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ABSTRACT

The pygmy whitefish is widely distributed through-
out the lakes of the Naknek River system in southwest
Alaska. It is a small abundant species in some lakes
of the system and may occupy a more prominent place
in the population dynamics of fishes in the Naknek
system than in other geographic areas where it has been
studied. Specimens were collected with a variety of
sampling gear including gill nets, tow nets, otter trawls,
and seines. Pygmy whitefish occurred in all benthic
habitats from shallow littoral depths to bathybenthic
areas. Seasonally in certain age groups and in certain
areas they occurred in limnetic areas of lakes and in
streams. In the Naknek system, 18 species, including
the young of commercially valuable sockeye salmon
and the closely related round whitefish, were ecological
associates of pygmy whitefish.

Two populations, one in South Bay of Naknek Lake
and the other in Brooks Lake, were studied in detail.
The oldest and largest pygmy whitefish collected was
an age V 163-mum. female from South Bay. An age III
83-mm. female was' the oldest and longest specimen
from Brooks Lake. Length frequency distributions
from other lakes were intermediate between these
extremes. Growth rates were back calculated from
polynomial body length-scale length equations for
Brooks Lake and South Bay populations.

Pygmy whitefish, Prosopium coulteri (Eigen-
mann and Eigenmann), are widely distributed
throughout lakes of the Naknek River system in
southwest Alaska (fig. 1). These lakes, which are
important fresh-water rearing areas for juvenile
sockeye salmon, Onecorhynchus nerka (Walbaum),
are studied by the Bureau of Commercial Fish-
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Dipteran insects were the principal foods eaten by
pygmy whitefish in South Bay. Crustacean plankton
dominated their diet in Brooks Lake. In other areas
insects and zooplankton were about equal in impor-
tance. Growth and insect consumption were correlated
positively.
~ Spawning occurs in November and December, appar-
ently only at night. South Bay fish spawn in lower
Brooks River. Eggs in ripe females from South Bay
averaged 2.4 mm. in diameter, and the ovaries were
16.5 percent of the body weight. The fork length-
fecundity relation of Naknek system pygmy whitefish
has the equation

Log E= —2.95524-2.7513 Log L
Both sexes mature earlier in Brooks Lake than in

South Bay.

Slow growth, low fecundity, and short life character-
ize pygmy whitefish in Brooks Lake. These factors
are compensated for in part by early maturity and
probably by a low mortality from fertilized egg to
maturity. The wide range of pygmy whitefish popu-
lations in the Naknek system probably reflects adaptive
responses of a highly plastic species to the wide variety
of environmental characteristics found in different
lakes of the system.,

eries to determine factors limiting fresh-water pro-
duction of this highly important. commercial spe-
cies. These studies embrace a variety of limnolog-
ical and biological research, including interspecific
relations of fishes associated with juvenile salmon.

Pygmy whitefish are apparently the most ab-
undant species in some lakes of the Naknek system,
and it is possible that they may compete directly
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specific sampling effort.

or indirectly with juvenile sockeye salmon for food
or space. Other fishes, for instance the threespine
stickleback (Gasterosteus aculeatus), have also
been characterized as actual or potential competi-
tors with juvenile sockeye salmon (Krogius and
Krokhin, 1948; Greenbank and Nelson, 1959 ; and
Burgner, 1960). Pygmy whitefish may also act
as a bufler between salmon predators and young
salmon.

There is relatively little literature concerning
pygmy whitefish, and specific studies on the biol-
ogy of this species are few, They were discovered
in British Columbia in 1892 and were first col-
lected in Alaskan waters in 1912 (Kendall, 1917).
Although locality and life history data accumu-
lated for several years (Snyder, 1917; Kendall,
1921; Schultz, 1941; and Wynne-Edwards, 1947
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and 1952), published material was based on few
specimens. Meyers (1932) reported on 21 speci-
mens from Chignik River on the Alaska Pen-
insula, and Weisel and Dillon (1954) reported on
23 pygmy whitefish from western Montana. Esch-
meyer and Bailey (1955) collected 1,623 pygmy
whitefish from Lake Superior during a 2-year
study and reported the discovery of a relatively
large population in the lake and described its
morphology and life history. Comparisons were
made with previous collections from the Pacific
slope. MeCart (1963) has recently studied the
growth and morphology of pygmy whitefish from
several British Columbia lakes.

Pygmy whitefish were first collected in the Nak-
nek River system at Brooks Lake in 1957, and ob-
servations in Brooks Lake have continued since
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then.! Beginning in 1961 and continuing through
1963, observations were extended throughout the
Naknek system. More than 10,000 specimens have
been collected by various methods since 1961.

The present study was undertaken to investigate
the distribution, age and growth, food habits, re-
production, and general life history of pygmy
whitefish in the Naknek system. Emphasis was
placed on determining the relation of pygmy white-
flsh biology to that of other fishes in the system,
particularly the sockeye salmon.

STUDY AREA

The Naknek River system, much of which lies
within Katmai National Monument, consists of
seven interconnecting lakes: Hammersly, Murray,
Coville, Grosvenor, Brooks, Idavain, and Naknek.
These lakes drain into the northeast side of Bristol
Bay through the Naknek River (fig. 1). All are
glacial in origin, dating from Wisconsin times
(Muller, 1952; and Karlstrom, 1957). Naknek
Lake comprises three major basins and a shallow
outwash plain. The basins, Iliuk Arm, North
Arm, and South Bay, and the outwash plain, West
End, will be referred to hereafter without refer-
ence to Naknek Lake. The maximum depths are
not known for Murray, Idavain, or Hammersly
Lakes. The other lakes vary between a maximum
depth of 53 m. in Coville Lake and 173 m. in Iliuk
Arm.

The lakes and basins of the Naknek system in-
clude a broad range of environmental types. Most
of them are oligotrophic and usually have ice
cover from December through early May. Iliuk
Arm frequently does not freeze over completely,
probably because of its depth and excessive tur-
bidity, which is due to glacial melt water and
volcanic ash. In Iliuk Arm, Secchi disk visibility
is generally less than 0.5 m., while in the other
basins and lakes it ranges between 3 and 12m. A
horizontal turbidity gradient occurs in South Bay,
increasing in intensity toward Iliuk Arm. Ther-
mal gradients commonly exist, although classical
thermoclines develop only occasionally and are un-
stable. The waters are slightly alkaline, and oxy-
gen levels remain at or near saturation at all
depths measured throughout the year. The basic

1The annual field reports of the research operations at Brooks
Lake (1957-62) are on fille at the Bureau of Commercial Fish-
eries Biological Laboratory. Auke Bay, Alaska.
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limnology of lakes in the Naknek River system is
described in detail elsewhere.®

MATERIALS AND METHODS

Most pygmy whitefish were collected in the
Naknek system with small otter trawls, tow nets,
beach seines, and small-meshed gill nets. A few
specimens were collected with fyke nets and float-
ing lake traps and by divers using hand nets.
These same methods were used to sample juvenile
sockeye salmon in various stages of their fresh-
water life. Heard (1962) described the small-
meshed gill nets, and the three other principal
types of gear are described below. All mesh sizes
are given in stretch measure.

The otter trawls were Gulf Coast shrimp try-
trawls about 6 m. long, 2.6 m. wide, and 0.6 m.
deep. The cotton webbing varied from 50.8-mm.
mesh in the front section to 25.4-mm. in the cod
section, with a 13-mm. mesh cod liner, The foot-
rope was weighted with a 19-mm. mesh chain, and
the otter doors were 30.5 by 45.7 cm. Except for
use of a tow cable guide ring on the transom, our
use of these trawls behind an outboard skiff was
basically the same as described by Baldwin (1961).

Trawl drags varied in time, in length of drag,
and in depth. Generally they were between 8 and
15 minutes long and covered from 325 to 1,000 m.
The trawls were fished effectively for pygmy
whitefish to depths of 79 m.

The tow nets were 3.1 m. in diameter and 6.9
m. long, and they were used generally at night in
limnetic (offshore or open water) portions of the
lakes. They were towed behind two outboard
skiffs with the top of the net at the surface or 3.1
ni. deep. A standard tow was 492 m. Mesh sizes
of nylon webbing varied from 38 mm. at the net
opening to 3 mm. in the cod end. Burgner (1960)
describes the construction and general use of this
net. A 1-m. tow net such as that described by
Johnson (1956) was used to collect one sample of
pygmy whitefish in Brooks Lake.

Three types of beach seines were used. The two
principal types, which were set in a semicircular
pattern from shore with an outboard skiff, were
3.1 m. deep and 32.8 or 42.6 m. long. The 32.8-m.
seine consisted solely of 3 mm. webbing, and the

2 Hartman, Wilbur L., and Robert L. Burgner. The limnology
of sockeye salmon nursery lakes in southwest Alaska. The
manuscript is filed in the.U.S. Bureau of Commercial Fisheries
Biological Laboratory, Auke Bay, Alaska.
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42.6-m. seine consisted of a center section (9.8 m.
long) of 6-mm. webbing and two end sections (16.4
m. long) of 12-mm. webbing. The third type was
1 m. deep with 3-mm. webbing and was either 3.1
or 6.1 long.

Most collections of pygmy whitefish were pre-
served and processed for various biological data;
specimens from the other collections were dis-
carded after the catch was recorded. Fork lengths
were measured in millimeters and weights in
tenths of grams. Most collections were preserved
in 10-percent formalin for at least 48 hours before
processing. The conversion factor of 0.977 to ac-
count for shrinkage was applied to length data on
one group of fresh specimens. All lengths given
are preserved lengths or equivalents. Because
Eschmeyer and Bailey (1955) presented their
pygmy whitefish data in total lengths, we deter-
mined factors for converting fork lengths to total
lengths. Fork length times 1.0777 equals total
length for specimens shorter than 100 mm., and
fork length times 1.0345 equals total length for
specimens longer than 100 mm.

