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PREFACE

This report represents a volume of the Instream Flow Relatilomnships
Study technical report series prepared for the Susitna Hydroelectric
Project. The primary purpose of the Instream Flow ¥slationships
Report and its associated technical report series i¢ to present
technical information and data that reflects the relative importance
of the various interactions among the primary physical and biological
components of aquatié habitats within the Talkeetna-to-Devil Canyon
reach of the Susitna River. The Instream Flow Relationships Report
and its associated technical report series are not intended to be an
impact assessment. However, these reports present a varilety of
natural and with-project relationships that provide a quantitative
basis to compare alternative streamflow regimes, conduct impact

analyses, and prepare mitigation plans.

The technical report series 15 based on the data and findings
presented in a variety of baseline data reports prepaved by the Alaska
Department of Fish and Game Su Hydro Aquatic Study Team, REM
Consultants, and E. Woody Trihey and Associates. The Instream Flow
Relationships Report and its associated technical report series
provide the methodology and appropriate technical information for use
by those deciding how best to operate the proposed Susitna
Hydroelectric Project for the benefit of both power production and
downstream fish resources. The technical report series is described

bhelow.

Technical Report No, 1. Fish Resources and Habitats of the Susitna

Basin. This vreport, prepared by Woodward-Clyde Consultants,
consolidates dInformation on the fish resources and habitats in the
Talkeetna-to-Devil Canyon reach of the Susitna basin available through

June 1984 thar is currvently dispersed throughout numevrous reports.

Technical Report No. 2. Physical Processes FRepori. This repovt,

prepared by RAM Consultants, describes naturally occurring physical

processes within the Talkeetna~to-Devil Canyon rviver reach pertinent

o evaluating pvoject effects on riverine 4



Technical Report No., 3. Water Quality/Limnoclogy Repo=. This raport,

preparad by Harza-Ebasco, consolidates existing information on water
quality in the Susitna basin and provides technical discussions of the
potential for with-project biloaccumulation of mercury, influences on
nitrogen gas supersaturation, changes 1in downstream nutrients and
changes in turbidity and suspended sediments. This report is based
principally on data and information that is available through June
1984,

Technical Report No. 4. Reservoir and Instream Temperature. This

report, prepared by AEIDC, consists of three principal components:
(1) reservoir and instream temperature modeling; (2) selsction of
temperature criteria for Susitna River fish stocks by species and life
stage; and (3) evalnation of the influences of with-project stream

temperatures on existing fieh habitats and natural ice processes.

Technical Report No. 5. Aquatic Habitat EReport. This report,

prepared by E. Woody Trihey and Assoclates, describes the availability
of various types of aquatic habitat in the Talkeetna-to-=Devil Canyon

river reach as a function of mainstem discharge.

iid
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1.0 INTRODUCTION

This report summarizes the available information on the fishery
resources and habitats of the Susitna River. It is based primarily on
existing veports and analyses generated by the feasibility and
licensing studies of the Susitna Hydroelectric project with a lesser
dependence on additional pertinent information in the literature. The
objective of the report is to synthesize and summarize information to
describe the bilology, relative abundance and seasconal habitat
utilization of important fishery resources. As a part of the Instream
Flow Relationchips (IFR) report series, information summarized here
will assist in defining the relationships between physical processes

and fishery habitat in the Susitna River basin.

Since the report series provides the important information relative to
the decisionmaking process, this report is focused on habitats an
species mest likely to be affected by the proposed project. Mozt of
the report emphasizes the Talkeetns-Devil Canyon reach [river mile
(RM) 98.6-152] of the Susitna River. This river reach extends from
the proposed Devil Canyon dam site (RM 152) downstream to the

confluence of the Susitna and Chulitna rivers (RM 98.6).

The proposad project is expected to have the greatest downstream
efferts on habitats within this reach. Downstream from Talkeetna, the
inflow from the Talkeetna and Chulitna rivers is expected to reduce
the magnitude of change in physical processes under with-project
conditions. Additionally, this report emphasizes salmon species and
their habitat uvtilization because of their importance in commercial,
sport and subsistence fisheries and high social value, The available

project information reflects the heavy emphasis given salmon species,

Section 2.0 contains a brief descriptiorn of the project and project
area and a synopsis of the studies that have been conducted to date on

fis" resources of the Susitna River. In fection 3.0 the specles of



the Susitna River are introduced and their commercial, recreatiomal
and subsistence utilization and importance are discussed. Sectiom 4.0
summarizes information on the species biology of the five Pacific
salmon found din the Susitna River. Habitat wuwtilization and
relationships are discussed in Section 5.0. Based on studies to date,
the significance of habitat types for a species life stage is
presented, Section 6.0 summarizes some factors that affect fish
production in freshwater and discusses their possible significance in

the Susitna River drainage.



2.G BACKGROUND

The Susitna River flows approximately 318 miles (530 km) and drains
about 19,600 square miles (50,900 km?) from the terminus of the
Susitna Glacier in the Alaska Mountain Range to its mouth in Cook
Inlet (igure 1). The study area for the Susitna hydroelectric
project fish studies ’rcludes the Susitna River mainstem, side
channels, =zloughs, and mouths of wmejor tributaries. A diagram and
description of major habitat categories of the Susitna River Is

presented in Figure 2,

The Alaska Power Authority (APA) has proposed construction of two dams
on the Susitna River: Devil Canyoan Dam (RY 152) and Watana Dam
iRM 184). The project would reduce streamflows during the summer and
increase them during the wintev. Suspended sediment, turbidity and
water temperatures are expected to follow similar patterns (reduced
levels in summer and increased levels in winter). Details of dam
construction, operation and expected chwages to aquatic habitats and

fish vesources are presented by Acres (1983a,b).

Fish and aquatic habitat investigations have been conducted on the
Sugitna River for about ten years to evaluate the proposed
hydroelectric project. Beginning in 1974, studies were conducted to
descr.b and quantify fish rescurces, habitat utilization and aquatic
habitats of the Susitna River. i1n 1980 ths Susitna Hydroelectrice
Agquatie Studies Program was initiared. Baseline data colle:ztion on
fish and aquatic nabitat resources was divided into three groups:
Adult Anadromous Fish Studies (AA), Resident and Juvenile Anadromous
Fish Studies (RJ), and Aquatic Habitat and Instream Flow Studies (AH).

The objectives of the three sections of this continuving program are:

{1y AA -~ determine the seasonal distribution and relative
abundance of adult anadromous f{ish populations produced

within the Susitna River drainage;



(2) RJ - determine the seasonal distribution and relative
abundance of selected resident and juvenile anadromcus fish

pop:lations within the Susitna River drainage; and

(3) AH = characterize the seasonal habitat requivements ¢
selected anadrcomous and resident fish species within t.e
Susitna River drainage and the relationship between the
avallability of these habitat conditicns and the mainstem

discharge of the Susitna River.

A summary of the significant accomplishments to date by the three

sections of ADF&G's Su Hydro Group is outlined below.

Adult Anadromous

a. Documented migrational timing of salmon runs in the Susitna

River,

b. Estimated population size and relative abundance of salmon in

gub-basins of the Susitna River.

Co Estimated total slough escapements for salmon in sloughs above
RM 98.6.

d. Estimated relative abundance of spawning salmon in tributaries
above RM 98.6.,

(Y

Quantified selected biclogical characteristics for salmon stocks

in the Susitna River (i.e. sex ratio, fecundity, age and length).

Resident and Juvenille Anadromous

ES Fsvdimated population size for Arctic grayling populations In the

proposed dmpoundment areas,

§ O OIS B A [ v e e em g E P U -3V B | o e PR S
B identifled lmportant spawni locations for vesident species,

A




£.

Estimated the relative utilization of macrchabitat types for

juvenile salmon and selected resident species,

Developed habitat suitability criteria for juvenile salmon.

Estimated population size and survival for juvenile chum and

sockeye.

Detrined outmigration timing and rates for juvenile salmon.

Aquatic Habitat and Instream Flow

Collected physical and chemical water quality data describing

macrohabitat types.

Tdentified aquatic macrchabitat types within the middle reach of
the Susitna River (RM 98.6 -~ 152).

Defined seasonal timing and utilization of adult salmen in

macrohabitat types.

Developed site-specific habitat responses tc mainstem discharge.

Devel ,ped habitat ecriteria for adult and juvenile salmon,

eulachon, Bering cisco, and selected resident species.

Evaluated the access and passage of adult salmon into selected

sloughs.

Confirmed the importance of ground water upwelling for spawning

salmon in sloughs.

a iist of ADF&G Susitna Hydro references see Appendix A.



3.0 INTRODUCTION TO FISH RESOURCES

3.1 OVERVIEW OF IMPORTANT SPECIES

Fishery rescurces in the Susitna River comprise a major portion of the
Cook Inlet commercial salmon harvest and provide sport fishing for
residents of Anchorage and the surrounding area. Anadromous species
that form the base of commeccial and non-commercial fisheries include
five specles of Pacific salmon: chinook, coho, chum, =ockeye, and

pink. Other anadromous species include eulachon and Bering cisco.

The Susitna River is a migrational corridor, spawning area, and
juvénile rearing area for five species of szalmon from its point of
discharge intce Cook Inlet [river mile (RM) 0] to Devil Canyon
(RM 152), where salmon are usually prevented from moving upstream by
the water velocity at high discharge. Sloughs and tributaries provide
most of the spawning habitat for salmon, while the mainstem, sloughs,
and tributary mouths arve important habitats for juvenile salmon

rearing and overwintering (ADF&G 1984a,b).

Important resident spaecies found in the Susitna River basin include
Arctic grayling, rainbow trout, lake trout, burbot, Dolly Varden, and
round whitefish., Scientific and common names of all fish species

identified from the Susitna River basin are listed in Table 1.
3.2 CONTRIBUTION TO COMMERCIAI, FISHERY

With the exception of sockeye and chinook salmon, the majority of
upper Cook Inlet salmon production originates in the Susitna Basin
(ADF&G 1984a). The long-term average annual catch of 3.0 million fish
is worth approximately $17.9 million to the commercial fishevry (K.
Florey, ADF&G, personal communication, 1984), In 1982 and 1983
fishermen landed record numbers of salmon in the upper Cook Inlet
fishery (Figure 3); over 6.2 million salmon were caught in 1982 and
over 6.7 million fish were landed in 1983. The Susitna River {is

considered the wmost important salmon-producing system in upper Cook



Inlet; however, the quantitative contribution of the Susitna River to

the commercial fishery can only be approximated because of:

0 The high number of intra-drainage spawning and rearing
areas;
o The lack of data on other known and suspected salmon-

producing systems in upper Cook Inlet;

o The lack of stock separation programs (except for sockeye

salmon): and

o Overlap in migration timing of mixed stocks and species in

Cook Inlet harvest areas.

Therefore, the estimates of contribution of Susitna River salmon to

the upper Cook Inlet fishery should be viewed as preliminary.

3.2.1 Sockeye Salmon

The commercial sockeye harvest has averaged 1.31 million fish annually
in upper Cook Inlet over the last 30 years (Table 2). The estimated
contribution of Susitna River sockeye to the upper Cook Inlet fishery
is between 10 to 30 percent (ADF&G 1984a). This represents an
estimated annual Susitna Biver sockeye harvest of between 131,000 to
383,000 fish in the commercial harvest over the last 30 years. In
1983 the upper Cook Inlet sockeye catch was the highest in the 30
years of recoyd (Figure 4) and OSusitna River sockeye contributed

approximately 500,000 fish to the total catch of 5 million (Table 3).

3.3.2 Chum Salmon

The wupper Coolk Inlet chum salwmon catch has asveraged 658,000 £ish
annually since 1954 (Table 2. The contribution of Susitna River chum
to the upper Cook Inlet fishery is about 85 percent (ADF&GC 1984a).

This contribution represents an estimated average annual chum harvest

3~2



of 558,000 Susitna River fish in the commercial harvest over the last
30 vears. The Susitna harvest of chum in 1982 was about 1.22 million
fish (Table 3) when a vecord 1.43 million chum were caught in the

upper Cook Inlet fishery (Figure 5).

3.2.3 Coho Salmon

Since 1954, the upper Cook Inlet coho salmon commercial catch has
averaged 258,000 fish annually (Table 2). Approximately 50 percenft of
the commercial coho harvest in upper Cook Inlet is Susitna River coho
(ADF&G 1984a). This contribution represents an average annual Susitna
River cohd harvest of 129,000 fish in the commercial harvest over the
last 30 years. In 1982 the estimated Susitna coho harvest was 388,500
fish (Table 3) when a record 777,000 coho were harvested in the upper
Cook Inlet fishery (Figure 6).

3,2.4 Pink Salmon

The upper Cook Inlet average, annual, odd-year harvest of pink salmon
since 1954 is about 120,000 {ish with a range of 12,500 to 544,000
fish, while the average, annual, even-year harvest is approximately
1.64 willion pink with a vange of 484,000 to 3.23 million fish
(Table 23 Figure 7). The esti .. »° contribution of Susitna River pink
salmon to the upper Cook Inlet pink fishery d1is 85 percen (ADF&G
1984a). This represents an average annual Susitna River contribution
of 102,000 odd-year pink and 1.39 million even-vear pink to the upper

Cook Inlet fishery over the last 30 years.

3.2.5 Chinook Salmon

The commercial chinook havvest has averaged 19,600 fish annually in
the upper Cook Inlet fishery over the last 30 years (Table 2). Since
1964, the opening date of the commercial fishery has been June 25, and
the Susitne River chinook salmon run begins din late May and peaks in
mid-June. Thus, the majoricy of chinook have alreadv passed through

the area subject to commerclal fishing. Commercial catches for



1964~1983 have boen lower than catches before 1964 (Figure 8) because
of the change 1in the opening date. Catches have averaged 11,600
chinook annually for the 20 year period of 1964-1983. Approximately
10 percent of the total chinook harvest in upper Cock Inlet is Susitna
River stock (ADF&G 1984a). This represents an average annual
contribution of 1,960 chinook to the upper Cook Inlet fishery for the
last 30 years, or 1,160 fish for 1964~1983.

3.3 SPORT FISHING

Increases in population and tourism in Alaska have resulted in a
growing demand for recreational fishing, Recreational fishing is now
congidered a significant factor in total fisheries management,
especlally in Cook Inlet where commercial and non-commercial user
conflicts have developed (Mills 1980). The Susitna River and its
major salmon and resident fish-producing tributary streams provide a
multi-species sport fishery easily accessible from Anchorage and other
Cook Inlet communities. Since 1978, the Susitus River and its primary
tributaries have accounted for an average of 127,100 angler days of
sport fishing effort, approximately 9 percent of the 1977-1983 average
of 1.4 milliion total angler days for Alaska and 13 percent of the
1977-1983 average »f 1.0 million total angler days for the South-
central region (Mills 1979, 1980, 1981, 1982, 1983, 1984).

The sporc fish harvests for 1978 through 1983 from the Susitna Basin
based on mail surveys to a sample of license holders are shown in
Table 4 (Mills 1979, 1980, 1981, 1982, 1983, 1984). The estimates
represent the sport fishing harvests throughout the Susitna Basin and
includes an area that is larger than that which could be affected by
the proposed project {(see Figures 9 and 10 for locations of major

tributaries listed in Table 4).

3,3.1 Aretic Grayling

The annual Avctic gravliing sport harvest has avevaged 18,200 fish in

the Susitns Basgin and 61,500 fish in Sovtheentval Alaska over the last



six years (Table 5). This represents a Susitna Basin contribution of
about 30 percent to the Southcentral Arctic grayling sport harvest for
the six year period. The largest sport harvest of Arctic grayling on
record in the Susitna Basin occcurred in 1980 when an estimated 22,100
fish were caught, which represents about 32 percent of the total
Southcentral grayling harvest for that year (Mills 1981).

3.3.2 Rainbow Trout

The Susitna Basin and Southcentral Alaska rainbow trout sport harvests
have averaged 16,000 and 132,900 annually since 1978 (Table 5j.
Approximately 12 percent of the annual Southcentral Alaska rainbow
trout sport harvest was caught in the Susitna Basin over the last six
years. In 1979, about 18,350 rainbow trout were harvested by anglers
in the Susitna Basin, which represents approximately 14 percent of the
1979 Southcentral region grayling sport catch (Mills 1980).

3.3.3 Pink Salmon

The annual, even-year pink salmon sport harvest has averaged 42,950
fish in the Susitna Basin and 134,400 fish in Southcentral Alaska
gince 1978 (Table 5). This represents a Susitna Basin harvest of
about 32 percent of the annual, even-year pink sport catch in South-
central Alaska since 1978. The annual, odd-year pink salmon sport
catch has averaged 8,600 fish in the Susitna Basin and 58,300 fish in
Southcentral Alaska since 1979 (Table 5). Approximately 15 percent of
the odd-year Southcentral pink harvest was caught in the Susitna Basin
gince 1979. The largest sport harvest on racovrd of pink salmon in the
Susitna Basin occurred in 1980 when an estimated 56,600 fish were
caught (Mills 1981). 1In 1981, the estimated odu-year pink salmon
sport harvest of 8,700 fish represented about 6.8 percent of the

estimated Susiina escapeument of 127,000 pink salmon (Table 3}.

3.3.4 Coho Salwmon

Since 1978, the Susitna Basin and Southecentral Alaska coho =2almon
sport harvests have averaged 13,200 and 103,800 fish annuallvy
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{Tahle 5). This represents a Susitna Basin sport harvest of 13
percent of the Southcentral Alaska coho sport harvest for the six year
period, In 1982 about 16,664 coho were landed by anglers in the
Susitna Basin (Mills 1983), which is the largest annual catch on
record., The annual sport harvest of coho in the Susitna Basin is
significant when compared with the esiimated total escapement of coho
in the basin. In 1983, almost one out of every five coho entering the

basin was caught by sport anglers (Table 3).

3.3.5 Chinook Salmon

The annual chinook salmon sport harvest has averaged 37,300 fish in
Southcentral Alaska and 7,950 fish in the Susitna Basin since 1978
fTable 5). This represents an annual Susitna Basin contribution of 21
percent to the Southcentral chinook sport harvest over the six year
pericd. The largest Susitna Basin sport harvest of chinook salmon on
record occurrved dn 1983 when 12,420 fish were caught by fishermen
(Mills 1984).

3.3.6 Chum Salmon

The Susitna Basin and Southcentral Alaska chum salmon sport harvests
have averaged 6,800 and 12,150 fish annually since 1978 (Table 5).
This represents an annual Susitna Basin conteibution of 56 percent to
the Southcentral chum sport harvvest for the six year period. The
largest sport catch of chum salmon on record in the Susitna Basin
pecurred in 1978 when 15,700 fish were landed (Mills 1979). TFor the
years 1981 to 1983, chum salmon sport harvests have averaged between
1.4 and 1.8 percent of the estimasted Susivna Basin chum salmon

egcapement {Table 3).

3.3.7 Sockeye Salmon

The annual sockeye salwon sport harvest has averaged 112,900 fish in
Southeeniral Alagka and 2,100 fisgh in the Susitns Basin for the vears

1978 through 1983 (Table 3). Thie represents an annual Susitna Basin



contribution of lese than 2 percent of the Scuthecentral sockeye sport
harvest for the six year period. In 1983 over 5,500 sockeye salmon
were caught by fishermen in the Susitna Basin, which is the largest
annual catch on record (Mills 1984). The sport catch of sockeye from
1981 through 1983 has averaged 3 percent or less of the estimated

Susitna Basin sockeye escapement (Table 3).

3.4 SUBSISTENCE FISHING

Subsistence harvests within the Susitna Basin are unquantified even
though salmon provide an important resource for many Susitna Basin
residents. The village of Tyonek, approximately 30 miles (50 km)
southwest of the Susitna River wmouth, 1s supported primarily by
subsistence fishing on Susitna River chinook stocks (ADF&G 1984d).
The Tvonek subsistence fishery was reopened in 1980 after being closed
for sixteen years. The annual Tyonek subsistence harvest has averaged
2,000 chinook, 250 sockeye and 80 ccho for the years 1980 through 1983
(ADF&G 1984c).



4.0 SPECIES BIOLOGY

4,1 ADULT MIGRATION

4,1.1 Sockeye Salmon
@

(i) Timing of Runs

Sockeyve salmon enter the Susitna River in two distinct runs., The
first run of fish enters the river in late May to early June and peaks
at Sunshine Station (RM 80) between the first and third weeks of June
(ADF&G 1984a). The escapement of first-run sockeye at Sunshine
Station was about 5,800 fish in 1982 and 3,300 fish in 1983. First
run sockeye spawned exclusively in Papa Bear Lake and inlet stream in
the Talkeetna River drainage (RM 97.1) in 1982 and 1983 (ADF&G 1932a,
1984a). Peak spawning activity for first run sockeye in Papa Bear
Lake was between the second and fourth weeks of July in 1983 and

between the third week of July and the first week of August in 1982,

Second-run sockeye enter the Susitua River about the last of June and
in 1981, 1982 and 1983 passed Sunshine Station between the third week
of July and the second week of August (ADF&G 1984a). Second-run
sockeve are abundant in the Talkeetna-Devil Canyon reach (RM 98.6-152)
from about the third week of July to the fourth week of August. A
summary of second-run sockeyve migration timing in the Susitna River

basin for 1981, 1982, and 1983 is presented in Figure 11.

Second-run sockeye salmon migration timing may be influenced by river
discharge. In 1982 a discharge spike above 80,000 cfs at Sunshine
Statlon colncided with reduced ADF&G fishwheel catches at Sunshine
Station (Figuvre 12). In 1983 river discharge was below 80,000 cfs
during wmost of the second-run sockeye migration at Sunshine Station
ana  the migration passed Sunshine Station in one major peak
(Figure 12). In 1981 river discharge was declining from over 150,000
cfs at Sunshine Statlon when wost of the second-run sockeye assed

Sunshine Station (Tigure 12). Based on this analysis, it appears that
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spikes in discharge over 80,000 cfs at Sunshine Station can delay

sockeye salmon migration timing.

(ii) Escapement

The total annual escapement of second-run sockeye salmon in the
Susitna River has averaged 250,000 fish for 1981, 1982 and 1983
{(Table 6). Total escapement is derived by the summation of population
estimates at Yentna Station [RM 28, tributary river mile (TRM) 04] and
Sunshine Station (RM 80) plus an additional five percent to correct
for fish that may spawn in other portions of the basin (Barrett 198¢4;,
The majority (94 percent) of second-run sockeye in the Susitna River
enter the Yentna sub~basin (RM 28) and the Talkeetna-Chulitna
sub-basin (RM 80-98.6), with an estimated annual escapement to these
sub-basins of 235,000 fish {Table 6).

For 1981, 1982, and 1983, second-run sockeye escapements have averaged
2,800 fish annually in the Talkeetna-Devil Canyon sub-basin (Table 6),
with a vange of 2,170 to 3,360. The escapements are based on
population estimates at Talkeetna Station (RM 103), corrected for the
estimated 30 percent of the fish that return downstream below
Talkeetna Station and spawn elsewhere (Barrvett 1984). The annual
second~run sockeye escapement to the Talkeetna-Devil Canyon sub-basin
for 1981 through 1983 represents about 1 percent of the total annual
sockeye escapement to the Susitna Basin for 1981-1983 (Table 6,
Figure 13).

Scale patterns of sockeye returning to the Chulitna River (RM 98.6)
and Talkeetna River (®M 97.1) spawning areas and of sockeye spawning
in sloughs upstream of Talkeetna Station were examined as part of the
ADFLG stock separation program. The analysis indlcated that the
sockeye spawning in sloughs upstveam of Talkeetna Station in 1982
could not be separated from Talkeetna and Chulitns stocks on the basis
of scale patterns (ADFEG 1982b). The sockeye spawning upstream of

Talkeetna Station may be strays from Chulitpa River and Talkeetna
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River stocks, or could be a stock that oviginated from strays cf the

Talkeetna or Chulitna stocks.

(1i1) Migration Rate

Tagged, second-run sockeye salmon migrated the 23 miles between
Surnshine Station (RM 80) and Talkeetna Station {(RM 103) at an average
rate of :iravel of 1.8 miles per day (mpd) inm 1981, 2.4 mpd in 1983 and
2,7 mwpd in 1982 (ADF&G 1984a). The average rvate cf travel increased
for tagged, second-run sockeye between Sunshine Station and Curry
Station (RM 129): 2.7 mpd in 1981, 3.4 mpd in 198% and 3.7 mpd in 1983
(ADF&G 1984a). It appears that sockeye migration rates increase

and/or milling decreases as sockeye approach spawning areas.
4,1.2 Chum Salwmoun

(1) Timing of Runs

Chum salmon enter the Susitna River in late June to early July and are
numerous in the lowar viver at Yentna Station (RM 28, TRM 04) by the
third week of July (ADF&G 1984a). The chum migration lasts about one
month in the lower river, with most fish passing Yentna Station by the
third week of August (ADF&G 1984a). The chum migration passes
Sunshine Station (RM 80) from the end of July to early September. In
the Talkeetna-Devil Canyon reach (RM 98.6-152), the chum migration
beging about the end of July and continues until the end of August. A
summary of chum migration timing in the Susitna River for 1981, 1982,

and 1983 1s presented in Figure l4.

Chum salmon wmigration timing may be influenced by river discharge,
commercial catches in upper Cook Inlet and stock differences {(ADF&G
1984a). During chum migrations in 1981 and 1983, pesk river dischavge
levels greater than 80,000 ¢ - at Susoshine Station coincided with
reduced fishwheel catches at Sunshine Station and appeared to delay
the chum migrations (Flgure 15). In contrast, during the 19382 chum

migration, rv.veyr discharge levels at Sunshine Stavion Jid not excsad
i o



80,000 :ofs during the chum migration and the migration passed Sunshine
Station in one majer peak (Figuve 15). The 1982 chum wmigration at
Sunshine Station was approximatoly two weeks shorter in duratiom than
the 1981 aand 1983 wmigrations, presumably because the 1982 migration
was undelayed by high viver discharge. TIn 1982, the chum salmon
average migration rate (see Sec., 4.1.2, 1ii) from Sunshine Statiou to
Talkeetna Station (RM 103) was faster than in 1981 and 1983 (ADF&G
1984a) and indicates that the 1982 chum migration was undelayed by

high river discharge at Sunshine Station.

