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Abstract

•

Year-to-year changes in thc meen length of 3- to 8-year-old cod

in recent thirty ycars (1949-1978) are considered. Almost all age

grO\l}')s of cod had tbe greatest length in 1967 and 1971-1972 or 1971

1973. In recent five years the growth rate of cod of all age groups

decrc8~ed end was close to the meen value for thirty years. A ten

d.~ncy c;ov,ards areverse relationship between the population density

und cod meen leng~h end a direct relationship between the growth

r~t0 end feeding indices.were revealed.

On the basis of summarized data obteined for many years from

fiold analysis on maturity stages of cod gonads in th~ period of

Hsh migration to wintering and spawning grounds'(November to Feb

rUß~Y) the percentage of mature and immature cod at different age

in yeorswith different growth rate was calculated. The caIculation

of thc percentaee of mature cod at different age in auturen/winter

~ill permit to predict the age compositien of mature cod at Lofeten

spowni.ng grounds in spring of the next year.

A hi[;ber rate of cod matura tion in the sixties-seventies as cor::l

pDJ'cd to tl'c thirties-fifties as well as a lower mean age ef spawn-

·1?IIHiO, 11l.cc"nsk, USSR

funk-haas
Neuer Stempel
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11 a'agit des yariatioos interunnuelleo de 1& t~ille ~oyonne

de 1a morue de 3 a 8 ans au coura de trente de~liere8 annee~

(1949 - 1978). Les anneee 1967 et 1971-1972 ou1971-197J ont et6. ~

earacterieeee par la taille maximum du poiason: de tous 1es agas.

Les oinq dernieres annees le rythme ,!e croisaance de la taille de

la merue de toue les ages a baisse et s'est rapproehe du rythme

moyen pour les trente ans •.La tendence a ete relevee au rapport

inverse entre la densite de lapepulation et 1a taille moyennc

de la morue et dU rapport d1rect entr~ lee indices d'en~raiasement

~t 1e rythme de croissAnce.

En generalisant les resultats des recherehes effectuees

pendant p1usieurs annees eur les stades de maturlte d~gonades

de 1a morue lors de ea migration vers les lieux d'hivernage et

de frai (novembre - dp.cembra ) on definit 1~ rappert entre 1es

Individus mature3 et non-matares de la morue d'äge dirtCrent eu

cour. des anneee caracterieees par 1e ryt~~e de crolssance

different. Le pourcentage des Individusmaturea parm1 16 moru~

d'age different an autc~e et en hiver permet de prevoir l'age

de 1a morue maturee dans lee frayerea des rIes Lofot€n au
\

printemps prochain.

On 6 releve l'accroissecent du rythme de 16 maturaticn

sexuelle de 1a morue dans lee annees 60-70 par r6PP0rt aux ennees

JO-50 et la baisse d'age de le morue p1eine.

•
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Introduction

\ihen investigating tbe rogularities of abundance dy~amics of

the commercial fiah populations the study of tho fisb: ~ro•. th rote

and connectcd ~ith it maturction rote in cf parumount significcnce.

1.;~my important pO:JUlotion parar.lCters (reproduction and naturnl mc::.'ta

li~y rl?tes, duration of lifo, use cf feeding area etc.) dopend

Grootly on these characteristics, the estimation of which i5 re

quired for ~orking out the biological basis of rational fisheries.

~ In changing conditions of abiotic, biotic environ$cnt and ~ith

. chanBes in thc effect 01' ontroposcnic factor thc rates of fiah

ßro~th an~ ~ntur~tion, in varticular, those of north-eastcrn erctic

cod (GBdus morlrn8 morhus L.) are also subjected to consiuerable

chnnges, either one or other factors being the main cause 01' these

che!lces (P.ollefsen, 1938, 1954; Saetersdal & CadiIr.ü,1960; Dcmen

ty€'IO ~. J~~ankevich, 196Gj Fonomarenko, 19688; Eorisov, 1978). That

is why ~Q hov~ oncc again to consider these problems, to reveal

na\': :::,cla~:ionGhilJs or to find confirmation to the Y..Lo.m regularities

on th~ bDSi~ of nc~ d~tD.

I

\
1

I

I,

~ •
·It i5 cor.~on kno~leuge tr~t two cnvironmentalfactors exert the

i;1"r.atest inf]ucncc on thc fi6h grov;th: food (quantity, quality snd

3'lailt:bility) :..lrJd ter:l~)eraturedetermining the intensity of I:leta

Golis~. ~hen food is sufflcient all the time the Growth rate i8

dp.terr::incd by temperature: at lO';;er ternperature of wnter r;~uoscc 

it decreosGs, end ~hen the tempcrature rises up to optim~~ - thc

(!'ro\',tl" rate occelerates. i;hen the nutritive base! ~hangcs end the

tempereture iBmore or loss constant the fish growth rate uepende

on tbe ovoilubility of food ~hich in its turn aepends on thc num

ber of com:UlllerS and quantity of food in a reservoir. In any case

changes in tbe r;rowth rate 01' fish in son~e periods are faund to bc



•

- .4-

closel::" connectcd \'ilth those cnvirorur.ental factors which sUIfer

cünsidcrable chunges.

The first tack of the present paper ~ns to dotc~ine the umpli

tude and reasons of year-to-year fluctuDtions cf the mean len~th

of the Barents Sea cod of the same age in recent ye3rs.

The second task was to calculate the percentage of mature anu

it~~ture specimensamong females and males of cod at differentoce,

and to determine the maturation rntc of cod in 1967-1978 in con

nection with changes in tho gro~th rate.

