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Abstract

Year-to~year changes in the mesn length of 3~ to 8-year-old cod

. in recent thirty ycars (1949-49?8) are considered, Almost all age
grouns of cod had the greatest length in 1967 and 1971-1972 or 1971-

1975; In recent five years the growth rate of cod of all age groups

decressed and was close to the mean value for thirty years., A ten-

daency tonards a reverse relationship between the population density

‘snd cod mean length and a direct relationship between the growth

rate and feeding indices.were revealed,

On the baéis of summarized dats obtained for many years ffom
.field analysis En méturity stéges of cod gonads in the period of
fish migration to wintefing and'spawning grounds (lNovember to Feb~
rua?y):the pefcentagé of mature and immature cod at different age
in years £ith different growth rate was calculated. The calculation
of the percentage of mature cod at different age in autumn/winter
will permit to predict the age composition of mature cod at Lofoten
spawning grounds‘in spring of the next year. |

4 higher rafe of cod maturation in the sixties-seventies as cou-
pored to the thirties-fifties ss well as a lower mean age of spawn-
ing cod vere ragistered,

T ePIRKO , Murnansk, USSR
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Ré sumé

Il s'egit des veriations Interunuuelles de la tallle moyenne
de 1a morue de 3 & B ans au cours de trente deruldree annéder
(1949 - 1978). Les années 1967 et 1971-1972 ou.1971-1973 ont été
chractérieées par la taille maximum du poisson: de tous les ages.
Les cing derniéres années le rythme Jde croissance de la taille de
la merue de fous les ages & beilssé et s'est rapproché du rythme.
moyen pour les trente ans. La tendence a 4té relevée au rapport
inverse entre la densité de lapepulation'et la taille moyenne
de la morue et du rapport direct eﬂtre les indices d'engraiszement
¢t le rythme de croissance. ’ '

En généralisant les résultats des recherches effectuées
pendant plusieurs années sur'ies stades de maturité.dengnades
de la morue lors de sa migration vers les lieﬁx d‘hivefnage et
de frai (novembre - décembre ) on définit le rapp&rt entré les
individus maturés et non-maturdés de la morue d'age différent au
. cours des années caractérisées par le rythme de croi?éance
différent. Le pourcentﬁge des individuaimatuxés parmi la merue
d'age différent en autcmne et en hiver permet de prévoir 1'£sé
de lﬁ morue maturéé dens les frayéres dem Iles Lofoten au 
printémps prochain. ‘

On a relevé l'accreigsement du rythme"dé la maturgtian
sexuelle de la morue dans les aunses 60—76 par rappert sux annéesn

30-50 et la baisse d'Age de lt morue pleine.
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Introduction

When investigating the regularities of abundance dynsmics of
the commercial fish populeticns the study of the fisk growth rate
and connected with it waturction rate'is of paremcunt significance,
l.any 1mportant population parametvers (reproduction and natural wcrta-
lisy r‘tes, duration of life, use of feeding area etc.) depend
greatly on these characterlstlcs, the estimation of which is re~
quired for working out the biological_basis of rationalvfishepieé.

1n changing conditions oif abilotie, blotic environment and with

- changes in the effect of antropogenic factor the rates of fish

growth and maturation, in varticular, those of north-eastern erctic

cod (Gsadus rorhug morhua L.) are also subjected to considerabdle

changes, either one or other factors being the main cause ol these
chénges {Pollefsen, 1938, 1954; Saetersdal & Cadiru, 1960; Demen~
{tyeve ¢ Kankevich, 196G; Ponomarenko, 19684; Borisév. 1978). That
is why we have once again to consider these problems, to reveal
nev. ralstions Ligg or to find confirmation to the known regularities
on the basiu~01 necw data.

.It is cormon knowledge that two cnvironmental factors exert. the
i'reatest influence on the fish growth: food (quentity, quality and
avallebility) und temverature determining the intensify of nmeta-
tolism, When food is sufficient all the time the growth rate is |
deterrmined by temperature: at lower temperature of water nasses -
it decresses, and when the temperature rises up to optimum ~ the
growth rate accelerates. lhen the nutritiﬁe base changes and the

tempersture is more or less constant the fish growth rate depends

" on the aveilubility of food which in its turn depends on the num-

ber of concumers and quantity of food in a reservoir., In any case

changes in the growth ratec of fish in sone periods are found to le
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closely cecnnected wiith those environmental factors which suffer
copsidcrable chunges.