Biological information determined from indi-
vidual specimens included age and growth deter-
minations, stomach content analyses, and repro-
ductiva data. Age and growth were analyzed
from scale samples and length frequencies. Stom-
ach content. analyses were made either on all of
the specimens or on random samples from different
collections, The occurrence of food items was
determined for individual fish, while volumetrie
analyses were made by combining food items from
all fish in a specific collection. Sex ratios and age
and length at maturity were determined for ran-
dom samples or for all fish in different collections.
Egg content was determined for 85 females by
total count.

DISTRIBUTION AND ABUNDANCE OF
PYGMY WHITEFISH

Pygmy whitefish have the greatest discontinuous
range of any fresh-water fish in North America ac-
cording to Eschmeyer and Bailey (1955). In ad-
dition to its occurrence in Lake Superior of the
Atlantic slope, this species has been recorded from
the Columbia River drainage in Washington,
Montana, and British Columbia (Schultz, 1936;
Weisel and Dillon, 1954) and from the Fraser,
Skeena, Yukon, and Mackenzie River systems of
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the Pacific and Arctic slopes (Carl, Clemens, and
Lindsey, 1959). It also occurs in both Pacific and
Bering Sea drainages of southwest Alaska, hav-
ing been reported from the Nushagak (Snyder,
1917), Chignik (Kendall, 1917), Naknek (Mer-
rell, 1964), and Kvichak (personal communica-
tion, Ole A. Mathisen and O. E. Kerns) River
systems. Pygmy whitefish probably occur in other
Bristol Bay river systems on the Alaska Penin-
sula, such as the Ugashik and Egegik, where large
lakes appear to provide suitable habitat.

Eschmeyer and Bailey (1955) concluded that
the present disjunct populations of pygmy white-
fish are all referable to the same species and most
likely represent relicts of a continuously distri-
buted species in late Pleistocene that survived in
deep lakes after the retreat of Wisconsin glacia-
tion. McCart (1963) compared meristic and
morphological variation in pygmy whitefish from
British Columbia with those from other areas and
found the species to be highly variable both within
and between populations.

The sizes attained by pygmy whitefish in dif-
ferent geographic areas varied, most likely be-
cause of differences in growth rates related to dif-
ferent environments. The maximum size reported
from Lake Superior was 149 mm. Carl, Clemens,
and Lindsey (1959) reported a population of
“giant” pygmy whitefish in Maclure Lake, British
Columbia. McCart (1963) found pygmy whitefish
in this lake as large as 262 mm. The maximum
sizes in the Naknek system varied considerably
between lakes, ranging from 84 mm. in Brooks
Lake to 163 mm. in South Bay (fig. 2).

NAKNEK SYSTEM

Pvgmy whitefish are widely distributed through-
out the Naknek system and were collected in every
major water area in the system except Idavain and
Murray Lakes and West End (table 1). No at-
tempt was made to collect them in Idavain Lalke,
and only one small-meshed gill-net set, which was
unproductive, was made in Murray Lake. Pygmy
whitefish may have been collected in 1962 from the
West End in tow nets, but the discarded specimens
were recorded on field data sheets only as “white-
fish.” It is likely that they do occur in these three
major areas, however.

The abundance of pygmy whitefish varied
throughout the system. The distribution is best
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Fraure 2.—Pygmy whitefish from the Naknek system.
From top to bottom : 5-year-old mature female, 163 mm.
long, collected Novernber 9, 1962, in South Bay; 2-year-

known in Brooks Lake where the greatest sam-
pling effort was expended. Pygmy whitefish were
collected in all sections of Brooks Lake, and two
areas of heavy abundance were found at opposite
ends of the lake (areas 1 and 5 (fig. 1)). They
also occurred throughout South Bay and Iliuk
Arm. A concentration of this fish apparently oc-
curs in the semiprotected bay of South Bay near
the mouth of Brooks River and in the upper end
of Iliuk Arm. The known distribution of pygmy
whitefish in North Arm is spotty, but it is believed
to be widely distributed in this basin. In 1962 and
1963, small whitefish were not specifically identi-
fied on field collection sheets of seine records from
that basin. We suspect that at least some of these
were pygmy whitefish. In Grosvenor Lake, pygmy
whitefish were collected in most areas of the lake;
but, in Coville Lake, they were collected only from
the east end of the lake. The one Hammersly Lake

PYGMY WHITEFISH OF SOUTHWEST ALASKA

old immature female, 98 mm. long, collected November
9, 1962, in South Bay; 3-year-old mature female, 76
mm. long, collected November 7, 1962, from Brooks Lake.

collection was made near the lake outlet.

The most widely used sampling gear through-
out the system was tow nets, which was used in
open-water limnetic areas, primarily to sample
juvenile sockeye salmon. Otter trawls, gill nets,
and seines, which were more effective than tow
nets in sampling pygmy whitefish, were used to
different degrees in different areas (table 1). The
unknown vulnerability of pygmy whitefish to dif-
ferent types of gear and the unequal use of each
type in various lakes and basins should be kept
in mind when considering relative abundance.

On the basis of the number of specimens ob-
tained in other geographic areas by previous col-
lectors, populations of pygmy whitefish may oc-
cupy a more dominant role in the overall fish
population structure in parts of the Naknek sys-
tem than in other areas. In the Lake Superior
study, the greatest single collection of pygmy
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TABLE 1.—8Sampling efforis ! with otter trawls, tow nets, small-meshed gill nets, and beach setnes in Naknek sysiem and percent
of samples yielding pygmy whitefish, 1961-63

Otter trawl Tow net Gill net 2 Seine
Sampling area and year
Sampling Samples Sampling Samples Sampling Samples Sampling Samples .
efforts with pygmy efforts with pygmy efforts with pygmy efforts with pygmy
whitefish whitefish whitefish whitefish
Number Percent Number Percent Number Percent Number Percent
Brooks Lake:
1981 e 79 33 108 1 U U RSO, 3
2 43 154 8 2 100 22 36
75 40 8 9 78 4 75
60 | L R S, 5 3
41 2 1 100 37 24
47 2 F: 2 [ N DOVUNR R F
101 [ 3 (I [, 7 20
53 4 26 112
20 5
57 L S [N IR 6 33
61 10 3 100 47 68
39 3 6 100 6 83
49 2 2 100 4 50
72 [ SO R 12 58
36 6 2 50 2 100
32 0 3 100 8 0
94 1 3 100 24 30
12 0 1 100 5 0
21 [ 2 R P
52 80 |l 5
0 o e —— e -
____________________________ 1 100 |. R
____________________________ 1 L1 I8 P P,
________________________________________________________ 2 100

1 A sampling effort equals one trawl haul, tow net haul, gill net lift, or Individual seine haul.
2 Includes only those gill net sets with mesh sizes 1-inch stretch measure or smaller.
3 Not including sampling efforts containing unidentified small whitefishes which may have included pygmy whitefish,

whitefish was 171 specimens taken in an otter trawl
in Siskiwit Bay (Eschmeyer and Bailey, 1955).
Our largest single collection was 1,701 specimens
taken in a beach seine haul on August 14, 1962,
in Brooks Lake (table 2). The largest Lake
Superior collection had about 80 percent age 0+
fish, while the largest Brooks Lake collection had
100 percent age 0+ fish. Our second largest col-
lection was made July 10, 1962, by a trawl drag
in Brooks Lake that yielded 1,567 age I+ and
age IT+ fish. A beach-seine haul in South Bay on
August 4, 1962, yielded 964 specimens (table 2).
Of these, 962 were age I+ and older. All of the
1961-63.collections of pygmy whitefish from the
Naknek system in which 10 or more specimens
were caught in a sampling effort are listed by
date, area, gear, depth, and number of specimens
in table 2.

ECOLOGICAL AND SEASONAL DISTRIBUTION

Pygmy whitefish occupy a wide variety of eco-
logical habitats in the Naknek system. They were
caught not only in benthic habitats, ranging from
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a depth of 168 m. (in Iliuk Arm and North Arm)
to littoral areas less than 1 m. deep, but also in
limnetic areas at or near the surface over deep
water and in several streams.

The capture of pygmy whitefish in littoral areas
with seines and trawls and in limnetic areas with
tow nets was somewhat unexpected. In Lake
Superior, Eschmeyer and Bailey (1955) caught
pygmy whitefish only in benthic areas helow 10
fathoms. Except for six specimens caught in gill
nets, all Lake Superior pygmy whitefish were
caught in otter trawls.

