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ABSTRACT

The pattern and peculiarities of linear and weight
growth of Greenland halibut from the Rarents Sea and Icelandic

area are investigated,
 Hotable variations in length and weight typlcal of males

and.remales from the ssme age group reflect the adaptation
of fish to fuller consumption of food and, apparently, to
regular recruitments Males of the Barents Sea and Icelandic

halibut under 5 and ? years of age, respectively, are longer

- than temales of the ssme ages

The linesr growth of Greemland halibut foilows the
pattern common for most fishesr it is the highest in younmg
fish slowing down with age; 'J.'hé line_ar growth rate complies
with this pattern as well: thes yearly length increments are
the greatest for the young and the lowest for the old fish,

The weight of fish body i_.s on a steady increase till

- the old age, then its growth gets slower, The rete of weight -

growth alsc follows this trend. The weight of females from
the Barents Sea and Icelandic halibut stocks under 3 and 7
years of age, respectively, is higher than that of males of

the same ages
The weight increment per unit of length is higher for
the Barents Sea halibut, Fish from the Icelandic stock are

longer end heavier than Vthé Barents Sea halibut of the same

8ge.




The pattern snd peculiarities of Greenland halibul growth
should be regarded as manifestation of fish adaptation developed
during phylogeneosis,

IRTRODUCTION

. The growth pattern of Greenland hal;but from the Northeast
Atlaptle is covered poorly in literature, The only known work
dwelling on this point was contributed by the Polish investi-
~ gator Krzykawski (1975). Besides, basing on the data collected
by the Polar Research Institute in the Barents Sea and off
Iceland in 1965-1969, the linear and weight growth, " yearly
length snd weight increments, length/weight ratios of Green-
lend halibut from the Barents Sea and Icelandic stocks were
deteruinad; The paper is devoted to solving these problems,

MATERIAL AND METHODS

The paper is based on age samples of halibut collected
in the Barents Sea in 19651969 and off Iceland in 1967-1969;
To estimate the linear growth pattern of the Barents
Sea bhalibut the weight of 2,325 specikens and the age of
2;108 specimens were snalysed, and to determine the relation-
ship between the linesr end weight growth the data for 1,960
specimens were utilized, The same features of the life
cycle of Icelandic halibut were studied on the basis of ‘
the data for 1,588, 998 and 1,759 specimens, respectively.
The fish wore measured accurate within 1 cm and weighed
to within 50 g; The age was estimated, malnly, from the
scales by means of a microscope projector with a 20X mag=
nificatign. In case of uncertainty the age was read from
otoliths, R A
Mean longth and weight were eatimated for each apge group.
A3 far as variations in length and weight of fish of the same
age are notable (Fig; 1), the mean values weTre calculated
by mathemstical weighting of frequencies; As a result, theo-
retical values of length and weight were obtained;and the
curves of 1;near and weight growth; length/weight ratio, growth

rates drewne The linear growth curve was calculated by



the formula L = Lo, (1 = e~ 5% ) the weight growth curve -
W, (1 = o~K{t=8. 033 115 tho lengbh/weight ratio curve -

by W
by W
optimated as the difference between the mean 1éngths‘and

al’, The yoarly length and weight increments were

weights of fishes from two neighbouring year classes,

RESULTS
Lepgth and weight variations in fish from the same age group

To determine the amplitude of length and weight va~-

riations in fish from the same age group those of the Barents .
Sea halibut femsles are analysed (Fig; 1); The central part
of the figure with the length and weight data for the most
frequently occurring fish aged 8 t0 14 years is the most
zevcalins; The length of females aged 12 rapges from o4 to
98 cm; Weight varijations are still ‘more significant:females
at thet age are o:f the weight of '1 4 to 6.3 kg, and those
aged 13 - 2.0 to 8.4 kg, The same is characteristic of males.
Large variations 1n length and weight of fish from one age
group sre observed both for the Bsrents Sec and Icelandie
halibut, |

