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A study of the distribution, relative abundance and diet of

fishes sympatric with juvenile sockeye salmon, Oncorhynchus nerka

(Walbaum), within the freshwater nursery areas of the Naknek River

system was undertaken from 1961 to 1963. The study was part of an

extensive investigation to determine what factors in the freshwater

environment were limiting the size of the populations of sockeye

salmon returning to the rivers of Bristol Bay, Alaska.

The speties found associated with juvenile salmon in the lim-

netic zones of the Naknek system were the pond smelt, Hypomesus

olidus (Pallas); the least cisco, Coregonus sardinella Valenciennes;

the threespine stickleback, Gasterosteus aculeatus Linnaeus; and

the ninespine stickleback, Pungitius pungitius (Linnaeus). Life



history information was collected for these sympatric species.

Tow nets were used to capture samples of fish from the lim-

netic portions of the nursery areas. Some samples were collected

by beach seines, lake traps and otter trawls. Plankton samples

were collected and compared to the diets of the limnetic fishes.

Although some confusion has existed in the literature, I con-

cluded that pond smelt of the Naknek system belong to Hypomesus

olidus (Pallas). The populations of smelt were comprised of six

age-groups in the late summer, but most specimens belonged to

three age-groups. Most members of the species spawn in the spring

of the fourth year of life. The estimated fecundity ranged from 900

to 4,300 eggs per female.

Seven age-groups of least ciscoes were present in the popula-

tions of the Naknek system. The species in the Naknek system

probably spawned for the first time in the fall of their fourth year.

The estimated fecundity of two specimens was 4,006 and 14,380

eggs. Populations of three spine stickleback were comprised of three

age-groups of fish. I was unable to assign ages to ninespine stickle-

back. Estimates of the fecundity of the species ranged from 116 to

456 eggs per female.

All species studied were distributed throughout the Naknek

system. The relative abundance of the fishes studied was variable

between and within nursery areas and from year to year. The



population densities of pond smelt and threespine stickleback were

larger in the surface waters compared to the deep waters. The

relative abundance of sockeye fry, yearlings and ninespine stickle-

back was greater in the surface stratum rather than the deep stratum

in most nursery areas.

The five main food items utilized by these limnetic species

were cladocerans (Bosmina sp. and Daphnia sp.); copepods (cyclo-

poid copepods and Diaptomus sp.); and Dipteran insects. Analysis

of the similarity of diets indicated that the diets of sockeye fry and

pond smelt were more similar than were the diets of sockeye fry or

yearlings and any other sympatric species. The diet of sockeye fry

was more similar to that of either species of stickleback than was the

diet of sockeye yearlings.

An analysis of the food of various sizes of each species of fish

indicated the diets of three age-groups of smelt were more similar

than the diets of various age-groups of any other fish. The food

composition of three age-groups of ciscoes and two size groups of

both species of stickleback showed a strong positive correlation.

The diets of sockeye fry and yearlings showed the weakest positive

correlation of the species studied.

All species of fish studied selectively fed on one or more

components of the zooplankton. Daphnia sp. and cyclopoid copepods

were strongly selected in Lake Coville. Cyclopoids were selected in



South Bay. Bosmina sp. was selected from the waters of West End.

In Lake Coville, the greatest potential competition for food

probably existed between the large populations of pond smelt and

sockeye fry. In the West End nursery area, potential competition

between juvenile salmon and both species of stickleback may not be

severe, depending on the age composition of the salmon population

present in the nursery area.

The possibility exists that the relatively low numbers of adult

sockeye salmon returning to the comparatively rich lakes of the

Naknek River system is due to the presence of large populations of

sympatric species of fish. Each of these sympatric species feed on

the same general types of food organisms as do the juvenile salmon

and may affect the numbers of young salmon that leave the lake, and

subsequently return from the ocean.
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SOME ASPECTS OF THE COMPARATIVE ECOLOGY
OF FISHES ASSOCIATED WITH JUVENILE SOCKEYE

SALMON, ONCORHYNCHUS NERKA (WALBAUM),
IN THE LAKES OF THE NAKNEK RIVER SYSTEM,

ALASKA

INTRODUCTION

The Problem

In the spring of 1961, the United States Bureau of Commercial

Fisheries initiated an extensive research program on sockeye salm-

on, Oncorhynchus nerka (Walbaum). The objective of these studies

was to identify the factors limiting the size of sockeye salmon popu-

lations in various river systems of Bristol Bay, Alaska (Harry

et al. , 1964). One segment of the investigation was to study the

ecology of the juvenile salmon during residence in the nursery areas

of the Naknek River system of Bristol Bay.

The life history and ecology of fishes associated with juvenile

salmon should be considered to adequately understand the limiting

factors effecting the size of the sockeye populations in the Naknek

system. Four species of fish were associated with juvenile sockeye

in the limnetic zones of six nursery areas of the Naknek system.

These species were the pond smelt, Hypomesus olidus (Pallas); the

least cisco, Coregonus sardinella. Valenciennes; the threespine

stickleback, Gasterosteus aculeatus Linnaeus; and the ninespine
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stickleback, Pungitius pungitius (Linnaeus). General life history

information was obtained for the sympatric species. Data on the

distribution, relative abundance, and diet of these fishes and

juvenile sockeye were collected from 1961-1963. The results of

these field studies are presented in this thesis.

The life history of the sockeye salmon is unique among the

Pacific salmon in that the young usually reside in a lacustrine en-

vironment for one to three years before migrating to sea. Substan-

tial mortality occurs during lake residency. Johnson (1965) re-

viewed the life history of sockeye salmon throughout its range, and

Groot (1965) summarized the life history of the species in the Skeena

River system of British Columbia.

Early investigations of the ecology of juvenile sockeye salmon

were restricted by the lack of a method to obtain adequate samples

of specimens from the limnetic portions of freshwater rearing areas

(Johnson, 1956). In 1954, however, a 1-m tow net was developed at

Lake Lake lse and subsequently used at other lakes in British

Columbia to study the distribution and abundance of juvenile salmon

(Johnson, 1956, 1958). Burgner (1958) successfully used a 3. 1 -m

tow net to capture young sockeyes in the Wood River system of

Bristol Bay.

Interspecific competition between juvenile sockeye and sym-

patric fishes will depend on the species composition within any
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rearing area (Burgner, 1960). Some studies of the ecology of

juvenile sockeye during lacustrine residence have been conducted in

systems where no other fish species were closely associated with

the salmon. Ricker (1937) reported that although there were other

fishes in Cultus Lake, British Columbia, that feed upon plankton,

none appear to be serious competitors of sockeye during the summer

season of rapid growth. Other species of fish were not found close-

ly associated with juvenile sockeye in Lake Lake lse, Babine Lake

and other lakes in the Skeena system of British Columbia during the

summer growing season (Canada, Fisheries Research Board, 1956,

1958; Johnson, 1956, 1958). Sampling in Long Lake, the nursery

area of Smith Inlet, British Columbia, however, revealed a large

population of threespine stickleback associated with juvenile sockeye

salmon (Canada, Fisheries Research Board, 1958). Threespine

stickleback were found to be the main food competitors of young

sockeye in a study by Ruggles (1965) on Owikeno Lake, British

Columbia.

In most Alaskan lakes studied to date, the principal species

associated with juvenile sockeye in the nursery areas was the three-

spine stickleback. The food habits of this species and sockeye fry

were similar in Karluk Lake (Greenbank and Nelson, 1959), although

no specific conclusion on food competition was reached. The Wood

River lakes in Bristol Bay also contain large numbers of threespine
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stickleback (Burgner, 1960). This species and young sockeye fed

on similar planktonic crustaceans and were distributed in a similar

onshore-offshore pattern throughout the growing season, according

to Rogers (1961) and Burgner (1964). Competition between these

two species, though difficult to prove, was suspected by these

authors.

The threespine stickleback is the primary food competitor of

sockeye salmon in Lake Iliamna in Bristol Bay (Kerns, 1965, 1966).

In Lake Clark, a nursery area tributary to Lake Iliamna, the least

cisco was the most abundant plankton feeder associated with the

juvenile sockeye (Kerns, 1965, 1966). Black Lake, a nursery area

in the Chignik system on the Alaska Peninsula, contains large num-

bers of pond smelt, threespine and ninespine stickleback and sock-

eye salmon. Narver and Dahlberg (1965) reported growth in these

species was suppressed as the total population density increased,

suggesting interspecific interaction.

Three spine stickleback appear to be the principle food compe-

titor of young sockeye in the lakes of the Kamchatka Peninsula

(Krogius, 1951; Krogius and Krokhin, 1956a; Krokhin, 1957).

Russian workers also reported that the ninespine stickleback, al-

though living in the littoral zone, fed on the same cladocera as did

young salmon upon emergence from the gravel (Krogius and

Krokhin, 1948). Krogius and Krokhin (1956b) reported that smelt
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(probably pond smelt) inhabited the nursery waters of the Kamchatka

River system. These authors stated that in Azobachi Lake, smelt

and threespine stickleback competed with juvenile sockeye salmon.

Based on present information, the Naknek system is the only

sockeye rearing area in Bristol Bay that contains this combination

of salmon and sympatric species. An ecological study of these

lacustrine fishes may aid in the identification of the factors limiting

the abundance of salmon returning to the Naknek River system.

The Study Area

General Description

The Naknek River system is located at the base of the Alaska

Peninsula, about 260 air miles southwest of Anchorage, Alaska

(Figure 1). Much of the system is within Katmai National Monu-

ment. The climate is generally maritime, although continental air

masses occasionally cause temperature extremes. The Naknek

system is exposed to strong wind action from the Bering Sea and the

Aleutian Islands.

Detailed weather data are not available for the study area.

Annual precipitation probably ranges from 50 to 100 cm (20 to 40

inches), about half of which falls during the summer (Goldman,

1960; United States Department of Commerce, Weather Bureau,
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1961-1965). Average mean monthly air temperatures range from

about 9. 5°C in December and January to about 13°C in July and

August (United States Department of Commerce, Weather Bureau,

1961-1965).

The region has a complex geological history. The entire area

has been glaciated (Muller, 1953), and many active alpine glaciers

are still present in the Aleutian Range east of the lakes of the Naknek

system (Keller and Reiser, 19 5)). Volcanoes have been continuously

active in the eastern part of Katmai Monument. Deposition of vol-

canic ash has occurred often over much of the region (Griggs, 1922;

Eicher and Rounsefell, 1957). Additional information on the geo-

graphy and climate was presented by Cahalane (1959) and Goldman

(1960).

Naknek River System

The Naknek River system is composed of a chain of seven lakes

draining to Bristol Bay through the Naknek River (Figure 1). Murray,

Hammersly, Idavain and Brooks Lakes are not included in this study.

The lakes are glacial in origin, dating from Wisconsin times and

earlier (Muller, 1953; PgWg et al. , 1953; Karlstrom, 1957). Four

major glacial phases tentatively are recognized in the northern part

of the Alaska Peninsula (Muller, 1953). The last, composed of two

glacial advances, is dated in late Wisconsin times.
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A bathymetric map of Lake Coville, and Grosvenor and Naknek

Lakes is presented in Figure 2. Lake Coville is the shallowest and

receives most of its drainage from American Creek, which drains

Hammers ly Lake, mountain areas and high tundra areas.

Grosvenor Lake lies in a deep, glacial-scoured basin connected to

Lake Coville by a short inter-connecting stream, Coville River.

Grosvenor Lake receives water from Lake Coville and snowmelt and

runoff from mountain streams and Hardscrabble Creek. Iliuk Arm,

one of the basins of Naknek Lake, occupies a deep, glacier-scoured

basin. It receives drainage from Grosvenor Lake and from glacier

fields by way of the Savonoski River, from pumice and ash deposits

in the Valley of Ten Thousand Smokes through Ukak River, and from

mountain areas through Margot Creek. The heavy load of suspended

material from active glaciers and the Valley of Ten Thousand Smokes

increases the total dissolved solids and cation concentrations and

decreases the transparency of Iliuk Arm, and, to a lesser extent,

the adjacent South Bay of Naknek Lake. South Bay is shallow, and

receives water from Iliuk Arm and Brooks Lake. North Arm of

Naknek Lake lies in a deep, glacial-scoured basin, receiving water

through runoff and snow-melt mainly from wet tundra areas. North

Arm has a restricted association with South Bay. West End, the

remainder of Naknek Lake, is a shallow outwash plain, less than 15

m deep. It receives some water through snow-melt and runoff from
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(Map drawn by staff of the Bureau of Commerical Fisheries, Auke
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wet tundra areas.

Data on the morphometry, and some of the chemical and bio-

logical characteristics of the lakes of the Naknek system are listed

in Table 1. Examination of these data reveals the large differences

in the physical, chemical and biological characteristics that are

found between and within the lakes of the Naknek system. Many of

these differences, especially chemical, probably are due to differ-

ences in drainage patterns of each lake or portions of a lake.

Thermal stratification is not well developed in the lakes of the

Naknek system during the summer (Heard and Hartman, 1966).

Strong wind action and lake morphometry primarily are responsible

for lack of thermal stability. Lakes of the Naknek system usually

freeze over in December and are clear of ice by mid-May. Iliuk

Arm often does not freeze over, probably because of its great depth

and turbidity (Heard and Hartman, 1966). Oxygen concentrations

generally range from 95 to 102 percent saturation at all depths. 1

In summary, Lake Coville is a relatively shallow, warm rear-

ing area having the greatest primary productivity of any rearing area

of the Naknek system. Grosvenor Lake is a fairly deep, clear lake

and is intermediate in primary productivity. Iliuk Arm is very

1 Personal communication, Wilbur L. Hartman, May 25, 1967,
Bureau of Commercial Fisheries, Biological Laboratory, Auke Bay,
Alaska.



Table 1. Some physical, chemical and biological characteristics of the rearing areas of the Naknek River system, Alaska. 1' 2

Lake
Or

Area

Area

2
km

Max
depth

m

Mean
depth

m

TDS

mg/1

Total
alkal.
mg/1

Na

mg/1

K

mg/1

Mg Ca

mg/1 mg/1

Si

mg/1

Secchi
disc

m

Highest-
x temp3

o
C

Carbon fixation

mgC/n
12 3

mgC /m

Lake Coville 33.4 53 19 51.6 25. 38 3.18 0.46 1.21 7.79 9.0 5.4 15.6 99 5.9

Grosvenor Lake 73.2 107 50 53.5 25.42 2.98 0.47 1.89 6.90 7.7 8.4 14.5 61 2.9

Iliuk Arm 93.6 173 96 145.0 27.00 11.00 1.00 6.00 14.00 11.0 O. 9 11.0 39 2.9

South Bay 31.7 71 27 139.5 28.54 10.40 1.16 4.16 18.16 9.3 4.4 13.4 59 3.4

North Arm 181.5 167 63

West End 301.8a 31 12

1
These data were supplied by Wilbur L. Hartman, Project Supervisor, Bureau of Commercial Fisheries, Biological Laboratory, Auke Bay, Alaska.

2
Chemical and biological data are for the periods of June - September, 1961-1964, and are averages for the primary limnology station in each lake
or area.

3
Average temperature in the 0-10 m stratum.

a
Data for West End were calculated by the author from data provided by Wilbur L. Hartman and from data of Harry et al. (1964).
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turbid, deep and cold. The nutrient content of Iliuk Arm is rela-

tively high, but primary productivity quite low. South Bay is a fairly

shallow area having an intermediate temperature, and a high concen-

tration of nutrients. Primary productivity is intermediate in rela-

tion to other lakes and basins of the system. North Arm is a very

deep, clear, cold rearing area, intermediate in nutrients and pri-

mary productivity. It is similar to Grosvenor Lake chemically and

biologically. West End is the shallowest rearing area and quite

warm. It is intermediate in nutrients but high in primary producti-
2vity.

The information presented above illustrates the fact that rear-

ing areas of the Naknek River system differ considerably from each

other. Harry et al. (1964) state that the Naknek system is com-

prised of a variety of basin forms and drainage patterns, and that

physically and chemically,the entire range of nursery lake types

found along the Alaska Peninsula are present in this one river sys-

tem.

Streams of the Naknek system are grouped into three cate-

gories (United States Department of the Interior, 1961); terminal

streams (American Creek), lateral tributary streams (Hardscrabble,

2General information concerning North Arm and West End from
personal communication, Wilbur L. Hartman, September 8, 1967.
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Margot, Bay-of-Islands Creeks, and many other small streams),

and interconnecting streams (Coville, Grosvenor, Savonoski and

Brooks Rivers). Water levels of the Naknek system usually are

minimal during the winter and spring due to cold air temperatures, and

are maximal during the summer, due to snow-melt and glacial run-

off (Harry et al. , 1964).

The Naknek River system is one of the most important of the

Bristol Bay complex. The escapement has exceeded 2 million sock-

eye salmon in some years (Straty, 1966). The estimated escapement

of sockeye to the spawning grounds in 1960 was 828,000; in 1961,

351,000; in 1962., 723, 000; and 905,000 in 1963 (Ellis and Hartman,

1967). Earlier escapement records are on file at the Biological

Laboratory, Auke Bay, Alaska.
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METHODS AND MATERIALS

Sampling of Fish Populations

Tow nets, beach seines, lake traps and otter trawls were used

to collect fishes in the Naknek system. Small specimens occasional-

ly were collected by hand dip nets. A few collections were made

with a 1-m tow net described by Johnson (1956). Experimental, fine-

mesh gill nets (Heard, 1962) and commercial salmon gill nets were

utilized infrequently to collect certain species of fish.

