. NOT TO BE CITED WITHOUT PRIOR
REFERENCE TQ THE AUTHOR(S)

Northwest Atlantic Fisheries Organization

Serial No. N1&02 NAFO SCR Dec. 89/26

SCIENTIFIC COUNCIL MEETING - JUNE 1989

An Analysis of Genetic Differentiation in Greenland Halibut

(Reinhardtius hippoglossoides W.) in the Northwest Atlantic
by

J. Boje and F. Riget

Greenland Fisheries Research Institute, Tagensvej I35
.DK-2200 Copenhagen N, Denmark

and

V. Simonsen'

Department of Ecology and Genetics, University of Aarhus
8000 Aarhus C, Denmark :

ABSTRACT

Aas part of a stock ldentification study of Greenland halibut frequen-
cles of electroforetically detectable protein locl were analyzed f;om‘
six areas 1in the western North Atiantic in order to eincidate the
genetlic differentiation, Generally, differences in allele frequencles
are small between the samples. Cﬁncerning four polymorphic loci the
phenotypic distribution for all six samples was in accordance with the
expectations‘frog the Hardy-Weinberg proportions. A trend of deficlen-
cy of heterozygotes indicates mixed pépulations. Differences 1n homo-
geneity of the allele frequenclies bhetwean aaﬁples are jnterpreted as
that the populations studled do not belong to the same breeding group.
However, the genetic distances between the samples are tgo small to bé
interpreted as differentiation in lacal populations. Furthermore, the
method of electroforesis is sensitive to Intermingling, which 1s
expected to ac¢cur beatween the areas studiled. '

1. INTRODUCTION.

Greenland halibut (Reinhardtius hippoglessoides Walb.) is widely
distributed in the Northwest Atlantic., Spawning is supposed to take

place in the deeper waters of the Davis Strait south of 670 N (Jensen,

1935 and Smidt, 1969). The larvae are dispersed by the currents both
to the west coast of Greenland and to the eastern Canadlian coast
(Templeman, 1973). While growing up Greenland halibut fin West Green-

land migrate to the deeper parts of the fjorda. When teaching maturity
they are assumed to migrate to the spawning area in the Davis Strait
(Smidt, 1969).
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Similarly, in the East Graenland/Iceland area, spawning seems to qccur
an the continental slopes west of Iceland. Eggs and larvae are sup -
posed to be carried elther north-eastward altong the northern Icelandic
coast or more posalbly first north-west war@ later -scuth-westward
toward East Greenland by the Irminger Current .(Sigurdsson, 1980}. Fish
growing up in the northern area at Iceland are assumed to migrate to
the spawning area when reaching maturity. It therefore seems that
Greenland halibut in the western North Atlantic [(i.e. including Ice~
landic waters) forms two Spawning stocks, although migrations between
the areas have been observed (Riget & Boje 19839}. .

Several studies on stock identification of Greenland hallbut in de-
limited areas of the Northwest Atlantic have been carried out. Temple-
man {19370) and Misra & Bowering {1984)ivrhave analysed meristic charac-
ters, Bowering (!988) analysed morphometric characters, Fairbairn
(19871) dinvastigated frequencles of electrophoretically detectable
protein loci, and Khan et al. {1982} dealt with blood protczoa used as
biclogical tags. All zuthors suggest that Greenland halibut form a
single interbreeding =astock throughout the Northwesat Atlantic (NAFO
Convention Area) although there is evidence that those in the Gulf of
5t. Lawrence and in Fortune Bay constitute two separate stocks
(Bowering, 1982).

Recently, Riget and Boje {1989) summarized the present knowledge of
the blology of Greenland halibut im West Graenland waters., They hypo-
thesize that the stocks in Lhe southernmost fjords of West Greenland
¢an be recruited from the spawning grounds west of Igeland and further
that stocks In the West Greealand fjords.may be regarded as wmainly
statlcnary. Furthermore they 'point out, that adults from the West
Greenland fiords have never been included in former stock 1dentifica-
tion studles. From these pointa of view a stock identification study
of Greenland halibut in the Northwest Atlantic was initiated in 1987.

