THE PYGMY WHITEFISH, PROSOPIUM COULTERI, IN
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ABSTRACT

The pygmy whitefish, Prosopiion coulieri, is # glacial relict which has been considered
to be the most primitive of coregonmines, [ 18 relatively abundant in lakes of western
Montana and is undoubtedly an important source of food for Dolly Varden and lake
trout. Compared to other members of its subfamily, it is characterized by low meristic
counts, These counts differ somewhat in populations from Montana, Alaska, and Lake
Siuperior,

Major food items consumed by the pvgmy whilefish shift with availability but the
main reliance is on cladocera and chironomid larvae and pupae. The annual growth
in Flathead Lake, Mont. is greater than that in Lake Superior but below that in some
Alaskan lakes, No males were found older than age Ul and no females beyond age IV,
Many of the males mature at age I, a year earlier than most females. The spawning
season 5 in December and fanuary when the fish move into tributary streams. The species
spawns in successive years. The fecundity of the Montana fish is similar 10 that of pygmy
whitefish from other areas.

The pygmy whitefish successtully competes with other coregonines in reproduction by
spawning at a later date and earlier age, and by having smaller eggs which vield more
eggs per umit weight of fish. The small size and ecarly age al maturity are considered
adaptations developed for survival in cold and nuirient-poor water during  glaciation.

The pygmy whitefish, Prosopiuwm coulferi, is
considered a glacial relict that survived in
deep lakes after the retreat of the Wisconsin
glaciation. Until the past 20 years the species
was infrequently captured. or recognized when
it was, It usualiv inhabits depths of over 30 ft
and, because of ifs small size, escapes capture
by most fishing gear. The present distribution
is given as the Columbia, Fraser, Skeena,
Yukon, and MacKenzie River systems, and
both the Pacific Ocean and Bering Sea drain-
ages of scuthwest Alaska (Heard and Hartman,
1966). In 1958 the report of this little fish
from Lake Superior disclosed a remarkabie
case of disjunct distribution (Eschmeyer and
Bailey, 1955).

Only in recent years has it been recognized
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how ubiguitous the pygmy whitefish i in
western Montana. It was first reported in
Montana by Schultz in 1941 from tributaries
of Lake McDonald in Glacier National Park.
The next report was from Bull Lake, a tribu-
tary to the Kootenai River (Weisel and Dillon,
1954}, In the past 10 vears it has been itaken
with small-mesh gill nets from Flathead, Ash-
ley, Swan, Seeley, and the Little Bitteroot
Lakes—az]l tributary to the Clark Fork River
{Brown, 1971} Careful collecting will un-
doubtedly show the species to be present in
many other glacially formed lakes in western
Montana.

Our studies show the pygmy whitefish o be
one of the most abundant fishes in Flathead
Lake. According to Hanzel's 1968-71 extensive
nettings, this species constituted 4.8% of the
total cateh; it ranked in order only below lake
whitefish (Coregonus clupeaformis), pearmouth
(Mylochellus canrivus), kokanee (Oneorfignchus
ierke), northern squawfish (Ptychocheilus ore-
gonensiz), Dolly Varden (Salvelinws malma),
and vellow perch (Porea flavescens).
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Because of the small size and abundance of
the pygmy whitefish, it must be imporiant as
a primary carnivore avallable to species next
in the food chain. The only extensive detailed
publications on pygmy whitefish, however, are
those of Eschmeyer and Balley (1955) dealing
with Lake Superior populations and of Heard
and Hartman (1966) and MeCart 11870) with
Alaskan populations. Qur work is concerned
with populations from Flathead Lake and Bull
Lake in the upper Columbia River drainage
bul involves comparisons where applicable to
the Lake Buperior and Alaskan forms. Some
comparisons are also made with the mountain
whitefish, Prosopéum closely
related sympatrie species,

williamesoni, =

ASBOCIATED FISHES AND
DESCRIPTION OF THE LAKES

Flathesd Lake is a large oligotrophic iake
covering 126,000 surface acres and reaching =
depth of 365 fi. Its major tributaries are the
Flathead and Bwan Rivers., Its outlet, the
Flathead Hiver, joins the Clark Fork River of
the Columbia River.

