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ABSTRACT

An attempt is made to snalyse spawning stock abundence and
biomass and population fecundity of Reinhardtius hippoglossoides
againat the background of fluctuations in year-class strength,
Individual ebsolute fecundity was calculated, the 1969-1988 year
clage abundsnce derived and population fecunditj obtained,

The survival rate coefficients were used to establish different
levels of population fecundity at which the emergence of stirong
yesr classes can be provided under various ambient conditions
during early life., The fish reproduction capacity was found to

be at the equilibrium atate in 1969-1G88, A close reverse rela-
tionship wae revealed between survival rate and water temperature

at 50-200 m.

INTRODUCTIOR

Greenland helibut is distributed above the shelf and slope
off Cenade from 42°F to 78°N in the Baffin Sea (Andriyashev,
1954; Boyar, 1964; Hubbs & Willimovaky, 1964; Leim & Scott,

1966; Smidt, 1969; Templeman, 1973), The fish is =n important
commercial species off the Esstern Newfoundland, along the
Baffin Land slope, off Labrador and in the West Greenland fiords
(Bowering, 1977, 1978, 1979, 1980, 1987; Chumakov & Sevvatimsky,
1983, 1984, 1987; Bowering & Brodie, 1981, 1986). A single popu-
lation is recognized to inhabit these areas (Templeman, 197%,
Chumekov, 1975; Bowering, 1977, 1982; Chumakov & Serebryskov,
1982; Ernst, 1987).

The fishery for Greenland hslibut wes initisted by Cansda
in shore areas of the Eestern Newfoundland in the 50-ties to
extend lgter in high seas (3KL). The trawl fishery for halibut
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was not actually developed until 1968. The epeciee wag inciden-
tally taken as by-catch in cod and redfish fishery, conducted
by USSR and other Buropean countries ianubareas 2 and 3,

The fishery was nct regulated until the 200-mile zones were
established and the catches varied from 29 to 55.6-‘105 t,.
_ The annual catch was determined mainly by the fishing effort
applied,
) The introduction of 200-mile zonee in 1976 and the subsequ-
© ent terminetion of fishery for halibut by the USSR, Poland and
' GDR (Subarea 1) ss well as a reduction in fishing effort by the
sbove-mentioned countries in the Canadian zone (Subareas 0, 2
and 3) resulted in 8 downward trend in their catches. .

At the came time the Canada and Greenland catches of halibut
in inshore aremss showed &n iﬁerease, which gave the.total catch
of 50-105 t in the NAFO Subareas 0, 2 and 3 in 1988 (Table 1).

The present paper attempts at estimating the dynamics of
Greenland halibut reproduction capacity in 1969-1988,

MATERTAL AND METHODS

The 1969-1988 bioatstisticel date were used as a basic mate-
rial, 4 total of 13 898 age determinations were performed to
obtain maturity ogive which was averaged for the entire period

of investigations, VPA data on the fish abundance and biomass
at age were applied to calculate spawning stock abundance end
biomasa.

Individual absolute fecundity was determined in 245 females
caught in the Davis Strait, off Baffln.Island, Western Greenland
‘(Subareas O sné 1) and Northern and-Ceﬁtral Labrador (Divis, 2GH)
in 1975-80C and 1987-1988,

. The ovaries of newly—csught fish were weighed, labelled and
preserved in- 5 per cent formaldehyde 1o be dried later in labo-
ratory, weighed and subsamples (3 g each) were taken from diffe-
rent parts of the overies, Eggs wers aeparated from the ovary
tissue, weighed of 0,0001 g,

The following regression equations were derived to describe
individual fecundity (E, ,) ee the function of age (A), length
(L) and weight of fishi

By g = 105019618 A #2303 (o L o 987);

Egpg = 10°°852'18 1 - ?-223 (r = 0.964);
£,

Eypg = 1002218 T #0750 (0 2 g.981),

: Preliminary estimates.
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The individual fecundity of the halibut caught in the Davis
Strait snd off. Labrador was found to be similar to that of indi-
viduals of the same age and size from the southern Labrador ares
as reported by Lear (1970) and Bowering (1980).

