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Systematically, Siberian whitefish are a subspecies of Coregonus

lavaretus, which have an extensive habitat.

Already A.N.Svetovidov in

1934, noting the systematic heterogeneity of the western Arctic white-

fishés, suggested that each large water body generates its own peculiar
forms [19]. N.A. Ostroumov [13], on the basis of a biometric anaiysis,

growth rate and ecological characteristics, identified the whitefish

from the Pechora river as an independent systematic unit of the "natio

The whitefish in the Pechora river basin are distributed everywhere.

L.N. Solovkina [20] and E.S. Kuchina [8] believe that such large tri-
butaries of the Pechora as the Usa and Kos'yu generate local whitefish

populations which do not differ morphologically from those of the Pechora.
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However, these investigators, in their analyses of whitefish from the
Usa and Pechora, confined themselves to comparing indexes, without
calculating the standard deviations, and hence they were in no position
to make reliable pronouncements regarding the morphological identity or
distinction of the whitefishes from various ecological areas. The purpose
of our study is to investigate the morphological distinctions of white-
fishes frbm various areas of the Pechora basin--from Korovin Bay, Lake
Golodnaya Guba, from the Pechora itself and from the Sﬁla river, a left
tributary of the lower Pechora (see fig. next page).

The morphological measurements were based on the scheme suggested.
by I.F. Pravdin [15] for measuring salmon. We measured 250 specimens
of whitefish. The resulting data were grouped and processéd biometrically.

We calculated the arithmetic mean M and its error m, the average
standard deviation G; and the coefiicient of variafion. On comparing
these indexes of the two intervals or groups that interésted us we cal-
culated the reliability coefficient td for a given difference. The
conjunction of the various indexes was determined with the help of the
coefficient of variation cV. The degree of reliability of the difference
between the two arithmetic means WaS'judgeﬁ-on the basis of the size of
the reliability coefficient td.

The confidence coefficient was assumed to be-equal to 95%. When
the confidence coefficient was less than 957, the difference was con-
sidered unimportant and the index did not change, that is to say, the

"null hypothesis" was not refuted.

Specific morphological description

The length of the lower jaw, as in all forms of this species, is

usually somewhat shorter than the shortest height of the body. The back,

/120
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from the back of the head to the dorsal fin, is arched or humped. The
width of the snout always exceeds its height. The lateral line is

76 %% 98, D III-IV 9-13; A TII-IV 11-14. The color of the whitefish
varies from silvery-white to dark-gray. The usual,léngth of a commercial
whitefish is 32--38 cm, more frequently 34—-35 cm. The average weight
is 550--700 g, sometimeé 1.5--2 kg. Occasionally one also meets larger
specimens. For example, in Nov. 1969, at tﬁe Zakhrebetnoe section of
Korovin Bay a whitefish was caught which had a length of 66 cm and
weighed 5 kg.

When analyzing the morphological characteristics of intraspecific
categories of whitefish, one should take into account individual variability
with regard to age and sex so that the effect of these distinctions may
be excluded from the morphological distinctions of the forms in question.
This requirement [2, 3] is far from being fully observed even at present,
even though many years have passed since it was first suggested.

Specimens of various linear dimensions, and caught in different
seasons, were subjecteq to such morphological.anélysis. Before investi-
'gating the morphological characteristics of the intraspecific cétegories
of whitefishes from different areas, the sex, age, seasonal and ecological

variability of a given subspecies should be examined.

Sexual variability. Most of the .attributes indicate no marked

distinctions between male and female whitefish. Nevertheless, some
distinctions do exist [7, 11--13].

Since tﬁe specimens for the morphometric analysis were taken
during different seasons of 1970, it 5ecame ﬁossible to determine sexual

dimorphism with regard to seasonal variability. In order to reduce the
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undetermined factors to a minimum, we selected 15 specimens of males

and of females with identical linear dimensions seﬁarately from the
February and from the October catches. In February the fish were caught
in the feeding areas, and their sex products at that period were in

the II--III stage of maturity. In October the fish were caught in the
spawning areas (Sula river), at which time their gonads were in the

prespawning state (Table 1).

.0 U o

«©

‘Table | Taownmz |

.MoponoTuuecKue NPU3AAKM CHTA-NHXLAHA B PAsAMuHbe -
NepHOZH XM3HEHHOTO Luxna (B % X AfR#e Taxa)

~ eding population / spawning population

[ipusHaxn : ' HaryaisHoe cT3z0 HapsCToBOE Sua,.n
Characteristics ‘ t P t P
Lnusa rena (no Cuurry) . 40,14 0,I0 -0, . C,I00
Be¢ puOR, T : 0,14 0,J0 -2,0 0,050
Bucora Tena (HauGonbuwas) -1.00 0,I0 -,3. 0,001
PaccTofRge e ' T
dl QHTEBEHTDHNBHOE . -0y20 0,10 3,7 0,001
d2 aHTeanaNBHOE - 0,0 0,I0 -2,3 0,050
launa T Lo ‘ -
P +1,40 0,I0 +2,7 0,050
v . . 040 0,0 42,0 0,050
3arza3EMyENH 0TAEX TOROBH +I,0° C,J0 =2,2 0,010
Paccrosnnne P-v =240 0,01 . ~4,3 0,001
-IinuAa : o - ' .
h| HMXHH YeXNCTH . | +2,80 0,0 0,2 . 0,10
h2 XBOCTOBOI'0 CTOGAA +3,1€ 0,01 40,4 0,100