Like many glacial lakes, Flathead Lake is
depauperate in native fishes. Indigenous fishes
in the lake are cutthroat trout (Salme clorks),
Delly Varden, pvgmy whitefish, mountain white-
fish, longnose sucker (Catostomus calosfomuss,
largeseale sucker (C. wmacrocheilus), peamouth,
redside shiner (Bichardsonins balfeatus), north-
ern squawilsh, and slimy sculpin (Coltus cog-
ROEIE).

Arocund the turn of the century a number
of other species were introduced. The exotic
forms presently in the lake are rainbow trout
(Selmo guirdnerd), lake trout (Selvelinus nomay-
cushy, brook trout (S, fontinelis), kokanee, lake
whitefish, black bullthead (Jefalurns  melos),
vellow perch, pumpkinseed {Lepomis gibbosus),
and largemouth bass (Microplerns salmoides),
Plants of other exctics, including a 1989 plant
of coho salmon, Oweorhynchus kisuich, were
not successful. The northern pike, Faor lucius,
thrives in Flathead River below the hydro-
electiric dam at the laske's outlet but is not
reported from the lake. Fish species most often
faken in the same net settings with pygmy
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whitefish are lake whitefish, lake frout, and
Drolly Varden.

Bull Lake is comparatively small and shallow
and is somewhal eutrophic. The total surface
is 1.2B0 aeres and the maximum depth is
64 ft. Ross Ureek, where the pygmy whitefish
were captured during their spawning runs, is
the largest tributary.

Mo thorough studies have been made of the
fish species in Bull Lake but, besides pygmy
whitefish, it {8 known to contain rainbow trout.
cutthroat trout, brook frout, Delly Varden,
kokanee, mountain whitefish, redside shiner,
northern sguawfish, peamouth, longnose sucker,
largescale sucker, largemouth bass, and =
sculpin,

MATERIALS AND METHODS

“vemy whitefish were collected {rom Flat-
head Lake during an investigation on fish
populations by the Montana Fish and Game
Department. & 35-% former commercial fishing
boat modified to handle specialized fishing gear
and provided with a recording sonar was used
to set and pull nets from 11 sample areas
during 4 seasons from November 1987 through
August 1971 8ix hundred feet of gill netling
ranging from %&-inch to 4-inch stretched mesh
were laid in 185 seftings. Except for spawning
populations practically sall pygmy whitefish
were caughl In the % -inch and 1% -inch mesh
portion and were taken within 3 ft of the bottom.
The largest collections were faken during the
late summer at depths of 60 to 270 ft. Un-

fortunately, foo few pygmy whitefish were
taken to ipterpret an overall distributional
pattern,

The Bull Lake esllections were taken with
seines from spawning aggregations in the lake's
inlet during December of 1852, 1955, and 1987,

{Counts on scaies, gill rakers, and vertebrae
followed the methods outlined by Hubbs and
Lagler (1964). Gill raker counts included rudi-
mentary rakers and sutures in the hypural
complex were regarded as separating vertebrae.
Specimens used for vertebral counts were
eviscerated, filleted, cleared in KOH, and stained
in alizarine red S according to the procedure
of Fvans (1948},
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Standard lengths were messured in milli-
meters and weights in tenths of grams. To
compare our results with the data of other
authors who used fork length or total length,
it was necessary to use conversion factors.
Total length was considered equal to £.21 plus
1,19 standard length, and the standard length
egual to -0.09 plus 0.83 fotal length. The con-
version of fork length to total length used was
that given by Heard and Hartman (1966)
where fork length times 1.0777 equals total
length for specimens shorter than 100 mm and
times 1.0845 for the larger specimens.

Seales for age and growth studies were re-
moved from an area above the lateral line
just posterior to the dorsal fin. Plagtic im-
pressions were made of the scales and projected
to an enlargement of 87 times for measurement.