Commercial catech data from the upper ook Inlet fishery for 1981, 1982
and 1983 were compared with 1981, 1982 and 1983 ADFAG fishwhec.
catches at Sunshine Station. A 20 day adjustment was made to allow
for migration timing between the fishery and Sunshine Station (ADF&G
1984a). Reduced fishwheel catches in 1981 and 1983 corresponded with
peak commercial catches greater than 100,000 fish. However, the 1982
peak fishwheel catch and the second peak fishwheel catch in 1983 at
Sunshine Station coincided wizh peak commercial catches goeater than
100,600 fish din upper Cook Inlet. In some vyears differential
commercial fishing may take place on Susitna River chum stocks, while
in other years commercial harvests in upper TZoock Inlet do not appear
to influence the migration timing of chum in the Susitnz River. The
effect of commercial catches on chum migration timing may be mesked by

run strength and river discharge.
& g

Preliminary observarlons by ADF&C personnel suggest that the chum
migration im the Susitna River is not segregated by spawning habitat

types (ADFEG 1984a). Slough spawning and stresm spawning chum salmon
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additional five percent estimated to spawn in other portions of the
bagin (Barrett 1984). The majority (83 percent) of Susitna River chum
salmon enter the Talkeetna-Chulitna sub~basin (RM 80-98,6), which has

a three-year average escapement of 295,600 fish (Table 6).

In the Talkeetna-Devil Canyon reach, the chum salmon escapement has
averaged 24,100 fish for 1981, 1982 and 1983 (Table 6}, with a range
of 12,500 fish to 30,200 fish. The escapements are derived from
population estimates at Talkeetna Station (RM 103), less 40 percent
for those fish that return downstream below Talkeetna Station and
spawn elsewhere (Barrett 1984), The Talkeetna-Devil Canyon sub-basin
chum salmon escapements for 1981 through 1983 represent about seven
parcent of the total Susitna River basin escapements for those years

(Table 6, Tigure 16).

{(iii) Migration Rate

Tagged chum salmon migrated between Sunshine Station (RM 80) and
Talkeetna Station (RM 103) at an average rate of travel of 3.8 miles
per “ay (mpd) in 1983, 4.1 mpd in 1981 and 4.9 mpd in 1982, Chum
gsalmon migrated at faster rates between Talkeetna Station and Curyy
Station (BRM 120): 4.5 wmpd 1n 1981, 6.3 mpd in 1983, and 7.7 mpd in
1982, Migration rates appear to increase as chum salmon approach

spawning areas.

4,1,3 Coho Salmon

(1) Timiog of Runs

Cohe salmon enter the Susitna River in mid-July and are abundant in
the lower river at Ventna Station (RM 28, TRM 04) from the third week
of July until the third weel of August (ADF&G 1984z). The majority of
the ccho migration pagses Sunshine Station (RM B0) between the end of
July and the end of August. Coho  salwmon are numevous 1n  the

Talkeetna-Devil Canyon rveach (RM 98.6-152) from the last week of July
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to the first week of September. A summary of coho wmigration timing in

the Susitna River for 1981, 1982, and 1983 ig presented in Filgure 17.

Coho salmon migration timing may be influenced by river discharge,
commercial catches in upper Cook Inlet and stock differences (ADF&G
1984a). During coho wmigratioms in 1981 and 1983 viver discharge
levels greater than 80,000 c¢fs at Sunshine Station coincided with
reduced ADF&G fishwheel catches at Sunshine Station and appeared to
delay the migrations (Figure 18). 1In 1982 river discharge did not
exceed 80,000 cfs at Sunshine Station during the coho migration and
the migration passed Sunshine Station in one main peak (Figure 18),
The 1982 coho migration was approximately two weeks shorter in dura-
tion than the 1981 ard 1983 migrations, presumably because it was
undelayed by high river discharge levels. The average migration rate
of coho salmon In 1982 (see Sec 4,1.3, iii) between Sunshine Station
and Talkeetna Station (RM 103) was faster than in 198! and 1983 (ADF&G
1984a). The faster migration rate in 1982 adds support to the sugges-

tion that coho salmon were undelayed by high river discharge in 1982,

Commevrcial catch data from upper Cook Inletr in 1981, 1982 and 1983
were compared with 1981, 1982, and 1983 ADF&G fishwheel catches at
Sunshine Station (RM 80). A 24 day adjustment was made to allow for
coho migration timing between Cook Inlet and Sunshine Station. Peak
commercial catches coincided with peak fishwheel catches in all three
years suggesting that migration timing of Susitna River ccho is not
influenced by differential commercial fishing on Susitna River stocks
in Cook Inlet. However, high catches 1in the commercial fishery
apparently reduced the strength of the coho escapewment into the

Susitna River in 1983 (Table 3).

It appears that the c¢oho wmigration in the Susitns River is not

segregated by spawning habitat type (ADF&G 1984a).

(i1} Escapement

The anuual coho salwmon total escapement in the Susitna River basin has

averaged 86,800 fish for 1981, 1982 and 19831 {Table 6}, Total
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escapement estimates of coho salmen are obtained by summation of
population estimates at Yentna Station (RM 28, TRM 04) and Sunshine
Station (RM 80) plus an additional 85 percent estimated to spawn in
other portions of the basin (Barrett 1984). Most coho salmon (97
percent) enter the lower Susitna sub-basin (below RM 80), the Yentna
sub~basin (RM 28) and the Talkeetna~Chulitna sub-basin (RM 80-98.6)
(Table 6).

The annual coho escapement d4n the Talkeetna-Devil Canyon reach
(RM 98.6~152) has averaged 2,200 fish for the last three years
(Table 6) with a range of 1,400 fish to 3,100 fish. The estimates are
based on population estimates at Talkeetna Station (RM 103), less 40
percent for those fish that return downstream below Talkeetna Station
and spawn elsewhere (Barvett 1984). During 1981 through 1983, the
Talkeetna-Devil Canyon sub-basin coho escapement contributed less than
three percent to the total Susitna River basin coho escapement for

those years {Table &, Figure 19)..

(114) Migration Rate

For the last three years, tagged coho salmon traveled from Sunshine
Station (RM 80) to Talkeetna Station (RM 103) at average rates of 1.4
miles per day {(mpd) in 1983, 4.0 wmpd in 1981 and 5.3 mpd in 1982
(ADF&G 1984a). Coho salmon migrated at faster rates between Talkeetna
Station and Curry Station (RM 120): 5.7 mpd in 1983, 10.0 mpd in 1982
and 11.3 mpd in 1981 (ADF&G 1984a). Coho migration rates appear to

increase and/or willing decreases the further upstream they migrate.

4,1.4 Pink Salmon

(1) Timing of Runs

Pink salmon enter the Susitna River in late June to early July and are

nuperous in the lower river at Yentna Station (BEM 28, TRM 04) from the



second week of July to the third week of August {(ADF&G 1984a). The
majority of the pink migration passes Sunshine Station (RM 80) between
the third week of July and the second week of August. In the
Talkeetna-Devil Canyon sub-basin (RM 98.6-152) the pink salmon
migration lasts about 4 weeks from the fourth week of July to the
third week of August., A summary of pink migration timing in the
Susitna River for 1981, 1982 and 1983 1s presented in Figure 20,

The pink salmon migration at Sunshine Station in 1982 was about 2
weeks shorter in duration thao the 1981 and 1983 migrations at Sun-
ghine Station (Figure 20). During pink migrations im 1981 and 1983
river discharge levels greater than 80,000 cfs at Sunshine Station
coincided with vreduced fishwheel catches at Sunshine Station and
apparently delayed the migrations (Figure 21). In 1982 river
discharge did not exceed 80,000 cfs at Sunshine Station during the
pink salmon migration and the migration passed Sunshine Station in omne
main peak (Figure 21). The average migration rate of pink salmon in
1682 (see Sec., 4.1.4, 1ii) between Sunshine Station and Talkeetna
Station (RM 103) was faster than in 1981 and 1983 (ADF&G 1984a). The
faster migration rate in 1982 adds support to the suggestion that pink
salmon were undelayed by high river discharge in 1982. Peak discharge

levels apparently delay upstream movements of pink salmon.

(1i) Escapement

Pink salmon have a two-year life cycle that results in two genetically
distinct stocks occurring in each stream. In the Susitna Basin, the
even-vear yuns are numerically dominaut (ADF&G 198%4a). The annual
odd-year pink salmon total escapement in the Susitna River has
averaged 138,200 fish for 1981 and 1983, while the even-year pink
salmon total escapement iIin the Susitna River was approximately
1,317,900 fish in 1982 (Table 6). Pink salmon total escapement is
derived by the svmmation of population estimates at Yeunti.: Station (RM

28, TRM 04) and Sunshine Station (M 80) plus an additional 48 percent

N

estimated to spawn in other portions of the basin (Barvett 1984).

Most pink salmon (96 percent of the even-vear run, 97 percent of the



odd-vear run} are distributed in the lower Susitna sub-basin, the

Yentna sub-basin, and the Talkeetna-Chulitna sub-basin {(Table 8).

For the years 1981 and 1983, odd-year pink salmon escapements have
averaged 4,400 fish annually in the Talkeetna~Devil Canyon sub-basin
(Table 6), with a range of 1,700 fish teo 7,100 fish., In 1982, the
even-year pink salmon escapement in the Talkeetna-Devil Canyon
sub-basin was approximately 54,800 fish (Table 6). The escapement
estimates arve devived from population estimates at Talkeetna Station
(RM 103), less 25 percent for those fish that return downstream below
Talkeetna Station and spawn elsewhere (Barrett 1984). The odd-year
average escapement for 1981 and 1983 in the Talkeetna-Devil Canyon
sub~basin represents about 3 percent of the total odd=year Susitna
Basin pink escapement, while the even-year escapement in 1982
represents about 4 percent of the total even-year Susitna Basin

escapement (Table 6, Figure 22).

(iii) Migration Rate

During 1981 through 1983, tagged pink salmon migrated from Sunshine
Station (RM 80) to Talkeetna Station (RM 103) at average vrates of
speed of 2.6 miles per day (mpd) in 1981, 5.9 mpd in 1983 and 7.4 mpd
in 1982 (ADF&G 1984a). The average rates of travel for pink salmon
increased between Talkeetna Station and Curry Station (BM 120Y: 6.0
mpd in 1981, 7.1 mpd in 1983 and 10.0 mpd in 1982 (ADF&G 1984a). Pink
salmon migratian vates appear to increase and/or milling decreases the

further upstveam they migrate (ADF&G 1984a).
4.1.5 Chinook Salmon

(i) Timing of Run

Chivncok salmon enter the Susitna River in late May to eavly June., In
the Jlower river wmost chinook (over 90 percent) have migrated past
Susitna Station (RM 26) by July 1 (ADF&G 1972). Chinook salmon are

abundant at Suvashine Statiom (RM 80) for sbout one wmonth between
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mid-June and mid=-July (ADF&C 1984a). In the Talkeetma-Devil Canyon
reach (RM 98,6-152), the chinook migration lasts for about one month
from the third week in June te the third week in July. A summary of
chinoock migration timing in the Susitna River for the years 1981,

1982, and 1983 1is presented in Figure 23.

Chinook migration timing may be influenced by river discharge (ADF&G
1982a). During the 1981 chinook migration and in the early part of
the 1982 chinook migratioun, river discharge peaked near 80,000 cfs at
Sunshine Station (RM 80), These discharge peaks coincided with
reduced fishwheel catches at Sunmshine Station (Figure 24). However,
in 1983 reduced fishwheel catches during the chinocok migration did not
coincide with the peak river discharges near or above 80,000 cfs
(Figure 24). The correlation of high river discharge (above 80,000
cfs) with reduced fishwheel catches at Sunshine Station is not as
clear for chinook salmon as it is for sockeye, chum, coho and pink

salmon.

(11) Escapement

The minimum total escapement of chinook salmon in the Susitna River
bgsin for 1983 was approximately 125,600 fish (Table 6). The estimate
ig based on 1983 chinook stream count surveys (ADF&G 1984a) and the
relationship that a peak chinook survey count represents at most 52
percent of the total escapement (Neilsen and Geen 1981). The
escapement estimates derived by this wmethod should be viewed as
preliminary minimum escapements because: (1) in 1983 the surveys did
not include all known chinook spawning streams in the Susitna Basin
(ADF&G 1984a}; (2) counts may not vepresent peak numbers as some
streame were surveyed only once; and (3) the relationship that a peak
survey count represents at most 52 percent of the total escapement may

not apply to Susitna River chinook.

The 1983 estimate of chinocok escapement by the stream count method in
the Talkeetna~Devil Canyon reach (RM 98.6-152) was about 8,500 chinook

(ADV&G  1984a) cowmpared to 10,800 chinook approximated by the
{
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mark/recapture method in 1983. The mark/vecapture estimate has a
correction factor of 25 percent applied to the ADF&G population
estimate of 14,400 fish, which aceocunts for the estimated number of
fish that wmove downstream of Talkeetna Station (RM 103) and spawn
elsewhere (Barrett 1984)., Figure 25 shows the chinook escapements to
the Talkeetna-Devil Canyon sub-basin and the Talkeetna-Chulitna
sub-basins based on 1983 and 1984 ADF&G population estimates,

All  known and suspected chinook  spawning streams in  the
Talkeetna-Devil Canyon sub-basin were surveyed twice in 1983, whereas
elsewhere in the Susitna Basin stream surveys were not conducted in
all of the known and suspected chinook spawning streams and most
streams were surveyed once (ADF&G 1984a). Due to the increased
sampling effort., the chinook escapement estimated by the stream count
method in the Talkeetna-Devil Canyon sub-basin in 1983 is probably
more accurate than other sub-basin chincok escapements approximated by

the stream count method in 1983,

While chinook stream survey counts and escapements derived by the
stream count wmethod may not accurately estimate chinook ctotal
escapement numbers, they do provide an dindex of the relative
importance of chinook spawning streams in the Susitna Basin. Chinook
salmon peak spawning counts have been conducted by ADF&G in selected
Susitna Basin chincok spawning streams since 1976 (Table 7). The 1983
survey dincluded mwost of the major chinook spawning streams in the
Sugitna Basin and was completed under good to excellent survey
conditions {ADF&G 1984a). The 1983 chincok salmon count in the
Susitna drainage index streams was approximately six percent higher
than the 1976-1982 average (ADF&G 1984a). 1In 1983, approximately 80
percent of chinook salmon counted in the survey were observed below RM
80 in the Yentuna sub-basin and the lower Susitna sub-basin (Table 7).
In the Talkeetna-Devil Canvoun reach, the chinook stream count in 1983
of 4,432 was the highest vecorded for 1976-1983 and represents
approxwimately se.en percent of the 1983 total Susitna Basin chinook

gtyeam count {Table 7).
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(iii) Migration Rate

Tagged chinook salmon migrated between Sunshine Statiom (RM 80) and
Talkeetna Station (RM 103) at an average rate of travel of 2,! miles
per day (mpd) in 1982 and 1.8 mpd in 1983 (ADF&G 1984a). The average
rate of travel for tagged chinook salmon between Talkeetna Station and
Curry Station (BRM 120) was 2.2 mpd in 1982 and 2.7 wpd in 1983 (ADF&G
1984a). It appears that chinook salmon spend less time milling and/or

migration rates increase the further upstream they travel (ADF&G
1984a) .

4.2 SPAWNING

4.2.1 Sockeye Salmon

(1) Spawning Locations

The majority of second-run sockeye salmon in the Talkeetna-Devil
Canyon reach (RM 98.,6-152) spawn in slough habitat. Approximately 99
percent of the 2420 second-run sockeye counted during peak spawner
counts were observed in sloughs {(ADF&G 1984a). The remaining
second-run sockeye salmon were 1in mainstem and tributary streanm
habitats. One wmaln channel second-run sockeye spawning site was
identified during the 1981-1983 surveys (ADF&G 1981la, 1982a, 1984a).
The site (RM 138.6 - 138.9) was used by eleven spawning seccnd-run
sockaeye on September 15, 1983, Six secmndwrun sockaye were observed
in streams during the 1981-1983 surveys, however all six were
considering wmilling fish that did not spawn in streams (ADF&G 198la,
1982a, 1984a). During slough spawning surveys in 1981-1983,
second~-run sockeye were observed in geventeen sloughs above RM 98.6
(Table 8). Only three of the seventeen slcoughs contained significant
numbers of  spawning second-vun sockeye in  all three vears,
Sloughs 84, 11 and 21 accounted for 89 percent of the total slough
peak counts din 1981, 95 pervcent in 1982 and 92 percent in 1983
(Tahle 8).
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The psak of spawning occurved betwesen the last week of August and the
end of September in all three years (ADF&G 198la, 1982a, 1984a). A
portion (Z4~43 percent) of the second-run sockeye salmon monitored in
three sloughs in 1983 did not spawn in the slough of first recorded
entry (ADF&G 1984a). These fish suffered mortality from either bear
predation or stranding, or departed the slough and presumably spawned

elsevwhere.

Peal survey counts are indices of £ish abundance. To estimate the
total slough escapement of second-run sockeye above RM 98.6, the total
fish days in slough habitat for sockeye salmon was divided by the
average slough life of sockeye salmomn (11.8 days in 1983) (ADF&G
1984a). The 1983 total slough escapement of second-run sockeye salmon
in sloughs above RM 98.6 was an estimated 1,060 fish (Table 9). This
estimate 1is about 56 percent of the 1983 Curry Station (RM 120)
second-run sockeye escapement of 1,900 fish and approximately 23
percent of the 1983 Talkeetna Station (RM 103) second-run sockeye
escapement of 4,200 fish. Second-run sockeye were observed spawning
almost exclusively in slough habitat above RM 98.6, therefore the
differences between the total slough escapement and the Curry Station
and Talkeetna Station population estimates are probably attributable
tos (1) milling fish that return downstream below Talkeetna Station
and spawn elsewhere; (2) the error associated with estimating the
slough escapement; and {3) the error associated with approximating the
population estimates at Talkeetna and Curry Stations (ADF&G 1984a).
It was assumed that din 1981 and 1982 second-run sockeye salmon
averaged the same slough life of 11.8 days that was estimated for 1983
sacond~run sockeye {(ADF&G 1984a). The estimated total fish days for
second~run sockeye in sloughs in 1981 and 1982 was divided by the 1983
estimated slough life to estimate total slough escapement of
second-run sockeye 1in 1981 and 1982, The total slough escapement
above RM 98.6 was about 2,200 second~run sockeye {in 1981 and
approximately 1,500 second=-run sockeye in 1982 (Table 9). The 1981
total slough escapewent of 2,200 fish is 79 percent of the 1981 Curry
Stavion estimate of 2,800 seccad-vun sockeve and 46 percent of the

1981 Talkeetna Statlon population estimate of 4,800 second-vun
pop :
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sockeye. The 1982 total slough escapement of 1,500 fish is 115
percent of the 1982 Curry Station population estimate of 1,300
second-run sockeye and 48 percent of the 1982 Talkeetna Station
population estimate of 3,100 second-run sockeye, Differences between
total slough escapements and the population estimates at Talkeetna and
Curry statlons are probably due to the same factors outlined above for
the differences in 1983,

Second-run sockeye generally spawn in the upper halt.tat zones of
sloughs, while chum salmon spawn in the lower habitat zones of sloughs
(Table 10). Although some overlap exists, it appears that spawning
chum salmon and second-run sockeye salmon in sloughs above RM 98.6,

are segregated within the slough habitat (ADF&G 1984a).

(ii) Access

The access and upstream passage of sockeye salmon into sloughs and
side channels are dependent primarily on water depth and length of the
passage vreaches that arve restrictive to the upstream movement of
salmon (ADF&G 1984d). Hydraulic velocity barriers do not exist at
sloughs in the Talkeetna-Devil Canyon reach (RM 98,6-152). The
mainstem discharge level directly influences access and passage into
sloughs because of its influence on backwater at the mouth of sloughs
and breaching at the upstream (head) end of sloughs. Under low
mainstem discharge levels (unbreached conditions), the backwater at
the mouth of sloughs and side channels may not be of sufficient depth
to allow successful passyge. As mainstem discharge increases, the
backwater area generally increases in depth and extends its length
upstream, which increases the depths within those critical passage
reaches affected by the backwater. The elimination of passage
restrictions within a reach by backwater inundation continues in the
upstream direction with increasing mainstem discharge. until braaching
pecurs, at which point depths become adequate fovr passage at all

passage reaches in most sloughs and side channels (ADFEG 18844d).



Mainstem discharge levels 1n the Susitna River at Gold Creek
(RM 136.7) commonly range between 20,000 and 30,000 cfs during June,
July and August when adult salmon are migrating upstream and 15,000 to
20,000 cfs during peak spawning periods (20 August to 20 September)
(ADF&G 19844). Because of the diversity in the morphology of
individual sloughs, the access and passage into sloughs varies
considerably at a mainstem discharge level. Breaching of sloughs at
most sites in the Talkeetna-Devil Canyon reach (RM 98.6-~152) occurs at
relatively high mainstem discharges (19,000 to 42,000 cfs) (ADF&G
1984d). During the peak spawning period (20 August to 20 September)
mainstem discharge at Gold Creek equals or exceeds 15,000 cfs 50
percent of the time (ADF&G 1984d). Therefore, access and passage into
sloughs and side channels is more often controlled by the backwater at
the slough mouth and the local flow from groundwater and runoff
sources. Local flow from groundwater appears to be correlated with
mainstem discharge (APA 1984). Therefore, as mainstem discharge

decreases, local flow from groundwater may alsc decrease.

Sloughs 8A, 11 and 21 have accounted for over 90 percent of the
sockeye salmon total peak counts in slough habitat (Table 8). T
most serious passage restrictions for mainstem discharges below
breaching discharge for these three sloughs occur in Slough 21 (ADF&G
1984d).

(iii) Fecundity and Sex Ratio

The fecundity of second-run sockeye salmoun was estimated from a sample
of 25 ferales collected at Sunshine Station (RM 80) im 1983 (ADF&G
1984a)., The mean number of eggs per female, based on this sample, was
3,543 eggs (range: 2,950 to 4,800 eggs). This is similar to the range
of sockeye fecundity (2,500 to 4,300 eggs) reported by Morrow (1980).
Regression analyses of the number of eggs per female as a function of
length and/or weight were used to predict Susitna River second-run
sockeye fecundities. The detalls of the analyses are reported by
ADF&G  (1984a). The mwean fecundity for Susiine River second-ryun

sockeve 18 3,350 eggs per {female (ADF&GC 1984a). This estinated



fecundity is devived Ifrom the vegression analysis of fecundity as a
function of length and from the mean length: of sockeye salmon measured

at Sunshine Station.

The egg retention of second-run sockeye salmon was estimated in 1983
from sampling 56 female sockeye carcasses from four sloughs between
river miles 98.6 and 161 (ADF&G 1984a). The average egg retention was
about 250 eggs per female. Almost 80 percent of the carcasses had
retained 25 or fewer eggs, while only seven percent of the fish

sampled had retained more than 1,000 eggs.

The sex ratiz (male to female) of second-run sockeye salmon in the
Susitna River was 1.0:1 in 1981, 1.2:1 in 1981 and 1.3:1 din 1983
(ADF&G 198la, 1982a, 1984a). Sex ratios of sockeye salmon at specific
sampling locations varied considerably between some locations and
vears (Table 11). Sex ratios of sockeye salmon by age are reported by
ADF&G (198la, 1982a, 198%4a). Some males matured at an earlier age
than females. Most returning adult sockeye were four and five year

fish that had gone to sea after one winter in freshwater.

4£,2.2 Chum Salmon

(1) Svawning Locations

Most chum salmon abeve RM 98.6 spawn in either slough or tributary
stream habitats. About 93 percent of the 10,570 chum salmen counted
during peak index surveys were observed in stream or slough habitats;
the remaining 7 percent were observed at mainstem spawning sites
(Teble 12). In 1983 cuoum salmon peak index counts in stream and
slough habitats were about equal, while in 1982 and 1981 counts were

higher in slough habitats (Table 12).

Chum salmon peak index counts in sloughs zbove RM 98.6 were: 2,596
fish inm 1981, 2.244 fish in 1982 and 1,467 fish in 1983 {Table 11).
Eleven of the 33 sloughs surveyed iu all three vyears were occupled by

gpawning chum salwmon in each year {(Table 13).



F

Q

ur of the eleven, sloughs 21, 11, 8A and 9, averaged more than 200

o
bty

81

foda

or 1981, 1982 and 1983 and accounted for about two-thirds of the
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otal chum salmon counted in slough habitats (Table 13).

Total slough escapemenis of chum salmon in sloughs above RM 98.6 was
estimated by dividing che total fish days in slough hakitat by the
average slough life of chum (AF&G 1984a). The total slough
escapement was about [,950 chum salmwon in 1983, 5,100 chum salmon in

1582 and 4,500 chum salmon i~ 1981 {(Table 14).

In 1983, some chum salmon monitored for slough life were not confirmed
spazners in the slough of first reccorded entry. The percent of
non-spawning chum salmon ranged from O to 85.7 in the five sloughs
monitored (ADF&G 1984a). Some of the non-spawners were willing fish

that later spawned elsswhere.

Chum salmon generally spawn in the lower habitat zones nf sloughs,
while secend-run sockey~ spawn in the upper habitat zones of sloughs
(Table 10). Although some overlap exists, spawning chum and sockeye
salmon are apparently segregated within slough habitat above M 98.8
(ADF&G 1984a}).