Table 1. Morphological characteristies of whitefish at various
periods of their life cycle (percentages relative to body length).

a- body length (according to Schmidt; b- weight of the fish (g);

c- body height (maximal);.d- distance/ dl-pre-ventral; d2- pre-—anal;
e- length; f-postorbital part of the head; g-distance P--v; h- length/
hl~lower jaw; h2- caudal peduncle.




A comparison of the males and females from the feeding pop-
ulation revealed reliable distinctions (t > 3) with respect to only

one characteristic—-~the length of the caudal peduncle, which turned

out to be larger in the males than in the females.

Sexual dimorph;sm, based on several characteristics, is most /122
distinct in the spawning period. Due to the intensive development
of the sex products, there is a considerable increase in body height
in females in the prespawning period, which entails several other
deviations, ﬁarticularly an increase in the depth of the head at the
occiput. Reliable distinctions are revealed in the size of the pre-anal
distance. There is also some distinction between males and females with
regard to the length of the pectoral and pelvic fins (see Table 1).

During the prespawning period male amnd female whitefishes also
acquire breeding colors—pearl-like nodules on the scale§ along the
entire body of the fish, but the epithelial nodules on the postorbital
part of the head and on the gill covers -are more vivid in males.

A comparison of the morphological characfers of whitefishes from
the spawning and feeding populations reveals that many distinctions afe
temporary in nature. Table 1 shows that the most permanent distinctions
between males and females, regardless of the phenological conditions,
are to be found in the pectoventral distance ["distance from pectoral
to pelvic fins" Ricker].

Females were a little heavier than maies even though their linear
dimensions were identical. These distinctions are most cleariy marked.
in the spawning period. This was already noted by N.A. Svetovidov [19]

during his studies of the whitefish of the Kara Sea.




Since the distinctions between the males and females of the Pechora
whitefish are most vivid in the sbawning beriod, that is .to say, in the
fall, and find only insignificant exbression during other periods, we
can use these data without reference to the sex of the fish.

Age variability. In studying fish populations with these mor-

phological methods it ié important that their age variabllity be clearly
identified, so as not to detract from the actual status of the forms under
comparison [21].

Some investigators study.age variability relative to body length,
others relative to age. K.A. Savaitova [18] has suggested that changes
in the ratios of individual parts of the body be studied not relative
to the dimensions or age of the fish but to stages of development, each
of which is characterized by specific relationships between the organism
and its environment.

A.S. Novikov [11l] is trying to identify the stages of development /123
of the whitefish @y analogy with the Kolyma whitefish. Analyzing the
variability of the morphological characters throughout the entire life
of the whitefish, Novikov identified four stages. Similar stages
cén apparently be identified in the life of the Fechora whitefish as well,
butvdwing to the present lack of data on the ecology of the semidiadromous
whitefish it is difficult to comment on its developmental stages.

In comparing the fish populations in question, we are primarily
interested in the degree of character variability. To determine the
nature of age variability, morphological measurements were made of
specimens of various age grouﬁs. We established a series of lengths
with an interval of 5 cm and selected 5--7 specimens from each size

group. The average deviation was established according to N.A. Plokhinsky's



T .
formula[j \/ﬁ%%%% [14]-:]. Data on the age variability of the whitefish

from the lower Pechora are presented in Table 2.

Table 2 shows that the length of the head and the diameter of the
eye correlate negatively with body length, that is to say, these indexes
decline relative to the growth of the fish. The regression coefficient
R, computed for the pur?ose of comparing the variability.of the length-
of the head of the ﬁhitefish relative to its body length, indicated that
a 5 cm increase in the length of the fish was paralleled by an average
decline of the length of the head of 0.6 cm and by a corresponding 0.04 cm
decline of the diameter of the eye.

The length of the base of the anal fin (r = +0.63; r = +0.76)
and the lowest height of the body correlate positively with body lengtﬁ.
There is less correlation between the maximal height of the anal fin
(r = +6.25) and maximal body height (r = +0.25) with body length.

Thus the whitefish has cﬁaracters whose numerical value increases
uniformly with age- (the length of the base of the anal fin; maximal
height of body, maximal height of anal fin and minimal height of body,
in peréentages relative to length of lower jaw), and also characters
whose numerical value uniformly declines with age (length of head and
diameter of eye). ' .