Material and methods
Data collected by PINRO for many yenrs on the mean lengthof

eod at different age insomo years, results of tue field analyses

of cod feeding which were assumed as a busis for caleulating the

averase annual indices of cod stomach fullness (Ponomarenko & Ye

ragina, 1978) and surnmarized data of field analyses cf ccd [onods

maturity stages \'wre used in the proscnt papcr.

Data on cod maturity were collected in the course of cod ~l€

. snmpl.ine; durine their mit:;:rotion to winterinc; ond sp&.\·ming groulldD

(r;ovember to Februcu;y). :Ln this period the ·e;ol11:;ds oi' I:laturing co'1

(those ';.hieh will s:i.)::nUl in slJrins oi' tüe yeur coming) diff€.r nost

mo:r:'kedly from the r:::oll&ds of innatllre eoel.

stages of cod I:wtnrity V,0rc düterJ:iined visually b;y 6-division

3c~lc (.3orokin, 1957, 19(;0). Fishes whosc gonads .in thc mcntioned

•
see bon ~cra at trie maturity stcßes I or 11 were considered immature,

anu '~hose with c:on;,dn· at 1I'1:lturity stue;es 11-111 to YI-II IDatl:re.

The D~1al;)'si<3 01' tiata on separate age groups permitted to calculatc

thE: perCt'r:tD::,C of lll:Jture fish 8mong cod at different age. In all

67&19 cod specimens were anolysed in llovenber to Februtiry to deter-

,;)in!; ~he on;)ds- r-,:lbrit;r stages for 19G6/19G7 to 1977/'F:'78. About
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76%.of all data was collected in the southern Bar8ntsSea (area I),

~1'.6% - in thc Bear Islnnd-SpitoberSt;n urea (IIb) and ::.65; - off

the nortl:-westcrn coaot of liorw0.Y (na). '.i.'ho °datafor th~ last

suba:rea were collccted only in autwnn;\linter of 19<":6/1967, 1909/19'/0,

1970/19/1 and 1~)'IG/197.?

Results

°Year-to-Yl;;C~' clume;üs in thtl mean length of cod of some aga groups

ein cO!:lparison "I'.. ith thc long-tern mean are shO\':n in Fi€;.1 and ....

In area,I thc nenn leneth of cod of all age groupo under study

decroascd shari;ly f.l.°Ofl thc lat~ t\';enties to mid-thirtiesi thon it

increased up untll tho suv~nties, eS~Gcially that of yowl~ür D.3C

In 1549 - 1S78 the u_an len€;th of 3-year-old cod in thc oouthern

Earents Sea varied frou 3~.'l ~o 42.3 cm,.the coefficient cf variation

of the thirty averase nnnual v~lues ~us 5.2~ (Table 1).

~ith the increace in the cod a~e coefficients of variation of thc

average annual lenGthl? decreased and ~\ere 4.1;~ for the l~_ und

~-year-ol~o. und 3.1%, 2.7~ und 1.~~ for the 6-, 7- m1d ö-yoar-016s

J.'8oI.octively. In subnrea IIl> coeff.'icients of variation of the thirty

• avero.ge annual l02.nGth valnes were higher und v<.t.ried from 8.0;6 :ror
Je • "

j-yo~olds to 3.5~b icr 8-year-olds (~labL: 1).

• ):n the twenties-thirties' the cod ag8 was dctemined by scale, in
the su~cessive yoars- by otoliths. It is ~uite possible that a
Great uifference in the mean lengths of cod of thtl zame age in the
twentios-thirties i5 caused tJ a greöt extent by errors in deter
~ining the age und different reading of thc first annual ring by
various scientists. That i5 why we calcula~ed the long-term menn
len~th of cod of some a~o Groups using the drita for the recent
thirty years (1S49-19781 ~hcn the cod age was determined only by
otoliths. °

··It ~ay be to SODe cxtent caused by the increas8 of mesh siz~ in
~-:-isllin€; gears wblch were used for age sampling: until 1961 the
~J mm müsh size was used in trawls, in 1961/1962 - 110 ;um, in
1963-1966 - 120 IIlJIl,fr~m1967 - 130 m!Il (manila).
'. "
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In the sout~eru Darents Sea in ~'eccnt thirtiy ;:rc.rr; al:llost a1:.

age' groupe ,cf cod Lee. tL.(;,l smallest melll1 lec;_~tb. in ': ;'~S:-'195) and

the greetc:st one and cOllsequently thc hi:;hest gl.'O\'ltl.: ~,,-:;.t~ in 1<)0'1

anu 19'/';/"19/2. Judsi.ne; by average fiß'\.t~4cs tlH.Jo p;ro..\ t:l 1'8.te " ....'" C~):jv.\.

tllirt:l yeers. "-'he D~l.:~\: telld,811cies in var.L8.tions of tbo :.4cc,n len~l.th

01:' ce)t; G1.' !:;o;ne ug'e ;::;roups ~·.l.:re rugistt'red also in subarl;u IIb in

weight of cod of GOill0 Jear clasnes in areü I und subarc& lIb

(according to observations Q~t~).

0i.:m.;;ntyev;.1, 'I'.F. and IUmü:;,;vich E • .1.1. (1960) r,ho studied -eile

ch.::m,:-;es in tlH.: cod gro\"th r;'it:;; -::-:1.' 1')j+-19üU r0g.istered 3. good

C0I'L'81:::.tion between thc eoo ~·~U-"l lent;thn in <looe ;ycars und the SUll:

(li' tenpernturea in perioce; of füedi~ during ehe fish life. ~h(;

authers hava cone to the conclusion that tec.1,peI';.~ture Vi3.S OlL:' cf the

~a.in fuctors that influenc0ct on the cod grol'.'th rate, a.....d "t;he ~u~:'V<.

