, present during

incubation, are affected by mainstem discharge and temperature. A
tification of the uavailable habitat at any given discharge at
mainstem and side channel habitats is not yet available.

4.2.3.2 Side slough habitats

Above certain discharge levels, generally between 15,000 and 25,000 cfs,

the side sioughs of the river between Chulitna and Devil Canyon directly

connect to the mainstewm or side channel flow, AL these

igher flows the
side stoughs resemble the side channel habitats, and the conditions of
these side sloughs directly depend upon the mainstem conditions. At
lowar flow levels, the mainstem stage creates backwater areas at the
mouths of the sioughs and possibly influences upwelling and ground water
levels., The pericdic breaching of slough heads by mainstem flows is an
important factor in determining side channel morphology, substrate
composition, and terrestrial vegetation encroachment.

Because of the importance of the side slough habitats to salmon in this
reach of river, & large amount of the sampling efforts of the variocus
studies have focused upon this habitat type. The critical levels of
Flow for head breaching and access through the slough mouths for select

stough  habitats have been evaluated, The influence of mainstem

PR B BN T R 2 o 3 .,\ y d g B - PRPUPIID S R A RN r b § 5 o ek
onditions upon the side sliou % habitats for spawning nas besn evaluated
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for a Vimited range of discharges because low flow condiftions in 1982

preciuded observation of spawning at flow levels which would have been




The relationship between mainstem conditions and the rearing/feeding of
fish in the side siough habitats has been evaluated. The dynamic nature
of the side sloughs, in terms of the opening and closing of the slough
heads and the extent of mainstem backwater effects, suggest a system
which i3 highly dependent on mainstem discharge change from day to day
and season to season, As was the case for side channels, mainstem
effects upon side slough turbidity levels would be expected to impact
species which exhibit aveidance of turbid water (or exhibit preference
for turbid water). The relationship of selected juvenile salmon and
resident fish different species to the hydraulic zones associated with
these side sloughs is presented in detail in Appendices E and F, These
data indicate that species respond differently, with the habitat indix
for rearing socckeye and chum decreasing with discharge, the habitat
index for juvenile chinook changing minimally, and the habitat index for
rearing coho vesponding positively to flow decreases. Individual
stoughs vary considerably from each other with morphological differences

being a dominant factor in this variability.

Maginstem infiuence upon the side slough habitats for use by overwinter-
ing fish and {ncubating salmon embryos is not presently well defired.
Such influences are most likely related to indirect impacts such as
infiuences on rates upwelling water sources and winter overfiow of the

slough heads created by ice processes, These effects could increase

mortatity by dewatering habitat or by creating sulden changes in



4.,2.3.3 Upland slough habitats

The predominant offects of mainstem discharge upon the upland slough
habitats between Devil Canyon and the Chulitna confluence are .n

)

sackwater and associated water depths in these sloughs,

Aoeess of fisn into the sloughs for spawning and rearing is related to
mainstem discharge levels. A detailed presentation of access into these
habitats and side sloughs by adult salmon is presented in Appendix B,
Low mainster flows in the Susitna generally have less affect on access
into the wupland stoughs than into the side sioughs because of a
relatively gradual gradient at upland slough mouths. Generally, upland
stoughs are not as important as spawning/incubation habitat as are the
side stoughs. The lack of overflow through an upper berm allows
sediment accumulation in these sloughs and also allows beaver dams to
become established, These conditions Vimit the availability of suitable

spawning subsirate,

The influence of mainstem conditions upon rearing and feeding of fish in
sptand zlough habitats 1s similar in nature to the influence in the
side  sloughs, but the degree of influence is not as extensive,
Appendices £ and F present a discussion of the impact of mainstem flow
upon hydraulic zones and the corresponding relationship with selected
species catch rates at some of the upland sloughs habitats in this reach
of river. Theze areas may provide a better rearing habitat because of

decreased turbidity, improved cover and stable water velocities.,

Wi



4.2.3.4 Tributary mouth habitats

The nredominant 1 “luence of mainstem ronditions on the tributary mouth
nabitats in the Devil Canyon to Chulitna confluence area, similar to the

untand slough habitats, is the Tocal effects of backwater. Mouth

secuy i mainztem flow drops to very low levels., The
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relationship of mainstem conditions to tributay mouth conditions s
¥ .

g reatest for those tributaries which have a g¢radual gradient ver 5U5

b ke

those which have steep gradient. The backwater area on these

15
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gradient streams is minor, The tributary mouths with steen gradients

provide habitat similar to side sloughs, while those with gradual

gradients form extensive ponded areas similar to upland sioughs.

