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EXECUTIVE SUMMARY

The Fishery Management Plan (Fishery Plan) for the Kenai National
Wildlife Refuge (Kenai Refuge) provides management direction necessary
to ensure conservation of refuge fishery resources and habitar, while
maintaining sustainable harvests. The Fishery Plan outlines the
purposes for which the refuge is managed and a resultant planning
direction is achieved through development of management objectives and
specific tasks. The planning effort is designed to span a five year
period at which time it will be updated.

The refuge biological and physical enviromment is described and fishery
resources, human use, management history, and majer issues and concerns
are discussed. Objectives and tasks are developed to address the issues
and concerns. Major issues and concerns identified during the planning
process included an incomplete baseline of fishery data, possible impact
of enhancement activities on natural stocks, habitat degradation, and
the need for additional law enforcement actiwvities.

Objectives and tasks developed to address major concerns range from
program administration to harvest regulation and data collection.
Various management strategies and constraints are outlined to help guide
implementation of fishery management activities. Many activities are
joint tasks te be conducted by both the U.S. Fish and Wildlife Service
{Service) and the Alaska Department of Fish and Game (Department).
Service tasks are assigned annusl costs and prioritized to allow
selection of a program at any funding level.
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SECTION 1. INTRODUCTION

The Kenai National Wildlife Refuge (Kenai Refuge) was originally
established as the Kenai Mational Moose Range by Execurive Order 8979 on
December 16, 1941. The Alaska National Interest Lands Conservation Act
of 1980 (aANILCA) redesignated the area as a national wildlife refuge,
added nearly a quarter of a million acres, and designated 1.35 million
acres (550,000 ha) as Wilderness. Section 303.4 of ANTILCA sets forth
the following major purposes for which the Kenal Refuge was established
and is to be managed including:

(i) to conserve fish and wildlife populations and habitats in their
natural diversity including, but not limited to moose, bears,
mountain goats, Dall sheep, wolves and other furbearers, salmonoids
and other fish, waterfowl and other migratory and nommigratory birds;

ii) to fulfill the international treaty obligations of the United
tates with respect to fish and wildlife and their habitats;

(iii) to ensure, to the maximum extent practicable and in a manner
consistent with the purposes set forth in paragraph (i), water
quality and necessary water gquantity within the refuge;

(iv) to provide in a mammer consistent with subparagraphs (i) and
(ii), opportunities for scientific research, interpretation,
environmental education, and land management training; and

(v) to provide, in a manner compatible with these purpeses,
opportunities for fish and wildlife-oriented recreation.

The purposes of the Kenai Refuge, as stated in ANILCA, are unique among
the 16 refuges in Alaska in two aspects. First, it is the only refuge
where compatible fish and wildlife-oriented recreation is a major
purpose. Second, Kenai is the only refuge where subsistence use was not
specifically identified as a major purpose. Although subsistence use
was not specifically listed as a major purpose for the refuge, Title
VIII of ANILCA established subsistence as a priority use on all federal
land in Alaska.

Section 304 of ANILCA requires the preparation and periodic revision of
a Comprehensive Conservation Plan (Conservation Plan) for each refuge.
The final Conservation Plan for the Kenai Refupe was completed in
January, 1985 (U.S. Fish and Wildlife Service 1985). One function of
the Conservation Plan is to specify a program for management and
conservation of refuge fishery resources. The Kenai Refuge Fishery
Management FPlan (Fishery Plan) is a five year plan whiech specifies
goals, objectiwves, and tasks to be achieved and implemented In managing
fisheries on the refuge. Every three to five years the U.5. Fish and
Wildlife Service (Service) will review public comments, staff
recommendations, research studies, and state recommendations to
determine if any revisions to the plan are necessary. If major changes



are proposed, the public and state will be provided opportunities to
participate in revisions of the plan.
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SECTION 2. GENERAL PHYSICAL aND BIOLOGICAL ENVIRONMENT
Serting

The Kenai Refuge covers 797,000 hectares (1,970,000 acres) on the Kenai
Peninsula in southcentral Alaska (Figure 1). The eastern third of the
refuge lies within the Kenai Mountains which range in elevation from 914
to 2,012 m (3,000 to 6,600 ft). The entire range is heavily glaciated
and many of its high wvalleys are buried beneath the wvast Harding Ice
Field. The remaining two-thirds of the refuge, the Kenai Lowlands, are
part of the Coock Inlet Lowlands. These lowlands comsist of ground
moraines and stagnant ice terrain with low ridges, hills, and muskeg.
Relief ranges from 15 to 76 m (30 to 250 ft) and most of the land is
less than 152 m (500 fr) above mean sea level. This area contains
thousands of lakes. The lowlands are within the Cook Inlet Sedimentary
Basin, the reservoir for olil and gas beneath the refuge.

Climate

The climate of southcentral Alaska is subarctic. Temperatures on the
Kenai Peninsula rarely rise above 26°C (80°F) in the summer or drop
below -34°C (-30°F) in the winter. The average annual temperature on
the refuge is 0.7°C (33.2°F). Extended periods of temperatures below
-18°C (0°F) are rare.

Wind velocities rarely exceed 70 km/hr (38 knots) and average about 11
km/hr (6 knots) at lower elevations. Annual precipitation on the
western border of the Kenai Peninsula ranges from 48 cm (19 in) atr Kenai
to 58 em (23 in) at Homer. On the mountainous eastern parts of the
peninsula, precipitation exceeds 102 cm (40 in) annually.

Seils

Lowland portions of the peninsula are mantled by glacial deposits that
vary in texture and are overlain by well-drained to poorly drained silt
loams. Depression areas such as muskeg are usually covered by peat
soils produced by the slow decomposition of organic materials in the
subarctic climate. Although some of the soils can be productive most
are considered submarginal for agriculture. Sloped areas are vulnerable
to erosion, especially if the vegetative cover is removed.

Water Resources

The Kenai Refuge offers a variety of aquatic resources (Figure 2).

_ There are about 2,400 km (1,500 mi) of streams. The Kenal River, the

largest watershed on the refuge, drains about 5,563 km? (2,148 mi?).
About 34% of this watershed is on the refuge, 37% iIs in the Chugach
National Forest, and the remainder is on private lands. Ten major
tributaries on the refuge feed the Kenai River system: Beaver Creek,
Slikok Creek, Funny River, Moose River, Killey River, King County Creek,
Hidden Creek, Skilak River, Jean Creek, and the Russian River. Other
refuge river systems flowing directly into the Cook Inlet include the

3
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Figure 1 —location of the Kenai Mational Wildlife Refuge.
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Kasilef and Swanson rivers and Seven Egg, Otter, Scaup, and Miller
creeks. The Fox and Martin rivers and Sheep Creek flow into Kachemak
Bay while the Chickaloon River and a number of smaller streams, such as
Big and Little Indian, Pincher, Bedlam, and Dipper creeks, flow into
Turnagain Arm. Physical characteristies of all watersheds within the
Kenai Refuge are summarized on Tables 1 and 2.

There are BOB lakes on the Kenai Refuge with surface areas of 4 hectares
(10 acres) or larger (Table 3). The total surface area of these lakes
covers about 39,092 hectares (146,018 acres). The largest are two
glacial lakes, Tustumena Lake (29,450 hectares or 72,770 acres) and
Skilak Lake (9,995 hectares or 24,696 acres)(Figure 2). Smaller lakes
dot the refuge, but occur primarily in the Moose, Swanson, and
Chickaloon river drainages. Several hundred lakes smaller than &
hectares (10 acres) cccur on the refuge, but many of these lakes do not
support sport fish populations (U.S. Fish and Wildlife Service,
unpublished data).

Most lakes are frozen from November to May; streams freeze later and
thaw earlier. Summer water temperatures rarely exceed 20°C (68°F). The
high-flow period for glacial streams is in summer during the maximum
glacier-melt. Variations in stream flows tend to be gradual due to the
moderating effects of ice melt, spring seepage, and low precipitation
rates,

Streams originating from glaciers carry finely suspended silt that gives
them a milky appearance and reduces light penetration. Runoff waters,
however, are usually clear except during heavy runoff. 1In some areas
they are stained by organic tannins leached from partially decomposed
vegetation. The dissolved mineral content of both runcff and glacial
waters is generally low. Most lakes and streams are slightly alkaline
to slightly acidic, and oxygen content is usually high during summer.
Oxygen becomes depleted in some lazkes and streams during the winter when
they are covered with ice and snow. Some lake bottoms and most stream
beds are composed of variocus-sized gravels. Streams and lakes vary
greatly in depth, flow characteristies, configuration, and the amount of
aquatic vegetation and detritus.

Water Rights

Federal reserved water rights are created when federal lands are
withdrawn from entry for federal use. They are created for the minimum
amount of water reasonably necessary to satisfy both existing and
reasonable foreseeable future uses of water for the primary purposes for
which the land is withdrawn. The priority date is the date the land is
withdrawn for the primary purposes.

Federal reserved water rights in Alaska can be claimed and adjudicated
in basin-wide adjudications in conformance with the McCarran Amendment
under state law, AS 46.15.165-169 and 11 AAC 93 _400-440, either
administratively or judieially. Alternatively, federal water rights may
be applied for and granted under state law for either out-of-stream or
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Table 1.—Physical characteristics of watersheds in the Kenai River drainage
within the Kenai National Wildlife Refuge.