01' \'..ater heut 'CO;l~;ent nlr.l:;st repeats thc CUX'VCS of cod 3ro\"rtl~ ;'nte

lIo\";"vtZr, the sil;uul;i.o!~ i.,'j,S different in thc successivo ~'18u.l.':::•

as~ 5I'Ouys ~ncroased notwithstcndinc Q st8ad~ coolins cf the 30-

::.'ents Sea w:r~ch does -not seer:t to favou:I:' thc incr6ase in gro\'.'th

nlt(! of cod. IJono4l3.I.'t;l1::o V.P. (1968a) concl1lded that the .nain

re<1,san of tne incrouse in Isro\'lth rate of cod in tL.0sc :;{r:o.rs W,lS

sco.ttf.:ring of the P01)ul3.tion caused b:: the intensive fishery _e.nd

laCl-;:'ü:t' strone; yeai' ;.;li.1sSCS in tbe stacl:.

Bcrisov V.E:. (19';.'3) consi'dü:::'S that tu.: increase in rates of cou

srowthand üln tu1'0.tion fl'Ol'l the thirtics to the sQventies i8

•

•

j
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connoctcd not so lUuch with a bettor'Gupplyof' fish with food as

with a seleetive eff'eet of the intensive fishery on the struc~ure

of eod p?1Julation. i~ith an increase in fishery intensitythe abwl

danee of slow-grow~ng and late-maturing cod in years preceding

their first spa"ning decreases so that they almost do not parti

cipate in the reproduction. At the same' time the role of fast-
...

Growine and early-maturing speeimens in the reprodu~tion increases,

on the contrary, and they have advantages in the forainf; of future

year classes.

~e do not dony that tue su~geGted hypothesis in quitelogical

and,right but still consider the sCdttering of thc population and

better food supply of fish resulted from it to be the IJ.ain rcasons

of the increase in growth rate of cod from the thirties-fifties to

the seventies. A tendency to the reverse relationrhip between the

cod stock size in the Barents Sea in some' years (the average annual

catch per unit of fishing effort may serve as an index of cod stock)

and,growth rate proves this. Scattering of the cod stock under the
•

influence of' fishery and due to appearanee of some very poor year
' ..

elasses (1901, 19u5, 1966, 1967) eontributed to the inerease in

~rowth rate in tho sixties and early seventios notwithstandin~ a

low heat ~ontent of the Barents Sea wuter masses. But when some

rich year classes entered the eommercial stock in the ,seventies

(Trambachev, 1979) the mean length of cod of all age groups do~

creased (Fig. 1,2) which was indicative ef the growth rate reduc-

tion.

The tenaency to the reverse relationship mentioned above is not,

however, al~ays distinct. This results, first ef all, from food

supply of fish d<3ijCndin~ not only on the number of consUmers but
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01.' cap~l'i~n (Icuo:aO:I:'enl~o 'E;: Y:u'o.r;irw, '1~}73) tr.0 ':11<:::,.0. :'nt.\.l"\X of ::to-
, . " '

.l::t(lch' fullne~:3 of cad ;J.nd. thci":!:' GJ'o\,-"bh r~to :~ere COLq):):::"rl t'ivo ly lo\~

notwithstar..ding .the poor abul1uancr~ oi cod in tU s ";:'8 :.~r CHi;:;.;7).

l;vldel:tlj' the more stable 'the 'nutritive base i3,t110 :YlDl'G dintinet

tlw ne.?,uti";o rel,atiob:sh{pb~tween the, ubuncnnce ond g:co\'ith rate

ol' ~od nnd'v:i.cc versa. 111' a thirty":yeiir perlod the rdat:i.onship

bct~'e~n:tl{e l'iean len;;t h of 4-yenr-old eoa 'und average ~U3.1.

cS',t611c~of tbc f.ish per tro...:linc haur 'by r::ur.::lc..nsk :üdo trawlers

:"'J;;,y bc ox;;rcsG<:d l.ly cor-relation coefficien.t· equ:ü to -().Jt.9, bet':"

'.;'(:cH 1;,he molt.ll len::;th Gi' '+-;yccr-cldn "md menn indices cf ßtoIfiach

fullncss. of cod 1n ?or'rcD.lJondillS ~1,(jars (n:20)- -+O.fO (southorll
, .

D3.T.'8r..t6 Goa) ,bctwee:J. the, ;)'ieo.n lengthof G':'year-olds of foul'h:<-m

yuar ch::;s~s and abundo.i1cü ind"icen of c~rrespond-i.ng year eIneB!;);;

-0.69 <.I3ear Isl'and-SpitsbE:rr:;en. I'lroa)., ~'he negatlve reln'tionsllL.i:)

bf-itWGe:l t1:w' ;.bundance nnd IDeen lensth of cod of so~e age f~l'OU::"S

r;rowtn:< r:J.t<: chüu.ld bo eXl-'ected' in th~ f l:Cst half ot' tlw oit;1~t;i.0fl.

due to G)p8üri::..ilCt) Qf'~h).t:l(. pOOl' J'oaI' ~lmweG (19'1G~1S79).

