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Abstract

1. Three periods of the Soviet herring fishery in the Norwegian Dcep,
North Sea, are considered in this rcport: November 1962 - May 1963,
October 1963 - 1~y 1964 and Octobor 1964 - May 1965 •

Data are given on catch composition, relative abundance, rate of
recruitment, losses and mortality of summer-nutumn and winter­
spring herring.

The bulk of the catches for the periods concerned consisted of
summer-autumn herring: 79% in 1962/63; 61% in 1963/64; and 76%
in 1964/65.

•

3.

4.

5.

Ago structure of the herring shoals was characterised by thc
prosence of the very strong 1956 and 1960 year-classos of
surnmor-autumn herring, and a 1959-brood of winter-spring
horring.

The total catch of surnmer-autumn horrine for the throo
fishing periods was 652.31 million specimens, and that
of winter-spring herring 264.6 million specimens, of
which 106.94 millions were of the 1956 yoar-class,
119.60 millions of the 1960 year-class, and 88.66
millions of the 1959-brood.

An accordance ~us found bet\~en mean values of herring lossos
and total mortality rates, which increased from 6-7+year anong
surnmer-autumn herring and from 5+ - 6+year among winter-spring
herring.

The absence of seasonal fluctuations of catches per unit of
effort between different fishing periods, the data on catch
composition by braods, and on the rate of recruitment, losses,
and total mortality prove the high abundance of herring in the
Norwegian Deep in 1962-1965.
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Introduction

Unti1 1962 the Soviet herrine fishery in the North Sen was rather weak. The
nverage nnr.Qm1 antch cf herrine in 1957-1961 ~s enly 202,600 metric centners. Since
1962 the cntches incrensed censiderably (Tnble l)as n result of the dovelonment of
n drift herring fishery in the north-castern part of thc North Sea, i.e. th~ No~cg­
iun Deep. It is also seen from Table 1 that the Norv.egian Deep is the nain area of
Soviot herring drift fishory.

I

~bilo herrine have been extensively studied in most of tho North Sea arcas
little attention was paid to tho IbTI;Dgiun Deop (TIeport of tho Horring Asscssment
Group on tho North Sea Herring and its Exploitation, 1963; Cooperative Research
Report, 1966).

The prcscnt report gives the results of the investigaticns cn catch composition
relative abundunce, recruitment, losses und morta1ity rates of sunmer-autumn und '
winter-spring herring in thc lJorwcgian Doep cf the North Sea.

lhtorial und Mothods

Material und biological characters of herring in the NO~6ian Doep were colloc­
tod by scicntific scouting vossels of At1antNIID during 28 cruises to this area, from
Novembor 1962 unti1 May 1965.

lIerring far analysis ~~s taken fron thc drift catchos. The length of thc fish
was moasured from the tip of tho snout to the middle rays ef the caudal fin, to the
noarost 1 cm •

wnen analysing the catch composition thc fish ~s sub-divided into ene group cf
su~er-autumn spawners und one of winter-sprine spawners according to the degree cf
gonad maturity. This sub-division was carried out by the use of ago-samples taken
frcm the catchos at random, sincea selective samp1ing ~uld give a distorted picture
of the relaticnship botwcon summor-autumn und wintor-spring herring, un assumption
boinß nado that such sampIes corrospond to the compositicn of tho cOTh~orcial catches.

Such an assumption is justified by tho idontity of fishinG gear used by scouting
und fishing vosools. Bosides, herrinc in the Norweginn Deep are distributed ovor a
sr..all area in auturm, mnter und spring whore drift fishinC is conducted, and where
the sciontific scouting vossels also mako their contral haul. v~th a random sanp1ing,
amistake cn the young and old ago-groups is inevitable. Ho~~vor, its macnitude may
not be taken inte nccount because these ago-groups make up asnall part on1y of the
catches.