Tow nets, the main type of gear used in the study, were de-

scribed by Burgner (1958). The net was 8.2 m long and had an

opening 3.1 m in diameter (Figures 3 and 4). A 7. 6 -cm ring was

attached to each bridle and a large bullsnap to the end of each tow

cable. This facilitated easy attachment of the tow net to the towing

cable.

The nets were towed between two skiffs powered by 40-hp out-

board motors. Tow lines were 0.32-cm stainless steel aircraft

towing cable. The nets were retrieved by a gasoline powered winch

mounted in each tow skiff (Figure 5). A large rubber buoy was

attached to the top of the front hoop. The buoy maintained the net at

the desired depth. The approximate positions of the skiffs and tow

net before, during and after a tow are shown in Figure 6.

Tow netting was conducted in the limnetic areas of the lakes,
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Figure 3. Diagram of the 3. 1-m tow net used in sampling fishes in the lin-mete areas of lakes of the Naknek River 'system,
Alaska, 1961. -1963.
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Figure 4. An illustration of the 3.1-m tow net.

Figure 5. An illustration of the winch
mounted in each tow boat.
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A.

C.

Figure 6. Position of the boats and tow net: A. before a tow; B.
during a tow; and C. after a tow, while obtaining the
catch.
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generally during the hours of darkness. Daytime towing in most

areas, except Iliuk Arm, was unproductive. After initial experi-

mental towing in 1961, two depths were sampled, surface, 0-3.1 m

and deep, 3.1-6.2 m. Several procedures were used to regulate the

depth of tow. During surface tows, 31 m of cable was paid out with

no weights and the rubber float was attached directly to the 3. 1 -m

hoop. To tow deep, 69 m of towcable was used, a 7. 5 -kg trolling

weight was attached to the 7. 6-cm ring on each bridle, and the rub-

ber float was attached 3.1 m from the top of the large hoop.

In 1961, a 458-m course was established and the average time

to tow the net over the course determined. The average time to tow

458 m was six minutes and 15 seconds (range = six minutes to six

minutes 42 seconds; n = 10). With additional cable and weights,

the average time to cover the course for deep tows was six minutes

45 seconds. The speed of the net was calculated to range from 1.13

to 1.22 m/sec.

A standard tow was defined as one tow, at either depth, 458 m

in length. Occasionally in 1961 surface and deep tows were shorter,

necessitating proportionate adjustments of the catch data.

In 1962 and 1963 a standard series of tows was made in most

towing areas. A standard series of tows was four tows; a surface

tow, two deep tows, and a surface tow in that order. This procedure

resulted in a more systematic sampling of the two depths. Two
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areas were so shallow that only surface tows were made.

In 1961 each lake was divided into towing areas to aid in an

attempt to equalize towing effort throughout the system and to better

locate the sections of the lakes sampled (Figure 7). Boundaries

were established with the aid of a topographic map and were identifi-

able in the field by prominent landmarks such as bays, islands,

mountains and headlands. Rearing areas and basins that were eco-

logically different were recognized and then divided into towing or

sampling areas. Thus, Lake Coville, an ecological rearing area,

was divided into two towing areas. South Bay and West End were

considered ecologically different (see Table 1, page 11 and page 12)

and were divided into three and four towing areas, respectively.

Throughout the remainder of this paper, Naknek Lake will be

referred to by the four areas, Iliuk Arm (N-13, 14 and 15), South

Bay (N-6, 9 and 11), North Arm (N-5, 7, 8, 10 and 12), and West

End (N-1 through 4).

Beach seines were used to collect fishes from the shallow

shorelines of the rearing areas. The large seines (32.8 or 42.6 m

long, 3.1 m deep, 3 mm to 12 mm webbing) were set in a semicircle

from shore with a skiff and outboard motor. The small seine (3. 1

or 6.1 m long, 1 m deep, 3mm webbing) was set by hand.

Burgner (1962a) described the construction and use of a lake

trap similar to those used in this study. The traps used in this study



Figure 7. The towing or sampling areas of the lakes of the Naknek River system.
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usually were floated offshore with a 31-m lead net. One sample was

collected with the trap anchored on the bottom of South Bay.

The otter trawl used was described by Heard and Hartman

(1966). Dragging time varied from about eight to 15 minutes, the

length of drag ranging from 325 to 1,000 m. The trawls were re-

trieved with the winch described above.

Sampling of Zooplankton

In 1961, plankton samples were collected in conjunction with

some tow net sampling. Immediately after a few surface tows or

series of surface tows were completed, a horizontal quantitative

plankton haul was made through the area towed. The hauls were

made with a Clark-Bumpus plankton sampler (No. 12 net) towed at

from 0-2 m in depth. The samples were placed in bottles with plas-

tic lids and preserved in a 3.7 percent solution of formaldehyde

( = 10 percent formalin) in the field.

Field Treatment of Collections

Nearly all collections, except those containing large numbers

of fishes, were immediately preserved in the field in 10 percent

formalin. A subsample of the large catches was preserved and used

as a proportionate basis to estimate total catch. One collection of

pond smelt was measured live and then placed in a 30 percent
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solution of isopropyl alcohol. Samples were processed at camp no

sooner than 48 hours nor longer than 14 days after collection. Fork

length (FL) to the nearest larger millimeter was taken. In 1961,

the intestinal tract was removed from many specimens, labeled

and preserved for later analysis. Scales were collected from sock-

eye salmon and least ciscoes, and mounted between two glass slides

(Rounsefell and Everhart, 1953; p. 325). Fishes to be aged by oto-

liths were placed in a 30 percent solution of isopropyl alcohol.

Two samples of pond smelt were collected and used for a

morphological study of the species. One sample of 24 specimens

was selected from a collection taken by tow net from Lake Coville

on August 1, 1963. Six additional specimens were collected from

West End, Naknek Lake on July 19, 1963 in the same manner. Both

collections were preserved in 10 percent formalin.

Laboratory Analysis

Methods of Morphometric Counts and Measurements

The methods of morphometric counts and measurements of

Hamada (1957, 1961) and McAllister (1963) were used for pond

smelt because comparisons with their results were required. The

methods generally followed those suggested by Hubbs and Lag ler

(1958), including all counts and snout length, interorbital width,
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maxillary or length of upper jaw and head length. The orbit dia-

meter was taken as the distance between the fleshy rims of the orbit

parallel to the vertebrae. The adipose base was the length of that

portion of the fin adnate to the body.

A dissecting microscope was used when making the counts.

Vertebral counts were made from x-rays of the specimens. Mea-

surements were taken with a pair of dividers and recorded to the

nearest 0. 5 mm. All specimens of pond smelt studied were deposited

in the fish collection of the Department of Fisheries and Wildlife,

Oregon State University, Catalog numbers 2361 and 2362.

Age Determination

The age of fish was determined in order to analyze stomach

contents by age-groups and to obtain additional life history informa-

tion on pond smelt and the least cisco.

Hamada (1953) reported that the scales of pond smelt do not

always show a definite annual ring. He later concluded that the scale

was not an adequate criterion for age determination in this species

(Hamada, 1961). Scales from pond smelt taken from the Naknek

system were found difficult to use for age determination. Therefore,

pond smelt were aged by examination of otoliths. The largest oto-

liths, the sagittae, were taken and either mounted permanently on

black plastic cards in Hyrax mounting media (see Kim, 1963) or
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placed directly into xylene and read immediately. All otoliths were

examined with the aid of a binocular microscope and reflected light.

Two independent readings were made in each case. A few otoliths

which could not be readily aged because they did not clear were dis-

carded.

Least ciscoes were aged by analysis of scales. The scales

were mounted between two glass slides, bound with masking tape and

then read with the aid of an Eberbach viewer. Only one combined

sample of threespine and ninespine sticklebacks was preserved in

alcohol for aging by otoliths. Extracting and mounting procedures

were the same as those described above for pond smelt. All scales

collected from juvenile sockeye salmon were aged by personnel of

the Biological Laboratory at Auke Bay.

Zooplankton Counts

The method proposed by Frolander (1955) was followed in

enumerating zooplankton samples. The sample was transferred to a

graduated container and the volume of zooplankton settling after five

minutes was recorded. The settled volume was then multiplied by a

factor of about five, depending on the "pureness" of the sample, and

the water level in the graduated container adjusted to this volume.

From this diluted volume, a 1-cc aliquot was taken randomly with a

Stempel pipette and transferred to a petri dish. A total count of this
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1-cc subsample was made and all the organisms were identified to

genus, except immature stages of copepods and cyclopoid copepods.

The numbers obtained in the count were multiplied by the diluted

volume to estimate the numbers of each taxon in the entire sample.

Frolander (1955) presented statistical evidence that about 400

individuals should be counted from the 1-cc subsample before the re-

sulting estimates of each group in the original sample are valid.

That is one of the reasons why the settling volume was diluted by a

factor of about five.

Analysis of Stomach Contents

Three time periods, based on the findings of Ellis (1963),were

established to facilitate analysis of seasonal changes in population

density and food of the five species of fish investigated. The time

periods and designations used were: time period 1, July 1-25; time

period 2, July 26-August 15; and time period 3, August 16 to

September 6.

Specimens sampled for stomach contents were separated by

species, rearing area, time period, method of collection and year.

Specimens in the resulting groups were then assigned to an age-

group in the following manner. The fish were measured and the

length frequency compared to age-length data tabulated earlier.

Individuals having a length in the overlap zone between two
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age-groups were discarded. Thus, the remaining specimens could

be assigned to age-groups with a high degree of confidence. Age-

groups were not assigned to some samples of three and ninespine

sticklebacks because of considerable overlap in the length of some

age-groups. In these instances stickleback were divided arbitrarily

into two length groups, "small" and "large".

If the resulting groups of fish contained 30 or less specimens,

all were used for stomach analysis. If any group of fish had 31 or

more individuals, 30 were selected by a table of random numbers.

The contents from only the cardiac portion of the stomach

were analyzed as I believed identification of the food items in this

section would be easier and more accurate than if contents of the

entire stomach were taken. Contents from the stomachs of each

group of fish were teased apart with probes and placed in small jars.

Most crustaceans were identified to genus and all insects to order.

Numbers of food items were estimated in the manner described above

for plankton counts.

From five to 100 individuals of the common taxa represented

in the stomach contents were vaccum dried a standard length of time

and then weighed to the nearest mg. Average wet weights were then

calculated for each of the common food items. Units of bulk were

assigned to each food item on the basis of wet weight. One unit was

equivalent to approximately 0.01 mg. Units were assigned to each
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of the uncommon food organisms by comparing their size and shape

to the other forms.

Stomach contents of the five species of fish were compared by

percent composition of bulk. This method generally is considered

more useful than numerical methods because it takes both numbers

and sizes of various food items into consideration (Hynes, 1950;

Maitland, 1965). Units of bulk were assigned to each food organism

in the manner described because other volume or weight methods

cannot be used when the food items are as small as cladocerans and

copepods. The method used in this study was similar to that devised

by Ricker (1937) and I considered it the most appropriate method to

use where large numbers of fish were grouped for study and indiviu-

al stomachs were not analyzed.

Additional Procedures

All lengths of sympatric species found in the literature and

cited in this thesis were converted to fork length. The conversions

were based on specimens taken from the Naknek River system during

the current study.

One sample of pond smelt collected on August 24, 1962 was

measured live before being preserved in alcohol. To make these

data comparable to preserved measurements, a measuring experi-

ment was conducted in 1963. A sample of pond smelt was measured
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live, preserved in formalin, and then remeasured two and four days

later. The length frequencies from the sample measured live in

1962 were adjusted to preserved lengths.

Ovaries from smelt were removed to determine the age at

spawning and fecundity. The largest ovary, the left ovary, was

measured to the nearest 0.5 mm and weighed to the nearest mg.

Total counts were made of the eggs of both ovaries. Two distinct

sizes of eggs were found in pond smelt, so the average diameter of

eggs was determined from 19 specimens. One drop of eggs mixed

in a formalin solution was placed on a microscope depression slide.

The slide was put under an Eberbach viewer and the diameter of

five eggs magnified 80X was recorded. Fecundity of the cisco was

estimated by the volumetric method (Lag ler, 1956). The eggs of the

left ovary of the ninespine stickleback were counted and the count

doubled to estimate fecundity of the species.
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SYSTEMATICS AND LIFE HISTORIES OF SYMPATRIC SPECIES

Pond Smelt

The synonomy and systematics of the pond smelt, Hypomesus

olidus, were reviewed by McAllister (1963). The species was de-

scribed in 1811 by Pallas from specimens taken from rivers and

lakes of Kamchatka. There has been confusion between this species

and Hypomesus japonicus (Brevoort) in the taxonomic literature

(Hubbs, 1925; Hamada, 1954, 1961). Hamada (1957) described a

new species, H. sakhalinus Hamada, from Lake Taraika, Sakhalin.

The species differed from H. olidus mainly by the place of connec-

tion of the ductus pneumaticus to the air bladder. In olidus, the duct

connects to the anterior tip of the air bladder, whereas in sakhalinus

the connection is 1/4 to 1/5 of the length of the air bladder posterior

to the anterior tip of that organ.

In his revision of the family, McAllister (1963) concluded that

Hamada's H. sakhalinus = H. olidus of Pallas, and even though some

real records of H. olidus have resided under that name, most of

Hamada's H. olidus = a new species, Hypomesus transpacificus

nipponensis McAllister, 1963.

In view of McAllister's conclusions, and since he looked at

only one specimen of H. olidus from the Naknek system (12 other

specimens from the Bristol Bay area) I conducted a morphological
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study of pond smelt from the Naknek system. If the revision was

correct, the life history information of Japanese olidus of Hamada

may not be strictly applicable to olidus of the Naknek system.

A summary comparison of five counts and measurements and

one anatomical character from samples of H. olidus, H. transpaci-

ficus nipponensis and H. sakhalinus with a sample of olidus from the

Naknek system is presented in Table 2. The counts and measure-

ments of H. olidus from the present study generally agreed with

those of olidus of McAllister and of sakhalinus of Hamada. The posi-

tion of the connection of the ductus pneumaticus also was the same

in these three groups of smelt. There was agreement in the counts,

measurements and the one anatomical character of olidus of

Hamada and H. transpacificus nipponensis of McAllister.

Therefore, I conclude that McAllister's revision of this group

of smelt was correct. H. olidus can best be distinguished from all

other Hypomesus by the low number of pyloric caeca (0-3) and by

the attachment of the ductus pneumaticus behind the anterior tip of

the air bladder.

The distribution of H. olidus in North America, according to

McAllister (1963), is from the Copper River, Alaska, north to the

Kobuk River, Alaska. Populations also are present in the Peel

River, Yukon, and the MacKenzie River delta at Inervik, Canada.

In the Western Pacific, the species is distributed from Wonsan,



Table 2. Comparison of selected counts and measurements and one anatomical character between five groups of Hvpomesus.

COUNTS AND MEASUREMENTS

Species and source
No. of

fish
Pyloric
caeca

Gill
rakers Vertebrae

Snout length Adipose base Head length
Connection
of ductus

pneumaticusInterorb. width Orbit Max. length

H. olidus 2246 3-7 32-35
(33-34)a

52-59 1.0 2. 0 - 2. 8
(mainly 2.0
to 2.6)

Anterior
in part of Pallas 1814
From Hamada (1961)

U..s..pipponensis 72 4-7 29-36 55-58 1.0 - 1.3 0.6 - 0.7 Anterior
McAllister 1963
From McAllister (1963)

H. sakhalinus 19 0-3 30-33 53-56 0. 9 - 1. 3 2.4 - 3. 2 Posterior
Hamada 1957 (2) (31) (SS)
From Hamada (1957)

H. olidus 53 0-3 26-34 52-58 0.7 - 1.2 0. 9 - 1.2 Posterior
(Pallas) 1814
From McAllister (1963)

H. olidus 30 2-3 29-34 53-55 0.9 - 1. 1 0. 9 - 1.3 2. 4 - 3. 2 Posterior
(Pallas) 1814
From present study

(2) (31 -32) (SS) (mainly 2.8
to 3. 1)

a
Numbers in parentheses are modes.
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Korea, north to the Alazeya River, Siberia, including Hokkaido and

Sakhalin. An isolated population is found in Lake Krugloe, Yamale,

USSR, in the Kara Sea drainage (McAllister, 1963).

There are very few life history observations available on the

pond smelt from North American waters. Most authors discussed

the life history of H. olidus only in general terms (Wynne-Edwards,

1952; Slastenenko, 1958; McAllister, 1963). Biology of the pond

smelt of the Chignik River system was studied recently by Narver

(1966). He found that smelt spawned in late June in Black Lake.

Additional data from Russian and Japanese investigations indicated

that pond smelt spawn in April and early May and broadcasted demer-

sal, adhesive eggs. The maximum length ranged from about 90 to

170 mm in Russian waters (Berg, 1948 and Nikol'skii, 1954a). H.

olidus attained a length of about 140 mm in Japanese waters

(Hamada, 1961).

Length frequency distributions of 13 samples of pond smelt

taken from 1961 to 1963 are presented in Figures 8 and 9. All

smelt taken from Lake Coyille were collected by tow net unless

otherwise stated. Length frequencies from July samples generally

indicated the presence of two or more age-groups of smelt. One

age-group was centered near the 42 to 45-mm range while another

age-group appeared to be around the 62 to 65-mm range. There

was considerable overlap, however, in some years. These two
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age-groups seemed slightly smaller in 1961 than in either of the

following two years. A younger age-group of smelt appeared in the

samples taken in August and September. In the June, 1962 and 1963

samples,only one age-group was collected. These samples were

taken in the littoral areas of Lake Coville. During June, 1962, no

smelt were caught with the 1-m tow net.