The first tack of the present paper was to dstcrmine the asrpli-
tude and reasons of year-to~year fluctuations of the mean length
of the Barents Sea cod of the same age in recent years.

The second task was to calculate the pércentage of mature and
immature specimenS'among ferales and males of cod at different age,
and to dctermine the maturation rate of cod in 1967-1978 in con- ‘

nection with changes in the growth rate.

' Material and methods
Data collected by PINRO for many years on the mean length. of

cod at different age in some years, results of the field analyses
of cod feeding which were assumed as a basis for calculating the
avefage ammual indices of cod stomach fullness (Ponomarenko & Ye-—
ragina, 1978) and sumrnarized data of field analyses of ccd gonads
maturity stages were used in the present paper,

Data on cod maturity were collected in the course of cod are
_sahpling during their migration to wintering ond spawning grounds
(iiovember to February). In this period the .gonsds of maturing cod .
(those which will spewn in sprinsg of the yeur coming) differ most
zarkedly from the ponads of irmature cod.

Steges of cod meturity were determined visuallj by 6-division -
scale (3orokin, 1957, 1960). Fishes whose gonads in the mentioned

ecson werd at the maturity steges I or IT were considered irmeturse,

L7}

and chose with cdnads'at maturity stuges II—IiI to YI-II - mature.
The enalysis of dabta on separate age groups permitted to calculate
the percerntsze of muture fish awong cod at different age. In all
67629 cod specimens were analysed in Novembef to Februury to deber—

mine the cnads waturity stages for 1066/49G7 to 1977/14¢78. About
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v of all data was collected in the soufhern Barents Sea (area I),
1.6 - in the Bear Island-Spitsbersen area (IIb) and 2.G% - off

the north-western coast of Norway (IIa). The data for thqllast
sﬁﬁaréa were collected only in autwen/winter of 19c6/1967, 1909/19?0;
1970/19/71 and 1$7=/1975.

Results

" Year-to-yeor chunges in the mean length of cod of some age groups

in comparison with the long-term mean are shovn in Fig.1 ané ..

In area I the mean length of cod of all age groups under study

A.decrcaséd éharyly fron the late twenties to mid-thirtiesy then it

~increased up unvll the scventies, especially that of younrer arse
] 5 — -~

groups*?

In 1949 - 1978 the mian length of 3-year-o0ld cod in the southern’
Barents Sea varied from 3».7 to 42.3 cm,.the coefficient of variation
of the thirty averacge annual vilues vias 5.24 (Table 1).

+ith the increase in the cod aze coefficients of varistion of the

average annual lengths decreased and were 4.1% for the 4- and

s~year-olus, and 3.1%, 2.7% and 1.9% for the &-, 7=~ and 8-yecar-olds
vespectively., In subarea IIb coelficients of variation of the thirty
average annual length values viere higher and varied from 8.0% for

3-year—clds to 3.5 fbr‘8—year—cids (Pable 1).

* ¥n the twenties~thirties the cod age was determined by scale, in
the successive yecars—- by otoliths. It is quite possible that a
sreat difference in the wmean lenglhs of cod of the ssme aze in the

- twenties-thirties is caused tu a great extent by errors in deter-
mining the age and different reading of the first annual ring by
various scientists. That is why we calculated the long-term mean
length of cod of some age groups using the data for the recent
thirty years (1949—19785 vien the cod age was determined only by
otoliths. '

**It may be Yo some cxtent caused by the increase of mesh size in
Jishing gears which were used for age sampling: until 1901 the
¢ mm mesh size was used in trawls, in 1961/1952 - 410 am, in
1963-1966 - 120 mn from1967 - 130 mm (manila).