SOME MERISTIC CHARACTERS

fareral-Line Scales

A striking character of the pygmy whitefish
i s large scales. In its northern range the
lateral-line scales number 50 to 73, in Lake
Superior B4 fo 62, in Flathead Lake 52 to 65,
and Bull Lake 54 to 63 (Table 1}. The mean
number of scales varies somewhat among dif-
ferent populations. A low mean of 5429 is
given for figh from Chadburn Lake, Yukon, and
a high of 7157 for low-rakered fish from Lake
Alekpagik (McCart, 1870). Pygmy whitefish

Tamie 1. Frequency distribution of the Iateral-ine seale

from Flathead Lake and Bull Lake are inter-
mediate. The closely related mountain whitefish
possesses lateral-line scales ranging from 73 to
92 in the Columblia River drainage (Holt, 1960).

{zill Rakers

The number and length of gill rakers have
proved useful in the systematics of coregonines.
The range in gill rakers is considevable in
pygmy whitefish, from 12 to 21. On the basis
of gill raker number and other meristic and
morphological data, MeCart (1970 distin-~
guished twe forms of pygmy whitefish whick
occur gympatrically in some Alaskan lakes,
COne form has high raker counts and the other
has low raker counts. McCart suggesied a
western refugium south of the ice sheet for the
origin of the Alaskan low gill raker form, a
YVukon-Bering Sea refugium for the Alashan
high gill raker form, and a Mississippian
refugium for the Lake Superior form.

Pygmy whitefish from Flathead Lake have
a range of 14 fo 18 gill rakers (mean 1583}
those from Bull Lake range from 15 to 13
fmean 16.28). These means are considerably
iower than the 18.28 mean of fish from Lake
Superior (Table 2). Aeccording to MeCart’s
figures, the Flathead Lake and Bull Lake popu-
intions would be classified ag high-rakered in
comparison with Lake Aleknagik populations,

TasLe 2.—Frequency disiribution of @il raker counis
in pygmy whitefish.

Number of qili rokers

counts in pygmy whilefish, rocality i 15 16 17 18 19 20 Meon

Number teke Superior? R — i & 1F 13 3 1828
of Flathead Bult Columbia River droinage:

scales Lake boke Lake McDonakd ! — 2 5 5 3 5 — w2
57 3 — Bl { ake? — 2 & 10 2 T - 1671
53 4 — Fatheod Loks 4 15 24 5 I - - 15,83
54 3 1 Buli Lake 4 13 5 3 - 15.28
35 5 i Alaska:
56 1 1 Lake Aleknogik:?
57 14 3 High raker range 14-17 15.28
58 14 & Low raker range V2.1 13.48
59 15 il Mlaknek boke:?
&0 G He High raker range 1619 17.33
&1 & 4 tow raker ronge 13-16 14.54
&2 4 & Chignik Loke:®
&3 & 4 High roker range 721 9,21
64 i — Low roker ronge 13-16 14,14
o3 3 ¢ from Eschmeyer and Boiiey (1955)

thean 58.2 525 ? Fram MeCart (1570} ST
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but intermediate compared to Naknek Lake
and Chignik Lake populations. Qur counts, as
well as those on Lake McDonald fish, do not
support MeCart’s contention that the low-
rakered form persisied in the vieinity of the
Columbia River Basin during the Fleistocene
glaciation.

Vertebrae

As with other meristic characters, the verte-
bral count of the pygmy whitefish is low for 2
coregonine, The number of vertebrae is variable
however—1from 49 to 55. The plasticity of this
character is within individual populations as
the species exhibits similarity in the mean
count of veriebrae fhroughout its range. The
Flathead Lake fish have 4 mean number of 52.3
and the Bull Lake specimens, a mean of 52.7
{Table 3), Mean vertebral eount of the fish from
Lake Superior was given as 52.9 by Eschmever
and Bailey (1955). The lowest mean is 51.5
for Chignik Lake (McCart, 1970).