Three of the four length frequencies of H. olidus from Iliuk

Arm suggested the presence of two age-groups of fish (Figure 9).

The early July sample did not reflect the true abundance of these

age-groups, because most of the smaller specimens were not pre-

served. Length frequencies of smelt taken by beach seine and tow

net on July 27 were nearly the same, indicating unbiased sampling

of smelt populations with these two types of gear. Catches from

Iliuk Arm contained the largest individuals. Beach seine samples

in early July included specimens 99 mm and 101 mm. One speci-

men 98 mm was collected by beach seine in late July. The maxi-

mum size of smelt taken from Lake Coville was 90 mm. Pond

smelt in the Naknek system appeared smaller than those reported

in Japanese or Russian waters.

Age determinations of pond smelt were based on examination

of otoliths. Photographs of the otoliths of smelt of age-group 0 and

age-group II are illustrated in Figure 10. Based on length fre-

quency data and analysis of otoliths, I concluded that the broad
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Figure 10. Photographs of the otoliths of two pond smelt. Left:
age-group 0, 35 mm, taken from Lake Coville,
August 24, 1962. Right: age-group II, 74 mm, taken
from Lake Coville, August 24, 1962.
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light-colored zones represented the summer period of fast growth.

Individuals were aged by counting the number of narrow dark bands

on the otolith,

The age-length relationships of four samples of smelt taken

from Lake Coville in 1962 and 1963 are presented in Figures 11 and

12. Six age-groups of fish were present in the 1962 sample. Age-

group 0 was composed of young-of-the-year H. olidus that were

present in tow net catches for the first time in late August. The

data for 1963 (Figure 12) showed overlap in the length of members

of age-groups I, II and III. The oldest pond smelt aged was in its

sixth year of life. In any one sample, however, most of the fish

were in the 0, I, II, or III age-groups. Very few individuals were

found in their fifth or sixth years of life.

These data generally are in agreement with life history data

of H. olidus of the Chignik system (Narver, 1966). Age-group I and

II smelt from Black Lake of the Chignik system averaged about 40

mm and 70 to 80 mm in length in late June, respectively, whereas

those from Lake Coville averaged about 45 and 60 mm, respective-

ly. Apparently growth of smelt in their second year of life was

suppressed in Lake Coville compared to growth of those in Black

Lake. Members of age-groups 0, I and II were found in most

samples of olidus from Black Lake. Pond smelt of age-group III

also were represented in samples from Lake Coville.
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An attempt was made to determine time of spawning, length

and age at spawning, and place of spawning of pond smelt in Lake

Coville. No direct observations nor collections were made of

spawning fish. Therefore, information from the literature and in-

direct evidence was used to draw conclusions on these segments of

the life history of H. olidus.

Other workers have stated that pond smelt spawn in the spring

of the year, during April, May and June (Berg, 1948; Nikol'skii,

1954a; Hamada, 1961; Narver, 1966). H. olidus probably spawns

at about the same time in the Naknek River system.

The length and weight of the largest of the two ovaries were

determined from each fish of a sample taken in late August of 1963

to estimate length and age at which pond smelt spawn. The rela-

tionship to body length failed to show clearly the length at which

olidus might be expected to spawn. The length of the largest ovary,

expressed as a percentage of the body length,was plotted against

body length but no relationship was apparent. Finally, the average

diameter (in mm magnified 80X) of a sample of eggs from each

ovary was measured and plotted against body length (Figure 13).

This relationship suggested that fish over 50 mm in length in late

summer probably will spawn in the following spring, but that most

fish 40 to 50 mm will not spawn at that time. Referring to the age-

length data (Figures 11 and 12), I concluded that most of the females
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in age-group I will not spawn the following spring. In general I be-

lieve that the larger individuals of age-group I will spawn each

spring as members of age-group II and that the smaller individuals

will not spawn for the first time until they are in their fourth year

of life. Only age-group II smelt and older spawned in Black Lake

(Narver, 1966).

Data on the distribution of various sizes of pond smelt in

Lake Coville in 1961 and 1963 are presented in Figures 14 and 15.

These data show that young-of-the-year smelt were much more

abundant in the upper half of Lake Coville than inthe lower half when

they first became large enough to enter the tow net catches. These

data suggest that smelt spawned somewhere in the upper half of the

lake.

The large eggs (those over 18 mm in diameter when magnified

80X) were counted to estimate the fecundity of pond smelt from Lake

Coville. The relationship of fecundity to body length is plotted in

Figure 16. The regression equation, 7 = -3532 - 95X was cal-

culated and the regression line drawn from this equation. The cor-

relation coefficient (r) was +0.97. I estimated the fecundity of H.

olidus to range from about 900 to 4,300 eggs per female, depending

on the size of the female. These estimates generally agree with

those of Nikol'skii (1954a). He reported that smelt from the lakes

of Sakhalin deposited from 1,179 to 3,836 eggs per female.
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Least Cisco

The problems involved in classifying whitefishes, subfamily

Coregoninae, and a review of the taxonomy were presented by

Lindsey (1962a) and McPhail (1966). Coregonus sardinella was first

described by Valenciennes in 1848 from specimens of the Irtysh and

Kolyma Rivers in Siberia (Lindsey and McPhail, 1968 ). In 1888, a

new species of whitefish, Coregonus pusillus was described and

named from the Kobuk River, Alaska (Bean, 1889). Later, pusillus

was placed in synonomy with sardinella (Dymond, 1943).

Since the early 1900's many North American authors believed

that ciscoes should be placed in a separate genus, Leucichthys,

whereas most European workers have included the ciscoes in the

genus Coregonus (McPhail, 1966). A detailed osteological study has

shown that Leucichthys is not acceptable as a separate genus (Norden,

1961).

Svardson (1957) concluded that C. sardinella was a synonym

of the Eurasian species C. albula. Some authors have not agreed

with this conclusion (Lindsey, 1962a). Upon advice of J. D. McPhail,

University of British Columbia, Coregonus sardinella, the least

cisco, is considered valid at the present time, and my material was

referred to this species.

The North American distribution of C. sardinella, according
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to Lindsey and McPhail (1968), is from Bristol Bay northward

throughout Alaska and eastward along the Arctic coast to at least

Bathurst Inlet. The distribution of this species in Siberia is from

the Anadyr River westward along the Arctic coast to the Pechora

River.

A search of the literature revealed a paucity of information on

the life history of North American populations of C. sardinella.

Investigations of the biology of the species conducted in Russia were

summarized by Berg (1948) and Nikol'skii (1954a). In Russia,

sardinella was reported to be either anadromous (or at least migra-

tory), inhabiting the lower reaches of rivers, estuaries and brackish

lagoons or non-migratory, inhabiting lakes. The maximum length

of migratory ciscoes ranged from about 300 to 420 mm, and from

about 210 to 260 mm for the lacustrine forms (Berg, 1948, 1949;

Nikol'skii, 1954a,b; Lindsey and McPhail, 1968 ).

Berg (1949) reported that lacustrine ciscoes fed mainly on

plankton, ostracods and insects and spawned during the fall usually

before the lakes freeze. Females deposited from 9,000 to 14,000

eggs (Lindsey and McPhail, 1968). In Siberia the maximum age of

C. sardinella was 11 years (Nikol'skii, 1954a). Least ciscoes from

near Point Barrow, Alaska had a maximum age of 9 and 11 years,

for freshwater and marine populations, respectively (Cohen, 1954).

Ciscoes of the Naknek system apparently are the non-migratory,
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lacustrine form (Lindsey and McPhail, 1968).

The length frequencies of 11 groups of least ciscoes from the

Naknek system are shown in Figures 17 through 20. Since ciscoes

apparently avoided capture by tow net and thus were never numerous

in tow net catches, the samples were grouped by similar date of

capture to increase sample sizes. The resulting groups of ciscoes

usually included samples taken by a variety of equipment. Apparent-

ly only one age-group of ciscoes was present in the sample taken in

1961. In most of the remaining samples the length distribution indi-

cated the presence of more than one age-group of C. sardinella.

20

10

0

August 14, 1961
n = 33
tow net

ril
40 50 60 70

Fork Length in 10 mm Intervals

Figure 17. The length frequency distribution of a sample of least ciscoes taken from
West End, 1961.
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It was difficult to make direct comparisons of the size of ciscoes

from Lake Coville and Naknek Lake because of the small sample

sizes and differences in dates of capture of most of the samples.

The ages of ciscoes were determined by interpretation of

scales. Photographs of scales from two age-groups of ciscoes are

presented in Figure 21. Age-length data of C. sardinella based on

analysis of scales are compiled in Table 3. The mean lengths of

ciscoes in age-groups I and II were similar in the August samples

of 1962 and 1963. Very few individuals from Lake Coville were

aged because specimens taken by tow net or otter trawl usually lost

their scales during capture.

Ciscoes from the 1961 sample were not aged for the same

reason. One specimen of similar size taken at about the same time

in 1963 was assigned to age-group 0. This suggested that the sample

of ciscoes taken in August, 1961 was composed of age-group 0 fish.

The analysis of age-length data of age-group I fish taken in early

July, 1962 supported the suggestion.

The average fork length of C. sardinella from the 1961 sample

taken near the end of the first summer was 51 mm. Even with the

additional growth expected during September, age-group 0 ciscoes

of the Naknek system grew slower than sardinella in the Kilyma

River in Russia. There, young-of-the-summer attained 78 mm in

length by the end of their first year (Berg, 1949). Near the end of
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Figure 21. Photographs of the scales of two least ciscoes. Above:
age-group 0, 61 mm, taken from North Arm, August 25-
26, 1963. Below: age-group II, 149 mm, taken from
North Arm, August 25-26, 1963.
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Table 3. Age-length data of Coregonus sardinella from the Naknek River system, 1962 and 1963.

Age-group

0 I II III IV V VI

July 1-3, 1962
Iliuk Arm

n 0 23 2 0 0 2 1

Mean length
(mm) 83 140 236 289

Range 73-102 132,147 227, 245 - --

July 23-28, 1962
Iliuk Arm &
North Arm

n 0 32 1 1 2 0 0
Mean length

(mm) 108 144 176 201
Range 93-124 197,204

August 14-24, 1962
Iliuk Arm & South
Bay

n 0 11 2 0 0 0 0
Mean length

(mm) 111 155
Range 103-130 148,162

May 28-29, 1963
South Bay

n 0 0 10 0 0 0
Mean length

(mm) 122
Range 115-131

July 9, 1963
Iliuk Arm

n 0 27 17 0 1 0
Mean length

(mm) 89 124 225
Range 70-101 108 -134

July 27, 1963
Iliuk Arm

n 0 10 2 0 1 1

Mean length
(mm) 96 136 234 257

Range 82-128 132,140

August 8-28, 1963
Iliuk Arm, So. Bay
and No. Arm

n 1 7 28 5 0 1

Mean length
(mm) 61 114 153 199 260

Range 92-127 132-180 186-226
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the second, third and fourth summers, ciscoes from the Naknek

system averaged about 112, 153 and 199 mm" in length, respectively.

C. sardinella from the Kolyma and Lena Rivers averaged about 122,

151 to 156, and 198 mm in length at the end of their second, third

and fourth years of life, respectively (Berg, 1949). Ciscoes from

these Russian rivers are migratory but were about the same size as

the non-migratory forms of the Naknek system except for those at

the end of the first summer. Least ciscoes from Ikroavik Lake near

Point Barrow, Alaska averaged 88, 141, 171 and 210 mm at the

end of the first, second, third and fourth years of life (Cohen, 1954).

These non-migratory forms had a faster rate of growth than did the

Naknek ciscoes.

The lacustrine C. sardinella of the Naknek system, however,

were larger than some non-migratory forms. Lacustrine ciscoes

from North America seldom were larger than about 250 mm

(Lindsey and McPhail, 1968). A number of specimens were collect-

ed over 240 mm from the Naknek system. The largest cisco taken

from Naknek Lake was 289 mm. Two specimens over 300 mm (334

and 336 mm) were taken by gill net from Lake Coville.

One of the peculiarities of Naknek ciscoes, according to

Lindsey and McPhail (1968), was that they seem to be a dwarf form.

Although C. sardinella from Naknek Lake were slower-growing than

some North American populations, the maximum length was greater
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than that recorded for most non-migratory populations of sardinella

in North America.

Scales from these large ciscoes were analyzed and judged the

oldest specimens collected. All three were in the seventh year of

life (age-group VI). Members of the population of ciscoes from the

Naknek system may not attain as great an age as do some of the

freshwater forms from North America, for the maximum age of

freshwater ciscoes near Point Barrow was reported as nine years

(Cohen, 1954).

The least cisco is a fall-spawning fish, broadcasting loosely

adhesive eggs over sand and gravel in shallow areas (Berg, 1948;

Lindsey and McPhail, 1968). The eggs develop during the winter

and hatch in the spring (Berg, 1949). The approximate size and age

at spawning of least ciscoes from Naknek Lake were ascertained in-

directly because no observations were made. Analysis of the gonads

of ciscoes taken in August indicated that fish smaller than 175 mm

(FL) were immature. Males from 185 to 196 mm had gonads that

appeared to be maturing. Females larger than 190 mm and males

larger than 224 mm had maturing gonads. Referring to Table 4,

most ciscoes from the Naknek system probably spawn for the first

time at the end of the fourth growing season (age-group III). Analy-

sis of scales from 14 individuals from age-group III and older failed

to reveal any recognizable spawning checks or marks.
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Freshwater C. sardinella from some Russian Lakes matured

in two or three years, whereas, many migratory individuals matured

in four or five years (Berg, 1949). The males matured one year

earlier than females in some Siberian populations (Nikol'skii, 1954b).

I estimated the fecundity of only two specimens of C. sardinella

because of a lack of mature females in the samples. One cisco, 192

mm (FL) had 4,006 mature eggs, and the other, 302 mm (FL) had

14,380 eggs. These figures are in close agreement with data pre-

sented by Lindsey and McPhail (1968), who stated that large females

lay from 9,000 to 14, 000 eggs.

Threespine Stickleback

The threespine stickleback, Gasterosteus aculeatus is found

in North America from Lower California to Alaska, Canada and

from Chesapeake Bay north to the Maritime Provinces, Newfound-

land and Greenland (Slastenenko, 1958;Lindsey and McPhail, 1968 ).

The species is widespread in the rest of the Northern Hemisphere,

ranging south to northern Africa and China, and southern Japan and

Korea in Eurasia. The species has an anadromous and a freshwater

form throughout most of its range (Lindsey, 1962b). The freshwater

form of aculeatus is found in the Naknek system.

Many authors have studied the reproductive biology of the

threespine stickleback. European workers have studied the age,
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growth and food of this species (Hartley, 1948; Hynes, 1950; Jones

and Hynes, 1950; Maitland, 1965). The biology of G. aculeatus from

North America has received little attention until recent years. The

life history of the species in Karluk and Bare Lakes, Alaska was

studied by Greenbank and Nelson (1959). Various aspects of the life

history of aculeatus in other drainages to Bristol Bay are under in-

vestigation (Burgner, 1960; Kerns, 1966; Rogers, 1961, 1962).

These authors have found that G. aculeatus was a littoral and

limnetic species ranging in length to a maximum of about 85 mm.

The maximum age was three to four years. Some individuals

spawned for the first time when they are one year old, probably

during June and July, and possibly into early August. Females con-

tained from about 50 to 300 mature eggs (Greenbank and Nelson,

1959; Rogers, 1962).

The length frequency of ten samples of threespine stickleback

collected from the Naknek system are shown in Figures 22 and 23.

Most of the samples had slight bimodal distributions indicating the

presence of more than one age-group of fish, but there was enough

overlap in the lengths that age determination by analysis of length

frequencies was not accurate. This is at variance with the results

of other workers who separated, at least partially, the age-groups

of aculeatus from Alaska by analysis of length frequency distributions

(Greenbank and Nelson, 1959; Rogers, 1962).
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The length frequencies of G. aculeatus indicated that age-

group 0 fish were not captured in the pelagic area until late August.

Evidence is available elsewhere in the Bristol Bay area which sug-

gested young-of-the-year normally remained in the littoral areas

until late in the summer of their first year of life (Rogers, 1961).

I cannot explain the apparent anomalous length frequency dis-

tributions of samples from West End in 1963, where most of the

fish in the July sample were larger than those of the August sample

(Figure 23). The age of the group of fish comprising most of the

August sample was unknown (33-43 mm group). They may be fast-

growing fish-of-the-year or slow growing fish of age-group I.

The age-length relationship of a sample of 50 three spine

stickleback taken from West End in August, 1964, is depicted in

Figure 24. The average length of age-groups 0, I and II fish was

about 33, 54 and 58 mm, respectively. The average lengths of all

age-groups of G. aculeatus were smaller than the average lengths of

aculeatus taken from Karluk Lake. The average lengths of the same

age-groups from Karluk Lake were 38, 58 and 68 to 73 mm, respec-

tively (Greenbank and Nelson, 1959). The overlap in length of fish

of age-group I and II also was illustrated by the age-length relation-

ship. Overlap in the length of age-groups of this magnitude made

aging by the length frequency method impossible.
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Ninespine Stickleback

The ninespine stickleback was first described as Gasterosteus

pungitius in 1758 by Linnaeus. Even though European workers use

Pygosteus for the generic name, the currently correct name of this

species is Pungitius pungitius (Lindsey, 1962b; Lindsey and McPhail,

1968).