Chum salmon peak index counts in streams above RM 98.6 wevre: 241 fish
in 1981, 1,737 fish din 1982, and 1,500 fish in 1983 {(Table 15). 1In
1882 and 1985 over 95 pevcent of the chum salmon counted during peak
spawnev surveys were obssrved in three streams: Tndian River, Fourth
of July Creek and Portage Creek (Table 15). In 1981, Indian River,
Fourti. of July Creek and Lane Creek wrre occupied by about 85 percent

of the .41 chum salmon co - ted during peak survevs (Table 15).

Chum saluon pealk counts at neinstem spawning sites were: 16 fish in
1981, 550 tish dn 1982 and 219 fish in 1983 (Table 12). Eighteen chum
ssimon mainstem spawning sites were identified during 1981-1083

suyveys; seven sites weve used in two or morc of the

{(Table loj.



The peak of chum salmon spawning occurred during the last week Of
August in streams, the first week of September in sloughs, the first
two weeks of September at mainstem spawning sites inm 1981, 1982 and
1983 (ADF&G 198la, 1982a, 1984a;.

(1ii) Access

Chum salmon spawn primarily in tributary or slough habitat in the
Talkeetna-Devil Caayvon reach (RM 98.6~152) (Table 12). Access and
passage into selected sloughs has received preliminary investigations
by ADF&G (1983d). Trihey (1983) and R&M Consultants (1982) have
examined passage conditions and streambed stability i1n selected

tributaries.

Small deltas are formed at the mouth of most tributaries. As the
stage in the mainstem decrsases, the tributaries become perched above
the viver, that is, the tributaries flow across steep deltas. If the
steep deltas were to remain under low mainstem conditions, the access
and upstream passage of fish would be inhibited or eliminated. Based
on the analyses by Trihey (1983) and R&M Consultants (1982), most
tributaries in the Talkeetna-Devil Canyon sub-basin have sufficient
energy to downcut the perched deltas to establish a channel at a new
grac.ent. Tributaries that support chum spawning that may remain
perched under low mainstem flows ave Jack Long Creek, Sherman Creelk,
Fifth of July Creek (RM 123.9), and Little Portage Creek (R&M
Jonsultants 1982). Nene of these streams appear to support
significant numbers of spawning chum salwon (Tsole 15), Tributaries
that have not be. .. evaluated are Chase Creek and Lower McKenzise Creek:
hovever, neither of these sireams appear to be important chum spawning

tributaries (Table 15),

The access and upstream passage of chum salmon into sloughs and side
channels are dependent primarily on water depth and length of the
reaches that are restrictive t©o the upstream uwovemsnt of

(ALF&EC 1984dY ., Hydyaulic velocity do not 2%
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The mainstem discharge level dirvrectly influences access and passage
into sloughs because of its influence on backwater at the mouth of
sloughs and breaching at the upstream (head) end of sloughs. Under
low mainstem discharge levels (unbreached conditions), the backwater
at the mouth of sloughs and side channels may not be of sufficient
depth to allow successful passage. As mainstem discharge increases,
the backwater area generally increases in depth and extends its length
upstream, which increases the depths within those critical passage
reaches affected by the backwater. The elimination of passage
restrictions within a reach by backwater inundation continues in the
upstream direction with increasing mainstem discharge, until
controlling discharge levels occur, at which point depths become
adequate for passage at all passage reaches in most sloughs and side
channels (ADF&G 19844d).

Mainstem discharge levels in the Susitna River at Gold Creek
(RM 136.7) commonly range between 20,000 and 30,000 cfs during June,
July and August when adult salmon are migrating upstream and 15,000 to
20,000 cfs during peak spawning periods (20 August to 20 September)
(ADF&G 19844d). Because of the diversity din the worphology of
individual sloughs, the access and passage into sloughs varies
considerably at a mainstem discharge level. Breaching of sloughs at
most sites in *he Talkeetna-Devil Canyon reach occurs at relatively
high mainstem discharges (15,000 to 42,000 cfs) (ADF&G 1984d). During
the peak spawning period (20 August to 20 September) mainstem
discharge at Gold Creek equals or exceeds 15,000 cfs 50 percent of the
time (ADF&G 1984d). Thervefore, access and passage into sloughs and
side chranels are more often controlled by the backwater at the slough
mouth and the local flow from groundwater and runoff sgources. Local
flow from groundwater appears to be corvelated with mainsten discharge
{APA 1984}, Therefore, as mainstem discharge decreases, local flow

from groundwatey may also decrease.

Sloughs 8A, 9, 11 and 21 have accounted for about two-thirds of the

total peat counts of chum ecalmon in slough habitats during 1981, 1982

and 1983 {(Table 13), The wost sevious pagssgage i1esirvicolons f{or



mainstem discharges below breaching discharge for these four sloughs

occur in Sloughs 9 and 21 (ADF&G 1984d).

(iii) Fecundity and Sex Ratio

The fecundity of chum salmon was estimated from a sample of 27 females
collected at Sunshine Station (RM 80) in 1983 (ADF&G 1984a). The mean
number of eggs per female, based on this sample, was 3,189 eggs with a
range of 2,478 to 4,076 eggs (ADF&G 1984a). This is similar to the
range of chum fecundity (2,400 to 4,000 eggs) reported by Scott and
Crossman (1973}, Regression analyses of the number of eggs per female
as a function of length and/or weight were used to estimate Susitna
River chum salmon fecundities. The details of the analyses are
reported by ADF&G (1984a). The mean fecundity for Susitna River chum
salmon is 2,850 eggs per female. This estimated fecundity is derived
from the regression analysis of fecundity as a function of length and
from the mean length of chum salmon females sampled at Sunshine

Station.

The egg retentilon of chum salmon was estimated in 1983 from sampling
229 female chum salwmon carcasses in 12 sloughs and one main channel
spawning site between river miles 98.6 and 161 (ADF&G 1984a). The
average egg retention was about 114 eggs per female. Almost 75
percent of the cavrcasses had retained 25 or fewer eggs, while less
than four percent of the fish sampled had retained more than 1,000

eggs.

The sex ratio (male to female) of chum salmon in the Susitna River was
1.0:21 dn 1981, 1.1:1 dn 1982 and 1.3:1 im 1983 (ADF&G 198la, 1982a,
1984a). Sex vatiocs of chum salmon at specific sawpling location
varied between locations and vyears (Table 17). Sex vatics of chum
salmon by age are reported by ADF&G (198la, 1982a, 1984a). Most
returning adult chum were four and five year old fish that had gone to

sea during their first summer of lLife.



4.2.3 Coho Salmon

(1) Spawning Locations

Most coho salmen in the Talkeatna-Devil Canyon reach (RM 98.6-152)
spawn in tributary stream habitat. During spawning ground peak
surveys in 1981-1983, over 99 percent of the 1,336 coho saimon counted
were observed in streams (ADF&G 1984a). Only five coho salmon were
cbserved spawning in mainstem and slough habitats. In 1981, onme coho
salmon was captured in the mainstem at RM 129.2, while in 1983 two
coho salmon were observed spawning in the mainstem at RM 131.1
(ADF&G 198la, 1984a). The only documented slough habitat that coho
salmon utilized for spawning during 1981 through 1983 was at Slough 8A
(RM 125.1), where two coho salmon were observed spawning on October 2,

1982 (ADF&G 1982a).

Coho salwon peak index counts in tributary streams above RM 98.6 were:
458 fish in 1981, 633 fish in 1982 and 240 fish in 1983 (ADF&G 1984a),
Twzlve tributary streams above RM 98.6 were found to contain coho
galmon during index surveys in 1981-1983 (Table 18). Peak index
counts greater than 10 fish in all three years were recorded in:
Whiskers Creek, Chase Creek, Gash Creek, Lower McKenzie Creeck, Indian
River and Portage Creek. The two most important tributary streams for
coho spawning were: Gash Creek and Indian River im 1981, Whiskers
Creek and Lower McKenzie Creek in 1982 and Whiskers Creek and Indian

River in 1983 (Tahle 18).

Coho spawning activity in tributary streams above RM 985.6 peaked
between the last week of August and the first week of October in 1981,

1982 and 1983 (ADF&G 198la, 1982a, 1984a).

Cohe  salmon  spawn almost  exclusively in  tributaries din  the

Talkeetna~Devil Canvon reach (RM 98,6-152), Small deltas are formed
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the tributaries flow across the steep deltas. If the steep deltas
were to remain under low mainstem conditions, the access and upstream

passage of fish would be inhibited or eliminated.

Trihey (1983) examined the hydraulic conditions supporting fish
passage into Indian River and Portage Creek, while R&M Consultants
(1982) evaluated the streambed stability of numerous tributary mouths
between the confluence of the Susitna and Chulitna vrivers (RM 98.6)
and Devil Canyon (RM 152). Based on the analyses 1in these studies,
most tributaries in this reach of river have sufficient energy to
downcut the perched deltas to establish a channel at a new gradient,
One tributary that supports coho spawning that may remain perched
under low mainstem flows is Jack Long Creek. Tributaries that have
not been evaluated include the following coho spawning streams: Chase
Creek, Slash Creek and Lower McKenzie Creek. Of the three, Chase
Creek and Lower McKenzie Creek support higher numbers of coho salmon
than Slash Creek and are among the five most important coho spawning
tributaries in this reach of river based on three year index count

averages (Table 18).

(iii) Fecundity aund Sex Ratio

Fecundity has not been estimated for coho salmon in the Susitna River,
but is expected to be approximately 2,500 to 3,000 eggs, as reported
by Morrow (1980).

The sex ratioc (male v female) of coho salmon in the Susitua River was
0.%9:1 4n 1981, 1.4:1 dn 1982 znd 1.3:1 in 1983 (ADF&C 198la, 19R82a,
1984a). The sex ratics of coho salmon at specific sampling locations
varied between years and sites (Table 19). 8Sex ratics of coho salmon
by age are reported by ADF&G (198la, 1982a, 1984a). Most veturaing
adult coho weve three and four year old fish that had gone to sea

after one ov {wo winters in freshwater.



4,2.4 Pink Salmen

(1) Spawning Locations

The majority of pink salmon in the Talkeetna-Devil Canyon rteach
(R¥ 98.6-152) spawned in tributary stream habitat. Peak index counts
for streams above RM 98.6 were 378 fish in 1981, 2,855 fish in 1982
and 1,329 fish in 1983 (Table 20). In 1981 Lane Creek, Chase Creek
and Fourth of July Creek had peak counts of 358 pink salmon, which
accounted for almost 95 percent of the total peak counts of 378 fish
for that year. In 1982, when pink salmon escapement in the Susitna
River was at an even-year high, eight streams had pezk index counts of
over 100 pink salmon each and accounted for almost 93 percent of the
total count of 2,855 fish for that year (Table 20). Indian River,
Portage Creek and Fourth of July Creek were the most important pink
salmon spawning streams in 1983; the three streams collectively had a
peak index count of 1,249 fish which contributed about 94 percent of
the total stream peak count of 1,32% fish. The peak of pink salmon
spawning in streams above RM 98.6 occurred during the second and third

weeks of August in all three years (ADF&G 1981la, 1982a, 1984a).

Pink salmon were observed spawning in slough habitat im 1981 and 1982,
Total slough escapement for pink salmon above RM 98.6 in 1981 was 38
fish in Slough 8 (Table 21). In 1982, total slough escapement above
RM 98.6 was about 297 fish in seven sloughs (Table 21). Two of the
seven sloughs, 11 and 20, accounted for over 80 percent 5f the pink
salmon total escapement in sloughs in 1982. No pink salmon were
observed spawning in sloughs in 1983; fish counted in slough habitat
during spawning surveys in 1983 were consideved milling fish (ADF&G
1984a), In 1981 the peak of pink salwmon spawning in Slough 8 occurred
about the last week of August, while in 1982 the peak of pink salmon
epawning in sloughs occurred during the first three weeks of August
{(ADF&G 1981a, 1982a).

No pink salwmon were observed spawning 1o the wainstem of the Susiins

Biver above RM 98,6 in 19811983 (ADF&G 1984a).



(1i) Access

Pink salmon spawn primarily in tributaries in the Talkeetna-Devil
Canyon reach (RM 98.6-152); sloughs are used by spawning pink salmon
to a lesser extent. The highest use in both habitats occurs during

even years (Tables 20, 24).

Small deltas are formed at the mouth of most tributaries. As the
stage in the mainstem decveases, the tributaries become perched above
the river, that is, the tributaries flow across steep deltas. If the
steep deltas were to remain under low mainstem conditicns, the access’

and upstream passage of fish would be inhibited or eliminated.

Trihey (1983) examined the hydraulic conditions supporting fish
passage into Indian River and Portage Creek, while R&M Consultants
(1982) evaluated the streambed stability of numerous tributary mouths
between confluence of the Susitna and Chulitna rivers (RM 98.6) and
Devil Canyon (RM 152). Based on the analyses in these studies, most
tributaries in this reach of river have sufficient energy te downcut

the perched deltes to establish a channel at a new gradient.

Tributaries that support pink salmon spawning that may remain perched
under low mainstem flows are Little Portage Creck, Fifth of July Creek
{(RM 123.9), Sherman Creek and Jack Long Creek (R&M Consultants (1982},
Chagse Creek and Lower McKenzie Creek arve pink spawning tributaries
that have not been evaluated for streambed stability or salmon

passage. These siveams appear to be of moderate to low importance for

pink salmon spawning (Table 20).

E

The access and upstream passage of pink salwon into sloughs and side
channels are dependent primarily on water depth and length of the
passage reaches that arve restrictive to the upstream wmovement of
salmon (ADF&G 1984d). Hydraulic velocity barriers apparvently do not
exist at sloughs in the Talkeetna-Devil Caunyon veach.
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sloughs and breaching at the upstream (head) end of sloughs. Under
low mainstem discharge levels (unbreached conditions), the backwater
at the mouth of sloughs and side channels may not be of sufficient
depth to allow successful passage. As mainstem discharge increases,
the backwater area generally increases in depth and extends its length
upstream which increases the depths within those critical passage
veaches affected by the backwater. The elimination of passage
restrictions within a2 reach by backwater inundation continues in the
upstream direction with increasing wmainstem discharge, until
controlling discharge levels occur, at which point depths become
adequate for passage at all passage reaches in most sloughs and side
channels (ADF&G 19844).

Mainstem discharge levels in the Susitna River at Gold Creek
{(RM 136.7) commonly range between 20,000 and 30,000 cfs during June,
July and August when adult salmon are migrating upstream and 15,000 to
20,000 cfs during peak spawning periods (20 August to 20 September)
(ADF&G 1984d). Because of the diversity in the morphology of
individual sloughs, the access and passage into sloughs varies
considerably at a mainstem discharge level. Breaching of sloughs at
most sites in the Talkeetns-Devil Canyon reach occurs at relatively
high mainstem discharges (19,000 to 42,000 cfs) (ADF&G 1984d). During
the peak spawning period (20 August to 20 September) mainstem
discharge at Gold Creek equals or exceeds 15,000 cfs 50 percent of the
time (ADF&G 1984d). Therefore, access and passage into sloughs and
side channels is more often controlled by the backwater at the slough
mouth and the local flow from groundwater and runoff sources. Local
flow from groundwater appears to be correlated with mainstem discharge
(APA 1984). Therefore, as mainstem discharge decreases, local flow

from groundwater may aiso decrease,

Sloughs 11 and 20 accounted for over B0 percent of the total pink
salmon escapement in sloughs in 1982 (Table 21). Based on analyses by
ADF&G (1984d} it appears that Slough 1l will have passage restrictions

at low mainster discharge levels, while access and passage into

igh 20 will be maircained for most sape reaches by the local

woaf Wat




(1ii) TFecundity and Sex Ratio

Pink salmon fecundity was estimated from a sample of 22 females at
Sunshine Station (RM 80) in 1983 (ADF&G 1984a). The mean number of
eggs per female was 1,475 eggs w :h samples ranging from 1,125 to
1,975 eggs. This is similar to the range reported for pink salmon
(800 to 2,000) by Morrow (1980). Regression analyses of fecundity as
a function of fish length and/or weight were used to predict Susitna
River pink salmon fecundities., The details of the analyses are
reported by ADF&G (1984a). The predicted fecundity for Susitna River
pink salmon is about 1,350 eggs per female, which is based on the
regression analysis of fecundity as a function of length and the mean

length of the all female pink salmon measured at Sunshine Statiom.

The sex ratio (male to female) of all pink salmon sampled in the
Susitna River was: 0.8:1 in 1981, 1.4:1 in 1982 and 0.9:1 in 1983
(ADF&G 198ia, 1982a, 1984a). A summary of pink salmon vex ratios at
sampling locations din the Susitna River for 1981 c¢hrough 1983 is
presented in Table 22. All pink salmon returning to the Susitna River

are two yeayr old fish that went to sea in their first summer of life.

4,2,5 Chinoock Salmon

Chinook salmon spawn exclusively in tributary stream habitat in the
Talkeetna-Devil Canyon reach {(RM 98.6-152). HWo chincok spawning was
cbserved in any mainstem, side channel or slough habitats. Peak index
counts of chinook salmon in streams above RM 98.% were: 1,121 fish in

1981, 2,474 fish in 1982 and 4,432 fish in 1983 (Table 23).

The total chinook salmon escapement to streams above BRM 98.6 was
estimated by the relatiounship that a maximum survey count represents
at most 52 percent of the total escapement (Nielson and Geen 1981},
Baged on this method, chinock total escapement to streams above

M 98,6 was about 2,150 fish in 1981, 4,750 fish in 1982 and 8,500
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figh dn 1983, These estimates of chinook total stream

should be viewed as preliminary esr.eates because: (1) in 1981 nor all



chinook salmon spawning streams were surveyed above RM 98.6; and
(2) most importantly, the relationship that a peak couat represents at
most 52 percent of the total escapement may not be valid for Susitrna

Kiver chinook salmon.

The 1982 total stream escapement of 4,750 chinook salmon is about 44
percent of the 1982 Talkeetna Station (RM 103) chinook escapement of
10,900 fish and approximately 42 percent of the 1982 Curry Station
{(RM 120) chincok escapement of 11,300 fish. Differences between the
total stream escapement and the Talkeetna Station and Curry Station
population estimates arve probably due to: (1) milling £ish that
return downstream below Talkeetna Station and spawn elsewhere; (2) the
error associated with estimating total stream escapement; and (3) the
erroy associated with estimating the p-pulation size at Talkeetna and
Curry Stations (ADF&G 1984a).

The 1983 total stream escapement of 8,500 chinook salmon is abour 60
percent of the 1983 Talkeetna Station (RM 103) chinook escapement of
14,400 Fish and 90 percent of the 1983 Curry Station (RM 120) chinook
escapement of 9,600 fish. Differences in 1983 between total stream
escapement and the Talkeetna Station and Curry Station population
estimates are attributable to the reasons outlineu above for 1982, In
1981, chinook salmon escapement was not estimated at Talkeetna and
Curyy stations, therefore comparisons of the total stream escapeument
in 1981 to escapemrnt estimates at Talkestna and Curry Stations were

not possible.

Portage Creek and Indian River avre the two most dmportant tributary
streamsg for chinocok salwon spawning in this reach of river. The two
streams accounted for over YU percent of the chinook pesk index couunts

above RM 98.6 in 1981 through 1983 (Table 23).

peaked

Chinool spawning activiiy in tyibutary strzams above RM 98.6
betwean the last week of July and the first week of August in 1831,

1982 and 1983 (ADFRG a, 1982a, 1984a).
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(ii) Access

Salmon are usually prevented from migrating upstream of Devil Canycu
(RM 152) because of the high water veloeity at high discharge.
However, in 1982 and 1983 chinock salmon were observed in tributary
mouths and tributaries in upper Devil Canyon. In 1982, 21 chinook
salmon were observed in two tributaries in upper Devil Canyon; 34
~hinook salmon were observed in three tributaries in upper Devil

Canyen in 1983 (Table 23).

Chinook salmon spawn exclusively in tributaries in the Talkeetna-Devil
Canyon reach (RM 98.6-152). Small deltas are formed at the mouth of
most tributavies. As the tributary enters the mainstem river, the
change in gradient and subsequent change in flow velocity cause the
tributary to drop transported maferials if the velocity in the
mainstem is not sufficient to carry the material downstream. As the
stage in the mainstem river decreases, the tributaries become perched
above the yiw=2r, that is, the tributaries flow ac .=s the steep
deltas. If the steep deltas were to remain under low mainstem flow

conditions, the access and upstream passage of fish would be inhibited

or eliminated,

Trihey (1983) examined the hydraulic conditions supporting fish
passage into the mouths of two tributaries, Indian River and Portage
Creek, in the Talkeetna~Devil Canyon sub-basin. Portage Creek and
Tndian River are th2 two most important triburaries in thie river
veach for chinook spawning ({Table 23). The influence of mainstem
discharge on passage of salwmon ato these tributaries was evaluated at
mainstem discharges vanging frvom 8,000 to 34,500 cfs. Trihey's

anwlysis indicated that passage of salmon into these two tributaries

(=9

is not likely to ve impeded at low mainstem discharge. Tt is expecte
that tributary flows would provide sufficient energy to downcut the

pevched tributary mouths to establish a chanpnel at a new gradient., I

Tndian River or Portage Creek does not downcut to a new stveambed,

adequate tributary streamflow is exwpected to provide :ufficient depths

3 -
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RAM Comsuitants (1982) examined the streambed stability at numerous
tributary mouths between the confluence of the Susitna and Chulitna
rivers (RM 98.6) and Devil Canyon (RM 152). 3ased on this study, it
is expected that most tri“utaries in this river reach will dewncut
perched deltas at low mainstem flows and establish a channel at a3 vew
gradient., Tributaries with chinook spawning that may have restricted
access (perched deltas) under low mainstem flows are Jack long Creek
and Sherman Creek. Both of these creeks support low numbers of

epavming chinook salmon (Table 23).

(1ii) Fecundity and Sex Ratio

Fecundity has not been estimated for chirook salmon in the Susitna
River, but is expected to be approximately 4,200 to 13,0(0 eggs, as

reported by Morvow (1980).

The sex ratio {(male to female) of chinook salmon in the Stsitna River
was 2.8:1 in 1981, 1.4:1 in 1982 and 1.5:1 in 1983 (ADF&G 1981a,
1982a, 1984a). A summary of chinook salmon sex ratios it sampling
locations in the Susitna River for 1381 through 1983 is presented in
Table 24, Sex ratios of chincok salmon by age are reported by ADF&G
“198la, 1982a, 1984a). Most returning adult chinook were five and six

year old fish that had gone to sea after one winter in freshwater.
4,3 INCUBATIONW

Salmon embryvo incubation (defined as the period bestween fertilization
and complete yolk absorption) in the Susitrma River begins in July with
chinook spawning., This ds followed by piok salmon in wmid- to late
August and chum and sockeye in late August to early SLeprembelr. In the
middie Susitna River, chum incubation begins slightly earlizr in the
tributaries than in the sloughs. Incubation of sockeye in the middle
river sloughs begine about the same time as chum. The last svecies to
gpawn  are the coho salmon, which spawn almost  excluslvely in

tributacies in September.




Successful dincubation and emergence 1is dependent on namerous
biclogical, chemical, and physical factors. These factoss include
dissolved oxygen, water temperature, biochemical oxygen demand {(BOD),
water depth, surface water discharge, and velocity, permeability,
porosity, and intragravel flow (Reiser and Bjorxrnn 1979). Also,
droughts, floods, freezing temperatures, superimposition of redds, and
predators can affect successful incubation (McNeil 1969). The
following section discusses these factors. The information 1is derived
from studies on the Susitna River system and from studies at other

locations.
4,3.1 Dissolved Oxygen

Dissolved oxygen 1s needed during egg incubation to facilitate
metabolic reactions. Reiser and - ,ornn {(1979), following extensive

literature review, found that:

(1) Sac fry incubated in low and intermediate oxygen
concentrations were smaller 21 wesker than sac fry reared

at higher concentrations;

o
-
S

Reduced oxygen concentrations lead to smaller newlv hatche?

fry and a lengthened incubatlion period;

(3) Low oxygen concentrations in the early stages of developm nt
may delay hatching, lncrease the incidence of anomalies, or

both; and

(4) Low oxygen concentration during the latter =stages of

development mey stimulate premature hatching.

Braannon (1965) found apparent differences iu characteristics of
alevins at hatching that had been ralsed at different oxygen
c.acentrations  rvangiang from 3.0 te 113 wmg/l. Although slowed

development was evident at low concentrations, these fish eventually



attained a weight similar to those raised in higher concentrations by

the time they reached the fry stage.

In studies on four sloughs (8A, 9, 11, and 21) on the middle Susitna
River din April and May of 1983, ADFRG (1983a) found that mean
concentrations of intracravel dissolved oxygen were consistently lower
than mean concentrations for overlying surface waters. Means for
intragravel concentrations ranged from 4.6 to 8.5 mg/l whereas the
surface waters ranged from 9.1 teo 11.2 mg/l. The lowest
concentrations occurred in Slough 8A and the highest in Slough 1l1.
The low concentrations in Slough 8A may have caused some delay in chum
and sockeye development although diversion of cold meinstem water
through this slough as a result of an ice jam may alsc have
contributed or been directly responsible. Development at the other
three sloughs (9, 11 and 21) for embryos and alevins was generally

uniform,

McNeil and Bailey (1975) recommend a dissolved oxygen threshold of at
least 6.0 mg/l, while Reiser and Bjoran (1979) recommended
concentrations at or near saturation with temporary reductions to
5.0 mg/l. In general, for the Susitna sloughs studied thus far, this
recommendation 1is wusually met., The exception is the lower values

found in Slough 8A and some concentrations in Siocugh 9 (ADF&G 1983).

The intragravel flow of water is impoctant in assuring that dissolved
oxygen 1is made available to the dincubating eggs and that metabolic
wastes are vremoved. Reiser and Bjornn (1979) recommend that the
apparent velocity through the gravel should be more thas 20 cm/hour

while Bell (1980) recommends a rate of 110 cmfhour.

4.3.2 Temperature

Tempevature and salmon embryo development are stro ly interrelated
with  Thigher temperatures rvesulting in wmove rap.. development.