Usinv; tll;'! u,;:-t8. ()f nw::wrous ficld unn.lyses on r;onauG r:lo.tux'i ty

o l:.t:ürwu du ~..inr;· tll0' cod ~,'ie Si1lrl.fl1ine in thericriod cf thcir l:1if,

ration \';c;;·:"'.:ü',l::> La \';üittn.'Ül['; end s.:,:<\tirüÜ'':; t';~'ounds (llovcT1ber to
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According to the analysis made some specimens of 'cod in the .

leES area I and subareas IIaand IIb'in the p~riod from 1966/1967
,

1977/1978 ma~red at the age of 4 und cven 3 years (0.5and 0.2%

rcspectively of tlletotul number of exumined fish or ~hese' age

gro~ps). 2.4. 5.~ and13.~%,of specimenn matured at the age,of 5,

G and 7 years respectively, 30.8 and 57.4% - at thc ag~ of 8 und

C) yours. Cnly at the age of 1Jj. yoars all, 100% of cod 'were mature

(Table 6). The maximum cod age in our samples was 19 yeurs.

, ~he percenta~e of maburü specimens of thc 'sume age was higher'

irisubarea IIh than tllat in area I (Table b). This resulted evident

iy fr·om a, higher growth ,rate of cod in thc Bear Island-öpitsbergen

", are~ (Tables 1-5). Off the north-western eoast of Uorvmy (IIa)'
, .
where the main spawni~g grounds ofeod are situated the percentagc

of mature fish among cod of same age groups is ?igher than that in

f~eding areas (I and IIb). It is natural an mainly mature finh

migratefrom feeding areas to spa\vuing grounds.

,In all years und throughout the surveyed area an 0. v/hole mature

cod oade 'lp 8.3~ of the total number of specioens oX01llined (67629

10.9% and in subaroa 110. - 58.0%. 8- and 9-year-old flsh predomi

nated ~ong mature cod (Table b, Fig.5). Thera were only 21 spcci-•
. spec.), in area I,mature cod eonstituted 5.9/~, in subarea IIb -

,
mens of 13-year-old coü and 10 specimens of 14-ycar-old flsh. That

iso why notwithstanding a 100% maturation the portion of 14-year-olds

in the 'total number of mature fish of all age groups (O.2~~) was

conside~ably lo~er than that of,5-year-o~ds (8.6%) though only 2.4~

of 5-year-olds were mature.

Among mature cod males predominate~ at the age up to 10 years

and"females at the aga from10 years and older. The oldest age

ßroups (1'l-18-19 years) were presented ~y females exelusively. The
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prevalence oi' males ~',L;S tlw f;rcatcst among mature slJecimens 0.1, the

aGe of 6-7":~': iears (Fig.5). The percen~age of m.ature specimens of

these agegroups'is higheramong males than that among females

(~able 7) ~hich is indicative.of earlier maturation of males.

In yeurs with the highest growth rate of cod (1967, 1971/1972)

,the 'percentage of mature specimens of all age groups was somewhat

hig~~r than the mean values given above (Table 7) ~d in recent

12 yoo.rfJ ~üth the lowest growth rate (192:>9, 1974, '1975)' - sOLlewbnt

lower. For example,' in the first CUl..<l the portion of 'mature cod

among 5-year-olds wa~ 5%, in the second case - 1.4%. ~ong 6-year-

ölds - 7.3% und 3.9% respectively, and among 7-yea~olds

and 10.7% etc. (Tuble 7).

Garrod (Garrod, 1967) using the data obtained ·by R~llei'6en' (Ro-.

llefsen, 1954) und Ponomarenko V.P; (Ponomarenko, 19G8b),attempt0d

to determine earlier on th~ basis of other methods the percentage

I
\.

of mature fish 8.l'llong cod of different age groups. If to it;norc dL

. f<n'onces in methods of deterlZlining the percuntage and to coplpa::o

our data with those obtained by the authors mentioned above we·m8Y

stute, thatthe percentago ofmature Cod of 60meage 5rou~s increa

ses cspecially that of younger 'ag~ groups ('l'able' 8i~· Thus, . \Va nIo;)'

conclude that the matur~tion rat~ ofc~d increasc~. I~' in the •
'. . .

thiI~ieB-fiftiea~O% of. cod became mature betweenth610th and
. ". ~.~

11thj'Elur cf lile '(Rollefsen, 1954, quot. according to Garrod•.

-1%7~, no':, - botween·the 8th und 9th your of lile, i~e. 115vß
, • .' . . -" ',' .' 'I ~' '\. .'

point of matlll'ation nhifted by two years towards ·~'oUn.ge·r age •..'
•..: ß' ,,' :' .......

~he increase in maturation rate of cod could l~rdlY·be.whollY.

h't;tdbutE:rt~·thC.increase in 'li~ear growth ro.te •. FiguI:es l' und 2

show th~t' in' recent:five years the growth rate of coü in urea I
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and subarea IIb was'elose to thu 10n3-te~a laean (jO y~ars).

~e consider tiill hypo~hesi~ of a soloctivc offect of intensive

"iisher~on the structure of cod j!oIJulation g.uite I.'eal (Borisov,

1978). As a result of such selectioJl the portion of la.:te.-matu:L'ing

. ·f'isb. in the pOi,ulation decreascs steadily as they ha.ve much i'eVJ(~r

cbances to survive prior to s,pD.wning and to spavm in coraparison

with fa.st-growing s~ecimens.

We can aßree with V. I .Bol'lsov tlmt tllO artificial sioplifica-

tion of the ngü structure of tue long-lived floh stock and farti-

.cularly that of cod leads to tho ex2austion of genetie fund of

the population, lo~erinß of its rcslsto.nce to the influencc of

the environment, l.'eduction in th!.: .toraginc; aren ~md undcrexploi

tation of the reservoir nutritive base.

