
NOT TO BE CITED WITHOUT PRIOR 
REFERENCE TO THE AUTHOR(S) 

International Commission for II the Northwest Atlantic Fisheries 

Serial No. 5357 

SPECIAL MEETING OF STACRES - FEBRUARY 1979 

ICNAF Rea. Doc. 79/11/31 
(Revised) 

Methods and Results of Echometric Surveys on the Assessment of 
the Grand Newfoundland Bank Capelin Abundance in Spring-Summer 1978 

by 

V. A. Ermolcllev, S. M. Kovalev and A. S. Se1iverstov 
Polar Research Insitute of Marine Fisheries and Oceanography (PINRO) 

Murmansk, USSR 

Abstract 

This ,i-iayer contains the data Oil distribution, size-atr,e 

composi tion and biolo~ical state of' lJre-spawning capelin 

concentrations. Data all calJelin abundance and biomass in Di-

vision 3L ure given.Tbe data vlere obtained by hydroacoustic 

method during the cruise of RV IIpoisku • 

Introduction 

Abundance and biumass of the Nr.;wfoundland cClpelin 

lmve been assessed by instL'uJllental methods since 19'75(Sereb-

roV L.I. ,Bakanev V.S. ,Kovalev S.M. 11j'lJ ;3eliveJ;'stov A.S. ,Ko-

valev S.hi', 1s!76.I~ovalev .s.M. ,Leliverstov A.S. ,Zaferman M.L. 

19'17) .'rhe researches OIl distribution and abundance of cape-

lin during tb.eir IlLip;ration to the s,rIawning grounds were done 

by hydroacoustic vessel u'!"oisk" in May-Jun~ 1;;7t1.The spring­

summer ,j,;'~riod of 197tJ turnf2;:d out to be wlf'avourable for the 

resciarchcs as far as their oro")'anization and conduc:ting were 

concerned. Due to anomalous hydrological conditions caiJelin 

did not .dractically approach I>he traditional SlJarllling ground 

(Division 3lf).The data obtained characterize the abundance 

and biomass of lJre-spawning CalJelin concentrations distribut-

ing in Division 3L in tlle above-mentioned ;?eriod. 
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Material anti ID<::tll0ds 

EchomC't~'ic surveys were conducted by means of EK-120 

echo soundel'(Norway,SIMRAD) and hydroacQustic mean density 

measurer of fisil concentrations ISP-1 cOlmected to it(U6SR, 

l'IN}W) .Five-channel echo-inteF";l'ating and echo-counting sys-

tems measuring a set ()f ecJ:w-siglliJls l!aralIleters in each chan-

ne1 were used ill ISP-1.This set includes the number of eoho-

:=:dgnals from single fish,f!,rouvs of fish,total echo-int~nsity 

from all fish and the number of echo-signals emitted by the 

echo sounder(Ermolchev V .A. ,1 ')'!?) .Sin;«;le fish and groul!s are 

taken in acoustic sense:one or several fish respectively are 

fOlUld in the scattering element of BVaee limited by a half-

long emitted signal and L!irectional (Liap:ram of acoustic an-

tenna.Measured echo-signals l-'i!,rameters are auto!ilatically re-

gistered on the echo sounder record as the number of deflec-

tions 01' the echo-countinr, and echo-intG/:;rating systems 1'er 

each nautical mile .l!!ach mile tn0 eC!lO-countin),; Dnd echc-in-

ter:ratin.~ t5Jstems of L.:il-'-1 arc r('sct by tllCl loC': contacts in 

tlle ini tiaJ.. {Iosi tlon, ane: .b:K-120 reGLlJ.'ds tLle. Cal-JeJ in (;OIlC(;nt-

rutions in tile ,·urvey areas \'J(~I'e obsel.'v(;d o.bovl: the: do,.?ths 

no more than 200 m and were dL.inly rec:orded in tLe 10-150 m 

layer. Therefore, tLe ran;:c:e uf l!.K-1:20 WafJ 250 ill, the cJ.'.armels 

in ISP-1 o.f!el'ated i[1 th8 following rane;es:first - 10-2) m, 

second - 2;'-:;0 lll,third - 50-100 m,fourth - 100-150 m,fifth-

150-200 m.The set of echo-si~>:nals parameters measured by 

ISP-1 ,tJermi tted to conduct t.) aC(Justic li'lethod uirectly on 

caFe lin cOllct!ntratiolls a calii.;ration uf eCllO-couJjtinr~ and 

echo-inter;r:::.tinr; systems in a.bsolute uni.ts:Dumber of fish 

per SljUare mile per onC:.' dt:.'f 1,::;;~tlQn 0 I' ISl.-'-1.II'lll-; calibration 

was !lla~e as follows: the me::rul number of ecllO-signals from 

one fish K and the squa~'e of the area of EK-120 OlJeration 

were culculatec1 on scattered Goncentrations by tne number 

of echo-sir:nals frolil Sill.'.:o;le fish K r and rsroUl)S of fish K f - s. g;. 

