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Abstract

This paper contains the data on distribution,size-age
composition and bioclogical state of pre-spawning capelin
concentrations.Data on capelin abundance and biomass in Di-
vision 3L are given.The dala were obtuined by hydroacoustic

method during the cruise of RV "Eoisgk".

Introduction

Abundance and biovmasg of the Newfoundland capelin

liave been assessed by instrumental methods since 1975(8ereb-
rov L.I.,Bakanev V.5.,Kovalev S.M. 1975;3eliverstov A4.S.,Ko-
valev S.l. 1976;LKovalev S.M.,seliverstov A.S.,%aferman M.L.
1977).The researches on distribution and sbundance of cape-—
iin during their migration to the s.awning grounds were done
by hydroacoustic vessel "roisk™ in May~June 14%4,The spring-
summer .eriod of 1974 turned out to be wifavourable Tor the
rescarches as far as their orvanization and conducting were
concerned.Due to anomalous hydrological conditions capelin
did not practically approsch Lhe trsditional spawning ground
(Division 3N).The data obtained characterize the abundance
and biomass of pre-spawning capelin concentrations distribut=

ing in Division 3L in tae above-mentioned period,
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Material and metiocds

Echonctric surveys were conducted by means of BK-120
echo soundeyr(Norway,SINMRAD) and hydroacoustic mean density
measurer of fisn concentrations ISF-1 connected to it (USSR,
PINRO).Five-channel echo-intesrating and echo-counting sys—
tems measuring a set of eclio-agignals parameters in each chan-
nel were used in ISP-1.This set includes the number of echo-
signals from single fish,groups of fish,total echo-intensity
from all fish and the number of echo-signals emitted by the
echo sounder(Brumolchev V.A.,19Y7).8inzle fish and groups are
taken in acoustic sense:one or several fish respcectively are
found in the scattering elewent of space Llimited by a half-
long emitted signal and uvireclicnal diagram of acousbic an-
tenna.Measured echo-sgipgnals perameters are automaticaily re-
gistered on the echo sounder record as the number of deflec—
tions ol the echo-counting and echo-integrating systems per
each nautical mile.sach wile Lhe ecao—-counting and echu-in-
terprating systems of Iub-1 are resct by the lorm contacts in
the iniltial position,and BE-120 recurds tiae.Capelin concent-—
rabions in the -urvey areas wele observed cbove the depths
no more than 200 m and were .w=inly recorded ia the 10-150 m
laycr.Tnerefore,th.e ranme ol nK-120 was 250 m,lhe cliennels
in ISF-1 operated in the following ranses:first - 10-25 m,
second - 25-50 a,third - 50-100 m,fourth — 100-150 m,fifth-
150-200 m.The set of echo-sipgnals parameters measured by
IBP-1 permiftted to conduct b, acvustic mnethod directly on
capelin coiicentrations a calibration of ecliv—counting and
echo~inteprzting systems in absolute unitsspunber of fish
per syuare mile per one defl-otion of 18F-1.The calibration
was mave as follows: the meai number of echo-signals from
one £ish kK and the square of the area of EK-120 operation
were culculated on scattered concentrations by tne number
of echio-simnals from single !'ish KSf.and sroups of fish Kgf.
at the cutputs of ISk-1 echu-counting system and by the

number of ecuo-recordiincs Lfrom £ish Nf v Lhe echoeran,
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The following equations were used(TVG - 40 los 1):

Kep,* Egp =K Np+ d5 D=

tg 6‘2 DI D2
D2= DI—‘Eg_@I_ ; OeI= arctg ,

2
Se=jffsh tg eéI te GEZ . (1)

Df:DZ

diameters of section of the area of echo sounder

operation in longitudinal and cross planes of the
vessel respectively at the depth Top » in m;

Se ~ scction of the area of echo sounder operation at the
depth Teh yin mz;

3,,82 - certificate angles of directional diagram of acous-
tic antenna in longitudinal and eross planes of the
vessel,in degrees;

aa.aez - actual angles of d<irectional diagram of acoustic
antenna for the given fish species,in degrves;

V - speed of the vessel,in knots;

& - frequency of the repeabted sivnals emitted by tlhe

dy

echo sounder,in pulses/min.;

constant coefficient.
The values K’Se’ekl'eé2 are tle more precige,the
smaller the Tish concentration(Kpf——'O),the more accurate

the measurements of vessel's speedehe higher %the freguency,

the less the rolling of the vessel, the thiner the layer
under study (5-10 m).

