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ABSTRACT

The wide area of distribution of Greenland halibut in the
North Atlanbtic with the prolonged pelagic drift of juveniles creoate
the necessary prerequisites for forming and existence of groups with
different degree of diversity. The system of constant currents in the
North Atlantic is the determinant of theiT locations.

Analysis of biological peculiarities of Greenland halibut lo-
cal groups is presented in this paper.

Biological, physiologic, bicchemical and other characteristics
of Greenlsnd halibut groups of the North Atlantic area are investi-
gated. Malic enzyme (ME), sorbitol dehydrogenase (3DH) and esterases
{BST) of Greenland halibut muscular‘tissue aré used as biochemical
markers, Folymorphizm is detected for all the systens.

Geographically isolated large sroups and small regional cnes
are shown to be characterized by certain features the depéndenCe
of which on envivonmental conditions determines the heteroseneiby
of the analysed material regarding both ecologic~physiological and
biochemical aspects. The level of heberogeneity and ivs reasons are
discussed,

INTRODUCTION
The range of Greenland halivut in the North Atlantic covers
an extensive area - from the Novaya Zemlya in the East to the Ca-
nadian c¢oast in the West, from the North §pitsbergen to the lati-
tude of Bergen in the Voswepian Sea and along the American coast

from 76°N to pearly 42°W (Milinsky, 9944; Boyar, 1964). Here we can
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mark dut.three main ercas where Greenland halibut form deuse concen~
trations whick are important for fishery:,in the eastern Norwegian
Sea, in the western Bareﬁts Sea, in the insular slope of Ipeland
and in the Northwest Atlantic areas (Fig.1).

It is suggested that in these asreas three large local populations
of Greenlend halibut are distributed: Norwegian-Barents Sea, popu-
lation Icelandic and Greenland-Canadian ones. They are rather iso~
lated geographically but their isélation is not abgolute (Chumakov,
1969, 1975; Nizovtsev, 1974).

The goal of the paper is to analyze some features characteri-
zing Greenland halibut»(Reihhardtius hippoglosseides Walb.) concen—
trations dwelling in the eastern and western parts of the area. Their
studying is necessary for determination of the isolation degree of
thé stocks in these North Atlantic areas, While determining the
isolation of stocks, i.e. studying intraSpecific structure, it is
necessary hto identify its every component in a way allowing to con-
trol the identification by research methods, and the results should
comply with theoretical ideas about the species. The most imﬁortant
point is detection of reproductive isolation between populations
" whick can be conducted by any biologicai_characterisfic (meristic,
morphological, karyological etc,).

Biological markers detected by electrophoresis with further'
hystochemical staining are the most expressed features for determina~

* tion of differences between groups. Distribution of Ffrequencies

of markers occurancy should answer a hypothesis about heredity of
differences. According to the Hardy-Weinberg law the correspondence
6f actual data %o the calculated omes proves the genetic unity of
the investigated total gene divérsity.
MATERIALS AND METHODS

Halibut samples collected by bottom trawlé in 1984~86 were
analysed. Materials were taken in Divs, 0,2G, 2H, 2J, 3K off the
Yorth American coast (the ICNAF areas) and in the ICES areas I, Ila,
ITb of the Northeast Atlantic,

Length, weight, sex, maturétion and age of all fishes were de-
termined by otoliths, The data obtained formed the grounds for mean

gtatistical characteristics calculation. Data on biological markers
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were obtained by the electrophereeis method in a polyecrylamide gel
with the subsequent gystochemiea1>steiniﬁg (Maurer, 1971; Korochkin
et al., 1974).

Halibut tissue taken from the anterior part of the dorsal muscle
was the matsrial for biochemical analyeis . Proteins were divided
by the electrophoresis on the monostratum carrier in the vertical

" blocks of a chamber constructed in the Moecow State Uﬁiversity_
(Truveller and Nefedov, 1974). Electrophoreals is a buffer of tris-
EDTA~borate with pH 8.% and potentlal 220 V was carrled out for
1 hr. 40 min. _

Electrophoresis was carried out by the genepellylknoﬁn methods

(Selmenkova and Malinina, 1976; KO?ochkin ot all, 1977). Statistical
':processing of genetic data, checking the'correspondence between the
ectual data .and calculated ones were conducted in accordance w1th
recommendatlone of L.A.Zhivotovsky (19?9, 1983). 1110 specimans of
'tGreenland hallbut caught in the western North Atlantic and 465 spe—

N a,fclmens from the. eaatern part were 1nvestlgated (Table 1), lj'-,“.:ﬂi
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REBULTS
Some polymorphic fermental systems used 1n 1ntra3peciflc group -