Linesaxr growth and its rate

The linear growth of halibut follows the pattern
characteristic of most fish species, The higheat growth
of halibut males and females happens at young age (Fig, 2).
Por the Barents Sea halibut males this period lasts till
the age of 5~7 years and for females till 7-9 yeara; For
Icelandic halibut males the pericd of the most intensive
growth lasts tlll the age of 7-8 years and for femaleg -
£1ll 9-10 years, The older the fish, the slower their growth.
1% should be mentioned that males of the Barents Sea halibut
under the age of 5 years and those from Icelandic stock
- under 7 yeara are longer than femaleas of the same age;
The linesr growth rate of halibut, i;a; yearly length
inerements, follows the most common patterni the highest

ias at the start of the life cycle, the lowest -~ at its end
Pigse 3, 4). Thus, if females of the Barents Sea halibut
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‘aged =& have a length increment of 6.5 cm and males of
the same age - € cm, fhen at the age of 14 to 15 years the
linear increment of females smounts to 3;5 and males w- 2;5 o,
Femalas of Icelan@ic halibut &-7 yeasrs of age become 5;5 cm
1onger? mslea = 5.4 cm longer, while at the age of 12 to 13 ;
only 4.5 and 3.0 cm longer, respectively; It should be noted
that the linear growth rate (Pig, 3) of females from the
Barents Sea upwards of % years of age is higher than that
of malea; The linear growth of Icelandic halibut females is
higher than that of males from © years of sge and upwards
‘(Fis;ﬂ-); Unfort.mtely, fish under 3 years of age were
absent from the samples taken in the Barents Sea and those
under 3 years - from the asres of Iceland, while for fish
' némely of these ages, Judging by the curves, the growth
rates of males and females must be inversely related;
The growth rate of males at their first years of 1life is
apparently much higher than that of females, and this )
phenomenon hqs its biological grounds which will be Ais~

cussed later,

Weight growth apnd its rate

. The curves of woight growth of Greenland halibut both
from the Barents Sea and Icelapdic stocks follow the pattern
typical of most fish speci;s; A%t the start of the life
cycle the weight growth is comparatively low, with age
it increases, reaches its maximum and slows down at an old
age (Iis; 53; Papales of the Barents Sea halibut, from
the age of 4 years and upwards have the }argarvweight then
males and this difference grows with age, Thus, if the weight
of femnles aged 5 averages 500 g and that of males ~ 400 g,
then at the age of 15 years the average weight of regalea
amounts to 5500 g and that of males ~ only to 4700 ge

Even mors striking is the dirferance.in weight growth
of males and females of Icelandic halibut. At the age of
5-6 years males are, on the average, 100 g heavier than
females; At the age of 7«8 thelr weight is similar, but
over 8 years of age the weight 5rowth of males is becoming
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much lower than that of females, If st the age of 9 years
females are 100 g heavier than males, then at the age of 12
this difference in weight becomes eppreciable and averagea
1,200 g; Retardation in weight gromth becomes npticeable

in males of the Barents Sea halibut at their 14-15th and

in females at their 18-19th years of life, The weight growth
¢of the Icelandic balibut msles begins to decelerate at ﬁhﬂir
11=12th snd of femsles - at their 12-13th years of life,

The rate of welght growth increasee with age bo?h in
males and females from both populations (Figs; 3, 4), For
instance, the weight increment for males and females from
the Barents Sea stock aged 4-5 years, amounts to nearly
200 g, while the yearly increment for 14-15 year old fish
is about 530 g for males end 660 g for femalea, Judging
by the curves, the growth rate of the Barents Sea halibut
under 3 years of age is higher for males than rér fomales
but with age it becomes 1ower; This phenomenon is well seen
in halibut from the Icelandic stock where the weight growth
of-females'ia about that of males at the age of 6 to 7 years
(Pig. 5)s

Length/weight ratio

The curves of length/weight ratio reflect the above
growth pattern of Greenland halibut, The weight of young
malea_is higher thsn that of femsles from the same age
group. This phenomenon is characteristic of the Barents
Sea halibut below 30 cm and of the Icelandic halibut
below 40 cm of length., While growing, females, being
equal to males in length, excel them in weight, and this
difference inéreasea with linear growth (Fig; 6);.It should
be menticned that the weight ipcrement per wnit of length

is somewhat greater for the Barents Sea halibut rather than
for ths Iceiandic;

Difference in growth snd jts rate

in the Barents Sea and Icelandic halibutl

Separation of the Barents Sea and Icelsndic halibut
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stocks, differences in abiotic conditions and feeding
produeg an effect on growth patterns of fish from both
stocks, Males and fomsles of Icelandic halibut are longer
than the Barents Sea fish from the same age group (Fig; ?);
Unfortunately, the data series is not complete for

lack of information on younger fish, The trend of the curves
suggesta that for young fish (aged 1=3 years) the above
growth’ pattern does not remain unchanged, i.e. young halibut
from the Barents Ses stock have the length equsl to or

~even greater than that of yourg Icelandic halibixt;‘

7 As is seen ln Fig.; 8, at a certain stage of the fish
life the weight grdwth of Icelandlc halibut is alse slightly
higha:-than'that of the Bavents Sea halibube

| Ths same pattern ia exhibitad in the linear and weight
-growth rates (Piges 9, 40). The weight growth rate of males
from thp'qulandic stock at the age of 5 to 12 years is noticéa_bly
higher than that of males from the Barents Sea ‘balibut stock;
:.as for the linear growth rates, here the difference is less

‘lﬁf aisnificant (Fig. 9).