P. pungitius has a circumpolar distribution (Lindsey, 196Zb;

Walters, 1955). They inhabit fresh and brackish waters of North

America and northern Eurasia (Lindsey, 1962b). In North America,

pungitius occurs in the lowlands from Cook Inlet, Alaska, eastward

across northcentral Canada to the Maritime Provinces and southward

to the Great Lakes and New Jersey (Lindsey and McPhail, 1968 ;

McPhail, 1963).

There are two allopatric forms of ninespine stickleback in North

America, the Bering and Mississippi forms (McPhail, 1963). The

Bering form is present in the Naknek system.

European workers have studied the age, growth and food of P.

pungitius in Europe (Hynes, 1950; Jones and Hynes, 1950). Little

published data were found on the life history of the species in North

America. Nelson (1968) studied aspects of the general ecology of a

deep-water population of Pungitius in the Mississippi River drainage.

Other features of the life history of Pungitius in North America have

been recorded by Lindsey and McPhail (unpublished data; 1968). In



64

general, this species has a maximum length of about 90 mm. Spawn-

ing apparently occurs from May to July. Data on the age and growth

of the species from North America are lacking.

The length frequency distributions of six samples of P.

pungitius collected by tow net from the Naknek system are presented

in Figure 25. The range in length in these samples suggests the

presence of more than one age-group, but the distributions were not

distinctly bimodal. Apparently considerable overlap occurred in the

length of different age-groups. Specimens of Pungitius from deep-

water colle'ctions in the Mississippi drainage were longer than

individuals from the Naknek system. Nelson (1968) reported that

Pungitius captured by gill net throughout the summer ranged from 48

to 63 mm in length and averaged 59 mm. Members of other popula-

tions from the Mississippi drainage averaged about 66 mm, whereas

individuals sampled in the Naknek system averaged about 45 mm.

I was unable to age P. pungitius by examination of otoliths. No

light or dark zones were visible after the otoliths were removed

whether cleared in xylene or not.

The ovaries from 15 specimens taken in late August, 1963,

were removed to determine fecundity of the species. Two sizes of

eggs were found in the ovaries of P. pungitius. The "large" eggs

(average diameter when magnified 80 X = 21.4 mm; n = 8; range =

18 to 25) were separated from the "small" eggs (average diameter
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when magnified 80 X = 6. 4 mm; n = 5; range = 4 - 8) in the left

ovary and counted. The count of large eggs only was doubled to esti-

mate the fecundity of each female. The fecundity-body length rela-

tionship of Pungitius is illustrated in Figure 26. The regression

equation '' = -539 - 18 X was calculated and the regression line

drawn from this equation. The correlation coefficient (r) was +0.95.

These data show that fecundity is positively correlated with the

length of the species. If the assumption that "large" eggs will be

spawned during the next breeding season is valid, an estimate of the

fecundity of pungitius from the West End of Naknek Lake is from 116

to 456 eggs per female. Lindsey (1962b) found that females from

European populations had from 32 to 170 eggs per female. In North

American pungitius, Lindsey and McPhail (1968) reported that fe-

males lay from 30 to 80 eggs at a time. These authors add, how-

ever, that spawning probably occurred more than once in a season.

If the fecundity estimates are valid, the ninespine sticleback from

one area of the Naknek system either lay more eggs in one spawning

than reported for other North American populations, spawn up to

five or six times per season, or considerable numbers of "large"

eggs present in summer are not spawned during the ensuing breeding

season.
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DISTRIBUTION AND RELATIVE ABUNDANCE OF
SYMPATRIC SPECIES AND JUVENILE SOCKEYE SALMON

Between Rearing Areas

I calculated the average catch per standard tow from catch data

of 939 standard tows, including adjusted catches from tows by the

3. 1 -m tow net, from 1961 to 1963. These data were used to deter-

mine the distribution and relative abundance of juvenile sockeye

salmon and fish associated with them in the limnetic areas of the

Naknek River system. In the Babine area of the Skeena River system

catch data from a 1-m net was used to estimate the absolute size of

the population of 0-age sockeye salmon (Johnson, 1956, 1958). Simi-

lar procedures were used in a study on Owikeno Lake sockeye in the

Rivers Inlet area of British Columbia (Ruggles, 1965). In the Wood

River system of Bristol Bay a comparison of the tow net catch with

corresponding echo sounder charts made during towing indicated that

tow net catch was representative of the instantaneous population den-

sity at a given location (Harry, et al. , 1964). Based on these

studies, I assumed that tow net catch approximates the relative

population densities of juvenile sockeye salmon, pond smelt, three-

spine stickleback and ninespine stickleback.

There was evidence that the least cisco could and did avoid

capture by the tow net and that, therefore, average catch data was
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not indicative of the relative abundance of this species. A single

tow seldom captured more than two or three ciscoes. Yet, stationary

gear, such as gill nets or lake traps, often caught from 40 to 100

individuals in an overnight set. Perhaps the most striking evidence

was obtained one night in July, 1962 near the eastern border of North

Arm and South Bay. In the early evening a tow net crew saw

"hundreds" of fish in large schools breaking the surface of the water,

as if feeding. Tows were made through these schools of fish but very

few specimens were taken. A lake trap was set in the immediate

area, and by the following morning about 100 ciscoes were taken by

this stationary gear (Charles Krietlow, Personal Communication).

The precise interpretation of the catch of a circular tow net

may be difficult because of the unequal portions of water strained

near the top, middle and bottom of the net. In 1961, Burgner (1962b)

devised, tested and adopted a tow net with a square opening approxi-

mately 3 X 3 m for use in the Wood River lakes. Due to differences

in net construction the catches from these two types of nets should

be compared with caution.

The comparative distribution and relative abundance based on

catch data of five species of fish from six rearing areas of the Naknek

system are tabulated in Table 4. The data from which the table was

constructed are on file at the Bureau of Commercial Fisheries'

Biological Laboratory, Auke Bay, Alaska, and with the author. The



Table 4. Comparative distribution and relative abundance of five fish species captured by tow net in six rearing areas of the Naknek River system,
Alaska, 1961 -1963.

Average catch per standard tow

Sockeye
Rearing No. of Least Pond Threespine Ninespine
area Year tows Fry Yearling cisco smelt stickleback stickleback

Lake Coville 1961 58 65.8 0.2 <0.1 49.8 2.6 4, 7
1962 37 51.1 0.3 0.2 29.8 21.6 18.0
1963 59 90.2 0.1 0.2 144.8 10.3 65.6

Grosvenor Lake 1961 106 9. 9 <0. 1 40. 1 40.1 <0. 1 <0. 1
1962 54 10.9 <0. 1 0.0 <0. 1 <0. 1 <0. 1
1963 30 29. 3 0.0 0.0 0.0 0.0 0. 1

Iliuk Arm 1961 49 22. 1 7. 7 0. 2 0.4 4. 1 0.5
1962 71 41.7 17.5 <0.1 0.2 2.8 0.2
1963 47 16.0 40. 2 0. 1 2. 9 10. 1 0. 6

South Bay 1961 56 9.4 12.6 0.5 0. 4 4. 3 0.5
1962 63 14.0 49. 9 0. 2 40.1 2. 3 2.0
1963 43 4.7 45.0 <0.1 <0.1 11.0 0.4

West End 1961 22 7.5 3.2 1.8 0.4 377.7 41.2
1962 56 7. S 0.7 40.1 0.7 118.5 20.3
1963 60 8.6 1.2 0.0 0.1 189.6 10.2

North Arm 1961 33 0.7 0. 1 0.0 0. 3 S. 8 0.0
1962 91 0.4 1.6 0.0 0.0 6.0 4 0. 1
1963 24 0. 3 1.0 0.0 0.0 0. 3 0.0

-3
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original separation of sockeye fry (age-group 0) and the yearlings

(age-group I or older) was made in the field based on fish length.

Age determinations were subsequently made by scale analysis and
3individuals were placed in the appropriate age-group.

The data in Table 4 illustrate the fact that there was an uneven

distribution and relative abundance of the five species among the

rearing areas of the Naknek River system. The largest average tow

net catches of sockeye fry and pond smelt within the Naknek system

were from Lake Coville (from 50 to 90 and 30 to 145 per standard

tow, respectively). The relative abundance of the two species of

sticklebacks generally was intermediate in Lake Coville. The

catch of threespine stickleback varied from 3 to 22 fish

per tow. The average catch of ninespine stickleback of 66 fish per

tow from Lake Coville in 1963 was the highest recorded from any

rearing area during the study. Intermediate catches of sockeye fry

(10 to 30 per tow) and very low catches of yearling sockeye and all

other species (less than one fish per tow) were characteristic of

Grosvenor Lake.

Tow net sampling indicated that the relative abundance of all

species was quite similar in Iliuk Arm and South Bay. The average

3 This analysis was conducted by Mr. Robert J. Ellis, Fisheries Re-
search Biologist, Bureau of Commercial Fisheries, Biological
Laboratory, Auke Bay, Alaska.
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catch of sockeye fry and yearlings ranged from five to 40 and seven

to 50 per tow, respectively. Average catches of sockeye fry were

consistently larger from Iliuk Arm and the average catches of year-

ling sockeye were greater from South Bay. Average catches of the

other four species were similar from the two areas. West End con-

tained the highest population densities of threespine stickleback (119

to 375 fish per tow) in relation to other rearing areas of the Naknek

system. Ninespine stickleback were high in relative abundance (10

to 40 fish per tow) and both age-groups of sockeye were low in rela-

tive abundance (less than 10 fish per tow) within this rearing area.

In contrast to the other rearing areas of the Naknek system, average

catches of all species were low in North Arm. Threespine stickle-

back and yearling sockeye were the most abundant species in tow net

catches from this rearing area, averaging about five and one fish per

tow, respectively.

Similar variations were reported for limnetic fishes among the

two lakes of the Chignik system (Narver and Dahlberg, 1965). Tow

net sampling in Black Lake produced large catches of sockeye fry,

pond smelt, and the two species of stickleback. Sampling in Chignik

Lake, however, only produced large catches of the two age-groups

of sockeye. Variation in relative abundance of juvenile sockeye and

threespine stickleback also occurred among the lakes of the Wood

River system (Harry, et al. , 1964).
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Within Rearing Areas

The tow net catch of the five species in the upper and lower

ends of the rearing areas was analyzed to determine if differences in

relative abundance occurred within these areas. This information is

presented in Table 5. The changes in relative abundance of juvenile

salmon were complicated by the presence of interlake migrations,

resulting in a general down-system movement of the young of this

species (Harry et al. , 1964). Data for the least cisco were omitted

because catch figures were not considered representative of the

relative abundance of this species.

The relative abundance of all species varied within the nursery

areas from year to year. In 1961 and 1963, sockeye fry were more

abundant in the lower part of Lake Coville (100 fish per tow) than in

the upper end (16 to 58 fish per tow). This distribution pattern was

reversed in 1962 for sockeye salmon fry. In 1961 and 1963, pond

smelt were more abundant in the upper (63 to 366 fish per tow) rather

than the lower end of the lake (40 to 80 fish per tow). The same

general pattern was illustrated by the catch data of the two species

of sticklebacks. As with the sockeye fry, the distribution and rela-

tive abundance of these three species within Lake Coville showed an

opposite pattern in 1962, in comparison to the other two years.

Sockeye fry consistently were more abundant in lower



Table 5. Relative abundance based on tow net catches of four species of fish in the upper and lower portions of five rearing areas of the Naknek system, 1961 -1963.

Rearing area

No. of tows

Average catch per standard tow

Sockeye

Pond smelt Threespine stickleback Ninespine stickleback
Fry Yearling

1961 1962 1963 1961 1962 1963 1961 1962 1963 1961 1962 1963 1 961 1962 1963 1961 1962 1963

Lake Coville
C -1 (11)1 23 12 13 16.0 98.3 57.8 0.0 0.8 0.0 63.2 15.7 366.5 2. 1 0.3 15.5 6.7 13.1 50.5C -2 (L) 35 25 46 98.6 28.4 99.4 0. 3 0.1 0.2 40.9 36.5 81.7 3. 4 31.8 8.9 4. 3 20.4 39. 3

Grosvenor Lake
G-1&2 (U) 62 26 15 7.8 4.8 7.5 0.1 <0.1 0.0 0. 1 0.0 0.0 <0. 1 0. 2 0.0 <0. 1 4 0. 1 0.0G-3C4 (L) 44 28 15 12.9 25.8 51.7 <0. 1 0.0 0.0 < 0.1 0.3 0.0 <0. 1 0.0 0.0 <0. 1 0.0 0.0

Iliuk Arm
N-15 (U) 19 27 16 16.9 40.2 24.4 9.7 3.4 58.4 0.9 0.3 8.3 4.9 3.7 26. 1 0.7 0.0 0.6N-14 (M) 14 24 16 19.6 41.7 18.3 6. 4 14.2 42.4 0.0 O. 1 O. 1 4. 4 3. 3 3.0 0. 3 40.1 1. 1
N-13 (L) 16 20 15 27. 1 43. 7 4.6 6.8 40.4 18. 3 0.0 0.0 O. 1 2. 1 1. 1 0. 7 0.0 0.6 0.0

South Bay
N-11 (U) 26 20 15 8.4 26.9 11.6 20.1 17.8 82.9 0.9 0.2 <0.1 2.7 3.2 2.1 0.6 4.0 0.5N-9 (M) 14 24 12 16.9 11.4 1.5 8.6 57.2 44.9 0.0 <0. 1 0.0 3.6 2. 3 30.8 O. 3 1.8 4. 3N-6 (L) 16 19 16 4.4 3.8 0.6 3. 9 44.5 9.6 0.0 <0. 1 0.0 7. 4 1. 4 4. 4 0.6 O. 2 1.0

West End
N-4 (U) 9 12 12 14.2 1.1 22.1 4. 7 1. 3 0.8 0.8 0. 3 0. 2 392.0 11. 3 568.1 89.9 26.6 7. 3N -1&2 (L) 12 28 32 2. 1 14.4 5. 7 2. 3 O. 7 1. 7 <O. 1 O. 6 0.1 82.3 219.3 88.3 5.5 31.0 16. 3

1
U = Upper
M= Middle
L = Lower
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Grosvenor Lake than in the upper portion. Apparently juvenile

sockeye salmon congregated near the outlet before leaving the lake.

Some tows were started near the outlet, and these catches always

were larger than from any other part of the nursery area.

The catches of pond smelt and threespine stickleback consis-

tently were larger from the upper portion of Iliuk Arm than from the

lower portion. Within South Bay and West End, no consistent pat-

terns were apparent in the relative abundance of three species of fish

associated with juvenile sockeye salmon. In these rearing areas,

variable patterns of relative abundance of the two age-groups of

sockeye salmon were evident from tow net catches.

Uneven distribution of juvenile sockeye salmon and sympatric

fishes was reported among the rearing areas within several lakes in

British Columbia and Alaska. Johnson (1956, 1958) showed that non-

uniform patterns of distribution of juvenile sockeye salmon occurred

in Babine and Nilkitkwa Lakes. Variation in the distribution of

juvenile sockeyes and threespine stickleback was recorded from

Owikeno Lake, British Columbia (Ruggles, 1965). There was an un-

even pattern of distribution and relative abundance of the same two

species in Lake Iliamna, Alaska (Kerns et al. , 1963; Mathisen and

Kerns, 1964; Kerns, 1966).

Data on the population densities of four species of fish in the

surface (0. 0 to 3.1 m) and deeper (3. 1 to 6.2 m) strata of six rearing
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areas of the Naknek system are listed in Table 6. In Lake Coville,

Grosvenor Lake, and West End, sockeye fry were found in greatest

abundance in the surface waters. The population density of sockeye

fry was about equally distributed in the surface and deep waters of

Iliuk Arm and South Bay in 1962 and 1963, Sockeye yearlings

generally were more abundant in the surface waters of these two

rearing areas than in the deep stratum.

Pond smelt and threespine stickleback were found in greatest

relative abundance in the surface waters throughout the Naknek

system. Populations of ninespine stickleback were most abundant

in the surface waters, except for the population in West End, where

deeper tows produced greater catches in 1963.

The catches of sockeye fry from the five lakes of the Wood

River system of Bristol Bay in 1958 were greater from the deep

stratum (3. 1 - 6.2 m) than from the surface stratum (0. 0 - 3.1 m).

Catches of threespine stickleback were greatest in the surface

stratum. Data on the verticle distribution of sockeye fry and finger-

lings and threespine stickleback during the summers of 1962 and

1963 in Lake Iliamna were reported by Kerns (1965). His catch data

indicated that sockeye fry, yearlings and threespine stickleback were

concentrated in the upper 7. 6 m of water during the time of sampling.

The one exception occurred in 1963, when tow net catches of three-

spine stickleback were about the same from tows 0 to 7.6 m and



Table 6. Relative abundance of four species of fish from surface and sub-surface layers of six rearing areas of the Naknek River system, 1962 and
1963.