Population fecundity (Ep) can be defined s the total contri-
bution of each age groupt :

' o
E = > C, 1)
L T

where i=5 - 13 age at recruitment to the spawning population;

i
n « i3 number of age groups;
C

¢ = 1is contribution to the population fecundity of each
age group: ’ '
Cc ='Eind-N~m:R, - (2

whore E, . - 1s mean individual ebsolute fecundity of the given
age group; ' '

) - is VPA derived abundance of a given age group;
m - is mature fish proportion in a given age group;
] - 19 sex ratio, '

Year-class survivel rate can be found ae percentage of
S-year olds which have survived from the total number of eggs
laids .

Si £ Ni-10 /Epi' 7 (%)

where Si ~ is survival of a given generation up to the age
‘ of 5 years;
§, - is number of 5 year olds in s given generation ij

Epi ~ ip population fecundity in a given year i.

Year-class survival rate can be fegarded as index of ambient
conditions during early life,

To deecribe relationship between population fecundity, year-
claas atrength snd ambient conditions the following definitions
are introduced: .

1. Safe population fecundity which provides'atrong year-
classes under moderate ambient conditiona duriﬁg earlﬁ life.

2, Minimal population fecundity which can provide strong,
medium and poor yesr-clssses under favourable, moderate and
unfavourable ambient conditione during early life,

3. Oritical population fecundity which provides strong
year-class only under favourable ambient conditionsg during
early life. -

To estimate the above-given levels of population fecundity
the following equations were used:

Byop ® Fop/S (+)

spf med’



mpf = Yav'Suea Co (5

=N_./S (6)

ab/ max’

is safe population fecundity;

- is minimal population fecundity;

~ i8 critical population fecundity; - X
- ig the strong year-class sbundance at age 5;
] - ig the medium year-class abundance at age 5;
~ 18 the medium survival index;

S - 13 the meximal survival index.

)
[1+)
2]
m .
=

e/}

k=1

S,
]

Water temperature was tsken along the standard hydrological
section 8A across the Southern Labradgr shelf and slope (Pig. 1).
The hydrological observations reslized there by PINRO regulaerly
in Fovember, The temperature observations were collated with the
strength of the year-cleasges and the survivel rates,

'Simple and wultiple regression mnalyses were made to reveal
correlation between spawning stock biomass, population fecundi ty,
sirength of the yesr-classes, survivel rate and water temperature,

RESULTS

Males of Greenlend halibut become first mature at the age of
5-7 years end the length of 46-47 cm, whereas the respective fi-
gures in females are 6-7 and 52-53, Age at 100 per cent maturity
can vary in males depending on the area of obmervations, A 100
per cent maturity was recorded at the age of 12-13 years and
70-73 em and 16-17 yesrs snd 92-95 cm in males and females, res—
pectively (Table 2), In Divigion 2J and 3K immature femsles were
occasionally found. Mature individuals were not ebundant along
the shelf and continental slope of the Southern Labrador. )

Scarcity of mature fish along the shelf continental and slope
off the Baffin Island and the Western Greenland can probably be
the result of the northwerd migration {(Chumakov, 1975; Chumakov &
Serebryakov, 1982),

Significent variations were found in the total spawning stock
biomass, fecundity and abundance of S~year olds in the Greenland-
Canadlan population throughout the entire period of observations
(Table 3),

The highest and lowesat asbundance of spawning stock was recor-
ded 1in 1974-1979 and in 1969-1970 respectively. The population

‘fecundity veried from ga4,2x107 eggs in 1969 to 2446,6x10°
in 1976,

However the survivael rate in the poor year-classes of 1969
and 1970 wes found to be higher than thet in the rich year-class
of 1976,

Survival rate coefficlents as estimated In the year-classes
of 1969-1983% showed more significent fluctustions than the popu-
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lafion fecundity. There was a 5-:01d difference between the maxi-
mum (1982) snd minimum (1977) survival rates, :

Survival rate can serve as integrated indicator of amblent
conditions during early life of fish which implies both biotic
and abilotic factors,

The water temperature of various horizons is often used as
an abvlotic environment indicator.