Most littoral catches of pygmy whitefish in the
Naknek system were made at the northeast end of
Brooks Lake and in a semiprotected bay in South
Bay (areas 1 and 8, fig. 1). Part of this littoral
area in Brooks Lake consisted of a shallow sandy
shelf 1 to 2 m. deep that extended 800 to 500 m.
into the lake. This shelf is subject to heavy wave
action and is barren of vegetation except for small
patches of Ranunculus sp. Large schools of age
0+ pygmy whitefish were observed by biologists
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TaBLE 2.—Collections of pygmy whitefish from the Naknek system in which 10 or more specimens were caught per sampling
effort ! by area, gear, depth, and number of specimens, 1961-63

Sampling area and Num- Total Sampling area and Num- Total
date bered Type of gear Depth |specimens date bered Type of gear Depth | s
area 2 caught areg ? caught
Meters | Number Meters | Number
Brooks Lake: South Bay—Con.
July 17, 1961_______ 1 8 290 July 23, 1962...__.. 9 3 16
July 18,1961 _______ 7 12 11 July ‘.!3, 1962_____._ 9 3 25
July 20, 1961__ 1 2 89 July 23, 1962_.___._ '] 3 16
July 21, 1961.. 2 3 32 July 23, 1962 9 3 53
Aug.7,1961__ 4 5 150 July 23, 1962 9 3 10
Aug. 8, 1961 __ 5 5 308 Aug. 4, 1962. 8 2
Aug. 8,1061__ 5 8 344 Aug. 4, 1962_ 8| 2 16
Aug. 10,1961 ______ 5 15 12 Aug. 4, 1962___ 8 2 22
Aug. 10, 1961______ 5 32 10 . 8 2 345
Aug, 11,1961 ... 1 0-3.1 16 8 2 11
Aug.11,1961______ 2 0-3.1 321 8 2 964
Sept. 1,1061_______ 1 0-3.1 10 8 2 96
Sept. 14, 1961_ 1 5 96 8 2 148
Sept. 26, 1061_ 6 3.1-6.1 10 8 2 124
June 29, 1962. 1 4 70 8 8 118
June 29, 1962 1 10 425 8 7 20
July 10, 1962 1 8 1, 567 8 8 12
July 11, 1962 L] 2 88 8 1 12
July 22, 1962 1 8 18 8 1 144
July 22, 1 1 8 46 8 8 33
July 23, 196: 1 01 168 . 8 8 56
July 26, 1962 5 40 Dec. 13, 1963 ...... 8 3 81
July 27, 1962__ 3 69
Aug. 10, 1962 2 24 8 1 458
Aug. 10, 1962 2 88 8 1 178
Aug. 10, 1962_ 2 15 8 1 18
Aug. 10, 1962 2 36 8 1 200
Aug. 14, 1062 1 1,701 8 1 160
Sept. 14, 1962 8 15
Nov.7, 1062 8 306 11 3 12
Nov. 8, 1962 12 67 11 3 27
Nov. 8, 1962__ 3 11
July 2, 1! 1 17 10 169 10
July 8, 1963 1 65 10 169 21
July 16, 1963 1 17
July 22, 1963 66 14 14 2 12
July 22, 1963. 65 10 14 2 10
July 26, 1963 78 10 14 2 10
ug. 7, 1963 1 18 July_ 12. 1962. _____ 14 2 12
Aug. 9, 1963 ki) 18 || Grosvenor Lake:
Aug. 20, 1963 375 1r June 30, 1962.__ . __ 12 2 48
Dec. 16, 1963 12 29 Aug. 5,1962__. 13 8 54
South Bay: Aug. 19, 1 12 7 96
July 15, 1962 ____ - 8 2 46 || Hammersly Lake
Tuly 22, 10621 9 3 36 Aug. 20,1962______ 15 20 12

21 A saénpllnf effort is an individual trawl haul, tow net haul, beach seine haul, or gill net lift.

gure 1.
3 (3ill net was buoyed so that it was fishing horizontally 3 m, off the bottom in water 78 m. deep.

skin diving along this shelf during June, July, and
August, 1962 and 1963. These fish were routinely
caught with seines or hand nets. On July 23, 1962,
168 age 0+ pygmy whitefish were caught on the
edge of this shelf in a 1-m. tow net (table 2). This
particular catch was made in an area where Arctic
Terns (Sterna paradisaea) were feeding on small
fishes near ‘the surface, presumably pygmy white-
fish. Littoral collections in South Bay were made
during April, May, June, July, August, Sep-
tember, October, November, and December in
either 1962 or 1963 (table 2). Pygmy whitefish
apparently remain in the littoral area of this bay
throughout most of the year. No sampling was
attempted during late winter or early spring.

In addition to the above areas, substantial num-
bers of pygmy whitefish were also caught in lit-
toral areas in the narrows between South Bay and
Iliuk Arm, at the upper end of Iliuk Arm, and

PYGMY WHITEFISH OF SOUTHWEST ALASKA

near the outlets of Grosvenor and Coville Lakes
(areas 9,11, 12,and 14, fig. 1).

Pygmy whitefish in the Naknek system appar-
ently are associated with the benthic zone at all
lake depths. Benthic collections have been made
from all depths in Brooks Lake with seines, trawls,
or gill nets and from shallow shoreline and the
deepest areas of North Arm and Iliuk Arm with
seines and gill nets. This distribution differs from
the bathybenthic distribution found in Lake Supe-
rior (Eschmeyer and Bailey, 1955) and the inter-
mediate benthic distribution found in four British
Columbia lakes (McCart, 1963). In each of these
studies, pygmy whitefish were sampled primarily
with one collecting gear—trawls-in Lake Superior
and gill nets in British Columbia.

Although pygmy whitefish are generally asso-
ciated with the benthic zone, concentrations of
them were typically spotty. A series of 11 conse-
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cutive seine hauls made along a 600-m. stretch of
beach in South Bay on August 4, 1962 (table 3),
shows that catches are variable and suggests that
pygmy whitefish are frequently grouped in large
schools. Approximately 80 percent of the pygmy
whitefish collected throughout the Naknek system
came from specific sampling efforts that yielded
100 or more specimens.

TaBLE 3.—Age 0+ and older pygmy whitefish caught in 11
consecutive seine hauls in South Bay, August 4, 1962

Fish per haul
Seine haul number
Age 04 Age I+
and older
Number Number
0 542
1 0
1 3
2 3
12 4
20 2
[\] Q
0 0
4 341
7 3
2 962

Underwater observations on the schooling and
feeding behavior in lower Brooks River indicated
that pygmy whitefish are frequently grouped in
schools of several thousand fish. Fishes in these
schools were evenly spread out over several meters
of stream bottom. Individuals fed independently
of other fish, and the undisturbed school of fish
would slowly move from one area to another.
Wheir disturbed by an observer or predator, schools
of pygmy whitefish in Brooks River became tightly
grouped.

The distribution of age 0+ pygmy whitefish,
particularly in Brooks Lake, changes in late sum-
mer. Many of these young whitefish remain in
littoral areas on the sandy shelf along the north-
east shoreline of Brooks Lake throughout much
of the summer, but by mid-August they begin dis-
appearing. They are scarce in this area in Sep-
tember. During the same period, limnetic catches
of pygmy whitefish in tow nets increase. Age 0+
sockeye salmon in Wood River Lakes behave simi-
larly (Burgner, 1960). Naknek system age 0+
sockeye salmon also show this behavior, although
it is not as pronounced. The reasons for this fall
change in distribution of young pygmy whitefish
are not known. The autumn. lake turnover,
changes in diet attendant with shifts in food sup-
plies, or other limnological changes may be in-
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volved. During the fall, weather on the Alaska
Peninsula is characterized by severe storms with
gale winds. The resultant heavy wave action may
tend to disperse young pygmy whitefish from
littoral areas.

Ahout 95 percent of the pygmy whitefish caught
with tow nets in all lakes and basins were age 0+
fish. In 1961 tow nets were used in Brooks Lake
from mid-August throughout September, while
otter trawls were used primarily from mid-July
to mid-August. A comparison of length frequen-
cies of pygmy whitefish caught in limnetic areas
with tow nets with those caught in benthic areas
with trawls during these periods indicates (fig. 3)

1o
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Ficure 8.—Comparison of length frequencies of pygmy
whitefish caught from mid-July to mid-August in
benthie areas with otter trawls with those caught from
mid-August through September in limnetic areas with
3.1-m.-diameter tow nets. Brooks Lake, 1961.

that while both age 0+ and older fish were caught
in the benthic zone, most of those caught in the
limnetic zone were age 0+. Differences in the
selectivity of the two gears could have affected
these catches; however, we do not feel trawls were
selectively collecting older, larger pygmy white-
fish since comparative catches of other fishes sug-
gest that larger specimens are usually caught in
tow nets. Our interpretation of these data is that
fewer age 14+ and older pygmy whitefish were
present in limnetic areas than in benthic areas.
Differences in length frequencies of age 0+ fish
shown in figure 3 are due to sampling periods and
not to differences in size of fish caught in separate
ecological areas or with different sampling gear.
In 1962 and 1963 when tow nets were used in
Brooks Lake throughout July and August, no
pygmy whitefish were caught in limnetic areas
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until late August. Some age 0+ fish may have
been present in limnetic areas before this time,
although they probably would have been too small
to capture in the available gear. Few tow net
hauls were made in September, except in Brooks
Lake in 1961.

Although no permanent stream populations of
pygmy whitefish are known to exist in the Naknek
system, large numbers seasonally occupy the lower
100 to 400 m. of Brooks River. These fish are part
of the South Bay population (area 8, fig. 1) and
do not go above a rapids area below Brooks River
falls. They occupy lower Brooks River from late
June to early September for feeding and from
mid-November to mid-December for spawning.
Feeding pygmy whitefish in Brooks River char-
acteristically occupy neither the fastest moving
nor the slowest moving water, but seem to prefer
a moderate current adjacent to a faster one.

A few pygmy whitefish have been collected or
observed in other streams in the system. With the
possible exception of an annual downstream drift
of spent fish in midwinter, these collections ap-
parently represent only sporadic downstream
movements of fish from Brooks, Coville, and
Grosvenor Lakes. Underwater surveys of upper
Brooks River from May through November and
of Coville River from May through August re-
vealed that pygmy whitefish did not occupy these
streams during this period.

ASSOCIATED FISHES

Nineteen species of fishes were collected with
pygmy whitefish in various parts of the system.

The percent frequency occurrence of these species
(table 4) provides a basis for discussing associated
species. Throughout the system the cottids Cottus
aleuticus Gilbert and C. cognatus Richardson
were the most frequent associates, occurring in 55
percent of all sampling efforts that yielded pygmy
whitefish (table4). Juvenile sockeye salmon were
the second most frequent associates, occuring in 42
percent. of the samples. Next in frequency of
association with pygmy whitefish were ninespine
sticklebacks, threespine sticklebacks, round white-
fish, and least cisco (table 4). The greatest num-
ber of sympatric associates in a specific area was
17 species in South Bay.

Certain fishes in the Naknek system were not
caught with pygmy whitefish in all lake areas.
Least cisco, humpback whitefish, pond smelt, and
longnose sucker, were collected widely in other
parts of the system but not in Brooks Lake.
Alaska blackfish, abundant in Brooks Lake, were
not collected in South Bay or Iliuk Arm. Dif-
ferences in sampling gear and effort may account
for species not being caught in certain areas.