~ The weight growth rate éf females is close to that of
" ‘males :Ln beth atOcks; the curves of weight growth rates are
tandins to intercept at the beginning and at the end (Fis. 10).
‘That mesns that the weight growth rate of the Icelandic hali~
but durimg the firat years of life being lower than that of
the Barents Sea halibut becomes higher &t the 4-5th years of
-1ife, remains eo for the greatest pa:;t of the life cycle
and only at an old age it slows down.

| The linesr growth rate of males and females from both
" stocks has its peculiarities; It is noticeably higher for
6~P=yotr old males fromw the Icelandic stock than for halibut
males from the Barents Sea; If the length increment of males
from the Icelandic stock smounts to 5;3 om at an age of 6 to
? years, then the yearly length increment of the Berents Sea .
halibut males at this age is 41-;8 cm; However, with age the
difference in yearly increments declines, and at the age of
12=13 years the linear growth rates of males from both stocks
'are sim:l.lar.




‘The linear growth rate of the Barents Sea balibut females
aged 3 to 8 yeanrs is higher than that'of females from the '
Icelandic stock, and later it becomes much 1ower; Thus, the
| Yyoarly incrementa dn females agad 15 %o 16 years are 4 co

for the Icelandic stock and 3,5 cm for the ‘Barents Sea.

DISCUSSION
- (Growth pattern as adaptation of the species)

~ Greenland halibut is an oceanic species best adapted

to ambient conditions; Adaptive mechaniams of this fish ave
di&erse and flaxiblei 1t would.be sufficient to say that -
it is one of few fishes of the North Atlentic dwelling at
the 150 to 1600 n depths} The rsnge of halibut, for their
comparatively low abundence, covers a vast area from

the shallow Novaya Zemlya Island in the east to the American
shel? in the weat and from Spitsbergen and Baffin Island in
the morth to the latitude of Bergen and the Gulf of Maine
in the gouthi Constitution and coloration of halibut are

80 that the fiah are well adapted to deep and pelagial waterﬂi
Halibut go well through the repid forced ascend from below
1,000 m depth to the surface remsining fully viable; This
shows that in the process of phylogenesis halibut adapted
to raplid vertical migrations and acquired access to food
‘at all depths; In the years when rich yesar classes enter
the spawning stock local spawning grounds, in addition to
the main ones, are formed ensuring the better: food supply
to the progeny. ' '

Extraordinarily proloﬁged spawning (Pedorov, 1968)
and paturation of fish from the ssme age group and a grest
number of other features of their biology convince us of
highly developed adeptive mechanisms of the Bpecies;

The above growth pattern of Greenland halibut should be
regarded a8 well as a sort of adapfdﬁion of the species to
apbient conditions developed during phylogenesis,

Notable variations in length and welght of fish from

one year class are of greast adaptive importance as far as
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they enlarge the food spectrum and, consequently, the food
supply of the Species; Thus, in the Barents Sea the food
of small halibut (35-40 cm long) consists mainly of small
schooling fishes (capelin, polar cod) and shrimp; small
crustacedns (krill and Themiato) are also importanx; In
fish 40 cm long and upwards the frequency of capelin and
polar cod occurrence in foed decresses sradually; Folar
cod are not found in the stomachs of halibut over 70 cm
1ona; In contrast to this the frequency of large fishes
occurrénce ~ blue whiting, redfish, halibut as well as of
Cephalopoda increases,

Significant variations in length and weight of fiash
from the same age group not only increasse the food supply
but also generate maturation of fish from one year class
et different ages (Nizovtsevw, 1969) which improves the re-
gularity of recrultment,