The comparison of the survival coefficient to the water tem-
perature 4 different horizons of section 8A revealed the inverse
correlation, The higher temperature st the horizon of S50-200
in the year of o generstion development corresponds the lower
survival rate,

Regression analysis obiained correleation coefficient of =
good significance (r = -0,754; ¥ = 15; .P = 0,05) beiween survival
rate and water temperature at 50~200 in horizon of part "A" secw
tion 8A in November, That correlation coefficlent has made it
possible to elaborate a simple model to forecast a survival index
(S) and. then the strength of the year-class {R) if the populati-
on fecundity (FP) and temperature mre estimated:

S = (-0.02107 PP - 12,98633:T + 115,485901) 10~

R = s-PF-10'2.

This regresgsion equation could be used to predict recruitment
abundance in advance of 5 yeasrs, Thus the 1984 year class can be
"estimated as a strong one, the 1285-87 year-classes 88 medium
ones, and the 1988 year clase as s poor one (Table 3).

Three levela of the population fecundity required to produce
an abundant year cless under favourable and moderate survival
conditions during early life msz well &s a critical level of the
population fecundity where calculeted for the Canadian-Greenland
population, These three levels of the population fecundity are
ag followa: ‘ ) ‘ . :

safe popuilstion fecundity estimated as high as 23231109 egga;

minimal safe - 1512x109 [-3:4°4:H

critical population fecundity was caleulated equal to
12261109 aggs,

DISCUSSICOR

Populetion fecundity of the critical level was observed in
1969 and 1970, when the poor year-clasgses emerged under moderate
survivel index, In all the other cages the Greenland halibut popu-
lation fecundity was either close or well sbove the critical level
That equilibrium state of & reproduction capacity induced the na-
tural fluctuations of the year-classes abundance.

There i3 & slight inverse correlation between the population
fecundity and the strength of the yesr clags (r = ~0,425), Much
nigher correlation was obtained between the population fecundity
and the survival index (r = -0.889), that reflected probably the



density dependant component of the survival during early life.
The other component of survival affected by the abiotic ambilent
conditions could be obtained from correlation between survival
'Index and such an indicator of enviroanmental conditions as water
temperature, ‘

The Greenland halibut apawng in the sres of southern part of
Greenland-Canadian threshold at the depth of 1000-1500 meters
' with temperature 3,2-3,4 °C in Jemuary-April, Eggs development
takes place mainly in deep water layer of the continental alope
(Jensen, 1935; Smidt, 1969; Templemsn, 1970). The Greenland hali-
but larvee ascend to the upper surface layers in June-July where
from are dispersed with currents to the north along the West Green-
lend cosst and to the Weat to Baffin Island and Labrador.

The meximal number of Greenlend halibut larvae is observed in
the upper 50 meter layer (Smidt, 1969). The young halibut at ege
3-4 years diatributed mainly at the "depths of 200-350 m over the
continentsl shelf water practically everywhere along Wes! Green~
lsnd, Baffin Island, Labrador and on the Grand Bapk of Newfound-
land (Bowering & Chumakov, 1987t Chumakov et al,., 1988),

The temperature at the depth of 50-200 meters on the hydrolo-
gical section acroas the Hamilton bank correlated significantly
with the survival index and therefore could be used as one of the
predictor of the strength of the year-class development,
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Halibut catches taken by all countries
in the Northwest Atlantic (O+1 and 2+3KL), t

(according to NAFO Statistical Bulletin)