- v
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In ke soutnnru Larcnts Sea in recent thirt iy yeore aluwesd
age'éroups,c* cod Loéd LL smallest meen lewrth in 1059-19583 and
the zrectest one and consequently tke hishest growth vote in 1597
ana 1974/1972, Jud >Lrg by average figurces the growth rate of cod
in wecent five yesis decreascd and w. o ¢luse to the nzan volue fow
thi#ty yeéfs. The saxe tendencies in varlations of the secn lenwth
ol cou G some ace groups nere registered also in subarea IIb in
rucont years (Fig.2). Tables 2-5 show tie increcse in lersia and

Jbarea ;;b

4
£
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5
n
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weight of cod of some year classes in ax
{according Lo observations dulta).
Sementyeva T.F. and Mankevich EJM.e (1968) who studied the

~

chanzes in the cod growth ralc Tor G974-19u0 registered a good

ot

correlation between the coa a2un lengths in sowme years and the sum

of tenperatures in periods of fe¢eding during the Tisk life. Ths

authors haave come to the conclusion that tenpeﬁuuurc was on: of the
main factors that influencec on the cod growth rate, and "the cuxve
of water heat .coatent almost rep eatu the curves of cod zrowtl rate

up until 1955/152«

iovwevelr, the situatior voo different in the successive yazavs.

¥

From tn: fifties to tixw seventics the mean lengih of cod of somge
aTe sroups Lncreased notwithstanding a steady cooling cf the 3a-
rents Sea which does not seem to favour the increase in gfowth
rate of cod. fonomaranko VP, (1968&)'concluded that the»nain
reason of the increase in sgrowth rave of cod‘in thesc years was
sdqttéringrof the poyulatioﬁ cauged bj the intchsive fishery and
laékiof strong year classes in the stock.

crisov V.ii. (1975) considers that tiLe increase 1n rates of cod

GW h and na turgtlon +¢o“ the thl“' ¢s 1o the seventies is
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connected not <o much with a better supply of fish with éood as
with a ;ele;tive effect of the intensive fishery on the stfuctu:e
of.cod population. With an increase in fisher& intensity the abun-
dance of slow-growing and late-maturing cod in yeérs preceding
their first spavning decreases s0 that they almost do not parti-
cipate in the rebroduction. At the sémé time the role of fast-
growing and early-naturing specimens in the ré;roduqtion increases,
on fhe contrary, and they havé advantages in the forming of future

year classes.

" We do not deny that the suggested hypothesis is guite logical

" and right but still consider the scattering of the population and

better food supply of fish resulted from it to be the main rcasons
of the iﬁcrease in growth rate of cod from the thirties-fifties to
the seventies. A tendency toc 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.ggéwth rate proves this. Scattering of the cod stock under the
influence of fishery and due to appearance of some very poor year
classes (1961, 1905, 1966, 1967) contributed to the increase in
ecrowth rate in the sixtles and carly seventies notwithstanding a
low heat ¥ontent of the Barents Sea water masses. But when some

rich year classes entered the commercial stock in the seventies

: (Traﬁbachev, 1979) the mean length of cod of all age groups de-

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

tion.
~The tendency to the reverse relationship mentioned above is not,
however, always distinct. This results, first of all, from food

supply of fish depcnding not only on the number of consumers but
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cliooon the guantity of feod in a reservoir which c?mnwr" by

i Thus,‘for

Jears as wel e; in 1924 dus o poor abundance
o?. “Lel r (4 cnomazon\o & E“T'Flnl,'”” 73) the o wean “nch of sto-

kavh LullneSS‘of cod axd hcl* vrowtn rwte weTe cous uJVGlJ 10¢
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n'u'ltnstandxng uhe poor aoundanyo of cod in this yeur (?13 2.

Aviden 1y bhv morc »table tne Aufr*tlve base ig,-the more’ distinct

ho nezatlvo relatlonshln bmtween the ab uncanée and Ffoﬁth rate.

'of cod and v*cc vcrsa. In a onlrty-yvar perxod uhe r*lat¢onun¢

be en- h mm lcng h m lr-,/ear-old cca and avera-g;c. zmnual , .

a g of thn 1sh per hruullnf hour by uuxian ik side trawlers

’du b o'g‘ 55 ed by o) Irelq‘ion COGLI’Llent eqp %o —~0.49, bet=

wccn‘the menn lenwnh of 4—prr—cldu dnd nean 1nd;ces of stomach .-

ullness of cod in uO”PU”U ading yea (n“aox +O.cu (southeru1

i

‘Barents ea) bLtWCv“ the meqn lengtﬁ‘of é-year—olds of iuurtaen

year cla $e5 and duunaance indices of'corre nondﬂng y°1r c sssen -

A

"between the aouncance and ¢ean lenvth o’ cod of gome . age groups

Cwas tus west digtincd in recent y cars (Llp ),4)
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- Cn the busis of this r“luulc sh*p the next inerease in the cod