The most intensive growth is observed in halibut
under 7-9 years of age; in males it begins to slow down
2 years earlier than in femalea; In this peried halibut
sre feeding actively, and the energy supply accumulated '
in fishes is spent for the linear growth (Nikolsky, 1965),
Halibut males are known to mature meinly at the age of
7=~8 years while females -~ at 9;10 yeais {Nizovtsev, 1969).
On attaining maturity, the main function of the organiem
is not to grow in length but to ensure formation of sex
glénds, ripening of spawning producte and accumulatibnl
of resérve substances in the organisms to sustain metq;
bolism during spewning migrations and spawning proper.
(Nikolsky, 1965) when halibut, 1like other fishes, spend
much energy; Thair feeding in this period is much weaker
or ceases at all, - _

gales of the Barents Sea halibut grow faster then females
till the age of © years; This alse should be reggrded as
& mechanism of adaptation to dwelling conditions, The number
of maléa on spawning grounds is always 2-3 times higher than
that of females, and the mejority of meles participeting in
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gpawning are on the average 2 years younger than spawning
fbnalea; To get mature socner, males must grow faster than
females; Besides, in order that to the moment of spawning
the number of males might be higher than that of females,
young males must éet rid of the pressure of predators as
soon as possible by way of s higher compared.to females
growth rate at the first yeaxs of their life,

Kamely at the age of 7-8 years the'growth rete of fo-
males 1s about that of males and highsr}

Halibut are repeat spawners, that 1s why their furthsr'
liner growth is much lower than before their first spawning.
At the ssme time aging affaects adversely the growth. In females,
owing to their earlier maturation, the process of aging develops
faster than in females; Malos upwards of 15 years of age were
not found in samplea; Apparently, at thia time they were
elimipated from the population.

The linear growth of females is also delayed in tye
period of maturation, i.e; at the age of 9 to 12 Jears,
However, the rate of their growth retardation is not so high
.ag in males and the old age comes some years later; specimens

aged 19=20 yoars are found occasionally. o
CORCLUSIORS

1. Noteble variastions in length and weight typical of
males and femnles from the Barents Bea and Icelandic halibut
stocke are @ sort of adaptation to_a wider food spectrum ang,
apparently, to regular racruitmant; Males of the Barents Sea
and Icelendic balibut under 5 and 7 years of age, respectively,
are 1oa;ger than females from the same age group;

2+ The linear growth of Greenland halidbut Pollows the
pattern common for most fishess it is the highest in young
fish slowing down with age; The linear growth rate complies
with this patterns the yearly length increments are the
greategt for the young and the lowest for the old fish;

3« The weight of halibut 18 on a steady increase till
the old age, then its growth slows down. The rate of welght
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growth also followa this trend, The weight ¢f females from
the Barents Sea and Icelandie halibut stocks under 3 asnd 7
yoars of age, respectively, is higher than that of males
of the same aga;

4. The weight increment per unit of length is higher
for the Barents Sea Balibut,

5¢ Fish from the Icelandic stock are longer and heavier
than the Barents Sea halibut of the same ase;

6; The pattern and peculiaritiea of Greenland haliput
growth should be regarded as menifestation of fish adap=

" tation developed during phylogenesis,
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Fig, 2, Linear growth of halibut from A - Barents Sea and
B = Icelandic stocks; 1 - males, 2 - females
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Pig. 3. Rates of linear (A) and weight (B) growth of Greenland
halibut from the Barents Sea; 1 - maleg, 2 ~ females
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Fig. 4+ Rates of linear (A) and weight (B) growth of Greenland
‘halibut from the Icelandic stock; 1 - males, 2 - females
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FiSo 5. Welght growth of Greenmland halibut from A - Barents Sea
and B - Icelandic stocks; 1 - males, 2 - females
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Pig., 6. Length/weight ratio of =  Greenland halibut from
A - Barents Sea and B -~ Icelandic stocks; 1 -~ males,
-2 = females ‘
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Fig. 7. Linear growth of. Greenland halibut from 1 - Barents
' Sea and 2 = Icelandic atocl:s- A - males, B - females



80
70
60

50
50 40
4013p
30120

20H0

10+o0

0,0

- 18 -

WA .

-

T T 1 1 1 1 LT

Qge, years

Pig, 8, Weight growth of Greemland halibut from 1 - Barents Sea
and 2 - Icelandic stocks; A - males, B = females




- 19 -

cm

Qge, years

Figo 9. Rates of linear (A) and weight (B) growth of halibut
males from 1 ~ Barents Sea and 2 - Icelandic stocks
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Fig, 10; Rates of linear (A) end weight (B) growth of halibut

females from 1 - Barents Sea and 2 - Icelandic stocks
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