Size Length Mean gradient Percent Percent
Watershed km? mi? km mi m/km ft/mi off refuge glaciated
Kenai Riwver 5,563 2,148 132 82 1.1 & 46 11
Moose River 648 250 43 28 0.9 3 &4 0
Killey River 354 214 9 49 10.4 55 1 9
Skilak Riwver 433 167 14 9 7.4 39 20 51
Funny River 329 127 =] 32 21.4 113 6 0
Russian River 163 63 37 23 11.9 63 48 1
Beaver Creek 132 51 23 14 0.9 5 30 0
Slikok Creek 96 37 16 10 . 3.6 1% 40 0
Hidden Creek 62 25 3 3 6.4 34 0 Q
King County Creek 36 14 I 31 36.3 192 0 0

Jean Creek 34 13 g 5 8.3 fdy 4] 0

=)



Table 2.-Physical characteristics of watersheds on the Kenai Hational Wildlife
Refuge.

Size Length Mean gradient Percent . Percent
Watershed km? mi? ke mi m/km t/mi off refuge glaciated
Kenai River 5,563 2,148 132 a2 11 B 46 11
Kasilof River 2,150 830 29 18 11 6 & 20
Chickaloon River 798 308 76 47 f.7 25 10 0
Swanson River 717 277 77 48 0.8 4 I o
Fox River 482 186 &40 25 10.6 S6 157 16
Sheep Creek 337 130 24 15 51.4& 272 ] 36
Big Indian Creek 150 58 31 1% 248 131 0 0
Seven Egg Creek 109 42 19 12 2.8 15 14 0
Pincher Creek 85 33 13 8 3.2 17 0 0
Otter Creek 52 20 11 7 3.8 20 9 0
Scaup Creek 49 19 8 5 7.0 2, 10 0
Martin River 41 16 11 7 40.3 215 59 3
Little Indian Creek 41 1 T 8 65.4 3486 0 0
Bedlam Creek a9 15 10 ) 5.0 31 0 0
Miller Creek 28 11 & 4 4.9 26 31 0
Dipper Creek 28 11 3 2 6.4 34 0 0
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instream water rights. In any case, water claimed or requested must be
quantified.

The Service will work cooperatively with the State of Alaska to
inventory .and quantify its federal water rights under state law. Water
resources of the Kenai Refuge will be managed to maintain the primary
purposes for which the refuge was established.

The State of Alaska acknowledges the specific status of certain
waterbodies on the Kenai Refuge, including the Tustumena Lake court
decision; the Kenai River Special Management Area; the Memorandum of
Underscanding among the Department of Natural Resources, the U.5. Fish
and Wildlife Service and the U.S. Forest Service for Skilak Lake and the
upper Kenai River; and the Swanson River/Swan Lakes National Recreation
Trails.

Wilderness

Congress designated 1.35 million acres (530,000 ha) or about 69% of the
Kenai Refuge as Wilderness through ANTLCA., Wilderness areas on the
Kenai Refuge consist of three separate units: the Lowland Unit, which
includes the Swan Lake and Swanson River Cance Routes; the Mystery Creek
Unit; and the Andrew Simons Unit. Wilderness areas are managed in
accordance with the provisions of the Wilderness Act, the National
Wildlife Refuge System Administration Act, Federal regulations (50 CFR),
and Service poliey. These legal mandates affect recreational and
commercial uses, methods of travel, trails, facilities, and signing.

Fetroleum Eesources

The Kenai Refuge lies within the Cook Inlet Tertiary Petreoleum Province.
Prior to ANILCA, approximately 312,000 hectares (771,000 acres) or 45%
of the refuge was opened to leasing. Wildernmess designations in ANILCA
reduced the area subject to future leasing to about 217,000 hectares
{536,000 acres), as oll and gas leasing is prohibited in Wilderness.

Many o0il and gas leases have been issued on the refuge since 1958.
Fresently, there are 4,860 hectares (12,000 acres) of active oil and gas
leases including pipeline rights-of-way.

The first substantial commercial oil discovery in Alaska occurred in
1957 within what is now the Swanson River 0il Field. That discovery
quickly developed inte a major field, which to date has produced over
200 million barrels of oil. A pipeline across the refuge between the
Swanson River 0il Field and the coastal town of Nikiski 32 km (20 miles)
to the west carries the crude oil te market. HNearly 100 wells have been
drilled in this 3,200-hectare (8,000-acre) field. Numerous support
facilities have been built, including over 53 km (33 mi) of access
roads.

Natural gas production is expected to begin when extraction of
economically recoverable o0il is completed. About 6,513,000 m® (230

10



million cubic feet) of gas are re-injected into the field daily to
maintain formation pressure for oil production,

Three smaller gas/oil fields are located on the refuge. These are the
Beaver Creek, Birch Hill and West Fork fields.

Vegetation

The vegetation of the refuge can be subdivided into three major classes:
1) humid coastal forests dominated by Sitka spruce; 2} interior forests
of white and black spruce mixed with birch; and 3) mountain tundra,
including glaciers and snowfields,

Forests cover 39% of the refuge. Forests of black spruce alternate with
peatbogs and grassy mires on 7% of the refuge. White spruce forests are
distributed in the drier areas and in the foothills and mountains. They
are often intermixed with or include deciducus trees such as white
birch, especially in old burns and cut-over areas. Aspen is also found
with white spruce and birch.

Mountain tundra covers about 13% of the refuge. Of this class about 87%
is dwarf shrub and lichen tundra, and 13% is tall shrub (alder and
willow) thickets usually associated with tundra.

Wetlands and riparian habitats comprise about 11% of the refuge. These
habitats have special values that are derived primarily from their
proximity to water rather than from the plant communities and
successional stages present. Wetland and riparian habitats are
essential to 36 species of birds and are used by every other species
occurring on the refuge. Other important functions of these habitats
include rearing habitat for juvenile salmonids, flood contrel, a source
of detritus and nutrients for the aquatic food web, and pollution
abatement by acting as a filter of surface runoff.

Wildlife

At least 199 species of amphibians, birds, and mammals permanently
reside in, seasonally use, or are rare visitors on the Kenai Refuge.
Several of these species are fish eating birds and mammals. Fish eating
birds include sewveral species of gulls and terns, cormorants, three
species of loons, mergansers, grebes, kingfishers, osprey, and bald
eagles. In winter, 300-600 bald eagles gather along the upper Kenai
River to feed on winter spawning coho salmon. A smaller group of eagles
gathers on the lower Fox River during May, apparently to feed on
spavning eulachon. Avian scavengers which eat fish include ravens,
magpies, and Canada jays.

Fish eating mammals include mink, river otter, and black and brown
bears. Returning salmon play an important role in the distribution of
bears on the refuge. Both species of bears are attracted by spawning
salmon concentrations. Salmon are especially important to brown bears
and several salmon streams have been identified and included in

11



essential brown bear habitat on the refuge. Salmon streams important to
brown bears include the Russian, Funny, and Chickaloon rivers and Goat,
Hidden, Bear, and Benjamin ereeks (Jacobs 1989).



SECTION 3. FISHERY RESOURCES

The subarctic stream and lake habitats and associated populations of
salmon, trout, char, and other species (Table 4) are highly important
resources of the Kenal Refuge. Most of the aquatic habitats are in
near-pristine condition and many of the fish species have significant
recreational and commercial wvalue.

Refuge salmon stocks are economically and ecologically important to the
Kenai Peninsula. The national importance of these resources is
particularly evident when they are compared to habitats and fish
populations elsewhere in the nation, where many resources have been
severely impacted by human expansion and development.

The productivity of aquatic habitats in this subarctic region depends om
maintenance of high water guality, proper water temperature, clean
stream gravels, and nutrient-exchange cycles driven by anadromous fish
runs. Welfare of the fish populations is dependent upon maintaining
genetic wvariabilicy, protection of critical rearing and spawning
habitats, and escapement of sufficient spawning stocks.

Species Descriptions
Chinook Salmon

The chinocok salmon iIs the largest of the five species of North American
salmon. They spawn mostly in large freshwater stream systems and are
known to inhabit about 257 km (160 mi) of refupge streams. Watersheds
which provide the majority of spawning and nursery habitat for chinook
salmon on the Kenai Refuge are the Kenai, Funny, Killey, Russian; ~
Chickaloon, and Kasilof riwvers (Alaska Department of Fish and Game
1993).

Adult chinook salmon enter refuge waters for spawning from late May
through early August. Spawning occurs from mid-July through late
August. Eggs overwinter inm stream gravel and hatch in early spring.

Fry emerge several days after hatching and begin feeding in the streams,
where they may stay for up te two years before they make their seaward
migration. Growth is rapid during ocean life, often exceeding 0.45 kg
(1 1b) per month. Chinook salmon mature at ages ranging from three to
seven years at which time they return to their natal streams to spawn.

Chinock salmon are highly prized by recreational anglers due to size,
strength, and eating quality. The Kenai River supports a chinook salmon
recreational fishery of worldwide fame. The river is reputed to support
the largest chinook salmon in the world. The current world's record on
hook and line was a 44 kg (97 1b) fish taken in the Kenai River in 1985.

Coho Salmon

Coho szlmon use a2 wide range of freshwater habitats on the Kenai Refuge.
They spawn or rear in at least 580 km (360 mi) of refuge streams (U.S.

13



Table 4.—Common and scientific names of fish species occurring on

the HKenai National Wildlife Refuge, Alaska.