Data demonstrating these relationship of mainstem stage to tributary
mouth rearing habitats are presented in Appendices E and F for a few of

the tributary mouth habitats in this reach of river, These sitas respond

similarty fto sloughs but the trioutary discharge maintains some of the
habitat at fow flows of the mainstem Susitna.
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Access by adutt salmon spawners inte Portage Creek and Indian River hag

been evaluate ; by Trihey (1982}, The stuay concluded that mainstem flow
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4.3 ¥ey findings of fisheries studies downstream of the Chutitna

confluyence

B
&
Al
"
Y-
g
%
.
i
&Y
P
"'%’*"z
U
e
o
£
e
5
(D
=
o
fa3]
o
wetmd
e
o
b
::-nt—.
e
o
£
(¥

The general habitat categories which have been described and defined for

o

the Susitna River drainage downstream of Devil Canyon and upstream of

the Chulitna confluence {ADF&G 1983¢) alsc occur in the area downstream
of the confluence. However, the character and extent of occurrence of
each type below the confluence is different from those areas previously

defined, The following discussion summarizes the primary d differences

hetween the habitat categories in the upper and lower river.

4,3.1.1 HMainstem/side channel

braided with many channels, The reach of river upstream of the Chulitng

Tuence -as limited braided channels with an easily distinguishable

orimary channel. The channels in the upper river ave comparably more

ctahle with minor changes occurring duving high water events, The

channels in the lowar reach often change in morphological charac

s o e W{' Iy oy
o R g

armored substrate in the upper viver main.tem.




in the upper river, side channels are generally easily distinguished
from the main channel that conveys the major portion of the Susitna
River flow. In the lower river, side channels are difficult to separate
from the braided mainstem. Side channel habitat in the Tower river is
confined to the smaller channels that are separated from the mainstem
braided area by stable vegetated islands, An example of this type of
habitat 1s the channel that occurs adjacent to the mouth of Sunshine

Creek, This channel generally flows with mainstem Susitna water during

b

the major portion of the open water season.

4.3.1.7 Side stough

Side sloughs in the lower river are wusually much Targer than the
equivalent habitat in the upper vriver., They generally have a more
gradual gradient and are often associated with tributary confluaences
with the mainstem. Birch Creek Slough is an example of this type of
cabitat,  Although used by spawning salmon, the percentage of the
surtace area within the slough utilized by spawners is much smaller than
in the sloughs upstream of the confluence. This may reflect more
Timited upwelling or substrate Vimitations associated with the more

gradual channel gradient.

4.3.1.3 Upland Slough

Uptand sioughs do not appear to be 15 common in the lower river as
they are in the upper river, The available 1. formation in the Tower



river 1s limited to one site, named Whitefish Slough., This site
dewatered as the mainstem receded in the fall of 1982, suggesting that
mainstem flows wmay have a much larger influence on these types of
habitat in the lower river. The reason is that, because of a much
broader floodplain in the lower river than in the upper river, the

gradient of upland sloughs is less in the lower river,

4.3.1.4 Tributary

The tributaries are similar to those above the confluence but usually
have lesser gradients. Substantial use by spawning salmon and by
resident species of this habitat type has been documented elsewhere in

the data reports (ADF&G 1983a-d).