Development is also related to species, time of egg deposition, and

the temperature regime over the period of incubation. In general, the



lower and upper limits for successful initial incubation of salmon
embryos are 4.5 to 14.5°C (AEIDC 1984). Incubation can occur at lower
temperatures if the initial temperature is greater than approximately
4.0°C. This initial sensitivity to low temperatures is apparently
related to ewmbryo developmental phases because once the blastopore is
closed on the developing embryo, the sensitivity is reduced (Combs and
Burrows 1957). This relationship appears to be consistent for all
Pacific salmon species except coho., In certain instances, this
species is appavently able to tolerate near 0°C initial temperatures

(Och, ADF&G, personal communication, 1984).

The relationship between temperature and embryo development is
frequently measured in temperature units (TU's). These are defined as
the difference between the average temperature and 0°C over 24 hours.
For example, if eggs were incubated at 7°C for 5 days, the accumulated

TU's would be 35.

Studies oy Wangasard and Burger (1983) have shown that the time to
emergence (compleie vyolk absorption) can vary considerably at
different temperatures. In laboratory tests at average temperatures
between 2.1 and 4.0°C, these authors found that the time to complete
yolk absorption for Susitna chum and sockeye eggs varied between 30 to
60 days, with lower temperatures resulting in longer periods of
development. There sare some compensatory wmechanisms that tend to
counteract these diffevences, othsrwise salmon would not be able to
adjust te natural variations in temperatures. For example, Dong
(1981) suggested that the accumulation of one temperature unit at low
temperatures results in a greater amount of development than the
accumuiation of one temperature unit at high temperature. This,
however, does not decrease the total number of days for dincubation.
For example, Wangaard and Burger (1983) found that chum and sockeye
from the Suslitna River do not have the ability to regulate thelr
development vates to result in a similar number of days to cowplete
volk absorption when avevage incubation temperatures vary from 2.1 to
£.0°C, This was evident from the 30 to 60 day delay in complete yolk

say arsce found, however,

Ve

absorption in thelr tests. Wangasvyd and Buy



that temperature compensation is noted for growth as a function of
accumulated temperature units (particularly below 1°C). The authors
did not find a less efficient development in cold water at hatching.
Instead, they found that alevins in colder water temperatures had

hatched earlier relative to length development.

in summary, it appears that although metabolic efficiency is similar
at temperatur~s less than 4.0°C and that it takes mcre temperature
units at h’ - 2r dincubation temperatuires to reach complete vyolk
absorption, the ultimate result is that higher temperatures (in the
range 0 to 4°C) results in increased growth. This increased growth
overshadows the compensation that takes place with growth rates as a

function of accumulated temperature units (Wangaard and Burger 1983).

For most species on the Susitna River, the timing of egg deposition is
sufficiently early in the season to avoid initial temperatures near
0°cC. If an embryo has accumulated approximately 140 TU's (the
approximate level needed to achieve closing of the blastopore), then
it probably has passed the sensitive stage. The peak spawning for
most salmon in the Talkeetna-Devil Canyon reach (RM 98.6-152) occurs
prior to September 1. This is the case for chinook and pink salmon
{ADF&G 1984a). Chum and sockeye salmon overlap this period, however,
they utilize areas of upwelling in the mainstem and sloughs that have
temperatures throughout the winter that vary between about 2 to 4°C,
thus potentially avoiding the initial critical stage. Coho salwmon
spawn late in the season and, if they do not spawn in upwelling areas
{tiis 1s not known at the present time), embryos theoretically do not
accumulate sufficient temperature units to get them past this critical
stage. However, because cocho salmon have been successfully spawned
and initislly incubated at 0°C, (Och, ADF&G, personal communication,
1984), perhaps this specles does not have these inltial temperature

requirements for successful incubation.
Of dnterest on temperature/time of emergence relationships are the

findings by Graybill et al. (1979} on the Skagit River in Washington.

This river has been affected by hydropower development for at least 60

433



years. Present water temperature conditions year round are generally
warmer by several degrees than pre-project temperatures (no actual
pre-project temperatures have been recovded, however modeling has
established a possible pre-project scemaric). For chinook salmon, the
timing for spawning has not been ncticeably altered, at least through
records that date back to 1948. However, it appears that emergence
timing of Skagit River chinook has been advanced by about omne month.
Pink salmon emergence has been advanced by about 4 to 1l weeks and
chums from O to 5 weeks. The implications of this advancement in the
Skagit River are not clear. Numerous authors have speculated that
such an advancement of emergence in any river system would not be
specifically patterned to natural peak abundances in food organisms

and therefore would not be advantageous to survival.

One long term example of potential effects of an altered thermal
regime on salmon populations is provided by Environocon Ltd. (1981) as
quoted by Shepard (1984). In 1954, a hydroelectric project was
completed on the Kemano River im British Columbia, Canada. The
project diverted water from a lake into the Kemano River which
resulted in a tripling of the mean annual flow in the lower Kemano and
warmer winter temperatures. Based on emergence projections for pink
and chum salwmon, advancement of emergence over pre-project conditions
may be five weeks. Correspondingly, pink and chum salmon stocks in
the Kemanc have increased from 1951 through 1980 whereas other streams
nearby have not exhibited this general trend. 1t 1is unclear if
temperature 1s an dmportant factor in this example becausa wetted
habitat has also increased and flows have become more stable.
However, Shepard (1984) concludes thav premature emigration of up to
five weeks would appear to have either nil or beneficial impact on the

Kemano runs.

Wangaard and Burger's (1983) findings of a 30 to 60 delay in chum
emergence could mean that embryos incubated at the lower temperatures
would vesult in fish that ave out of phase with the normal parr-smolt
transformation {(the parv-smolt travsgformarion is the salmonld life

phase where they undergo a physiclogical change so that they can adapt

s
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te a saltwatey envircmment) and therefore. they would not be wviable.
Wangaard and Burger state that the effect on the sockeye (thau they
incubated} was unclear because they rear for one to twe vyears in

freshwater before they outmigrate.

To simplify the predicticns for chum salwmon dncubation from
fertilization to emergence, AEIDC (1984) has developed a nomograph
with the variables of date of fertilization, average incubation
temperature, and date of emergence. This is useful for examining and
for estimating potential changes in the Susitna incubation pervriods

from pre-project to with-project conditions.

4.3.3 Substrate

Salmon require certain substrate cnaracteristics for successful
spawning and incubation. The substrate must be capable of allowing
sufficient flow to deliver dissolved oxygen to the embryos and carry
away metabolic wastes. It also must not contain a high percentage of
fines which could cut off the flow or prevent emergence of fry. Based
on a literature review, Reiser and Bjornn (1979} recommend that the
substrate used for incubation should contain less than 25 percent by

volume of fines < 6.4 mm,

Subgstrate alsoc cannot be excessively large because adult salmon
generally are unable to wutilize large vrocks or solid substrate.
Instead they require intermediate sized gravels., The substrate size
depends to some extent on the size and species of fish and the
substrate that 4is avalla»le to the fish. Based on extensive field
studies on the Susitus River by ADF&G (1984e), chum salmon in sloughs
generally utillize substrates between 1 in. and 10 in, in diaweter.
Sockeye In sloughs aliso utilize a similar size range of substrates.
§iit is not used nor is sand. Chinook that spawn in the tributavies
must often utilize rubble (3-5 in, diasmeter) and cobble (5-10 in.).
Based on literature rveview and extrapclation from the other viver
systems, ADF&G (1984e) indicates that pink salmon utilize substrates

between approximately small gravel (1/8-1 din. in diameter) to rubble



(3-5 in.) with large gravel (1-3 in.) being near the point of most
utilization. Using a similar method of analysis, ADF&G (1984e) found
that coho would mainly use small gravel (1/8 to ! in.) with sizes up

through large gravel (1-3 in.) potentially suitable.

4.3.4 Streamflow

{1) High Streamflow

During periods of high streamflow, McNeill (1969) found that
disappearance of embryos often exceeded 50 percent for chum and pink
salmon eggs and alevins 1in streams that he studied in southeast
Alaska. On one occasion, McNeldl recorded a loss that exceeded 90
percent. In another example, Wilson, et al., (1981) found losses for
pink salmon eggs incubating in the mainstem Terxrror River on Kodiak
Island, Alaska as a result of storm flows. In addit.on, high flows
can also cause deposition of fine sediment on the redds which can

reduce permeability or ~ntrap emerging fry (Hale 1981),

A clear definition of the flows that vesult in loss is ill-defined
because moderately high flows may be beneficial in assuring adequat-
interchange of intergravel and surface waters and improving the oxygen
supply to embryos (Reiser and Bjornn 1979). 1In general, velocities
should be less than those that displace spawning bed matevials (Reiser
and Biorun 1979).

In the 8Susitna River and tributaries, high streamflows and scour
predominantly occur during the open water season elther due to rain
events or ice/snow melting. Increases in streamflow to speciflc
habitats can also occur during the ice covered period. For example,
ice jams and staging can cause overflows from the mainstem into
habitats such as sloupghs (Wangaard and Burger 1983). No quantitative
information is available on scouring effects in the Susitna River.
However, {t is veasonzble to assume that at high flows, the potential
for scouring increases along with the potential for incressed adverse

impact 1f incubating embryos are present,



{1i) Low Streamflow

Once smbryos have begun incubation, reductioms in discharge can lead
to dessication of embrycs, low oxygen lvuels, high temperatures, or.
during cold weather, freezing (Hale 1981). McNeil (i969) found that
freezing could be a cause of high mortality, but that its occcurrence

was erratic in streams that he studied in southeast Alaska,

Responses of incubating embryos and behavioral characteristics of
alevins have been studied by Stober, et al. (1982) on the Skagit
River, Washington. Using chinook, chum, coho, and pink embryos, the
authors found that various periods of daily dewatering (with
maintenance of humidity and temperature) up to 24 hrs per day in
several substrate types resulted in a high prehatching survival for
all species ana a decrease in post-hatching survival in direct
relationship to the length of daily dewaterings. Alsc, tolerance to
single dewatering events of various times decreased as development of
alevins pregressed. Stober et al. (1982) qualified these resulis to
state that they should be used cautiously during extrapolation to
field conditioms. Such extrapolation would probably be valid for the
severe conditions {particularly cold) that cccur on the Susitna River.
The Skagit River studies do point out, however, that the alevins have

some ability to aveid severe conditions by moving through the gravel.

4.3.5 Biochemical Oxygen Demand (BOD)

Reilser and Bjoran (1979) state that excessive amounts of orxganic
material to a stream may result in reduced oxygen and detrimental
impacts on embrvos. Based oun this, it was recommended that BOD should
not diminish or deplete the dissolved oxygen content below stated

levels.

BOD levels have not been measured in the Susitna. Under existing
conditions, disscolved oxygen levels rewaln at or greater than
saturation in the mainstem. Thervefore, it is suspected that BOD is ar

low levels. This may not be apparent in habltats adjacent to the



ralnstem due to high organic content of waters (e.g. upland sloughs),
concentrations of dead post-spawned salmon (e.g., side sloughs) or

movement of water through the groundwater system.

4,3.6 Superimposition

Superimposition can occur if salmon excavate existing redds that were
developed by previous spawners. In addition to mechanical injury that
can occur, exlsting embryos can be removed from the redd, thus
exposing them to 1light (which can kill incubating embryos )} and
predators. Superimposition becomes more prevalent when the density of

spawning adults increases.

4,3,7 Predators

Numerous specles of predators can consume eggs. McNeil (1969)
suggests that sculpins (Cottus sp.) and possibly other firh predators
may be involved. Appavently sculpins are capabie of digging into
coarse gravel substrates and consuming embryos and alevins. Sculpins
{(Cottus sp.) and other potential predators ou eggs are present in the
Sugitna River, but no information is available on the effects of

predation by this species,

4.4 REARING

4.,4,1 Sockeye Salmon

(1) Emergence

The emergence of sockeye salmon in the Talkeetna-Devil Canyon reach
("M 98.6-152) occurs primerily during the wmcath of Mavch (ADFSG
1983b,e). In late April most sockeye juveniles oy age O+ have reached
33 mm in length and bhave completely absorbed theilr yolk sac. This

observed emergence timing Is earlier than the April to June emevrgence

reported for sockeye by Morrow (1980) and Scett and Crossman (1973),
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{ii) Seasonal Movenents

After emergence sockeye usually spend one to two years in lakes and
other freshwater rearing areas before going to sea (Morrow 1980, Scott
and Crossman 1973). However, in the Talkeetuna-Devil Canyon reach,
sockeye rearing lakes are not interconnected to the river. Most
juvenile sockeye leave the Talkeetna-Devil Canyon reach during their
first year of life (age 0+ fish); age 1+ sockeye have accounted for
only one percent of the catch in the downstream migrant traps (ADF&G
1983b,c). It is unknown if the age 0+ sockeye leaving the sub-basin
go directly out to sea as smolts or move to rearing habitats in other

sub-basins of the Susitna River.

After emergence, there is a pattern of downstream movement throughout
the summer (ADF&G 1983b,c and 1984b). The peak of this downstream
movement for age 0+ sockeye is in'late June te early July. During
1983 in the Talkeetna-Devil Canyon reach catches of juvenile sockeye
were the highest in side slough and upland slough habitats. Over 90
percent of the 1,010 juvenile sockeye collected by seining and
electrofishing were captured in these two habitats. In 1982 the high
utilization of side and wupland sloughs was similar to 1983
utilization; over 90 percent of the 1325 juvenile sockeye collected
primarily by seining in 1982 were caught in upland and side-slough
habitat (ADF&G 1984b).

In 1983 juvenile sockeye were about equally distributed between upland
slough thabitat and side slough habitat (Figure 26), The wmost
important upland slough for sockeye rearing in 1983 was Slough 6A.
Slough 11 was the most dmportant side~slough habitat for juvenile
sockeye in 1983, In comparison to upland and side-slough habitats,
tributaries and side channels wevre relatively unimportant to rearing

sockeye in 1983,
The percent distribution of juvenile sockeye d4n macrohabitat type

presented in Figure 206 has been devived by dividing the total catch in

a habltat type by the pumber of cells sampled in that habliat type.
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This value is then exprasced as the percent of the total catch in sll
habitats divided by the number of cells sampled in all habitats (ADF&G
1984b) . This method weights the catches in each habitat type equclly;
because catches are divided by the amount of sampling intensity (i.e.

the number of cells sampled} in each habitat type.

Changes in juvenile sampling techniques din 1%81, 1982 and 1963 and
gear biases may make direct comparisons of abundance and distributiom
data between years inappropriate (ADF&G 1984b). Tn 1981 minnow traps
were the primary gear, in 1982 seining was principally used and in
1983 geining and electrofishing werxe the primary methods (ADF&G
1984b). While catch comparisons and percent distribution differences
among vears may be invalid, the trends of habitat utilization in
1981~1983 are probably valid. Most juvenile sockeye were found in
side-slough and upland slough habitat in all three years (ADF&G 1981b,
1793b, 1984b),

The high catches in 1983 of juvenile sockeye in Slough 11 {75 percent
of the side slough distribution) were probably due to two factors.
First, Slough 11 is an important side slough for sockeye spawning; in
1982 456 sockeye were counted in Slough 11 during peak counts and the
fotal slough escapement to Slough 1l was an estimated 1,199 sockeye
(ADF&G 1984a). These numbers represent over 75 percent of the peak
counts and total slough escapement for sockeye salmon in 1982,
Because Slough 11 was such an ilmportant sockeye spawning area in 1982,
it is expected that in 1983 Slough 11 would be an important sockeye
natal slough. Secondly, Slough 11 is breached only at high discharges
(over 42,000 cfs) that occur about ! pe.cent of the time (ADF&G 1984d)
while the other two important side sloughs for sockeye spawning
(sloughs 8A and 21) breach at lower ddischarge levels (25,000 to
33,000 cfs) (ADF&G 1984d). There has been decreased catches in natal
side sloughs associated with breaching that transforms the side-slough
to side-channel habitat (ADF&G 1984b). Juvenile sockeye may leave
breached side sloughs in search of wmore favorable rearing habitat.

Unbreached side sloughs provide habltats with lower water velocities

bnbi)



and deeper pools, which juvenile scckeye apparently utilize more than

the swifter vejocities of the mainstem and tributaries (ADF&G 1984h).

During July to August 1983 there was a vedistribution of juvenile
sockeye from natal side slough habitat to upland slough habitat (ADF&G
1984b). This may have resulted from breaching discharges in early
June at sloughs 8A and 21, Siough 6A was the most important upland
slough for juvenile sockeye in 1983 and 1982 (ADF&G 1983b, 1984b).
Slodgh 6A has low water velocity, clear water, adequate depth and
aburdant cover and 1s quite diffevent from the majority of sloughs in

the Talkeetna-Devil Canyon sub-basin (ADF&G 1984b).

Some overwintering of .veol.: 2 ckeye occurs in the Talkeetna-Devil

Canyon sub-basin. Th:» bas o207 dosumented by winter sampling and the

downstream outmigrar-i - 2o ey of age 1+ fish. However, catches

of age 1+ sockeys ha.

L (1ess than 1 percent of the cutmigrant
trap catches) and it appeass that this reach of the river is not used
extensgively for overwintering by Jjuvenile sockeye. Age 1+ sockeye

have been of- erved in sloughs 9, 11 and 6A (ADF&G 1984b).

¢iii) Food Habits

Juvenile sockeye food habits were examined in July and August 1982 at
sloughs BA and 11 (ADF&G 1983b). Fish were found to be feeding
primarily on chironomid larvae. pupae and adults. However, dominance
is based on nuwmbers not biomass oy volume. Since chironomids are
small, their contribution may be overemphasized by the numerical
method. Electivity dndices suggested a positive selection for
chironomid larvae. Cladocerans and ccopepods were an important food
souvce for juvenile sockeye in slough 11 during Auvgust. A vaviety of

agquatic and tervestrial insects weve alsc consumed.

Riis and Friese (ADF&G 1978) also found that Susitna River juvenile

ve fed pyimarily on zooplaskton and diptera larvae. Sockeye
juvenile in lakes feed principally on plankton crustaceans, chivonomid

pa‘ Ty o

and occasionally tevrestyrial

fwody ]



4.4.2 Chum Salmon

(1) Emergence

Chum  salmon emergence in the Talkeetna-Devil Canyon reach
(RM 98,6-152) occurred during 1982 in late February and March (ADF&G
1683b,¢). By late April wmost juvenile chum had rveached 35 mm in
length and completely absorbed their volk sacs. #Merrow (1980) reports
that chum eggs hatch from December to February and that fry emerge

from the gravel in about 60 to 90 davs after hatching.

{(ii) ©Seasonal Movements

After emergence chum salmon may outmigrate to the estuary in a single
aight if they are in systems cl- _e to the ocean {(Scott and Crossman
1973). However, in situations where the chum outmigration lasts for
days or weeks, juvenile chum will feed acrively in ifreshwater and grow

considerably before reaching the estuary (Morrow 1980).

Most juvenile chum in the Talkeetna-Devil Canven reach (RM 98.6-152)
emevge and abscorb their yolk sacs by late April, however peak
outmigration (atr BM 103) does not occur until early June and early
July in 1983 (ADF&G 1983b,c; 1524b). This indicates that juvenile
chum f£rom this rveach of rhe Susitna River can spend one to three
months vearing in fraeshwater. All juvenile chum outmigrate as age O+
£ish.

Most juvenile chum (over 90 percent) were distributed in side slough
and tributary habitats in the Talkeetna-Devil Canvon reach during 1383
(Figure 27)Y. These side sloughs and tributaries were primarilv areas
of adult chum spawning in 1982, Slough 21, which had the highest
juvenile chum density in side sloughs in 1983, had the highest peak
eount  in  sloughs of adult spawners in 1982 (ADF&G  1984a,b).
Similarly., Indian River had the highest density of Juvenile chur in
in

cributaries

ok

19687 and the highest peak count of adult spawasrs ia

tributayy habltat in 1232 (ADFA&G 198%4a.,b).

fonls?



In early June during 1983 juvenile chum densitiss dropped in side
slough and tributary habitats and increased at side channels, upland
sloughs and the downstream outmigrant traps at RM 103 (ADF&G 1984b).
Most juvenile chum had left the sub-basin by mid-July (Figure 28).

(iii) TFood Habits

The foocd habits of juvenile chum have not been examined in the
Talkeetna-Devil Canyon reach (RM 98.6-152). Juvenile chum can spend
one to three months rearing in this reach of river before outmigrating
and can gain up to 27 mm in length during this period (ADF&G 1983b).
Morrow (1980) reports that juvenile chum may feed on chironomids and
cladocerans. Food habit studies of juvenile chinook, ccho and sockeye
in the Talkeetna-Devil Canyon sub-basin indicate that chironomids
comprised a significant portion of the diet for these three species
(ADF&G 1983b). It is expected that juvenile chum alse feed on
chirvonomids in this vreach of river. Other food 1items may be

important.

4,4,% Coho Salmon

(1) Emergence

Coho euergence probably occurs before May in the Talkeetna-Devil
Canyou veach (RM 98.6-152) as age 0+ juvenile coho were caught 1a the
downstream outmigrant traps (RM 103) in wmlda May 1983 (ADF&G 1984bh).
However, the emergence timing for coho appeavrs to extend over a
considerable time pevicd, based upon the lov - lengths observed in
June and July 1981, 1982 and 1983 (ADF&G 1981b, 1983b, 1984b). Scout
and Crossman (1973} report that coho emergence can occur from early
March to late July, depending upon time of spawning and incubating

waley temperatures,.

(ii) Seasonal Movements

Juvenile coho usually spend one to two vears reaving In freshwater

{age 1+ and 2+ gmolts), although some cobho outmigrate at the end of



their first summer (age 0+ fish) and some coho remain ian freshwater
three or four years (Scott and Crossman 1973). Juvenile coho
apparently prefer pool habitat for rearing over riffle habitat, where
they establish territories and become aggressive toward other juvenile

coho and other salmonids (Morrow 1980).

There 1s a pattern of downstream movement of juvenile coho throughout
the summer in the Talkeetna-Devil Canyon river vreach (RM 103-152)
(Figuve 29). The low catche- of juvenile coho at the downstream
outmigrant traps (RM 103} indicate that some juvenile ccho of all age
groups (age 0+, 1+, 2+) leave the Talkeetna-Devil Canyon sub-basin
{ADF&G 1984b, 1983b). Some fish (age 0O+, 1+ may move to other
sub-basins and continue their freshwater residence, while others (age

1+, 2+ fish) probably cutmigrate to the sea as smolts.

Most juvenile coho (96 percent) were distributed in tributary, upland
slough and side slough habitats din the Talkeetna-Devil Canyon
gub-basin during 1983 (Figure 30). This percent distribution is based
upon mean catch per cell in the different habitats; catches are
weighted equally among the macrohabitats because total catch in a
habitat type is divided by the number of cells sampled in that habitat
type (ADF&G 1984b).

Important tributardes for juvenile coho rearing in 1983 (Figure 30)
were spawning aveas for adult coho in 1982 (ADF&G 1982as). Whiskers
Creek, Chase Creek and Indian River had the highest cého densities,
based upon wmean catch per cell, of the tributaries in the

Talkeetna-Devil Canyon veach {(RM 98.6-152) in 1983,

Sloughs 64 and 5 were important upland sloughs for juvenile coho
rearing, while Whiskers Creek Slough and Slough 8 were important side
sloughs for juvenile coho rearing inm 1983 (ADF&G 1984b). The presence
of juvenile ccho in these sloughs coupled with the infrequent catches

in  side-channel habitar suggests that Juvenile c¢oho are found
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primarily in low-velocity. clear water areas. Upland sloughs and side
sloughs may attract Jjuvenile coho additionally Dbecause water
temperatures tend to be warmer than side channels and tributaries
(ADF&G 1984b). Due to low catches of juvenile coho, seasonal
movenments of juvenile coho between macrohabitat types are mnot clearly

defined.

Changes in juvanile sampling techniques in 1981, 1982 and 1983, and
gear blases may make direct comparisons between years of abundance and
distributicn data inappropriate (ADF&G 1984b). In 1981 minnow traps
were the primary vyear, in 1982 seining was principally used and in
1983 seining and electrofishing were the primary methods (ADF&G
1984b). While catch comparisons and percent distribution differences
among years may be invalid, the trends of habitat utilization in
1981-~1983 are probably valid. Sampling in 1981 and 1982 indicated
that Slough 6A, Whiskers Creek Slough, Siocugh 8, Fourth of July Creek,
Lane Creek and Indian River were important juvenile coho rearing areas
(ADF&G 1981b, 1983b).

Significant overwintering of juvenile cohe in the Talkeetna-Devil
Canyon reach occurs in side sloughs and upland sloughs (ADF&G 1984b).,
In 1981 through 1983 Whiskers Creek Slough (side slough) and Slough 6A
(upland slough) were important overwintering areas for age 1+ and 2+
cohe. Juvenile coho alsc use mainstem and side-channel habitats for
overwintering (ADFAG 1981b).

{111} Food Habits

Juvenile ccho food habits were examined in August and September 1982
in the Talkestna-Devil Canyon reach (RM 98.6-152). Juvenile coho were
caught at Indian River, Fourth of July Creek, Slough 8A, Slough 11 and
Slough 21 (ADF&G 1983b). Chironomids were the dominant food item
numerically in samples collected during August and September. Since
chivonomids ave emall, thelr volumetric contribution is probably less
than theiy numeric contriburion. Electivity indlces suggested a

positive selection for chivonomld larvae by juvenile coho, Other



dipterans, and mayfly and stonefly nymphs were occasionally eaten.
Scott and Crossman (1983) report that juvenile pink, chum and sockeye
can be important food items for age 1+ and older coho. These food
items are more likely to occur in coho diets between May and August,
when juvenile pink, chum and sockeye are more numercus in the
Talkeetna-Devil Canyon sub-basin. Riis and Friese (ADF&G 1978) found
that juvenile cocho in the Susitna River fed on drifting aquatic insect
larvae in the spring; the adult stage of aquatic insects were major

food items during the summer and fall,

4.4,.4 Pink Salmon

(i) Emergence

The emergence of pink salmon probably occurs in March and April in the
Talkeetna-Devil Canvon reach (RM 98.6-152), Limited information
obtained in 1981 indicated that pink salmon fry appeared in Slough 11
and Indian River on March 23 and yolk sac absorption for pink fry was
about 50 percent on April 11 (ADF&G 1981b). Scott and Crossman (1973)
report that pink salmor emerge in April or May.