It appears that most of the variation in the
vertebral number s in the caudsal rather than
precaudal vertehrae. The number of caudal
vertebrae ranges from 21 to 26 whereas the
precaundals vary from 27 to 31 in Flathead Lake
and Bull Lake fish. The number of caudals
individually plotted with their respective total
number have means that nearly increase by the
value of one with sach increase in similar value
in total number of vertebrae (Table 4).

Although low, the total number of vertebrae
of the pygmy whitefish overlaps the lower
range of the mountain whitefish. Helt (1960)
gave a range of 53 to 61 for the mountain
whitefish in the Columbia River drainage.
Twenty specimens of the mountain whitefish

TanLe 3-—TFreguency distribution of total number of
vertebrae in pygmy whitefish,

No. of
vertebroe Flathead Loke Buii Lake

5¢ 2
51 & 3
52 Z4 ié
53 26 i3
54 2 7
35 — i

Mhage 52.3 527
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TasLe 4, —Relation of number of caudal veriebrae 1o
iotal number of veriebrag in pyemy whitefish,

Totol vertebroe

Hrem

51 A2 52 54 55
Coudal vertebrae:
Range 2124 21.25 21-25 2425 26
fean 21.84 22.82 23.3¢9 24.43 26,00
Number of
specimens 7 33 33 7 1

from Lolo Ureek used in our study had caudal
vertebrae ranging from 25 to 27, again a slight
overian.

AGE AND GROWTH

Age was determined for 494 pygmy whitefish
taken from Flathead Lake during April 1967
through May 1971, Sex was determined on
272 specimens, mostly from mature fish cap-
tured in November and December,

Only one fish of age 0 was collected. Fish
of this age are so small that they are unlikely
to be captured in the collesting gear we used,
The percentage of the total fish by age group
was:0,02% 1, 47.2% ; 11,46.19% ; 111,5.9% ; and
IV, 0.6%. Overlap was considerable in the
length-frequency distribution between adjacent
age groups and between the sexes (Table 3).

Growth rate was ealculated by establishing
the relationship between the body length and
the anterior scale radius. The value of 0.9854,
the coefficient of variation », developed on the
483 measurements, suggests a strong degree
of linearity between the body-scale measure-
menis. This linearity differs from the sigmoid
body-scale relationship found for pygmy white-
fish from Alaskan waters by Heard and Hartman
(1988},

The eguation fitted from the individual pairs
of body and scale measurements was: Total
hody length = 0.213 anterior scale radius +
61.62. Mean body lengths from each scale
radius were plotted against the caleulsted re-
gression line shown in Figure 1. Total lengths
were back ecaleulated by direct proportion
{Table 6).

annual growth of females in Flathead Lake
exceeded growth reported for Brooks Lake
{Alaska), Lake McDonald (Montana), and Lake
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TapLe J.-—Lengh frequency of age groups of pygmy
whitefish from Flathesd Lake, 1967710

1 F. females; M, males. ]
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Figure 1.—Body length-scaie radius relation of pygmy
whitefish from Flathead Lake, Solid line is caloulated
squation; circles represent mean bedy lengths for gven
scale radil; dashed line connpects estimated intercept at
25 mm length at seale formation,

Superior. Growth was nearly the same in Bull
Lake. The initial growth of the Flathead Lake
popuiation was exceeded in Wood Lake, Alaska,
and after the third year in MacLure Lake,
British Columbia, where the fastest growth
rate has been reported for the species (Figure 2).