The two most common associates of pygmy
whitefish in Lake Superior were cottids and nine-
spine sticklebacks (Eschmeyer and Bailey, 1955).
Round whitefish, which were never collected in
association with pygmy whitefish in Lake Su-
perior, occurred in 17 percent of the Naknek sys-
tem samples yielding pygmy whitefish. These
whitefishes were collected together in six of eight
major lakes, basins, or streams (table 4). This
apparent difference in association between pygmy
whitefish and its closest relative in Lake Superior

TABLE 4.—Percent frequency occurrence of associaled fishes in sampling efforls ! that yielded pygmy whilefish

Species

Brooks
Lake

South
Bay

Hiuk
Arm

North
Arm

Coville

Grosvenor
Lake Lake

Hammersly
Lake

Brooks
River

All areas
combined

Cottid, Coldus SpP - - - e oo
Sockeye salmon, Oncorhynchus nerka®._.___.
Ninespine stickleback , Pungitius pungitius._
Threespine stickleback, Gasterosteus aculeatus.
Round whitefish, Prosopium cylindraceum ..
Least, cisco, Coregonus sardinella...
Alaska blackfish, Dallia pectoralis.
Pond smelt, Hypomesus olidus. . .-
Arctic lamprey, Lampetra japonica_ ... -__.
Lake trout, Salvelinus namaycush. _ .
Arctie grayling, Thymallus arcticus. .
Humpback whitefish, Coregonus pidschi
Coho salmon, Oncorhynchus kisuich ?
Arctic char, Salvelinus, alpinus... ... ..
Rainbow trout, Selmo gairdneri____.
Dolly Varden, Salvelinus malma. ...
Longnose sucker, Ct cal

Northern pike, Esor lucius. ... ...

Percent

Burbot, Lota lola

Percent

Percent

D

Percent Percent Percent
67 2

62 25
38

Percent
100

Percent

1 12 10 1D 60 €O G 1 B 00 ©

1 Sampling efforts of all gears were combined for each area, then for all areas; see table 1 for total sampling effort by gear and area.

2 Juvenliles only.
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and the Naknek system may be related to the use
of only trawls in Lake Superior and several gears
in the Naknek system. In the present study few
round whitefish were captured in trawls. McCart
(1963), using gill nets, found little or no associ-
ation between pygmy whitefish and mountain
whitefish Prosopéum williamsoni (Girard) or lake
whitefish Coregonus clupeaformis (Mitchill) in
Cluculz and Tacheeda lakes, British Columbia.

AGE AND GROWTH
BODY-SCALE RELATION

The relation between body length and the an-
terior scale radius (mm. multiplied by 80) was de-
termined for 456 pygmy whitefish from Brooks
Lake and 500 from South Bay. Data from both
lakes indicate this relation is highly sigmoid.
Rounsefell and Everhart (1953, p. 324) suggest
that problems of curvilinearity can be solved by
omitting the earliest years and back caleulating
only those ages that do not deviate appreciably
from linearity. The persistence of a curvilinear
body-scale relation in the older age groups of
Naknek system pygmy whitefish prevented any
linear treatment of older fish, Also, these fish are
relatively short lived, reaching a maximum age of
3 years in Brooks Lake and 5 years in South Bay.
Age was determined from scale annuli, which, ex-
cluding scales from a few older fish, were not
difficult to locate.

Fourth degree polynomial equations were found,
excluding highly spurious intercepts, to fit fairly
closely the empirical data for the body-scale re-
lations of Brooks Lake and South Bay pygmy
whitefish. These equations were calculated from
individual pairs of body-scale observations. Mean
body lengths for each scale radius are plotted
against the calculated relations for both areas
(figs. 4 and 5). Body length at scale formation
is apparently between 22 and 27 mm. as determined
by: (1) staining small fish for the first evidence
of scale development and (2) calculating the inter-
cept for collections of age 0+ fish after scale de-
velopment. Separate equations were necessary for
the Brooks Lake and South Bay collections be-
cause of strikingly different growth rates in the
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FicUuRe 4.—Body length-scale radius relation of pygmy
whitefish in Brooks Lake., Solid line is calculated equa-
tion ; points represent mean bhody lengths for given scale
radii; dashed line connects estimated intercept of 25
mm. with the logical portion of calculated curve.
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Fieure 5.—Body length-scale radius relation of pygmy
whitefish in South Bay. Solid line is calculated equa-
tion ; points represent mean body lengths for given scale
radii; dashed line connects estimated intercept of 25
mm. with the logical portion of calculated curve.
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two populations.? Growth rates were back calcu-
lated from these quartic equations.

CALCULATED GROWTH

-Fork lengths attained at each year of life and
the annual increments were calculated by sex for
330 pygmy whitefish from Brooks Lake (table 5)
and 779 from South Bay (table 6). A comparison
of these growth rates reveals that pygmy whitefish
grew considerably faster in South Bay than in
Brooks Lake. The largest pygmy whitefish col-
lected from Brooks Lake was an 84-mm. mature
female that had just completed its third growing
season. Two slightly older (ITI+) but smaller,
slower growing females were collected from
Brooks Lake. In South Bay the largest and oldest
pygmy whitefish was a 163-mm. age V mature
female.

During their first year of life, males in Brooks
Lake grew slightly faster than females. In sub-
sequent years in Brooks Lake and in all years in
Naknek Lake, females consistently grew at a faster
rate than males (tables 5 and 6). Males in Lake
Superior grew slightly faster than females dur-
ing the first year, grew at about the same rate as
females during the second year, and grew slower
than females during later years. Male pygmy
whitefish in Lake McDonald, Mont., grew faster
in their first year but slower than females in sub-
sequent years, while females in Bull Lake, Mont.,
grew faster in all years (Eschmeyer and Bailey,
1955). With minor variations, these growth pat-
terns are similar to those reported by McCart
(1963) for pygmy whitefish in MacLure, McLeese,
Cluculz, and Tacheeda Lakes, British Columbia.
Males grew at about the same rate as females for
the first 2 years, after which females consistently
grew faster than males.

3 Additional study ls needed to understand fully the curvi-
linear body—scale relation of these whitefish. Few specimens
have been collected from South Bay as small as the age I and II
fish from Brooks Lake with usable scales, Obviously the cal-
culated curve for South Bay fish below 75 mm. is not biologically
valid. With adequate data the lower portion of the South Bay
curve could approach the Brooks Lake curve for the same size
fish, in which case a single equation might express the body-
scale relation for both populations. The problem is aggravated
by the ease with which small pygmy whitefish lose their rela-
tively large scales. Also, 'South Bay fish grow as large in 1 year
as Brooks Lake fish do in 2 years, and it is not known what ef-
fect different growth rates between populations or between year
classes within the same population have on body-scale relation
curvilinearity.

PYGMY WHITEFISH OF SOUTHWEST ALASKA

TABLE 5.—Average fm':k length at lime of capture and
calculated length at end of each year of life for pygmy
%Légﬁsh collected in Brooks Lake during summer and fall

| Fork | Calenlated fork length
Fish | length | at end of year of life
Age group Sex in at
sample (capture|
1 2 3
Mm. | Mm. | Mnm.
57.2 42,4 .. -
57.2 42.4 -
63.9 41.0 [
69.6 41.7 85.
70.5 41.9 66.1| 68.9
74.56 35.6 64.2( 71.3
Grand average_.___. - " 2,1 ‘1’ ?’{g
Averageincrement.__ ;lg 2 z 2
: 34| 2
Number of fish__... {Female._.-. ) 26 .. . 216 146 12

TABLE 6.—Average fork length at time of capture and cal-
culated length at end of each year of life for pygmy
whitefish collected in South Bay during summer and
fall 1962

Fish | Fork | Calculated fork length at end of
in |length year of li
Age group Sex sam-) at :
ple | cap- :
ture 1 2 3 4 5

aaa:g
P

ERRIRB
WO O~100

Grand {Male..--._ .
average. Female..__

2R28s
8 onn

increment. [\ Female_.__
Number of {Male._. -
fish. Female___.

The annual growth of female pygmy whitefish
from Lake Superior (Keweenaw and Siskiwit
Bays), Mich., and Bull Lake and Lake McDonald,
Mont., when compared with growth of females
from Brooks Lake and South Bay (fig. 6),
revealed that the slow growth in Brooks Lake was
similar to that in Lake Superior, while growth
in South Bay was intermediate between growth
in Bull Lake and Lake McDonald. Comparisons
of annual growth rates of female pygmy whitefish
from the Naknek system with those from Mac-
Lure, McLeese, Cluculz, and Tacheeda Lakes (Mc-
Cart, 1963) indicate (fig. 6) that growth in South
Bay was intermediate between growth in Me-
Leese and Cluculz Lakes, while growth in Brooks
Lake was slower than in any of the British Colum-
bia lakes. The length attained by pygmy white-
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FicUre 6.—Calculated growth of female pygmy whitefish
from Brooks Lake and South Bay, Naknek River sys-
tem, compared with data from Lake Superior, Mich..
and Lake McDonald and Bull Lake, Mont., (Eschmeyer
and Bailey, 1955) and MacLure, McLeege, Cluculz, and
Tacheeda Lakes, British Columbia (McCart, 1963).
Data from Eschmeyer and Bailey were converted from
total to fork length.

fish in MacLure Lake is by far the greatest known
for this species.

EMPIRICAL GROWTH

Although the average annual growth was not
calculated for all lakes in the Naknek system,
length frequency distributions of collections from
six areas (table 7) provide a basis for growth com-
parison. The broad range of length frequencies
suggests differences in growth rates that reflect
the ecological differences in various lakes and
basins in the system. The oldest pygmy whitefish
collected from Grosvenor Lake, Hammersly Lake,
and North Arm were age ITI+ females 95, 96,
and 100 mm.* long, suggesting growth rates inter-
mediate between those from Brooks Lake and
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South Bay. In Iliuk Arm the length of the larg-
est pygmy whitefish, a 132-mm. age IV + female,
is comparable with the average calculated length
of the same age fish in South Bay.