The study covers samples from the Denmark Strait, the Davis Stralt,
the inshore areas of West Greenland and an area off Newfoundland north
af Grand Bank. The study includes methods analysing genetlc variation,

weristic characters and the natural partasite fauna.

This paper prasents the results of analyses of the genetic differen=
tiaticon. The results of the analystis of the meristic characters are
aisce presented at this meeting (NAFO SCR Doc. 89/25, while the analy-

ses of the parasite fauna are in progress for later presentation,

An a priori hypothesis predicts little differentiation in the area
investigated because of assuwed migrations betwzen the areas, The
Denmark Strait sample is expected to differ from the other samples
apart from the Julianehaab sample (Div.I1F), as drift of larvae frow
Iceland may affect this area, Little differentiation is expected
between samples from the Davis Stralt, from Newfoundland and from the
inshore areas in West Greenland (apart from Julianehaab), although the
latter may differ from the offshore samples if it 1is assumed that

spawnlng occurs in the fjords.

"2, MATERIALS AND METHODS.

Samgling .

Samples for the study were collacted at six sampling localities as
shown at Fig.1. The sampling at Newfoundland (NAFO Div.3K) was done in




December 1987 by staff from  Northwest Atlantic Fisheries Centrs,
St.John's. Thes sample from the Davis Strait (NAFOQ Div.I1C) and from the
Denmark Strait (ICES Subarea XIVb) were taken in September 1988 and
November 1987, respectively, by staff of the Greenland Fisheries
Research Institute on board the Japaneselrasearch vessel SHINKAT MQRU.
Samplesa from the inshore a¥eas in West Greanland, Julianehaab (N#FO
piv.1F), Godthaab (Div. 1D} and Umanak (Div.1A} were taken 1n January
1988, January 1987 and August 1987, respectively, by staff of the
Greenland Fisheries Research Institute on board research vessels of
the institute. '

Around 100 specimens of Greenland halibut in the length range 50-70 cm
were sampled from each locality. Separate tissue samples from each
fish were taken immedlately after capture. Sex of all specimens was
determined and length and weight measured. Otoliths were taken for age
determination. From eac¢h speclmen eye, heart, 1liver and muscle were
reﬁoved, with exception of the Godthaab sample where no eyes were

taken. The tissue samples were stored quickly in plastic bags at —18°C
until use for electrophoresis, Furthermore, samples for the maristic_
and parasitic studies were taken from the game figh.

Biochemjcal technigues.

The electrophoresis was ordinary starch gel electrophoresis, The
following enzymes were tested ; adenosine deaminase (ADA), creatine
phosphate kinase, esterase, glucosephosphate isomerase (GPI}, glutamic
oxaloacetic transaminase, a-glycerophosphate dehydrogenase, isocitric
acid dehydrogenase (ICD), lactate dehydrogenase, malate dehydrogenase
(MDH), mannosephosphate iscmerase, phosephoglucomutase (PGM} and super-
oxid dismutase. ©Only ADA, GPI, ICD ,MDH and PGM expressed various
Zymograms., The s8ix other enzymes did not reveal more than one Zymo«
gram, &nd hence were not useful for the study of divergence among
populatiens, The buffer system used for GPI was the one described by
Clayton and Tretlak (19?2); The buffer system used for the remaining
Eour enzymes was described by Ayala et al. (1872}, Heart tissue was
used for GPI, M™MDH and PGM, 1liver for ICD and muscle for ADA. The
staining brocedures used for the five enzymes were described by
Frydenberg and Simonsen {1973).

Genotypic frequenciles were tested for fitting Hardy-Welnberg expecta-
tions, wusing t=F sqroot(N}, F being the iaterbreeding coefficient and
N the sample size {Brown, 1970}. Allele frequency differences between
populations were tested for homegeneity using replicated G-test (like-
lihood-ratio test, sea Sokal and Rohlf 1981). Estimates of genetic
identity (I) and genetic distance {D) was performed as described by
Nei (1972) and an estimation of a dendrogram based on an UPGMA is
proceeded as described by Sneath and Sokal (1973).

3., RESULTS.