,f;z"ov.'t‘n‘.i ‘ hou.;o ‘be xyccted 1n the fu‘.;t nalf of the e;ﬁ;i:i;ics‘

due to a pvh.‘dce of,que poox "eur c¢aqses (1Q/b—4w7Q) .
Uzing thu:uotn of nuuﬂrouu iicld an al Von monauu muturlty
sbalned duving the‘coa age saxplln in tne pGrlOQ of +hc~r -

ration woetvwards Lo.wintefiux angd o ¢Wulu$ zrounds (Noverber to
'ﬂbfuary) 4o ande on wiboenpt to deteralne the nutio of maturec and

>

irmsture giecimens of cod atb dlifcr 0t aw and just haw these ra-
biog Cillcr degendinr on lnvlon, zex and also in yeears of the high-

est and the lowest —rovtn vale of cod.
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According to the analysis mads some specimenseof"cod'in the;
ICES area I and subareas IIa.and IIb in the périqd froﬁ 496@/1967
1977/1978 matured at the }age. of & and cven 3 years (0.5 and 0.2%
fespectifsly of the total number of examined fish of these;age :
groups). 2.4, 5.3 and 13.:% of specimens’msﬁured at the age of 5,
6 and 7 years respectively, 30>8 and“57 485 - at-the age ofv8 and

ycars. Cnly at the age of 14 years all 1007 of cod were mature.
(Tdble 6). The maximwn cod age in our: ssmples was 19 years.
The percentaze of makurc speclmens of thc‘ste age was hlghel

in- subarea IIh than that in area I (mable ). This resulted evident-

‘ly from a.hlgher growth rate of cod in the Bear Island-SpitSbergcn
ﬁares (Tables 1;5); Off the north-western coast of Norway (Ilaf

‘ where.the main spawning grounds of cod are situated the percentage

of matufe fish among cod of some age groups is higher than that in
fsediné areas (I and IIb). It is natural as mainly mature fish
migrate-from feeding areas to spawning grounds.

.In all yeuars and throughout the survayed arca as a whole mature

" cod made up 8.3% of the total number of specinens uxamlned (67629

'.'spec.), in area I. mature cod constltuted 5. 9%, in suba&ea IIb -‘ 

10.9% dnd 1n subarea Ila - 58.05%. 8~ and 9—year—olc fLSh predoml—

v nated among mature cod (Table 6, Fig.5). There were only 21 speci-

mens of 13-year-old cod and 10 specimens of 44-ycar—-old fish. That
is‘why notwithstanding a 100% maturation the portion of 44-yecar-olds
in the’totsl nunber-of mature fish of all age groups (0.2%) was

con51ds1ab1y lower than that of 5—year—olds (8. om) thouvh only 2.4%

vof 5—year-olds were mature.

Amonb mature cod nales predomlnated at the age up to 10 yeara
und females at the age from 10 years and older. The oldeot age

groups (17-18~19 years) were presented by females exclus 1V61J. The
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prevalence oi maleu wus the 5rcatcst among ‘maturc specimens at the
age of b—7—8 years (Flg 5). The percentage of meture spec1mens of
these age.groups is hlgher among males than that among females
l(Table 7) which,ié iﬁdicaﬁive.of earlier maturation of males.

‘-In yearé ﬁith the highest growth rate of cod (5967, 1971/1972)
the percentage of mature speclmens of all age groups was nonewhat
hlgher than the mean values given above (Table ?) and in recent
12 years ‘with the lowest growth rate (1959, 1974, 1975) - somewhat

lower. For example, in the first caie the portion of mature cod .

" among S-year-olds waé 5%, in the secbnd.case - 1.4%, among o-year-
olds - 7.3% and 3.9% respectively, and among 7-year-olds - 1§.b%
and 10.7% etc. (Table 7). ' |
Garrod (Garrod, 19G7) using the date obtained by Rpllefseqf(Ro—.