Age was determined by scales by using microscope "i\ffiS"-l. The first annua1 ring
of tho oUI:lmor-auturnn spavmine herrine is formod late in autumn or in \7inter of the
next year, thercfore ito agc would be over-estinated by one year in conparison ~dth

the direct rcading of tho annual rinGs. Such un over-ostimate was not made for wintor­
spring horrine. This factor v:as taken into account when year-claoses werG deterrnined.

l~ge and size compooition of herring was combined by months, and thon by soasons
und }:oriodo of fishing • A yoar of fishing consists of three seasons: auturr.n, \7inter
'and spring. In the prosent paper thc following periods are considered: Novenber 1962
- May 1963, Octobcr 1963 - May 1964, and October 1964 _0 May 1965.

The total catch of all age-groups in terms of mi11ions of spccimens a~d in
numbers ~~s determined by using the data on tho menthly total catches und catch
per unH of effort, as woll as by the individual average y:oight. The total amount
cf horrin[; of all yoar-clasoes (in numbers) was calculated for each yoar-class by
using the porcontaGo age compositicn of catches. r,atos of relativo rocruitment
und of 100ses fron the ccmmercial stock (in percentage) were doterminod by year­
clansos calculated in numbers of fish por fishing offort.

In eur opinion it is not possiblc to estinate recruitment und 1· ss rates cn the
basis of yoarlJ" catches of in~ividual year-classes, since the offort io not the same
in various seasons. Therefore, for estimating the rates of recruitment und 10ss, we
have uood the data cn separate ycar-clasoes calcu1ated per fiohing offort.

In deterninG tho ratesof recruitmcnt and losses in 1962-1963 and 1963-1964,
the number of herring in 1962-1963 was taken as 100%, while for determination of rates
of rccruitment and losses in 1963-1964, and 1964-1965 tho number of herrine in 1963­
1964 was takcn as 100%.
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Tho avorage enteh eurves were plottod by the Beverton and Holt (1958) mothod.
Total norta1ity factors were ~etennincd by thc difference of nature1 logarithns of
fieh numbors botwoon neighbouring ngo-groups.

TIesults

In tho fishinc periods diseussed, summor-autumn herring wero representcd in the
eatehes from tho Norwogian Doep by 19-31 em size groups an1 wintcr-spring herring by
21-31 cn size groups (Figure 1).

The sizo eomposition of summer-autumn herring was characterisod by the prodomin~­

tion of fish of 26 and 27 cm in 1962-1963,24, 25, 26 and 27 cm in 1963-1964, and 25
26 and 27 cu in 1964-1965. The sizo composition of winter-spring hcrrine was charnc~
tcrised by the predcminaticn of fish of 27 and 28 cm in 1962-1963, 25, 26 and 27 cn
in 1963-1964, and 27, 28 and 29 cm in 1964-1965.

In 1962-1963 tho bulk of tho eatches of summor-autumn herring was rcprosented
hy a vory strong 1956 year-c1ass, averaging 33.3% for tho fishine poriod concerncd.
Thc 1959 ycar-class predominated in tho wintcr-epring horrinG, avornging 29.2%
(Figuro 1).

In 1963-1964 tho importanco of the 1956-brood among summor-o.utu..'Jll horrine
decroased eonsiderably (13.8% of the catches) o.s a result of fishing and natural
morto.lity, and the bulk of tho catehes consisted of sevoral year-e1o.ssos: 1960,
1959, 1958 and 1957 (15.3%, 28.7%, 20.9% and 15.9% of the catehes rospoctively).
Thc S1IDI:ler-autumn herring of thc 1959-brood was poor. Hawover, it yio1dcd the
highest eateh for this fishing period, sinco 0. very streng 1956 yoar-e1ass bogan
to 10so its importnnoe,whi10 the fo11o\T.lng highly suceossful yoar-class, that of
1960, had not yot fully entorod tho fishor,y.

"k~Cllß TIinter-spawning hcrring thc 1959-brood predcminatcd, aceounting for 40%
of the eateh.

In 1964-1965 tho bulk of the eatches (34.310) ~us rcprcsonted by a highly success­
ful 1960 yoar-class of summer-autumn herring. Among winter-spring herrinc the 1959­
brood vms prodoninant (31.6%).

The nain portion of the cntches in thc Norwegian Deep consistcd of summer-autumn
herring (Table 2).