Shorten~ng of n lif~ cyclo of thc iopulation wld oean c~u ur

m.ature fish is one of the first S~';IlptOm.C'or the influence of iIl-

tensive fishery on tho pOl'ulo.tlon structure. According to our ü';.'t;:1

for 19~7-1978 tue muun o.se of ~cLure cod in the lc~n urea I ~~U

cubareas IIb D.DU IIa i';o.S 7.9 yb[,rn inc;luJ.inr; 'i.8 YCUl.'S in nraa. I,

7.6 ~'uars in subnl:c.a lIb ::lnd 8.7 ycar13 in subarea lIa. j)'or co:n

parison Vie culculated tho mODn ar;a 01' r;.fJnwnin~ cod in i.1uI:rnnn in

19;$6-19"1-6 usinr; data [l'om lJ~'E:lvii)uS ;)npcrs (Glebov, 196,). 'l'h.. '

menn aga was 8.5 yc;ars.

In subarea 110. thc l!l0nn. ar,e 01' nj,'~i'ininG: cod C~u5ht by a lvllS-

line in the Lofoten n:t'0a 1n 19:;)2-19;"'1 Wo.s 10.;'; ycars (Suotersünl

~ & Hylen, 1964), 'in the succcssivo yeurs - 9 yoars (Hylen ~ Drace

sun~, 197" quote nccol.'din~ to Anon. 1979). Our data indicute to

a decrease inthe m.enn aGe cf nuture cod 'in area I by 0.7 01' a .

year compared to 19,G-1946.
. dnto

'1'0 vcrify obtained by ueYöD. the percontage 01' mo.ture fish



:J.tt~mpt to det~r~e tue ase cU:lpositlon of spmminc; cod ':s~:r8i)

. on the.Lofoten spawning erounds in ~pring 1978 using the dutu für

November 1977 to Febr'J.al'~! 1978. During' calculations '::e also. useil.

cnta cu the total stock (number of specimens) oi' cod at difforent

(lee in the beginning <,:>f 19'78 ..;iven in the Report of the IC:E8 '.. 0:::"1:

.:.ne'; ::ih)'.lp ((,;.;.:. '1979/G:c.ü, :!'able 10).

oi.' t~'::ch a:-:~ :::I'OUP we de~er:n.ine the nUClber of specimens oJ.::::a tUJ.'n e
~od of each u~e sroup and the percentage cf sone ace sroups. A

Grent similarity b<:t\';een tue calculatLd and actual of~ecO!uposition

. , '. I

.:;f 1;3~:rci (Y&.~:obsen, 1979)indicates that the deterrnined percentu.-

"~S of mature fls~ ~1ons cod at d~fferent age (~S9qcially those

of ;YOUllg cod - up to 10 years) ::..n:: very close to actual (':G.blc Si).

~n~,.!.'o was also noted 13. P.'00t s:; lilarity bt;:'l;\';C(m~c!:le c:J.lculetoc:

e
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Table 1.

Licits cf voriation, lon[-tc:n ~e~n volu8s and coofficients

of v6riation of the meen length of :r to ß-;year-old. cod iIl.

a 30-yo3r pOI'iod (1949-1978).

3 33,70-42,30 38.44 5,2 28,05-45,85 38.86 8,0

4 4I~Oo-49.15 45,15 4,1 42.90-50,55 47,14 4,2

5 48,69-57,30 52,54 4,1 50.55-60,65 54,95 4,7

6 56,07-65,00 60,89 3,1 57,90-67.60 63,29 3.9

7 64,39-72,06 69,37 2,7 65.10-78.50 71,84 4,0

• 8 75. 64-8I, 50 77,80 1,9 73,65-87,00 80,07 3,5
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'i'.:::lole 2.

1.:oan lenßth of cod of thc 1946-1976 year claBscs at diffe~'ent

abc in thc southcrn Barcnts 8eB, cm

----------------------------.------
Y30r Ä g e

closs · 3 4 5 6· .' 7 . Ü 9· .
·----------------------------------I

1946 36,30 43,IJ ::0.10 59,90 68,90 80,18 85,95
1947 37,80 42,80 50,30 60,62 72.06 78.90 86,80
19'+8 :35,1'5 4l~. 05 50.40 62,ll9 69,65 79 ~l~5 ,86.80
1949 J7 .75 41,50 52,98 59,55 69,25 78,00 82.25
1950 34,15 45,13 50.50 59.80 68,65 76,90 ' 83.55
1951 38,78 4:3,lt5 51,80 61,70 69,50 76,20 85.15
1952 JJ,70 Lt ?,50 52.45 61,10 67.60 76,95 83,'15

1953 '37,80 44.70 51,70 60,05 69.75 77,60 84,25
1954 37,00 1t 5,50 51,85 61,65 71,50 79,65 89,15
1955 40,45 46.3,0 53,55 62,10 70,65 78,85 88,55
1956 38,90 46,20 53,55 61,40 69.65 81.50 90.45
1957 38,JO 44.25 51,20 60.00 71,00 79,45 84,20
1958 38.20 Lf5,45 51.75 59.85 69.55 76,20 83.70
1959 39,85 45.50 49.60 59,55 67.65 77,7C 63,75
1960 40,30 1+4.20 51,15 60,55 71,80 77,00 8lt, 05 '

L96I 38,60 44,95 53.35 65,00 69,55 77,60 83,20
1962 J7,OO 46,55 57,30 62,35 69,85 76~80 84.75

1963 1-tI ,10 48,65 54,20 61,00 68,65 77,75 86,45

1964 19,10 'IG,25 52,65 60,25 71,10 80,05 90,55

1965 '39,35 1}6,70 53,25 62.65 70,40 78~90 . 84,50

1966 41.20 li6,05 . 56,10 64,50 72,00 76,70 ' 84,00 •1967 ' 39,75 49.15 56,00 63.00 71,45 77 ,40 83,35

1968 41,25 48,75 55,90 60,75 68,25' 77,25 86,75

1969 42,30 4 l t,65 51,60 60,75 69,50 79,10 83,75

1970 38,10 43,14° 53,20 61,05 70,15 77,rO 83,05

1971 36,60 44.75 53,00 61,40 69,90 76.95

1972 39,45 l~ 5,15 53,90 62,25 70.00

1973 38,'10 45,90 55,10 61,00

1974 38,35 44.85 5I,55
1975 37,95 42.35
1976 33.90
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?:..ble :..'.