Scientific Name

Common Name

Lampetra japonica
Lampetra tridentata
Oncorhynchus gorbuscha
Oncorhynchus keta
Oncorhynchus kisuctch
Oncorhynchus mykiss
Oncorhynchus nerka

Oncorhynchus tshawycscha

Prosopium cylindraceum
Salvelinus alpinus
Salvelinus malma
Sazlvelinus namaycush
Thymallus arcticus
Thaleichrhys pacificus
Esox Jucius

Carostomus cacostomus
Gascerosceus aculeatus
Pungictius pungitius
Cottus aleuticus
Cottus cognatus
Platichthys stellatus

Arctic lamprey
Pacific lamprey
pink zalmon
chum salmon
coho salmon
rainbow trout?
sockeve salmon
chinook salmon
round whitefish

Arctic char

Dolly Varden

lake trout

Arctic grayling
eulachon

northern pike

longnose sucker
threespine stickleback
ninespine stickleback
coastrange sculpin
slimy sculpin

starry flounder

b

® Steelhead also occur on the refuge.

? Kokanee also occur on the refuge.

14



Fish and Wildlife Service 1985). Juveniles rear in lakes or streams for
two to three years before smolting and migrating to sea at a length of
8-15 em (3-6 in). Major spawning and rearing areas include the Kenai,
Killey, Funny, Moose, Fussian, Swanson, Kasilof, Fox, and Chickaloon
rivers (Booth 1990; Faurct and Palmer 1992; Alaska Department of Fish
and Game 1993).

Coho salmon grow rapidly in the ocean and sexual maturicy is attained
after only one winter at sea. Adults usually weigh from 2 to 5 kg (5 to
12 1b) except for fish returning to the Kenai River which can weigh in
excess of 7 kg (15 1b). Coho salmon provide an important late summer
and fall recreatiomal fishery in the Kenai and Swanson rivers. They are
highly desirable to anglers because of their fighting and jumping
abilicy.

Sockeye Salmon

Sockeye salmon use abeout 3534 km (220 mi) of streams and 44,517 hectares
(110,000 acres) of lakes on the Kenai Refuge for spawning and rearing
(U.5. Fish and Wildlife Service 19853). Spawning generally occurs in
gstreams that connect with lakes, although some populations spawn in
lakes and a few in streams with no lake.

Juvenile sockeye salmon normally rear for one or twe years in lakes
before smolting and migrating to the sea, usually during May and Jume.
After two to three years at sea they return as sexually mature adults
averaging 1.4-3.6 kg (3-8 1b) in weight. Sockeye in the Kenai River may
exceed 6.8 kg (15 1b).

The largest sockeye salmon populations on the refuge are found in the
Kenai and Kasilof river systems (King et al. 1993). The Kenail River,
including the Russian River and Hidden Lzke systems, is the major
producer of sockeye salmon in Cock Inlet. EKenail River scckeye salmeon
support both a major commercial fishery inm Coock Inlet and the largest
recreational sockeye fishery in Alaska (Marsh 1993; Ruesch and Fox
1994). This road-accessible sport fishery is nationally known and even
attracts fishermen from foreign countries. The Kasilof River, including
Tustumena Lake, historically has been the second largest producer of
sockeye salmon in Cook Inlet (Ruesch and Fox 1994).

A number of lakes on the refuge support populations of non-anadromous
sockeye salmon (kockanee). Hidden Lake provides the largest refuge sport
fishery for this life-history form (Mills 1994).

Chum Salmon

Chum salmon are the least abundant species of salmon on the refuge.
Small runs occur in the Fox and Martin rivers which enter Kachemak Bay
{Faurot and Palmer 1992; Alaska Department of Fish and Game 1993).

Chum salmon enter refuge streams during July and August at an age of
three or four years. They spawn in riffle and upwelling areas of
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streams with medium-sized gravel (Hale 198l1). Eggs develop in the
gravel and fry emergence usually occurs in April and May. Fry develop
for about one month in freshwater, then spend several months in an
estuarine environment before entering the ocean.

Pink Salmon

The largest run of pink salmon on the refuge occurs in the Kenai River
with much smaller runs in the Kasilof, Chickaloon, Swanson, and Fox
rivers and Big Indian and Little Indian creeks (Alaska Department of
Fish and Game 1993). An even-numbered year annual spawning pattern is
characteristic of most upper Kenai Peninsula streams (Ruesch and Fox
1994), whereas an odd-numbered year spawning cycle occurs in the Fox
River (Faurot and Palmer 1992).

Pink salmon fry migrate to sea when they emerge from the gravel, spend
14 to 16 months at sea, and return as sexually mature adults mostly in
July and August. Adults generally do not migrate far upstream and in
some areas spawning occurs in tidally influenced areas (Morrow 1980).
They are the smallest of the Pacific salmon and usually weigh from 0.9
to 2.3 kg (2 to 5 1b). Pink salmon are popular because they take
artificial lures aggressively and are easily caught. Commercially, pink
salmon are usually the most abundant in even numbered years, but bring
the lowest price per pound.

Rainbow Trout

Rainbow trout are found in all major refuge watersheds except those
entering Kachemak Bay. Anadromous rainbow trout (steelhead) inhabit
Crooked and Nikolai creeks in the Kasilof River watershed. Resident
populations are more widespread and occcur in both lake and stream
environments. Lake populations are common but their presence is
dependent upon suitable spawning gravels in inlet or outlet streams.
Rainbow trout seldom exceed 51 em (20 in) in length in the smaller lakes
and streams, although rainbow trout in the Kenai River and anadromous
forms attain a much larger size.

Locally, rainbow trout are of secondary interest to anglers when salmon
are available, but they are the preferred resident species during other
times. They support an important fishery in the heavily used Swanson
River and Swan Lake canoe systems and the popularity of the trophy
rainbow fishery on the upper Kenai River is growing at a rapid pace. A
genetic strain of rainbow trout that originates from the Swanson River
1s used by the Alaska Department of Fish and Game (Department) for
statewide stocking because of the vigor of this particular race.

The Dolly Varden is the most abundant species of char on the Kenai
Refuge (U.S. Fish and Wildlife Service 1985). There are several life
history forms including stream resident, stream spawning-lake resident
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and anadromous populations. The stream resident form inhabits a
substantial portion of the 2,400 km (1,500 mi) of refuge streams.

Dolly Varden vary in size but most individuals are small, less than 38
em (15 in) long. A good-sized fish is 48-51 em (19-20 in) long and
weighs 1.1-1.4 kg (2.5-3 1b). Dolly Varden, like other char, are fall
spawners utilizing streams with gravel bottoms (Morrow 1980).

Anadromous populations generally spend three to four years in freshwater
before smolting (Morrow 1980). The smolts spend only a few weeks to
several months at sea before returning te freshwater for spawning and
overwintering. Several anadromous runs occur on the refuge but none
have been well studied. Anadromous runs are present in the Kenai,
Kasilof, and Fox rivers and may occur elsewhere as well.

Lake resident Deolly Varden are common in Tustumena and Skilak lakes
where they provide a sport fishery (Mills 1994). ish up to 2.3 kg (5
1b) are taken annually from the Kenai River inlet into Skilak Lake.
Dolly Varden occur in several smaller refuge lakes but generally are not
abundant.

Dolly Varden are important to anglers when salmon are not available.
They are often common near the mouths of lakes in the spring and in
rivers during their fall migration. In the Kenail River, the sport
fishery for Dolly Varden appears to be growing at a rate similar to that
observed for raimbow trout. Both species are readily caught using
similar angling techmiques.

Arctic Char

0f the three char species found on the refuge (lake trout, Dolly Varden,
and Arctic char), the Aretic char is probably the least abundant.

Arctic char are lake spawners that have been reported from nearly 50
refuge lakes in the Swanson River watershed (U.S5. Fish and Wildlife
Serviece, unpublished data). Externally, Dolly Varden and Arctic char
are nearly impossible to differentiate and can be separated only by
internal examination. Because of the difficulty In distinguishing these
two species, distribution records for the refuge may not be accurate.
Some fishery biologists on the Kenai Peninsula have lumped both species
together. Where positive identifications have been made, both species
have occasionally been found using the same refuge lakes.

Arctic char are a moderate-sized species on the refuge with most
individuals less than 51 em (20 in) long. Because of their preference
for cold, deep water they are generally unavailable to anglers during
the summer months but do contribute to the spring, fall, and winter
recreational fisheries.

Lake Trout

Lake trout occur in Hidden, Skilak, and Tustumena lakes, the three
largest lakes on the refuge (U.S. Fish and Wildlife Service 1985). They
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spawn in the fall over rocky lake bottoms. This species is long lived
with sexual maturity not usually occurring until seven years of age.
Lake trout can attain large size but 2.3-4.5 kg (5-10 1b) is a good
sized fish on the Kenal Peninsula. Hidden Lake provides the best lake
trout sport fishery on the Kenai Peninsula (Mills 1994). Fishing occurs
in the summer and during a winter ice fishery.

Longnose Sucker

Longnose suckers are common on the northern portion of the Kenai
Lowlands. They are abundant in a number of lakes in the Moose, Swanson,
and Chickaloon river drainages. They have not been reported in the
Kasilof River watershed and do not occur in lakes of smaller watersheds
draining into Cook Inlet such as Miller, Bedlam, and Pincher creeks.
Longnose suckers generally attain a length of 41-51 cm (16-20 in),
however, a dwarf form occurs in the Finger Lakes which does not exceed
30.5 em (12 in) in length.