A eharnetcristic feature of eorrolation in the catehes betwcon summor-autumn°
and wintor-spring herring is the hiBher Qunntity of sUEmer-autumn spa~ncrs in 1962­
1963 (79%) and in 196~-1965 (76%), as eompared with 1963-1964 (61%). This eireum­
stanee is evidcntly accounted for by the fact that in tho 1962-1963 catches a very
strong 1956 year-elass was the most inportant, and in 1964-1965 it ~s thc one °from
1960. In 1963-1964, ~hen the 1956-brood began to 10so its invortancncnd the 1960­
brood had not yct fully ontered tho fishcry, tho pereentngo cf OUIDffiOr-o.utU'Jll herrinG
decreasod.

Thc total catches and eatchcs per unit of effort ~~rc detorminod by the eorre­
lation botTIeon summer-autumn and winter-spring hcrrinG (Tnb1c 3).

The co.tch of SWTh~or-autumn horrine in 1962-1963 was 209.86 ail1ion spccimcns,
and that of winter-spring fish TInS 86.61 million, while in 1963-1964 it v~s 243.43
and 119.18 mil1ions respectivcly, und in 1964-1965 199.02 and 58.82 million, rcsrec­
tively. In 0,11 652.31 million spocimens of summor-autumn horring and 264.64 million
of winter-spring horring ~ero cnught durine three fishinD periods.

Tho eateh of a very strane 1956 year-class cf su~mer-autumn herring in 1962/63
~us at 0. maximum and c8nsistcd of 70.16 million speeimens. In 1963/64 it dceroased
to 32.30 million and in 1964/65 to 4.48 million. In all for throe fishing periods
tho yield of this yoar-elnss rcached 106.94 million speeimons. Summor-autuwn herring
of tho vory strong 1960 ycar-class gavo16.01 million srecimons in 1962-1963, in
1963-1964 it incroascd to 35.20 million spoeimens, and in 1964-1965 to 68.69 million
spceifficns. The total cntch of this year-class was 119.90 million specincns for threo
poriods.

Thc yield of the vory strong 1959 yoar-class of winter-spring horring approache~

22.72 million specimens in 1962-1963, 46.97 million in 1963-1964, and 18.97 nillion :\.:1.
1964-1965. In 0.11 for tho throo fishing poriods tho yio1d of this year-elass ros 83.~

nil1ion spocimens.
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Data on catch per unit of effort indicate that in 1962-1963 on an average 186
specimens of summer-autumn herring and 74 of winter-spring herrine were caught per.
net 9 whi1e in 1963-1964 299 and 135, and in 1964-1965 242 and 73 were caught respec~
tive1y.

The ver,y strong 1956 and 1960 year-c1asses were represcntei in thc catches per
unit of effort on an average by 58 and 19 specimens in 1962-1963, 42 and 46 in 1963­
19649 and 6 and 83 in 1964-1965, respective1y.

The very strong 1959 year-c1ass of winter-spring herring averagcd in catches
per unit of effort 13 specimens in 1962-1963, 50 in 1963-1964, and 24 in 1964-1965.

On tho basis of such data rates of rocruitment and 10ss rates were estimated,
ref100tina conditions of relative stock strength of summer-autumn and ,rinter-spring
herring in the Nor17cgian Deep (Tab1e 4).

Tab1e 4 ShOi'13 that losses of thc vcry strong 1956 year-c1ass of SUTillller-autumn
horring v~orc 28% in 1963-1964 and 86yb in 1964-1965.

P.ocruitmcn~ of the very strong 1960 ycar-c1ass of su~~er-autu~ horring ~~s

142;% in 1963-1964, and 80.% in 1964-1965.

Recruitment of thc very strong 1959 year-c1ass of winter-spring herring was
284% in 1963-1964, while the loeses of this year-c1ass reached 52% in 1964-1965.

In the 1963-1964 catches, summor-autumn herring were roprosonted by 6 and 7
ye~rs old spocimons, ~hi1e winter-spring herring Würe 6-7 years. In 1964-1965 they
vrore 5 and 7, and 3-4 years, respective1y.

Zij1ntra and Posturea (1963) made an attempt to doter.mine 0. total marta1ity ra.te
for the North Sea herring, disrogarding the n~bcr of its stocks in thc North Sen.
They give tho total morta1ity data for tho northern, contral und southcrn North Soa
1eavi..'1.g asido thc lTorwcgian Doep.