Depth
of tow

No. of
tows

Average catch per standard tow

Sockeye
Pond smelt

Threespine
stickleback

Ninespine
sticklebackFry Yearling

Rearing area (m) 1962 1963 1962 1963 1962 1963 1962 1963 1962 1963 1962 1963

Lake Coville 0. 0-3. 1 19 34 62.9 127.5 0.2 0.1 SS. 2 226.2 40.9 17,0 27.9 65.6
3. 1-6. 2 18 25 38.6 39.4 0.3 0.1 2.9 33.3 1.2 1.2 7.5 9.3

Grosvenor Lake 0. 0-3. 1 27 16 19.4 49.7 0. 1 0.0 0.0 0.0 0.2 0, 0 <O. 1 0. 1
3. 1 -6. 2 27 14 2.4 5.9 0.0 0.0 <0.1 0.0 0.0 0, 0 0.0 0. 1

Iliuk Arm 0. 0-3. 1 37 18 42.6 10.6 24.6 27.8 0.2 6.9 3.7 12.1 0.2 0.9
3. 1 -6. 2 30 17 34. 7 20.0 9. 9 37. 4 '0.1 0. 2 1. 3 7. 1 0. 1 0. 6

South Bay 0.0 -3.1 32 21 12.1 5.0 53.9 57.9 0.1 0.0 3.4 19.6 1.8 3.1
3. 1-6.2 31 22 16.0 4.5 27. 4 32. 8 <0. 1 <0. 1 1.2 2. 7 2. 2 0. 4

West End 0.0 -3.1 40 38 10.4 10.4 0.6 1. 9 0.9 0.2 155.8 236.0 22.7 12. 6
3.1 -6.2 16 22 0.3 5.3 0.8 0.0 0.4 <0.1 25.1 109.3 14.3 24.0

North Arm 0.0 -3. 1 49 12 0.6 0.4 2.8 0.6 0.0 0.0 10.5 0.5 X0.1 0.0
3. 1 -6. 2 42 12 0.1 0.3 0.3 1.5 0.0 0.0 0.8 0.2 <0. 1 0.0
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10.7 to 13.7 m in depth. Direct comparisons with data from Lake

Iliamna may not be valid, however, because of the difference in tow

nets used, the exact depths sampled and the short duration of these

studies.

Seasonal Changes in Distribution
and Relative Abundance

Data pertaining to the seasonal changes in relative abundance

are presented in Table 7. Examples of the seasonal patterns are

illustrated in Figures 27 and 28. The relative abundance of sockeye

fry decreased throughout the season in each year in Lake Coville,

whereas it increased only slightly in Grosvenor Lake. The popula-

tion density of sockeye fry generally increased throughout the season

in Iliuk Arm and South Bay, although in some years there was a re-

duction near the end of the growing season. The relative abundance

of yearling sockeye salmon generally declined throughout the season

in all rearing areas of Naknek Lake. These data seem consistent

with the idea that interlake migrations result in a general down-

system movement of juvenile sockeye salmon (Harry et al. , 1964).

The population densities of pond smelt, threespine stickleback

and ninespine stickleback generally increased throughout the season

in Lake Coville. In 1963, however, there was a reduction in the

relative abundance of these three species during the last sampling



Table 7. Relative abundance of four species of fish during three time periods in the rearing areas of the N alma River system, Alaska, 1961 -1963.

Time No. of tons

Average catch per standard tote

Sockeye

Pond smelt
Threespine
stickleback

Ninespine
stickleback

Fry Yearling
1Rearing area period 1961 1962 1963 1961 1962 1963 1961 1962 1963 1961 1962 1963 1961 1962 1963 1961 1962 1963

Lake Coville 1 17 16 23 95.6 107.0 160.2 0. 6 0.6 O. 3 0. 9 21.6 61.3 0.0 0.0 1.4 0.0 3. 1 1. 42 16 10 21 58.3 7.7 72.0 0.0 0.0 0.1 58.6 10.1 242.0 1.6 2.3 17.2 1.9 6. 1 87.73 25 11 15 50.3 9.0 8.5 0.0 0.0 0.0 77.3 53.0 135.4 5.6 70.6 14.4 10.9 50.5 36.5
Grosvenor Lake 1 26 32 6 7.5 3. 1 0. 5 0. 4 0.1 0. 0 0. 0 0. 0 0.0 0. 0 0. 0 0. 0 0. 0 0. 1 0. 02 45 18 14 11.6 21.7 55.8 0.0 0.0 0.0 0.1 0.0 0.0 0.1 0.3 0.0 0.1 0.0 0.03 35 4 10 9. 6 25.8 9. 4 0. 0 0. 0 0. 0 0. 2 0. 3 0.0 0. 2 0. 0 0. 0 'O. 1 0. 0 0.4
Iliuk Arm 1 20 36 16 6. 9 30.4 14.3 7.1 17.4 59.4 O. 0 O. 1 O. 9 3. 9 2. 3 12.6 O. 3 e 0. 1 - O. 12 10 23 20 28.7 61.0 15.9 10.9 20.5 40.3 2.2 0.3 6.0 6.1 3.1 8.8 1.3 0.0 0.23 19 12 11 34.8 38.6 18.7 6.7 12.2 11.9 0.0 0.3 0.4 3.3 3.8 8.9 0.3 0.9 2.0
South Bay 1 32 35 15 4.8 15.2 1.7 16.4 55.7 64.6 O. 3 0.1 0. 0 0.7 O. 8 0.0 - 0.1 , 0. 1 O. 02 12 20 16 20.2 9.0 3.4 9.5 25.2 50.8 0.2 0.1 0.0 9.1 1.1 3.5 0.8 0.3 0.73 12 8 12 10.8 21.8 10.2 5.6 15.0 12.9 1.1 0.1 : O. 1 9.2 12.0 34.7 1.5 15.0 5.3
West End 1 0 28 16 13.0 3. 3 0.9 3. 9 0.0 0.0 189.0 80.3 24.1 5.12 5 16 28 21.2 2.9 9.6 3.8 0.6 0.4 1.2 1.2 0.1 652.0 64.6 284.4 119.8 13.8 9.23 17 12 16 3.4 1.1 12.0 3.1 0.2 0.0 0.1 0.6 0.3 297.0 25.8 132.9 18.1 20.2 16.9
North Arm 1 0 43 8 0. 2 0. 3 3.1 0. 5 0. 0 0.0 9. 4 0. 0 0.1 0.02 21 16 8 1. 0 0. 4 0. 0 0. 1 0. 2 0. 3 0. 4 0.0 0.0 9. 1 1. 8 0. 1 0. 0 0. 0 0. 03 12 32 8 0.3 0.6 0.8 0.2 0.4 2.4 0.0 0.0 0.0 0.1 3.6 0.9 0.0 0.2 0.0
1

Time period 1 July 1 - 25
2 July 26 - August 15
3 - August 16 - September 6
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period. The relative abundance of threespine stickleback in South

Bay also increased throughout the season. The population densities

of both species of stickleback from West End were variable through-

out the season. In 1961, both species declined in relative abundance

during the last sampling period. General reductions in catch

occurred in 1962, whereas in 1963, the ninespine stickleback in-

creased in relative abundance throughout the season and the three-

spine stickleback showed a peak in relative abundance in the middle

of the growing season.
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FOOD HABITS OF SYMPATRIC SPECIES
AND SOCKEYE SALMON

Between Rearing Areas

The contents of the stomachs of 2,462 fish from 106 different

samples were examined to determint the diet composition. A list of

the food organisms found and the units of bulk assigned to each are

tabulated in Appendix 1. Pertinent data for each of the samples are

listed in Appendix 2 and the results of the analysis of the percent

composition by bulk of the stomach contents are tabulated in Appendix

3. A comparison of the percent composition by bulk of five species

of fish, by nursery area and year, are recorded in Table 8. The

major food organisms utilized by the limnetic fish species in the

Naknek River system were the cladocerans Bosmina sp. and Daphnia

sp. , the cyclopoid copepods and Diaptomus sp. , and dipteran insects.

General differences, however, were apparent in the ratios of these

food items found in the stomachs of fish from the several rearing

areas.

The food items of all limnetic fishes from Lake Coville con-

sisted, on the average, of about 70% cladocerans, 28% copepods and

less than 1% insects. Nearly 75% of the food items of fish taken

from Iliuk Arm were copepods; 17% cladocerans; and about 8% were

insects. Stomach contents of fish from South Bay consisted of
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Table 8. Comparison of the estimated composition of theistomach contents of five species of fish by
nursery area of the Naknek system, 1 961 -1963.

Year and
nursery area Species

Age -
group

Sample
size

Estimated stomach contents in percent bulk

Cladocera Copepoda Insecta Other

Lake Coville
1 961 0. nerka 0 69 94.7 4. 9 0.4 0.0

H. olidus I, II, III 75 83. 1 15.5 1.4 0. 1

1962 0. nerka 0 60 74.2 23.7 2.1 0.0
H. olidus I, II 60 41.6 58.3 0.0 0. 1

1963 0. nerka 0 90 91.9 6.3 1.3 0.5
C. sardinella I, II 26 92.3 5.8 1.9 0.0
H. olidus I, II, III 185 55.7 43.2 0.1 1.1
P. punizitius 0, I, II 30 41. 3 58. 7 0.0 0.0

Iliuk Arm
1 961 Q. nerka 0 90 15.8 77.8 6.4 0.0

I 90 18.9 77.6 3.5 0.0

1962 0. nerka 0 30 1 7. 1 65.0 1 7. 9 0.0
C. sardinella I, II 4 0. 7 91. 3 7.9 0. 1
C. sardinella 3 I-V 38 48.2 44.7 7. 1 0.0
H. olidus3 I 30 6. 0 87. 8 4. 4 0. 8

1963 O. nerka 0 83 1 9. 6 78.7 1.7 0.0
I 120 8.7 88.9 2.4 0.0

C. sardinella I -V 6 2.4 94.2 3.5 0.0
C. §ardinella3 I, II 62 8. 2 64. 3 27. 1 0.4
H. olidus I, II 60 9.1 81.5 9.0 0.4

3H. olidus I, II 120 20.6 69.5 9.8 0.0
G. aculeatus 0, I, II 30 44.4 46. 3 9. 3 0. 0

South Bay
1961 O. nerka 0 36 1 7. 0 48.9 34.1 0.1

I 88 35.8 58.5 5.6 0.1

1962 0. nerka 0 30 9. 7 90. 3 0.0 0.0
I 30 3.3 96.7 0.0 0.0

C. sardinella I 7 1.3 97.2 1.6 0.0

1963 O. nerka 0 30 11.4 71.9 15.8 0.9
I 60 18.7 7S.7 5.6 0.1

C. sardinella II 5 2.2 53.7 43.9 0.2

Continued on next page
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Table 8 Continued.

Year and
nursery area Species

Age-
group

Sample
size

Estimated stomach contents in percent bulk

Cladocera Copepoda Insecta Other

West End
1961 0. nerka 0 4 40.2 24.0 35.7 0.1

I 19 55.9 32.5 11.5 0. 1
C. sardinella 0 30 62. 9 1 9. 6 16. 7 0. 6
G. aculeatus I, II, III 30 38.7 43.2 1 7. 9 0.2
P. punszitius I, II, III 30 20. 3 48. 7 30.6 0.5

1962 0. nerka 0 55 24.9 28.6 45.9 0.5
I 2 2.4 61.7 34.6 1.3

Q. aculeatus I, II, III 120 73. 3 9.4 16.9 0.4
P. punaitius I, II, III 60 79.0 6.7 11.6 2.7

1963 0. nerka 0 60 25.7 34.1 40.1 0. 1
I 9 0.0 0.1 99.9 0. 1

G. aculeatus I, II, III 90 48.3 51.0 0.7 0. 1
P. punszitius I, II, III 92 29.3 49.4 1 9. 7 1.5

North Arm
1 961 0. n is:ka.

3
I 9 57.7 2.5 0.5 39.3a

1 962 0. nerka4
I 20 7.8 80.3 11.9 0.0

1963 0. nerka 0 5 42.5 56. 7 0. 8 0.0

4
I 18 84.1 15.8 0.1 0.0

C. §ardinella II 37 14.6 66.2 1 9. 0 0.2
5

C. §ardinella I, II 19 60. 9 39. 1 0.0 0.0

1
Unless otherwise noted, all fish were captured by tow net.

2
Fish captured by otter trawl.

3
Fish captured by beach seine.

4
Fish captured by lake trap.

5
Fish captured by gill net.

a
Consisted mainly of larval fish.
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approximately 70% copepods, 20% cladocerans and 10% insects. In

West End, insects were relatively more important to the diet of these

fish than in any other area. Here they comprised nearly 20% of the

bulk of the diet of these fish, while cladocerans comprised approxi-

mately 50% and copepods 30%. The stomach contents of fish from

North Arm consisted of about 50% copepods, 40% cladocerans and

9% insects.

Rogers (1961) studied the diets of sockeye fry and threespine

stickleback from the littoral and limnetic zones in the Wood River

lakes of Bristol Bay. He found that the major food organisms of

these species in the limnetic zone were cladocerans (Bosmina sp.

and Daphnia sp. ) and copepods (cyclopoids and Diaptomus sp.). In-

sects were an important part of the diet of sockeye fry in these lakes.

The percent composition of the most abundant food items found

in the stomachs of the five species of fish, by each rearing area and

year, is illustrated in Figures 29 and 30. These data indicate that

even though the diets of juvenile sockeye salmon and the most abun-

dant sympatric fish or fishes were composed of the same major

food organisms in any given rearing area, there were slight differ-

ences in the compositions of these food items among these species.

For example, in Lake Coville, the diets of sockeye fry and pond

smelt were composed mainly of Bosmina sp. , Daphnia sp. and cyclo-

poid copepods. Smelt, however, fed to a greater extent on cyclopoid
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copepods and Diaptomus sp. (about 26% and 9%, respectively) than

did juvenile sockeyes. Conversely, the salmon fed to a larger extent

on Daphnia sp. (approximately 84%) than did the smelt (about 59%).

In South Bay, Coregonus sardinella fed mainly on cyclopoids (about

28%), Eurytemora yukonensis (87% in 1962), and insects (42% in

1963), whereas juvenile sockeye utilized cladocerans and cyclopoid

copepods to a large extent (about 9% and 61%, respectively).

Data on the diet of ciscoes from North Arm are limited, but in

1963, differences occurred in the exact composition of food items in

the diet of ciscoes and sockeyes. The composition of the diet of

juvenile sockeye salmon, least ciscoes and pond smelt from Iliuk

Arm was quite similar, even though most of the cisco samples were

taken from the littoral areas in beach seines and most of the sockeye

samples came from the limnetic areas being captured in tow nets.

There was more similarity between the diets of the two species of

stickleback from West End than there was between either species of

stickleback and juvenile sockeye salmon (Figure 30).

I used the rank-correlation coefficient, r', for an index of

food similarity between species taken from the same area of the

Naknek system. The value of r' can range from +1.0 to -1.0, A

value of +1.0 indicates that various food items were eaten in the

same order of preference, and a value of -1.0 suggests there was no

agreement in the preference of food items. The procedures used to
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calculate r' follow Olds (1938) and Rogers (1961).

The similarity of the diet of juvenile sockeye salmon and three

associated species is shown in Table 9. These data substantiate the

contention that the diets of sockeye salmon and pond smelt in Lake

Coville are similar but not exactly the same (mean r' ranges from

+0.77 to +1.0, total mean r' =+0. 81). The analysis shows that in

West End both species of stickleback had diets more similar to sock-

eye fry than to yearling sockeye. The correlation coefficient of

+0.81 Indicated that the diets of the threespine and ninespine stickle-.

back were more similar than was the diet of either ttickleback'to

salmon fry or yearlings (about +0.35 with fry and -0.39 with year-

lings).

Rogers (1961) made similar comparisons of the food composi-

tion of sockeye fry and three length groups of threespine stickleback

taken from limnetic catches. He compared groups of fish from with-

in each catch and found that sockeye fry and the smallest size group

of stickleback had a greater similarity of diet than did fry and the

other larger two groups of stickleback. Differences in food composi-

tion between two species of fish may be due to sampling error rather

than feeding habits. Rogers (1961) computed mean r' values from

samples of sockeye fry and the three size groups of threespine

stickleback taken from geographically adjacent areas and compared

them with similar coefficients calculated from samples within a
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Table 9. Similarity of the diets of various age-groups of sockeye salmon and three sympatric species,
and of the t*o species of stickleback, Naknek River system, 1961-1963.

Comparison

Number
of

comparisons Mean r'

Lake Coville

Age-group 0 Q. nerka and I H. olidus 6 +0.77

Age-group 0 O. nerka and II H. oli4us 6 +0.85

Age-group 0 O. =ha and III H. olidus 2 +1.00

total 14 +0.81

West End

1
Age-group 0 O. nerka and Q. aculeatus 8 +0.35

1
Age-group I 0. nerka and Q. aculeatus 4 -0.38

1Age-group 0 0. nerka and E. magitim 7 +0.36

1
Age-group I Q. grahLandy. =nitwt, 4 -0.40

West End

Q. aculeatus and P. Dunzitius 6 +0.81

1
All age-groups combined.
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given tow net catch. No significant differences were found between

the distribution of these coefficients. He concluded there was an

indication that the observed differences in food between sockeye fry

and threespine stickleback were due more to behavior than to the

specific location at the time of capture. I grouped individuals from

separate catches and thus, was unable to make such comparisons.

The same type of equipment and methods were used to collect the

samples in the two studies. I assume, therefore, that the differ-

ences in the diets of the fish in this study are due to differences in

their feeding habits.

Age and Size of Fish

The stomach contents of various age-groups of the same

species were compared to determine if there were differences in

the diet of these fish of varying size. A total of 36 comparisons were

made using the rank-correlation coefficient , r' (Table 10). Com-

parisons between the two age-groups of sockeye salmon showed the

weakest positive correlation of the five species studied (mean r' =

+0. 39). Diets of sockeyes from Iliuk Arm, however, had a mean

correlation coefficient of +0. 62, the highest of any of the sockeye

populations studied. The diets of both age-groups from South Bay

and West End showed a relatively weak positive correlation (+0.22

and +0.27, respectively).



93

Table 10. Similarity of the diets of various age-groups or size-groups of five species of fish from
the Naknek River system, 1961-1963.