Both Bull Lake and Flathead Lake collections
indicate that few males live beyond their third
growing year whereas some females reach the
ffth growing vear. Data from Wood River and
the Maknek River systems in Alaska and from
Lake Superior also show that females are longer
lived. Females in Wood River can attain age VI
and those in Lake Superior attain age VIL
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Eiguge 2.—Calcuiated growth of female pygmy whitefish
from Flathead Lake compared with daiz from Bull Lake
and Lake Mciyonald, Mont, and Lake Superior {Esch-
mever and Bailey, 1935); Wood Lake, Alaska (Rogers,
19643; Brooks Lake, Alaska (Meard and Hariman. 1968);
and Mclure Lake, Britishk Columbia (MceCart, 19631

FOOD HABITS

The importanee of major food items of the
pygmy whitefish of Flathead Lake shifts from
month o month, undoubtedly according fo
availability. Chironomid larvae and pupae were
the most important items consumed both by
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Average oalculated length and average length @i capture of pyvgmy
whitefish, from Flaihead Lake, 1967-71,

TasLe 6.

[F, females; M, males; U, unknown ssx]

Average tetal Calculaied length ot annulys formation
Mumbser tength oy -
Age of capture
Group Sex fish {mm} H b TH Y
o] U 1 79 - —
; A 120 17 oW e -
£ i8 1i6 9 —
95 1o 25 _
H L) &0 128 98 g - —
F 58 140 28 122 .
i i 134 i01 123
EHt M 1 140 00 124 142 -
F 12 154 100 124 14l —_
1} 14 150 101 iz2 i V-
A" E 3 168 92 130 i45 155
Avercge increment
A 181 He GG 18 25
F #1 138 98 24 20 ]
] 221 o a5 2% T4 wr
Average length
AL 9 117 142
£ 98 122 142 155
5 78 123 137 o
Combined 9 121 139 155

Tapre 7.—Percentage frequency of occcurrence of feod items in stomachs containing food and
{in parentheses) percentage estimaie of volume for pygmy whitefish from Flathead Lake !

{The wwo percemrage figures are the same of approximate because most stomachs contained only
one kind of food.}

Food Aoy lune July Aug. Sept. Gt Nov. Average
Cladocera:
tinciuding ephippic) — A0 & 13 47 53 35

159] (80) (15} {48) {56}

Diptera: Tendipedidae

(chironomid larvoe ond pupace: &7 89 33 20 &% 44 1¢ 47
(&7} {95) {37) 120} (7h {45} 18}
Trichoptera: 11 4 2 3 —_ _ 3
(Mydroptitidoe gnd Hydrepsychidas) 1y (2} [§)] i2)
Unknown insect partss . 4 & — (3 — 2
121 (4) {d
Fish eggs — — [ 1
16}
Betritus and sand 22 3 & HY G 31 i2
(22} {33 {8} 8] it 130
Emptyffuli 312 o7 1468 146 5f44 12{44 26{77 41278

Piterns appeoring in onily one or two stomachs included: dictoms, copepods, Podocopa {Ostracoda), Mayfly
nymphs '{Ephememteru}, midge adulis {Tendipedides!, leof hopper (Cicodellidoel, onmts (Hymenoptera), terrestrict
beattie {Coleopteral, ond water mites {Hydrocaring), All of these items temposed anly a small port of stomach
contents.

9%
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volume and frequency of occurrence: clado-
cerans were close second {Table 7). No clado-
cera was consumed during May and June when
chironomids were the main food source. Urus.
taceans became the prime food in July and
August, but in September the relianee re-
turned to dipterans. Cladocers apparently be-
came more available in Gctober and November
and once more were the important source of
foed, particulariy in NWovember. Other {oods
were of minor importance during the months
when stomachs were collected. The frequent
presence of detritus and sand in the guls is
evidence that this whitefish feeds al or near
*’i@.e botiom as vispally confirmed by Heard and

artman {1968},

Crustacea identified from the guts of pygmy

whitefish from Flathead Lake included an
ostracod; the cladocerans Dophwia Thorule,

DL orosen, D1
and Leptodora kladi;
tomus ashlondi, Epischuroe nevadensis,
cyelonold copepod.

A December collection of spawning pygmy
whitefish from Boss Oreek demonstrates thal
these fish feed actively during their spawning
period. Fish eggs, laid by fellow spawners,
were the most frequently ingesied food and
made up by far the greatest volume. Chirono-
mids were still faken in numbers, however,
along with a few other insects (Table B).