Longnose suckers spawn in the early summer, usually in streams, and
become concentrated at times in some locations where they may be an
important seasonal food source for bald eagles and possibly otters and
mink. This species is long lived. Individuals have been aged up to 19
years suggesting low natural mortality rates.

Round Whitefish

The round whitefish is the only member of the whitefish subfamily found
on the Kenai Peninsula. Available information suggests that the
disctribution of this species is rather limited. They are mostly
confined to the larger lakes such as Skilak and Tustumena and the larger
rivers. Scenic and Camp Island lakes are the only lowland lakes on the
refuge known to support this species. A few are caught incidentally
each year but otherwise the species is of little interest to anglers.

Pacific Lamprey

Pacific lamprey have been observed spawning in the Moose River during
June. The young reportedly spend four years in the river bottom as
filter feeding ammocoetes before migrating to sea for a year as a
parasite of larger fish such as salmon. Adults return in the fall,
overwinter in fresh water without feeding, then spawn and die the
following summer. The spawning adults are easily seen and approached
and may serve as food for some wildlife species.

Arctie Lamprey

Arctic lampreys are common during their June spawning season in the
Moose River and have been collected in small numbers in the Swanson and
Chickaloon river basins and in the Finger Lakes. This species is
believed to be a non-parasitic freshwater resident on the refuge.
Freshwater Arctic lamprey are small and rarely exceed 18 cm (7 im) in
length (Morrow 1980).
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Arctic Grayling

Arctic grayling are distributed throughout much of Alaska but did not
occur naturally on the Kenali Refuge. Arctic grayling were stocked into
Twin Lakes in 1965 and into Lower Fuller Lake in 1967 by the Department.
arctic graylinmg in Twin Lakes came from Crescent Lake, on the Chugach
National Forest, while the Lower Fuller Lake stock came from Tonsino
Lake near Glenallen. Aretie grayling are peopular with anglers but
provide limited sport fishing on the refuge because Lower Fuller Lake is
only 5 hectares (12 acres)} in size and Twin Lakes are accessible only by
float-equipped aircraft. Both populations are maintaining themselwves
through natural reproduction.

Threespine Stickleback

The threespine stickleback is the most zbundant resident freshwater
species on the Kenai Refuge. This small fish, seldom exceeding 6.4 cm
(2.5 in) in length, is present in nearly every lake on the Kenai
Lowlands and is usually abundant. Females spawn during the summer in
nests made and guarded by the male. Sexual maturity is attained at age
1 but their life span is only 25-27 months. Threespine stickleback
provide forage for raimbow trout, cohe salmon, and char, but they alse
compete with juvenile salmonids for food and space. They are frequently
the only fish species found in lakes used by fish eating birds such as
common and Arctic loons, red-necked grebes, Arctic terms, and Bonapart's
and mew gulls.

Anadromous populations of threespine stickleback occur in the
Chickaloon, Swanson, Killey, Moose, and Fox rivers. The anadromous form
is distinguished from the resident form by an enlarged wventral keel and
their larger size. Anadromous threespinme stickleback attain lengths of
8.9 em (3.5 in).

Ninespine Stickleback

Ninespine stickleback also occur on the refupe although not in large
numbers. They are primarily found in oxbow ponds connected to small
rivers such as the Moose and Chickaloon. This species probably provides
forage for predaceous fishes and fish eating birds. Ninespine
stickleback are small and seldom exceed 7.6 cm (3 in) in length.

Slimy Sculpin

The slimy sculpin is commonly found in most refuge lakes and streams.
Most slimy sculpins are less than 12.7 cm (5 in) in length and probably
provide food for larger fishes and fish eating birds and mammals.

Coastrange Sculpin

The other sculpin found on the refuge is the coastrange sculpin. This
sculpin is normally more abundant near the coast and not well
represented inland. It is the most zbundant sculpin found In lakes of
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the Swanson River drainage. Elsewhere on the refuge it is usually
inferior in numbers to the slimy sculpin (U.S. Fish and Wildlife
Service, unpublished data).

Northern Pike

Northern pike are distributed throughout much of Alaska but did not
occur naturally on the Kenai Peninsula. They were introduced into
Mackey Lakes in the Soldotna Creek watershed by a private citizen during
the mid 1970's. There are reports of northern pike in Cisca, Tree, and
Gagara lakes which are located near the refuge boundary in the upper
Soldotna Creek drainage, but these reports have not been substantiated.
In 1986, a northern pike was observed by Service persomnnel in the Moose
River above the refuge boundary (Booth In Preparation). This sighting
indicates that northern pike have migrated up the Kenai River or that
another illegal introduction has occurred. No evidence of successful
reproduction has been documented in the Moose River, however, if
northern pike become established in this watershed, declines in rainbow
trout and other species can be expected.

Watershed Descriptions

Watersheds on the Kenal Refuge drain inte Cook Inlet, Turnagain Arm, and
Kachemak Bay. Physical characteristics of each watershed and water
qualicy are described as available. Information on the distribution,
status, and dynamics of refuge fish populations occurring in each
watershed is alsc provided. The Kenal River, the largest watershed, is
discussed first followed by its tributary watersheds. Other watersheds
entering Cook Inlet, Turnagain Arm, and Kachemak Bay are then described.

Kenai River

The Kenai River is a glacially fed river which originates from Kenai
Lake 132 km (82 mi) from saltwater (Figure 2). Approximately 27 km (17
mi) below Kenai Lzke, the river traverses Skilak Lake and flows 80 km
{50 mi) to Cook Inlet. Discharge in the Kenai River is dependent on the
outflow of Kenai and Skilak lakes and lacks the flow extremes
characteristic of streams without glacial lakes at their headwarters.
The mean annual discharge in the Kenzi River is approximately 142 m/s
(5,000 £ft¥/s) with peak discharges of 566-850 m®/s (20,000-30,000 £t3/s)
occurring in late summer (Scott 1982). Although glacial melt produces
turbid conditions throughout the year, water clarity increases during
low-flow conditions (Hovember through May).

The Kenai River system provides spawning and rearing habitat for several
species of salmon and trout. Chinook, coho, sockeye, and pink salmon
are seasonally abundant in the drainage. Pink salmon occur
predominantly during even numbered years, but small numbers are also
present during odd numbered years.

Other salmonids that ocecur in the Kenai River drainage include rainbow
and lake trout, and Dolly Varden. Rainbow trout appear to be stream
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residents rather than the anadromous form. Lake trout reside in Skilak
and Kenai lakes, whereas Dolly Varden occur throughout the Kenai
drainage. Both resident and anadromous forms of Dolly Varden occur in

the Kenai River.

Chinook salmon return to the Kenai River as two distinct runs. An early
run typically enters the river from mid-May until late June and spawns
from mid to late July in tributary streams such as the Killey and Funny
Rivers. The late run typically enters the river in July and early
August and spawns primarily in the mainstem Kenai River from mid to late
August. The Department operates a sonar site in the lower Kenai River
to monitor escapement of both early and late-run fish. Optimum
escapement goals are 9,000 fish for the early run and 22,300 for the
late Tun. If projected escapement levels fall short of these goals,
restrictions are placed on the recreational and cocmmercial fisheries.
annual escapement of chinook salmon in the Kemai River from 1985 through
1994 has ranged from 7,756-19,227 for early-run fish and from 19,581-
48,037 for late-run fish (Nelson et al. In Press).

Chinocok salmon returning to the Kenai River support cne of the most
popular sport fisheries in Alaska. This May, June, and July sport
fishery was first estimated at 23,610 angler days in 1974, but has
increased to nearly 110,000 angler days in 1994 (Nelson et al In Press).
annual sport harvest of chinook salmon has inereased from 4,210 in 1974
to 20,022 in 1994, The large physical size of chinook salmon in the
Kenai River contributes to the popularicy ef this fishery.

Like chinook salmon, the coho salmon return to the Kenal River is
comprised of early and late-run fish. Early-run cohe salmon generally
enter the Kenai River in August and spawn in tributaries of the Kenai
River during September and October (Booth 1990). The majoricty of late-
run fish enter the Kenai River during September and spawn in the
mainstem Kenai River from October through March.

The coho salmon return to the Kenai River is one of the State’s most
popular sport fisheries. Annual sport harvest of coho salmon has
averaged nearly 54,000 fish from 1985 through 1993 with over 76,000 fish
harvested in 1991 (Mills 1986-1994). Coho salmon returning to the Kenail
River also contributed an estimated 7,512 fish to the Cook Inlet
commercial fishery during 1993 (Carlon and Hasbrouck 1994).

Existing management of coho salmon in the Kenai River is based on catch
per unit effort data of commercial and sport fisheries as compared with
historical averages. This has been effective in maintaining stocks,
however, it is unclear whether optimum production is being achieved.
The Department is addressing this concern and has initiated studies teo
enumerate coho salmon entering the Kenai River.

Sockeye salmon also return to the Kenai River as two distinet runs. The
early run typically enters the Kenal River in early June and migrates to
the Russian and Kenal river confluence where they remain for

approximately two weeks before continuing their migrartion up the Russian
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River. Late-run sockeye salmon enter the Kenai River in mid-July and
spawn in the mainstem Kenai River and tributary streams.

The escapement of sockeye salmon into the Kenai River has been estimated
by the Department with side-scanning sonar since 1968. Since then,
annual escapements have averaged 530,000 fish with escapements of over
one million fish occurring in 1987, 1988, 1989, and 1994 (Ruesch and Fox
1994; Nelson et al In Press). These fish provide a valuable resource to
commercial fishermen in Cook Inlert and to recreational anglers on tche
Kenai and Russian rivers.

