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Abstract

In 1968-1970, a study of the frequency of occurrence of the A-system
blood groups was made in Atlantic herring from Georges Bank and the American
Shelf, Analysis of the frequency of occurrence of the blood groups (phenotypes
Al, AZ and AO) in 4,765 specimens showed that pre-spawning and spawning herring

from northern Georges Bank could be divided into two groups based on the number
of blood phenotypes (with three and two phenotypes).

In November-April feeding herring from the American Shelf can also be
divided into two groups based on the frequency of occcurrence of the blood phano-
types, one of which appears to be identical with Georges Bank herring (three
phenotypes group).

Introduction

Studies of herring populations by hereditary blood factors {erythrocyte
antigens) were carried out in the Gulf of Maine and in the Northwest Atlantic

(Sindermann and Mairs, 1959; Sindermann, 1962; Ridgway et al., 1969), in the North
Sea (de Ligny, 1962; Altukhov, Truveller, Zenkin, Gladkova, 1968; Truveller, 1969),
and in the Baltic Sea (Zenkin, 1966, 196% a and b). Erythrocyte antigene "C" in
herring from the Gulf described by Sindermann and Mairs (1959), and antigene "A"
in herring from the North Sea (Altukhov et al., 1968) and from the Baltic (Zenkin,
1969b) are identical and the system of blood groups in Georges Bank herring is

similar to A-system in herring from the North and Baltic Seas, and is also 3~
allelic (Zenkin, 1971).

The present paper is an attempt to determine the local groups of herring
in the Northwest Atlantic based on studies of the frequency of occurrence of the
blood groups.

Material and Methods

Inmunogenetic studies of herring from the Northwest Atlantic were car-
ried out in 1968~1970 in two main fishing areas, Georges Bank and the American
Shelf (Fig. 1}, on board the research vessels BMRT Gizhiga and SRTM Aliot. Samples
of herring from the trawl catches for the analyses were taken in various seasons
and each contained 100 specimens. A total of 4,765 specimens was studied., All
the samples underwent a full biological analysis (length, sex, maturity stage of
the genads, fat and stomach content and weight were determined). Otoliths were
also taken from some samples for age reading.

Blood groups in herring were determined by haemoagglutination reaction
of its erythrocytes with the standard human blood serum of ABQ - system (groups B,
AB, 0), serum of lobster (Homarus americanus), immune anti-herring serum of rabbit
and absorbed anti-herring serum of rabblt. Haemoagglutination reaction was con-
ducted on the slide in a humid chamber (Petri dish) at room temperature and
estimated under microscope (Object glass x 8, sight glass x 10) by five-grade
table, where "-" indicated the sbsence of reaction, and B T = = SR S A
indicated various degrees of erythrocytes sticking together.

Chi-square method was employed for estimation of genetic balancing in
the analysed populations from which samples of herring were taken, and for com-
parison between the different groupings by frequency of blood phenotypes, accord-
ing to the Hardy-Welnberg law and four-field table (Tikhonov, 1965).
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Results

Three blood groups - Al, A2, Ab phenotypes - were revealed in the pre-

spawning Atlantic herring, as well as in herring from the North and Baltic Seas
during immunogenetic studies conducted in 1968 on the spawning grounds of the
northern Georges Bank slopes (Zenkin, 1971). Pre-spawning Georges Bank herring
appeared to be heterogeneous by frequency of occurrence of the blood groups. Two
groups of pre~spawning and spawning herring were singled out by number of the
blood phenotypes: one group was characterized by the presence of all the three
blood phenotypes, the other by two, A1 and A2, phenotypes only. Checking on con-

formity of the observed and theoretically expected phenotype number according to
the Hardy-Weinberg distribution for the Mendelian population showed that a group
of herring with three blood phenotypes was genetically balanced by genes control-
ling the blood groups (x? = 2.3796). A hypothesis of 3 - allelic A-system blood
groups in Atlantic herring is supported by the same calculation. This calculation
was a failure for a second grouping due to the absence of individuals with A
blood phenotype. But when these two groups were combined and considered as

a single whole, the calculation indicated an increase of the value of xZ up to
38.0147 (x2> 3.841). This is an evidence of disturbance of the genetic balance

of this grouping and indicates a mixed nature of its composition (Table 1, s.
unit 1).

All the material on the blood group distribution and frequency of ocecur-
rence of the genes in herring from Georges Bank and American Shelf is combined by
areas and date of analyses and is given in Table 1.

It is evident from Table 1 that the two groups of herring which were
found on the spawning ground in 1968 can be found on the northwest slopes of the
Georges Bank in 1969 and 1970. Thus, both groups of herring which differ by
number and frequency of blood phenotypes have been observed in the Georges Bank
area for a periocd of 3 years. :

In November-December 1369 and in March-April 1970, two groups of herring
with different frequencies of the blood phenotypes were also recorded on the
dmerican Shelf south of Nantucket Island (Table 1, sampling units & and 5). Fre-
quency of occurrence of one group (s. units 4 a) was identical with that of the
Georges Bank herring (s. unit la). According to the data obtained by Zinkevich

(1970) this may be Georges Bank herring which migrate in winter to the Nantucket
area.