at the Qut1JUts of 13.1:-'-1 ecL.()-countin{~ sJ1stem and by the 
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The following equations werE: 'J.sedClrvG - 40 lOr>; r): 

Ksf .+ Kgf. =1< Nf + d . ])r- 4 "1852 
c' $vO 

v 1< 
Q 

tg -8-2 ~ D2= Dr tg &r °er= arctg 
~ rsh 

D2 
---; 
2r

sh 

(1 ) 

]).,,]),2 - 6iameters of section of the D.rea ol~ echo sounder 

operation in lonp;itudinal and cross ,1Jlanes of the 

vessel respectively at the depth r sh ' in ill; 

Se - section of tIle area of echo sounder operation at the 

depth l'sh ,in m2 ; 

B1,8l - certificate angles of directional diagram of acous­

tic antenna in lonp;i-Gudinal and cross planes of the 

vessel,in deljreesj 

Be,Be2 - actual angles of dirt:ctional diagram of' acoustic 

antenna for the given fish species,in dea;rues; 

v - speed of the vessel,in knotsj 

a. - frequency of the rep(;;ated si·"nals emitted by the 

echo sounder,in yulses/mln.; 

d~ - constant coefficient. 

The values K,Se '-&eI ttTe2 are tl.e more ,tJrecise, the 

smaller th~ fish conCE:lltl.'ation(K f-a) J the more accurate p; • 

the measurements of vessel's 31JeedYt.be higher the frequency t 

the le88 the rolling of the vessel, the thiner the layer 

under study (5-10 m). 

Capelin abundance jJsc per square mile was estimated 

on scattered and mixed concentrations by the readings of 

echo-counting system accordin~ to the expression (TVG -

20 log r): 
K f + K....,. <X> s. r-',.1. • 

.fl.sc = ~~----

(2) 
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where 

T - time of measurements in minutes, 

<X>- mean number of fish in groups. 

The value <X> was estimated by ratio! the number of 

echo-signals from fish groups Kgf • to the number of echo­

signals from single fish Ksf • (Fig.1). "'X> and .;Gore are the 

more precise, the smaller the fish concentration and the 

more homogeneous the shoal. when the distribution of fish 

in the scattering element of space may be regarded as ~oi­

sson's distribution. Simultaneously, the echo-intensity 

IISP of the echO-integrating system in ISP-1 was measured. 

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

~c = CISP IISP + dISP = 30.80 • 105 IISP+ 2'10~ R = 0.94 

(3) 

where 

CISP - coefficient of absolute calibration of ISP-1 

echo-integrating system in numb{';r of fish per 8l1uare mile 

per one defl~ction IISP per a mile, 

drsp - constant coefficient. 

R - correlation coefficient. 

Coefficients CISP for ocher Lngths were culculated from 

the ex~ression (Nakken 0., Dommasnes A, 1975): 

(4) 

where 

en - coefficient of convession estimated for the known C 

and L values from the expression (4). 

In the course of 'surveys capelin were mainly recorded as 

local sboals or as scattu~'ino l.2,/e;,:' with the concentration ex-

ceeding the resolving l!ower of l!.:K-120; dis~ersed and mixed ca­

pelin shoals were rarely record8d. Therefore, the echo-counting 

system of ISP-1 was used for absolute calibration of echo-integ-

rating system, which readinp;s w..;;re later used for the assess-
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ment of fish abundance in the areas surveyed. 

Discussions and conclusions 

In May capelin distributed alonf, 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 be!;ween ')0°30' and 51°00'W. 

In this area the capelin was observed till midJune. 

Scientific-scouting works undertaken in J'une in Division 30 

showed that the young capelin and sand eel uistributed over 

a considerable expanse of the area. l\Ilature capelin in this 

area were taken only as by-catch. 

In the first ten days of l\.'iay the mean len,'ith of males in 

the catches was 15.3 cm, of females - 14.3 cm. In the second 

and third ten days of May the fish of somewhat Ione'er size 

was observed in catches. So, in the: second ten days of May the 

mean length of males constituted 1b.8 em, of females - 15.8 em; 

in the third ten days of May the mean length of males was 17.2 em, 

of females - 1?8 em. 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 ten days 

of May the index of stomach fullness of 79% specimens was eq-

ual to 0 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 leneth cOID,b)osition of fish also 

fluctuated. 

In the first ten days of June t~le mean length of males in 

the catches was 1b.1 em, of females - 14.8 em. The specimens 

of maturity stages 3-4 and 4 constituted the bulk of the catches; 

the fish fed intensively. 
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After June 20 the youne: caYE;lin al:Jpt.!ared on the vast ex­

panse of Division 3NO. Their concentrations were recorded in 

water strata and in the near-bottom layer in the day-time, 

and closer to the water surface at ni~ht. Smaller fish with a 

length frequency of 6 to 10 cm (average len~th - 8 cm) were 

observed in the north of Division jNO. In the south of Divisi-

on 30 the length frequency of cape lin was from 7 to 12 cm. 