 1lefsen, 1954) and Ponomarenko V.P. (Ponomarenko, 1968b)=attemptéd
" to determine earlier on tie basis of bthef>methods fhe §e§¢eﬁfage
of mature fish among cod of difierent ége gfdﬁbs.:If to iénora dic-
fcrences in methods of detérmining the‘perceﬁtége and to cé pafc |
our aata with those obtalned by the authors mentioned gbOVe we. in
_state. that ‘the percentage of - mature cod of some age ﬂrouyu 1nciea;
ses e chlally that of younger awe froupg (Table 8) Thus, we maJ
conclude that the maturatlon rate of cod increases. If in the . ‘
thlrtles-fl tles 50% of cod became mature between the 10th and
11£h Jear of life (Rollefsen, 1954, quot. according to Garrod
%907), now - between the 8th and 9th year of llfe, 1.e. a 5uw B
point- of maturatlon bhlfted by tvo years touards )ounger age.u

( ”he 1nc“ease in maturatlon rate of cod could hardly be wholly
attr;butod to the ¢ncrease in 1inear growth rate. Flguxes 17 und

B

‘ ShOw tbat ;n recent five jears the vrow*h rate of cod ln arsa I
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and subarea IIb was close to the lonzg-tern nean (0 years).

. Ve consider the hypovhesis ol a sclective effebt of intensive
ffishery on the structure of cod p0pulatlon guite real (Borisov,
¥1978). As a result of such seélection the portion of 1ai£—maturing

‘ 7fish in the population decreases steadily as they have much‘fewer

cnances to survive prlor to uyawnlng and to spawn in comparison

‘with fast-growing specimens.,

Ve can agree with V.I.Borisov'that the artificiallsimplificaf

. tion of the age structure of the long-lived fish stock and parti-

© . cularly that of cod lcads to the exhaustion of genetic fund of

the population, lowering of its resistunce to the influence of
the env1ronmcnt, reduction in lhe Loraging arca znd underexploi~
tation of the reservoir nutritive basc.

Shortening of a life cycle of the jopulation and mezn cwe ol

- mature fish is one of the Lirsty syaptoms of the influence of in-
. ! 3

tensive Tishery on tho population structure. hccording to our dutn
for 1957-1978 tae neoan age of nalure cod in the ICRS area 1 and
subareas IIb apnd IIa vas 7.9 yewrs including V.8 years in arez 1,
7.0 yéars in subarca IIb and 8.7 ycars in subarea Ila. I'or com=-
parison we cualculated the meon age ol spawning cod in ilurmen in
1936—1946 using data [rom previous papers (Glebov, 1963). s
nean age waes 8.5 years. ' '

In subarea IIa the mean afe of spawning cod caught by a2 lons-

line in the Lofoten area in 1932-1%.7 was 0.5 years (Saectersdal

S & Hylen; 19064), in the succcssive years - 9 years (Hylen & Drage-

'>sund, 1973, quot. according to Anon. 1979). Our data indicate to

a cecrease in the mean age of nature cod in area I by O 7 of a .

year conpared to 18361840,
data
Do verify obbained by usYon the percentage of mature fish



1ﬂong.éo* §f cif: rent age ro p 1n fa ban axr tSS e Lade :ﬁ
attenpt to oetermlnD the age bonOSTLLOH of spawnlno cod {ourzsi)
.ocn the Lofoten spawn;ng rounds in sgrlng 1978 using tﬁe Cata.fO“
November 977 to Februd“v 1978. Durln? calculatlons %e also usedl
data on total stock (number of specmmens) ol cod at dlllerent
ace in the beglnnlng Qf 1978 ziven 1n the ROpo ot of the,lCﬁb Loz
ing Group (C.i. 197%/Giz0, Table 10): S

e vy

Lnewlian thu muber of gpecizens and percentagze of nature fish

)

of wech aje Troup we determine the number of specimens of LAt o .
cod of each usge group end the percentage of sone an, efoups; -
preat similarity between tne c;l"ulated and actual Fgext) CompOulthn
of svrei (Yairobsen, 979) 1nd1~ates +‘ha‘c the uotermlned percenta—-
~eg ol nmabure {ich umong cod at a;fzerent age»(uspccmalLy those |

of young cod - up to 10 years) =re¢ very close to actual (Table <.

o

om

(o7

There was also noted a great cidlarity b u;en cie calculnte

and actual Gata on the ace wuipositicn of skrei in 197< and 1977,

o

Svidently it will e possivie o predlot the age curposition of

0 L

xrsi in srring ¢f the next yoar on the busis of deternined per-

S PRE. = P Nem i R AR e vy e - - - iy LR,
of meture Tish ameonr cod of different aze groups qurin