{ii) Seasonal Movements

After emergence juvenile pink move almost immediately downstream to
the sea (Morrow 1980, Scott and Crossman 1973). All juvenile pink
salmon outmigrate in their first summer (age 0+ fish) and little if

any freshwater rearing occurs.

It appears that most juvenile pink salmon leave the Talkeetna-Devil
Canyon reach (RM 98.6-152) in May and June. In 1283 the downstream
outmigrant traps (RM 103) caught few juvenile pink after July; the
highest catches at the outmigrant traps were vecorded in late May and
early June (ADF&G 1984b). 1In 1982, the downstream outmigrant trap
caught only seven juvenile pink durdng early Julys; this further
suggests that wost Jjuvenile pink move downstream before July (ADFIG

1983b}.
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(1ii) VFood Habits

It is uncertain if juvenile pink feed in the Susitna River. It
appears that juvenile pink spend little time in the Talkeetna-Devil
Canyon veach (RM 98.6-~152) after emergence. Scott and Crossman (1973)
report that juvenile pink salmon remain in freshwater for such a short
time that many do not feed at all. However, juvenile pink that
migrate longer distances to the estuary, probably eat nymphal and
larval insects. Thus, it may be reasonable to expect that juvenile
pink in the Talkeetna-Devil Cényon sub~basin may feed occasionally on

chironomid larvae and other aquatic insects during their outmigration.

4,4.,5 Chinook Salmon

(1) Emergence

Most chinocok salmon emerge from the gravel im tributaries of the
Talkeetna~Devil Canyon reach (RM 98.6-152) in March or April (ADF&G
1983d)., Juvenile chinook had emerged prior to mid April in Indian
River in 1981 (ADF&G 1983c). Post-emergent chinoock in Indian River
ranged in length from 31-<41 mm in April and May 1981 (mean length was
34 mm) (ADF&C 1981b).

{(1i) Seasonal Movements

Lfter emevgence juvenile chinocok schoel at first, but as they grow and
become wmobile they become territorial and aggressive (Scott and
Crossman 1973). Most juvenlle chinook spend one year in freshwater
ragidence before outmigrating to the ocean (as age 1+ smolts), however
in some cases Jjuvenile chinook outmigrate in theilr first summer (as
age 0+ smolts) or spend two years in freshwater and outmigrate as age
2+ smolts (Scott and Crossman 1973, Morrow 1980). DMost juvenile
chinook in the Talkeetna-Devil Canyon sub~basin (RM 98.6-152) spend
cone winter in freshwater before going to sea as age l+ smolts (ADF&G
1981a,b; 1982a; 1984a,b).
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One to two months after emergence there is a downstream movement of
some juvenile chinook {age O0+) from areas of high post-emergent
densities (natal tributaries) to rearing and overwintering areas
(mainstem, side channels, side sloughs, upland sloughs and tributary
mouths) (ADF&G 1981b, 1983b, 1984b). The downstream redistribution of
age O+ juvenile chinook has been observed in the Deshka River
(RM 40,6) by Delaney et al. (1981), in Montana Creek (RM 77) by Riis
and Friegse (ADF&G 1978) and in the Little Susitna River (eight miles
east of the Susitna River mouth) by Delaney and Wadman (ADF&G 1979).
Some age 0+ juvenile chinook move downstream and leave the
Talkeetna=Devil Canyon reach; the downstream ocutmigrant traps (RM 103)
in 1983 captured age 0+ juvenile chinook throughout the season with a
major peak catch occurring in August (ADF&G 1984b). These age 0+
chinook were probably radistributing to rearing and overwintering

sites below kM 103 and don't represent cutmigrating age 0+ smolts,

The distribution of juvenile chinook in the Talkeetna-Devil Canyon
reach 1in 1983 reflects the importance of natal, rearing and
overwintering macrohabitat types (Figure 31). Tributaries are the
only natal areas of juvenile chincok in the Talkeetna-Devil Canyon
sub~basin. Indian River and Portage Creek accounted for over 90
percent of the adult spawner peak counts dan tributaries during
1981-1983 (ADF&G 198ls, 1982a, 1984a). Thus, it is expected that
tributaries are important juvenile chinook habitats (61 percent of the
juvenile chinook distribution for all macrohabitats inm 1983) and that
Indian River and Portage Creek are the two wmost important tributaries
for juvenile chinook rearing (90 percent of the juvenile chinook
distyibution in tributary habitat in 1983) (Figure 31). Tributaries
had the highest densities of juvenile chinook in spring and early
summer, while mainstem side-channel habitat increased in importance in
July and late summer (ADF&G 1984b).

Important summey vearing macrohabitats for juvenile chinook ave ride
gloughs, side chanpels, upland sloughs aond tributary wouths (ADFE&G
1981, 1983b, 1984bL). Im 1983  juvenile chinook were widely

distributed in the Talkeetna-Devil Canyon sub-basin at numerous side
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channels, side sloughs and wupland sloughs after chinook moved
downstream from natal tributaries (Figure 31). Apparently juvenile
chinock prefer areas of moderate water velocity and depth, and utilize
turbidity for cover (ADF&G 1984b). These conditions are often present
at side=channel habitats; consequently, densities of juvenile chinook
were higher in side channels than in side slough oxr upland slough
habitats (Figure 31).

Side sloughs, tributaries, malnstem, and side channels are used by
juvenile fish for overwintering areas (ADF&G 1981b, 1983b, 1984b).
However, tributaries apparently become less important after November
as low winter flows and icing occurs (ADF&G 1981d). Side sloughs may
attract overwintering juvenile chincok because of warmer water

temperatures associlated with groundwatec upwelling (ADF&S 1984b).

In 1981 juvenile chinook were captured throughout the Susitna River
from Alexander Creek (RM 10.1) upstream to Portage Creek (RM 148.8)
(ADF&G 1981b); din 1982 fish were collected between Goose Creek
(RM 73.1) and Portage Creek (RM 148.8) {(ADF&G 1983b). In both years
juvenile chinook abundance was higher downstream of the Chulitna River
(RM 98.6) and may be due to higher spawner utilization (Table 7) in
the areas below the Talkeetna-Devil Caanyon reach and/or an abundance

and quality of juvenile reaving habi: at.

Changes in juvenile sampling techniques in 1981, 1982 and 1983 and
gaar bilases may make direct comparisons of abundance and distribution
data between vears inappropriate (ADF&G 1984b). While catch
comparisons and percent distribution differences between years wmay be
invalid, the trends of habitat utilization in 1981 through 1983 are
probably wvalid. It i1s apparent from catch data that in 1982 juvenile
chinook abundance in the Talkeetna-Devil Canyon sub-basin was lower

than in 1981 and 1983 (ADF&G 1984%L).

{(iit, Food Habits

Juvenile chinook fond habits were examined in August and Septewmber

1982 at sloughs 8A, 11, 20, 21 and at Tndian River and Fourvh of July
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Creek (ADF&G 1983b). Fish were found to be feeding primarily on
chironomid larvae, pupae and adults. However, dominance was based on
numbers and not biomass or volume. Since chironomids are small, their
importance may be overemphasized by the numerical method. Electivity
indices indicated that juvenile chinook had a positive selection for
chirvonomid larvae. Terrestrial and other aquatic lnsects were also
eaten by juvenile chinook (ADF&G 1983b).

Riis and Friese {ADF&G 1978) found that terrestrial insecis were more
important than aguatic insects in the diet of Susitna River juvenile
chinook. Apparently, Riis and Friese (ADF&G 1978) lumped adult stages
of some aquatic insects with insects that have entire life cycles om
land. Therefore, their conclusion vhe  -rrestrial insects comprised
a major portion of the diet of juveni .. .- ‘ncok may be inaccurate.
They also concluded that juvenile chinock and cohe had similar food
habits. However, the results of food habit studies done in 1982
indicated that Jjuvenile chinook and coho diets were wusually
significantly different (P<0.05) (ADF&G 1983b).

4.5 OUTMIGRATION

4.5.1 Sockeve Salmon

(1) Timing

Most juvenile sockeye salmon leave the Talkeetuna-Devil Canyon reach
(RM 98.6~152) during thelr first year of 1ife. Over 99 percent
(12,312) of the 12,395 juvenile sockeye caught in outmigrant traps at
RM 103 in 1983 were age 0+ fish, while only 83 fish were age 1+ (ADF&G
1984b). It is unknowr if the age O+ sockeve leaving this reach of
river go directly out to sea as smolts or move to rearing habitats in
other sub-basins of the Susitna River. If they do go directly to the
ocean  their survival 1s low, because lesgs than one percent of
returning adult sockeye at Curry Station (RM 120) outmigrated as age
O+ gsmolts {(ADF&G 1582a).
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The peak outmigration of age 0+ sockeye occurred during early July in
both 1983 (Figure 28) and 1982 (ADF&G 1984b, 1983b). The outmigration
was monitored from mid June to mid October in 1982 and from mid May to
the end of August in 1983 (ADF&G 1984b, 1983b). Catches of age 0+
sockeyve occurred th.oughout the sampling season. The outmigration of
age 1+ sockeye was over by the end of June in 1983 and the end of July
in 1982,

During 1983 juvenile sockeye outmigration rates in the mainstem at
RM 103 were weakly correlated with mainstem discharge (ADF&G 1984b).
The coefficient of determination (r?) between mainstem discharge and
juvenile sockeye outmigration rate was 0.12 for age 0+ fish and 0.06
for age 1+ fish, thus only 12 and 6 percent of the variation in the
outmigration rates was accounted for by correlating outmigration rates

with mainstem discharge.

Juvenile sockeye apparently outmigrate close to the river banks. A
high outmigrant trap selectiviey for juvenile sockeye was cbserved in
1983 (ADF&G 1984b).

The average size of outmigrating age 0+ sockeye in 1982 at RM 103 was
42 mm in late June during peak ocutmigration and increased throughout
the season to 72 mm by early October (ADF&G 1983b). Age 1+ sockeye
outmigrating in 1982 averaged 77 mm in early June and 87 mm i1 late
July. In 1983 age 0+ and 1+ sockeye were separated by length
analysis. In early May age O+ sockeye were less than 56 mm, while age
1+ sockeye were 56 mm or greater. In late June age of sockeye were
less than 71 mm, while age 1+ sockeye were 71 mm or greater (ADF&G
1984b).

Morrow (1980) reports that sockeye smoltification is mainly controlled
by fish size rvather than age. The size at which fish smolt seewms to

be determined by the genetics of the stock.
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(iii) Population Estinates

In 1983 the outmigrant population of age 0+ sockeye was estimated from
the Talkeetna-Devil Canyon reach (RM 98.6-~152). Fry were fin clipped
and tagged with half-length coded wire tags at sloughs 8A, 11 and 21
and vrecaptured in downstream outwigrant traps at RM 103. The
cutmigrant population of age 0+ sockeye was an estimated 560,000 fish
using the Petevson mark/recapture estimator and 575,000 fish using the

Schaefer estimater (ADF&G 1984b).

Survival ~stimate= for egg to outmigrant were calculated by dividing
the outeigrant population estimate by the total potential egg
deposition. Survival from egg to outmigrant was about 40.9 percent
using the Peterson estimate of population size and 42.0 percent using

the Schaefer estimate of population size (ADF&G 1984b).

The high survival rate (41-42 percent) for egg to outmigrant for
juvenile sockeye in the Talkeetna-Devil Canvon reach is not comparable
to survival estimates for egg to outmigrant in other studies (ADF&G
1984b). The study in the Susitna River covered a shorter period of
time (egg to outmigrating age O+ sockeye at RM 103), while other
studies (Russell 1972 and Meehan 1966, cited in ADF&G 1984b) reported
survival estimates of 0.6 to 8.5 percent from egg to outmigration of

age I+ or age 2+ sockeye smolts.

The high survival rate for egg to outmigrant in the Talkeetna-Devil
Canyon river reach may be due to the productivity of sockeye spawning
areas (ADF&G 1984b). The three major sockeye spawning areas, sloughs
8A, 11 and 21, avre side sloughs assocciated with the mainstem Susitna
River. These side sloughs may provide a wove stable incubating and
rearing Thabitat chan ¢ributaries (ADF&G 1984b). However, the
dewatering of eggs deposited under high water conditions alomg the
slough marging, may be a case when side sloughs would not provide

stable incubating habitat for all incubatving embryvos.



A compavrison of data from the east bank outmigrant trap at RM 103 for
1982 and 1983 indicated that 1983 juvenile sockeye catch rates were
1.4 times higher than 1982 catch rates (ADF&G 1984b). This relative
apundance of age 0+ sockeye in 1983 and 1982 did not rorrespond to the
parent spawner relative abundance in 1982 and 1981, The total slough
escapement of sockeye salmon above RM 98.6 in 1982 was only 68 percent
of the 1981 total slough escapement and the 1982 Curry Station
(RM 120) sockeye escapement was only 50 percent of the 1981 Curry
Sﬁatiom escapeme tt. The pessible explanations for lower than expected
juvenile catches in 1982 are: (1) parent spawner density was high
encugh in 1981 to result in superimposition of redds, which would lead
to poor egg survival; and (2) eggs in 1981 were spawned under high
water conditions, which later could have led to dewatering of many

redds and subsequent egg mortality (ADF&G 1984b).

4,5.2 Chum Salmon

(1) Timing

A1l juvenile chum salmon in the Susitna River outmigrate te the ocean
in their first year of life. The sutmigration was monitored by the
downstream cutmigrant traps from mid May to the end of August in 1983
and from mid June to mid October in 1982 (ADF&G 1983b, 1984b). In
1982, the peak outmigration of juvenile chum occurred on Jume 21, just
three days after the t:.ap began fishing. Therefore, it is possible
that the peak outmigration occurred before June 18 4in 198Z. By .id
July 1982 almost 90 percent of the total downstream migrant tvap catch
{754 total chum} had been caught; no juvenile chum were caught at the
downstream migrant trap after mid August in 1982 (ADF&G 1983b). 1Im
1983 the chum outmigration at the downstream migrant traps (RM 103)
peaked in early June and early July: by mid August all fish had left

the Talkeetna-Devil Canyon reach (2 98,6-152) (Figure 28).

In 1983 juvenile chum outmigration rates were atrvongly correlated with
mainsten discharge (ADF&G 1984b). During mid May to mid July (this

perlod accounted for over 38 pevcent of the catch at the downstrysam



migrant traps) almost 80 gercent of the variation in chum catch rates
was accounted for by correlating outmigration rates with mainstem
discharge. The coefficient of determination (r®) between nainstem
discharge and juvenile chum outmigration rates was U.,79; v = 0.89
(ADF&C 1984b). Thus, chum outmigration timing is strongly influenced

by increasss in mainstem discharge.

Juvenile chum apparently outmigrate primarily near mid river. A low
outmigrant t.ap selectivity for juvenile chum was observed in 1983
(ADF&G 1984b).

{ii) Size

The average size of juvenile chum in the Talkeetna-Devil Canyon reach
(RM 98.6-152) was about 42 mm (length range 29-55 mm) during the first
two weeks of July 1982 (ADF&G 1983b). By this time most juvenile chum
(almost 90 percent of the ocutmigrant <rap catch) had left this reach
of the river. Most juvenile chum had reached a length of 35 mm after
emergence by late April 1982 (ADF&G 1983b). Thus, some chum grow
considerably after emergence before ocutmigrating while others exhibit
little growth. This could be due to¢ differences in timing of
emergence and outmigration for juvenile chum in this reach of river,

or perhaps some juvenile chum feed less actively than others.

(iii) Populstion Estimates

In 1983 the outmigrant population of juvenile chum was estimated from
the Talkeetna-Devil Canyon reach (RM 98.56-~152). Fry were fin clipped
and tagged with half-length coded wire tags at sloughs 8A, 9. 11 and
21 and at Indian River; outmigrating fry were capturad at downstream
outmigrant traps at RM 103 and examined for wmarks. The outmigrant
population of juvenile chum was an estimated 3,322,000 fish using the
Peterson mark/recapture estimator and 3,037,000 fish wusing the
Schaefer estimator (ALF&G 1884b).



Survival estimates for egg to outmigrant were calculated by dividing
the outmigrant population estimate by the total potential egg
deposition. Survival from egg to outmigrzat was 14.1 percent using
the Peterson estimate of population size and 12.9 percent using the
Schaefer estimate of population size (ADF&G 1984b). The survival rate
(1314 percent) for egg to outmigrant for chum salmon im the
Talkeetna-Devil Canyon reach is within the range (0.4-35.4 percent) of
those reported from other studies (ADF&G 1984b).,

The survival rate for chum salmon egg to outmigrant may be lower than
the survival rate (41-42 percent) for egg to outmigrant for sockeye
salmon because of macrohabitat differences (ADF&G 1984b). Sockeye
spawn exclusively in side slough habitat while chum spawn in side
slough and tributary habitats. Thus chum salmon embryos are exnosed
to a wider range of habitat conditions and it can be inferred that
slough spawning and incubation may result in higher survival rates

than tributary spawning and incubation.

Daily outmigration rates, population size and recruitment rates of
juvenile chum were estimated at Slough 11 in 1983 (ADF&8G 1984b). Fish
were tagged with half-sength coded wire tags and marked with Bismark
Brown dve so that Iish marked over a three day period could be
separated upon recapture by the particular day they were marked. This
technique made it possible to estimate populatiocn size for a given
day, daily emigration rates and daily recruitment ratese. On day two
of the experiment, population size of juvenile chum in Slough 1l was
an estimated 2.068 fish, the daily emigration rate was 32.7 percent of
the population, and the dally recruitment (emergence) rate was 1.84
percent of thes population (ADF&G 1984b). Thus, the population size
was increasing over the three day period because the emergence rate

excesded the emigration rate.
A comparison of data from the east bank ocutmigrant trap at RM 103 for

1982 and 1v83 indicates that in 1983 juvenile chum catch rates were

2.3 times higher than 1982 catch rates (ADF&G 1984b). This relative
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abundance of juvenile chum in 1983 and 1982 corresponded with the
parent spawner relative abundance. The 1982 chum escapement (29,400
fish) at Curry Station (RM 120) was 2.2 times higher than the 1981
chum escapement (13,100 f£fish) (ADF&G 1984a). Thus, downstream
outmigrant trap catch rates can provide a comparative index of amnual
differences in the relative abundance of chum outmigrants (ADF&G
1984b).

4,5.3 Coho Salmon

(1) Timing

The outmigration of juvenile coho from the Talkeetna-Devil Canyon
reach (RM 98.6-152) was monitored by downstream migrant traps (RM 103)
during 1982 and 1983 (ADF&G 1983b, 1984b). There was a pattern of
downstream movement of juvenile coho throughout the  summer
(Figure 29). Age O+ coho accounted for over 90 percent of the total
trap catches of 5,646 fish; age 1+ and 2+ coho comprised the remaining
portion of the catch (ADF&G 1984b). The low catches of juvenile coho
at the downstream outmigrant traps (RM 103) indicate that some
juvenile coho of all age groups (age 0O+, 1+, 2+4) leave the
Talkeetna-Devil Canyon reach (ADF&G 1984b, 1983b). Some fish (age O+,
1+) may move to other sub-basins and continue their freshwater
residence, while others (age 1+, 2+ fish) probably outmigrate to the

sea as smoltis.

From November 1980 to May 1981 zge 2+ coho were captured in the
Talkeetna~Devil Canyon reach (ADF&G 1981b). After May in this reach
of river and mid-June in the Cook Inlet to Talkeetna reach no age 2+
coho  were caught. It appears that age 2+ smolts leave the
Talkeetna~Devil Canyon sub-basin by June 1 and the lower Susitna River
by June 15. Catches of age 2+ coho have been low at the outmigrant
traps at RM 103, however it appears that age 2+ coho catches peaked in
early June 1982 aand 1983 (ADF&G 1983b, 1984b).



There is evidence that age 1+ and older fish may not have the same
catchability as age O+ fish at the outmigrant traps (ADF&G 1984b).
The outmigrant tvraps may be more effective in catching the younger and
smaller fish, thus the relative abundance of older fish outmigrating

from the sub-basin may be underestimated.

Analyses of scales in 1981 through 1983 from returning adult cohe
salmon at Curry Station (RM 120) indicated that most coho outmigrate
from the Susitna River as age 1+ or 2+ smolts; in 1981 one coho adult
was sampled at Curry Station that had outmigrated in its first summer
(age 0+) (ADF&G 1984b, 1983b, 1981b). Thus, if the age 0+ coho caught
at the downstream migrant traps (RM 103) are outmigrating to the sea
as smolts, their survival is low. In 1981 about two-thirds of the
returning coho aduits sampled at Curry Station had cutmigrated as age
2+ smolts, in 1982 46 percent were age 2+ smolts and in 1983 53

percent were age 2+ smolts.

During 1983 juvenile coho ocutmigration rates in the mainstem at RM 103
were moderately corvelated with mainstem discharge (ADF&G 1984b). The
coefficient of determination (r?) between mainstem discharge and
juvenile coho outmigration rates was 0,17 for age 0+ fish and 0.22 for
age 1+ fish, thus 17 and 22 percent of the variation in the
cutmigration rates was accounted for by correlating ocutmigration rates

with mainstem discharge.

The increased catch of age 0+ coho in August 1983 at the downstream
outmigrant traps (Figuve 29) may be a result of: (1) high discharge
levels (about 32,000 c¢fs at Gold Creek on August 10) that breached
mainstom rearing areas and displaced juvenile coho downstream; and
{(2) increased discharge in tributaries allowed trapped juvenile coho
in side channels and pools of Indian River and Portage Creek to

outmigrate from these tributaries (AD 4G 1984b).

(ii) Size

The average silze of age O+ coho in the Talkeetpa-Devil Canyon

&

gub~basin (RM 98.6-152) was 41 wmwm ia late June 1987 and 56 mm in late
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June 1981; age 0+ coho increased in size over the summer to 65 mm in
late September 1982 and 63 mm in late September 1981 (ADF&G 1983b,
1981b). 1In 1983 age 0+ coho were separated from age 1+ and older coho
by length frequency and scale analyses; age 0+ coho were less than
46 mm in early May, less than 66 mm in late June, and less than 96 mm
in late September (ADF&G 1984b).

Length frequency and scale anaiyses did not provide a separation
length between age 1+ and 2+ coho because of length overlaps (ADF4G
1983b). Therefore, age 1+ and 2+ fish were combined as age 1+ and
older in most analyses. During February to May 1982 from Cook Inlet
to Devil Canyon, age 1+ coho ranged in length from 63-116 mm, while
age 2+ ccho ranged in length from 89-158 mm. During early Jume 1982
from Cock Inlet to Devil Canyon, age 1+ fish ranged in length from
85~129 mm, while age 2+ fish ranged in length from 117-202 mm (ADF&G
1983b). Most age 2+ coho in the Deshka River (RM 40.6) ranged between
120-140 mm in 1980 and had outmigrated by late July (Delaney et al.
1981).

(iii) Population Estimates

No population estimate or survival estimate for juvenile coho has been
done in the Susitna River. Catches of juvenile coho in 1982 suggest
that the river reach below RM 98.6 is more important to coho rearing
than above RM 98.6. About B0 percent of the juvenile coho caught in
1982 were captured below RM 98.6 (ADF&G 1983b).

A comparison of data from the east bank outmigrant tvap at RM 103 for
1982 and 1983 indicates that in 1983 juvenile coho catch rates were
2.8 times higher than the 1982 catch rates (ADF&G 1984b). This
relative abundance of juvenile coho in 1983 and 1982 corresponded with
parent gpawner rvelative abundance. The 1982 coho escapement
(2,400 fish) at Curcy Station {(RM 120) was 2.2 times higher than the
1981 coho escapement (1,100 fish) (ADF&G 1984a). Thus, the deownstveam
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outmigrant trap catch rates can provide a comparative index of annual
differences in the relative abundance of juvenile coho outmigrants
(ADF&G 1984b).

4.5,4 Pink Salmon

(1) Timing

All juvenile pink salmon in the Susitna River outmigrate to the ocean
in their first year of life (age 0+ fish). After emergence in April
and May, 3juvenile pink move almost immediately downstream to the
estuary. In 1983 juvenile pink catches were highest at the outmigrant
traps (RM 103) during late May and early June; few (eight) juvenile
pink were caught after June (Figure 32).

In 1983 juvenile pink outmigration rates were moderately correlated
with mainstem discharge (ADF&G 1984b). During mid May to mid July
about 30 percent of the variation in pink catch rates was accounted
for by correlating outmigration rates with mainstem discharge. The
coefficient of determination (r?) between mainstem discharge and

juvenile pink ocutmigration rates was 0.30; r = 0.55 (ADF&G 1984b). It
appears that pink outmigration timing is influenced by increases in

mainstem discharge.
(i1) Size

The average size of juvenlle plnk, between river mile 79 and 136, was
about 36 mm (length range 29-43 mm) during late May to late July 1982
(ADF&G 1983b). No increase in size was observed for the July fish
when compared to fish measured in May, however the sample size was
small (28 fish). Thug, it appearse that juvenile pink grow little if

any during thelr freshwater residence.

(i11) Population Estimates

No estimate of vopulation size of juvenile pink in the Talkeatona-Devil
poT J ¥

Canyon reach (HM 98.6~152) has beer done. Catches of Jjuvenile pink



have been low; in 1983 245 fish were caught in the downstream
outmigrant traps (RM 103), while in 1982 only six juvenile pink were

captured in the ocutmigrant trap.

