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Introduction

Modern trawl fishery is mainly performed on the
shelf. Actusally it is only in recent years that the
reserves of the continental slope have begun to be
involved in the sphere of the fishing fleet's activity.
Greenland halibut is one of the objects of the fishery
in the area of the continental slope in the North-Western
Atlantic. The catchings of Greenland halibut by all
countries nearly doubled in the period 1967 - 1974
(Table 1). The biggest increasse of annual catchings
wag obtained in Subareas 0, 1, 2 due to exploitation
of those areas of the continental glope which had
been rarely used before. In the same Subareas the Soviet
research vessels made 50 sgpecial cruises in 1967-=1975
with Greenland halibut listed among other objects of
the study. The depths of 500 = 1400 m were studied
within the limits of which control trawlings were
performed. Standard bottom trawls were used with mesh
gize prescribed by the Convention, The catchings of
Greenland halibut were classified according to the
usual method.
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In 1975 an attempt was made to determine the
reserves of Greenland halibut by area method. The results
of the new Soviet research on Greenland halibut in the

Borth-Western Atlantic are mentioned in the present work.

Fish distribution

The area inhsbited by Greenland halibut in the
North-Western Atlantic stretches from the Georges Bank to
the Arctic parts of the Davis Sound. Commercial concentra-
tions are found from the area of the Big Bank to the
island of Disco. It is considered that the above mentioned
expanse 1s inhabited by single Greenland halibut population
(Chumakov, 1975).

The spawning of Greenland halibut takes place in
winter to the South off the Greenland~Canadian cascade
and in the Labrador Sea (Templeman, 1973). Fingerlinogs
and larvae are drawn by currents to the near shore bank
elopes, into troughs and deep bays. They are widely
distributed northwards by the West-Greenland current and
southwards by the Labrador current. These parts of the
shelf are the main area inhabited by immature halibut.
Having reached itvs maturity, halibut migrates for spawning
to the continental slope zone while during the growing
period it distributes both along the slope and in deep
water troughs (canyons) on the shelf together with
immature fish (Pechenik, Troyanovsky, 1970).

Special attention was devoted to the study of halibut
taking into account the fact that in recent years the
halibut fishery has been developing mainly in the
continental slope area. With this purpose the vast
expanse of the North Newfoundland Bank slope, up to 69°N
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has been studied during the ice free period (June -

December - beginning of January).

Table 1. The catchings of Greenland halibut by all

countries in 1967 - 1974
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27971 35309 38832 38296 28990 43719 38502 41381
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The results of the study showed that during the
growing period (June - September) halibut disperses
practically all over the studied area at quite a wide
range of depths with the near bottom temperatures of
water varying from 0,50 to 4,5°C). During the prespawning
period (October - December) active migration of fish
towards warmer waters (4° - 4,5°C) is observed, with
further concentration in relatively limited spawning
areas. Concentrations of prespawning halibut were disco-
vered along the Central and Northern Labrador drop-off, in
the southern part of Baffin Land and South-Eastern part

of the Greenland-Canadian cascade.
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The analyses of the regularity of concentrations!
drifts based on the results of the commercial fishery
in the area of the Greenland-Canadian cascade in October-
December 1974 ~ 1975 allowed to make a scheme of pre-
spawning migration of halibut (picture 2). As it can be
geen in picture 1, fish from the vaat expanse to the
North and Nortb-West concentrates in spawning areas in
December,

The prespawning migrations of halibut at Baffin
Land and Labrador slopes are difficult to determine by
the results of commercial fishery as in some areas there
is no harvesting because of the difficult bottom conditiong
The geographical tendency is likely to be determined by
age, Jjudging by the northward increase in the dimension
composition of the catchings, i.e. with growing age
halibut gradually migrates to the North.

This fenomenon does not deny the possibility of
migration of the biggest fishes from the area of Northern
Labrador and Baffin Land to the Greenland-Canadian
cagcade.