Comparison

Number
of

comparisons Mean r'

B etween 0. nerka fry and yearlings

Iliuk Arm 5 +0.62
South Bay 5 +0.22
West End 3 +0.27
North Arm 1 +0.40

Totals 14 +0.39

Between age-groups of C. sardinglla

I and II, Iliuk Arm 4 +0.53
I and HI, IV, V, Iliuk Arm 1 +0.60
II and III, IV, V, Iliuk Arm 1 +0.90

Totals 6 +0.60

Between age-groups of H. olidus

I and II, Lake Coville 5 +0.76
I and III, Lake Coville 2 +0.65
H and III, Lake Coville 2 +1.00
I and II, Iliuk Arm 2 +0.70

Totals 11 +0.77

Between size-groups of G. aculeatus

3 +0.70Small and large , West End

Between size-groups of P. pungitius

Small and large, West End 2 +0.70
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The mean correlation coefficient of the food composition of

least ciscoes from Iliuk Arm was +0.60. Caution must be exercised

when analyzing the diet of ciscoes in this manner because of the

small sample sizes. The food composition of the three age-groups

of H. olidus had a mean correlation coefficient of +0.77, indicating

a high degree of similarity. The diets of both size-groups of three-

spine and ninespine stickleback also showed a strong positive corre-

lation, +0.70 for each, although the number of comparisons were

few.

Rogers (1961) also compared the food composition between

three size-groups of threespine stickleback taken from the limnetic

area in the Wood River Lakes, Alaska. The mean rank-correlation

coefficient ranged from +0.45 to +0.64 and the coefficient computed

from the total was +0.54. Data from the current study (Table 11)

compare favorably with his calculations.

Seasonal Variation in Food Habits

The estimated percent composition of the stomach contents, by

bulk were tabulated from samples taken throughout the three season-

al time periods (Appendix 4). The data in Figures 31 and 32 show

the general seasonal variation in the diet of two age-groups of sock-

eye and of pond smelt. No consistent seasonal pattern in the diet

was detected from the samples analyzed. Juvenile sockeye tended

to utilize fewer Diptera in South Bay as the 1961 growing season
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progressed. During 1963, sockeye fry and pond smelt tended to

rely primarily on one or two food items during the early and middle

parts of the growing season. Later in the season their diets tended

to consist of three or four major food items in more equal propor-

tions (Figure 31). Both age-groups of juvenile salmon fed mainly on

cyclopoid copepods, 50-90% composition by bulk, throughout the

growing season in Iliuk Arm (Figure 31).

Merrell (1964) found a definite seasonal shift in the diet of

juvenile sockeye salmon in Brooks Lake, Alaska. A greater pro-

portion of the diet consisted of insects rather than zooplankton in

July, but by September zooplankton were the main food items. A

similar shift from insects to zooplankton in the diet of young sock-

eye was recorded from Lake Dalnee, Kamchatka (Krogius and

Krokhin, 1956b). In Cultus Lake, Daphnia sp. was the most numer-

ous food item found in the stomachs of sockeye fry and yearlings

during the summer months (Ricker, 1937). In the spring and fall,

insects and the smaller entomostracans (Bosmina sp. and Cyclops

sp.) became the most common items in the diet of juvenile sockeye

in Cultus Lake.

In Relation to Standing Crop of Food Organisms

The food composition of stomach contents of the five species

of fish were compared to the composition of the standing crop of
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zooplankton. Samples were collected immediately after a tow to

collect fish was completed in 1961, and by net sampling at limnologi-

cal stations throughout the Naknek system in 1962 and 1963 (Appen-

dices 5, 6 and 7). An index of selection, termed "electivity" by

Iv lev (1961) was used to determine if any of these fish were selective

in feeding. Electivity was calculated in the following manner:

E ri
-
pi

r. + p.

where r. is the relative composition of a food item in the ration ex-

pressed as a percentage of the ration, and pi is the relative compo-

sition of the same food item in the environment expressed in percent.

Values of E may range from +1.0 to -1.0. The former value indi-

cates exclusive selection for a food item (positive selection), while

the latter value indicates complete selection against a food item

(negative selection). An E value of zero indicates that no selective

processes operate,

Data from the analysis of the stomach contents of various age-

groups of pond smelt and the two species of sticklebacks were com-

bined because there was a strong positive correlation in the food

composition between age-groups within these species (Table 11).

Rotifers and copepod nauplii were present in many of the standing

crop samples, but were never found in the stomachs of the fish
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Table 11. Index of food selection for the major food items by sockeye fry and pond smelt in Lake
Coville and Grosvenor Lake, 1961.

Tow area
and date Species Age -group Food item Electivity

C -1 O. nerka 0 Bosmina 400
August 23 Daphnia +0.66

cyclopoids +0. 10
Diaptomus -1.00

H. olidus I, II, III Bosmina -1. 00
Daphnia +0. 33
cyclopoids +0.59
Diaptomus -0.60

C -2
September 5 0. nerka 0 Bosmina -1.00

Daphnia +0.70
cyclopoids -0. 18
Diaptomus -1.00

H. olidus I, II, III Dosmina 0.00
Daphnia +0.60
cyclopoids +0. 20
Diaptomus +0.37

C -2 O. perk_a 0 Bosmina -0.33
September 6 Daphnia +0.60

cyclopoids -0.77
Diaptomus -0.88

G-1 0. nerka 0 Bosmina -0. 72
August 28 Daphnia +0. 16

cyclopoids +0.55
Diaptomus -O. 50

G-2 0. nerka 0 Bosmina -0. 33
August 28 Daphnia +0.47

cyclopoids -0.60
Diaptomus -1.00
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analyzed for this comparison (see Appendices 5, 6 and 7).

In Lake Coville in 1961, the E values for Daphnia sp. ranged

from +0.33 to +0. 70, indicating a strong positive selection for this

food item by sockeye fry and pond smelt (Table 11). Bosmina sp.

was never selected by these fish in Lake Coville in 1961 (E values =

-1.00 to 0.00). Selectivity for cyclopoids was variable, with E

values ranging from +0. 59 to -0. 77, although pond smelt selected

this food item to a greater degree than did sockeye fry. The electi-

vity for Diaptomus sp. was strongly negative, with one exception

(E = +0.37 to -1. 00).

Sockeye fry from Grosvenor Lake in 1961 selected Daphnia

sp. (E = +0.16 and +0. 47). Cyclopoid copepods were selected for by

sockeye from one sample (E = 40.55). The electivity for Bosmina

sp. and Diaptomus sp. was strongly negative in Grosvenor Lake in

1961, with E values ranging from -0.33 to -1.00.

The E values for Daphnia sp. ranged from +0.46 to +0.98 in

Lake Coville in 1962 and 1963 for sockeye fry and pond smelt (Table

12), indicating a strong positive selection for this food item. Con-

versely, the electivity for Diaptomus sp. was strongly negative (E

-0.33 to -1.00), with one exception. Selectivity for Bosmina sp. and

cyclopoids was variable, with E values ranging from +0.77 to -0.43

and +0.37 to -0.90, respectively.

In South Bay (Table 13) the E values indicate that ciscoes and
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Table 12. Index of food selection for the major zooplankters by sockeye fry and pond smelt in Lake
Coville, 1962 and 1963.

Date Species Age-group Food item Electivity

July, 1962 0. nerka 0 Bosmina +0. 77
Daphnia +0.90
cyclopoids +0. 13
Diaptomus -0.71

H. olidus I, II Dosmina -0.33
Daphnia +0.83
cyclopoids +0. 29
Diaptomus +0.40

August, 1962 O. nerka 0 Bo zLpir11 +0.17
Daphnia +0.72
cyclopoids -0.08
Diaptomus -0.86

July, 1963 0. nerka 0 Bosmina -0.33
Daphnia +0.78
cyclopoids -0.55
Diaptomus -1.00

olidus I, II, III o mina -0.33
Daphnia +0.46
cyclopoids +0.37
Diaptomus -0.33

August, 1963 0. nerka 0 Bosmina -0.42
Daphnia +0.61
cyclopoids -0. 90
Diaptomus -1.00

H. olidus I, II Bosmina -0.43
Daphnia +0.98
cyclopoids +0.21
Diaptomus -0.50
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Table 13. Index of food selection for the major zooplankters by four species of fish in the Naknek
River system, Alaska.

Date and
nursery area Species Age-group Food item Electivity

Iliuk Arm
August, 1962 0. nerka 0 Bosmina +0.60

Daphnia +0.78
cyclopoids +0.26
Diaptomus -0. 38

South Bay
July, 1962 C. sardinella I Bosmina 0.00

Daphnia -1.00
cyclopoids +0.41
Diaptomus -1.00

August, 1963 O. nerka I Bosmina -0.17
(early) Daphnia -0.60

cyclopoids +0.32
Diaptomus -0.89

C. sardinella II Bosmina -0.55
Daphnia -0.60
cyclopoids +0.32
Diaptomus -0. 71

August, 1963 0. nerka 0 Bosmina -0.12
(late) Daphnia -1.00

cyclopoids +0.34
Diaptomus -0.64

I Bosmina +0.15
Daphnia -0.81
cyclopoids +0.35
Diaptomus -0.91

West End
July, 1962 0. nerka 0 Bosmina +0.33

Daphnia -0.14
cyclopoids -0.09
Diaptomus -1.00

I Bosmina -0.33
Daphnia -0.60
cyclopoids +0.17
Diaptomus -0.89

Continued on next page



Table 13 Continued.

Date and
nursery area Species Age-group Food item Electivity

West End G. aculeatus 1
Bosmina +0.94

July, 1962 Daphnia -1.00
cyclopoids -0.44
Diaptomus -0.71

P. punzitius 1
Eosmina +0.94
Daphnia -1.00
cyclopoids -0.44
Diaptomus -0.56

103

1
All ages combined.



104

both age-groups of sockeye had a positive selection for cyclopoid

copepods (E = +0.32 to +0.41). Bosmina sp. was the only other zoo-

plankter selected for in this rearing area. Both Daphnia sp. and

Diaptomus sp. were not selected by the sockeye and ciscoes analyzed.

All food items except Bosmina sp. , and in one instance cyclo-

poids, were rejected by sockeye fry, yearlings and both species of

stickleback in West End in 1962 (Table 13). The electivity for

Bosmina sp. was strongly positive by the threespine and ninespine

stickleback (E = +0.94). These species apparently rejected Daphnia

sp. (E = -1.00), cyclopoid copepods (E = -0.44) and Diaptomus

sp. (E = -0.56 and -0. 71). The electivity indices support the ear-

lier suggestion that the diet of sockeye fry is more similar to that of

the two species of stickleback than is the diet of yearling sockeye.

These values also are in agreement with an earlier suggestion that

the diets of the threespine and ninespine stickleback are more simi-

lar than are the diets of sockeye fry or yearlings to either of the

species of stickleback.

If food items are found in different ratios in the environment

and in the stomachs of fish, selective processes may be operating

(Houde, 1967). Selection depends upon a number of characteristics

of both predator and prey (Iv lev, 1961). In this study the degree of

availability and aggregation of the prey (zooplankton) would affect the

indices of selection. The size of the predator and prey also may
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affect these indices.

The data presented above suggest sockeye fry and pond smelt

selected Daphnia sp. in Lake Coville and Grosvenor Lake. Bosmina

sp. and cyclopoids were selected occasionally by both salmon and

smelt, but Diaptomus sp. was selected only by pond smelt. Juvenile

sockeye and least ciscoes always selected cyclopoids in South Bay,

although only a few comparisons were made. In the West End nur-

sery area, Bosmina sp. was selected more often than the other zoo-

plankters by sockeyes and both species of stickleback.

Individual genera of the zooplanton were differentially selected

by the limnetic fishes in each nursery area of the Naknek system.

The composition of the limnetic fishes in each area also differed.

Studies on the feeding relationships of limnetic fishes in the Naknek

system, therefore, must include each nursery area if the objective

is a more complete understanding of these relationships and how they

affect the populations of sockeye salmon in the Naknek River system.
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SUMMARY DISCUSSION

Recent studies of the ecology of juvenile sockeye salmon have

shown that the composition of sympatric species varies from river

system to river system. A number of environmental conditions,

physical and biological, affect the distribution and abundance of these

species. Two important factors are the survival of these fishes

during the last glaciation, and their subsequent dispersal from

glacial refugia or redipersal by way of the sea. These factors large-

ly explain differences in the species composition between the sockeye-

producing lakes of British Columbia and those of Bristol Bay.

The two species of stickleback have dispersed rather widely

over northern North America. The least cisco and pond smelt, how-

ever, have a limited postglacial dispersal in North America. Addi-

tional information on postglacial dispersal of these fishes in North

America has been recorded (McPhail, 1963; Lindsey and McPhail,

1968).

In the Chignik system, there are large populations of both

species of stickleback and pond smelt in some years in one of the

nursery lakes (Narver and Dahlberg, 1965). This system drains

southeastward to the Gulf of Alaska rather than northwestward to

Bristol Bay. The pond smelt, generally restricted to the area north

of the Aleutian Range, could have crossed over into this system
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through the relatively low areas at the head of the Chignik drainage

basin.

It is more difficult to explain the differences in the relative

abundance of these species between nursery areas of the Naknek

system and other Bristol Bay river systems. The least cisco is not

present in the large lakes of the Wood River system (Lindsey and

McPhail, 1968). The pond smelt and ninespine stickleback occur in

this system and in Lake Iliamna, but apparently they are not taken in

large numbers by tow nets in the limnetic zones of these lakes.

Within the Naknek system the differences in the distribution and

relative abundance of the fishes associated with juvenile sockeye

salmon probably are related to the diversity of the environment. The

wide range in habitats apparently has made possible the survival of

large populations of these fishes in a variety of nursery areas, even

though their general requirements appear similar.

Pond smelt were found in greater relative abundance in Lake

Coville (Naknek system) and Black Lake (Chignik system) than in any

other sockeye-producing lakes in western Alaska in which juvenile

fish populations have been studied. These two lakes are relatively

shallow in comparison to other lakes in these systems. In Lake

Coville much of the upper one-third of the lake is less than 10

meters in depth and has extensive areas of submergent and emergent

vegetation. Such an area is suitable spawning habitat for pond smelt,
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and I have presented circumstantial evidence that smelt spawn in

this portion of the lake.

The relative abundance of pond smelt was extremely low in

West End, a large littoral area in lower Naknek Lake. Less abun-

dant aquatic vegetation in these shallows may explain the low smelt

abundance.

Threespine stickleback generally inhabit the shallow areas and

spawn on shoals near the shoreline of Bare and Karluk Lakes on

Kodiak Island (Greenbank and Nelson, 1959). They may be found in

deep rearing areas if suitable spawning habitat is available. In the

Naknek and Chignik systems, threespine stickleback are most

abundant in shallow areas. In Iliamna and Owikeno Lakes distribu-

tion seems related to the amount of shoal area present (Donaldson

and Lenarz, 1964; Kerns, 1965, 1966; Ruggles, 1965).

Little comparative data are available on the distribution of the

least cisco and ninespine stickleback. No distinct pattern of distri-

bution of the cisco was apparent from catch data of this species in

Lake Clark (Kerns, 1965, 1966). The center of abundance in the

Naknek system appears to be in the South Bay rearing area although

no real pattern of distribution is discernable. The pattern of distri-

bution and relative abundance of ninespine stickleback was very

similar to that of the threespine stickleback. In the Naknek system

ninespine stickleback were most abundant in Lake Coville and West
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End, the two shallowest rearing areas of the system. Krogius and

Krokhin (1948) stated that this species inhabits the littoral zone in

Dalnee and Blizhnee Lakes in Kamchatka. In the Chignik system

ninespine stickleback were most abundant in Black Lake, the shal-

lowest of the two lakes of this system. The species was not confined

to this zone in the Naknek system and consistently was taken in the

limnetic areas of Lake Coville and West End. Recently, Nelson

(1968) reported collecting this species to depths of 30 m in an

Indiana lake, with no specimens collected in water shallower than

5 m.

Competition appeared to be the most important type of species

interaction between populations of sympatric species that I studied

in the nursery areas of the Naknek River system. Larkin (1956) re-

viewed interspecific competition in populations of freshwater fish and

noted that generally it is hard to distinguish its role from other inter-

actions between populations of fishes. Larkin (1956) defined the term

interspecific competition as: the demand of more than one organism

for the same resource of the environment in excess of its immediate

supply.

Competition for food has been difficult to prove between associ-

ated species and juvenile sockeyes. After studying the threespine

stickleback at Karluk Lake, Greenbank and Nelson (1959) were un-

able to determine whether the stickleback population benefited or
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harmed the sockeye population. In Lake Iliamna, Kerns (1965,

1966) considered the threespine stickleback the primary food compe-

titor with juvenile sockeye, although I have not seen published data

on the comparative diets of the two species. Rogers (1961), after

completing a detailed study of the diets of sockeye fry and three age-

groups of threespine stickleback in the Wood River lakes concluded

that "potential food competition exists."

Recently, however, circumstantial evidence has accumulated

from studies of some lakes of Alaska and British Columbia indicating

that competitive interactions occurred between populations of sym-

patric species and juvenile sockeyes. In Black Lake (Chignik sys-

tem) Narver and Dahlberg (1965) and Narver (1966) suggested that

the four main zooplankton feeders (sockeye salmon, pond smelt and

the two species of stickleback) had partially overlapping niches.

These authors presented data indicating interspecific competition

among these species in Black Lake. Growth suppression of all four

species apparently occurred as the total numbers of these four

species increased in the limnetic zone.