"ﬁ?lnveatlgations are obsarved ln Greenland ‘halibut tissue (Mork and

;f“iHaug, 198%; Grant et al., 1984 ). Under condltlons of electrophoresis-
fl:polymorphism was detected in Malic enzyme (ME E.Ci I.I.I.40), sor-
;'bitol dehydrogenase (SDH,; E.C. I. I, I. 14) and nonr pe01fic esterases
‘*:i(EST) Analysis of dlstrlbution of phenotypes, genotypes add genic
ifrequenclea are adduced only for esterases. Alpha naphtyl acetete
: .TT was' the Bubstrate for thelr marklng out Three zones of enzyme acti-,
'fvity were determlned. The most polymorphic was the thlrd (beta glo~
bulin ) zome. Flve fractions of eSuerases wag noted there. They were
’”_lettered by A,B,C,D and E in accordance Wlth reductlon of their ele-
”l3ctrophoret1c mobllity. The fastest was. the A fraction, the slowest '
) one ~ the E fraction. It was noted that fraction electrophoretic mo-
:bllity of Greenland hallbut spec1mens in the eastern North Atlantic
was identical ‘to that 1n its western pert. That 1s why the nomencla-l
('ture of fractlons is the same for all samples. _ .
' Analysis of distributlon of” esterase phenotypes proves that
:Greenland halibut samples beth from eastern and western parts of the -
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' area are principally in equilibrium (Table 2). It is noted that‘the

distribution equilibrium 6f fenotypes with B and'C'alleleé'is broken
in two (No. 3, No. 10) of eleven investigated samples (Tables 1,2).

Correépondence of actual phenotype distributioﬁ to the theore-

- tically calculated one proves that temporal and spatial equilibrium

is maintained throughout the érea (Table 3). That is why 1t can be

- supposed that any local stock of Greenland hallbut is in equllibrlum

and in relatively isolation in every part of the area.

However, sample analysis data obtained from the easterm and

.western North Atlantic do not prove this .supposition (Table 1), BEx- °
" ceeding of the chi-square wvalue (9.49 at 0.05) was noted both in the .

easte;n'ahd western parts of the area (Table 2). The comparisen of

indices by pairs showed that a degree of difference calculated by

the ideatity criterion (Zhivotovsky, 1979, 1983) is very high

{69. 265) with index of similarity 0.9735. Because of it we carried

out an analy815 of phenotype distributlon in every regional group.

With this purpose the comparison of sample pairs was made (Table 43,
It turned out that if samples from the Northwest Atlantic are

different thsn index of similaritﬁ proves that they are relatively

hcmogeneoué. In the eastern part of the area index 6f similarity

is lower (0.9200) in most cases (Zhivotovsky, 1979, TINRO Recommen-

dations, 1980), that proves the heterogeneity of the samples inves-

tigated (Table 4). To a certain extent it could be a reault of non-

equivalent number of investigated samples. However, a tendency of

- @ifferentiation in gehe diversity is doubtless. Thus, the different

stocks of the eastern and western North Atlantic have different
degree of heterogeneity.

Analysis of frequencies of allele occurancy, degree of hetero-
geneity, efficient number of alleles and portion of rare alleles
showed the similar distribution of these markers for every gene
diversity‘in every area (Tables 5, 6). Nonreqﬁilibrium of diversity
in investigated samples is noted by the ﬁ and C alleles (Table 5)
in the easterﬁ North Atiantié and by thé 4 and D.allelea in the
weatern North Atlantic (Teble 6). Estimations. of heterogeneity of
total gene diversities was carried out according to the recommen-
dations of L.A. Zhlvotovsky (1985) and Snedecore - Irvine

{Workmann, lewander, 1970) and the results were identical (Tables
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'5: 6)'
Thus, there are Greenland halibut total gens diversities
in the eastern and western parts of the area differing in the

character esterase distribution.

DISCUSS1ON
The data obtained allow to suppoée a selective character
of distribution of specimens with definite SGnotypq‘in the North
Atlantic Greenland halibut local groups. Apparantly, the differen-
tial distribution of specimens with definite genotypes is caused
by the envirommental differences in every part of the area. The
main factor determining the difference between local groups is the
system stsble currents of the North Atlantic (Fig. 2}. Pifference
in character of water movemeﬁt in the éastern part (from the South
" to the North) and in the western part (from the North to the South)
probably determines what alleles these groups arve different in.
Different selective values of alleles in many enzyﬁé s8ydtems in
differing environmental cogditions are shown on a great number of
samples (Kirpichnikov, 1979). Functional differencas of alleles
expressed by enzyme activity under the definité environmental
conditions uaually influénce upon morphological psculiarities of
specimens (Kirpichnikov, 1987)., Using extrems conditions (tempe-
rature, oxygen etc,) it was noted that frgqgency of any glléle
changes because of different viability of specimens bearing these
‘ genotypébq That is why we studied length-age characteristics of
speéimens with‘A,B,G,D alleles in both parts. of the North Atlan-
tic . :
- Generally known that Greenland halibut males and females are
1afger in the northernm part of the Northwest Atlaﬁtic (Chumakov,
~ 1975; Chumakov, Serebryakov, 1982). Comparison of mature and im;
mature specimens length composition shows that immature spwcimens
are distributed mainly in the southern parts. Mature specimens
" are dlstributed chlefly in the northern part of the west area -
. over the contlnental slope of the Baffin Island and over Green-—
| land - Canadian Threshold. Older specimens dominate in the nor-

thern and central areas. Average weight and lensth fluctuations

of flahes of the sdme age in dlfferent areas are substantisal

but their amplltude is somewhat lowar -in ‘the weatern North Atlan~
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“ tie. This difference can be explained by geostrophic-péculiari- :
ties of currents in the sastern and western_Noﬁth Atiantic (Fig.2),
by,épawning grounds locations in the zone of stable currents end
by different directions of drift of Greerland halibut at thsir:
early stages., Prolonged period of passive drift of Greenland ha-
libut eggs and larvae in pelagic waters promotes wide distribution -
of this species in the Atlantic coastal areas of the North America
and Greenland and in the Barents Sea areas. | B