Juvenile pink abundance is undoubtedly greater in odd years than in
even years. Adult runs of pink salmon are numerically dominant in
even years in the Susitna River; even year escapement of pink salmon
is about 10 times greater than odd year escapement. Thus, the progeny
of even year pink salmon emerge and outmigrate in the following odd

y@ar °
4.5,5 Chinook Salmon
(1) Timing

Most juvenile chinook spend one year in freshwater before outmigrating
to the ocean (as age 1+ smolts), however in some cases juvenile
chinook outmigrate in their first summer (as age 0+ smolts) or spend
two years in freshwater and outmigrate as age 2+ smolts (Scott and
Crossman 1973, Morrow 1980). Most juvenile chinock in the
Talkeetna~-Devil Canyon reach (RM 98.6-152) spend one winter in
freshwater before going to sea as age 1+ smolts (ADF&G 198la,b; 1982a;
1984a,b).

The downstream outmigrant traps (RM 103) in 1983 captured age QO+
chinook throughout the season (mid May to the end of August) witn a
major peak oceurring in August (Figure 33). These age 0+ chincok were
probably redistributing to rearing and overwintering areas below

EM 103 and don't represent outmigrating age 0+ smolts,

The majority of the outmigration of age l+ chinook smolts from the
Talkeetna-Devil Canyon sub-basin occurred in May and June in 1981 and
1982 (ADFP&G 1983b). Im 1983, the outmigration of age 1+ chinoock at
the downstream outmigrant traps (RM 103) was over by mid July

(Figure 33). Age 1+ chinook had outmigrated downstream of Goose Creek

b=50



(RM 73) by the end of July in 1982 (ADF&G 1983b). Most age 1+ chinocok
apparently leave the Susitna River by September as no age l+ chinook
were captured between Cook Inlet and Talkeetna Station (RM 103) after
the end of August (ADF&G 1981b).

During 1983 juvenile chinook outmigration rates were moderately
correlated with mainstem discharge {(ADF&G 1984b). The ccefficiént of
determination (r?) between mainstem discharge and juvenile chinook
outmigration rates was 0.25 (r=0.50) for age 1+ fish and 0.19 (r=0.44)
for age 0+ fish., Thus 25 and 19 percent of the variation in
outmigration rates was accounted for by correlating ocutmigration rates

with mainstem discha: ze.

The outmigration peak of age 0+ chinook in mid August 1983 was
probably influenced by the discharge peak of 32,000 cfs at Gold Creek
on August 10 (ADF&G 1984b). The discharge peak may have breached
chinocok mainstem rearing areas and caused a downstream displacement of
juvenile chinook. In additiom, tyributary discharges increased during
this time period and could have allowed juvenile chinook that were
trapped in side channels and pools of tributaries tc ocutmigrate fromw

tributaries.
{ii) Size

Age 1+ juvenile chinook averaged 90 mm in length during May and June
in 1981 and 1982 (ADF&G 1983b). This is when most age 1+ chinook are
outmigrating from the Talkeetna-Devil Canyoa sub-basin (RM 98.6-152).
In this reach of the Susitna River, age O+ and age 1+ chinook can be
separated by length frequency sanalysis (ADF&G 1984b). In early May
age 0+ chinook above BM 103 are less than 56 mm, in early June age 0O+
chincok ave less than 71 wm, and in early July age O+ chinook are less
than 81 wm. After August | all chinook above RM 103 are considered
age 0+ fish (ADF&G 1984b).
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Below Talkeetna Station (RM 103), it is not possible to separate age
0+ and age 1+ chinock from lengtihh frequency data alone because of
overlapping lengths of the two age groups. After September 1 all
juvenile chinook below RM 103 are considered age 0+ fish (ADF&G
1981b).

(1ii) Population Estimates

No estimation of population size for juvenile chinook has been done in
the Susitna River. Moderate numbers of juvenile chinook have been
caught in the Talkeetna-Devil Canyon reach (RM 98.6-152). Analysis of
catch data for 1981 through 1983 indicates that in 1982 juvenile
chinook abundance in the Talkeetna-Devil Canyon sub-basin was lower
than in 1981 and 1983 (ADF&G 1984b). Catch comparisons of the east
bank downsgream migrant trap (RM 103) between 1982 and 1983 indicate
that juvenile chinook abundance was over four times greater in 1983
than for the same time period in 1982. The downstream outmigrant
traps {RM 103) apparently provide an index of relative abundance of
juvenile salmon betwsen years (ADF&G 1984b).

In 1983 only 434 age 1+ chinook were caught in downstream outmigrant
tr.ps at RM 103, whils 5,768 age 0+ chinook were caught (ADF&G 1984b).
Correlation analysls between age 1+ chinook catches and trap
velocities indicates that the relative abundance of age 1+ fish may be

underestimated because of trap avoidance (ADF&G 1984b).
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5.0 HABITAT UTILIZATION AND RELATIONSHIPS

3.1 MAINSTEM AND SIDE CHANNEL HABITAT

Mainstem habiltat is comprised of those portions of the Susitna River
that normally convey streamflow throughout the year (Figure 2). Both
single and multiple channels are included in this habitat category.
Groundwater and tributary dinflow appear to be inconsequential
contributors to the overall characteristics of mainstem habitat. The
mainstem is typically characterized by high water velocities and well
armored streambeds. Substrates generally consist of boulder and
cobble size materials with interstitial spaces filled with a
grout-like wmixture of small gravels and glacial sands. Suspended
sediment concentrations and turbidity arve high during summer due to
the influence of glacial melt-water. Streamflows recede in early fall
and the mainstem clears appreciably in October. An ice cover forms on
the river in late November or December and lasts until April or May
(ADF&G 1983e, Trihey 1982).

Side~channel habitat consists of those portions of the Susitna River
that normally convey streamflow during the open water season but
become appreciably dewatered during periods of low flow (Figure 2).
Side channel habdtat may exdist either in well defined overflow
channels, or in poorly defined water courses flowing through partially
submerged gravel bars and islands along the marvgins of the mainstenm
civer. Side chaunel streambed elevationms are typilcally lower than the
mean monthly water surface elevations of the mainstem Susitna River
observed duriag Jume, July and August. Side channels are
characterized by shallower depths, Iswer wvelocities and smaller
streambed materials than the adjacent habitat of the mainstem river
(ADF&G 1983e, Trihey 1982).

5.1.1 Adult Salmon

Five species of Pacific salmon utilize the mainstem and side chanuels

of the Susitnma River above the Chulitna confluence (RM 98.6) primarily



as a migrational corridor and to a lesser extent as spawning habitat
from late spring into the £all (ADF&G 198la, 1982a, 1984a). Use

periocds for adults of each species are:

Sockeyve = July through mid-September;
Chum = mid=July through mid-September;
Coho = late-July through mid-September;
Pink - late=July through August; and
Chinook - mid=-June through July

Relative abundance estimates based upon 1981, 1982 and 1983 escapement
data indicate that the mainstem and side channels of the
Talkeetna-Devil Canyon reach (RM 98.6-152) serves as a migrational
corridor for less than 10 percent of the total Susitna River salmon
escapement (Table 6). During wmigration periods, various behavioral
and distribution patterns are associated with certain characteristics
of mainstem habitat, dincluding water depth, velcecity, channel

configuration, and location or absence of obstructions (ADF&G 1%88l1lc).

Generally, passage of adult salmon during migration corresponds with
the summer high-flow season. However, peak river discharge eveunts
above 80,000 cfs at Sunshine Station (RM 80) apparently cause upstream
novenments of salmon to decrsase and increases milling behavior uncil
flows subslde following major flow events (Figures 12, 15, 18, 21,
243, This relationship of slowed upstream migration caused by high
viver discharge was observed in the Talkeetna-Devil Canyon reach at
flows sabove 40,000 cfs at the USGS gaging station Gold Creek
(RM 136.8) (ADF&G 19844).

Mainstem and side channel spawning above RM 98.6 has been observed for
gockeye, chum and cohc salmon (ADFEG 198la, 1982a, 1984a). Chum
salmon apparently utilize the malnstem margins and side channels for
gpawning mwore than coho or sockeye. Counts of chum salmon spawning in
mainsten and side-~channel habitat were: 16 figh in 1981, 550 fish dn
1982 and 219 fish dn 1983 (Table 12). Only three coho and eleven

sockeve were observed spawning in mainstem and side-channel habiltat



during 1961-1983. Mainstem spawning is apparently restricted by the
lack of suitable spawning substrate and groundwater upwelling (ADF&G
1981c).

5.1.2 Juvenile Salmon

Juvenile salmon of all five species present in the Susitna River
utilize the wainstem and side channels above RM 98.6 primarily as a
migrational coxridor. Mainstem and side channels are important
overwintering and vearing areas for some species. Periods of juvenile
salmon mainstem and side channel use and relative abundance in the

Talkeetna~Devil Canyon veach (RM 98.6-152) are outlined below.

Sockeye - During 1982 and 1983 juvenile sockeyve moved out of the
Talkeetna=Devil Canyon reach primarily during June and July
(ADF&G 1983b, 1984b) (Figure 28). In 1983, juvenile sockeye used
maingstem and side-channel habitat in low densities for rearing
{(Figure 26).

Chum - Durding 1982 and 1983 juvenile chum had migrated downstreanm
of RM 103 by wmid-July (ADF&G 1983b, 1984b) (Figure 28). Juvenile
chum used malnstem and side channels for rearing in low densities
(ADF&G 1984b) (Figure 27).

Cobo = Qutmigration of juvenile coho peaked duving June, July and
August during 1983 and during June in 1982 {ADFEG 1983b, 1984b)
(Fégmzé 29). Coho Jrvenlles wused nalonstem and side-channel
habitats for overwintering in 1981 (ADF&G 1981b). Relatively few
juvenile coho utilized wmainstem and side=-channel habitat for

rearing in 1983 (Figure 30),

Pink - Most juvenile pink woved downstream of RM 103 during May
and June in 1983 (Figure 32). Minimal £reshwater reaving and
growth occurs for juvenile pink salmon because of their short
{one month) residence time., Mainstem and side chanpnel use by

juvenile pink for vearing is probably low.
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Chinook -. The majority of age l+ chinook moved downstream below
RM 103 in May and June in 1981, 1982, and 1983 (ADF&G 1981b,
1983b, 1984b) (Figure 33). Age 0+ chinook moved downstream
throughout the open water season in 1983. Mainstem and side
channels are dimportant vearing ane overwintering habitat for

juvenile chinoock (ADF&G 1981b, 1983b, 1984b).

During 1983 juvenile salmon outmigration vates were positively
correlated with wmainstem discharge (ADF&G 1984b). The correlation
coefficient was highest for juvenile chum (r=0.89; r2=0.79),
indicating that cutmigration rates for juvenile chum may be influenced
by Increased river discharge levels. Correlation coefficients were
moderate to low for the remaining juvenile salmon and ranged frow
r=0,55; r%=0.30 for juvenile pink to r=0.24; r?=0.06 for age I+
sockeye, Peak flow events may displace some juvenile salmon (e.g.

chinook) from mainstem and side-channel rearing areas (ADF&C 1984b).
5.2 SIDE AND UPLAND SLOUGH HABITAT

The clear water in sloughs originates from local surface runcff and
ground water upwelling. Ground water upwells in the slough channels
throughour the year, thus keeping these areas rvelatively ice free in
the winter. Observations indicate the Susitna River is the primary
source of the water In many of the sloughs. Local runoff is an

important water source for some sloughs In the summer.

The stage in the mainstem contvols the water surface elevation of the
lower portion of the sloughs by foxming a backwater that can extend
some distance upstream inte the slough. This backwater is divided
into two parts--clear water and turbid water. The mainstem water
creates a turbid plug at the mouth of the slough that backs up the
clear water in the slough. As the stage in the nainstem drops, the
size and character of the backwater changes. At fall flows of
approximately 8,000 to 10.000 cfs at Gold Creek (RM 136.7), the
.

Fackwater vecedes. This reduces the depth of water at the entrance to



the sloughs. In some cases, the slough mouth and the mainstem become

separated by a gravel bar,

When high mainstem flows overtop the upstream (head) end of the
sloughs, the fiows flush fine sadiments that accumulate in the lower
portion of the sloughs. As peak flows in the mainstem subside and the
stage in the mrinstem drops below the head end of the slough,
discharge through the slough drops and the water in the slough begins

to clear.

Because there 1is much diversity in the morpheology of individual
sloughs, the flows at which they overtopped vary considerably. In
general, most side sloughs are overtopped at flows between 20,000 to
320,000 cfs, although some sloughs (e.g. Slough 11) are only overtopped
at high discharge levels (42,000 cfs).

In general slough water (emperatures are warmer than mainstem water

temperatures in the winter.

Upland sloughs differ from side sloughs in that the upstream (head)
end of the slough is not interconnected with the surface watevs of the
mainstem Susitna River or 1its side channels (Figure 2). Upland
sloughs are characterized by the vresence of beaver dams and an
accumularion of silt covering the substrate rvesulting from the absence

of mainstem scouring flows.

The access and upstream passage of salwon into sloughs and side
chaunels are dependent primarily on water depth and length of the
passage vreaches that ave vestrictive te the upstream movement of
salmon (ADF&C 1984d). Hydraulic velocity barviers apparently do not
exist at sloughs 1n the Talkeetna-Devil Canyom reach (RM 98.6-~152).
The maiustem disch-tvge level divectly influences access and passage
into sloughs because of 1tz influence on backwater at the mouth of
sloughs aund breaching at the upstream (head) of sloughs. Under low
mainsten discharge ievels (unbreached conditions), the backwater at

3

the mouth of sloughs and side channels may not be of sufficient depth
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to allow successful passage. As mainstem discharge increases, the
backwater area generally inecreases in depth and extends its length
upstreamn, which increases the depths within those critical passage
reaches affected by the backwater., The elimination of passage
restrictions within a reach by backwater lnundation continues in the
upstrean direction with increasing mainstem discharge, until the
slough is breached, at which point depths become adequate for passage
at all passage reaches in wmost sloughs and side chunnels (ADF&G
19844 .

Mainstem discharge 1levels 1n the Susitna River at Gold Creek
{(RM 1386.7) commonly ringe between 20,000 and 30,000 cfs during June,
July and August when adult salmon arve migrating upstream and 15,000 to
20,000 cfs during peak spawning periods (20 August to 20 September)
(ADF&G  1984d).  Because of the diversity im the morphology of
individwal sloughs, the access and passage intce sloughs wvaries
consilderably at & mainstem discharge level. Breaching of important
spavning sloughs in the Talkeetna-Devil Canyon veach occurs at
relatively high wmainstem discharges (19,000 to 42,000 cfs) (ADF&G
1984d}. During the peak spawning period (20 Auvgust to 20 September)
maingtem discharge at Gold Creek equals or uxceeds 15,000 cfs 50
percent of the time (ADF&G 1984d). Therefore, access and passage into
sloughs and side channels are more often controlled by the backwater
at the slough wouth and the local flow from groundwater and runoff
sources. Local flow from groundwacter appears to be correlated with
mainstem discharges (APA 13984). Thevefore, as mainstem discharge
decreases, local flow from groundwater may also decrease. The most
serious passage rvestrictions for mainstem discharges below breaching
discharge in dimpovtant spawning sloughs occurs in Sloughs 9 and 21
(ADF&EG 19844d).

5.2.1 Adult Salmon
Adulte of four salmon specles have been observed spawnlong in slough

habitat din the Talkeetna~Devil reach (RM 98.6~152); only chinook

salmon have not been observed using slough habitats for spawning

)



(ADF&G 1981la, 1982a, 1984a). Results of escapement and spawning
surveys in 1981 through 1983 indicated that chum and sockeye were the
most numerous salmon in sloughs during peak spawning periods, pink and

coho were less abundant {(see Sec., 4.2,1-4.2,5,1i4).
Total slough escapements in sloughs above RM 98.6 were:

Chum -~ 4,501 fish in 1981; 5,057 fish in 1982, 2,944 fish in 1983
Sockeye - 2,178 fish in 1981; 1,488 fish in 1982; 1,060 fish in 1983
Pink = 38 fish in 1981; 297 fish in 1982; 0 fish in 1983

Two cohe salmon were observed spawning in Slough 84 on October 2,
1982,

Sloughs 8A, 9, 1l and 21 have accounted for about two-thirds of the
total peak counts of chum saimon in slough habitats during 1981, 1982
and 1983 (Table 13). Sloughs 8A, 11 and 21 have accounted for over 90
percent of the sockeye salmon total peak counts in slough habitat
(Table 8).

Use periods for salmon spawning in sloughs above RM 98.6 were August
and September din 1981, 1982 and 1983. The pezk of pink salmon
spawning occurved during the first three weeks of August, the peak of
chium  spawning was the first week of Septewber and sockeye peak
spawning activity was from the last week of August to the end of
Septembey (ADF&G 1981la, 1982a, 1984a).

Sockeye salmon above RM 98.6 spawn almost exclusively (over 99 percent
of the peak spawner counts of 2,420 for 1981-1983) in slough habitat.
Sioughs ave also important spawning habitats for chum salmon as &0
percent of the peak spawner counts of 10,370 for 1981 through 1983 was
observed in slough habitat. Factors contributing to salmon spawning
in sloughs idn this viver reach are: (1) clear water base {lows
originating from ground water upwelling, local surface runcff ov
interstitial inflow insure maintenance flows; and (2) the presence of
ground water upwelling in sloughs oxygenates spawning subsirate, keeps

silt from compacting the spawning gravels, and provides a stable



temperature regime that maintains incubating embryos through the

winter.

5.2.2 Juvenile Salmon

Sloughs are Important  Thabitats for juvenile salmon in the
Taelkeetna~Devil Canyon vreach (RM 98.6-152) because they serve as
rearing and overwintering arveas. The significance of slough habitat

for juvenile salmon is discussed below.

Sockeye ~ Most sockeye natal areas ave gide sloughs. Three
important sockeye natal areas are Sloughs 84, 11 and 21
(Table 8). Some sockeye move to upland slough habitat for
rearing. Overwintering sockeye have been found in slough habitat
(ADF&G 1984b).

Chum -~ Many sloughs above RM 98.6 are natal areas for juvenile
chum (Table 13). These natal sloughs provide rearing habitat for
about one to three months until juvenile chum move downstream as

smolts.

Coho =~ Some juvenile coho wove from natal tributaries to upland
and side sloughs for veaving. Juvenile coho apparently prefer
clear water and lower velocities found {n upland sloughs. Upland
sloughs were second in importance in 1983 for coho rearing after
natal tributarles (ADF&G 1984b). Some juvenile coho use sloughs

for overwintering.

Pionk -~ The extent of slough utilization by juvenile pink is
uncertain becauss juvenile pink epend little time in freshwater.
Use of slough habitat by juvenile pink appears to be limited to

natal sloughs.

Chinocolt - Juvenile chincok used side sloughs and uvpland sloughs

for reaving in velatively low densities in 1983 (Figure 31).

L
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Sloivghs appear to be important overwintering habitat for juvenile

chincok.

The importance of sloughs as juvenile overwintering and reaving
habitats may be related to: (1) the ice~free, clear-water conditions
during winter compared to lowered flow and icing im coho and chinook
natal teibutaries; and (2) during summer mainstem flow, the high stage
of the mainstem acts as a hydraulic control at the slough outlet,
increasing the depth of water in the lower end of the slough. These
clear water areas promote benthic production, which improves the

quality of the rearing habitat for juvenile salmon.

5.3 TRIBUTARY AND TRIBUTARY MOUTH HABITAT

The depth of water in the mouths of tributaries in the Talkeetna-Devil
Canyon reach (RM 98.6-152) is sensitive to changes in mainstem flow.
At high flows, the malnstem creates a backwater at the tributary
mouth, thus increasing the water depth. The 1lineal extent of the
backwater in the tributary depends on the stage in the mainstem and
the gradient of the tributary. At low malnstem stages, the backwater

is eliminated, resulting in increased flow velocities at the wmouth.

Small deltas form at the mouth of most of the ¢ributarles. As the
tributary enters the mainstem viver, the change in gradient and
subsequent change in flow wvelocity cause the tvibutary to drop
transported matevials 4f the velocity din the mainstem 1is not
sufficlent to carry the marterial downstream. As the stage in the
painstem river decreases, the tributaries may become perched above the
river, that ds, the tributariss flow across steep deltas. I1f the
steep deltas were to vemaln under low wmalnstem flow conditions,
upstream passage of adult salmon and resident fish would be inhibited
or eliminated, However, based on studies by R&M Consultants (1982),
the tributary flews are sufficient to cut through the deltas to
establish a cheaonel at a new gradient. In 1982, tributaries werve

chserved to cut Chrough pevched deltas duving low August flows; most



of the tributaries had sufficient energy to move the delta material
(R&M Consultants 1982).

Tributary streamflow, sediment, and thermal vregimes reflect the
integration of the hydrology, geclogy, and climate of the tributary
drainage (Figure 2). The physical attributes of tributary habitat are

not dependent on mainstem conditions,

Tributary mouth habitat extends from the uppermost point the tributary
influenced by mainstem Susitna River or slough backwater effecte to
the downstream extent of the tributary plume which extends into the
mainstem Susitna River or sloughs (ADF&G 1981c¢). The tributary plume
is clearwater which extends downstream in the main channel before
mixing with the more turbid mainstem water. This area has a mixture
of characteristics associated with both mainstem and tributary. The
extent of the plume is influenced by mainstem flow. At higher flows,
the plume is restricted. Depths and velocities in the plume avre a
function of channel morphology and mainstem stage. Water temperature

and water quality are those of the tributary,

5.,3.1 Adult Salmon

Except for sockeve salmon, salmon species present in the Susitna River
were observed spawning in tributaries In the Talkeetna-Devil Canyon
reach (RM 98,6~152) during 1981, 1982 and 1983 (ADF&G 198la, 1982a,
1984a). Peak spaﬁner counts in tributaries above RM 98.6 for chum,
coho, pink and chinook salmon ave given in Tables 15, 18, 20, 23.
Tributaries serve as the primary spawning habitat for chinocok, coho
and pilok salmon. Based on peak spawner counts in all habitats,
tributaries ave about equal in importance with slough habitat for chum

salimon,

Tmportant salmon spawning tributariss include: Indian River (chinock,
pink, coho and chum), Portage Creek (chincok, coho, pink and chum),

Fourth of July Creek (pink and chum), Lane Creek (chincok and pink)



Cash Creek {(coho), Whiskers Creek (cocho) and Lower McKenzie Craek
{coho) {(Tables 15, 18, 20, 23).

5.3.2 Juvenile Salmon

The significance of tributary and tributary mouth habitats f{or
juvenile salmon in the Talkeetna-Devil Canyon reach (RM 98.6-152) is

dlscussed below.

Sockeye =~ Juvenile sockeye apparently utilize tributary habitat
incidentally; in 1983 few juvenile sockeye were captured .2
tributary habitat (Figure 26). It 4is probable that juvenile
sockeye do not overwinter in tributary habitat. No tributaries

are known sockeye natal areas.

Chum -~ Some tributaries above RM 98.6 ave natal areas for
juvenile chum (Table 15). These natal tributarles may provide
rearing habitat for about one to three months until juvenile chum

move downstream as smolts.

Coho = Some juvenile coho use tributaries for vrearing throughout
the summer (ADFEG 1984b). Some coho redistribute downstream from
areas of ewmergence in tributaries to more favorable vrearing
habitat, including tributary mouths. This rvedistridbution occurs
throughout the summer as fish become more mobile. Tributary
mouths apparently provide important miliing and rearing areas for
age 0+ coho (ADF&G 1981b, 1983b). It appears that mainstem side
channels, side sloughs and uplind sloughs ave more important

overwintering habitat for juvenile coho than tributaries,

Pink -~ Some tyributavies above RM 98.6 are natal areas for
Juvenile pink (Table 20). The extent of tributary utilization hy
juvenile pink is uncertain because Jjuvenile pisok spend little

tdme in freshwatcer.
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Chinook ~ Tributaries had the highest deunsities of juvenile
chinoock dim spring and eavrly summer 1in 1983 (ADF&G 1984b).
Redistribution of juveniles from avreas of emergence in
tributaries to more favorable rearing habitat, dincluding
tributary mouths, occurs throughout the summer as fish become
more wobile., Tributary wmouths apparently provide important
milling and rearing areas for juvenile chinook. Tributaries may
be utilized by juvenile chinook for overwintering, however most
fish appavently leave tributaries after November when low winter
flows and icing occurs (ADF&G 1981b).



6.0 SUMMARY DESCRIPTION

6.1 FACTORS AFFECTING PRODUCTION

Each life stage of salmon has factors that may limit production. Scme
of these factors are complex and the mechanisms are not easily
understoed such as the relationsghips among food availability, growth,
and survival. In contrast, other factors are readily defined, like
freezing of redds which cause direct mortality. Although bioclogical
organisms do have the ability to adjust and adapt to various
environmental conditions, overall they may not be highly successful.
For example, survival of salmon eggs from deposition to fry emergence
may only be 5 percent or less under natural condi“iomns. In contrast,
survival rates of 985 percent or greater occur frequently under
artificially controlled conditions (e.g., hatchery on laboratory
conditions) that exclude many of the limiting factors. Following is a
summary of the wmajor limiting factors that affect the freshwater
phases of anadromous salmonids in the Susitna River.  Although
specific studies may not have identified some of these as factors in
the Susitna River, they have been described as factors in other
gimilar viver systems and therefore it is assumed that similar factors

may be important in the Susitna River.
6.1.1 Adult Migratiom

4 discussion on limitiag factors in salt water is mnot included in this
discusgion, however, factors such as predation, envivonmental
conditions (e.g. water quality), predator-prey vrelationships and
commercial and sport fishing wmust be considered in relation to
production. Once adult salmon enter the Susitna PRiver, several
potential situvations can exclude or prevent them from successful

spawning. These are briefly listed and described as follows:

2o Sport Fishing - sportfish harvests remove fish from the system.
.