Inspite of the an4malous capelin distribution in spring­

surnmer and also taking into account the peculiarities of their 

migration in May-June 1978, we still succeeded in the rese~ 

ches on determination of the dynrunics of changes in abundance 

and biomass of capelin on their route,s of migration to the 

spawning grounds. 

The first echometric survey was done on May 8-9 in the area 

limited by 47°30' and +9°30'N and be~ween 51°00' and 51°30'W, 

the second survey was perfonned on May 26-27 in the area from 

46°50' to 47°20'N and between 50°00' and 50 0 40'W, the third 

one was done in the area from 46°:;5 1 to 47°10tN and between 

50°30' and 51°00'W. 

Figures 2-4 show the charts of the surveys conducted. The 

charts present the total echo-intensities pE::r each nautical mi­

le IISP- The results of processinr; the data obtained are sum­

marized in Table 1. 

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

C1SP x 10· 
Oate of Mean Mean spec/mil e2 / Area Abundance Biomass 
survey 1 ength mass deflection S N x 10' W x 10. 

[ (em) P (g) IISP (mil ) spec centners 

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 hydroaco­

uBtic vessel "Poiskll and Canadian RV "Gadus Atlantica" aimed 
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at scouting od capelin spawning concentrations on the south-

eastern and south-western slopes of the Grand Newfoundland 

Bank and on the syawning ~rounds were not successful. The terms 

and areas of spawning and mi~ration routes of mature capelin 

in spring-summer 1978 remained indistinct. Such features of ca­

pelin distribution and their behaviour we consider to be asso­

ciated with the peculiarities of t~mperature conditions of this 

year. Water temperature in the main branch of the Labrador 

Current turned out to be 1.5 0 higher than that of last year 

and 1° higher than the long-term mean. The main branch of the 

Labrador Current along the eastern slope 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 ~I'ounds in June 

(surface wa:ber temperature fluctuated fI"om 10 to 11.6 0 ) per-

mits to suppose a possible capelin spawning in other areas. 

As a r!::sult, the assessment of the pre-spawning capelin 

stock in 19'78 is incompletely comjcarable 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 occur­

red in capelin distribution in cOilll,urison with those of the 

previous years the results of the echometric survey ~ay be 

taken as charac"teristic of stock state on the Grand Newfound­

land Bank. In 1978, the investigations indicat~d a sharp re­

duction in capelin biomass and abundance (Table 2). 

Table 2. Capelin abundance and biomass in 
1975-1978. 

Years Abundance Biomass 
(106 spec) (106 tons) 

1975 29,829.2 1.05 
1976 35,561.8 0.685 
1977 38,614.5 1.00 
1978 13,433.0 0.31 

E8 



- 8 -

Some causes of the reduction of capelin abundance and bio-

mass may be named: 

1. Specimens of the abundant 197j 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 known 

to prevail in the spawning stock (Kovalev, Seliverstov, Zaferman, 

1977) • 

2. After 19'/3 I no year classes comparable by abundance with 

the rich 1973 year class appeared. 

3. Within the .hole life cycle of the 1973 year class (af­

ter its entering the commercial stock) STAGRES recommended an­

nually one and the same level of total allowable catch (TAO)-

2 000 000 t. This recommendation had a pure practical aim -

to check experimentally the level of TAG with the abundant ye­

ar class in the commercial stock and total biomass of about 

1 mill.t. The actual catch at the constant TAG level becomes 

to be an index on stock state. The total catch in all years 

was lower than the recommended TAO level, and since 1977 a ten­

dency toward its reduction appeared (Table 3). 

Table 3. Actual catch of capel;n 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 be supposed to be extremely hir~h for thE: stock of 1 mill. t. t 

when there is one abundant year class unit. 

On the basis of the stock asse5sment in 1978, to prevent the 

further stock abundance reduction and to Vreserve the ,b)ossibility 

of controlling the stock state, the TAG of 20 000 t. may be 

recommended for 1979. If a new rich year class comparabl" by 

abundance with the 1973 year class, recruit the stock, the TAG 

may be increased to the level not lugher than 100 000 t. 
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Fig. 2. Chart of the echametric capel in survey on 
8-9 May 1 978. 

-r--------- ~- ~- ,......... -- -~- -_ 
~~IWJt/fI.-nfl: 1lPlI·''''If'-fOU,9 ' .... T·'''' 
rlPII6DPMcn'f' lIe.lOll. /ll@Dl" 

Fig. 3. Chart of the echametric capelin survey on 
26-27 May 1978. 
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Fig. 4. Chart of the'echometric cape1in survey on 
8-9 June 1978. 
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