The annual sport harvest of sockeye salmon in the Kenai River has
increased substantially since the mid-1980's. Between 1977 and 1986,
the annual sport harvest averaged abour 38 000 fish. In 1987, 1.6
million sockeye salmon entered the Kenai River which led anglers to
discovering more effective techniques for catching these fish. From
1987 through 1994, the annual harvest of sockeye salmon has averaged
185,000 fish (Nelson et al. In Press).

Although chinook, coho, and sockeye salmon are the most frequently
targeted species by user groups, pink salmon are also an important
resource of the Kenai River. Kenai River stocks of pink salmon zare
harvested by both sport and commercial fishermen. Sport catch and
harvest of pink salmon is highest during even-numbered years. Mills
(1993) reported that in 1992, over 74,000 pink salmon were caught and
approximately 10,000 were harvested in the Kenai River. Kenai River
pink salmon also are harvested commercially in the Central District East
Side set net fishery. Even-year harvest in this fishery has averaged
over 400,000 fish from 1966 to 1992 (Ruesch and Fox 1994).

The most popular resident fish species in the Kenai River are rainbow
trout and Dolly Varden. Both sSpecies are caught throughout the river,
but the most popular fishing areas are on or adjacent the refuge above
and below Skilak Lake. Lafferty (1989) described the raimbow trout
populations above and below Skilak Lake as discrete populations. The
population above Skilak Lake contains large numbers of rainbow trout
over 20 inches and is currently managed as a trophy rainbow trout
fishery. The rainbow trout population below Skilak Lake contains fewer
nunbers of rainbow trout over 20 inches and experiences a higher rate of
exploitation.

The popularity of the sport fishery directed at these two species has
increased dramatically in recent years. The number of rainbow trout
caught above Skilak Lake increased from 11,995 in 1990 to 37,755 in 1993
(Mills 1991-1994). Similarly, the number of Dolly Varden caught in this
section of river increased from 14,151 in 1990 to 36,45]1 in 1993, Fewer
rainbow trout and Dolly Varden are caught in the middle Kenai River
between the Moose River and Skilak Lake, however, the upward trend in
the mumber of fish being caught is similar te that observed above Skilak
Lake. Mo=t anglers practice catch and release fishing for these
species., 1In 1992, anglers harvested approximately 8.4% of the Dolly
Varden and 0.5% of the rainbow trour which were caught above Skilak Lake

22



(Mills 1994). Harvest rates between the Moose River and Skilak Lake
were higher at 16.9% for Dolly Varden and 5.2% for raiobow trout.

Other species utilizing the Kenai River and its tributaries include lake
trout, round whitefish, longnose sucker, Pacific and Arectic lampreys,
threespine and ninespine stickleback, slimy and coastrange sculpin, and
eulachon. Two exotic species have been introduced into the watershed.
Horthern pike occur in several lakes near Scldotna and have been
observed in the Moose River (Booth In preparation). Arctic grayling
were introduced into Twin Lakes and Lower Fuller Lake by the Department.

Beaver Creek

Beaver Creek drains 121 km? (47 mi?) of wetland and lowland forest
habitat inte the Kenai River near river kilometer 16 (river mile 10)
(Figure 2). The refuge portion of the watershed encompasses 70% percent
of the watershed and contains four named lakes. Two of the three lakes
that have been surveyed contain rainbow trout populations. Beaver Creek
is an important rearing area for coho salmon (Elliot and Finn 1984).
Chinocok and sockeye salmon juveniles zlso rear in the creek but in much
lower numbers. Beaver Creek also provides rearing habitat for Arctie
and Pacific lamprey, rainbow trout, Dolly Varden, threespine and
ninespine stickleback, slimy and coastrange sculpin, and round
whitefish.

Elliot and Finn's (l1984) investigation of Beaver Creek examined fish
species composition and distribution, spawning and rearing habitats,
stream discharge, and various water quality parameters. This baseline
information was needed to ensure adequate protection against expanding
urban development and industrial activities. Marathon 0il Company
operates several oil and gas wells in the Beaver Creek watershed.

Slikok Creek

Slikok Creek drains 96 km® (37 mi®?) of wetland and lowland forest
habitat into the Kenai River at river kilometer 30 (river mile
19)(Figure 2). Slikok Creek provides spawning and rearing habitat for
coho and chinook salmon (Elliot and Finm 1984). Other species found in
the watershed include sockeye salmon, raimbow trout, Dolly Varden,
Arctic and Pacific lamprey, ninespine and threespine stickleback, and
coastrange and slimy sculpin. Four lakes in the watershed are on the
Kenai Refuge. Three of the lakes have been surveyed but none support
sport fish populations. A borough sanitary land fill is located in the
watershed near the refuge boundary.

Funny River
The Funny River begins as a small stream at an elevation of 1,128 m
(3,700 ft) in the Kenai Mountains and flows 51 km (32 mi) to join the

Kenai River at river kilometer &9 (river mile 30.5)(Figure 2). The
watershed covers an area of 329 km® (127 mi®). There are no glaciers in
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the basin and its waters are bog stained. The river contains
substantial amounts of spawning gravel.

Studies conducted by Burger et al. (1983) indicated that the Funny River
is an important spawning area for early-run chinock salmon. 5Six of &0
early-run chinook salmon radio-tagged in the Kenai River during 1980 and
1981 were tracked to the Funny River. Spawning times were estimated to
extend over a 5-week period with a peak between July 15 and July 26.

Coho and pink salmen also spawn in the Funny River but no effort has
been made to determine run size or timing. Rainbow trout and Dolly
Varden are also present and apparently support some sport fishing
accivity.

Access to the lower section of river is provided by the Funmy River
Road. Most of the watershed (80%) is in designated Wilderness where
access is poor.

Moose River

The Moose River is the largest tributary to the Kenai River and is
characterized by slow flow, extensive submergent aquatic vegetation, and
bog stained water (Figure 2). The watershed consists of 648 km® (250
mi*) of lowland habitat and contains 188 km (117 mi) of streams, 60
named lakes, and over 200 umnamed l=kes and ponds.

The Moose River watershed supports 16 species of fish including four
species of Pacific salmon, rainbow trout, Dolly Varden, round whitefish,
threespine and ninespine stickleback, coastrange and slimy sculpin,
Pacific and Arctic lamprey, longnose sucker, eulachon, and northern
pike. The Service operated a counting weir on the Moose River during
1985 and 1986 (Booth In preparation). Escapement of early-run sockeye
salmon numbered 690 in 1985 and 2,071 in 1986. Early-run sockeye salmon
migrated upstream in June and July and spawned in the Moose River. A
late run of sockeye salmon entered the river in July and August and
spawned in headwater lakes; they numbered 2,088 in 1985 and 847 in 1986.
Coho salmon entered the Moose River beginning in August and continued
through early October. Escapement of coho salmon in the Moose River
numbered 1,657 in 1985 and 3,969 in 1986. Only two chinoock salmon were
counted at the weir in 1985. A total of 13 pink salmon were observed at
the weir in 1985 and four were counted in 1986. Rainbow trout were
found throughout the watershed and spawned in the mainstem Moose River
as well as the East and West Forks of the Moose River in May and early
June. A northern pike was observed at the weir in 1986. This fish was
not captured but weighed an estimared 1.8 kg (4 1b). No evidence of
successful spawning by northern pike was detected during the 1985-198&
survewy.

Killey River

The Killey River is a glacial river draining 554 km® (214 mi®) of the
western slope of the Kenai Mountains into the Kenai River at river
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kilometer 71 (river mile 44)(Figure 2). The largest tributary is
Benjamin Creek, a clear water stream which enters the Killey River 33
river kilometers (33 river miles) from its confluence with the EKen=ai
River. The majority of the watershed (99%) is within the Kenai Refuge.

The Killey River provides spawning and rearing habitat for chinook
salmon and other species of salmonids. Radiotelemetry studies conducted
in the Kenai River by Burger et zl. (1983) during 1980 and 1981 showed
that the Killey River was the major spawning destination for early-runm
chinook salmon. Seventy-five percent of the fish radic-tagged during
May and June returned to the Killey River to spawn. Burger et al.
(1983) set up an electronie barrier and a weir near the mouth of the
river in 1981 to enumerate the chinook salmon run in the Killey River.
The spawning peopulation was estimated at 8,118 salmon. Benjamin Creek,
near its confluence with the Killey River, is a major spawning area for
chinock salmon in this drainage. This location is an important feeding
area for brown bears on the refuge between Skilak and Tustumena lakes.

Little information is available about other species in this watershed.
Two of the seven lakes in the watershed have been inventoried. Twin
Lakes supports Arctie grayling which were introduced by the Department
in 1965. Coheo and pink salmon also spawn in the Killey Riwver but the
extent is unknown. The lower river is accessible by boat but high
summer flows, mountain gradients, and sweepers make the upper and middle
sections nearly inaccessible to power boats or rafts.

King County Creek

This mountain stream is 18 km (11 mi) long and drains 36 km?® (14 mi%®) of
mountainous forests north into Skilak Lake (Figure 2). Sockeye and coho
salmon spawn in the lower 2.4 km (1.5 mi) of the creek. Litrle is known
about other fish peopulations using this stream or three smaller, but

similar, mountain streams to the east which alse drain inte Skilak Lake.