Mean r;eicht 01' cod of the 1946-1976 YGar classes at di1'~'eI'CD::;

egc in thc southern Barents Sea, 5.

75 6 :. ... .
-----------------------------~---

-, - - '7. - - - '":" - - - -Ä' g- e - - - -, - - - - - - - - - - - - - -
Year .

class'

•

I91.f6
19/~7

1948 .

1949
1950
1951
1952
I953
1954 ·
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967.
1968
1969
1910
1971
1972
1973
1974
1975
1976

575
E24
JOO
45B .
362
553
.361
513
451
594
556
544
546
590
588

499
537 "
631
536
L.aß'

505
565
647
700

468"
423
552
530
506
479
363

885
772
7ßJ
635
829
759
791
849
825
942
929
815
880
830
706
816
916

1000
792
876
888

n07
1021
751
703
796
834
879
777
662

1039
II41
IIJ6
127/+
Ir7) .

1081
DOI
1200
1304
1420
Dß5
1231
II78

5B5
II59.
1409
1552
1315
1228
1334
1607
1532
1459
lI68
1327
IJ59
1381
1425
II7I

1969 .•
I9QI

2301
1891
2208

20I9
2052 ..,

1940
2079
2128
1976
1795
1730
1768
1931
2293
2005
1823
1927
2230
2364
2071
1897
1923 ,
2100
2023
2040
1884

27J5

2977

27I6
270)4

2967,
2723
3074
3238
2963
2700
2822
2757.
2658
3192
2'791
2389
282'!
3236
112lt
3103
3132
2938
J020
2927
2818
2927

. 3780
J85G

4OJ8
38W
3885
;1055
;.059
L~I40

'l949
:+!+95
1947',
3888:
4090
3889
3914
lt008·

4226
4728
4:36')

39IJ:
4274

4361.,
3832
3766

5214

'j'T ')7

~; :)06

5203
')r;fJ7

5JI?
5090
501)6
52J4
5')59

6223
521 )
5223
5630
5'193
5200
:.903
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Tab,le' ,4.

Mean length of eod .of the 1946-1976 year elasses at' different." :',
age1n the Beer Islinid.':' Sp1tsbergen aren, cm.·'·' '. .... " . f,

• , • ". I' •• .' r • ~.... • • ..

. ~ ,'. . -:.. . '. ..'.... . ",- - - - ..... - ~ - - -;- - _.... -.- - - - - - - - - - - - - - - ~ - -Yenr :. ',,',.',.' ~ A g e'" . , ,':

elass : 3' :',,4, ':'. 5.' ,::' ',6, ': 7 :', 8 :·9: .
• ..,. .,' • J .\0

1946- - 28705 - 45780 -52750,:-~6:3;:30 - 7:3741 - 8:3700 - :92;80~ ~ ..:
1947 40,40 4'7,65' 54~55,'" 61,40 75,00 87,00' 00',05 "
1948 :3J ,60 47,95 59,80' 66,56 78, 50 79~10'. 88,10·, ..
1949 :38,70 45,40 5:3,77 .64',90 70,65. 79,50'. ,'8:3~45'.' .. · .
1950 J7,I5 47,66 59,10 : 64,J'0 72,70 . 80,50: '86~JO,' ' ... ' ,

.1951 :37,88 50,05' 54,90 64,15: 71,40, 78,8590,:i5": \"
1952 40,25' 49,20 56,55',63,90,' iO~70 8:3,35 8~,'55
1953 38,95 46,45 5:3,20 '62,20 72,55 80,25,. 84,90
1954 39,50 47,05 ?4,65 6:3,70 7~,00, 79,30 83~25.

1955 41,40 48,10 '55,55' 64,90 71,70 77,05 ·86,80
1956 40,50 47,90 56,:30 63,?5 '69,60 79,95 ~.15'~'
1957 39,45 48,50 54,15 61,05 70,60 80,05 87j65' ~

1958 42,25 47,80, 53,65 60,65 70,9078,10 83.65'
195~ 38,00 4:3,80 50,55 60,50 70,80 79,20 66~60 ' i

1960 35,75 44,75' 52,20 6:3,05 72,45 79,42 85,10
1961 :36,55 46,20 54,75 64,25 69,80 77,05 '85,55'

.1962 38,80 46,:35 56,85 62,60 69,70 '79,10 87,70,
1963 42,00 49,45 54.40 60,65 69,65 81',05 92,30"
1964 39,70 45,50 53,10 61,65 73,55 84,60 92';50 .
1965 36,18 47,00 54,65 66,90 '16~60 03,05 91,65 '; •
1966 38,05 49,00 59,40 67,60 75,80 84,45 89,60. ,
1967 39,70 51',35 60,65 66,60 75,25 01,70' .. 87,25, '
1968 40,15 50,55 58,40 66,15 74,85 79,50 87,69"
1969 45,85 49,85 56,80 64,00 71,20· 81,20 89,05
1970 42,55 47,40 54,60 61,20 73,25 81,20 94:50,
1971 37,20 44,55 52,30 62,10 70,25 83,35
1972 :38,65 45,60 54,80 61,65 71,80
1973 40,75 45,10 53,25 62,30
1974 38,00 46,35 53,90
1975 39,85 44,15,
1976 35,00
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Table 5.