The striking difference in growth of pygmy
whitefish in Brooks Lake and South Bay is ap-
parent during the first summer. The earliest col-
lections of age 0+ pygmy whitefish were made
there in late June and early July. In early July,
age 0+ pygmy whitefish were about equal in
length in the two areas, averaging between 20 and
23 mm. long. By late August, however, age 0+
pygmy whitefish from South Bay were almost 10
mm. longer than fish from Brooks Lake (fig. 7).
Based on the average calculated growth rates,
South Bay pygmy whitefish are about 20 mm.
longer than Brooks Lake fish at the end of the first
growing season (fig. 6). There waslittle difference
in the lengths of age 0+ fish taken in mid-July
from Brooks River, North Arm, South Bay, and
Brooks Lake. A sample of age 0+ pygmy white-
fish from Grosvenor Lake in mid-August indicated
an average length similar to that in Brooks Lake in
mid-August.

" An interesting comparison of the first year

growth of pygmy whitefish with that of its close
relative, round whitefish (fig. 8), indicates that
age 0+ samples of both species collected in the
same seine haul from Brooks Lake on August 10,
1962, had no overlap in lengths and round white-
fish were considerably larger.

FOOD HABITS

Stomach contents were examined from 62 age
0+ and 396 age 1+ and older pygmy whitefish.
The age 0+ fish were from South Bay and Brooks
and Grosvenor Lakes, while the older fish were
from Brooks, Grosvenor, and Hammersly Lakes,
South Bay, North Arm, Iliuk Arm, and Brooks
River. These fish were collected with seines, otter
trawls, and gill nets.

DIET OF AGE I+ AND OLDER FISH

Insects and zooplankton were the two principal
groups of food in the diet of age I+ and older
pygmy whitefish in the Naknek system (table 8).
The relative importance of these two foods varied
greatly between lakes. Dipteran insects dominated

«Two larger females, 102 and 115 mm. long were collected in
North Arm with gill nets on Aug. 9, 1962. Both specimens were
mutilated, however, and no scales were available for aging.
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the South Bay and Iliuk Arm samples, while
crustacean zooplankton dominated samples from
Brooks Lake. Stomach samples from Brooks
River fish contained predominantly insects, while
samples from North Arm and Hammersly and
Grosvenor Lakes fish contained about equal
amounts of insects and zooplankton.

Larvae, pupae, and adult dipteran and plecop-
teran nymphs were the main insects eaten by Nak-
nek system pygmy whitefish. Dipteran larvae and
pupae (chiefly Chironomidae) accounted for 68,
50, 33, and 88 percent of the food volume from the
four South Bay collections (table 8). Forty-seven
percent of the volume of stomachs examined from
Iliuk Arm consisted of dipteran adults. In all
other samples, adult insects accounted for 5 percent
or less of the volume. Plecopteran nymphs were
the second most important insects eaten, account-
ing for 32 percent of the volume from a South Bay

sample and 40 percent from a Brooks River sam-
ple. Five additional orders of insects were occa-
sionally eaten by pygmy whitefish, but these never
accounted for more than 5 percent of the volume
of any sample.

The principal crustacean foods eaten were the
cladocerans Daphnia, Bosmina, and H olopedium
and the copepods Cyclops and Diaptomus (table
8). The crustacean percentage of total volume
varied from a trace (South Bay, August 24, 1962)
to 100 percent (Brooks Lake, November 7, 1962).
Ostracods and amphipods, which were the prin-
cipal foods eaten by pygmy whitefish in Lake
Superior (Eschmeyer and Bailey, 1955), were
minor items in the diet of Naknek system fish,
occurring in only 8 of 13 samples and never ac-
counting for more than 6 percent of the sample
volume.

TABLE 7.—Length frequencies of pygmy whitefish age I+ and older collected from various areas in the Naknek system, 196163

[M represents males; F, females; C, sexes combined]

Brooks Lake Grosvenor Lake Hammersly Lake
Fork length in mm. Aug. 7, 1961 Sept. 14, 1961 June 29, 1962 J u}gG 210, Aug. 5, 1962 Allxgéaw, Aug. 20, 1963
Total Total Total
M F M F M ¥ M F o} M F
........ 1 1 RGN (RPN FI A,
........ 6 6 - RN N
........ 23 [ 2 ) U P
15 67 116 ... b2 I
64 254 406 2 4 1
49 361 495 3 10 1
3 276 1 5 7
4 79 1 3 12 1 ) PSRN PR
11 111 2 10 12 ) R P 1
13 114 3 3 6 |- 1 1
8 102 3 6 9 ) U (R 1
] 97 2 10 12 2 2 4
1 54 10 9 19 |- 2 2
1 18 4
________ 4 1 3 N 1 1
3 1 1
2
2
1
1
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TaBLE 7.— Length frequencies of pygmy whueﬁsh age I+ and older collected from various areas in the Naknek system,
1-63—Continued

North Arm IMuk Arm South Bay
Fork Length July 21-Aug. 9, 1962 Aug. 2, 1962 July 9, { July 27, Tuly 22,1962 Aug. 4, 1062
in mm. 1963 1963
Total Total Total
M F M F (o] M F M F

Other invertebrates found in the diet were pele-
cypods, nematodes, and arachnids (table 8).
Only pelecypods, which accounted for from 5 to
13 percent in samples from North Arm and
Brooks and Grosvenor Lakes, were of more than
minor importance.

Periphyton (diatoms and other algae), which
were present in one Brooks Lake sample and two
Brooks River samples, never accounted for more
than 4 percent by volume of any sample (table 8).

Fish eggs occurred in both of the Brooks River
samples and in the November South Bay samples,
amounting to 3, 14, and 38 percent. of the volume of
food (table 8). Although the eggs were partially
digested in some stomachs and could not be iden-
tified, they all appeared to be salmon eggs. Large
numbers of adult sockeye salmon spawn in Brooks
River during the summer and early fall. Even
after spawning is completed in the fall there is
a frequent drift of dislodged eggs out of Brooks
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River into South Bay. Kendall (1921) found
salmonid eggs in stomachs of pygmy whitefish
collected from Lake Aleknagik in August, and
Eschmeyer and Bailey (1955) found whitefish
eggs in stomachs of pygmy whitefish collected
from Lake Superior in January. Eschmeyer and
Bailey speculate that fish eggs, when available,
may be an important item in the diet of the pygmy
whitefish.

Sand grains accounted for 29 percent of the
volume in the Grosvenor Lake sample and repre-
sented from 6 to 10 percent of the volume in four
additional samples (table 8). Only two samples,
both from Brooks Lake and containing principally
zooplankton, were entirely devoid of sand grains.
Occasionally fish were found with more than 100
sand grains in their stomachs. Eschmeyer and
Bailey (1955) found sand grains in 9 percent of
the Lake Superior fish examined.
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Fieure 8. —Range and mean length of age 04 round white-
fish and pygmy whitefish caught in the same seine haul
in Brooks Lake, August 10, 1962, Horizontal bar shows
range; vertical bar indicates mean length of samples.

Plant debris such as small twigs, bits of wood,
grass, seeds, and spruce needles occurred in nine
samples and accounted for 14 percent of the vol-
ume in both samples from Brooks River (table 8).
The relatively high occurrence of these items in
Brooks River probably represents drift items.

The significance of fish scales in six samples
(table 8) is not understood. All undigested scales
that could be identified were from pygmy white-
fish. No fish remains other than scales were found
in any stomachs. Our observations suggest that
pygmy whitefish might readily ingest any small
bright object either in the current or from the
stream or lake bottom.

PYGMY WHITEFISH OF SOUTHWEST ALASKA

Asterisk indicates collection was made in 1963.

Underwater observations of pygmy whitefish
feeding in lower Brooks River showed that they
frequently picked up mouthfuls of material off
the bottom and passed fine silt, sand grains, and
bits of debris posteriorly through their gill open-
ings. They did not feed along the bottom in a
suckerlike manner, but made short distinct jabs or
darts, apparently at specific food items, such as
insect larvae, when picking up mouthfuls of bot-
tom material. Sand grains and other bits of de-
bris are undoubtedly passed into the alimentary
tract during such feeding behavior. Not all
pygmy whitefish feeding activity in Brooks River
was associated with the bottom. Frequently in-
dividual fish would rise off the bottom, as much as
35 to 50 em. in water 1 m. deep and would pick
specific items out of the passing current. With the
diet of pygmy whitefish being primarily zooplank-
ton and insects in various parts of the Naknek
system and macrobenthic crustaceans in Lake Su-
perior (Eschmeyer and Bailey, 1955), it is obvious
that the species has a flexible diet and feeding
behavior.
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TABLE 8.—Percentage of total volume ' of different food ilems in stomachs and (in parentheses) percent frequency occurrence ?