4.3.1.5 Tributary mouth

These sites are much more important in the lower river than in the upper
river, forming channels which may be over a mile long at the confluence
of the major tributaries. These habitats are used extensively by
rearing Jjuvenile salmon and are major areas for the Jimportant sport
fishing of the salmon species in the system. The mouths of the Deshka

River and of Sunshine Ur.o 2k are examples of this type of habitat.
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4.3.2 Primary species composition and seasonal availability of

instream habitat types

The current level of information on the seasonal distribution and
abundance of fish downstream from the confluence is Tess well defined

than above the confluence. (Generally, the patterns observed upstream

(‘3’?
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m

from the confluence ares followed downstream. However, the differences
in the composition and extent of the various habitat types, and the
differences 1in the abundance of fish below the confluence suggest
substantial differences from upstream of the confluence. The following

sections nighlight the currvently known differences.

4,3.2.1 Mainstem/side channel habitats

The primary difference in species composition din the mainstem/side
channel habitats below the confluence is the utilization of the habitat
by Bering cisco and eulachon for migration, spawning, and incubation.
Also, the Tower few miles »f the river are used by several other species
(for example, Pacific lamprey, other sculpin species, ninespine

stickleback). Use of this habitat for spawning/incubation by chum

salmon occurs but 15 probably of minimal importance

suvenite chum and sockeye salmon pozsibly utitize the mainstem and side
channels for rearing, The resident fish rearing use in this habitat is

probably simitar to that which occurs in Lhe upper river.

Lad
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Juvenile coho, chincok, and sockeye and probably most of the resident

fish overwinter 1in the mainstem/side channel ares This

%

(%5

probably similar to such use in the upper river. However, the number of
, and includes fish with natal areas

in the upper viver as weli as from the lower river sloughs and

4.3.2.2 Side slough habitats

The side siough habitats in the lower river are more heavily used b
v

rearing coho than in th

n
it

side sloughs of the upper vriver, probably

reflecting population differences.

Spawning/incubation in side sloughs is apparently less prevalent in this

reach of river for chums, but pink salmon spawning appcars to be comwon,

R

4.3.2.3 Upland slough habitats

Very little infcrmation is available concerning the charvacteristics of

the upland sloughs in this area. The dats on Whitefish Slough indicate

L - £ e - O S, P
by all fish species as compared to

the uplend sloughs n the upper vriver, with the exception of the




4,3.2.4 Tributary and tributary mouth habitats

The specie composition and availability of the tributary and tributary
mouth habitats is very similar to that which occurs in the upper river.
However, these habitat types are probably of greater importance in this

reach of river due to their greater arvea.

4.3.2 Influence of mainstem discharge and water quality on

instream habitat types

OQur  level of understanding of the relationship between mainstem
conditions and instream habitats is much Tess well defined in the lower
river than in the upper viver. Generally, the habitats associated with
the vriver downstream of the Chulitna confluence more closely resembles
the Chulitna River than the upper Susitna. The overall gradient is
Tower in this section of river, which generally leads to greater changes
in wetted area with discharge changes when compared to the upper river.
The following sections highlight the known differences in the influence

of mainstem conditions upnn the habitat types in this river section.

4,3.%.1 Mainstem/side channel habitats
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"he primary flow influenced habitat affect in this veach of river is the

instability of substrate conditions, The meinstem and side channels in

the  lower vivey change dramaticall with high water events, this
Pl ~ it
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instapility probabiy results in the lower avaifability of this habitat
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1s essentially the same as that which occurs in the upper river.
However, the extent of backwater conditions in the sloughs in this reach
of river is generally greater. Bank associated cover for rearing fish
is also apparently of more importance in the lower reach. Such cover is
often dewatered with decreases in mainstem flow and the associated
decrease in backwater effects. The use of this habitat by spawning
salmon 1s apparently less common,
4.3.3.3 Upland slough habitats

The Vimited information from Whitefish Slough indicates that the upland
stoughs in the Tower reach of river may be more affected by the mainstem

stage than in the upper vriver. These sloughs may dewater more

extensively with dropping mainstem flow Tevels than is the case with the

]
5

upper river upland sloughs.

he effects of changes in mainstem conditions upon tributary mouth
Y

-3

habitats is similar to that observed in side slough mouth habitats in
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this lower reach of river. Moderate decreases in mainstem flow levels
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Dewatering of bank associated cover with Tower mainstem flows 1
nrobably of greater significance in this Tower reach tributary mouths

than in the upper river.