Table 1

Year | USSR ! Canad FRG IGreend GDR | Po- " [Fae~ {PortudOthers {

Total

! P da | fland | | land froes lgal | !
1965 481 BOB2 ~ - 3045 - 92 I8 - 2 12570
1966 242 16209 423 2573 1355 III4 2 = 2 21920
1967 4287 16604 300 1834 1650 3296 ~ - ~ 27971
1968 10217 I3322 137 1568 4259 5806 - - - 35309
1969 10204 IIS53 270 I477 10022 5407 1 - 9 39030
1970 8043 10706 26 I2I2 9I58 8266 =~ - 875 38286
I971 10937 9408 16 IIS9 I021 5234 38 -  II77 28990
1972 19825 8952 214 2950 965 7I2I I4I2 - 2280 43719
1973 12783 6840 772 4632 2435 9060 950 207 823 38502
1974 19161 5745 SI7 4060 3302 7105 -4 193 1293 4I380
1975 29669 7807 646 3724 2081 B447 825 272 IS8 53629
1976 17733 9306 1020 3546 1672 5942 951 168 49 40387
1977 8664 17967 1345 6II0 2528 5998 I357 II9 502 44590
1978 5632 24692 5987 5985 1636 52I5 820 - 218 50185
1979 2948 29940 12893 5275 178  I8I3 50 38  I24 53257
1980  I784 3I9I0 I229 5356 316 2035 60 21 35 409I4
1981 6951 24125  IC 5755 1350 1806 170 16 60 40243
1982 5009 I9248 66 5397 2487 IITI 337 I8I8 22 35495
1983 4709 1713 16 4I3 2587 5258 77 IS8 IS5 36526
1984 549 17283 24 6509 2498 943 370 2612 IITI 32181
1985 328 11979 482 8956 2I85 460 7I8 2938 434 28781
1986 802 8076 16 8705 1867 177 691 3I07 744 24185
1987 4092 14448 - 8634 3266 I00L 2158 1390 3I41 38I30
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Relative number of mature Greenland halibut

by age on the continentsal slope in SA O+1 and

Table 2

Divs. 2GH and ' 2J (by age samples for 1970~1988), %

Age | 0+1 ! 2GH ! 2Jd
! Male [Femsle ' Male !Pemale ! Male @ Female
4 0.0 0.0 0.0 0.0 0.0 0.0
5 I13.8 0.0 0.0 0.0 0.0 0.0
6 44,5 6.1 2.5 0.0 0.0 0.0
7 64,2 7.7 -23.2x ~LL.7 4,3 0.0
8 80.5 I1.7 4.1 2,1 8.1 2.2
9 88.6 18,2 2.8 7.6 10.1 5.5
I0 94,6 35,1 82,1 14,5 6.4 12.5
I1 99.1 52.0 90.2 . 25,0 40,0 18,0
I2 100.0 66,2 94,2 41.8 50.0 30.0
I3 100.0 8.4 98.4, 59.8 80.2 40,1
I4 100.0 88.3 100.0 . 69.8 100.0 55.0
I5 100.0 95.0. 100.0 B1.5 I00.0 70.1
16 100.0 100.0 100.0 0.6 100.0 83.2
I7 - - - 95.0 - 90.5
18 - - - 100.0 - 98.0
I9 - - - 100.0 B 100.0
. Total 2448 2948 2135 2680 2502

1185
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Table 2
spawning stock biomass- (88B), population fecundity (PF%,
yearclass strength (at age of 5 years) and survival (8§
to 5 years (3) of Greenland halibut, 1969-1988