In the Wood River lakes, both interspecific and intraspecific

competition for food appeared important. Burgner (1964) has shown

an inverse relationship between the number of parent spawners and

the growth of sockeye fry during their first year in freshwater. In

years of large populations of threespine stickleback and juvenile
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salmon, growth of both species may be reduced due to food competi-

tion (Rogers, 1961; Harry et al. , 1964). Such relationships have not

been shown to be statistically significant (Burgner, 1964).

Ruggles (1965) studied the growth and relative abundance of

sockeye fry in various portions of Owikeno Lake, British Columbia.

Data collected from 1960-1963 indicated an inverse relationship be-

tween growth of fry and their population density. Sockeye fry from

two portions of the lake inhabited by large populations of threespine

stickleback showed considerably less growth than did fry from other

areas of the lake where stickleback populations were low. In Owikeno

Lake, as in the Wood River lakes, both interspecific and intraspeci-

fic interactions were suggested.

The results of a study to determine the survival and growth of

juvenile sockeye salmon introduced into a lake in which all resident

fishes (including threespine stickleback) were eliminated were re-

ported (Meehan, 1966). One of three relatively small lakes on

Afognak Island, Alaska, was treated with a fish toxicant, and two

others served as comparisons. The length of sockeye leaving the

treated lake was considerably greater than the length of sockeye

leaving the other two lakes. Since treatment in 1955, the population

of net plankton has increased in the treated lake. In 1962 abundance

of plankton remained high, and was composed primarily of clado-

cerans , whereas the population in one of the comparison lakes was
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predominantly rotifers. I think that data on the plankton populations

should be considered with some reservation because of collection

and analysis techniques used.

There usually is an inverse relationship between the population

density of sockeye fry and the growth of juvenile sockeye. Recent

studies, discussed above, show the same relationship between

abundance of sockeye and most abundant sympatric species and the

growth of juvenile salmon. In the Naknek system, however, such

comparisons are not possible at the present time for two reasons.

First such comparisons require long-term data. The data presented

in this thesis were the first of this type collected from the Naknek

system. The second reason is that any measure of growth or

abundance of juvenile sockeye from the various nursery areas of the

Naknek system is profoundly affected by the down-system movement

of pre-smolt sockeye (Ellis, 1963; Harry et al. , 1964). The larger

salmon tend to migrate first and such a movement of fish makes it

impossible to compare the growth of sockeye with population density

of sockeye or sympatric species.

Differences in the productivity of the various nursery areas

also will effect such a relationship. In the Naknek system, the

nursery areas from which the largest catches of sockeye were taken

or from which the fastest growing salmon were collected or both,

were the areas that also yielded the largest catches of sympatric
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species (Harry et al. , 1964). These areas have the greatest primary

productivity of the various nursery areas of the Naknek system.

Another factor which should be considered in the Naknek

system is the role of an additional sympatric species, the pygmy

whitefish, Prosopium coulteri (Eigenmann and Eigenmann).

The biology of this species in the Naknek system was recorded by

Heard and Hartman (1966). The species was considered a potential

food competitor of juvenile salmon, especially in Brooks Lake,

where the diets of the two species were similar and whitefish were

numerous.

Within the Naknek River system the greatest potential inter-

specific competition for food probably exists between the large

populations of pond smelt and sockeye fry in Lake Coville. Analysis

of the diets of these two species showed definite similarities (see

Table 9). There were fairly large catches of both species of stickle-

back from Lake Coville in some years, but samples for stomach

analysis were taken only from one catch of ninespine stickleback in

1963. The contents of their stomachs seem more similar to those of

the pond smelt than to sockeye fry (Appendix 3).

In the West End nursery area both species of stickleback had

diets more similar to sockeye fry than to sockeye yearlings. The

diets of either species of stickleback and sockeye fry, however,

were less similar than were the diets of pond smelt and fry in Lake
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Coville (mean r' = about +0.35 to +0.81, respectively). There-

fore, depending on the abundance of the two age-groups of sockeye

in West End, food competition between the two species of stickle-

back and juvenile salmon may not be very severe.

A study of the ecology of limnetic fishes in the two lakes of the

Chignik system revealed three species of fishes sympatric with

lacustrine juvenile sockeye (Narver and Dahlberg, 1965). Based on

the distribution in catches from the limnetic and littoral zones of

Black Lake the niche of the pond smelt appeared more similar to

that of the salmon than were the niches of the two species of stickle -

back. Narver (1966) later devised a competitive equilibrium model

for the Black Lake ecosystem showing sockeye fry in the limnetic

zone, three spine stickleback in the littoral zone and pond smelt in-

habiting the wide zone of interaction between the two. It appeared

that in Black Lake and Lake Coville the pond smelt was a greater

potential competitor with juvenile sockeye salmon than were either

of the two species of stickleback.

In the other nursery areas of the Naknek system comparisons

of the diets of limnetic fishes were not made because too few com-

parative samples were available. Ciscoes occasionally were taken

in large numbers from Iliuk Arm, South Bay and the edge of North

Arm. These catches were collected by lake trap or beach seine.

In either case, comparisons in the diet of fishes taken with this
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inshore equipment to the diet of fishes taken by tow net from the

limnetic zone are not valid.

Predation is another type of species interaction present in

most of the river systems producing sockeye salmon. Russian work-

ers believe that the threespine stickleback, the main food competitor

of young sockeye, acts as an important buffer species for the young

salmon (Krogius and Krokhin, 1956b). In an earlier paper, these

authors stated that the predator played a beneficial role, devouring

more stickleback than juvenile sockeye (Krogius and Krokhin, 1948).

In Bristol Bay systems predation on juvenile salmon and their

potential competitors has not been studied in great detail. There

are predator populations in the Wood River lakes and Iliamna Lake

large enough to cause substantial mortality on juvenile salmon. The

overall effects of predator-prey relationships and the extent to

which possible competitor species act as buffer species to young

salmon in these systems are unknown (Harry et al. , 1964). In the

Naknek system predator species are present, but their role in the

dynamics of the fish populations has not been studied.

The main objective of the intensified studies of sockeye salm-

on in Western Alaska was to determine what factor or factors in the

freshwater environment are limiting the size of the populations of

salmon in each river system. Evaluation of the spawning areas and

the nursery areas were two of the three general approaches used in
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the investigation. Studies of the capacity of the spawning ground

indicated that most systems studied could accommodate greater

spawning populations than the average escapements of recent years

(Harry et al. , 1964). The capacity of the freshwater rearing areas

may be more important as a limiting factor in the production of

sockeye salmon (Harry et al. , 1964; Burgner, 1964).

One phase of the limnological studies was to determine if the

lakes producing the most salmon were also highest in basic produc-

tivity, that is, higher nutrient levels, phytoplankton standing crop

and photosynthetic activity. A measure of the salmon production for

each system was the average escapement in recent years per lake

surface area. Harry, et al. (1964) considered the weaknesses of this

measure, but believed it gave an approximate index of salmon pro-

duction in each lake or lake system.

Harry et al. (1964) found that in terms of basic productivity

the Naknek system ranked high, but was relatively low in production

of salmon. These authors suggested that the disproportionate dis-

tribution of spawners among the lakes of the Naknek system lowers

the spawners per surface area of the system so that the rank in

salmon production was lower than expected. An additional explana-

tion for the apparent low production of salmon by the Naknek system

may be the presence of the relatively large populations of two or

more sympatric fishes in most of the nursery areas of the system.
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The limnetic fishes are feeding on the same basic food items as are

the sockeyes, that is, cladocerans, copepods and insects. Even

though I have shown differences in the diets of these fishes in terms

of genera of food items, it is possible that the end result has been a

reduction in the carrying capacity for juvenile sockeyes by the

nursery areas of the Naknek system and a subsequent reduction in

the return of adult sockeye salmon.
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Appendix 1. A list of the food organisms of five limnetic species of fish from the Naknek River
system, 1961-1963, and the units of bulk assigned to each.

Food organism Units
1

Food organism
2

Units

Large Trichoptera adult 1100 Leptodora 80

Fish larvae 530 Small Trichoptera adult 50

Diptera larvae 110 Hymenoptera adult 50

Diptera adult 20 Homoptera adult 50

Epischura 10 Araneae 30

Large Daphnia 10 Gastropoda 20

Euxytemora 9 Holonedium 13

Small Daphnia 7 Ostracoda 4

Diaptomus 7 Pelycepoda 4

Bosmina 4 Alona 3

Cyclopoid copepod 3 Harpacticoid copepod 2

Acarina 2

1
based on the average wet weight of each food organism.

2
based on a comparison with the common food items, listed at the left.
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Appendix 2. Area and time of capture, species, age, sample size, length and method of capture of
fishes from which stomach contents were analyzed, Naknek River system, 1961-1963.

Average Length Method
Year, nursery area Age- Sample length range of

2
and time periodl Species group size (mm) (mm) Capture

1961
Lake Coville

1 0. nerka 0 69 56.0 51 -71

H. olidus I 30 56. 3 48-64
I 30 60.0 56-63
II 30 71.7 66-78
H 30 74. 6 70-79
III 15 82.3 80-86

Iliuk Arm
1 0. nerka 0 30 33.4 28-43

I 30 77.6 57-109

2 0. nerka 0 30 34.8 28-47
30 80.3 57-103

3 0. nerka 0 30 52.6 38-60
I 30 83.6 78-98

South Bay
1 0. nerka 0 26 34. 7 27-44

I 30 82.9 65-98

2 0. nerka 0 7 47.6 38-64
I 30 89.8 68-109

3 O. nerka 0 3 56.3 55-57
I 28 98.8 80-110

West End
1 0. nerka 0 4 50.5 48-53

I 19 83.2 66-115

C. sardinella 0 30 51.4 44-67

G. aculeatus I, II 30 54. 9 46-66

P. Dungitius I, II 30 59. 3 50-70

North Arm
1 0. nerka I 9 113.2 107-121 beach seine

Continued on next page
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Appendix 2 Continued.

Year, nursery area
and time period]. Species

Average Length Method
Age- Sample length range of

2
group size (mm) (mm) Capture

1962
Lake Coville

1 0. nerka 0 30 41.4 35-50

H. olidus I 30 49.1 42-55
II 30 72.6 65-81

3 0. nerka 0 30 56.3 36-65

Iliuk Arm
1 C. pardinella I 30 82.9 72-105 beach seine

II 2 138.5 130,147 beach seine
III, IV, V 6 223.0 176-289 beach seine

2 C. sardinella I 2 115.5 101,130
II 2 155.0 148,162

3 0. nerka 0 30 59.4 50-66

H. olidus I 30 66. 1 61 -74 beach seine

C. sardinella I 8 107.3 102-112 lake trap

South Bay
1 C. sardinella I 7 96. 1 90-101

3 0. nerka 0 30 59. 9 49-69
I 30 86.3 76-115

C. sardinella I 20 107.5 95 -117 beach seine

West End
1 0. nerka 0 30 52. 9 41 -64

I 2 102.5 101,104

G. aculeatus small
4

30 38. 8 33-44
large 30 55.0 52-65

P. pungitius small 30 43. 2 37-49

2 0. nerka 0 25 58. 6 40-66

Continued on next page
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Appendix 2 Continued.

Year, nursery area
and time period Species

Age-
group

Sample
size

Average
length
(mm)

Length
range
(mm)

Method
of

Capture2

G. aculeatus small 30 4S.7 37-50
large 30 54.5 51-63

P. punzitiu4 small 30 48.8 39-59

North Arm
1 0. nerka I 20 96.5 80-120 lake trap

1963
Lake Coville

1 0. nerka 0 30 45.3 38-55

H. olidus I 30 46.0 36-52
II 30 68.9 65 -75
III 5 80.8 80-83

Q. arLLIkiella I 25 92.8 77 -117 otter trawl
II 2 134.0 133, 135

2 0. nerka 0 30 54.7 42-68

H. olidus I 30 48.2 41 -56
II 30 70.3 65 -77

C. pardinella II 6 145.2 130-159

3 0. nerka 0 30 58.5 43-70

H. olidus I 30 55.9 45-64
II 30 75.9 69-80

Q. sardinella I 14 1 06. 8 82-118 otter trawl

P. nunzitius 0, I, II 30 42.9 37-49

Iliuk Arm
1 0. nerka I 30 67.8 SS -82

H. olidus II 30 74. 2 70-79 beach seine

C. §ardinella I 30 90. 2 69-101 beach seine
II 23 1 22. 3 108 -135 beach seine

Continued on next page
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Appendix 2 Continued.

Year, nursery area
and time period Species

Age-
group

Sample
size

Average
length
(mm)

Length
range
(mm)

Method
of

2
Capture

2 0. nerka 0 30 42.6 35-49

3
I 30 74.9 66-99

0. nerka 0 23 44.6 39-50
I 30 74.7 63-99

H. olidus I 30 52.5 46-58
II 30 79.1 73-85
I 30 53.4 45 -59 beach seine
II 30 77.5 71 -83 beach seine

C. sardinella I 2 102.0 83, 121

II 2 132.5 132,133
III, IV 2 244.5 234, 255
I 7 89.9 82-106 beach seine
II 2 134.0 128, 140 beach seine

G. aculeatus 0, I, II 30 42.0 37-47

3 0. nerka 0 30 57.0 46-64
I 30 83.0 73-119

H. olidus I 30 64. 1 59-68 beach seine

South Bay
2 0. Aerka. I 30 83. 0 72-95

C. sardinella II 5 154.2 131 -181

3 0, nerka 0 30 52.4 40-64
I 30 86.7 77-99

West End
2 0. nerka 0 30 46.7 41 -51

I 9 85.9 79-93

G. aculeatus I, II 30 54. 6 48-62

P. punizitius I, II 30 42. 7 36-51
large 12 55.2 53-59

Continued on next page
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Appendix 2 Continued.

Year, nursery area
and time period1 Species

Average Length Method
Age- Sample length range of

2
group size (mm) (mm) Capture

3 0. nerka 0 30 63.0 54-69

G. aculeatus small 30 40.2 36-45
large 30 59.6 55 -65

P. punzitius small 30 43.2 38-48
large 20 SS. 7 53-65

North Arm
14 -16 Aug C. sardinella II 21 149.7 136-160 lake trap

3 0. nerka 0 5 56.0 44-65
I 18 95.7 85-114

C. sardinella II 16 157.4 143-180 lake trap
I 5 119.4 113-127 gill net
II 14 148.5 132-161 gill net

1
Time period 1 = July 1-25; Time period 2 = July 26-August 15; Time period 3 = August 16-
September 6.

2
Unless otherwise stated, all fish were captured by tow net.

3
D ay tows.

4Some samples of G. aculeatus and P. nunzitius were not aged because of overlap in the length
frequency distributions. These samples were divided into small and large size-groups on the basis
of the distributions.



Appendix 3. Percent composition by bulk of the food items found in the stomachs of five sympatric fishes taken from five freshwater nursery areas
of the Naknek River system, 1961 -1 963.

Year, nursery area
and time periodl Species

Age-
group

Sample
size

Stomach contents in percent bulk

Bosmina Daphnia Cyclopoids Diaptomus Eurytemora Diptera Other2

1961

Lake Coville
3 0. nerka 0 69 0.1 94.6 4. 9 0.0 0.0 0.4 0.0

H. olidus I 30 0.6 72. 9 7. 3 0.8 1.2 17. 2 0.1
II 30 0.6 80.3 11.3 3.9 3.9 0.0 0.0
III 15 0.5 81.4 7. 1 10.5 0.6 0.0 0.0

Iliuk Arm
1 0. nerka 0 30 8.0 20.3 51.3 1 6. 2 4.3 0.0 0.0

I 30 18.4 6.8 71.6 0.8 0.2 2.2 0.0

2 0. nerka 0 30 4.2 11.2 50.9 10.2 22.6 1.0 0.0
I 30 0.6 17.6 67.0 5.9 1.3 7.7 0.0

3 0. nerka 0 30 0.4 4.1 81.2 0.3 0.4 8.7 4.8
I 30 2.2 5.7 90.1 0.0 0.0 2.0 0.0

South Bay
1 0. nerka 0 26 4.8 9.0 36.8 0.6 1 3. 6 35.2 0.0

I 30 26.9 3.7 49.7 3.9 4.5 9.4 1.9

2 0. nerka 0 7 3.0 2. 3 40.5 0.8 2. 9 50.1 0.4
30 2.8 4.4 88.1 0.0 0.0 2.9 1.8

3 0. nerka 0 3 52.1 3.5 31.8 0.0 0.8 11.8 0.0
I 28 25.6 31.6 41.6 0.3 0.0 0.9 0.0

Continued on next page



Appendix 3 Continued.

Year, nursery arra
and time period Species

Age-
group

Sample
size

Stomach contents in percent bulk

Bosmina Daphnia Cyclopoids Diaptomus Eurytemora Diptera
2

Other

West End
2 0. perka 0 4 18.5 21.7 20.9 2.7 0.5 35.7 0.1

I 19 38.8 13.4 6.4 0.0 0.0 40.9 0.5

C. ;ardinella 0 30 29.2 33.7 19.6 0.0 0.0 16.7 0.8

G. aculeatus I, II 30 23.0 15.7 41.4 0.6 1.2 17.9 0.2

P. punzitius I, II 30 16.7 3.6 44.2 0.4 4.1 30.6 0.5

North Arm
1 Q. nerka I 9 10.1 47.6 1.6 0.7 0.2 0.5 39.3a

1962
Lake Coville

1 0. nerka 0 30 10.4 65.2 21.7 0.3 1.0 1.5 0.0

H. olidus I 30 0.5 44.2 37. 3 17. S 0.6 0.0 0.0
II 30 0. 8 39. S 36. 1 20.6 2. 9 0.0 0.1

3 0. nerka 0 30 4.4 69. 1 22.9 1. 1 0.0 2. 4 0.0

Iliuk Arm
1 Q. pardinella3 I 30 48.3 17.8 19.2 0.0 0.5 7.1 7. 3

b

II 2 5.6 3.1 80.6 1.5 0.0 8.1 1.2
III, IV, V 6 7.8 4. 3 59. 3 7. 9 13. 9 6. 7 0.1

Continued on next page



Appendix 3 Continued.