Ecological variability. Continually interacting with an environment

that is sbecific for each body of water and bossessing considerable
phenotypic flexibility, the whitefish in large rivers can generate forms
that are diadromous, lacustrine and fluvio-lacustrine [17].

A certain bortion of the Pechora whitefishes feed in lakes. They

develoﬁ a natural system of adaptations according to phenotypes. The

/124
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Table 2
KUX TPH3HAKOB

CUTG-NHXRSHA B CBA3M C ero pocroy (B % K anu-

TaGauna 2

He Tena)
[Ipu3HaKy t
Characters ~ 15-20 I5-25 15-30 I5-35 I5-40 I5-45 T R
a Inuga gonoew 0,1 +I,5 +I,8 +5,8 +3,I 46,2 0,7 0,60
b Lnamerp rnasa +I,5 +4,0 +5,3 +8,I -3,6 +9,2 -0,24 0,04
c Jn¥Ha DOHOBA-
~ hum A 1,5 -2,4 -3,8 -2,0 -3,I -4,5+0,63 0,08
4  HauGoaswas Bh-
coTa A -1 .4 - =47 -5,1 -3, -3,8+0,25 0,I0
e Bucora Tena . : - ' '
el HauGonbuan =3,7 =4,7 -3,8 -6,0 -3,0 -8,740,IT 0,25
e2 aauueabmaHX/+3.5 +2,0 -2,3 -3,I 40,3 -2,5 40,76 0,90

X/ B % x naMEe HMEHGH VEALOTH.

" Table 2. Variability of morphological chlaracters in whitefish

in relation to growth (percentages relative to body length).

a- length of head; b- diameter of eye; c— length of the base A; d- maximal
height of A; e- height of body/ el-maximal; e2- minimal; x/--percentage .

relative to length of iower jaw.

height of the body increases; the length of the head and the pre-ventral

distance correlate negatively with body height.

rivers usually have a streamlined body and a shortened caudal peduncle

(10].

The length of thlehead in Pechora whitefish varies considerably.

The specimens inhabiting

After taking the extreme values from an experimental distribution of

points (the specimens selected were of identical linear dimensions) we

found the average value for. the meristic and morphological characters

(Table 3).

~of 15 long- and 15 short-headed specimens which differed from the rest




10.

Under conditions obtaining in the Pechora river, the longheaded
whitefish aéparently inhabit the rivers and.the shortheads are found
in the lakes.

Once the sexual, age, seasonal and ecological variabilities of
the meristic andvmorphdiogical characteré of the lower Pechora white-
fishes are established, a comparison can be made of the specimens from
the various sections of the basin (see map, p.3). Morphological data
on whitefish from different areas of the lower Pechora are shown in
Table 4.

As was already noted, the whitefish spawn in the Sula river.
Our selections in this river were made during the spawning period. The
morphological measurements in the three other sections were made during
the winter, when the sex products were in their II and III stages of
maturity. To eliminate the effect of seasonal variabilities on the
actual morphological status of the different ecological forms, we shall
consider the whitefish from the spawning and feeding populations
separately. In-comparing the whitefishes from Korovin Bay and from

the Pechora delta, we obtained reliable distinctions (t > 3) only

‘with regard to the length of the middle part of the head. ‘A comparison

of the whitefishes from Lake Golodnaya Guba--a typical lake-type body
of water - with those from other reservoirs indicated -that in this
area the whitefish in their external form resemble the lake forms, that
is to say, they have a long caudal peduncle, a relatively high body

and, as a rule, a short lower jaw.

The most significant distinctions are found between the whitefishes

from the Pechora and those from the Sula rivers. Excluding the seasonal

/128
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variability of certain characters of the two ecological forms, reliable
distinctions between these forms were revealed with regard to the length
of the caudal beduncle, the ventral distance and the greatest debth of
the dorsal and anal fins. It should also be noted thet the whitefish
from the Sula river have the least number of gill rakers and a ;omewhat
greater number of scaléé along the lateral line.

Long-headed specimens predominated in the spawning beds in the
headwaters of the Sula river (see Table 4). Hence one can assume that
the fish spawning in the Sula river, where they have to overcome fast
currents, especially in the shallows, are morphologically adapted to
river-type biotopes.

Thus the morphological characters of the Pechora whitefish vary.
with regard to season, sex, age and ecology. Moreover, the morphological
characters of the various ecological groups of Pechora whitefishes reveal
clear traces of a parallel variability, that is to say, there exist
among them more or less individuatel 1ake (high bodies) and river (stream-
lined) forms. The establishment of the degree of individuation of these
forms has important préctical significénce with regard to foredasting

commercial catches.
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On the phenotypic vgriability im whitefish from
the Pechora River

A.K.Kozmin

Summary
The morphometric measurements of whitefish taken from
various localitics in the downstream area of the Pechora
‘River have revealed that the plastic features of the
speclies vary with seasons, sexes, ages and ecology. Besi-
des, there are more or less isolated lake (high body) and
river (streamlined body) forms in the species.