In our studies wo attemptod ,to detorminc the total mortaJ.i.ty of suruner-autu.."'lIl
and uinter-spring herring in the No~vogian Dccp based upon the Soviot fishory data.
For this purpose the moan catch curvos ~cre plottod for the fi~hing reriods of 1962­
1963, 1963-19649 and for 1963-1964, 1964-1965 (Figure 2)9 und from their right side
va1ues of tho total morta1ity (Z=F+r~) ~rore detormined. These values are prescnted
in Tables 5 und 6.

SllInmary

The horring population L'1. tho ~o~7egjan Doep 'of tho North Sca 9 is not homogoneous,
• but a mixturo of stocks of summor--autUlPn and wintcr-spring spavmers.

In the fishing periods 1962-1963 9 1963-1964 and 1964-1965 the size groups of
summer-autumn horring in the catches from thc Norwegian Deep "ere 19-31 cm, und those
of winter-8prine hürring v:ere 21-31 c:n.

SummeI"'"ßutmln herrine \'Tore rcprenented in the catches by individuals not older
than 10 yü~rs, vni1ü uintor-spring herring ~Grc not above 9 yo~rs old, becauso older
fish disappearod fro:n the finhcry duo to n~tura1 andfishing mortality. Summor-autUITn
horring prcdomin~ted in tho catches: 79% in 1962-1963, 61% in 1963-1964 nnd 76% 1964­
1965.

The ~ge structure of theherrine stocks in the Norwcgian Deop dopends upon tho
strength af its p~rticular yoar-c1assos. During thc thrce fiohing poriods were regis­
tered tho vory strong 1956 and 1960 year-classes of oumnor-autumn horring und 1959­
brood of wintor-spring horring. The catches of these for throe fishing poriods were
106.94 million, 119.90 million 9 and 88.66 million opccimcns, rcspectivo1y. Thc total

~ catch of sU'llmer--nuturnn herring for the three fishing periods was 652.31 million und
that of winter-apring herring 264.61 million opecimens.

Changes in the abundanco of SurrLl1.er-~utumn and winter-spring herring during all
fishi..'YJ.g poriodo conoidered Vlore of a so~sonal charncter. Thc numbor of fish of each
brood incrcascd fron autumn to winte~ and docreasod towards spring. 1IQj~imuw valucs
of the yoar-cluss strcngth in tho Norvrogian Dacp in Decombor-Februo.ry are uccountcd
far by the hibernation period of the herring, vhon thcir concontrotions ure most
otablo.
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The mean value of the recruitment rate of the summer-autumn herring commercial
stock ~ns 462% higher than tho rate of losses. This was caused by the recruitment to
the fisher,y of the two very strang 1956 and 1960 year-classes. The mean value of the
recruitmont rate of the ccmmercial stock of winter-spring herring ,ßS only 76% higher
than the rate of losses due to-the recruitment to the fishery of a single very strang
1959 year-class.

The total mortality of the summer-autumn herring in the Norr~gian Deep increased
frrnn the age of 6 and 7 years, and that of winter-spring herring fron 5 and 6 years,
which is in accordance with the mean values of tho rate of losses.

The absence of seasonal changes in the catches per unit of effort between
different periods, data on the catch composition by year-classes on rates of recruit­
ffient and losses , as weIl as on the total mortality of sumrnor-auturnn and winter-spring
herring suggest that the abundance of the cemmercial stocks of these herring in the
Norwegian Deep of the North Sea, fer the periods of 1962-1963, 1963-1964 and 1964­
1965 was high.

The data on the age composition of herring catches per unit- of effort, and the
data on the rate ef recruitment, losses, and the total mortality make it possible to
approach a forecasting of seasonal catches per unit of offerte However, to make the
forecast more exact and reliable, one must know more about the timo and intensity of
herring entering the Norwegian Deep in autumn and leaving it in winter.
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Tab1e 1. Catches of herring by USSR in the North Sea, 1962-1967. (At1antlr.rR0 Dat~).
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x Noto: Pair tra~l fishing was nainly conducted in the Norwegian Deol', whi1e purse-scines ~ere used only in this area.
Data on purse-soinE!, pair trmv1 and botton travTl catches are giver- by "Zapryba" Contral Boa:::d.
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!ab1e 2. Percentages of autunm and winter-spring herring in the
Norvregian Deep, 1962-1965 (%).