The spawning areas of halibut were not studied as
in Jamvuary all of them are usually covered with ice.
According to the preliminary data obtained at the Greenlani
Canadian cascade in January, 1976 halibut migrates for
spawning to the depth of more than 1000m.

Calculation of reserves

The habit of halibut inhabiting the continental

slope to concentrate in limited areas during the
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prespawning period was taken into account in order to
determine the commercial reserves by method of trawl
survey (other methods are scarcely usable because
halibut cannot be fixed by sweeping apparatuses).

BUMRT type vessels (scientific research vessels
'Zarnitea', 'Suloy' and 16 fishing vessels) took part
in the survey made in December 1975, all of them using
the same type of trawl. According to the results of the
trawlings made by them the charts of halibut distribution
were made and integration of the catichings by area made
it possible to avaluate the commercial stock in relative
units. Trawl parameters and its capacity were introduced
into calculations to discribe the stock in weight units,

The general solution is as followes:

5p
W= [ a8 (1)
where W' is the stock described in fish density units,
tons per hour of trawling.
b_ =~ current density.

§ =- area of subpopulation
. W
Stock value in weight units W= — (2)
LI shour
where Shour is the area which is being trawled‘in one

hour,
g8 ~ trawl'a capacity.
After figure integration the first formula (1) reads as

followes: 5
W = se%ﬂ b;n, (3)

B¢ - the surface of one elementariness of rectangle, km2
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b; + b +1
Ei = ——J—z———i——- - the fixed average density of fish
(between two isolines - j and j+1),

tons per hour of trawling.

n, = the number of elementary rectangles of the area with
the average fish density.
N =3 - concentration area.

The most exact data was obtalned for the prespawning
part of the population which had concentrated in the
South~Eastern part of the Greenland-Canadian cascade
(picture 2). The survey of the places of the maximum
density was made by 16 BMRT type vessels which completed
59 trawlings of 170 hours each within one day (December
12 = 13, 1975). Particularly in this period there was no
meridional migration (southwards along fathom lines) and
zone migration (across fathom lines) was reduced to
minimum. The peripheral survey of subpopulation was made
from December 2 till December 21, 1975 (42 trawlings,

59 bhours long each.)

The following equipment parameters and logical
functions were considered in calculations:

1. Prawl capacity (g) is constant and is equal to 0,1.

2. Horizontal opening of the trawl is 18m.

3. The average speed of trawling is 3,4 knots.

4, Halibut is concentrated in the 4m near bottom
layer which is being trawled.

From points 2 and 3 it can be concluded that the following

area is trawled in one hour:
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Spoup™ 02114 ki

The station is divided into a number of elementary
rectangles, in this case the criterion is 1/30 of the
trapezium 5 miles long latitudewise and 6,55 miles longi-

tudewise. Ita surface iss:
2
Sy = 3,75 ku

The calculations are made according to the working formula:

s N N
- o =

Its usage showed that the commercial stock of the pre-

spawning part of the population (picture 2) is 2r\66.103tom
In Subareas O+ 28 and 2H the commercial stock was
calculated in the following way.
To analyse the data giver by fishing vessels which operated
in December 1975, the continental slope within the limits
of 500 = 1100 m was divided into 11 sections (picture 3)
(chart making similar to the Greenland-Canadian cascade
waB subject to substantial predicaments because of the
difficult bottom conditions unsuitable for trawling).
Por every section average daily catchings per hour were
calculated. HEalibut atock in relative units for one

section K is equal to

b S

Shour
where bk is the average halibut density in section K,

Sk - the surface of section K.

In Subarea 2H the average density of halibut
concentration within the limits of 500 -~ 1100 m varied
from0O;1 toqp tens per hour of trawling , which makes
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in average 0,4 tons per hour of trawling. In Subareas 0
and 26 it was 0,5 tons per hour varying from 0,2 to 1,3
tons per hour. Their surfaces were 3890 and 6100 sq.

km respectively. The stock in weight units all over the

area is
m m
e 3 ;
g. S b s_= 87,8 b_..5., (6)
hour K 1 k ."K =1 K°"K

3here m (=11) is the number of sections (picture 3).
The calculations according to the a.m. formula (5) gave
the following results:

commercial stock in Subareas 0 2g - 272 . 103t

in Subarea 2H - 140 . 103t

Thus, the commercial halibut stock in the North-
Western Atlantic by the data of three Subareas (1, 042g,
2H)- is 678 . 10°t.