4.4 Uimitations of the available data base

This section of the report has summarized the current level of
information as it regards the influence of wmainstem conditicns upon
habitat availability. Some of the Timitations to the availabie data
base have already been noted above; the following discussion 1ists some
of the other Timitations to this available data base. The general
Timitation of Tittle to no information concerning the distribution and
abundance of fish species and the dynamics of habitat conditions during
the winter months s not repeated in the following sections, but does

represent a major limitation.

4.4.1 Habitats in the reach downstream of Devil Canyon to the
Chulitna confliuence
hree  representative  side  stoughs  have had  intensive hydraulic

simulation models developed for predictions of incremental changes on

available spawning habitat for chum salmon.  These requive additional

3

discharge and chum salmon utilizaticn data for accurate predictions of
incremental changes of discharge on aveilable spawning habitat., To

compare these sives with other sloughs in this reach of river, physical

SR T S DU U B AP g g o b sy s g3 g e e
habitat data, such as discharge and gradient, have been measured af
I3 ~of stougns, Rearing has been evaluated at these




representatiyv

D

study areas by monitoring the available surface area of
Y Y

1%

nydraulic zones, such as backwater areas, at different mainstem
discharges. These data have provided a general description of habitat
availability as a function of flow. Micro-habitat availability under

variable discharges and its relationship to rearing fish needs to be

determined at a representative set of sites.

Upland sloughs 6A and 19 have been evaluated for available juvenile
rearing habitat. Micro-habitat availability at these type of habitats

as & function of mainstem discharge vequires further guantification.

Side channel nhabitat has been sampled for abundance of spawners and
Timited data has been collected on use by Jjuvenile salwon., Habitat

availability for many of the 1ife stages remains to be completed.

Because of the limited use of the mainstem habitat by spawning or
rearing species, with the exception of selected resident fish, data are
Pimited to relative asbundance information. Quantification of habitat

availability of mainstem areas has not been collected,

f adult salmon into tributaries through the tributary mouth
habitats, as a function of mainstem discnarge, has been evaluyated for
i ot tne major tributaries, Indian River and Portage Creek, The

avaiiabitity of habitat for spawning a2t these sites has not

2
H

although general availability of Juvenile and res

bitat as a function of mainstem discharge has been examined




gy,
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che tributaries are not directly affected by mainstem discharge, data
are reguired only on the distribution and use of micro-habitat by stocks
of resident and anadromous species. This information can be used to
determine the Timitations of the mainstem habitats for the particular
Tife stages of these species. In addition, this information will
suggest if reguiated flows of the mainstem have any prospect for

improving available habitat for these species.

4.4,2 Habitats in the reach downstream of the Chulitna confluence

Avatiable wata for the lower river are much more limited than in the
upper river, Physical conditions of one side channel area called Chum
hannel and a tributary mouth at Rabideux Creek have veen intensively
measured but at a Timited range of flows., No attempt has been made to

project available habitat for spawning or rearing fish at these sites,

Juvenile habitat availability has been estimated using the general

nydraulic zone/surface area relationships at five sites. These include

W‘?

the tributary mouths and associated sloughs at Rabideux Creek, Birch
Creek, and Sunshine Creek, A side slough near the moutih of Goose Cresk
and one upland slougn, named Whitefish Slough have been evaluated,

distributional data and site habitat data have been

spawning eulachon, Bering cisco, and iTimited chum salmon
spawning areas byt availability or this habitat has not been estimated,

The quantification of rearing micro-habitat and of spawning habitat for

. } I P o JPUR SN P g — i g . o . - - e 7 o SR W Y Y vy e e
eulachon, Qering cisco, and chum salmon has not been completed. Basic
data on the vibution, rearing, and spawning of most of




in the lower vriver are quite limited and overall knowledge is prohably
an order of magnitude below the level of understanding of the upper
river. Virtually nothing is known about the several other species (for
example, ninespine stickleback, Pacific Tamprey, pond smelt) which

occupy the lower few miles of river, but which have not been coilected

by this program.

Important questions, such as the deyree of growth and utilization of
rearing habitat by outmigrating chums, the distribution of spawning
adutts in peripheral aveas, and the rearing habitat of other resident

and juvenile salmonids, nave nct been answered,

Lo
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Appendix Table B-5.