The zywograms for the isczymes GPI, MDH,and PGM are in accordance with
the description given by Fairbalrn (1981}, In the presant study the
locus Mdh-1 and the locus Ggi—z are polymorphic at the 99% level. The
used nomenclature. of the loci is the 'same as that used by Fairbairn
(1981) except that Fairbairn uses the abbreviatiom PHI for the GPI
enzyue, The zymogram for ICD is most likely determined by one locus
with four codominant alleles. The ADA enzyme is determined by ane
locus ‘with three common alleles and four rare alleles all éxpfessing
codominance.
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The frequency of the most common allele at each locus 18 listed in
Table 1, The number of specimens scored at each locus for each logall-
ty are given in the table. The value for the testator Flsqroot(N)} 1is
glven in the same table. No test for the loci Gpi-2 and Mdh-1 are done
as the frequency of -the most common allele is very close to 1.000. The
tests are based on the assumptlon, that each locue has two codominant
alleles, the common and all the others taken together. Only 1 out of
24 test values is significant. This is the order of magnitude, which
would be excepted and hence acceptable. The conclusion is, that the
phenotypic distribution for all six populations for each of the four
polymorphic loci are in accordance with the expectations from the
Hardy-Weinberg proportions.

A negative test value means an excess of heterozygotes and a positive
test value means a deficit. Among 24 temt values 7 show an excess and
17 a deficit of heterozygotes, The expectation is that the samples
with deficit and those with excess of hetarozygotes are randomly
distributed e.g. 1:1. A chi square test gives significance at the 5%
level, thereby showlng a trend of deficlency of heterozygotea. Thia is
an indication of wmixed populations which deviate from having random
mating or selection against the heterozygotes.

Tests for homogenelty of the allele frequencies among the samples are
shown in Table 2. Again, each locus is assumed to have one common
allele and the rest of the alleles are treated as one allele. The
distribution of the test values are the same as for chi square test,
The sample from Newfoundland reveale significant test values in 4 out
of 5 comparisons with the other sampling localities. The sample from
Julianehaab shows gignificant test values in 3 ocut of 5 comparisons.
The sample from the Denwark Strait expresses significance in twc cases.
and .,the samples from Godthaalb, - Umanak and. Davis Strait - all - shows.
significance . in one case.. With ihese differences in -homogeneity be-
tween the samplés,‘ 1t'40§s not seem that ;he.populatigng studied are.

PUEN i oy . .oE

belonging to the same bréeding stock.
The ggneticrdistance was calculated according to Nei {1972) and listed
in Table 3. Closest connection exists between Denmark Strait and
Godthaab {(D=0.0019%), while Denmark Strait and Julianehaab are having
the greatest distance {D=0.0071) in the material.

3

4. DISCUSSION. )

Previous investigations on isozymes in Greenland halibut have revealed
that the population in the Gulf of St. Lawrence differs from the
populations off Newfoundland and Labrador (Fairbairn 1981). The diyer-
gence between the populations is based on allelic frequencies of tha
allozymes phoaphogldcomutasa (PGM) and phosphohexosa lscmerase (PHI)
and on enzymatic properties of the PGM enzyme (Dey 1982). In tne'
present study, which covers a wider geographical.area. additionall
enzymes are included in the analyses. Among those, besides the allo-
zymes mentloned, adenosine deaminase (ADA), 4isocltric acid dehydro-

genase (ICD) and malate dehydrogenase (MDH) showed polymorphism.

Generally, it seems as there are weak differences in allele frequen-
cles between the popuiations tested. This fits well with the results
obtained by Fairbairn {1981), who found a rather low degree of
divergence between samples from Labrador, Newfoundland and Gulf of St.
Lawrence. From Table 1 it is obvious that frequencies are very similar
between the samples. This confirms the a priori hypothesis that gene-
tic divergence 1is expected to be low in the area, which might be
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caused by intermingling. That intermingling occurs is supported by the
fact of a trend of deficliency of heterozygotes, indicating mixed
populations. Further, differences in homogeneity indicates that popu-
lations represented by the samples do not belong to the same breeding
group. Therefore, the area studied may cover more than cne -breeding
population in accordance with prasent knowledge of at least two spaw-

ning areas,

AR UPGMA analysis on the basis of genetic distances resulting in -a
dendrogram do not give any explainable result in the cluster grouping.
Wwith the achieved genetlc distances one can hardly conclude that any
clusters are mutually different. According to Ayala (1975) the present
genetic distances although based on only six loci are well ‘below the
leavel for a ‘'local population' stage of evolutionary divergence for
fish as a group, which {s given at the level D=0.02. Ag¢cording to