Sor 13 samples of age I+ and older pygmy whilefish taken with seines, gill nets, and otter irawls from various parts of the
Naknek system

[T represents Trace]

Iliuk | North | Gros- | Ham-
South Bay Brooks River Arm Arm venor | mersly Brooks Lake
Lake Lake
Food item
Aug. 4, | Aug.24, | Nov.9 | Apr.16, [ July 28, | Aug. Jugg 9, | July22-| Aug.19,! Aug. |Julyl0,| Nov.7,| July
1962, 1962, 1962, 1963, 1963, 24-25, 1963, ug. 9, 1963, 17-20, 1062, 1962, 22-26,
Seine Seine Seine ) Gillnet| Seine 1963, Seine 1962, Trawl 1962, Trawl | Trawl 1962,
Trawl Gill net Gill net Trawl
Insei:)t;::t'e Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent | Percent
pteran:
Larvae ... oo ... 49 9 33 87 9 14 7 M 28 28 N PR 15
(87) (70) (50) (100) (83) (95) (59) (78) (90) (75) (25) (57)
Pupae. . 9 L) ) 1 9 u ) I 34 ) U8 P T
(43) oD (5 ()] (80) (70) (30) (88) (18) )
Adults________ . ___ '1(;) ___________________________ . % 45 ;; _____________________________________________ 4
0 24,
Plecopteran: ( @ 4o ®3) 4
Nymphs_.__ ... 9 7% [ [ 40 8 [ —— - PSRRI PSSR [P [
(13) (73) (73 (43) (44)
Tricopteran:
A — (1%) """ (;Ic:) """"""""" 2%) """""""""""""""""""
Other inseets 3________...___ b A [FOPRSRSU SV [P N 1 {7 USRS SRRSO FVURUURUTE) (SR RS O
@ (13) (30)
Crustaceans:
Cladocerans ..o ( g) ’I(;) 40 2) 3?) (444)) (ge) (ée (go\ (33\ (1%) (138) (?2)
1 1 } 21 1 7) 5
Copepods ... M (Eﬁ) 2 H) ( ) (zg) D @y | en| @ 6» GH aw
1 21 . (
R —— 12‘) """"""""" ( 6 ( e ) (13 ?;) (3:1;) (31) """"" ?5‘)
2
Amphipods. . oo ( _________________________ E__)_ __________________ ;1‘ ________ ?. _____________________________________________
4
Other invertebrates: )
Pelecypods® ____......____.|
Nematodes_..
Arachndds...oooo .
Miscellaneous:
Periphyton 7 ___ o] e T L [USR SRR PN (SRS NSO,
) (10) (35)
Fisheggs. . oo i .- 38 3 | L Y S R IR AR R,
) (30) (13) (22)
Sand grains. . (é'?) (,,}) (sg) 8 sg) (sg) ({11‘ (1; (33) (2;)
2 2 2 )
Flant debris & ( % (2(11 (38) ( 1; (1153) ('}(4) (1'18‘ ’I(;) """"""""""""""
1 ) (21 ) )
Fish scales. ... 3 151 T |[ao...._ ¢ 1 1 T _____.5.2 __________________ |- -
(22) (40) (10) (30) (4] (22)
Number of stomachs examined. . [ 30 20 20 30 63 27 21 9 44 31 21
Percent empty stomachs______._ 10 0 50 5 0 5 0 10 5 i1 0 0 0
Lengthrange . ___._____... 68-130 | 72-113 { 100-134 | 80-111 | 97-136 { 81-144 | 56-130 | 76-100 52-97 68-80 53-80 55-77 56-77
Mean volume of contents 2 (in
ml.) per stomach._._.__...____. 0.11 0.23 0.13 0.09 0.27 0.46 0.39 0.10 0.18 0.12 0.18 0.17 0. 06

1 Based on aggregate contents of all stomachs in each sample.

2 Based only on stomachs containing food.

8 Tricopteran adults, coleopteran adults and larvae, hemipteran, hyme-
nopteran, and collembolan adults.

1 Daphnia longiremis, D. rosea, Bosmina coregoni, Holopedium gibberum.

3 Qyclops strenuus and Dieptomus gracilis,

8 Pisidium.

7 Diatoms and filamentous algae.

8 Small sticks, bits of wood, seeds, and leaves.

DIET OF AGE 0+ FISH be the dominant food of age 0+ pygmy whitefish

Crustacean zooplankton was the major food in
two samples of age 0+ fish—one from South Bay,
July 11, 1963, and one from Brooks Lake, August
14, 1962. Insects and zooplankton were about
equal in volume in the September 26, 1962, South
Bay and August 19, 1963, Grosvenor Lake sam-
ples (fig. 9). It appears that in those areas where
insects are heavily utilized by older pygmy white-
fish, the diet shift of fish from zooplankton to in-
sects occurs late during the first summer of life.
Eschmeyer and Bailey (1955) found copepods to
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from Lake Superior in September.

DIEL VARIATIONS IN DIET

The sample of age I+ and older fish from
Brooks River on August 24-25, 1963 (table 8),
was collected from the same riffle area at four ad-
jacent 6-hour intervals to determine diel differ-
ences in quantity and quality of foods eaten. No
significant difference in the composition of diet
items was found throughout the 24-hour period;
however, the average volume of food material per
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stomach was three times as great at midday as at
midnight (fig. 10). The most intense feeding
period during this 24-hour period apparently was
during daylight hours and not during darkness.

COMPARISONS OF GROWTH AND DIET

By comparing the dramatically different
growth rates and sizes that pygmy whitefish at-
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Ficure 9.—Percent of total volume of stomach contents
of age 04+ pygmy whitefish by major food categories.

tain in the Naknek system (figs. 2 and 6) with the
differences in diet, a strong positive correlation
between size of fish and utilization of insects be-
comes apparent. An analysis was made by first
grouping all contents from each sample into three
categories (insects, zooplankton, and other), then
grouping the samples according to the relative im-
portance of insects and zooplankton. Three rather
distinet groups of samples resulted: one with
heavy, one with moderate, and one with almost no
insect utilization. These grouped samples com-
pared with the largest known pygmy whitefish
from the same grouped areas (fig. 11) illustrate
the correlation between insect utilization and size.
Maximum size is not the only index, because the
general ranges of length frequencies from different
parts of the system (table 7) fall into the same
groupings. If this correlation is biologically
valid, it raises a question as to why Brooks Lake
pygmy whitefish do not eat insects. Merrell
(1964) has shown that other Brooks Lake fishes
utilize insects, which indicates their general avail-
ability. No comparative data are available, how-
ever, on differences in insect populations in the
Naknek system. '
reference for, access to, or utilization of spe-
cific foods may not. directly account for differences
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Fieure 10.—Variation by time of day in mean volumes of
stomach contents of 63 pygmy whitefish caught at 6-
hour intervals from the same area in Brooks River,
August 24 and 25, 1963.
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and other foods in diet of pygmy whitefish from three
areas of Naknek system., Data based on percent of
sample volumes shown in table 8. Number beneath
each figure represents largest pygmy whitefish collected
from the grouped area.
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species combinations of fishes, and food organisms
are interwoven in a complex of relations that re-
sult in distinetly different environments. Ditfer-
ences in-growth rates, longevity, and food habits
of pygmy whitefish in the Naknek system prob-
ably reflect adaptive responses to these overall en-
vironmental differences and not simply the avail-
ability or use of certain food items.

The differences we found in Prosopéum. coulteri
populations in Brooks Lake and South Bay-Iliuk
Arm parallel the differences in Coregonus peled
(Gmelin) populations in the Swedish lakes Vjom-
sjon and Uddjaur-Storavan (Lindstrom and Nils-
son, 1962). In Sweden, C. peled was a slow-grow-
ing plankton feeder in Lake Vjomsjon and a fast-
growing insect feeder in Lakes Uddjaur-Storavan.
As previously discussed, P. cowdteri is a slow-grow-
ing plankton feeder in Brooks Lake and a fast-
growing insect feeder in South Bay-Iliuk Arm.
Lake Vjomsjon had fewer associated whitefish
species, proportionately less littoral area, and
probably lower productivity than Lakes Uddjaur-
Storavan. In the Naknek system, Brooks Lake
has fewer associated whitefish species, less littoral
area, and lower productivity than South Bay-
Tliuk Arm. The observed plasticity of the genus
Prosopium in response to environmental differ-
ences in the Naknek system is similar to that
widely recognized in coregonid and leucichthid
whitefishes (Walters, 1955; Svardson, 1957; and
others). The variability in meristics and morphol-
ogy found in pygmy whitefish by McCart (1963)
also emphasizes this plasticity in Prosopium.

REPRODUCTION

Data on pygmy whitefish reproduction were
collected from various areas as follows: sex ratio
and age and size at maturity—South Bay and
Brooks Lake; fecundity—South Bay, Brooks
Lake, and North Arm; and seasonal maturation
and spawning behavior—South Bay and Brooks
River.

SEX RATIOS

Only a few large samples from Brooks Lake and
South Bay were processed for sex ratios,.but they
revealed nearly equal ratios (table 9). The largest
specimens were almost always females (table 7),
a phenomenon undoubtedly due to the greater
longevity and the faster growth rate of females.
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These larger females, however, constituted a nu-
merically minor segment of the population. Esch-
meyer and Bailey (1955) and McCart (1963) also
found females to be the oldest and largest fish in
their collections.

TaBLE 9.—Sex ralios of pygmy whitefish, Brooks Lake and
South Bay, collected during the summers 1961-62

. Number of Sex ratio
Location and date fish females to
males
Brooks Lake:
Aug. 7,1961 . 127 1:0.92
June 29, 1062 .. _ . .. ... 365 1:1.08
South Bay:
July 23, 1962 ool 182 1:1.13
Aug. 24,1962 ... . 1,907 1:0.82

AGE AND SIZE AT MATURITY

The degree of maturity in age groups I and II
varied between lake populations and between
sexes within a single population (table 10). In
Brooks Lake 10 percent of the females and 36 per-
cent of the males reached sexual maturity during
their second growing season (age I+). In South
Bay no females and only 2 percent of the males
matured as age I+ fish. In both lakes more than
95 percent of the age II+ fish and all of the older
fish were mature.