Hidden Creek

Hidden Creek flows into Skilak Lake near the Kenai River inlet and is
the outlet stream for Hidden lLake (Figure 2). Hidden Lake is the third
largest lake on the Kenai Refuge with a surface area of 683 hectares
(1,687 acres), a mean depth of 20.2 m (66.2 ft), and a volume of 138.1 x
10%® (112,000 acre ft). Lake water residence time is approximately

11.7 years (Kyle et al. 1990).

The Hidden Creek watershed supports spawning and rearing populations of
sockeye and coho salmon and resident populations of lake trout, rainbow
trout, Dolly Varden, threespine stickleback, and coastrange sculpin.
Chinook and pink salmon have also been reported in the system (Kyle et
al. 1990). Hidden Lake supports the most popular lake trout fishery on
the Kenai Feninsula (Mills 1994) and a popular winter ice fishery.

The Department initiasted a sockeye salmon enhancement project on Hidden
Lake in 1976 to help rebuild depressed sockevye salmon stocks in Cook
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Inlet. Enhancement efforts have continued since then and include egg
takes, hatchery incubation (Trail Lakes Hatchery), stocking, and
limnological studies (Kyle et al 1990). The Department conducted all
enhancement efforts on Hidden Lake until 1988 when Cook Inlet
Aquaculture Assoclation assumed responsibility for enhancement
activities. A weir and smolt trap are cperated annually on Hidden Creek
to enumerate and sample returning adults and cutmigrating smolts.

The authorized stocking level for Hidden Lake 1s approximately 2 milliom
unfed or 1 million fed fry. These stocking levels produce an adulc
return of about 30,000 fish; a return that will safely allow continued
enhancement of Hidden Lake without jeopardizing lake water quality and
resident specles. The Department exceeded these stocking levels during
1987 and 1988 when approximately 3.7 and 6.1 million fry, respectively,
were released into Hidden Lake. Adult returns resulting from these
stocking levels totaled 77,959 in 19920 and 112,792 in 1991. The large
escapement in 1990 did not alter the water quality of Hidden Lake
substantially (Fandrei 1991). A dip net fishery was administered by the
Service and Department to limit the number of spawners entering Hidden
Lake in 1991. There should be no need to control excess escapement into
Hidden Lake in future years.

Engineer Lake is the second largest lake in the Hidden Creek drainage
with a surface area of 93 hectares (230 acres). Fish species present
include coho salmon, Dolly Varden, rainbow trout, threespine
stickleback, and coastrange sculpin. The Department stocked Engineer

_ Lake with coho salmon from 1975 through 1992 which resulted in a popular
put-grow-and-take fishery. Stocking was discontinued in 1992 because of
concerns that hatchery coho salmon released in Engineer Lake could be
entering Hidden Lake through the outlet commecting the two lakes and
mixing with wild anadromous stocks.

Skilak River

The Skilak River drains a 433 km® (167 mi?) watershed into the east end
of Skilak Lake (Figure 2). The Harding Icefield covers over half (51%)

f the watershed resulting in runoff that is extremely glacizl. The
lower 8 km (5 mi) of river flow in a braided chamnnel. Ice dams form
occasionally in this drainage resulting in sudden flooding when the dams
are breached.

The Skilak Riwver probably does not support any substantial fish
populations due to extreme glacisl conditions. Anadromous fish are not
known to use the Skilak River or any of its tributaries for spawning.
The resident fish population remains unknown. Pothole Lake, the only
named lake in this watershed, has not been surveyed,

Jean Creek
This small watershed drains 34 km® (13 mi®) of forest and wetland

habitats adjacent to the Sterling Highway and Skilak Lake Road (Figure
2). Jean Lake and Upper Jean Lake are road accessible lakes in the
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watershed having surface areas of 47 hectares (115 acres) and 20
hectares (50 acres), respectively.

Upper Jean Lake supports native populations of threespine stickleback
and slimy sculpin. The lake is landlocked and has no tributary streams
to provide spawning habitat for salmeonid populations. From 1962 to
1983, the Department stocked rainbow trout, cohe, and sockeye salmon in
various years to provide a sport fishery. The lake supported a very
popular sport fishery but stocking was terminated due to concerns
regarding safe entry from the Sterling Highway. Safety concerns could
be alleviated by developing a parking area and trail access to the lake.
A put, grow, and take fishery could be reestablished in Upper Jean Lake
if access i= improved.

The remainder of the watershed provides rearing habitat for coho and
sockeye salmon. Resident species include rainbow trout, Dolly Varden,
threespine stickleback, and slimy sculpin. Jean Lake has a boat
launching ramp and a small campground. This attractive lake is readily
accessible from the Sterling Highway but few anglers have been observed
on the lake.

Russian Riwver

The Russian River is a clearwater stream which drains a 163 km® (63 mi?)
mountainous watershed (Figure 2). The drainage includes two large
clearwater lakes, Upper and Lower Russian lakes, and terminates in the
Kenal River approzimately midway between Kenai and Skilak lakes. Half
of the watershed is on refuge lands, the other half is on the Chugach
National Forest.

The Russian River watershed supports spawning and rearing populations of
sockeye, coho, and chinook salmon and resident populations of rainbow
trout and Dolly Varden. This watershed supports very popular sport
fisheries for rainbow trout and sockeye salmon. The largest
recreational fishery for sockeve salmon in Alaska occurs in the Russian
River and ar its confluence with the Kenai River. Annual effort by
anglers in this fishery has exceeded 450,000 angler-hours and anmual
harvests have exceeded 190,000 fish (Carlon et al. 1991).

There are two runs of sockeye salmon in the Russian River. The early
run usually arrives by June 15 and is managed exclusively for spert
fishing while the second run peaks in July and is managed for both
commercial and sport harvest. The Department operates a weir at the
outlet of Lower Russian Lake to monitor escapement and manage the
recreational fishery. Current escapement goals in the Russian River are
16,000 fish for the early run and 30,000 fish for the late run (Vincent-
Lang and Carlon 19%91). Annual spawning escapements often exceed goals
and have averaged 23,020 early-run fish and 55,510 late-run fish from
1963-1994 (Nelson et al. In Press).

The Russian River falls, located approximately two miles upriver from
the Russian-Kenai River confluence, provides a popular area for visitors
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to view returning sockeye salmon. The falls also present a major
obstacle to migrating salmon during higher discharges. To improve fish
passage during higher discharges, a fish by-pass was constructed around
the falls in 1978 by the Department. The fish by-pass is typically
operated when discharges exceed 11.3 =°/s (400 fc/s) and has passed as
many as 500 sockeye salmon per hour.

Kasilof River

The Kasilof River drains a watershed of 2,150 km® (830 mi?) making it
the second largest watershed on the refuge (Figure 2). The watershed
consists of mountains, glaciers, forests, and the Kenai Peninsula's
largest lake, Tustumena. The Kasilof River is only 29 kam (18 mi) long
and drains Tustumena Lake which has a surface area of 29,450 hectares
(72,710 acres), a maximum depth of 287 m (942 fr) and a mean depth of
124 m (407 fc). All cributary streams in the watershed which drain
refuge lands enter Tustumena Lake except Crooked Creek which enters the
Kasilof River at river kilometer 10 (river mile 6).

The Kasilof River watershed supports several species of anadromous and
resident fish including coho, sockeye, chinook, and pink salmon, rainbow
trout, Dolly Varden, lake trout, round whitefish, threespine
stickleback, and coastrange and slimy sculpin. Dolly Varden and lake
trout were the most frequently caught species in gill nets during a
Tustumena Lake resident fish investigation in 1987 (Jones and Faurot
1991). Species caught most frequently in minnow traps were Dolly Varden
and coastrange sculpin. During the same year, the Service examined run
timing and spawning distribution of coho and late-run chinocok salmon in
the watershed (Fauror and Jones 1990). Coho salwmon returns to Tustumens
Lske cributaries were low im 1987, but spawning fish were observed at
Indian, Pipe, Glacier Flats, and Seepage creeks. Late-run chinook
salmon entered the Kasilof River during July and spawned primarily at
two mainstem locations below Tustumena Lake.

Late-run chinook salmon in the Kasilef Riwver have been used as a
broodstock for developing recreational fisheries near Homer and Seward.
The Department has collected eggs from approximately 40 females each
yvear through 1994 to develop these fisheries. These fisheries should be
sufficiently developed by 1995, at which time broodstock will be
collected at Seward or Homer rather than from the Kasilof River.

The Kasilof River watershed supports the only known populations of
anadromous rainbow trout {steelhead) on the refuge. Nikolai Creek, a
Tustumena Lake tributary, supports a smsl]l run of steelhead. Crooked
Creek supports a larger run of steelhead which was enhanced with fish
produced by the Department at the Crooked Creek Hatchery from 1984
through 1993. Enhancement efforts increased anmual escapements in
Crooked Creek from less than 100 fish prior to 1984 to 2,960 ficsh in
1993. All steelhead in excess of needs for the annual egg take
(approximactely 30-40 adults) were passed above the weir located at the
hatchery and allowed to spawn (Och 1991). This enhancement program was
terminated in 1993 because of concern that these hatchery fish would
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stray into the Kenai River and negatively impact wild stecks. Future
recurns are expected to gradually decline to abundance levels which were
observed prior to enhancement.