! PFxﬂOg, INumber of !Yearclas§ 1Survival {Survival

Year 'l  58B, ! ) i

! thou.t ! epgs _!5—ye%§—olds}strength‘ irate to !C?ndlr

! ! 4510 ! !5 years, Itions

! ! ! T !
1069 9.3 44,2 39.2 F . 0.0046 A
1970 4.5 8E3.4 48.6 P 0.0055 A
1971 129.6 1211.6 55,% n 0.0046 A
1972 17041 1590.0  62.3 m 0.0039 A
1973 1844 1724 .0 6347 m 0.0037 A
1974 230.2 12057.9 44 1 P 0.0021 .U
1975 232.6 2149,7 48.5 P 0.0022 U
1976  221,3 2426.1 - 44.8 P 0.0018 u
1977  225,6 2446,6 26.0 P 0.0015 U
1998  221,4 - 2339.4 44,5 P 0.0019 U
1975 209.5 2178.1 50 .4 o 0.002% U
1980 . 153.6 1676.1  S54.3 o 0.0032 U
1984  143.8 1480.3  €5.6 st 0.0044 A
1082 - 124,75 1231.8  88.3 St 0.0C72 F
10683 7%, 1157.9  68.1 " st 0.0059 F
1984 134.6  1205.1 . 75,97 St 0.0063™*% F
1985  148.9 1202.2 Gy, PRE m 0.0042%F*
1986 42,1 1666.4 60,17 m 0.00447 4
1987  16%.0 1492.6 62,7 o 0.0042T¥%
1988  185,1 1686, 4 59.07* o 0.0035% A

* p - poor <50 x 10° number of fish;
m - medium - (50*655 xc 107 number of fish;
St- strong - > 65 x 10~ number of fish;
¥* ¥ - Favourable > 0.005%,; -
& - Average - 0.0033-0.005%;
U - Unfavourable < 0.00%3%;
XXX Porecast,
Table 4

Correlation factors (r) between the Greenland halibut
yearclass strength at age of 5 years (R), survival
rate (5) and water temperature in the layers of 0-50,
50-20C and 0-200 m in the parts A and C of the
hydrographic section 84 in November 1969-1988

{ Part A {  Part ¢
Y '0-50 150-200 1| 0-200 ® 0-50 150-200 10-200

Survival to 5 Years, . ) ,
: -0.258 <0.522 =0.54% ~0.484 -0.754 ~-0.676

Number of fish '
~aged 5 years =0.175  =0.533 -0.465 0457 =0.M7 -0.655
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Site "B" positicns
S4°26'N B4C19TW -~ S4°4QYRMN G3°30ty

Site "C" positions
S4°551N 53°22'5"W ~ 55°13TN 52°52'W

AN



- 13 -

) . (soandty TrUOTSTAOXd ~ g

"8861-6961 Taquesoy UT worgoes oTqdexBoueedo g eU3 JO LD, 8318 48 IeleT mw oom:om

aq3 ut () sangeredmes Iagss pur (g) sxwel ¢ weys $897T ode 3B nqrieq pOeTusels JO
TRATAINE JO 50T38X ‘(¥) ¢ oFe 3e sesselo-Ieel Jo ooumepunqe ‘(gq4) L3Tpunoey uorgetndog *z *ITg

PE-T Y . .
§85. 986! . ¥86L 2861 J861 8.6l L6l yL61 ¢4} 0L6t
i—|tl_._._,|4$..|.}. Jh_-,. ! 1 1 | I 1 i 1 i ] 1 L 1 H 1 0 0 0
N N U TR ol
L R S I R R ' :
! 1y e I a —npg
R R N B B . - 04 4 0.000
o |
i R o . | L1 ™~ . : 00
' ¥ ao “" \\ /...\l., . qee | ozo00
i - .
: 1 ____ T \ 1- :
“m TR TR . y . ~ 08 Hoos - 0c002
i N ] il [N o '
1t Fl . el . .
NI H \ o0t |
_— “ J_.“I.‘“I._.\.Tn i “ | Y l; L J_ o IAOVDQD
. g \".L_*,\“\_ﬁ N \ | - 7 o0z
T I : : LU i ;
, b T \ 05 = 0500
HooiLA SANE i U g Joos ]
! . - H
L Al L v i "\ m,
VY 1N N L.a = 9051 ngon g
. - _A_‘ ) i .
c U \ sy
I A A /. =00 | 04080
[} ) k." \ ’ / ) ) |_Qucw
‘ c ai - ‘ - _ .
e e 4] AN ~ — €8 § _ -08000
\ | ; g N ’ . I
oe - . N & . -~ PR i
A N cemeereU T Tt ] 0B 0052 06060
3t . " " . . ... o R et o ) g
' Rk B : i 005z
ov - , . L - ) dogiog

s O okid s



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