The other group of herring which was also observed in November-December
1969 on the American Shelf (Nantucket area, s. unit 4b) and recorded again in
March-April 1970 in the Norfolk area (5) was characterized by an increased fre-
quency of blood Ab - phenotype. This group was genetically balanced (by genes of

the blood groups), and differed statistically with a high degree of authenticity
(P<0,001) from herring observed on the northwest slopes of Georges Bank (Table 2,
8., units 5).

Statistically, authentic differences are also revealed when this group
is compared with herring of a sampling unit (4a, Table 1) from the Nantucket area
of the American Shelf taken in November-December 1969 (Table II, 2).

Thus, a group of herring with an increased frequency of Ab - phenotype

observed on the American Shelf (Nantucket-Norfolk area) and later in May in the
southern slopes of the Georges Bank differs in frequency of the blood phenotypes
from the northern Georges Bank herring with which it presumably mixes in winter
on the American Shelf.

: Statistical comparison of the two sampling units of herring from the
Norfolk area and the southern slopes of the Georges Bank (Table 1, 5) showed a
good genetic balance of each unit, which was not disturbed after combining the

two units into one. It seems that these sampling units do not differ statistically
(Table 2, 4), thus presenting a single group of herring.

A sample of herring taken from the western Gulf of Maine and one from
northwestern Georges Bank are close in bload frequency. Herring of this sampling
unit are genetically balanced (x2 = 0.9988) and there is no statistically authentic
differences in blood phemotypes frequency between herring of the sampling units
taken at about the same time from the Gulf of Maine and on the northwestern
slopes of Georges Bank (Table 2, units 7 and 8). Although it is difficult to
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draw a decisive conclusion from a single sample collected in the Gulf of Maine,
we can assume that mature herring closely related to the herring spawning on
Georges Bank by blood phenotypes frequency and body size occur in the Gulf in May.

Summarz

Two groups of pre-spawning herring with different numbers of blood
phenotypes have been found on Georges Bank. Three years of studies of Georges
Bank herring have confirmed the suggestion of the existence of the two groups in
the area.

Winter herring from the American Shelf can also be divided into two
groups based on the frequency of occurrence of the blood groups, one of which
appears to be identical with the northern Georges Bank herring (a group with
*hree phenotypes),

Sample of herring from the Gulf of Maine and herring from northwestern
Georges Bank are closely related according to frequency of blood groups.

The results of the immunogenetic studies of the Georges Bank herring

populations structure are certainly of great interest and further investigations
in this field are needed.
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Taktle 2 Pattorn of differences by herring blood
phenotypes between gampling units from
different areas of the North-West Atlantic
5, Saupling units I Z 2
%ﬁlt compared* A1 A2 AO
4 .orth-west slopes of the Georges 2.9976 O.0445 (€.2925 3.5546
* Bzl (1.X.1969) and American
sheli (Jantucket area, XI-XII, 69)
American shelf a) and b) - - AT
Nentucket area, XI-XII, 1969) 245750 0.0530 8.9578 1+.585¢
American shelf b), (Hantucket 0.2309 0.8026 0.0000 1.0%35
arez, XI, 1969) and American shelf
(Jorfolk area III-IV, 1970)
Ar.ericon shelf (Norfolk area) and
Georyes RBank (south and south- 0.6114 0.,0600 0.5655 1.2369
ezst slopes, V-VI, 1570)
Auerican shelf (Worfolk area) and
xeories Bank (north and north-west ‘
slopes, VI-VII, 1970, balanced). 18.1035 0.8195 20.2123 39.2557
Goor es Bunk, 1969-1970 (north- )
west slopes, balanced) 2.5814 0.2658 0©.8821 Z.7295
Geories Bank, north-west slopes,
VI-VIL, 1970) and Gulf of ilaine
(VI, 1970), balanced Cu1231  0.2030 T.O000 0.3256
scorges Bank (aorth-west slopes,
VI-VII.1970, not balanced) and
Julf of klaine (VY. 1970,
balanced). 0.6662 0.5637 0.1887 1.4186

* Differences between sampling units are statistically authentic

(F< J.001) if x2 > 10,8,
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Fig. 1. Areas of collection of herring samples for immunogenetic
analysis and designations of the observed groups:
1 - northern slopes of Georges Bank
2 - northwest slopes of Georges Bank
3 - American Shelf (Nantucket area)
4 - American Shelf (Norfolk area)
5 - south and southeast slopes of Georges Bank
6 - Gulf of Maine
® - a group of Georges Bank herring with Al’ AZ’ Ao — phenotypes
O -

a group of Georges Bank herring with Al and A2 phenotypes

a group from the American Shelf
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