Crooked Creek also supports populations of Dolly Varden, chincok, and
coho salmon. Chinook and coho salmon in Crooked Creek have been used as
broodstock to develop sport fisheries in the Kasilof River and other
Kenal Peninsula waters. Broodstocks of both species are collected at
the Crooked Creek Hatchery which is owvned by the State of Alaska and
currently operated by Cock Inlet Agquaculture Association. Chinook
salmon smolts are produced at Elmendorf Hatchery and have been stocked
in Crooked Creek since 1975. Coho salmon smolts have been produced at
Crooked Creek Hatchery since 1983, however, this enhancement program was
terminated in 1994 because of budgetary constraints, From 1986-1993
these enhancement programs have resulted in average annual returns of
8,347 chinook and 5,197 coho salmon (Nelson et al In Press). During the
gsame period, annual sport harvest in the Kasilof River and Crooked Creek
averaged 5,491 chinook and 3,834 coho salmon. Crooked Creek escapement
goals (abowve the hatchery weir) for chimook and coho salmon are 750 and
1,250 fish, respectively. All Dolly Varden migrating upstream are zalso
passed over the weir and allowed te spawn or overwinter.

The Crooked Creek Hatchery alsoc supports a sockeye salmon enhancement
project which was Initiated on Tustumena Lake in 1576 by the Department.
Enhancement efforts have been experimental since then and include egg
takes, hatchery rearing, stocking, hydroacoustic surveys, smolt
enumeration, and limnological studies. The lake has been stocked nearly
every year since 1976 to augment natural production. The stocking rate
has been as high as 17 million fry, however, 6 million fry have been
stocked annually in recent years. The eggs for stocking have been taken
from Bear and Glacier Flats creeks, two streams entering Tustumena Lake,
and incubated at the Crooked Creek Hatchery. The enhancement program
has increased sockeye salmon production in the watershed and yield to
the commercial and recreational fisheries. The current escapement goal
in the Kasilef Riwver is 150,000-250,000 sockeye salmon. An average of
207,000 fish have been counted annually at the Department's sonar site
since 1976 (Ruesch and Fox 1994).

The stocking program in Tustumens Lake has become a controversial issue.
Concerns have been expressed about: 1) the appropriateness of stocking a
lake which lies in a Wildernmess Area; 2) the potential for increased
ineidental harvest of chinook and coho salmon bound for the Kenai and
Kasilof rivers by the east side set mnet fishery; 3} harmful long term
genetic effects caused by selection pressures resulting from eggs being
hatehed and reared in an artificizl environment; and 4) overharvest of
naturally reared salmon In a mixed stock fishery. There are also
concerns that stocking may have a potential impact on the resident
freshwarter fish populations in Tustumena Lake. Operaticnal status of
the program will be determined through the National Environmental Policy
Act (NEPA) process.



Swanson River

The Swanson River watershed covers approximately 717 km? (277 mi?) and
is located in the northwest portion of the Kenai Refuge (Figure 2). It
originates in the Swanson Lakes area west of the Chickaloon River
drainage and empties into Cook Inlet. The Swanson River watershed
includes approximately 134 km of streams, 125 named lakes, and a large
number of other unnamed lakes and ponds. It contains more lakes than
any other watershed on the Kenai Refuge.

Four species of salmon occur in the Swanson River watershed. A few pink
galmon spawn in the lower section of river. Sockeye and chinook salmon
are also present, but ccho salmon is the most abundant species. The
Department operated a salmon counting weir on the Swanson River from
1962 to 1967 (Engle 1968). Coho salmon escapement estimates ranged from
239 to 2,043, but these estimates are considered low because the weir
was operated for wvarying lengths of time each year and portions of the
run were missed during some years. Larger escapements were observed inm
the Swanson River during 1988 and 1989 when the Service operated a weir
on this river (Jones et al. 1993). In 1988, 23,514 cohe, 1,542 sockeye,
72 pink, and 5 chinook salmon passed through the weir between May 21 and
September 26. In 1989, only coho salmon were monitored with 20,841 fish
counted from July 30 to August 27 when weir operations were suspended
due to heavy rain and high water levels.

Rainbow trout is the most abundant and widely distributed resident sport
fish species in the Swanson River watershed. This species is found in
headwater lakes, tributary streams, and in the mainstem river. In 1988
and 1989, the Service examined the migration timing and spawning
distribucion of rainbow trout in the watershed (Jones et al. In
preparation). Fish typically reside in headwater lakes and enter
tribucary streams and the mainstem river from late April to mid-June to
spawn. The largest concentrations of spawning fish were observed in the
mainstem river and Sucker Creek.

Ocher resident species found in the Swanson River watershed Include
longnose sucker, Dolly Varden, Arctic char, threespine stickleback,
ninespine stickleback, Arctic lamprey, and slimy and cocastrange sculpin.
Unlike most other refuge watersheds, the coastrange sculpin is more
common in the Swanson River drainage than the slimy sculpin. Arctie
char have been reported from nearly 50 lakes in this wartershed.

The Swanson River, with its tributaries and lakes, is the second most
popular warershed on the Kenai Refuge. Opportunities for fishing,
hunting, canoeing, and camping in a wilderness setting cause the Swanson
River watershed to receive extensive public use. Primary areas of use
are the 5Swan Lake (partially in the Swanson River watershed) and Swanson
River Canoe Routes which are National Recreation Trails and connect more
than 50 headwater lakes with each other and with 75 km (47 mi) of the
Swanson River. ;
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Bainbow trout and coho salmon are the most popular sport fish species in
the Swanson River drainage. Mills (1994) estimated that 5,130 angler
days of effort were expended in the Swanson River and Swan Lake Canoe
Routes during 1993, with an estimated catch of 14,818 rainbow trout. Am
additional 5,690 angler days of effort occurred on the Swanson River
resulting in an estimated catch of 4,888 coho salmon and 2,431 rainbow
trout. Approximately 71% of the coho salmon caught were harvested and
only 21% of the rainbow trout were harvested. Shiffer (1989) reported a
similar harvest rate (23%) for rainbow trout in 1988.

Seven Egg Creek

Seven Egg Creek drains 109 km® (42 mi®) of forested habitat on the Kenai
Lowlands into Cook Inlet (Figure 2). Five of the nine named lakes in
the watershed have been surveyed. Three of the lakes support
populations of rainbow trout (U.S5. Fish and Wildlife Service,
unpublished data). The only other resident fish species reported in
this watershed is threespine stickleback. The lower 8.8 km (5.5 mi) of
Seven Egg Creek provide spawning and rearing habitat for coho salmen
{Alaska Department of Fish and Game 1993).

4 15.5 kn® (6 mi®) portion of the lower watershed is outside the refuge
boundaries. This land was sold by the Kenai Peninsula Borough in 1984
to private indiwviduals for homesites. This watershed will probably
experience increased use as the area develops and access improves.

Otter Creek

Otter Creek drains 52 km® (20 mi®) of lowland forest habitat inte Cook
Inlet (Figure 2). The creek supports anadromous populations of cohe
salmon and Dolly Varden (Alaska Department of Fish and Game 1993).

There are no named lakes in this watershed. The lower 9% of this
watershed outside the refuge is part of the Gray Cliffs subdivision.
This land was sold by the Kenal Peninsula Borough in the early 1980's to
private individuals for homesites. Like Seven Egp Creek, this watershed
will probably experience Increased use as the area develops and access
improves.

Scaup Creek

This watershed drains 49 km® (19 mi®) of lowland forest inte Cook Inlet
(Figure 2). Scaup Lake is the only named lake in the watershed.
Heither the lake nor the stream have been surveyed. Anadromous fish
have not been reported in Scaup Creek. Rainbow trout may occur in this
wartershed, but this has not been verified. The lower portion of this
creek drains part of the Gray Cliffs Subdivision which is off-refuge.

Miller Creek
This small watershed of 28 km® (11 mi?) drains z lowland forested

portion of the Kenai Refuge into Cook Imlet (Figure 2. Sixty-nine
percent of the watershed is on the refuge. Three of the four named
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lakes in the watershed have been surveyed. Rainbow trout have been
found in every lake sampled, but little is known of fish populations
occurring in Miller Creek itself (U.5. Fish and Wildlife Service,
unpublished data).

Chickaloon River

The Chickalcon Riwver is the third largest watershed on the Kenai Refuge.
The river drains 798 km® (308 mi?) along the western slope of the Kenai
Mountains and a pertion of the Kenai Lowlands inte Turnagain Arm (Figure
2). Access is difficult in this watershed. As a result, not much was
known about its fishery resources until 1984 when an investigation was
iniciared by the Service.

The Chickaloon River supports populations of pink, chineok, sockeye, and
coho salmon. Pink salmon escapement in the Chickaloon River during 1984
was estimated at 100,000 fish (Faurot et al. In prepararcion). Chinook
gnd sockeye salmon escapements into the Chickaloon River during 1985
were estimated at 3,000-3,000 and 4,000-6,000 fish, respectively. No
escapement estimate was cbtained for coho salmon, howewver, the return in
1984 appeared much stronger than the 1985 escapement.

Ten other fish species were documented in the Chickalcon watershed
during cthe 1984-1985 surveys. Threespine stickleback was the most
common resident species. Arctic lamprey, coastrange sculpin, ninespine
stickleback, and starry flounder were found exclusively in the lower
river. Rainbow trout and Dolly Varden were found throughout the river
and in several lakes in the watershed. The ten named lakes in the
watershed also support populations of lake trout, round whitefish,
longnose sucker, threespine stickleback, and slimy sculpin.