Capelin abundance Jﬁkc per square mile was estimated
on scabttered and mixed concentrations by the readings of
echo-counting system according to the expression (TVG -

20 log 1):

Pse = z== 18522
S, QT (2)
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where

T - time of measurements in minutes,

<X>- mean number of fish in groups.

The value <X> was estinated by ratio: the number bf
echo-signals from fish groups Kgf. to the mumber of echo-
signals from single fish st_ (Fig.1). <X> and A are the
more precise, the smaller the fish concentration and the
mere homogeneous the shoal, when the distribution of fish
in the scabtering element of space may be regarded as Poi-
sson's distribution. Bimultaneously, the echo-~intensity
IISP of the echo-integrating system in ISPE-1 was measured.

4 statistic relationsinip for the capelin of mean length L
= 13.7 cm and mean mass P = 14 g was revealed:

S = O1sp Trgp * drgp = 30.86 * 107 I; e 2107 R = 0.94
(3)
where
CISP - coefficient of absolute calibration of ISP-1
echo-integrating system in nusber of fislh per syuare nile
per one deflection IISP per & nile,

dISP - constant coefficient,

R - correlation ccefficient,
Coefficients GISP for other lungths were culculated from

the expression (Nakken O,, Dommasnes A, 1975):3

C= Cad % )
wheTe

Gn - coefficient of conve®msion estimated for the known C
and L walues from the cxpression (4).

In the course of surveys capclin were mainly recorded as
local shoals e¢r as sgcattoaing loyer with the concentration ex-
ceeding the resolving power of BEK-120; dispersed and mixed ca-
pelin shoalsg were rarely recorded. Therefore, the echo-counting
system of J5P-1 was used for absolute calibration of echo-integ-

rating system, which readings were later used for the assess—

E5



-5 -
ment of fish abundance in the areas surveyed.
Discussicns and conclusions

In May capelin distributed along the north-eastern slope of
the Grand Newfoundland Bank (Division 3L). In the first ten
days of May capelin concentrations were recorded by echo soun-
ders as rare separate shoals, this conditioned unstable fishery
situation,.

In midMay pre-spawning capelin concentrated in the limited

area from 46°50' to 47°20'N and between 50030 and 51°0C'W.

In this area the capelin was cobserved till midJune,

Scientific-scouting works undertaken in June in Division 30
showed that the young capelin and sand eel distributed over
a considerable expanse of the area. Mature capelin in this
aTrea were taken only as by-catch.

In the first ten days of lMay the mean lenzgth of males in
the catches was 15.% cm, of females - ‘4.3 cm, In the second
and third ten days of May the fish of somewhat loneger size
was observed in catches. So, in the second ten days of May the
mean length of males constituted 1v.8 cm, of females - 15.8 cm;
in the third ten days of May the mean length of males was 17.2 cm,
of females - 15.8 cm, The specimens with gonads of the maturi-
ty stages 3-4 constituted the bulk of the catches. In late
May the feeding intensity has grown: if in the first tem days
of May the index of stomach fullness of 7% specimens was eg-
ual %o O and only single fishes fed intensively, then in the
second and third ten days of May up to 30% of specimens had
indexes of stomach fullness equal to 1 and 2, 5~10% of fish
fed intensively., In June the length composition of fish also
fluctuated,

In the first ten days of June f%..e mean length of males in
the catéhes was 1o, cm, of females — 14,8 cu. The specimens
of maturity stages 3—4 and 4 consiituted the bulk of the catches;

the fish fed intensively,
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After June 20 the youns capelin appeared on the vast ex-
panse of Division 3NC. Their concentrations were recorded in
water strata and in the near-vottom layer in the day-time,
and closer to the water surface at night. Smaller fish with a
length frequency of 6 to 10 ecm (average length - 8 cm) were
observed in the north of Division »NO, In the south of Divisi-
on 30 the length freguency of capelin was from 7 to 12 cm.

Inspite of the anfmalous capelin distribution in spring-
sumnper and also taking into account the peculiarities of theix
migration in May-June 1978, we still succeeded in the resear-
ches on determination of the dynamnics of changes in abundance
and biomass ¢f capelin on their rcutes of migration to the
spawning groundse.

The first echometric survey was done on May 8-9 in the area
limited by #7°30' and +§°30'N and bebtween 51°00' and 51°30'W,
the second survey was performed on May 2¢-27 in the area from
46°50' to 47°20'N and between 50°00' and 50°40'W, the third
one was done in the area from 46°55' to 47°10'N and hetween
50°30' and 51°C0'W.

Figures 2-4 show the charts of the surveys conducted. The
charts present the total echo-intensities per each nautical mi-

le II . The results of processinr the data cbtained are sum-

Sk
marized in Table 1.

