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ABSTRACT 

The wide area of distribution of Greenland halibut in the 

North Atlantic with the prolonged pelagic drift of juveniles create 

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 their locations. 

Analysis of biological peculiarities of Greenland halibut lo-

cal groups is presented in this paper. 

Biological, physiologic, biochemical and other characteristics 

- of Greenland halibut groups of the North Atlantic area. are investi- 

gated. Malic enzyme (ME), sorbitol dehydrogenase (CUM) and esterases 

(EST) of Greenland halibut muscular tissue are used as biochemical 

markers. Polymorphizm is detected for all the systems. 

Geographically isolated large groups and small regional ones 

are shown to be characterized by certain features the dependence 

a 

	

	of which on environmental conditions determines the heterogeneity 

of the analysed material regarding both ecologic-physiological and 

a biochemical aspects. The level of heterogeneity and its reasons are 
0 
En  discussed. 
En 

INTRODUCTION 

The range of Greenland halibut in the North Atlantic covers 
tr: 

an extensive area - from the Novaya Zemlya in the East to the Ca-

nadian coast in the West, from the North Spitsbergen to the lati-

tude of Bergen in the Norwegian Sea and along the American coast 

from 76°N to nearly 42°N (Milinaky, 1944; Boyar, 1964). Here we can 



mark out three main areas where Greenland halibut form dense concen-

trations which are important for fishery: in the eastern Norwegian 

Sea, in the western Barents Sea, in the insular slope of Iceland 

and in the Northwest Atlantic areas (Fig.1). 

It is suggested that in these areas three large local populations 

of Greenland halibut are distributed: Norwegian-Barents Sea, popu-

lation Icelandic and Greenland-Canadian ones. They are rather iso-

lated geographically but their isolation is not absolute (Chumakov, 

1969, 1975; Nizovtsev, 1974). 

The goal of the paper is to analyze some features characteri-

zing Greenland halibut (Reinhardtius hippoglossoides  Walb.) concen-

trations dwelling in the eastern and western parts of the area. Their 

studying is necessary for determination of the isolation degree of 

the stocks in these North Atlantic areas. While determining the 

isolation of stocks, i.e. studying intraspecific structure, it is 

necessary to 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 important 

point is detection of reproductive isolation between populations 

which can be conducted by any biological characteristic (meristic, 

morphological, karyological etc.). 

Biological markers detected by electrophoresis with further 

hystochemical staining are the most expressed features for determine..., 

 tion of differences between groups. Distribution of frequencies 

of markers occurancy should answer a hypothesis about heredity of 

differences. According to the Hardy-Weinberg law the correspondence 

of actual data to the calculated ones proves the genetic unity of 

the investigated total gene diversity. 

MATERIALS AND METHODS 

Halibut samples collected by bottom trawls in 1984-86 were 

analysed. Materials were taken in Divs. 0,2G, 2H, 2J, 3K off the 

North American coast (the ICNAF areas) and in the ICES areas I, IIa, 

IIb of the Northeast Atlantic. 

Length, weight, sex, maturation and age of all fishes were de-

termined by otoliths. The data obtained formed the grounds for mean 

statistical characteristics calculation. Data on biological markers 



- were obtained by the electrophoresis method in a polyacrylamide gel 

with the subsequent gystochemical staining (Maureri 1971; Korochkin 

et al., 1974). 

Halibut tissue taken from the anterior part of the dorsal muscle 

was the material for biochemical analysis . Proteins were divided 

by the electrophoresis on the monostratum carrier in the vertical 

blocks of a chaMber constructed in the Moscow State University 

(Truveller and Nefedov, 1974). Electrophoresis is a buffer of tris-

EDTA-borate with pH 8.3 and potential 220 V was carried out for 

1 hr. 4o min. 

Electrophoresis was carried out by the generally known methods 

(Salmehkova and Malinina, 1976; Korochkin et al:, 1977). Statistical 

processing of genetic data, checking the correspondence between the 

actual data and calculated ones were conducted in accordance' with 

recommendations of L.A.Zhivotovsky (1979, 1983). 1110 specimens of 

Greenland halibut caught in the western North Atlantic and 463 sie- 
, 

•, 

cimens'from.the eastern part were investigated (Table.1). 