Greenland halibut at early stages migrate mainly to the South
along the West Greenland, Baffin Island (Canadian) and Labrador
Currents from the spawning grounds éituatéd in the south of the
Greenland-Canadian Threshold and partly over the Labrador. conti-
nental slope (Fig. 3).

It is known that moving to the morth a branch of the West
Greenland Current flow to the left joining the Baffin-Island
(Qanadian) and Lebrador Currenta.'Thus, prerequisits necessary
‘for drift of Greenland halivut larvese and juveniles from the West
Greenland spawning grounds to the shelves of Labrador, Newfound-
land (NAFO Subareass 2+3), West Greenland and Baffin Islaﬂd (NAFO

_ Subareas 0+1) are formed. ‘ _ )

In the Norfheast Atlantic Greenland healibut at pelagic sta-

ges migrate from the spawning grdunda located over the continentasl

slope between 71°N and 72°N (Sorokin, 1967) to.the northeastern

and eastern areas of the Barents Sea wﬁere they grow and develop.

Stable currents together with water circulation and eddles

- revard the drift and make larvae to stay in ﬁefinite areas of
dweliing which influences upon the distribution and abundance
of Greenland helibut. Peculiarities of living conditions are the
reasons For multiformity of Greenland halibutVmorphophysiological
-markers in different parts of the North Atlantic. According to
our date the mean length-weight characteriatiés of specimens in -

lagé groups are similar to each other in both parts of the North .
Atlantic (Tables 7,8,9,70). '

Peculiarity of distribution of length-age groups in the eastern
and western parts'qf the North Atlantic determines the heteroge-
neity‘degree of a regional group. Apparently, biocchemical markers'

are connected with length-weight characteristics by physiologic
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'processas and remote genetic connections between functional pecu-

liarities of isozymes and gene blocks which determine the morpho-
logical markers.

Thus, Greenland halibut specimens with different mwarkers

. are digtributed in the eastern and western North Atlantic. Geo-

graphical remoteness promotes their isolation, and genetic cha-

racteristie proves their peculiar variability in spite of their

biochemical idenity in every part of the area. Investigations

‘testify‘to-a complex structure of halibut populations, biological

pecullarlties in wvarious ﬂtlantlc areas whlch formed in the course ..

"of evolutlonary adaptatlon to the environmental factors.
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Teble 4 Similarity index and identity criterion of
Greenland halibut samples in the North Atlantic

WS Smn e e S e G S e R e e a S e vem S B o e e W ma e e Gy e Mg S s e mm we w

semple i 10 i 8 16 78 i _ Si. M
Northwest Atlantic )
10 - .0,904 0,978 0,9233 0,957I 0,9523 0,9254
9 22,52% - 0,9509 0,9056 0,9367 0,9468 0,9304
6 22,97% 21,45 - . 0,9620 0,9570 0,98I0 0,9578
7 48,49%  45,02%  25,20F - 0,93I7 0,9569 0,9324
8 31,67% 32,74% 33,71% 53,148 - 0,9552 0,9454
5 25,49% 19,69  I0,67 22,72%  25,34% - 0,9475
II 34,73 20,94 20,44 32,21% 25,71 20,53 -
Northeast Atlantic
Mosaplaio - I _ i U A N A B
I - 0,9439 0,9352 0, 9200
4 21,95 - 0,8814. 0,8902
2 23,20% 26,64% R 0,8647
3 32,12% 29,96% - 36, 24% -

X Difference is statistically significant
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BERAKIEN] .

. Sex -

Age

C QI L

59

3.26

59,3307

0 m

'57.940.4
57.1+0.5

i5 .58

Bas

0

.'-c;‘
2
S0

.N&%-0+T"

I

63.942.4 -

. 4.I5

71.940.9
277

I2
Total -
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Fig. 1 Area (a) and places (b) of Greenland
halibut dense concentrations in the
North Atlantic:

1 - Greenland-Canadian populations;

2 - Iceland population;

Z - NorwegianhBargnts Sea population
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Fig. 2 General sceme of the North Atlantic
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Fig. 3 Location of spawning grounds, distribution and drift of
juvenile Greenland halibut in the Northwest Atlantic:
1 - places of detection of larvae and fries of Greenland.'
halibut in cod stomachs;
2 - drift ways;
3 ~ gpawning grounds;

4 - juveniles distribﬁtidna
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