The feeding habits of this whitefish in other
lakes are usually similar to these of fish in
Flathead Lake. In Lake Buperior, crustacesa,
meostly ostracods and amphipods, cceurred in
95% of the stomachs, Chironomids were taken
frequently but made up only 8% of the total

longivemis, Buosbma long:
and the copepods 1}m B
and

TaBLE B.—Percentage freguency of occurrence of food
items  in stomachs comtatming food. Pygmy  whilefish
from Ross Oreek during spawning run, 12 December
1967, The number of fish eggs eaten ranged from 1 to 21
per fish with an average of 6.

Cladotera 3
Diptera: .

Tendipedidoe {chironomid larvag] 28

Cergtopogonidas larvoe 3
Ephemeropiero: _

Heptagenia nymph 3
Unknown insect remains g
Fizh zags 75
Detritus and sand 33
Zmpry stomachs % of 50

N MONTANA

volume., Fish sgy presumably  coregonine,
securred in eollections of May and Jan

{Esehmeyver and Hatley, 1985). Pyvegmy white-
fish from a tributary of Lake Aleknagik, Alaska,
fed on the larvae and pupse of r*h;ze;nf mids
{Rogers, 1964), In the Naknek River system the
velative importance of lood items differs between
lakes. Chirenomids accounted for BE% of the
stomach volume in some lakes but only 5% in

other waters, Plecopteran nymphs were lmpur-
tant as food In some lskes or outlets. Peri-

phyton never accounted for move than 4% of
stomach contents. Fish egps, probably from

salmon, were taken in November (Heard and
Hartman, 1968), Low-rakered Alasksn forms

fed predominantly on bottem fauna and the
high-rakered fish were almost exclusively plank-
ton leeders (MeCart, 19700

REPRODUCTION
Age and Size ar Matarity

Collections of pygmy whitefish were maude
from the inlet of Bull Lake during the spawn-
ing runs in December of three different vears
Only the last collection (1987) included & large
number of fgh—288, all but 4 were males
The predominance of males in the three collee-
tions may be explained by the earlier arrival
of males to the spawning aggregation. None
of the gonads examined was spawned oul.

In the three combined eollections, 50% of the
males were in thelr second gmwmg BER80L
{age I}, 47% at age 11, and only 3% at age IIL

in the small sample of females, none was age [,
849 were age 11, and 38% were age 111 Except
for one large male with three annuli, the
females were consistently larger than the males
in each age group {Table ). The smallest ripe
male was 26 mm standard length and the
largest was 130 mm; the smallest female was
120 mm and the lar, ge:ﬂa was 138 mm.

in late f\m’emh—a nd December large nume-
ners of prgmy wi L?l‘\i’i move from the deep
water of }"Ea‘m&{: Lake and congregate at the
mouths of the Bwan and Flathead Rivers belore
they enter the river systems
spawn. The males outnumber
in these concentrations. Of

esumably 1o
males 6.7:1

ery
age | males

g

o

B
the
the




Tappe Y-—Frequency distvibution according to standard
tengih of three age groups of ripe pyvgmy whitefish tgken
from Ross Creek in three different vears.

Sex gngd

standord 2 Dec. 1952
tengin
{rmm} | H it

10 Dec. 1535 20 Dec. 1987

Males:

B4 S0 4 T 2
91 95 4 16

94100 2
H1-105 -
106-110

111118 "z N
116-120 2 e
126-130 _— = - - - - 1

Femgoles:

116120 T VR
121125 - e -
326-130 e
131-135 e
135-140 e SR e

R —

74.5% were sexually mature. All males age 11
or older were mature. As in the Bull Lake
population, the fernales mature more slowly
than the males. The percentage maturity of
the females was 27.8 at age [, 90.2% at age 11,
and 100% for older fish. Younger breeding age
in the males and the larger size of mature
females characterize the other widely separated
populations (Eschmeyer and Bailey, 1955;
Heard and Hartman, 1966).