It should be mentioned that the a.m. value is the
lower limit of the stock since vast areas outside the
depth limits of 500 - 1100 m were not taken into account,
and the area southwards off 54°N where halibut was also

observed in December 1975 was not considered either.

Eventual commercial removal of the halibut stock

For the discussion we have used the Greenland-
Canadian cascade data concerning haibut. In our opinion,
this subarea gave the most reliable information of the

dimension composition as well as the age one.
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In Fig. 7 the age composition */ of fishes in

the catchings is described. It is reevaluated on the bagis
of dimension composition. By samples taken in 1975 the age
of 349 males and 545 females was determined. It is seen in
the picture that the maximum age of the harvested males is
14 years and of females - 16 years. The bulk of commercial
catchings consists of males in the age of 6 = 12 years and
females in the age of 6 - 13 yeara, which allowed to refer
this species to fast growing fishes with a couparatively
short life cycle.

Till the age of 5 years both males and females are
growing nearly equally but with entering the maturing period
the growth in dimetsions becomes slower (picture 6). Males
begin to mature having reached the length of 45 - 57 cm at
the age of 5 years and the females - at the length of 48 ~ 52
cm and the age of 6 - 7 years.

The average weight of males and females and their
annual growth are given in Table 2., The annual frowth of
biomass calculated by this data equals 16,6% for males and
20,7% for females.

*/ mhe age was determined by scale with the help of
microprojector magnifying by 20. In cases where there

were difficulties, ear stones were examined additionally.

The age was determined by ear stones in reflected light
under a binocular microscope. The ear stones were
grinded and moistened with glycerine - alcohol mixture
beforehand., /*
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Table 2.
The weight growth of Greenland halibut in the
area of the Greenland-Canadian cascade.

—

Average | AveTragd[Age com-| Average|Average ' Age COmpO-—
Age |welght | growth position! weight |growth gition of
of males| of of males| of of fe- females in
8 males g|in cat— | females|males the catching
chings % g 3 % :
3 | 300 - + 298 - "
4 ! 480 180 043 480 182 Oy4
5 667 187 1,6 850 250 4,0
6 892 225 52 986 300 8,8
7 1174 282 16,2 1444 414 15,7
8 1490 315 21,4 1902 458 15,1
9 1785 295 18,2 2522 620 16,7
10 {2078 293 13,2 3204 682 9,6
11 (2395 317 12,0 2949 745 8,9
12 |2720 325 7,2 4853 904 792
13 |3050 330 &y7 5875 1022 6,8
14 - - ~ 6954 1079 4,0
15 - - - 8100 1146 2,1
16 - - - 9200 1100 0,3
Number
of individuals
394 - 2327 45 - 822
nerer?793’3 297,9 - 2956,1 614,8 -
(16,6%) (20,7%)

Judging by the evaluation of the stock, eventual
commercial removal may be approximately equal to the

growth of biomass. Then the hdlibut harvest in the main
All
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subareas where the stock has been avaluated should make

112 =~ 140 thousand tons (Table 3).
Table 3.

Eventual annual harvest of Greenland halibut

in subareas of the North-Western Atlantic.

Commercial Admissible harvest (thousand t)
Subareas |stock while removing while removing

(thousarnd | 16,6% of bio~- 20,7% of bio-
tons) mess mass

1 (the Green-

land - Cana- 266 4 55

dian cascade)

0 +2g 272 45 56

2B 140 23 29

Total: 678 112 140

When the figures which characterise the harvest of all
countries in the North-Western Atlantic (Table 1) are
being compared with those of the admissible harveat (Table3)
it becomes vivid that there is an underexploitation of
the Greenland halibut commercial stock.