REMITS 

Some polymorphicfermentai systems:used in intraspecific group 

- . :investigations are observed in Greenland halibut tissue (Mork and 

Haug, 1983; Grant et al., 1984) .. UnderConditions of. electrophoresis 

polymorphism was' detected in Malic ..enzYie . (ME, 	Sor7 

...hitol- dehydrogenase (SDH, E.G. I.I.I.14)and non-speCific estaraaes 

(EST). Analysisof distribution of phenotypes, genotypes and genic 

frequencies are adduced only for.esterases. Alpha, naphtyl acetate 

was the substrate for their marking out. Three zones of enzyme acti- 

- :vity were determined. The most polymorphic was the third (beta glo-

bulin ) zone. Five fractions of esterathes was noted there. They were 

lettered by A,B,C .,0 and E in accordance with reduction of their ele-

ctrophoretic mobility. •The fastest was. the 'A fraction, the slowest 

one - the E fraction. It was noted that fraction electrophoretic mo-

bility of Greenland halibut specimens in the eastern North Atlantic 

was identical to that in its western part. That is why the nomenola-

tare of fractions is the same for all samples. 

Analysis of distribution of esterase phenotypes proves that 

Greenland halibut samples both 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 of fenotypes with B and C alleles is broken 

in two (No. 3, No. 10) of eleven investigated samples (Tables 1,2). 

Correspondence of actual phenotype distribution to the theore-

tically calculated one proves that temporal and spatial equilibrium 

is maintained throughout the area (Table 3). That is why it can be 

supposed that, any local stock of Greenland halibut is in equilibrium 

and in relatively isolation in every part of the area. 

However, sample analysis data obtained from the eastern and 

. western North Atlantic do not prove this supposition (Table 1). Ex-

ceeding of the chi-square value (9.49 at 0.05) was noted both in the 

eastern and western parts of the area (Table 2). The comparison of 

indices by pairs showed that a degree of difference calculated by 

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

(69.265) with index of similarity 0.9735. BeCause of it we carried 

out an analysis of phenotype distribution in every regional group. 

With this purpose the comparison of sample pairs was made (Table 4). 

It turned out that if samples from the Northwest Atlantic are 

different then index of similarity proves that they are relatively 

' homogeneous. In the eastern part of the area index of 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 result of non-

equivalent number of investigated samples. However, a tendency of 

differentiation in gene 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). Non-equilibrium of diversity 

in investigated samples is noted by the B and .0 alleles (Table 5) 

in the eastern North AtiantiC and by the A and D alleles in the 

western North Atlantic (Table 6). Estimations of heterogeneity of 

total gene diversities was carried out according to the recommen-

dations of L.A.Zhivotovsky (1983) and Snedecore - Irvine 

(Workmann, Niswander, 1970) and the results were identical (Tables 



5, 6). 

Thus, there are Greenland halibut total gene diversities 

in the eastern and western parts of the area differing in the 

character esterase distribution. 

DISCUSSION 

The data obtained allow to suppose a selective character 

of distribution of specimens with definite genotype in the North 

Atlantic Greenland halibut local groups. Apparently, the differen-

tial distribution of specimens with definite genotypes is caused 

by the environmental differences in every part of the area. The 

main factor determining the difference between local groups is the 

system stable currents of the North Atlantic (Fig. 2). Difference 

in character of water movement in the eastern part (from the South 

to the North) and in the western part (from the North to the South) 

probably determines what alleles these groups are different in. 

Different selective values of alleles in many enzyme systems in 

differing environmental conditions are shown on a great number of 

samples (Kirpichnikov, 1979). Functional differences of alleles 

expressed by enzyme activity under the definite environmental 

conditions usually influence upon morphological peculiarities of 

specimens (Kirpichnikov, 1987). Using extreme conditions (tempe-

rature, oxygen etc.) it was noted that frequency of any allele 

changes because of different viability of specimens bearing these 

genotype's. That is why we studied length-age characteristics of 

specimens with A,B,C,D alleles in both parts of the North Atlan-

tic 

Generally known'that Greenland halibut males and females are 

larger in the northern part of the Northwest Atlantic (Chumakov, 

1975; Ghumakov, Serebryakov, 1982). Comparison of mature and im-

mature specimens length composition shows that immature specimens 

are distributed mainly in the southern parts. Mature specimens 

are distributed chiefly in the northern part of the west area - 

over the continental slope of the Baffin Island and over Green-

land - Canadian Threshold. Older specimens dominate in the nor-

thern and central areas. Average weight and length fluctuations 

of fishes of the same age in different areas are substantial 

but their amplitude is somelhait'lower:in the Western North Atlan- 



tic. This difference can be explained by geostrophic peculiari- • 

ties of currents in the eastern and western.North Atlantic (Fig.2), 

by spawning grounds locations in the zone of stable currents and 

by different directions of drift of Greeniand halibut at their 

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. 