, ._---------------<

t Herring j
Fishing period I

summer-autumn winter-spring-+--------_.
I 1962-1963 79 21

1 1963-1964 61 39

! 1964-1965 76 24 iL--- ---'- ----'- --l

Table 3. The main indices of the herring drift fisher,y in the
Norvregian Deep, 1962-1965

ing 1 Summer- ! Winter-Seasonod auturrm I spring

autumn 72,511 I 46,360I
/63 winter 212,256 I 119,394

spring 72,078 i 19,159
!

I autumn 69,367 I 23,122

/64 winter 195,913 141,868I

1962

-,
~ Herring catch J
\ Total ~~~ntners--r-·-Per ~ffOr;~g/ne~~__l

I Summer- Winter- I
I autumn I spring

I 25.9 I 17.6

I EJLO 23.1
I 25.3 6.7 I
~ -----
I 60.0 19.3

\ I 61.9 44.8

~ spr~ 92,150 I 61,434 I 17.8 11.8

---I- auturnn \ 114,16;1--23,382 38.0 7.8

1964/65 \ winter 191,030 I 90,119 60.5 28.5

L- ->-1_ sp_~n~ __~61,19~1 ~~!~ ~_~._1 .,__1_1.7

I Fish
i peri
~.

l----l:
I

•
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Tab1e 4. RateG of :cecruit:J.ent IJ.!ld 109SGS of ::mrJDer-autun..'1 D..'1d wint0r-sprin(;' herring in thc :r:ro~wefjinn !)eep
..---- in 1962-1965 by year-classes in catches per not unit (%) •

CD

J

I
I 1956 1955 1961 I 1960 I 1959 1958 1957 1956 i

I -86 ~_83-+ -29 L-381~±~-:~0-!
I I 1 I I I I I '

I -73 I -96 i +116 I +12) I +13 l -41 -61 I -62!
-1.___ I ---l J , -' --.;

1957

-57-60

195819591960

.-------- -------I H c r r i n g 1.1 i n t e r - s p;;i~-g---------l

~~~;;~~~\y j-2+/3- --3+/4~4+/5- 5+/6- \ 6"-+/7- I 7+/8- I 8+/9 \ 2/3-, I 3/4·~ I 4/5- i 5/6- I 6/7---r-7i8--'-1
yoar-c1assos J -3+/4 -4+/5 -5+/6 -_6+0__i_-1+/8 t-8+/9i:-9+/10t~~ -4/~.+.-5/6 I -Y7 .1-~!~~/9.J

- YO~:=c1:1ss-·1 1960 - 19;--1 1958 1957 I 1956 1955 1954 I 1960 1 1959 I 1958 I 1957 I 1956 1955

rocruitnent +142 +291 +130 +98 -28 -73 -8~ +262 +284 +78 - 39 -62 -84
lassos

Fishing
period

1962-63
end

1963-64

1963-64 year-c1ass I_ 1961
I and

I
1964-65 recruitnont i +700 +80 -56 I

1esses I I
f----------- I-·----r-----+-----T

.I ~~vornge __~ +421_~1_ +185 _L~_37~. +16 ---,_-_42



Tablo 5. Total corta1ity factors of sUDDor-autuon horring in tho N~~Togian ]eop of tho North Sea.
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Tab1e 6. Total corta1ity factors of wintGr-spring horring in the Nor.logian ]oep of the North Sen.
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Figura 1. Age composition of summer-autumn (A) and
winter-spring (E) herring in the Norwegian
Deep, 1962 - 1965.

•
fII

•
I the very strong year-classes of 1956

of the summer-autumn herring.

2 the very strong 1960 year-c1ass of
summer-autumn herring.

3 the very strong 1959 year-c1ass of
winter-spring herring.
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Figure 2. Determination of total mortality of summer-autumn
(A) and winter-spring (B) herring in the Norwegian
Deep 'I:u natural logarithms of each age-group' s
abundance.