Big and Little Indian Creeks

Big and Little Indian creeks drain mountainous watersheds on the west
side of the Kenai Mountains into Chickaloon Bay, a part of Turnagain Arm
(Figure 2). Big Indian Creek has spawning populations of chinocok, pink,
sockeye, and coho salmon. Little Indian Creek supports cohe and pink
gsalmon (Alaska Department of Fish and Game 1993). These populations
have-not been studied, so little is known of run size or timing. The
resident fish populations of these streams remain unknowm.

Pincher Creek

Pincher Creek is 13 km (8 mi) long and drains a lowland watershed of 84
km® (33 mi%) into Chickaloon Bay of Turnagain Arm (Figure 2). Fish
species found in this watershed include coho salmon, Dolly Varden,
rainbow trout, and threespine and ninespine stickleback. Three of the
four named lakes in this watershed have been surveyed. Twe Island Lake
is the only surveyed lake which supports sport fish pepulations (U.S.
Fish and Wildlife Service, unpublished data).
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Bedlam Creek

Bedlam Creek drains 39 km® (15 mi®) of lowland forest habitat inte
Turnagain Arm (Figure 2). This stream is 10 km {6 mi) long and has not
been surveyed. Five lakes are in the watershed and all have been
surveyed. Bedlam and Mull lakes support populations of rainmbow trout
and kokanee. Bedlam Lake supported coho salmon when surveyed in 1964,
but this species was not found when the lake was resurveyed in 1972 or
in 1983 (U.S5. Fish and Wildlife Service, unpublished data). Ocean
access to the lake may be blocked, restricting movement into the lake.

Dipper Creek

This creek drains 28 km® (11 mi®) of forested lowland habitat into
Turnagain Arm (Figure 2). The stream has not been surveyed. Tangerra
Lake, one of three named lakes in the watershed, was surveyed in 1984
and supports a rainbow trout population (U.S. Fish and Wildlife Service,
unpublished data}).

Fox River

The Fox Riwver originates in the Kenai Mountains at the base of Chernof
Glacier and empties into Kachemak Bay approximately 32 km (20 mi)
northeast of Homer (Figure 2). The watershed covers approximately 482
km® (186 mi?), 79% of which lies within the refuge boundaries.
Approximately 78 km® (30 mi?) of the watershed are glaciated, resulting
in high suspended sediment and bedload during the spring, summer, and
fall months. Clearwater Slough and Clay Creek, both clear water
streams, are the largest tributaries to the Fox River, draining
watersheds of 49 km® (19 mi®) and 59 kn® (23 mi®), respectively. Windy
Lake is the largest (17 hectares [42 acres]) of three lakes in the
drainage (Faurot and Palmer 1992).

Eleven fish species have been identified in the Fox River watershed
ineluding five species of Pacifie salmon, Delly Varden, eulachon,
threespine and ninespine stickleback, and coastrange and slimy sculpin.
A survey conducted by the Service during 1985 and 1986 (Faurot and
Palmer 1992} found coho salmon were the most abundant and widely
distributed salmon species in the drainage. Adult coho salmon return to
the Fox Riwver starting in August and spawn primarily in Clearwater
Slough, Clay Creek, and the mainstem Fox River. Other salmon species
return to the Fox River during July and early August. Escapement
estimates for Clearwater Slough and Clay Creek based on spawner counts
in 1986 were 3,554 ccho salmon, 2,084 sockeye salmon, and 325 chum
salmon. Approximately 200 pink salmon and six chinoock salmen were
observed spawning in Clearwater Slough during 19835.

Clearwater Slough provides sport fishing for coho and sockeye salmon and
Dolly Varden. An angler survey in 1985 (Faurot and Palmer 1992) found
that the majority of angling effort was focused toward coho salmon.
However, some anglers fished for sockeye salmon during July and Dolly
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Varden were targeted when salmon fishing was slow. Anglers reported
catch rates of 0.2-1.1 sockeye salmon and 1.0-4.3 coho salmon per hour.

Sheep Creek

Sheep Creek originates from Glacier Lake, whiech lies at the base of
Dinglestadt Glacier, and flows 24 km (15.1 mi) to Kachemak Bay (Figure
2). Glaciers make up nearly 36% of the 337 km? (130 mi?) watershed.
Glacially turbid discharges have created an unstable braided channel.
Sheep Creek shares a common delta with the Fox and Bradley rivers.

Sheep Cresk supports populations of cocheo and pink salmon and Delly
Varden (Alaska Department of Fish and Game 1993). Little is known about
the run size or timing of these populations, however, glacial conditions
found in this watershed probably limit the amount of spawning and
rearing habitat avallable to salmon ahd char.

Sheep Creek and the Fox River may experience increased human activity im
the future associated with the Bradley River hydroelectriec project (U.S.
Army Corps of Engineers 1982). Since the lower reaches of these
watersheds are off the refuge, developments may occur which could alter
the present aguatic environment.

Martin River

_ The Martin River originates at the Dixen Glacier and flows north into
Kachemak Bay (Figure 2). This stream drains a watershed of 41 km? (16
mi?), but only 4l% of the watershed is on the Kenai Refuge. The refuge

portion of the watershed Includes three headwater tributaries and a
small unnamed lake. The Martin River is listed as supporting chum and
sockeye salmon and Dolly Varden (Alaska Department of Fish and Game
1993).
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SECTION 4. HUMAN USES AND MANAGEMENT HISTORY

The fishery resources of the Kenai Refuge play a2 major role in the
regional economy and culture of the Kenai Peninsula. This section of
the Fishery Plan describes that role, how fishery resources were used in
the past, how they are used today, and the kinds of uses that can be
anticipated in the future. A summary of fishery management activities
carried out on the Kenai Refuge over the past 30 years is presented in
Table 5. The primary focus of past management activities has been to
provide fishery resources for various human and wildlife uses while
maintaining healthy fish populations. This goal will continue to be the
primary focus of future management activities on the Kenai Refuge.

All commercial, subsistence, and sport fisheries which harvest fish of
refuge origin are regulated by the Alaska Board of Fisheries.
Commercial and subsistence fisheries are managed by the Department’s
Commercial Fisheries Management and Development Division and sport
fisheries are managed by the Department’s Division of Sport Fish.
Guidelines for management are provided by several management plans
enacted by the Alaska Board of Fisheries.

Commercial Fisheries

Records of commercial fishing in Cook Inlet date back to 1882. Since
then many gear types, including fish traps, gill nets, and seines have
been used with varying degrees of success to harvest salmon. Currently,
commercial fishing gear is restricted to set and drift gill nets in the
Upper Cook Inlet Management Area (Central and Northern distriets) north
of the latitude of Anchor Point wicth the exception of a seine fishery in
Chinitna Bay (Figure 3). Purse seines and set gill nets are used to
harvest salmon in the Lower Cook Inlet Management Area (Southern,
Kamishak, Barren Islands, Outer, and Eastern districts) south of Anchor
Point (Figure 4).

Salmon harvested in the Lower Cook Inlet Management Area account for
approximately 25% of the commercial salmon harvest in Cook Inlet. FPink
salmon are the dominant species harvesced and account for 77% of the
total salmon harvest (Bucher and Hammarstrom 1993). Few salmon
harvested in Lower Cook Inlet are of refuge origin.

The Upper Cook Inlet Management Area generally accounts for 75% of the
commercial salmon harvest in Cook Inlet. Sockeye, coho, chum, pink, and
chinook salmon are harvested in that order of economic importance
{Buesch and Fox 1994). Many of the salmon commercially harvested in
Upper Coock Inlet are of refuge origin.

The commercial harvest of sockeye salmon in Upper Cook Inlet has
increased substantially in the last 25 years (Table 6). Annual catches
in the early 1970's were less than 1 milliom fish. Since 1976 sockeye
stocks have rebounded from 2 combination of milder winters, reduced
offshore harvest, various enhancement programs, and improved management

of escapements. Average annual commereial harvest from 1976 through
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Table 5.-Summary of fishery management activities carried out on the Kenai
National Wildlife Refuge, Alaska.

River/lake Management activicy Chronology Agency
Kenai River Chinocok salmon stock
assessment and harvest 1993 - present Department
Coho salmon stock assessment
and harvest 1992 - present Department

Assessment of cumulative
impacts of development and

human uses on fish habicac 1992 - 1993 Department
Chinook salmon hook and release
mortality study 1989 - 1991 Department
Coho salmon run timing and
spawning disctribucion study 1988 - 1989 Service
Rainbow trout population
dynamics study 1986 - 1987 Department
Rearing/habitat utilization
studies on juvenile salmon 1986 - 1988 Department
1979 - 1981 Service
Chinook sazlmon spawning
disctribution study 1979 - 1981 Service
Coho salmon creel survey 1975 - 1992 Department
Chinook salmon creel survey 1975 - 1991 Department
Beaver Creek Juvenile fish study 1982 - 1984 Service
Slikok Creek Salmon escapement Surveys 1991 - present Department
Juvenile fish study 1982 - 1984 Service
Moose River Coho salmon smolt monitoring 1992 - present Department
Anadromous and resident fish
investigation 1985 - 1986 Service
Killey River Chinook salmon counting weir 1981 Service
Hidden Creek and Creel survey 1992 - 1994 Service
Hidden Lake Coho salmon smolt monitoring 1992 - 1993 Department
Sockeye salmon dipnet fishery 1991 Department
& Service
Lake trout age, weight,
length study 1587 Department
Sockeye salmon stocking 1977 - present Department
& CIAaa®
Sockeye salmon egg take 197