~ean ~eight of cod' of the 1946-1976 yenr clnnues ut dif~orent

öEe in the Bear Island - Spitsberccn area~ ß.

----------------------------------
Yeor : . A ge
class. ·· 3 · ·4 . 5 . 6 . . 7 8 g'· · . • .

•----------------------------------
. 1946 500 9W 1274 2226 3562 5730 6642

1947 .609 946 1406 2690 . 4300 5866 5588
I 948 332 933 1840 3058 4430 4208 6235
1949 457 922 1491 2578 2865 4317 4646

e 1950 550 980 1~9J 2160 3182 4236 5978

.. 1951 H67 II99 1378 2307 2985 4317 6771
" 1952 ' .735 1019 1597 2150 3029 5623 5991

1953 481 924 1283 1965 3457 4568 5173
1954 .578 9J3 D57 2263 J538 4050 5339
1955 643 984 1493 2417 3027 4061 5470

'1956 614 991 1607 2177 2943 42II 6556
1957 . 610 ·1059 I:379 1978 2957 5196. 6170 .
1958 764 964 1366 ·1916 3338 ' 4343 5186
1959 518 787 II44 1982 3224 4299 4219
1960 453 822 1300 2250 3200 3688 6035'
1961 . 4~' 912 1500 2306 2675 4273 5766

.1962 571 . 8~ 1625 2038 3077 11682 6261
1963 675, .. 1094 IJ63 1962 3105 4776 767I
1964 596 646 1317 2064 .3358 5584 7386

• 1965 412 1002 1463 2574 4019 ·4814 8720
1%6 '491" 1077 19II 27I9 3810 7760 5923
1967 488' II96 1921 2618 5389 4500 7033

1968 . 608 . lU8 1769 3922 3582 5138 6202
1969, 834 !I51 2554 2253 3524 5070 6871

1970 697 1559 1370 2159 3254 4974 8618

1971 .904 756 IJ06 .2088 30?:3 5429

1972 503 840 1400 2031 3136
1973 655 817 1319 2052

.1974 '.al 828 1381
1975· .SII 754

:1976 . Ja1



Table 6.

Nunber end ~ercentage of reature fish among cod of different aße during their miGration to
~intering an~ spawning r,rounds (November-Februar.y), in foraging a~eac (I, IIb) und ~pawning

Grcunds (IIa) (summarized data for 1966/67 ~ 1977/78). '
._-----------~--.~---------~-----------~-------------- --'Ares :Southern Barents Sea:Eear Island-SpitsberfNorth~westernccast of : I lla TI

'" : (I) :cen area (IIb) :Norway (IIa) : " D.

'\. :HunblJr:Number:PercentNUI:lber:numberIii=ature :N~ber :Number:,l!.ature :Numbcr . :Uunber of : Mature
'\., :of fis~ of :tage :of fis~ of : fish, :of fiah: of : fiah, :of fish : mature : fish,

Age '". ~ cxm::i-:mature: cf m.a-:exami-:I:latur~ % :exam1ne~turo: % :examined : ±'ich : %
_'\i. ned : flsh t;ure fiSh ned: fiah : : : fish : ': : :i;(2)-.. - 62- - -0- - - 0 -:- - - - - - - - - - - - - - - -~- - - - - - - - - - 62- - - - 0- - - - -0- --

2+(3) 3740 9 0,4 207 0 0, II 0 0 3958, 9 , 0,2
3+(4) 12049 68 "0,6 4507 18 0,4 II9 2 1,7 16675 . 88 0;5
4+(S) 141185 IS5 1,1 5099 327 6,4' 125 I 0,8 19709 483 2,4
5+(6) 10692 40~ ,3,8 1969 220 11,2 130 56, 43,1 12791 678 5,3
6+(7) 5428 554 10,2 1094 181 "15,4 345 173 50,1 6867' 908 13,2
7t(8) ,2966 758 25,6 776 255 32,8 438 275 62,8 4180 1288 30,8
8t(9) 1273 ,672 52,8 612335 54,7 339 270 79,6 2224 1277 . 57,4
9+-(10) 408 274 67,2 205 153 74,6 167 152 91,0'780 '579 ,74,2

1Of.(n) .108 83 76,9 75 66 88,0 77 71 92,2 260 .. 220 84,6
II+(12) 37 32 66,5 21 16 76,2 22 20 90,9 ,80 68 85,0
12+(13) 7 6 85,7 7 6 85, ~ 7 7 100 21 19 90,5
13+(14) I I 100 4'" 4 100 5 5 100 10 10 100
14+(15) 2 . 2 100 3 ' 3 100 5 5 .100
15+(I6) I I 100 3 3 100 4 4 100 .
16+(17) I . I 100 I I 100 ~

17+(18) I " I 100 I I 100·
18t(I92 _ ~ __1 1_ _1QO . ~ . ~ __1 1 10.Q_' __

Total 51258 3016 5,9 14,180 '1585 :IO~9 1791' 1038 58,0 67629 5639 8,3., ,.:

• •
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Tablc 7.