The available data of the halibut harvest should be
undoubtedly corrected by way of annual trawl and instrumen-— .
tal (underwater photographing) surveys.

The exigting biological materials make it possible to
analyse the unfluence of the specialized fishery in recent
Jears on the Greenland halibut stock in the North-Western
Atlantic. In pictures 4 - 5 there is the data of annual

dimension composition of the Greenland halibut harveat for
the areas of the Greenland-Canadian cascade and Baffin Land.
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In the right part of the pictures the annual drifts from
long-time average figures are shown. The pictures’show that
there were no substantial regular changes in the dimension
composition of the population in the years of fishery in
these areas and the dimension composition of halibut registeres
lately (1974, 1975) is practically similar to that of the
first years of fishery.

I% is also of interest in this respect to analyse the
dynamica of the sex composition of halibut in the main
spawning areas,

Table 4 shows that males deminate in all the catchings.
The surplus of males during the whole prespawning period and
the spawning period itself is characteristic of many fish
species (Monastyrsky, 1940. Persov and Sakun, 1962). As to
the halibut, it is connected with the fact that males are
usually the first to start the spawning migration and they
stay longer in the gpawning areas too (Chumakov, 1969),

It is obvious that sufficiently active harvest of Prespawning
concentrations may influence considerably the sex composition,
since the number of withdrawn males will exeed that of femalesi
The results of the analysis show that sex composition by

areas and years remains rather stable.

Smidt (1969) determined a strict dependance between
the number of Greenland halibut in Western Greenland and the
change of the climat. According to his point of view, the
cooling of water mass caused the growth of number and area
of halibut in this part of the world.

As far ag at present the secular recession of solar

activity is being registered with consequent cooling of
A 13



13-

water mass (Southward, Butler and Pennycnick, 1975) there
is enough evidence to suppose that this phenomenon will
further the improvement of survival conditions for halibut
and lead to the increase of its populations.
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Inference

1. The continental slope of the North-Western Atlantic is
the area inhabited by mature Greenland halibut. During the
prespawning period the fish concentrates in the spawning
area within narrow depth limits which allows to count the
stock by method of trawl survey.

2. On the basis of the works made in December 1975 from
the Soviet scientific research and fishing vessels in Subareas
2d, 2G, o, 1 at the depth 500 - 1100 m the reserve of mature
halibut was determined - 678 . 10° tons. Taking into
congsideration wider depth distribution of halibut ard its
distribution to the South of the studied area, we assume
that the a.m. figure represents the lower limit of the stock.

3. The analysis of the biological data, the survey of the
reserve show that the present fishery of Greenland halibut
is performed on a narrow scale. It can be increased to not
less than 112 thousand tons without any danger of damaging
the continental slope stock in Subareas 2H, 2G, o and 1.

4, The gquotas for halibut fishery which are established
oh the basis of the harvest obtained in previous years,
mainly in the shelf zone, are not grounded enough as they
nearly do not congider the possibility of exploitation of
mature fish stock inhabiting the continental slope.
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Figure 1 - The scheme of prespawning migration of Greenland halibut in the
Greenland-Canadian cascade area.
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Figure 2 - Distribution of isolines of average catchings (tons/hour of
trawling) of Greenland halibut in the Greenland-Canadian cascade
area (beyond isoline 0 the catchings of halibut are rare) in the
periocd December 2 - 12, 1875.
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Figure 3 - The situation of the sections of trawl survey in the North-
Western Atlantic.
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Figure 4 - Dimension composition of Greenland halibut by years for the
Greenland-Canadian cascade area.
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Figure 5 - Dimension composition of Greenland halibut by years in Baffin
Land area.
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Figure 6 - The length growth of Greenland halibut in the Greenland-Canadian
cascade area. 1 ~ males, 2 - females.
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Figure 7 - Age composition of males (white columns) and
females (black columns) of halibut in the
Greenland-Canadian cascade area. (1975)
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