{9}

J-ration to wintering znd spanning rreunds. -
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Scuthern Barents Sea (1)
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Table 1

; ¢f varistion, long-term mean velues and cocf{ficients
variation of the mean length of 3 to 8-yesr-old.cod in
reriod (1949-1,, 8).
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38,44 5,2 28,05-45,85 38,86 8,0
45,15 4,1 42,90-50,55 47,14 4,2
52,54 4,1  50,55-60,65 54,95 4,7
60,89 3,I  57,90-67,60 63,29 3,9
69,37 2,7 65,10-78,50 71,84 4,0
77,80 1,5 173,65-87,00 80,07
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Table 2.

Lean length of cod of the 1946-1976 year classes at different
age in the southern Barents Sea, cm RN :

—— wwm  wmR e et A Mem MR s e e weh W semr e A  Mre A G mem MR mad ket M e W e S e mem e aea  wem 0w

1948
1949

1950

1951
1952
1953
1954
1955
1956
1957
1958
195¢
1560
1961
1962

1963

1964
1965
19¢6
1967
1568
1969
I970
1971
1972
1973
1974
1975
1976

A ge : .
3 4 5 v 6 7 8 9

36,30 43,13 50,10 - 59,90 68,90 80,18 85,95
37,80 42,80 50,30 60,62 72,06 . 78,90 86,80
35,15 44,05 50,40 62,49 69,65 79,45 . 86,80
37,75 41,50 52,98 59,55 69,25 78,00 82,25
34,15 45,13 50,50 59,80 - 68,65 76,90 83,55
38,76 43,45 51,80 61,70 - 69,50 - .76,20  85,I5
33,70 45,50 52,45 6I,I0 67,60 76,95 83,75
37,80 44,70 5I,7 60,05 69,75 77,60 84,25
7,00 45,50 5I,85 61,65 71,50 79,65 89,15
40,85 46,30 53,55 62,I0 70,65 78,85 88,55
38,90 46,20 53,55 6I,40 69,65 8I,50 90,45
38,30 44,25 51,20 60,00 71,00 79,45 84,20
38,20 45,45 51,75 59,85 69,55 76,20 83,70
39,85 45,50 49,60 59,55 67,65 77,7 83,75
40,30 44,20 S5I,I5 60,55 T7I,80 77,00 84,05
38,60 44,95 53,35 65,00 69,55 77,60 83,20
37,00 46,55 57,30 62,35 69,85 76,80 84,75
41,10 48,65 54,20 - 61,00 68,65 = 77,75 86,45
39,10 46,25 52,85 60,25 71,10 80,05 90,55
30,35 . 46,70 53,25 62,65 70,40 78,90 84,50
41,20 46,05 - 56,10 64,50 72,00 76,70 - 84,00
39,75 49,15 56,00 63,00 71,45 77,40 83,35
41,25 48,75 55,90 60,75 68,25 77,25 86,75
42,30 44,65 51,60 60,75 69,50 79,10 83,75
33,10 43,40 53,20 61,05 T70,I5 77,10 83,05
36,60 44,75 53,00 6I,40 69,90 = 76,95 i
39,45 45,I5 53,90 62,25 70,00
38,70 45,50 55,10 6I,00
36,35 44,85 SI,55
37,95 42,35
33,80

(2]
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Mean weight of cod of the 1946—1975 year classes at dilfercnt

‘2ge in the scuthern Barents Sea, g.

T emm e e M e D MR MM e TS G e M M Eem Re wm Gu e BB Mee mas TS W Gep AAE  BAS  GmE e