Fercentage of mature specimens among males and'femal~s of cod
at differen't; age in foraging nreas (novero.beI:·-Feb:t"'.la~·19ti6/b7 
1977/78) and among cod of both, sex in years ,üth different Crov;th

rat!':.

-----------------------7--n-.-----: : :.: ()&.+'
----~~;.-..:.-_--_.

1~5c I.~: :,1 - ~n ycaro I'.ith: :'n ;j't;::lrs .... 1 '\;1-'-'
OD O(). O;,~ (") '"' hJ.· f'b "'.,-..,\·.. t·h· 1 ".- ". ....o\·t-r 1'". f T . . f.t.J. .. ... (;_ ... lf~ ....... _\"1" L •• I.".A. ...... '.,t ....

-. : - ;t'l1tc{-19b7, 'i9'/~- (1969, 19'/,
• : : '1972). : '1S75).. . . . .

---------------------------~-----
3+(4) 0,4 0,5 0,5 0,9 0,1

.4+(5) 2,5 2,1 2,3 5,e 1,4

5-+(6) 5,7 2,8 4,5 7,'3 3,9

6+(7) 15,0 5,6 10,2 19,6 TO,7

7+(8) J~,O 15,9 25,1 ' 42,0 27,7

8+(9) 65,2 40,4 51,9 73,4 47, (~

9i-(1O) 77,4 62,5 69,1 83.6 72,0

, Io+-(II) 83,8 79,8 81,4 9I,9 '74.2

II+(I2) 95,0 75.0 82,1 97.1 80,0

12+(13) 100 81,8 85,7 100 100

• 13+(14) 100 100 100 raG 100
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Tablc 8.

P€rcentage of mature speci~ens among North-eostern Arctic co~

of different age, according to data by some authors.

---------------------------------
Age, .: Garrod, 1967 :ponomarenko, O\.lr date

: (according to data : 1968b.
years :by Rollefsen for : . '
------~~~~~~~---~-------~--------

3 0,2

4 0,5

5 2,4 e
6 + + 5,3

7 :3 .7 13,2

8 10 26 30,8

9 24 ·42 57,4

10 42 55 74,2

II 61 68 84,6

12 79 79 85,0

13 92 87 90,5

14 99 92 IOD

15 99 97 IOD

16 100 100 100

•
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Table 9.

:l'.;sr.:i.r:ated <lnd actual ace composition of sps\'Inine; cod (" skrei")

in 1978.

7--------------------------------
• S+- ~k l tlJ' : !Ju.::lber of ·'tesr • vC""" - ..)y . J.c.l'lr ...... ~u"t"'l":" :1;C;8 C0t:11)osi ticn, ;';:Age • b .."" +'. ".Cl v • '* : Ir:.atureclass • e[,~nnJng o~'+'isb ·· :thc year, :~.' : fish, , ·· ,. ·· : thou. cf suel- /0 : thou. cf · Ls :;irrx~'tuc · AC~t:cl .....• · ,· : cir-tens· • ': specireens · ·· · ·----------------------------------

1977 I 3312 0

e 1976 2 435685 0

1975 3 475570 0
' .

t,' ~

1974 4 193168 0,2 386 0,7 0,1,

1973 5 245191 0,6 147I 2,8 2,5

1972 6 135423 3,3 4469 8,6 8,0

1971 7 56II4 II ,6 6509 12,5 13,5

1970 8 72044 32,0 23054 44,~ 47,0

1969 9 18339 55,8 10233 19,7 20,0

1968 10 2514 69,1 1737 3,3 '6,0

1967 Ir 1907 81,4 1552 3,0 0,8

1966 12 11I5 82,1 915 1,8 0,8

• 1965 IJ 1794 85,7 1537 2,9 0,8

1964 14 175 100 175 0,3 0,2

1963 15 66 100 66 0,1 0,3
-_._-------'-----------------------

1642416 52104 100
. .,

100
----------------------.------------
• ';ccol.'Ji::1C to dt,tD cf' the ICBS torking Grcup (C.!.:.1979/G: 2:", TroLl<.:",:

•• Acc~rcting to date from the analysis of waturity steres o~ ccd

gonods in Hovcmber-Fe'brunr;y 1977/78 in Suburcas 1 [lnd 110. '2he

::>ercent3ge of r.,n~ure fish arr:Olle; 10 to 15-yeör-olcl cod "as d.ctcr

rr.incd on <:11.0 basi<:; cf 1cnt:-tern:. mcan anta (Table 7), es thcre

r:er,,; ;:'~ri fish of 3'.lch un [Ase in sc:n:ples in 1977/78•
.... Accordin~: to "I'.~ro.kobsen (Zokobson, 1979); figure::: ore to;~en

frc;n the graph.
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FiC. 2. Ycar-to-year chan,2;es in the !!leim 1encth 01' ?r to 8-ycar-old

cod in tüc Bear I.:31nnd - Spitsbcrcen area. Horizontal lines

end figures sho"1 l:mg-term rcean values for 1949-1978.
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Fig. 3. Year-to-year changes in the mean len~th of 4-yeör-old coa

in the southern Barents Sea(I) in conparison to year-tc-year

changes in catchcs of cod per fishing eifort (2) ana long

term mean indices of stomach fullness ofcod (3).
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:;:'.l.". ,~. !,:ean lencth cf 6-ycnr-old cod of the 1959-1972 year closGes

in thc Ben::, Izland - Spitsbür[en aren in co~porison to
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to the YOUllß fish sUr"'.ey data ( the r.:can enteh per tra\':lint;

ho~r ot Dbe 1+ ~nd 2+, speei~cns).
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