The primary effort in the Susitna Rivey is the talking of chinook

salmon followed by coho. The effect of sport fishing on Susitna



River salmon is most evident on coho salmon (Table 3). 1In 1983,
almost one of every five coho entering the Susitna River was
caught by an angler, The extent of harvest is governed by
regulation, fishing and water conditions, access by people to

P-4
gltes, etc,

b Predation - in areas where salmon are available, predators such
as bears and seals can remove adults prior to spawning. ADF&G
personnel (1984a) have noted predation by bears, as well as
otter, weasels and eagles in the Susitna River, but this removal
of fish is unquantified., Predation by animals is probably less

significant than the effects of sport fishing.

Ce Access = barriers to upstream migration such as impassable
reaches in sloughs under low flow can prevent fish from reaching
gpawning areas, Whether or not this precludes successful
spawning elsewhere is unknown, but exposure to bear predation and
lack of success in passing these reaches can result in mortality.
Salmon strandings in passage reaches of sloughs have been noted
(ADF&G 1984a).

Additional factors such as high or low temperature extremes, low
dissolved ocxygen, and turbid waters have been implicated as potential
factors 1limiting upstream mwmigration (Reiser and Bjornn 1979),
However, these have not been shown to prevent successful migraticn in
the Susitna River, probably because the adults are exposed to ranges
in thege factovrs that are within their vange of tolerance. Other
factors such as high flows have veen shown to result in cessation of
upstream movement (ADF&G 1984a) (Figures 12, 15, 18, 21, 24), but
movement does vesume following these events and fish do successfully
move to their spawning sites. Therefove, the fish are not removed
from production and movtality essociated with high flow events is not

a significant factor.
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6.1.2

Spawning and Incubatien

Each specles within the Susitna Basin tends to utilize specific areas

for spawning (see Section 4.2). In this regard, the lack of a specific

type of area can limit production for a specific specles. Spawning

and ipcubation habitat way be limited in the Talkeetna-Devil Canyon
reach (RM 98.6-152).

Specific factors which would limit the availability of spawning are:

d.

Water Velocity -« Although velocity requirements vary amongst
species, areas with high velocities (in excess of sustained
swimming speeds) will preclude spawning activity. High velocity
may limit utilization of maiastem and side-channel habitats in

the Susitna River.

Water Depth - Theoretically, depth is only a factor when it is
too shallow. However, salmon tend to prefer certain depths which
can vary from species to species and stock to stock. Depth may

be limiting in some side-slough habitats in the Susitna River.

Substrate - Lack of useable substrate within the range utilized
by a specific specles limits the amount of area available for
spawning and dncubation. Substrate such as sand or silt is
vnusable as are extremely large substrate and bedrock.
Additionally, even though the corrvect range of gravel may be
present, the substrate may be cemented together by silts and
therefore fish are unabie to effectively dig a redd. This may be
one of the reasons for the small use of mainstem and side channel

habitats by salwmon for spawning in the Susitna River,

Water Temperature - Variocus species seek areas and spawnlng
periods that have favovable water tempevatures for spawning and
incubation. If these temperatures are not within tolerance

range, wortality can result. Low temperatures can delay spawuning

P

activity. Temperature also affects development vate. Cold water

temperatures may limit use of mainstem and side-channel habitats,

faaY
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Upwelling ~ Certain species, particularly chum salmon, seek areas
of greocundwater wupwelling for spawning and incubation (ADF&G
1984e) . These aveas offer potential temperature and f£low
benefits. Because these areas often support major spawnlng, it
is assumed that the lack of such areas 1s potentially limiting to
spawning and dincubation for chum and sockeye salmon in the
Talkeetna~Devil Canyon reach (RM 98.6-152),

Predation -~ Sculpins and other fish species have been implicated
as taking significant numbers of salmon =ggs. Hunter (1959)
found that, with pink and chum fry, the mortality could range
from 23 to 86 percent.

Low Streamflow - Extremely low water can dewater spawning areas
and expose incubating eggs and alevins (McNeil 1969). Reduced
winter flows may cause significant mortality, if adult fish
spawned under high water conditions and redds were located along
the marginms. This may have occurved during 1982 spawning and
1982~1983 incubation periods (ADF&G 1984b). The dependence on
upwelling may limit mortalities assoclated with flow fluctuations

in the Susitna River.

High Streamflow - Extremely high flows can scour vedds and
destroy eggs and alevins. High scouring flows (greater than
30,000 cfs at Gold Creek) arve uncommon in fall and winter in the
Susitna River. ' Thus, scouring d1s probably not an dimportant

limiting factor.

Freezing -~ If vedds are frozen, the eggs will be destroved and
losr. Alevins may be able to move through the gravel to avoid
sdveyse conditions. Freezing of redds is associated with low
streanf lows and sub-frezezing temperatures; these conditions occuy
yearly in the Susitna River. The raduction in production due to
frozen vrvedds is ungquantified In the Susitna River, however,
dependence on upwelling by spawners may reduce losses due to

freezing.

G



iﬁ 2

Sedimentation -~ An influx of fine sediments can shut off the
water flow throigh substrate and result in unsuitable spawning
areas, Sedimentation of spawning aveas in sloughs and side
channels by high mainstem discharge and ice processes occurs in
the Susitna River. In spring 1982, Slough 9 suffered a heavy
influx of silts and sands reducing the amount of usable spawning

habitat.

Intraspecific Competition - The number of eggs and resulting fry’
can increace proporvtionally up to a certain point. However,
beyond this point, competiticn for redd sites and superimposition
of redds on previous redds results in lower survival. Based on
egg rvetentlon studies, ADFYG (1984a) concluded that spawner
density was not too high for chum salmon in 1983 in slough

habitats.

Interspecific Competition - Spawners from two or more species may
compete for specific redd sites (e.g. chum and sockeye may
utilize similar spawning habitats in middle river sloughs). This
can cause problems similar to these for dIntraspecific

competition.

Digsolved Oxygen -~ If sufficient dissolved oxvgen is not present,
growth of ewbrvos can be retardad and wmovtality may occur.
Dissolved oxygen is strongly tied to permeability of gravels and
intragravel flow., Densicy of salmon eggs can also be a
significant factor. If only a few eggs are present, a given
level of dissolved oxzygen, flow, and substrate permeability may
be sufficient. However, at higher egg densities, this level
might be totally Insufficient and therefore would limit
production by causing poorly developed fry or in severe cases,
mortality. Studies by ADF&G (1983a) thave indicated that
dissolved oxygen levels in the Susitna River ave genevally not a

problem for incubating embryos.

&
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ice Processes - In certain instances, staging resulting frowm ice

ot
jor]
a

cover can raise the stage of the river diverting cold winter
mainstem water {(0°C) into sloughs that ave predominantly supplied
by warmer upwelling water (e.g. Slough 3A in 1985; ADF&G 1983a).
Cold mainstem water can reduce intragravel temperatures causing

mortalities or delays in emergence that affect production.

Factors that limit the rearing phase of salmonids are complex and vary
with species, size, and time of vear. Thev way affect species for

hort pericd of time {(e.g., plak salmon fry may onlv be in

only a s
freshwarer for a few days before they cutmigrate) or fcr more than a
yea. {(e.g. chincok, cono or sockeye Juveniles). Following is a brief

somaty of the major factors that affect reaving fish

a, Primary and secondery production ~ The smount of food available

al spe ic times c¢f the vyear can be cvitical to assaring that
product continues. In the Susitna River the highlv turbid

i
water din the ice-fyee season prevents significant light
penetration and priwary production; winter primary and secondary
production way be severely restricted by the ice ccver and low
levels of light. These, 4in turn, can severely rveduce secondary
production and potential fish Yood sources from within the system
{autochithonous food production). The extent of cither
autochthonous or allochthonous {food scurces from outside the
systenm such as insects that fall inte the water) food production
in the Susitna River is presentiv unknown, although a study is

carvently undervay to understand primavy productivizy

¥

relatvionships. Nutrients that support primarv production may not
be limiting in the Susiina River because extensive bloows of
algae have been nnted during byiey cleav~vater periods (hat occur
prioy to fr-ezg-up.

oy ds impovtant botdb for #llowing

k]
.
+
3

b Water Yelocity - This fact

production of {ood orgacismsy and ot optinicsticon 28 ouevgs



i

expenditures by fish. For example, fish will seek aveas in which
they do not have to needlessly expend energy. Low to moderate
stream gradients and water velocities generally are considered
productive juvenile vearing habitat (Canada Fisheries and Oceans
188G). Peax flow events that affect mainstem rearing avreas may
cause a downstream displacement of juvenile chinook (ADF&G
1984b).

Water Depth - Small fish appear to utilize shallower areas with
greater frequency., Unless too shallow to allow free movement,
depth is not thought to limit fish prcduction in the Susitna

River.

Substrate = The number of benthic dinvertebrates generally
decreases in the progression of rubble to bedrock to gravel to
sand (Reiser and Bjornn 1979). This affects fish food
production. Substrate also provides cover for juveniles and
areas of decreased velocity. Cementlng of interstirial spaces in
mainstem and side-channel substrates reduces their utility to

rearing juveniles.

Water Quality - Temperature. dissclved oxygen, turbidity, pH and
other water quality parameters can all limit producticon if they
are wot within a specifir vange. Even within this vange, an
optimum may not be availakle under natural conditions (e.g. an
optimum temperature for growth of salwonids may be arcund 15°C.

However, temperatures do not reach this level in the Susitna).

Cover -~ Juvenile salmonids require microhabitats that provide
protection or escape opportunities from predators. Cover can
include turbid water, vegetation, substrate and deptb. lLarge
substrate and tuerbidity commouly provide cover in mainstem and
side~chaunnel habitats. Vegetation and organic debris provide

covaer in upland and side-slough habivats,



6.2 RELATIONSHIPS AMONG LIMITING FACTORS

Limiting factors prevent all organisms from unrestricted expansion.
Fach factor has a certain degree of dimportance, but existing
populations arvre the result of exposure to the composite of these
factors. In the Susitna River, a precise definition of the exact
level of importance of each of the factors described for each species

and life =stage 1is nearly impossible.

Factors that cause direct mortality are most easily defined (e.g, 1if
flood flows scour out vedd , . eggs are mor likely lost from
production}. Factors such as primary and seconc. .y productivity are
not as easy to define because fish will attempt to find alternate
habitats or food sources if one particular combination of these is not
available. For impact prediction, the best analysis possible is to
determine whether or not a -actor ~ill change significantly and cause
an increase oy decrease in production under with-project conditions.
For example, large annual variaticns in streamflow can affect
spavning, incubation, and rearing. A more stable flow regime may, in
fact, have a very this positive impact on prvoduction (Canada Fisheries
and Oceans 1980). The actual degree of positive dimpact may b

difficult to gquautify, but at least the change may be in a positive
direction rather than negative. Thus, production could be predicted

to be malntained or increased.

A general statement regarding the relatvive dmportance oif limiting
factors affecting various life stages can be made. Spawning habitat
for all species of salmon appears to be limited in this veach of the
Susitna River. The lack of suitabie substrates and upwelling areas
arve the predominant factove in low wurilization of wmainstem and
gide-channel arveas, Low winter water temperatures may be a
significant factor affecting iIncubaticen. These can be caused by
dewateving and freezing ovr ice processes In the Susitna River.

Survival of embyyos in slough habitats sprear to be gquite high.

Reaving hebitatr is probably wet an impoviant limivdiny, fector {ov chum,




(RM 98.6-152). Reaving habitat for sockeye salmon is limited in this
reach, Sockeye rear in a few sloughs which support plankton
production, Physical characteristics of other sloughs and other

habitat types are not conducive to sockeye rearing.

The end result of exposure te limiting factors in any system is the
number of fish that ave able to survive and reproduce. The on-going
studies to document the fish resources and habitats of the Susitna
River are designed to establish these numbers. If the project is
built, with-project monitoring will be used to determine I1f the
composite of factors resulting from project operation has increased or

decreased production.
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Table 1. Common and scilentific names of fish species recovded from

the Susitna Basin.

Scientific Name

Common Name

Petromyzontidae
Lampetra japonica

Salmonidae
Coregonuas laurettae
Coregonus pidschian
Oncorhynchus gorbuscha
Oncorhynchus keta
Oncorhynchus kisutch
Oncorhynchus nerka
Oncorhynchus tshawvtscha

Prosopium cylindraceum
Salmo gairdneri
Salvelinus malwm.
Salvelinus namaycush
Thymallus arcticus

Osmeridae
Thaleichthys pacificus

Esocidae
Esox lucius

Catostomidae
Catostomus catostomus

Gadidas
Lota lota

P —-——

Gasterosteldae
Gasterosteus aculeatus

Cottidae
Cottus sp.

Arctic lamprey

Bering cisco
humpback whitefish
pink salmon
chum salmon
coho salmon
sockeyve salmon
chinook salmon
round whitefish
rainbow trout
Delly Varden
lzke trout
Arctic grayling

eulachon

northern pike

threespine stickleback

sculpin




Table Z. Commercial catch of upper Cook Inlet salmon in numbers of fish by
species, 1954 - 1983,
Year Chircok Sockeye Coho Pink Chum Teszl
1954 63,780 1,207,046 321,525 2,189,307 510,068 4,281,726
1555 45,926 1,027,528 170,777 101,680 . 248,343 1,594,254
1956 64,977 1,258,789 198,189 1,595,375 782,051 3,899,381
1957 42,158 643,712 125,434 21,228 1,001,470 1,834,922
1958 22,727 477,392 239,765 1,648,548 471,697 2,860,129
1959 32.651 612,676 106,312 12,527 300,319 1,064,485
1960 27,512 923,314 311,461 1,411,605 659,997 3,333,889
1961 19,210 1,162,303 117,778 34,017 349,628 1.583,463
1962 20,219 1,147,573 350,324 2,711,689 970,582 5,200,378
1963 17,538 942,980 197,140 30,436 387,027 1,575,119
1964 4,531 970,055 452,654 3,231,961 1,079,084 5,738,285
1965 9,741 1,412,350 153,619 23,963 316,444 1,916,117
1966 9,541 1,851,990 289,690 2,006,580 531,825 4,689,626
1967 7,859 1,380,062 177,729 32,229 296,037 1,894,716
1968 4.536 1,104,904 470,450 2,778,197 1,119,114 4,977,201
1969 12,398 692,254 100,952 33,422 269,855 1,108,881
1970 8,348 731,214 275,296 813,895 775,167 2,603,920
1971 19,765 636,303 100,636 35,624 327,029 1,119,357
1972 16,086 79,824 80,933 628,580 630,148 2,235,571
1973 5,194 670,025 104,420 326,184 667,573 1,773,396
1974 6,596 497,185 200,125 483,730 396,840 1,584,476
1975 4,780 £84,818 227,372 335,359 951,796 2,205,138
1976 10,867 1,664,150 208.710 1,256,744 469,807 3,610,278
1977 14,792 2,054,020 192,975 544,184 1,233,733 1,049,704
1978 17,303 2,622,487 219,234 1,687,092 571,925 5,118,041
1979 13,738 924,415 265,166 72,982 650,357 1,92¢,8658
1980 12,497 1,584,392 283,623 1,871,058 387,078 4,138,648
1981 11,548 1,443,294 494,073 127,857 842,849 2,919.621
1982(1\ 20,636 3,237,376 777,132 788,972 1,428,621 6,252,737
183> 20,396 5,003,070 520,831 73,555 1,124,421 6,762 273
)
Average 19,595 1,314,017 257,811 ©ven~1,640,222 658,363 3,031,382

120,416

(1) ADF&G Preliminary Data



> 3. Svmmary of commercial and sport harvest on Susitna River basin adult salmoa returns.

Commercial Harvest

Sport Harvest
P

Susitna
lpper Estimated Estimated Estimated Basin
Cook Tniet Estimated Susitna Susitna Total Sport Percant of

species Harvest ' Percent Susitna Harvest Escapement Run Harvest Escapement
Sockeye Hean Range

21 1,443,000 20 (10-30) 288,600 287,000 575,600 1,283 B.4

gz ESZE?QGGGS z0 (10-30) 647,406 279,000 926,400 £$2@55 0.8

23 5,003,000 10 {10-30) 500,30C 185,000 585,300 5,537 3.0

81 128,000 £5 108,800 127,000 235,800 8,660 6.8

82 783,000, 8% 570,650 1,318,000 1,986,650 16,822, .3

83 74,0007 85 62,900 150,000 212,500 4,656 3.1

51 843,000 85 716,550 297,060 1,013,550 4,207 1.4

82 1,429,000, 85 1,214,650 481,000 1,695,650 6g8435 1.4

&3 1,124,000 85 955,400 290,006 1,245,400 5,233 1.8

51 494,000 50 247,000 68,000 315,000 9,391 13.8

82 777,000, 50 388,500 148,000 536,500 16,6645 11.3

£3 521,000 50 260,500 45,000 305,500 6,425 18.7
Chincok

21 11,500 10 1,150 e e 7,576 ——

52 20,600, 10 2,060 e — 10,521, e

83 20,4007 10 2,040 e - 12,4207 —
i ADF&C Commernial Fisheries Division

rett, ADF&G Su Hydru, Fepruarvy 15, 1984 Workshop
Gtation + Sunshine Station estimated escapement

i
T gy o oo -y
Sreilimlnayry data

1982, 1983, 1984 preliminary data

+ 487

Presentation

5

5% for sockeye”

for pinlk;
5% for chum’
+ 85% for coho”



Susitna Basin sport fi

h harvest and effort by fishery and species - 1978, 1973, 1380, 1981, 1882 and 1983,

Days Cainook Coho Sockeye Pink Chum Rainbow Dolly Arctic
Fished Saimon Salmen Salmon Salmon Salmon Trout Varden Grayling Burbot
22,682 %7 905 56 18,901 2,458 13 280 8 208 E
25,782 403 2,451 85 15,619 b,529 1,153 633 O 958 3
5,040 12 2,200 28 2,07k 1,912 501 1,817 0 °59 27
11,869 256 478 ib 6,981 1,897 470 108 c 561 19
#itiow Creek 5,687 O 151 28 3,142 1,015 334 63 0 334 0
2,111 8513, 1,798 0 697 0 3,634 0 G 579 0
8,767 326, 2,212 254 2,833 1,015 2,721 158 3¢ 2,115 45
6,914 769, 2,401 183 1,146 215 2,640 125 0 1,871 0
wiitna River 732 12 88 141 31 234 0 235 0 29 0
susitna, Tyone River 13,161 0 0 0 0 0 0 i 2,278 2,947
14,970 163 2,388 56 3,994 2,692 1,519 2,739 3,770 208
126,695 2,883 15,072 845 55,418 15,667 14,925 6,165 13 532 3,263
18,911 453 467 it 3,445 582 1,500 618 0 1,658 18
3,710 156 624 G 160 9 282 91 0 354 0
22,021 312, 1,735 346 2,472 745 1,535 527 0 791 9
3,317 10 774 157 700 55 382 64 0 0 45
5,125 312 1,248 31 645 355 1,373 827 0 1,045 9
6,728 10 462 31 2,418 682 573 127 0 645 6l
5,141 0 262 141 785 118 345 336 0 1,031 0
13,236 Z,811 573 ¢ 109 0 3,182 0 0 1,463 #2
13,881 1:796 2,671 &40 882 136 4,527 164 9 1,963 109
8,284 712 1,560 79 236 45 1,182 182 0 745 145
i 2,185 233 125 47 100 55 0 155 0 664 45
ouise, Lake
w5, Jyons Riwver 12,199 0 0 0 0 0 0 0 2,618 2,936 2,363
12,639 39 1,997 220 664 1,245 3,872 205 472 4,518 282
128,007 5,910 12,893 1,586 12,516 5,072 18,354 4,200 3,347 3,171




Dave Chinook Coho Sockeye Pink Chum Rainbow Dolly Lake Arctic
Locations Fighed Satmon Selmon Salmon Salmon Salmon Trout Varden Trout Grayling Burbot
1 9R0
29,011 289 1,207 83 23,638 a89 1,168 636 0 1,868 o
& ,9683 215 1,124 77 1,663 19 154 83 0 353 6
19,287 559 2,684 257 8,230 571 854 167 G 6553 13
5,208 132 1,534 116 2,408 275 193 39 0 0 39
} Creek &, 388 172, 661 6 622 385 950 751 0 1,348 32
zel 8,041 45, 430 9 6,362 648 345 83 0 725 45
iilow Creek g2,120 32 494 77 6,420 270 353 122 o 1,156 O
§ 19,364 3,685 2,290 0 689 0 4,305 0 0 1,817 224
: 8,325 775 2,351 267 2,101 69 2,18 121 9 1,972 0
xapder Creek 5,812 1,438 999 52 809 121 1,245 353 O 1,145 g
chwtitna River 72,542 L2% 491 112 278 17 378 982 it 1,713 o
s Louise, Lake
Susitna, “yone River  10,53%9 0. 0 D 0 0 G 0 2,609 4 477 6,612
Othisrs 12,216 55 2,234 257 3,603 1,445 2,658 790 267 &, 354 212
1980 Total 138,886 7,389 16,499 1,304 56,621 4,759 15,488 b, 127 2,876 22,083 7,203
Days  Chinoog Chinoek Coho Sockeye Pink Chum Rainbow Dolly Lake Arctic
Locations Fished Saimon Saimon Saimon Saimon Salmon Salmon Trout Varden Trout Crayling Burbot

Thi 441 747 77 2,797 1,533 1,475 249 0 1,188 48
77 172 901 38 335 0 326 38 B il 0
239 422 2,261 122 1,762 805 1,111 250 0 891 0
57 0 968 220 958 125 269 - 10 0 57 115
86 287 422 29 19 57 1,226 1,418 0 996 0
0 0 326 105 1,236 987 201 57 0 872 0

0 0 29 67 604 192 374 58 0 623 0
738 2,031 632 0 19 0 3,631 10 0 1,255 96
163 632 1,035 211 412 4 2,874 67 19 1,600 29
278 843 891 67 57 10 2,290 287 0 1,130 29
57 0 240 172 29 0 0 0 0 479 0
115 o 0 0 0 0 0 0 4,093 4,897 5,2¢2
277 0 939 115 412 550 3,851 814 287 7,089 57

T2ET Tousl 107,240 2,748 4,328 9,391 1,283 8,660 §,207 13,757 3,238 4,399 21,216 5,666
= ¥ 3 2 3 b4 El E ? 9 2




{Continuzd)

Bsys  Chincol Chinook Coho Sockeye Pink Chum Rainbow Dolly Lake Arctic
Locations Fished Salmon Salmon Saimon Salmon Saimon Saimon Trout Yarden Trout  CGrayling Burbot
19,704 220 409 1,069 34 4,789 2,086 891 262 0 1,520 63
5,101 178 293 776 £2 1,092 0 189 73 t] 02 0
23,645 126 115 3,060 514 3,585 1,708 2,243 356 0 849 G
3,787 52 0 1,719 189 1,132 231 565 42 o LY 73
3,858 52 358 396 115 "220 31 608 1,069 O ELE] 0
2,023 0 0 367 28 2,599 1,750 325 509 0 723 0
5,579 0 0 338 105 ,JZQ 199 335 189 0 377 0
18,391 1,182 3,165 2,663 0 377 0 3,804 0 0 1,657 252
2,643 356 1,289 1,603 252 358 199 Z,134 482 o 1,955 o
10,748 881 1,825 1,907 335 482 0 2,505 432 0 1,582 84
1,911 g 0 524 63 220 0 0 3 O 587 0
14,028 o 0 0 0 0 0 ¢ o 4,056 3,532 5,565
2,980 220 g 1,782 358 398 639 2,400 1,666 335 5,041 63
134,488 3,027 7,49 16,064 2,205 16,822 6,843 16,973 5,621 4,391 18,860 6,100
13,405 136 398 576 425 1,647 1,490 1,689 336 G 1,794 21
5,048 10 262 08 151 126 0 231 157 4] 315 31
i?3?89 199 305 1,402 534 902 1,311 1,332 325 o 336 G
3,429 105 0 722 685 281 k2 178 B4 £ 31 367
7g164 252 682 836 534 73 650 1,836 1,962 0 1,553 84
6,237 0 g 5956 370 682 962 409 52 0 839 10
25?9i o 0 52 110 157 147 514 73 0 84 0
23,17¢& 93% 3,955 1,036 0 21 0 2,434 G (€] 1,280 126
14,749 535 1,888 1,392 726 530 52 2,287 262 0 2,224 283
9,k25 872 1,039 *408 69 126 0 €08 136 0 483 Y
4,566 &3 273 B 41 0 0 Y 105 0 3,178 0
1,35k 231 0 52 0 0 0 357 304 0 514 0
12,948 ¢ 0 0 G 0 0 0 0 3,210 4,217 4,070
12,367 303 178 861 1,892 251 639 4,625 1,067 287 3,387 534
Total 134,156 3,680 8,580 8,425 5,537 & ,656 5,233 16,500 4,863 3,497 20,235 5,526

< iess than 20 inches
Mills 198& [Preliminary data)

Soprce:  Mills [1879-1883)



Tapie 5. Sport fish harvest for Socuthcentral Alaska end Susitna Basin in numbers of fish by species, 1978-1983,
Arctic Graviing Rainbow Trout Fink Salmon Coho Salmon Chinook Salmon Chum Saimon Sockeye Salmon
South~  SBusitna South~  Susitna South-  Susitna South~  Susitna South~  Susitna South-  Susitna South-  Susitna
Yege central Basin central Basin central Basin central Basin central Basin central Basin central Hasin
1978 47,856 13,332 107,253 1%,925 163,483 55,418 81,990 15,072 26,415 2,843 23,758 15,667 198,293 ans
97e 70,316 13,342 129,815 18,354 63,766 12,516 93,234 12,893 34,009 6,910 8,126 4,072 77,655 1,586
1980 9,462 22,083 126,586 15,488 153,7%% 56,621 127,958 16,499 25,155 7,389 8,660 4,759 105,914 1,308
481 53,6595 21,216 159,460 13,757 64,163 8,660 95,376 2,391 35,822 7,576 7,810 4,207 76,533 1,283
1982 60,972 18,860 142,579 16,979 105,951 16,822 136,153 16,664k 46,7266 10,521 - 47 €,843 128,015 2,205
4