Comparison of fish access conditions
of selected
Susitna River discharges {USGS 1982)

reaches

(Gage #15292000}.

location is provided for comparison.

sloughs at

in

v the Tower
various mainstem
at Gold Creek

Relative abundance of salmon by

Relative Abundance

C

Access of Salmon in 1982
River '
Sloughs Mile Aoute Unrestricted Sockeye Pink Chum
*7%i§§; pereek 1912 8,000 cfs 10,000 cfs O L 0
Al 112.3 - 8,000 cfs 0 L L
gad 125.3 7,860 cfs 12,500 cfs M L H
g9 129.2 18,000 cfs 20,000 cfs L L H
118 135.3 - 6,700 cfs  H H H
168" 138.0 18,000 cfs 26,400 cfs O 0 0
20" 140.1 20,000 cfs 21,500 cfs O M L
22§ 142.0 20,000 cfs 23,000 cfs # # H
24P 144 20,000 cfs 22,500 cfs O 0 0
ﬁﬁ&%ﬁ:ﬁiﬁa from surveyad thalwegs cross sections and staff gage
readings, and fie'd clbservations.
YEstimated from cross s sections, staff gage readings, rating curve, and
field obssrvations.
“Relative apdr ééﬁ?i in g%&ﬁ%ﬂ {Trom Appendix C)
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Abundance of adult salmon in Susitna River
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Although these problems may have existad for other species using sloughs

for spawning, only chum salmon are considered 1in the following

Chum salmon spawned in Lane Creek Slough and sioughs 19 and 22 during
1981 but were absent from these slocughs during 198Z2. In contrast, index
counts in tributaries were much higher in 1982, Although reasons for
this apparent discrepancy are as yet undetermined, it is possible that
it 15 related to differences in the relative effect of mainstem dis-
charge on entrance conditions of ¢loughs verses tributaries. A complete
analysis on access into tributaries has not been conducted; however the
analysis of access into two primary tributaries {Indian River and
Portage Creek) of the Susitna River suggests that access has not been a
problem in past years and is not expected to be a problem even under
operational discharges {Trihey 1983) as outlined in Chapter 2 of the

draft iﬁﬁé@iﬁ Mg of the FERC License Application (Acres American

#

In addition to the major differences between occurrence of chum salmon

41

in sioughs in 1981 verses 1982, evidence from differences in distrie
butions of spawning chum saimon before and after the high water event in
mid-Septenber, 1982 suggests that fish were denied access irto upper

stough reaches {particularly in sloughs 9 and 21).
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comparisons between two distributions and can distinguish differences
associated with both central tendency (e.g., median) and variability
{e.g., variance). If there is no statistically significant difference
between what was available and what the fish selected, then no
prefarence could be inferred with the existing data base.* Fourth, the
habitat preference categories of each significant habitat variable
representing a slough cell were compared., If all habitat variables
within a cell were in the same cateqory, the surface area of that cell
was assigned to that category. If different categories were assigned to
the habitat variables within a cell, the least selective cateqory was
aszigned £o the surface area of the cell (e.g. if depth were classified
as optimal and substrate classified as utilized in a cell, that cell
would be classified as utilized). Fifth, the surface area of all celis
ware summad to determine the water surface area of ¢he study reach,
Sixth, the surface avea of each habitat preference category was divided

by the total water surface area of the study reach to determine the

* flegardless of the outcome the
§ i i ’)55%?53 é&ﬁ%@ a‘f“ﬁ?ﬁifﬁ}‘“ £0 2‘35

slitof: of the Tow samp

{ ficance of thes ﬁ ;,,,3 5 ﬁﬂ{}ﬂ’"{w
v two-sample or similar test wi ’5‘5" parformed after 3
season, when sample size @ﬂé Qb rved range of :
hg, velocities or subsirate types are considered e
icient.
D-16
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noocontage of total water surface area for each category within

RESULTS

)