TaBLE 10.—Age al maturity of pugmy whilefish collected
during the summer and fall from Brooks Lake and South
Bay, 1961-62

Brooks Lake South Bay
Males Females Males Females
Age
Fish | Ma-

Fish | Ma- | Fish | Ma- | Fish | Ma-
in ture in ture in i

ture ture

n
sample sample

Per- | Num-| Per- | Num-| Per- | Num-| Per-
cenl begs cent ber | cent her cento

In Brooks Lake and South Bay, only a slight
tendency exists for males to mature at a smaller
size than females. In contrast, Eschmeyer and
Bailey (1955) found 100 percent of the males ma-
ture at sizes smaller than the smallest mature
females. Because of the great differences in
growth rates in the Naknek system, there is no
overlap in the size at maturity between Brooks
Lake and South Bay pygmy whitefish (table 11).
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TaBLE 11.—S8ize at maturity of pygmy whilefish collected
during the summer and fall from Brooks Lake and South
Bay, 1961-62

Brooks Lake South Bay
Length Males Females Males Females
groups
Fish | Ma- | Fish | Ma- | Fish | Ma- | Fish | Ma-
in ture in ture in ture in ture
ample sample sample sample
Num-~| Per- | Num-| Per- | Num-| Per- | Num-~| Per-
ber cent ber cend
1 0
.............. 1 0
2 0 8 0
13 0 17 0
20 0 50 0
1056 0 121 [1]
185 0 256 0
207 0 237 0
126 2 151 0
....... 42 5 45 2
10 20 9 11
1 {12 PSS R
___________________________________ 3 67
6 2 100
18 8 100
54 10 100
48 28 00
54 42 98
_____________________ 27 47 08
15 29 100
10 18 100
3 8 100
1 5 100
4 3 100
______________________ 2 6 100
_______ 2 5 100
[ [ 4 100
3 100
5 100
__________________________________________ 1 100

FECUNDITY

The total number of maturing eggs in pygmy
whitefish ovaries were counted for 59 fish from
South Bay, 19 from Brooks Lake, and 7 from
North Arm. The number of eggs ranged
from 103 to 1,153 per female. Body length-
fecundity equations computed for each sample
showed some difference between areas, However,
a single equation was determined (fig. 12) by
grouping all 85 females, because there was no
overlap in the size range of females between
samples.

The salient features of these fecundity data are
(1) that a broad range of fecundities exists in
different parts of the system and (2) that pygmy
whitefish from the Naknek system are consider-
ably more fecund than the same size fish from
Lake Superior. We transformed the total length-
fecundity relation given by Eschmeyer and Bailey
(1955) into a fork length-fecundity relation for
comparison with our data. A 120-mm. female
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FicUure 12.—Length-fecundity relation of pygmy white-
fish from three areas of Naknek system. Equation
derived by combining data from the three areas.

from Lake Superior (130 mm. total length) aver-
aged about 440 eggs, while the same size female
from the Naknek system averaged about 530 eggs.
These differences in fecundity could he adaptive
responses of the various populations to different
environmental conditions that produce higher or
lower survival opportunities for the species
(Svardson, 1949 ; Nikolsky, 1963).

SPAWNING SEASON AND BEHAVIOR

Egg size in maturing females from South Bay
in 1962 increased markedly between late summer
and the fall spawning period. Egg diameters
that averaged 1.1 mm. in early August increased
to 2.4 mm. in ripe females in early November,
while ovary weight increased from 3.5 to 16.5 per-
cent of the total body weight (fig. 13). Egg size
and ovary weight relative to body weight in near
ripe fish from Lake Superior (Eschmeyer and
Bailey, 1955) were 2.0 mm. and 15 percent.

Spawning of pygmy whitefish in Brooks Lake
and South Bay in 1962 and 1963 apparently oc-
curred between mid-November and mid-Decem-
ber. Mature, ripe males and females from South
Bay were collected near the mouth of Brooks
River on November 7 and 9, 1962. The water
temperature in South Bay on November 9, 1962,
was 3.9° C. Both eggs and sperm could easily be
extruded by exerting slight pressure on the abdo-
men, and females as well as males were tuberculate
over much of the body. The ventral fins of both
sexes were orange. Pygmy whitefish from
Brooks Lake on November 7, 1962, were not quite
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FIcURE 13.—Seasonal maturation of pygmy whitetish col-
lected from South Bay. 1962, Average egg dinmeter
based on minimum of 10 eggs per female. N equals
number of females examined.

as ripe as those from South Bay. Although ma-
ture fish taken in South Bay on October 29 and
November &, 1963, were not quite ripe, three speci-
mens ‘taken from Brooks River on the night of
November 6 apparently were, because sex products
could be readily extruded from them.

The spawning period in the Naknek system
agrees with most, other spawning information on
pygmy whitefish. The time of spawning in Lake
Superior (Eschmeyer and Bailey, 1955), (ilacier
National Park, Mont. (Schultz, 1941), and four
British Columbia lakes (MeCart, 1963) was be-
lieved to be in November or December. The
November-December spawing in the Naknek sys-
tem compares closely with the supposed time of
spawning in Lake Superior and Glacier National
Park, Mont. (Eschmeyer and Bailey, 1955; and
Schultz, 1941). Weisel and Dillon (1954) col-
lected sexually mature and spent pygmy whitefish
from Bull Lake between December 26 and Janu-
ary 12, Kendall (1917 and 1921) reported on six
pygmy whitefish collected from the Chignik River
system, Alaska, about November 1, 1912. These
fish (Kendall, 1921) were “mature individuals
ready to spawn,” which agrees with the other
known spawning times of this species.

Exceptions to the late fall and winter spawning
of pygmy whitefish have been noted. Kendall
(1921) reported that some pygmy whitefish col-
lected on July 20, 1909, and Aungust 2, 1912, from
the outlet of Lake Aleknagik were in breeding
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condition. Apparently the collector of one of
these samples reported that pygmy whitefish were
passing out of Lake Aleknagik in large numbers,
and Kendall interpreted this as a spawning run.
We question the validity of this interpretation and
doubt that a spawning migration was occurring as
early as July 20 or August 2, although individual
specimens might have seemed ready to spawn.
McCart (1963) found a physiologically atypical
female in Cluculz Lake, British Columbia, on
July 15, 1962, which appeared to be ripe. We ex-
amined pygmy whitefish collected on July 13, 1963,
from Wood River just below the outlet of Lake
Aleknagik by Dr. R. L. Burgner of the Fisheries
Research Institute, University of Washington, and
found the condition of the gonads to be 3 or 4
months from full maturity. Two of the Wood
River females had average egg diameters of 1.0
mm., and the ovaries made up only 2.7 percent
of the body weight (fig. 13). Burgner (personal
communication) reports that large numbers of
pygmy whitefish can be seen throughout much of
the summer in Wood River below Lake Aleknagik.
These observations and Kendall’s (1921) comments
on fish passing out of the lake could represent the
seasonal feeding movements of a lake population
similar to that observed during the summer in
South Bay and lower Brooks River. Pygmy white-
tish may spawn below Iake Aleknagik, but prob-
ably later than Kendall helieved.

Although specific details of spawning behavior
were not observed, we determined that pygmy
whitefish (in Brooks River at least) spawn only
at night, as do mountain whitefish in Montana
(Brown, 1952). Routine underwater surveys in
early November in 1962 and 1963 revealed no
pygmy whitefish in Brooks River during daylight
hours, although large numbers of ripe or nearly
ripe fish were known to he in South Bay oft the
river mouth. On a dive just after dusk on Novem-
ber &, 1963, divers using underwater hand lamps
observed that a few large pygmy whitefish had
moved into lower Brooks River from South Bay.
Retween 20 and 25 pygmy whitefish were observed
in the same area the following night about 3 hours
after darkness. These fish probably represented
the beginning of the spawning run in 1963.

South Bay fish probably remain in the lake in the
vicinity of Brooks River until they reach full
maturity, when they move into the river at night
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to spawn. Periodic observations along the stream-
bank at night with a lantern in late November and
early December in 1963 continued to reveal the
presence of pygmy whitefish in the stream. Un-
seasonably cold temperature, however, caused ice
conditions that precluded intensive observations.
About 100 fish were seen just at the mouth of
Brooks River during a night dive on December
16, 1963. Most of these fish were individually
scattered over the stream hottom, although one
congregation of 8 to 10 fish may have represented
a spawning group. These particular fish darted
wildly about upon encountering the underwater
spotlight. The water temperature in Brooks River
on December 16 was 0.3° C. All adult pygmy
whitefish taken in gill nets under ice in South Bay
near the river mouth on December 12 and 18 were
spent.

DISCUSSION

In the Naknek River system pygmy whitefish
apparently reach their greatest density in Brooks
Lake where they may be the most abundant species
in the lake. These conclusions are based on the
combined numbers of each species caught in all
sampling gears from 1961 to 1963. In Brooks
Lake, South Bay, and Iliuk Arm, pygmy white-
fish are commonly associnted with juvenile sock-
eye salmon. This relation merits consideration be-
cause of the commercial value of the Naknek
River system sockeye salmon.

Although the association of two species prede-
termines some sort.of interspecific relation, in fishes
it is usually difficult to determine the exact nature
of this relation. Iarkin (1946), who considered
competition in a concise limited sense, points out
that competition itself is difficult to separate from
other complex interrelations between fish species.
Rogers (1961), after carefully considering the
diets of young-of-the-year sockeye salmon and
three age groups of threespine sticklebacks collect-
ed from similar ecological areas of Wood River
Lakes, could only conclude that “potential food
competition exists.” Greenbank and Nelson
(1959), in studying the threespine stickleback in
Karluk Lake, conclude that “Quantitative infor-
mation is insufficient to assess accurately the bene-
fit. or harm to salmon production caused by the
stickleback population.” Johnannes and Larkin
(1961) could demonstrate -severe competition he-
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tween redside shiners (Richardsonius balteatus)
and rainbow trout for amphipods in Paul Lake,
British Columbia, only because of long-term data
that included preshiner amphipod densities along
with feeding habits and growth rates of the trout.