Year, nursery area
and time periodl Species

Age-
group

Sample
size

Stomach contents in percent bulk

Bosmina Daphnia Cyclopoids Di aptomus Eurvtemora Diptera
2

Other

2 C. sardinella I 2 0.0 0.0 90.5 1.4 0.0 8.0 0.1
II 2 0.5 0.9 86.9 3.2 0.6 7.8 0.0

3 O. nerka 0 30 3.5 13.7 56.6 7.2 1.2 17.9 0.0

H. olidus
3

I 30 2.9 3. 1 61.1 13.4 4.0 4.4 11. lb

C. sardinella
4

I 8 94. 3 0. 0 1.6 0.0 0. 0 1. 3 2.9b

South Bay
1 C. sardinella I 7 1.3 0.0 97.2 0.0 0.0 1.6 0.0

3 0. nerka 0 30 3.1 6.6 33.2 2.2 54.9 0.0 0.0
I 30 3.3 0.0 88.3 6.6 1.8 0.0 0.0

C. sardinella3
I 20 0.6 0.4 2.0 0.0 97.0 0.0 0.0

West End
1 0. nerka 0 30 1.7 2.2 16.8 0.0 12.8 65.6 0.9

I 2 0.7 1.6 59.3 2.0 0.4 34.6 1.3

G. aculeatus small 30 86.8 0.0 4.4 0.4 0.0 6.7 1.8
large 30 40.7 0.0 14.9 4.8 0.0 39. 6 0.0

E. punizitius I, II 30 47.9 0.0 4. 3 5.7 0. 9 32.5 8.7c

2 0. nerka 0 25 51.3 1.3 5.3 2.6 0.0 20.1 19.4

Continued on next page



Appendix 3 Continued.

Stomach contents in percent bulk
Year, nursery area Age- Sample
and time period1 Species group size Bosmina Daphnia Cyclopoids Di aptomus Eurvtemora Diptera Other2

1962
West End

2 G. aculeatus small 30 96.3 2.1 1.2 0.4 0.0 0.0 0.0
large 30 96. 1 0. 9 1.3 0.0 0.0 0.0 1.7

P. punzitius small 30 92. 3 0.0 1.0 2.1 0.0 2. 6 1.9

North Arm
0. nerka I 20 4.2 3.6 77.7 2.6 0.0 11.9 0.0

1963
Lake Coville

1 0. nerka 0 30 0. 2 96. 1 2.8 0.0 0. 4 0.5 0.0

H. olidus I 30 1.0 51.9 46.5 0.2 0.0 0.0 0.4
II 30 0.5 57.7 36.1 1.9 1.5 0.0 2.4
III 5 0.1 62.3 35.2 1.2 1. 1 0.0 0.0

C. sardinellas I 25 0.5 62.9 23.9 0.0 0.0 12.7 0.0

2 0. nerka 0 30 0.7 97. 3 0.5 0.0 0.0 0.5 1.0

H. olidus I 30 1.2 59.7 30.5 6.0 0.0 0.5 2.0
II 30 1.5 52.8 38. S 6.7 0.5 0.0 0.0

C. sardinella II 6 0.6 87. 4 8.0 0.6 0.0 3. 3 0.0

Continued on next page



Appendix 3 Continued.

Year, nursery area
and time period1 Species

Age-
group

Sample
size

Stomach contents in percent bulk

Bosmina Daphnia Cyclopoids Diaptomus Eurvtemor a Diptera Other2

1963

Lake C ovine
3 O. nerka 0 30 10.7 56.4 27. 1 0.0 0.8 5.0 0.0

H. olidus I 30 11.6 27.6 47.2 11.4 2.2 0.0 0.0
II 30 19.8 25.4 24.7 25.9 4.1 0.0 0.0

C. sardinella5 I 14 3.2 94.6 2.2 0.0 0.0 0.0 0.0

P. pungitius 0, I, II 30 7.3 34.0 51.4 4.0 3. 3 0.0 0.0

Iliuk Arm
O. nerka I 30 13.6 1.2 84.0 1.2 0.0 0.0 0.0

H. olidus
3

II 30 1.1 6.7 40.3 29.0 0.0 19.2 1.9

C. pardinella
3

I 30 2.5 5.1 51.8 1.1 0.0 28.9 10.6a
II 23 4.2 3.3 56.2 1.8 1.4 22.9 0.1

2 0. nerka 0 30 6.8 21.6 68.9 0.0 0.0 2.7 0.0
I 30 4.6 3.3 89.8 0.9 0.0 1.4 0.0

O. nerka
6

0 23 0.4 0.0 39.8 0.3 0.0 55.0 4.5
I 30 2.2 1.0 93.8 2.1 0.0 1.0 0.0

H. olidus I 30 6.5 3.8 84.8 3.8 0.0 0.9 0.1
II 30 2.1 5.4 69.2 1.7 1.1 19.7 0.8

Continued on next page



Appendix 3 Continued.

Stomach contents in percent bulk
Year, nursery area Age- Sample
and time period' Species group size Bosmina Daphnia Cyclopoids Di aptomus Eurytemora Diptera Other

1963
Iliuk Arm

2 H. olidus
3

30 6. 3 14.2 48.5 11.1 13.8 6.0 0. 1

II 30 12.3 30.6 47.0 8.6 1.2 0.0 0.2

C. sardinella I 2 1.8 3. 7 93. 4 1.1 0. 0 0. 0 0. 0
II 2 2.0 1.7 95.8 0.4 0.0 0.0 0.0
III, IV 2 0.0 0.0 86.7 4.8 0.0 8.5 0.0

C. pardinella
3

I 7 3.8 3.0 24. 4 0.4 0.5 47. 4 20.6a
II 2 6.9 25.7 37.7 1.6 0.3 25.8 2.0

G. aculeatus I, II 30 13.8 30.6 46. 3 0.0 0.0 9. 3 0.0

3 0. nerka 0 30 0.4 4.6 94.9 0.0 0.0 0.0 0.0
I 30 0.8 0.7 84.8 1.5 0.0 9.5 2.6

H. olidus
3

30 0.0 2.5 50.4 30.8 3.2 13.1 0.0

South Bay
2 0. nerka I 30 5.1 0.9 74.1 2.8 0.4 16.7 0.1

C. sardinella II 5 1.7 0.5 48.3 4.1 1.3 43.9 0.2

3 O. nerka 0 30 11.4 0.0 60.9 9.4 1.6 15.8 0.9
I 30 22.3 1.3 71.2 2.2 1.7 1.3 0.0

Continued on next page



Appendix 3 Continued.

Year, nursery area Age-
and time period1 Species group

1963
West End

2 0. nerka 0
I

3

North Arm
14 -16 Aug.

3

G. aculeatus I, II

P. punzitius I, II
large

0. nerka 0

G. aculeatus small
large

P. punzitius small
large

C. sardinella4 II

0. nerka 0

C. §ardinella4 II

Stomach contents in percent bulk
Sample

size Bosmina Daphnia Cyclopoids Di aptomus Eurvtemora Diptera Other2

30 1.2 0.3 3.0 0.1 0.0 93.8 2.6d
9 0.0 0.0 0.1 0.0 0.0 30.2 69.9

30 12.8 5.8 48.2 12.2 0. 8 15.6 5.5

30 11.5 1.3 23.5 0.3 0.0 61.0 2.3e
12 13.0 1.2 62.5 0.7 0.0 22.5 0.0

30 34.8 8.0 52. 9 0.0 3.0 1.3 0.0

30 84.9 3.1 10.2 1.2 0.5 0.0 0.1
30 38.4 5.7 47.7 7.4 0.0 0.8 0.0

e
30 76.5 2.0 13.7 2.8 0.0 0.0 5.2
30 20.0 7.0 44. 4 10. 7 1 7. 5 0. 0 0. 3

21 12.6 2.0 59.1 1.5 0.0 24.5 0.3

5 19.2 23.2 30.6 20.9 5.2 0.8 0.0
18 30.6 53.5 15.8 0.0 0.0 0.1 0.0

16 7.6 7.1 76.5 1.4 0.0 7.4 0.0

Continued on next page



Appendix 3 Continued.

Year nursery area
and time period' Species

Age-
group

Sample
size

Stomach contents in percent bulk

Bosmina Daphnia Cyclopoids Diaptomus Eurytemora Diptera Other2

1963
North Arm

3 C. sardinella7 I 5 22.8 17.7 59.4 0.0 0.0 0.0 0.0
II 14 55.7 9.6 34.3 0.4 0.0 0.0 0.0

1Time period 1 = July 1-25; time period 2 = July 26-August 15; time period 3 = August 16-September 6.
2This category includes Acarina, Araneae, Leptodora, Alona, Holopedium, copepod nauplii, Epischura, harpacticoid copepods, Homoptera,
Trichoptera, Hymenoptera, Gastropoda, Pelecypoda and fish larvae.

3Fish collected by beach seine.

4Fish collected by lake trap.
5Fish collected by otter trawl.
6Fish collected by tow net during the day.
7Fish collected by gill net.
a
Consisted of fish larvae.

bConsisted mainly of harpacticoid copepods.
cConsisted mainly of ostracods.
dConsisted mainly of Trichoptera
eConsisted mainly of Epischura.



Appendix 4. Estimated percent composition by bulk of the diet of three species of fish, by nursery area, year and time period, Naknek River
system, 1961 -1963.

Stomach contents in percent bulk
Nursery area Time Sample

and year Species Period 1 size Bosmina pas. Cyclopoids Diaptomus Eurytemora Diptera Other

Lake C ovine
1963 0. nerka2 1 30 0.2 96. 1 2.8 0. 0 0. 4 0.5 0.0

2 30 0.7 97.3 0.5 0.0 0.0 0.5 1.0
3 30 10. 7 56. 4 27. 1 0. 0 0. 8 5.0 0.0

H. olidus
3

1 65 0.6 56.7 38.8 1.4 1.0 0.0 1.5
2 60 1.5 53.3 38.0 6.6 0.5 0.1 0.1
3 60 18.1 25.9 29.3 22.9 3.8 0.0 0.0

Iliuk Arm
1961 O. nerka2 1 30 8.0 20.3 51.3 16.2 4.3 0.0 0.0

2 30 4.2 11.2 50.9 10.2 22.6 1.0 0.0
3 30 0.4 4.1 81.2 0.3 0.4 8.7 4.8

0. nerka4
1 30 18. 4 6.8 71. 6 0.8 0. 2 2. 2 0. 0
2 30 0.6 17.6 67.0 5.9 1.3 7.7 0.0
3 30 2.2 5.7 90.1 0.0 0.0 2.0 0.0

1963 0. nerka
2

1 0 -- -- -- --

2 30 6.8 21.6 68.9 0.0 0.0 2.7 0.0
3 30 0.4 4.6 94.9 0.0 0.0 0.0 0.0

0. nerka
3

1 30 13.6 1.2 84.0 1.2 0.0 0.0 0.0
2 30 4.6 3.3 89.8 0.9 0.0 1.4 0.0
3 30 0.8 0.7 84.8 0.0 0.0 9.5 2.6

Continued on next page



Appendix 4 Continued.

Nursery area
and year Species

Time
Periodl

Sample
size

Stomach contents in percent bulk

Bosmina Daphnia Cyclopoids Diaptomus Eurytemora Diptera Other

H. olidus5 1 30 1.1 6.7 40.3 29.0 0.0 1 9. 2 3.7
2 60 8.7 20.6 47.9 10.1 8. 8 3.6 0.2
3 30 0. 0 2.5 50. 4 30. 8 3. 2 13.1 0.0

South Bay
1 961 0. nerka2 1 26 4.8 9.0 36.8 0.6 1 3. 6 35.2 0.0

2 7 3.0 2.3 40.5 0.8 2.9 50.1 0.4
3 3 52.1 3.5 31.8 0.0 0.8 11.8 0.0

O nprka
4

1 30 26. 9 3. 7 49. 7 3. 9 4.5 9. 4 1.6
2 30 2.8 4.4 88.1 0.0 0.0 2.9 1.8
3 28 25.6 31.6 41.6 0.3 0.0 0.9 0.0

Naknek Lake
1 962 C. sardinella6 1 45 33.4 12.7 38.1 1.5 2.6 6.9 4.9

2 4 0.3 0.5 88.7 2.3 0.3 7.9 0.1
3 28 13.5 0.4 1.9 0.0 83.5 0.3 0.4

1963 g. §ardinella
6

1 53 3.3 4.2 54.0 1.5 0.7 25.9 10.4
2 20 1.7 2.4 81.0 2.2 0.1 10.6 2.1
3 56 21.5 5.7 5 7. 7 1.2 0.0 13.8 0.1

1
Time period 1 = July 1 -25; time period 2 = July 26-August 15; time period 3 = August 16-September 6.

2
Age-group 0.

3Age-groups I, II, and III combined. 6
Age-groups I, II, III, IV and V combined; taken by tow net, beach

4
Age-group I. seine, lake trap and gill net.

5Age-groups I and II, taken by beach seine.
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Appendix 5. Estimated percent composition of zooplankton collected by plankton net and percent
composition in the stomachs of sockeye fry and pond smelt, Lake Coville and
Grosvenor Lake, 1961.

Tow area
and date Food items

Estimated percent composition by numbers

Plankton
Haul

0. nerka H. olidus
age-group

0
age-group
I, II, III

C -1 Copepod nauplii 62 0 0

August 23 Cyclopoid copepods 17 21 66
Bosmina 1 1 0
Diaptomufi 4 0 1

Eurytemora 1 0 1

Daphnia 16 79 32

Diptera adults 0 1 1

C -2 Copepod nauplii 66 0 0

September 5 Cyclopoid copepods 10 3 15

Bosmina 1 0 1

Diaptomus 6 0 13
Eurytemora 1 4 7

Daphnia 16 90 64
J..entodora 1 0 1

Diptera adults 0 4 0

C -2 Copepod nauplii 50 0
September 6 Cyclopoid copepods 8 1

Bosmina 2 1

Diaptomus 16 1

Eurvtemora 1 0

Daphnia 24 97

Diptera adults 0 1

G-1 Copepod nauplii 11 0

August 28 Cyclopoid copepods 12 41

Bosmina 36 6

Diaptomus 3 1

Danhnia 37 52
Holonedium 1 0

Eurytemora 1 0
Diptera adults 0 2

G-2 Copepod nauplii 16 0

August 28 Cyclopoid; copepods 20 5

Bosmina 32 16
Diaptomus 4 0
Daphnia 28 78

Eurytemora 1 0

Diptera adults 0 1



Appendix 6. Estimated percent composition of the standing crop of zooplankton and the stomach contents of certain fishes of the Naknek River
system, Alaska, 1962. a

Nursery area Date Species
Age-
group

Composition in percent numbers

Rotifera Nauplii Bosmina Daphnia Cyclopoids Diaptomus Eurytemora

Lake Coville July 20 --- 1
46 8 2 2 34 6 T

2

July 11 0. nerka 0 0 0 16 39 44 T 1

H. olidus I, II 0 0 1 21 62 14 1

August 20 9 9 5 7 57 14
0. nerka 0 0 0 7 43 48 1 0

Iliuk Arm August 9
b --- 14 23 T T 47 9 0

August 24 0. nerka 0 0 0 4 8 80 4 T

th BaySouth July 11
b --- 8 18 1 2 41 22 9

July 12 & 21 C. sardinella I 0 0 1 0 99 0 0

West End July 26 6 9 2 4 59 18 1

July 11, 15, 25 0. nerka 0 0 0 4 3 49 0 12
I 0 0 1 1 86 1

July 25 G. aculeatus I, II 0 0 65 0 23 3 0
July 25 P. pungitius I, II 0 0 65 0 8 5

a
Data on standing crop provided by Wilbur L. Hartman.

bAverages from two stations within the rearing area.
1

= Standing crop of zooplankton.
2T

=Less than 1%.



Appendix 7. Estimated percent composition of the standing crop of zooplankton and the stomach contents of certain fishes of the Naknek River
system, Alaska, 1963, a

Nursery area Date Species
Age-
group

Composition in percent numbers

Rotifera Nauplii Bosmina Daphnia Cyclopoids Diaptomus Eurytemora

Lake Coville July 13 ---1
48 2 2 11 31 2 T2

July 19-21 0. nerka 0 0 0 T 90 9 0 T
H. olidus I, II, III 0 0 T 30 67 1 T

August 12 --- 14 5 5 23 37 15 T
July 31- 0. nerka 0 0 0 2 96 2 0 0

August 1 H. olidus I, II 0 0 2 28 65 5 T

South Bay August 6 --- 10 12 7 4 46 18 3

July 30 0. nerka I 0 0 5 T 90 1 T
July 28 C. sardinella II 0 0 2 T 90 3 T

September 6 --- 7 6 14 10 38 23 3

August 26 0. nerka 0 0 0 11 0 78 5 1

I 0 0 19 1 79 1 2

a
Data on standing crop of zooplankton provide. by Wilbur L. Hartman.

1
= Standing crop of zooplankton.

2T = less than 1%.