Hydraulic Model

Accuracy and precision

The 1FG-4 model must be calibrated to meet required standards of preci-
sion [Mithous et al. 1981). The I¥G-4 modeis for hydraulic simulation
in sloughs B8A, 9, 21, and Chum Channel predicted the water surface
elevation and discharge at each transect. Seventy-three percent of the
predicted water surface elevations were within 0,05 foot of observed
water surface elevations {Appendix Tables D-1 to D-4). Overall, pre-
dicted water surface elevations were highly correlated with observed
values {r = 0.999). Eighty-two percent of the predicted discharges at
each transect differed from mean observed discharges for each slough by
no more than 1 percent. Only one predicted transect discharge deviated
by more than 5 percent from its observed mean discharge {Chum Channel

Transect 5). Overall, pradicted discharces at each transect were highly

talysis, would he to muit %}Ey

>as within the study reac
B i imes the total stough water
ﬁﬁ??&ﬂ@ uiaﬁ ﬁ”WL% L i a backwater zone within a slough were to
exist for any of the nredicted discharge values, that area would
be subtracted from the total surface area of the slough befure the

e
\J"

seventh step of hm model would be applied. Backwater areas within

sloughs are also used by spawning salmon. Therefore, plans for the

1983 field 1@&@@& include sampling these areas and, if possible,
wing a suitability model,
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corretated with mean stough discharges (r = 0.999). All but one VAF
were considered good (0.9< VAF < 1.1}, Forty-seven percent of the VAF
values were 1.00 + 0.0l. The single %XCQQ@?G&F was the velocity
adjustment factor for Slough 21 7ransect 6 {at 10 c¢fs) which was con-

sidered fair (VAF is 0.85-0.9 or 1.1-1,15).

Precision standards alsc roaoxmsnd keeping predicted water depths and

velocities in each cell withia U.L ft and 0.2 ft/sec of the observed

depths and velocities & 7 al, 1981%. A comparison of observed
and pradicted depthe =nd velociiies along two transects at two dis-
charges with some of the iowest correlation coefficients {(Appendix
Tables D-5 and D-6) are providel. Correlation coefficients may be
somewhat misleading at the discharge level at which the models were

catibrated. At shallow depths and Tow velocities, differences of 0.1 Tt

or ft/sec can appear disproportionaliy large.

Predicted hydraulic conditions

The predicted proportions of available depths and velocities are
presented for slough flows of 5 and 50 ¢fs for all four sloughs; 150 cfs

for sloughs 9, 21, and Chum Channel; and 300 c¢fs for sloughs 9 and 21

{Appendix Figures D-2 to D-9} for comparative purposes.

Water deoths, velocities and discharge in a slough increase substartial-
1y when the slough head is breached by water from the mainstem. Sloughs

BA, 9, 71 and Chun Channel were breached at mainstem flows of 33,000

cfs, 19,500 cfs, 25,000 ¢fs and 53,000 cfs, respectively. UWhen sloughs
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9 GLOSSARY OF COMMON AND SCIENTIFIC

NAMES

Scientific Hame

Entosphenus tridentatus (Gairdner)

Lampetra japonica {Martens)

Coregonus laurettae {Bean)

Prosopium cylindraceum (Pallas)

Coregonus pidschian {(Gmelin)

LAY
|5

salmo gairdneri (Richardson)

Salvelinus malma (Walbaum)

Oncorhynchus gorbuscha (Walbaum)

Oncorhynchys tshawytscha (Walbaum)

Oncorhynchus keta (Walbaum)

Oncorhynchus kisutch (Walbaum)

Oncorhynchus nerka (Walbaum)

Thymallus arcticus (Pailas)

Thaleichthys pacificus (Richardson)

Esox lucius {Linnaeus)
i tomus catostomus (Forster)

lota (Linnaeus)

’sp oy
Lae

Common Name

Pacific lamprey
Arctic lamgrey
Bering cisco
Round whitefish
Humpback whitefish
Rainbow trout
Dolly Varden
Pink salmon
Chinook salmon
Chum salmon
Coho saimon
Sockeye salmon
Arctic grayling
Euylachon
Northern pike

Longnose sucker

Burbot
Threespine stickleback

Ninespine stickleback
Stimy sculpin

Starry flounder