Female pygmy whitefish cbviously spawn in
consecutive vears. Mature ripe eggs were pres-
et in the abdeominal cavity while smaller
eggs, 1 mm in diameter, were developing in
the ovaries of ages 11 and 11T females,

Sex Ratio

The predominance of males in Bull Lake col-
lections has been discussed previously. Although
variable from sample to sample the sex ratio of
ail pygmy whitefish taken from Fiathead Lake
in 1969 was nearly egual (Table 10). When
collections for 1987 through 1871 were com-
bined, however, males exceeded females by & ratio
of 2:1 (Table 5}, The sexes were about equal at
age 1T but many more males were taken at age L.

Fecundity

The fecundiiy of individual fish

from Lake
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Superior and Alaska varied widely, In Flathead
Lake egg counts of 28 females ranged from
136 to 018 and aversged 588, The larger fish
tended generally to have the mest eggs, but
exceptions were frequent (Table 11}, Four large
spawners from Bull Lake had from 1027 to

Li36 eges. In Lake Buperior egg eounts
ranged from 93 to 587 and averaged 362

{Eschmeyer and Bailey, 19558}, those from the
Naknek River system ranged from 103 to 1,153
{(Heard and Hartman, 1966).

Conversion of our lengths to total lengths in
inches and comparison with Eschmever and
Bailey's length-fecundity curve shows that pyg-
my whitefish from Flathead Lake produce mare
eggs tor their size than do the Lake Superior
fish and that those from Bull Lake are sven
more productive. Fish from Bull Lake with total
lengths from 6.0 to 6.5 inches have egy counts
slightly more than 1,000 compared with about
650 for the Lake Superior fish. If the length-
fecundity curve of Heard and Hartman is pro-
jected, the Bull Lake population was about the
same as fsh from South Bay in the Naknek
Hiver system, but the Flathead fish produced
fewer eggs. Fish in the 5.4- to B.7-inch range
from Flathead Lake had 550 egps whereas
those from Scuth Bay had about 700 eggs.
Heard and Hartman explained the differences
in fecundity among populations as adaptations
to different environmental conditions that pro-
duce higher or lower survival epportunities for
the species.

Tasre W.—Length and weight of pygmy whitefish from
Bull L.ake and Flathead Lake.

{Ranges in parentheses.

MNurmber tondord
of fength Welght
Lacality fish Sex {mm) {o}
Ross Craek:
10 Dec, 1955 45 mate 102 5.8
(20-120) (H.3-25.0n
3 female 130 396
{125-135; [30.7.44.0}
12 Dec. 1967 53 maie 07 20.7
{90-130; {9.3.27.5
37 fernale 137 360
{125-160) 124.8-55.6)
Flgtheod Lake:
Moy -Nov, 1969 1z maole @@ ite
{75-116; (4.8-27 .8}
117 female 109 8.0
{70140 (3.0-42.4}
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Taere | L —Froduction of eges of pygmy whitefish,

Ronge in L .
Mumber Awerage stondord MNumber of sggs
of waight fength
Locality fish {g! {mm} Ronge Meon
Bull Loke E 435 $3C-135 1.027-1 138 1084
Flathead Loke 3 167 07-10 414-700 547
1t 0.7 111-120 227.733 558
15 24.% i22-133 156-918 A4

Time and Locality of Spawning

No fully mature pygmy whitefish has been
found in Bull Lake in November, but ripe fish
were readily collected from Ross CUresk, the

inlet, on 28 December and 12 January 19582,
10 December 1955, and 26 December 1867,

Alsgo, fisherman were cbserved catlching ripe
fish from the mouth of Stanley Creek, & tribu-
tary at the opposite end of the lake, on & January
1952 (Weisel and Dillon, 1854), Although milt
and roe were easily stripped, the appearance
of the gonads indicated that most of the fish
had not spawned. The spawning period in Ball
Lake must extend from mid-Pecember well
into January. All evidence indicales pyvgmy
whitefish gpawn in streams rather than in the
lake. As previcusly stated. mature fish were
congregated at the mouths of the two major
inlets of Flathead Lake in late November and
December,

The species spawns in Alaske apparently
between mid-Movember and mid-December In
rivers and at the mouths of rivers during the
night. In Lake Superior, Glacier National Park,
and British Columbia the fish is believed 1o
spawn in November or December in shallow
waler.