Riget and Boje (1989), tagging experiments show that long distance
migraticons do occur in the investigated area, although to a minor
extent. However, the method of electrophoresis ls very sensitive to

such intermingling, and the weak differences in genetic differentia-
tion between the populations tested can be due to this fact.

In conciusion, the method of electroferesis do not seem usefull for
elucidating the detiilad atock connecticns between stocks of Greenland

halibut in the Northwest Atlantic. Howaever, results indicate that
Greenland halibut 1in the Northwest Atlantic consist of sBeveral spaw-

nihg stocks, which however are not mutually isolated.
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Table ). List of allele fequencies of the most common alleles (p(C}) at aix
loci in six samples of Greenland halibut, the number of spacimens
gcored (N) and the test values (F{aqroot(N))) for testing the
accordance with the Hardy-Weinberg proportions.

Locality New- Davis Umanak Godt- Julli- ‘Denmark-
found- Strait haab ane- Strait
Locus land haab
pic) 0.580 0,384 0.420 0.459 0.539 0.429
Ada N 87 99 106 98 102 98
D sgroot{N) 0.74 -4.25  -1.07 0.14 0.54 2.06"
piC) 0.742 0.725 0.7112 0.680 0,683 0.677
Gpi-1 N 93 100 104 86 104 96
F sgroot{N) =0.65 Q.22 1.60 0,60 =1.12 0.46
piC} 0.995 0.985 0.995 0.995 1.000 1.000
Gpi-2 N 92 100 106 100 103 89
plC) 0.860 0.865 0.836 0.879 0.840 0.865
Icd N 89 100 106 99 100 89
-__ F sqroot(N) 1.09 1.01 0.08 0.52 -0,42 -0.56
piC) 0.954 0.975 0.991 0.995 0.990 0.990
Mah-1 N S8 99 107 101 104 100
piC) 0.802 0.809 0.825 G.776 0.890 0.740
Fgm N 91 99 106 96 104 96
P sqroot(N) 0.29 0.23 0.52 0.70 =0,27 1.85

*gignificant deviation from the expected values for the Hardy-Weinberg
proportiona.

Table 2. Test values (G-test®8) for homogeneity of the allelic distribution
between the samples,

Locality Naw- Davie Umanak Godt- Juli- Denmark-

' .- found- Strait haab ane- Strait
land . haab

Newfoundland t4.63" 11.17° 7.79 13.12° 12.57°

Davig Strait 1.58 3,96 3.11 4.51

Umanak 4.28 4.68 5.69

Godthaab 10.65" 1.23

Julianehaab 16.17"

"significant, no homogeneity betwaeen the two sgamples

Table 3. Genetic identities (I) above the diagonal and genetic distances (D}
under the diagonal,

Locality New- Davis Umanak Godt- Juli- Denmark-
found-~ Strait haab ane- Strait
land haab

Newfoundland - 0.9940 0.9944 0,9959 0.98972 0.9940

Davis Strait 0. 0060 - 0.9976 0,9973 0.9943 0.9§76

Umanak 0. 0056 0.0024 - 0.9972 0.9965 0.9947

Godthaab 0.0041 0.0026 0,.0028 - 0.9961 0.9981

Julianehaab Q.0028 0.00586 0. 0035 0.0039 - 0.9930

‘Denmark Strait 0.0060 0.0024 0.0053 0.0019 0.0071 -
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Fig. 1. Distribution of Greenland halibut samples in the Northwest
Atlantic. 1: Newfoundland, 2: Davis Strait, 3: Umanak, 4:
Godthaab, 5: Julianehaab, 6: Denmark Strait.
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