In the present study it is impossible on the basis
of existing data to demonstrate direct interspecific
competition in any form between pygmy white-
fish and juvenile sockeye salmon or other white-
fishes. It is possible, however, that the combined
effects of interspecific and intraspecific relations
of these species may influence the growth and
general well-being of each in various parts of
the Naknek system. Although McCart (1963)
could not demonstrate direct competition between
pygmy whitefish and other whitefishes, he found
indications of interactive segregation between
whitefishes which resulted in differences in depth
distribution and growth rates. He also noted that
the large Macl.ure and McLeese Lake pygmy
whitefish were the only ones in British Columbia
that did not coexist with another species of the
genus Prosopium. Inthe present study the largest
pygmy whitefish were found in South Bay and
Tliuk Arm where three other whitefishes occur
(round and humpback whitefish and least cisco),
while the smallest pygmy whitefish were found in
Brooks Lake where round whitefish is the only
other whitefish. Although growth rates of pygmy
whitefish in the Naknek system are correlated with
different diets, McCart (1963) found no differences
in diets of this fish in four lakes where growth was
quite ditferent.

Both pygmy whitefish and juvenile sockeye sal-
mon feed heavily on zooplankton in Brooks Lake,
although Merrell (1964) points out that during
late spring and early summer, insects may be the
most important item in the diet of Brooks Lake
sockeye salmon (age I+ and older). Even though
differences in the production of sockeye saimon
smolts in Brooks Lake have varied from 60,000 to
360,000 during recent years, there has been little
difference in the mean size of age I+ smolts. This
suggests that densities of young salmon, together
with other environmental influences such as poten-
tially competitive dense populations of pygmy
whitefish, have not altered the basic growth rate of
sockeye salmon in Brooks Lake.

Interspecific association of juvenile sockeye sal-
mon and pygmy whitefish in South Bay and Iliuk
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Arm is complicated by several factors. First, a
greater number of other associated species occur
in these areas than in Brooks Lake. Second, in
addition to serving as primary rearing areas for
salmon produced in adjacent spawning areas such
as Brooks River and Margot Creek (a tributary
of Iliuk Arm), both South Bay and Iliuk Arm, of
necessity, serve as migration lanes for salmon
produced in upsystem areas. This point is further
complicated by interlake movement whereby some
juvenile sockeye salmon begin their nursery lake
existence in upstream lakes (i.e. Coville and
Brooks), then migrate into downstream nursery
areas (ie. Iliuk Arm and South Bay) to complete
their first year of life.> Thus, the juvenile sockeye
salmon populations in South Bay and Iliuk Arm
are frequently undergoing dramatic changes in
density apart from normal fluctuations in the local
population.  Although pygmy whitefish feed
primarily on insects in South Bay and Iliuk Arm,
the diet of young sockeye salmon in these areas is
not known. It may be that no possible food com-
petition exists between these species in South Bay
and Iliuk Arm.

The reasons for the marked differences in the
biology of pygmy whitefish populations in Brooks
Lake and South Bay are poorly understood.
Pygmy whitefish in Brooks Lake grow slower,
mature earlier, and live shorter lives than those in
South Bay or Iliuk Arm. Consequently, spawn-
ing females are younger, significantly smaller, and
less fecund in Brooks Lake. Yet, the species is
extremely successful in Brooks Lake, as evidenced
by abundance. Factors contributing to this suc-
cess undoubtedly deal with lower mortalities from
fertilized egg to maturity. Because of early matu-
rity, short life span, and small size, pygmy white-
fish in Brooks Lake fit the concept of a “dwarfed
or small form” discussed by Svardson (1957),
Alm (1959), and Fenderson (1964). As pointed
out by Alm, a “dwarfed form” with short life and
early maturity is distinet from a slow-growing
“normal form™ which has greater longevity and
matures at an older age but still at a small size.
Dwarfism may provide a species with advantages

5 Summary report of studies on the optimum escapement of
sockeye salmon in southwestern Alaska, 196162, Prepared by
the Bureau of Commercial Fisheries Blological Laboratory, Auke
Bay, Alaska, and Fisheries Research Institute, University of
Washington, Seattle. (Manuscript on file at the BCF Laboratory.)
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in survival and competition (Lindstrom and Nils-
son, 1962; McCart, 1963; and Fenderson, 1964).
On the basis of recent data from Lake Alek-
nagik and Chignik Lake, Peter J. McCart (per-
sonal communication) believes that two distinet
sub-populations of pygmy whitefish may occur
sympatrically in these Jakes. One form, which is
generally larger, is a river-oriented insect feeder
with low gill raker counts and is apparently con-
fined to shallow water. The other form is a lake-
oriented plankton feeder with high gill raker
counts and inhabits deep water. These criteria, in
part, apply to some of the differences found in
populations in the Naknek system. This is partic-
ularly true with the insect feeders in South Bay
where the population is strongly oriented to
Brooks River and the relatively shallow waters of
South Bay. In other parts of the system, however,
differences in ecological distribution represent
exceptions to this general scheme. In Iliuk Arm,
large fast-growing insect feeders occur from shal-
low beaches to maximum depths of 168 n1., whereas
in Brooks Lake, slow-growing insect feeders occur
from the shallow to the deepest depths. Although
we have not studied meristie variation of popula-
tions of pygmy whitefish in the Naknek system in
detail, the insect feeders in South Bay and Brooks
River have lower gill raker counts than the plank-
ton feeders in Brooks Lake. Eschmeyer and
Bailey (1954, p. 174) point out that gill rakers
from pygmy whitefish in rivers, or lakes domi-
nated by rivers, tend to be fewer in number and
shorter in length than those from lacustrine en-
vironments. Whether differences found in popu-
lations of pygmy whitefish in the Naknek system
represent genetically distinet subpopulations or
the adaptive responses of the species in utilizing
the many environments present in the system can-
not be determined without additional study.
Differences in diet in various parts of the system
have been discussed and correlated with growth
rates. Actually, growth rates are correlated not
only with the degree of insect utilization but. also
with the rate of phytoplankton productivity in
various areas. Primary productivity is relatively
high in South Bay and Iliuk Arm, low in Brooks
Lake, and intermediate in North Arm and Gros-
venor Lake.* A mnotable exception to correlating
growth rates of pygmy whitefish with primary

% See footnote 2 on p. 557.
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productivity is that Coville Lake, which has the
shallowest mean depth, the highest water tempera-
tures, and the highest primary productivity in the
system, apparently has only a small population of
intermediate size pygmy whitefish; however,
Coville Lake may have denser populations of other
species (1.e. pond smelt, humpback whitefish, and
juvenile sockeye salmon) than other parts of the
system.

Until comparative data are available on the
relative abundance of various food groups and
the diets of associated fishes in different areas, it is
impossible to determine the role of food availabil-
ity or preference for specific foods in evaluating
differences in the biology of pygmy whitefish in
the Naknek system. Rather than simple differ-
ences in diet, growth, or ecological distribution, we
feel the dramatic differences found in pygmy
whitefish populations in the Naknek system prob-
ably reflect widely varying adaptive responses of
a highly plastic species to the complex of environ-
mental differences found throughout the system.

SUMMARY

The pygmy whitefish has the greatest discontin-
uous distribution of any fresh-water fish in North
America, occurring in the Atlantic, Pacific, and
Arctic Ocean drainages. It is widely distributed
and locally abundant in lakes of the Naknek River
System in sonthwest Alaska.

More than 10,000 pygmy whitefish were collected
from the Naknek system with seines, otter trawls,
tow nets, and gill nets from 1961 to 1963. This
species seems to have a prominent role in the dy-
namics of some Naknek system fish populations.

In the Naknek system, pygmy whitefish occur
in all benthic areas from shallow littoral depths
to the deepest areas available. Seasonally, in cer-
tain age groups and in certain areas, they occur
in limnetic waters of lakes and in streams.

Nineteen species, including the closely related
round whitefish, occurred in catches with pygmy
whitefish in various parts of the Naknek system.

Polynomial equations were used to express the
curvilinear relation between body length and an-
terior scale radius. Body length at scale formation
is about 25 mm.

The oldest and largest fish from the two areas
studied most intensively was an age V 163-mm.
female from South Bay and an age III 84-mm.
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- tween these extremes.

female from Brooks Lake. Length frequency dis-
tributions from other areas were intermediate be-
Calculated and observed
growth indicated that growth was much greater
in South Bay than in Brooks Lake. Both sexes
in Brooks Lake showed a tendency to mature at an
earlier age than in South Bay.

Dipteran insects were the principal foods eaten
by pygmy whitefish in South Bay. Crustacean
plankton dominated their diet in Brooks Lake.
In other areas insect and zooplankton foods were
about equal in importance. In areas where insects
were important in the diet of older fish, the shift
from zooplankton to insect foods in age 0+ fish
began during the first summer of life. A positive
correlation between growth and insect utilization
was found.

The fork length—fecundity relation of Naknek
system pygmy whitefish is expressed by the equa-
tion

Log E= —2.9552+2.7513 log L.

where E equals number of eggs per female and L
equals fork length of the fish. Fecundity in Nak-
nek system fish exceeds that in Lake Superior fish.

Spawning occurs in November and December.
South Bay fish move into Brooks River for spawn-
ing only at night. Eggs in ripe fish from South
Bay averaged 2.4 mm. in diameter, and the ovaries
were 16.5 percent of the body weight.

Potential interspecific competition exists be-
tween pygmy whitefish and juvenile sockeye
salmon, particularly in Brooks Lake where foods
are similar and the whitefish are numerous.

Slow growth, low fecundity, and short life
characterize Brooks Lake pygmy whitefish.
These factors must be compensated for by lower
mortality from fertilized egg to maturity than in
the South Bay population, which is characterized
by fast growth, higher fecundity, and longer life.

The wide range in growth rate, fecundity, lon-
gevity, and diet of populations of pygmy white-
fish in the Naknek system is probably due to the
adaptive responses of a highly plastic species to
the variety of environmental characteristics, such
as water quality and clarity, drainage geology,
phytoplankton produectivity, lake morphometry,
fish species, and food organism associations found
in different parts of the system.
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