1583 546,896 20,735 141,663 16,500 7,268 & 656 87,935 8,525 57,0% 12,420 11,043 5,233 170,799 5,537
Aversge 61,335 18,211 132,308 16,000 134,813 42,954 103,774 13,157 37,294 7,343 12,149 6,797 112,865 2,128

{even) {even )

58,264 8,611

{odd} {odd)




sscapement by sub~basin

0dd

138,200

0dd

€. Susitna River annual salmen and species.
o 1 9 3 4 ,
Sub=-basin Sackeve Chum Cobo Pink Chinook Total
) Even 427,400 BEven 552,500
. i ) /
11,900 17,000 39,900 o3 i 600 56,300 e 1ea 000
7 7 e Y 5 74
119,200 16,500 20,000 g;gn éjg”zgg 44,700 fyen gg?‘;gg
. ' Zﬂ =) l’r JO
Talkeetna (RM 97.1) and 116,000 295,600 24,700 ﬁ;g“ 322*522 16,100 (62,000) gzd“ zggzggﬁ
Chuldiena (BRM 98.6) rivers ) e :
incliuding Susitna Biver
from RM 80 to 98.6°
i/
2,800 24,100 2,200  Even 34,800 8,500  (9,500) Even 92,400
odd 4,400 odd 42,000
9 E 3 ren 2
Toral Susitpa basin 249,900 356,200 86,800 Even 1,317,900 0 (g Even 2,136,400

956,700
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return downstream. Milling rates:
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gitna basin escapement equals

5% for sockeye, 487 for pink,

yvear 1981 and 1983 average; from ADF&G escapement estimates
s of escapement from ADFAG 1983 survey counts and conversion factor of 527 (Nielson and
ars in parenthesis are 1982-83 average of ADF&G escapement estimates
b basLn eguals total Susitna basin escapement minus Yentna and Sunshine escapements
scapenment from ADFACG estimates at Yentna Station (TEM 04)
itna sub-basin escapement equals Sunshine Station (RM 80) escapement minus Talkeetna-Devil

n-Devil Canyon sub-basin escapement equals Talkeetna Station (RM 103) escapement minus
sockeye 307, chum 40%Z, pink 257, chincok 25%, ccho 407
Yentna Station (TRM 04) escapement plus Sunshine Station (RM 80)

5% for chum, 85% for coho (Barrett 1984)
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survey =zscapement counts of Susitna River

treams by sub-basin from

1977 1978 1979 1881 14982 1983
Lower Susitna su

Alexander (resk 9,246 5,854 6,215 a a 2,546 3,755
' 39,642 24,639 27,385 a a 1650002 19,237
133 283 b a 262 léﬁﬁ 477
336 362 457 a 557 156d 297
598 436 324° a 459 316y 1,042
1,443 881 1,094 a Bi4 887 1,641
630 1,209 778 a 1,013 527 G45
b b b b b hé 597
1,065 1,661 1,086 a 1,357 592 777
b b b b b b 491
53,0093 35,425 37,339 4,462 21,164 29,255
b b b b b b 1,050
135 o} b b 84 b 575
7,391 5,931 4,196 a a 3,577 7,075
4,102 1,335 a a a a 2,272
8 b b b 3 b b
1,511 385 b b 749 b b
b b b b b b 2,250
1,856 1,375 1,648 a 2,129 3,101 10,014
15,003 12,0256 5,844 2,970 6,678 23,236
12 136 a 58 a a 1§8d 523
53 69 a 28 a a 7d b
124 229 62 a a a IGOd b
112 168 59 a a a 119 b



1376 1977 1978 1979 1980 1981 1982 1983

1,870 1,782 940 a a a 644 3,846
1,237 769 997 864° a a 982 , 806
24 36 13 37 a a 27 %C
6,513 5,750 5,154 a a 1,900 338&4& 3,200
92 g5 a a a & 36 b
10,137 8,074 7,185 $87 e 1,900 5,957 8,375
b b b b b b 15 15
b b b b b i 16 25
b b b b b b 5 8
; b b b b b b b i
hoof July Creesk b b b b b b 56 6
Creek b b b b b b 21 23
n River 537 393 114 285 a 422 1,053 1,193
Long Cresk b b b b b b 2 &
Ciresk b b b b b &0 47 iz
ge Creek 702 374 140 1990 a 659 1,253 3,140
ers Creek b b b b b b b 3
Subtoral 1,239 767 254 475 —— 1,121 2,474 4,432
TOTAL 50,615 77,937 54,790 44,645 o 10,453 36,273 85,302
f Mo total count due fo kigh turbid water i Rt 0-80, excluding the Yentna sub-basin
- counted ~ RM 28, Yentna River drainage

RM 80-98.6
RM 98.6-152
Above RM 152

W

[




Table 8.

Second-run sockeyve salwmon peak survey counts in sloughs

azbove RM 98.6, 19811983,
3=-Year
Slough River Mile 1881 1982 1883 Average
3B 101.4 i 0 5 2
3A 101.9 7 0 0 2
6A 112.3 1 0 0 0
8C 121.9 0 2 0 1
8B 122.2 0 5 0 2
Moose 123.5 0 3 22 ¢
8A 125.1 177 68 66 104
B 126.3 O 8 2 3
g 128.3 10 5 2 &
98 129.2 81 1 0] 27
G4 133.8 2 1 1 1
10 133.8 0 0 1 0
11 135.3 893 455 248 532
17 138.9 6 o & 4
19 132.7 23 0 5 g
20 140D, 1 2 0 0 1
21 141.1 38 53 197 96
Total 1,241 607 555 801t
Source: ADF&G 198la, 1982a, 1984a

Threa-yaa

r average of totals



Table 9. Second-run sockeye salmen total slough escapement above
RM 98.6, 1981-1983.

River 3-Year

Slough Mile 1881 1982 1983 Average
3B 101.4 0 0 10 3
3A 161.9 i3 0 8] 4
8C 121.% 0 5 0 2
3B 122.2 0 13 0 4
Moose 123.5 0 20 31 17
8A 125.1 195 131 130 152
B 126.3 0 20 10 10
4 128.3 18 13 0 10
9B 129.2 212 0 0 71
94 133.8 4 G 0 1
11 135.3 1,620 1,199 564 1,128
17 138.9 i1 0 il 7
19 139.7 42 0 10 17
21 141.1 63 87 294 148
Total 2,178 1,488 1,060 125751

Source: ADF&G 1984a

Three-vear average of totals



Table 10. Percentages of fish spawning by habitat zorme in 1983 for sloughs
Moose, BA and 11,

Spawning Locatio Percent

SlnghI by Habitat Zones Non-
RM Species n 1 2 3 4 5 & 7 Spawning

Moose Sockeye 7 50.0 50.0 we=  eem mme s e 42.9
RM 123.5  Chum 7 100.0 0,0 === == == —em e 85.7
8A Sock.ye 16 8.3 0.0 91.7 e o o som — e 25.0
RM 125.1  Chum 5 20.0 &0.0 0. —— e ——— e 0.0
i1 Sockeve 55 7.1 7.1 6.0 45.3 0.0 28.6 11.9 23.6
RM 135.3  Chum 29 39,1 s52.2 0.0 8.7 0.0 0.0 0.0 20.7

Source: ADF&G 1984a

; RM = River Mile
3 Habitat Zones are defined in ADF&G 1984a

Includes milling f£ish, bear killed fish and other non-spawning mortalities



Tahlis 11. Sex ratios of second-run sockeye at Susitna, Yentna,
Sunshine, Talkeetna and Curry stations, 1981-1983.

Sex ratio {ﬁ:F)l

Location 1981 1682 1983
Susitna Station 0,9:1 1.0:1 —
RM 26

Yentna Station 1.2:1 2.1:1 1.5:1

RM 28, TRM 04

Sunshine Station 1.0:1 0.9:1 0.9:1
Rm 80
Talksetna Station 0.6:1 1.3:1 1.6:1
BM 103
Curry Station 0.8:1 2.1:1 1.6:1
PM 120

Source: ADF&L 198la, 1982z, 1984a

! Includes all aged and non-aged fish



Table 12. Chum salmou peak index counts by habitat type above
RM 98.&, 1981-~1983.

3-Year
Habitat Type 1wl 1982 1983 Total
Mainstem' 16 550 219 785
Stresms 241 1,737 1,500 3,478
Sloughs® 2,596 2,244 1,467 6,307
Total 2,853 4,531 3,186 10,570

Source: ADF&G 198la, 1982a, 1984a
Includes main chaonnel aand side channel habitats

Includes upland slough and side slough habitats



Table 13. Chum salmon peak index counts in sloughs abovae RM 98.6,

1981-83,
River 3=Year
Slough Mile 1981 1982 1983 Average
1 99.6 6 0 0 2
2 100.2 27 G 49 25
3B i01.4 0 0 3 1
34 101.9 0 0 0 0
& 105.2 G 0 0 0
5 107.6 0 2 1 1
) 108.2 0 0 0 0
6A 112.3 11 2 5 6
7 113.2 0 0 0 0
8 113.7 302 G G 101
8D 121.8 a 23 1 8
&C 121.9 0 48 4 i7
88 122.2 i 80 104 62
Moose 123.5 167 23 68 86
At 124.6 140 0 77 72
A 124,7 34 0 2 12
84 125.1 820 336 37 331
B 126.3 e 58 7 e
9 128.3 2690 300 169 243
9B 12§.2 a0 > 0 32
94 133.8 182 118 1G5 135
10 133.8 0 2 1 i
il 135.3 411 459 238 369
12 135.4 0 4] 0 0
13 135.9 4 0 4 3
14 135.¢9 0 0 ¢ 0
15 137.2 i 1 2 1
16 137.2 3 0 0 1
17 138.9 38 21 90 50
18 139.1 0 0 0 0
19 136.7 3 0 3 2
20 140.0 14 30 63 36
21 141.% 274 736 319 443
22 144.,5 e o 114 o
214 144,3 a 0 0 3
Total 2,596 2,044 1,467 2,102

Seurce: ADFLE 19Bla, 1982a, 19844

Three~year avervage of totals



Table l4.

Chum salmon total slough escapement above RM 98.6,

1981-1983.

iver 3-Year
Slough Mile 1981 1982 1983 Average
1 99,6 10 O 0 3
2 100.2 43 o 96 L6
bA 112.3 19 s 0 8
8 113.7 695 0 0 232
§D 121.8 0 53 0 i8
8C 121.9 0 108 8 59
8B 122,2 0 99 261 120
Moose 123.5 222 59 86 122
4° 124.6 200 o 155 118
A 124.7 81 0 4 28
8A 125.1 480 1,062 112 551
B 126.3 0 104 14 39
g 128.3 368 603 430 467
9B 129,2 277 12 0 96
9A 133.8 140 86 231 152
11 135.3 1,119 1,078 674 957
13 135.9 7 ] 8 5
15 137.2 0 0 4 1
16 137.3 ) G 0 2
17 138.¢ 135 23 166 108
19 139.7 5 0 6 &
20 140.0 24 28 103 52
21 141.1 657 1,737 481 958
21 144.3 14 0 o 5
22 1445 0 0 105 a5
Total 4,501 5,057 2,944 4,167"

3 -
Source:

ADFEG 1984a

Three~year average of totals



Table 15.
1981-83.

Chum salwmon peak index counts in streams above RM 98.6,

River 3-Year
Strean Mile 1981 1982 1983 Average
Whiskers Creek 101.4 1 0 0 0
Chase Creek 106.9 I 0 0 0
Lane Creek 113.6 76 11 & 31
Lower McKenzie Creek 116.2 14 6 1 5
Little Portage Creek 117.7 G 31 0 10
Fifth of'July Creek 123.7 0 1 6 2
Skull Creek 124,7 10 i 0 &4
Sherman Creek 130.8 9 0 0 3
Fourth of July Creesk 131.1 %0 191 148 143
Indian River 138.6 40 1,346 811 732
Jack Long Creek 144.5 0 3 2 2
Porrage Creek 148.9 0 153 526 226
Total 241 1,737 1,500 1,159'
Source: ADF&G 198la, 1982a, 1984a

Three-yeay average of totals



Table 16. Chuw salmon peak spawner counts and spawning observations
in mainstem habitats above RM 98.6, 1981-1983,

Riveg Spawning
Mile 1981 1982 1883 Observation
Dates
106.5 2/ en e
114.6 e 10 3/ 9/2/82
115.1 oo e 20 9/12/83
118.¢ e e 17 9/19/83
128.6 s 10 e 9/5/82
9/7/82
129.2 2 e e 9/8/81
129.8 3/ 5 —— 9/12/82
130.5 3 omen o 9/8/81
131.0 —— 3/ 3/
131.1 3 3/ e a9/7/81
131.3 e iz 4 Q/4/82
10/1/83
136.1 6 50 110 9/6/81
9/4/82
9/e/83
136.8 e e 12 9/9/83
137.4 ‘ e 25 e 8/19/82
9/5/82
138.3 o 2/ —
132.0 e 15 56 6/4/82
9/15/83
143.3 e 22 o 8/4/82
148.2 e 400 e 8/18/82
Total 16 530 219

1/ River miles of spawning leocations from ADF&C were standardized by
EWL6A to R&EM blue line maps,

2/ WMo spawning cbserved., Redds observed and/or live eggs sampled.

3/ Spawning aveas designated by spawning maps in ADF&C appendices,

Source: ADFAG 1984a



Table 17, Sex vatics of chum salmon at Susitna, Yentna, Sunshine,
Talkeetna and Curvy stations, 1981-1883.

Location/ Sex Ratio (M:F)1

River Mile 1981 1982 1883
Susitna Station 0,6:1 0.7:1 e
RM 26

Yentna Station 1.0:1 1.3:1 1.3:1

RM 28, TRM 04

Sunshine Station 0,8:1 1.0:1 1.0:1
RM 80
Talkeetna Station 1.3:1 1.9:1 1.5:1
RM 103
Curry Station 1.1:1 1.1l:1 1.9:1
RM 120

Source: ADF&G 198la, 1982a, 1984a

Includes all aged and non-aged f£ish



Tabtle 18. Coho salmon peak index countsE in streams above RM 98.6,
19811983,

River J=Year
Stream Mile 1981 1582 1983 Average
Whiskers Creek 101.4 70 176 115 120
Chase Creek 106.9 80 36 12 43
Slash Creek 11l.2 0 6 2 3
Gash Cresk 111.6 141 74 18 78
Lane Creak 113.6 3 5 2 3
Lower MeKenzie Creek 116.2 56 133 18 69
Little Peortage Creek 117.7 G & 0 3
Fourth of July Creek 131.1 1 4 3 3
Gold Creek 136.7 0 1 0 0
Indian River 138.6 83 101 53 30
Jack Long Creek 144.5 0 1 1 1
Portage Creek 148.9 22 88 15 42
Total 458 633 20 4447
Source: ADFAG 1981a, 1982a,

Counts done by helicopter and/or foot surveys
¥ P ¥

Three-year avervage 0f totals



Table 19, Sex vratios of coho salmon at Susitna, Yentna, Sunshine,
Talkeetna and Curry stations, 1981-1983.

Location/ Sex Ratio (M:F)l

River Mile 1981 1682 1983
Sugitna Station 0.8:1 0.6:1 e
RM 26

Yentna Station 0.9:1 2.4:1 2.3:1
RM 28, TEM 04

Sunshine Station 0.7:1 l.4:1 1.2:1
RM 80

Talkeetna Station 1.5:1 1.5:1 1.7:1
RM 103

Curry Station 2.0:1 1.3:1 2,0:1
RM 129

Source: ADF&G 1981la, 198Za, 1984s

Includes all aged and non-aged fish



Table 20,

Pink salmon peak index counts in streams above RM 98.6,
1981-1983.

River 3-Year
Stream Mile 1981 1982 1983 Average
Whiskers Creek 101.4 1 138 G 46
Chase Creek 106.9 38 107 6 50
Lane Creek 113.6 291 640 28 320
Lower McKenzie Creek 116.2 0 23 17 13
McKenzie Creek 116.7 0 17 0 &
Little Portage Creek 117.7 0 140 7 49
Fifth of July Creek 123.7 2 113 g 41
Skull Creek 124.7 8 12 1 7
Sherman Creek 130.8 & 24 0 10
Fourth of July Creek 131.1 29 702 78 270
Gold Creek 136.7 0 il 7 &
Indian River 138.6 2 738 886 542
Jack Long Creek 144.5 i 21 5 9
Portage Creek 148.9 0 169 285 151
Total 378 2,855 1,329 1,521

Source: ADF&G 1984s

Three~year average of totals



Table 21, Pink salmon total slough escapement above RM 38.6,

1981-1983,

River 3-~Year

Slough Mile 1381 1982 1983 Average
8 112,7 38 0 0 13
Moose 123.5 0 2 0 1
8A 125.1 (§] 5 0 2
B 126.3 0 18 0 6
9 128.3 0 18 0 6
11 135.3 0 170G 0 57
20 140.0 0 75 0 25
21 141.1 0 9 0 3
Total 38 207 0 112}

Source: ADF&C 1984a

Three-year average of totals



Table 22. Sex ratios of pink salmon at Susitna, Yentna, Sunshine,
Talkeetna and Curry statiomns, 19461-1983,

s -

Locaty Sex Ratio (M:F)

B
River ».le 1881 1982 1983
Susitne Station 0.4:1 0.9:1 e
RM 258
Yentna Station 0.8:1 1.0:1 0.6:1

RM 28, TRM 04

Sunshine Station 0.8:1 1.8:1 1.0:1
RM 80

Talkeetna Station 1.2:1 1.€:1 0.8:1
R 103

Curry Station 0.8:1 1.5:1 1.0:1
M 120

Source: ADF&G 1984a



Table 23, Chinook salmon peak index counts in streams above RM 98.6,

1981-~1983,

River 3=-Year
Stream Mile 1981 1982 1983 Average
Whiskers Creek 101.4 e 0 3 ——
Chase Creek 106.9 e 15 i5 e
Lane Creek 113.6 40 47 12 33
Fifth of July Creek 123.7 ——— 3 - e
Sherman Creek 130.8 e 3 0 man
Fourth of July Cresk 131.0 e 56 6 e
Gold Creek 136.7 e 21 23 e mine
Indian River 138.6 422 1,053 1,193 889
Jack Long Creek 144.5 ——— 2 6 wwamn
Portage Creek 148.9 659 1,253 3,140 1.684
Cheechako Creek 152.5 o 16 25 e
Chinook Creesk 156.8 e 5 8 e
Devil Creek 161.0 ——— 0 1 e —
Total ‘ 1,121 2,476 4,432 2,676

Source: ADF&G 1981a, 1982a, 1984a

Three~yeayr average of totals



Table 24. Sex ratios of chinook salmon at Yentna, Sunshine,
Talkeetna and Curry stations, 1981-1983,

Location/ Sex Ratio (M:F)l
River Mile 1981 1982 1983
Yentna Station wmsars 6.4:1 2.3:1

RM 28, TRM 04

Sunshine Station 3.5:1 1.2:1 1.2:1
RM 80
Talkeetna Station 2.7:1 2.3:1 2.4:1
RM 103
Curry Station 1.9:1 1.5:1 1.4:1
RM 120

Source: ADF&G 1984a

Includes all aged and non-aged fish



UPPER DRMMAGE
Lokt

SUSITHE RIVER
OREINACE BASIE  “~gr

LOWER DRAINAGE DASH

A or T

(] susivssn ~
RE: 26 01

LLABKA POWER AUTHORITY

SUSITNA RIVER DRAIMNAGE BASIN SULITHNA HYDROELECTRIC PROJECT

FIGURE 1

| BUSITNA JOINT VENTURE




CENERRL MOBITAT CATEGORIES OF 1ML SUSIVWA KIYER

i} Boinsiem Habiial romsists of those peviiens of the Susitns River ihat
woreally convey stresaf Jow hroughonl the year. Both single and muliiple
channel reaches pre included in this bobfite? categury. Groundwster and
tributery inflow appesr to be incomsequential Coniributors to the oversll
choracteristics of oeltnslem habitai. (Madmstem habifet s typlcsily
charscterized By Gigh waler velocitder ond well armored stressheds.
Substretes gemerolly censist of heulder ond cobblz size meterfels wiwe

K T fntesstitial cpaces Jiflend with a grost-jike mixture of susll gravels ond

’ glacte! sonds. Suspended sediment cancesirations and lurbidity ere high
durtng summer due to the influence of glaciel selt-water. Streamfiows
- recede in early fall) s2d the matosten clesrs spprecisbly 4 October. An
AT ice cover forms on the river tn fole Hovenber or Beceade: .

2} &ide Chaneel fabifol consists of those portions @f the Susitna River thet
wormally convey siveemfiow during he open water season but berome
appreciebly dewstered during periods of Tow flow. Side chonnel habitot
may +alst efther fa well defined overflow chanaels, or in pooriy defined
water courses flowiag through parifsily suheerged gravel bers and fsiands
slong the marglns of the wainsten viwer. Side chavmel streashed ele-
vations are typicelly Yower than ihe sosn eonthly weler surfece ele-
yaldons of the mainsiem Susitns River chserved during June, July and
fugust. Sitde channel hebitats sre cheraclevized by shatlower depths,
lower welecities and smaliler strecsbed owterisls thep the adjacent
habieas of the matnstem river.

3} Side Siough Habitat §s loceled p opring fed overilon chennels belween
he etge ©F the Floodpisin and the aairstem and side chenpels of the
Sestins Rtver and s wsuslly sepsrsted from (he msinsiem ond side
chenoels by eell vegetated bars. An exposed alluvial orre oflen
separates the beed of the slough from msinslem or side chaanel fluwms.
The controdling stresmbed/stressbont elevations ¢ the upitresm end of
the side sloughs are s)ighily less tham the water surfsce elevatinmg of
the mesn monthly flows of The wainstem Susiina #iver observed for June,
July, =nd August. AL istermediate and Jow-Flow pecisds, the side sloughs
convey clesr weter from ssall tributsries ood/or upwelling qgroundwaler
(P0F86 $980c, §982b). These clear waster inflews arz essenifal con-
tributors Lo the existence of this bablrat type, The water surface
elevation of she Susitne River gemgrelly cousns 8 backwoter Lo exiesnd
w2ll vp foto the slough from $Us luwer endt {ADFRG 19BKc, 198Zb). Even
though this swbsianlial backwsler aexisis, ihe stoughs fusciion hydrau-

Ytcally very much Fike small strzem 7,stems ¢ad several huandred (eet of
/ the slough charnel offen coaveys water jadependent of mainstem backmster
- affects. At bigk tiows he sater surface elovation of the wainsiem river

. ' is sufficient to overtoy the upper ond of the slough {ADFRG 1981c,
: 1987b). Surface water tesperstures 1n the side sloughs duving summer
meatwy are principally o fwatlon of otr tempersiuve, solsr rediation,

. and the teapersture of the Jocal runevfl.
at Jan¢ Slaugh tiabi dffers from ihe side slough hobitat in that the

o

upsiresm end o7 ihe siough 15 nol intesconaecizd with wo. surface walers
of the mainstem Sustua River or {ts side chaanels. These sloughs are
characterized by the presence of beaver dums and on sccuswlation of siit
covering the substrate resulting from the absence of mpinstea stouring

FAPE a,,;"

floms.
8% Tributery Habjter consists of ihe full complement of hydroulic ond
enrphoiogic conditions that occur fn the tributarizi. Theisr seasonal

stresmflow, sediment, and thersal regimes :oflect the inteyration of the
hydrotogy, geolegy, ond chimate of the tribulary drainage. The physired
atkributes of tributary haditet are nol dependent on mainsiem conditions.

6)  Irtbutary stouth Habite? extends from fhe uppermost point in the L sbulary
inlTuenced Oy walnstem Swsiens fiver or shough Deckwater effects to lhe
doamstrecm eaktent of ke (ribulary piume which exiends tnlo the sainstem
Susttne River or slough {ADFES 198ic, 1382b).

7} Lake Habital consists of varigw:z lentic eavi onments that osccur within
the Susltza River desinage. These hobitals -ance from smald, shalfow,
isglated Jovvs perched op the tundrs 30 lavger, deeper lakes which
connact o the wainstem Susitna River through sell defined tribulery
systems., The lake: receive thedr water (rom springs, suvface runoif
andfor iributsries,

ALABKA POWER AUTHORITY
ITAT CATEGORIES OF THE SUSITNA RIVER BUSITHA HYDROELECTRIC PROJECT

PTUAL DIAGRAM (SOURCE: ADF&G 1982 e).

HARLA-EBASCO

FIGURE 2 UBITHA JOINT VENTURE
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COMPARISON OF SECOND-RUN SOCKEVE FISHWHEEL CATCH AND

MAINSTEM DISCHARGE AT SUNSHINE STATION, 1981-1983.
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Sugitna River impoundment studies, 1982. Anchorage, AK. 150

PP

Alaska Department of Fish and Game. 1984. Susitna Hydro Aqustic
Studies, Report Neo. 1l: Adult Anadromous Fish Investigations,
May - Octcber 1983. Prepared for Alaska Power Authority,
Anchorage, AX. 380 pp.

Alaska Department of Fish and Game. 1984. Susitna Hydro Aquatic
Studies, Report Neo. 2: Resident and juvenile anadromous fish
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investigations of che Susitna River Basin. Prepared for Alaska
Powetr Authority, Anchorage, AK. 212 pp.

Alaska Department of Fish anac Game., 1984. Susitna Hydro Aquatic
Studies, Report Ne. 3: Aquatic Habitat szod Instream Flow
Investigarions, ¥May - October 1983. Chapter 3: Continusus water
s ture dnvestigavions. Prepared for Alaska Power asuthoritv,

ALY AL -
AL 145 pp.



(o)
[ae
»

Lok
I~
“

36.

38.

Alaska Department of Fish and Game. 1984, Susitna Hydro Aquatic
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