Table 1. Results of data processing for capelin echometric surveys in
May-June 1978,

Cisp x 108

Date of Mean Mean spec/mile2/ Area Abundance Biomass
survey length mass deflection S N x 109 W x 108

L {em} P {qg) Itsp (mi?) spec centners

1 2 3 4 5 6 7

. 8-9 May 78 13.7 14 3.086 550 9.177 1.28
26-27 May 78 15.87 28 2.255 272 9.576 2.67
8-9 Jun 78 15.43 23 2.388 587 13.433 3.07

The joint investigations undertaken by the Soviet hydrcaco~

ustic vessel "Poisk" and Canadian RV "Gadus Atlantica" aimed
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at scouting od capelin spawning concentrations on the south—
eastern and soutb-western siopes of the Grand Newfoundland
Bank and on the spawning grounds were not successful. The terms
and areas of spawning and migration routes of mature capelin
in spring-summer 978 remazined indistinct. Such features of ca-
pelin distribution and their behaviour we consider to be asso-
ciated with the peculiarities of temperature conditions of this
year. Water temperature in the main branch of the Labrador
Current turned out to be 1.5° higher than that of last year
and 1° higher than the long-term mean. The main branch of the
Labrador Current along the eastern siope of the Grand Newfound-—
land Bank was weak. The coastal branch turned out to be much
stronger. In this context, in May and in the first half of Ju-
ne the commercial capelin concentrations distributed evidently
closer to the coastal more cold branch. Anomalous high heat con-
tent of water masses observed on the spawning grounds in June
{surface waber temperature fluctuated from 10 to 11.6°) per—
mits to suppose a possible capelin spawning in other areas,

As a result, the assessment of the pre~-spawning capelin

stock in 1978 is incompletely comparable with the stock esti-
mates for previous years (Serebrov, Bakanev, Kovalev, 1975;
Seliverstov, Kovalev, 1976; Kovalev, Seliverstov, Zaferman,
1977). Nevertheless with regard for the changes which oceur=
red in capelin distribution in comarison with those of the
previous years the results ol the echometric survey may be
taken as characteristic of stock state on the Grand Newfound-
land Bank. In 1978, the investigations indicate¢d a sharp re-

duction in capelin biomass and abundance (Table 2).

Table 2. {apelin abundance and biomass in

1975-1978.
Years Abundance Biomass
{108 spec) {105 tons)
1975 29,829.2 1.05
1976 35,561.8 0.685
1977 38,614.5 1.00
1978 13,433.0 0.3
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Some causes of the reduction of capelin abundance and bio-
mass may be nameds:

1. Specimens of the abundant 1975 year class reached their
age limit and their abundance reduced sharply after the spawn-
ing in 1977. None of the year classes at the age of 5 was knowmn
to prevail in the spawning stock (Kovalev, Seliverstov, Zaferman,

1977) .
2. After 1973, no year classes comparable by abundance with

the rich 197% year class appeared.

3, Within the whole life cycle of the 1973 year class (af-
ter its entering the commercial stock) STACRES recommended an-
nually one and the samé level of total allowable catch {TAC)~
2 000 000 t. This recommendation had a pure practical aim -
to check experimentally the level of TAC with the abundant ye-
ar class in the commercisl stock and total biomass of about
1 mill.t. The actual cabch at the constant TAC level becomes
to be an index ofl stock state. The total catch in all years
was lower than the recommended TAC level, and since 1977 & ten-

dency toward its reduction appeared (Table 3).

Table 3. Actual catch of capelin in Division
3LNOP (000 tons)

Years 1974 1975 1976 1977 1978

Catch 161 167 144 72 27

As said above, the actual catch equal to 167 000 t. in 1975
may he supposed to be extremely hirh for the stock of 1 mill.t.,
when there is one abundant year class unit.

On the basis of the stock assessment in 1978, to prevent the
further stock sbundance reduction and to preserve the possibility
of contrelling the stock state, the TAC of 20 000 t. may be
recommended for 1979, If a new rich year class comparable by
abundance with the 1973 yvar class, recruit the stock, the TAC
maey be increased to the level not higher than 100 000 t.
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Fig. 1. Dependence of mean number of fish in groups <X> {1) and scattering
elements <a.> (2) on the relation <@ > of the number of echo-signals
from groups of fish to the number of echo-signals from single fish
with Poisson's distribution of fish in scattering elements.
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Fig. 2. Chart of the echometfic capelin surveonn
8-9 May 1978.
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Fig. 3. Chart of the echometric capelin survey on
26-27 May 1978.
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Fig. &. Chart of the®echometric capelin survey on
8-9 June 1978.
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