DISCUISSION
The pygmy whitefish iz {ypified by low

meristic counts. In gill raker counts the popu-
lations from Flathead and Bull Lakes are
intermediate compared to Alsskan popula-
tions. This does not support Melart’s (1970
contention that the low-rakered form persisted
in the Columbia River Basin during Pleistocene
glaciation. Vertebral counts range widely even

within individual populations, Most of the

vertebral variation is in the candal rather than
in the precaudal vertebrae.

The pygmy whitefish is flexible in diet and
feeding behavior. Depending on the season and
locality, the species may feed primarily on
ingects and zoeplankion or on macrobenthie
crustaceans. in any one habitat, however, the
dist 18 either highly selective or restricted
compared Lo many other species of fishes.

The pygmy whitefish must be important in
the trophic system of Flathead Lake. They are
a small, abundant primary carnivore and con-
sequently must be an imporitant food source
for the secondary carnivores such as lake trout
and Delly Varden which Trequent the deeper
water. Its primary food competitor s un-
doubtedly the lake whitefish. The lake whitefigh
feeds extensively on melluses but also includes
chironomids and copepods as main dietary
items in Flathead Lake {Brunson and Newman,
18510,

The species is shori-lived. In the Montana
populations no male was found older than age
111 and no female beyvond age IV. In growth
rate and fecundity the Montana populations
are similar to those from Alaska and Lake
Buperior,

The pygmy whitefish exists successfully with
sympatric salmoneids in spite of its small size
and relatively low egg production. The moun-
tain whitefish in Montana, its closest rival in
respect 1o reproduction, produces an average
of 4400 eggs; the largest pygmy whitefish
produces & gquarter of this number. However
the pygmy whitefish produces more eggs per
pound of fish— 10,000 eggs for Bull Lake speci-
mens compared with 5,340 for mountain white-
fish (Brown, 1852). This production iz made
possibie by the reduced size of the eggs of the
pygmy whitefish, which are 24 10 2.6 mm In
diameter when water hardened compared with

595




to 4.2 mm for mountain whitefish, Hooke
sostulated that the large-egy coregonine
e to small-ege types. He admitted
-egy size (;f the pygmy whitefish
does not i'?t his hypothesis becsuse the species
is considered to be the most primilive of the
subfamily Coregoninae but that this may be a
specialized character: and if the pygmy while-
fish had the growth potential of the other
species in the genus, it would probably have a
larger egg. Also compensating for the low egg
number per famale, the pygmy whitefish spawns
at an esrlier age. Most mountaln whitefish do
not mature until thelr third or fourth year

)
P
o

R

{(Bigler, 1851; Brown, 18BZ;, 1 to I years
intor than female pygmy whitefish and 2 years
later than male pygmy whitefish, The esarly

maturation and shorter of the mals
pygmy whitefish ensures greater fecundit
ahundance of the specles at lower consumption
of faod,

Evidence suggesis strongly that direct com-
petition bebween the two whitefish species on
the spawning grounds iz avoided by a dif-
ference in spawning time. Booke (1870) noted
that large-ege coregonines spawn earlier than
those with small eggs. From the information
gvailuble, it appears that in Montana the large-
egg mountain whiteflsh spawns about a month
eariier than the small-egg ’a,g,"m whitefish.
The small size and um\xeqw*n‘t 2l small egg
diameter of the pygmy whitefish may be ex-
plained by the rigors of the glasial peried.
The known range of the species is restricted
to recently glaclated areas. During the glacial
period it probably retreated less than other
eoregonines  from %he glacial margins, The
smail size and early spawning age were very
possibly adaptations for survival in cold and
nuirient-poor waters.

Hife span
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