Greenland halibut at early stages migrate mainly to the South 

along the West Greenland, Baffin Island (Canadian) and Labrador 

Currents from the spawning grounds situated 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 north a branch•of the West 

Greenland Current flow to the left joining the Baffin-Island 

(Canadian) and Labrador Currents. Thus, prerequisite necessary 

for drift of Greenland halibut larvae and juveniles from the West 

Greenland spawning grounds to the shelves of Labrador, Newfound-

land (NAFO Subareas 2+3), West Greenland and Baffin Island (NAFO 

Subareas 0+1) are formed. 

In the Northeast Atlantic Greenland halibut at pelagic sta-

ges migrate from the spawning grounds located over the continental 

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

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

Stable currents together with water circulation and eddies 

retard the drift and make larvae to stay in definite areas of 

dwelling which influences upon the distribution and abundance 

of Greenland halibut. Peculiarities of living conditions are the 

reasons for multiformity of Greenland halibut morphophysiological 

markers in different parts of the North Atlantic.. 'According to 

our data the mean length-weight characteristics of specimens in 

age groups are similar to each other in both parts of the North . 

Atlantic (Tables 7,8,9,10). 

Peculiarity of distribution of length-age groups in the eastern 

and western parts of the North Atlantic determines the heteroge-

neity degree of a regional group. Apparently, biochemical markers 

are connected , with length-weight characteristics by physiologic 



processes 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 markers 

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

graphical remoteness promotes their isolation, and genetic cha-

racteristic 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 

peculiarities in various Atlantic areas which formed in the course 

of evolutionary adaptation to the environmental factors. 
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Table I Dates and sampling positiona• 

No. of:• 
sample,' :Date 

15.11.85 
10.11.84 
21.11.84 
06.10.84 

Area Position : 

Northeast Atlantic 

73°20'. I4°I )0' 
76°27' 14°19' 
74°31 ,  11°05' 

15°13'' 

Vessel 

MG-1356,"Kokshaiak" 
MG.1362"Vilniut" 
MG-1362 ?Vilnius" 
M9-1362•"Vilnius" 

2 
3 
4 

22.12.84 
06.12.84 
12.12.84 
01.01.86 
30.11.84 
15.11.85 
28.06.84 

Northwest Atlantic 

2 	55°02' • 53°58' 
2 	59°30' 	60°22' 
2 	57°02' 	58°52' 
2 	55°22' 	55°50' 
0 	62°.18' 0  60 26' 
0 	62°46' 0  60 55' 

50°14' 	52°53' 

MB-0023 "N:Kuropatkin 
MEI0023 "ii.Kuropatkin" 

: MB-0023 ”N.Kuropatkin" 
MB70422 "N.Kononov" 
Y0370023 "K.Kuropatkin" 

. MB-0422 0N.Kononire l . 
',MB-2645:: °Suloi" 

ZHIVOTOVSKY, 

f•requencie 
Obehchaya 

L.A. 1983. Statistic methods of analysis of gene 

s in natural populations. In: Itogi nauki i tekhniki. 

genetika. Moscow, VINITI, 8:76-104 (in Russian). 
• 
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Table 4 Similarity index and identity criterion of 
Greenland halibut samples in the North Atlantic 

No • of 	IO sample  :  : 	9 6 	7 8 	: 5 II 
Northwest Atlantic 

IO 	- 0,9504 0,9678 	0,9233 0,9571 0,9523 0,9254 
9 	22,52x  - 0,9509 	0,9056 0,9367 0,9468 0,9304 
6 	22,97x  21,45 - 	0,9620 0,9570 0,9810 0,9578 
7 	48,49x  45,02x  25,20x 	- 0,9317 0,9569 0,9324 
8 	31,67x  32,74x  33,7Ix 	53,I4x  - 0,9552 0,9454 
5 	25,49X  19,69 10,67 	22,72x  25,34x  - 0,9475 

II 	34,73x  20,94 20,44 	32,21x  25,71x  20,53 - 

Northeast Atlantic 

No. of 
-.sample; I 4 2 3 

I 0,9439 0,9352 0,9200 
4 21,95 0,8814. 0,8902 
2 23,20x  28,64x  0,8647 
3 32,12' 29,96x  36,24x  

' Difference is statistically significant 
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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; 

3 - Norwegian6-Barents Sea population 
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Fig. 2 General sceme of the North Atlantic 

Currents (Templeman, 1967). 
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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 - spawning grounds; 
4 - juveniles distribution‘ 
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