. - T

class - 3 3 -4 5 6 - i g 9
1946 575 . 885 . 1039  I99.7° 2735 3780 5214
I94T €24 . 772 II4I . 190I 3234 3856 S
1948 - 308 763 1136 2301 2977 4029 5TT
1549 450 635 274 1891 2716 4038 470D
1650 362 829 173 2288 2754 3868 DENS
1951 553 - 759 IOBI  20I9 2967, 3885 5757
1952 361 791 I30I 2052 2723 105 5206
1553 513 849 1200 1940 3074 405% 5203
1954 451 825 304 2079 3238 4I40 5687
1955 594 942 1420 2128 2963 949 5u84
1956 556 929 13685 . 1976 2780 95 AL
1957 544 8I5. 1231 1795 2822 3947, S4g]
1958 546 880 1178 1730 2757, 3888.  53I7
1959 590 830 ®5 1768 2658 4090 5090
1960 588 706 1159 1931 3192 3889 5006
1961 499 816 1409 2293 2791 391k 5234
1962 537 916 1552 2005 2389 #4008 555G
1963 631 1000 I315 1823 2821 4226 O1ii
1964 536 792 1228 1927 3236 4728 6223
1965 488 876 1334 2230 3124 4363 3212
1566 585 868 1607 2364 3103 391 5223
1967 565 1107 I532 2071 3132 4274 5630
1968 647 1021 1459 1897 2938 4244 5793
1969 708 . 751 1168 . 1923 3020 4351 5200
1970 468, 703 1327 2100 2927 3832 4507
1971 423 796 1359 2023 28I8 3766
1972 552 834.  I38I 2040 2927
1973 530 879  I425 1884
1974 506 777 1171
197 4797 662
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A Table 4. e

Mean length o:t‘ cod . of the 1946—19?6 year classes a’c difi‘eren’c
age in the Bear Island - Spitsbergen area, cm,




| _ ; ~ Table 5,
Wean weight of cod of the 1946-1976 year clssses at Qifferent
age in the Bear Islund - Spitsbergen area, g. '

Year : ) A ge

class P03 4 51 6 1 T 8 9
1946 500 . 947 - I274 2226 13562 5730 €642
1947 609 946 1406 2650 . 4308 5866 5588
1948 332 933 1840 3058 4430 4208 6235
1949 457 922  I491 2578 2865 4317 4646
1950 550 980 1993 2160 3182 4236 5578
1951 II67 II99  I378 2307 2985 4317 6771
1652 735 I0I9 1597 2150 3029 5623 5951
1953 481 924 1283 1965 3457 4568 5173
1954 578 933 ° I357 2263 3538 4050 5339
1955 643 984  I493 2417 . 3027 4061 5470
1956 6I4 991 - 1607 2I7 2943 4211 6556
1957 610 1059  I379 1978 2957 5196 6170
1958 764 B4 - I366 - I9I6 3338 4343 5186
1959 518 787  IIs4 1982 3224 4299 4219
1960 453 822  I300 2250 - 3200 3688 6035
1961 458" 912  IS00 2306 2675 4273 5766
1962 571 . 8% ~ 1625 2038 3077 14682 6261
1963 675 1094  I363 1962 3105 4776 7671
1964 506 " 646  I3I7 2064 3358 5584 7386
1965 4I2 1002  I463 2574 - 4019 4814 8720
1966 491 - 1077  ISII 2719  38I0 7760 5923
1967 488 II9% 1921 2618 5389 4500 7033
1968 608 - III8 1769 3922 3582 5138 6202
1969 834 IISI . 2554 2253 3524 5070 6871
1970 697 . 1559  I370 2I59 3254 4974 8618
1971 904 756 1306 2088 3073 5429

1972 503 840 - I408 2031  3I36

1973 655 8I7  I3I9 2052

1974 n81 828 1381



Table ©,.

Nunmber and percentage of mature fish arong cod of different age during their migration to
wintering and spawning grounds (Novemberﬁzebruary), in foraging areas (I, IIb) und Vpawnlng
grounds (ITa) (summarized data for 1966/67 - 1977/78).

:Southern Parents Sea*Bear Island-S 1tsber&North-western ccast of.?
\\Qrca ; (1) tgen area (Ilhg 'Norway (IIa) H I, Ma, Ts
\\\ 'NunLnr Number‘Percen*Number Humberlature 'Number sNumber:Mature :Number ©sNunber of ; Mature
. °of floh of :tage :of fish of ¢ fish, :of fishs of : fish, :of fish smaturc ¢ +fish,
hge ,'eyaml-tmature'of ma-'examl-'maturg % "examinedwature % "examined s fish : %
- - =i ped _ifish iure fish ..n.‘id..'.f.}-’}}.'. R fish i i __i_____ —— -
1+(2) 62 0 0 , - . 62 0 0
2+(3) 3740 9 0,4 207 0 00 II 6 . . 0 . 3%%8. 9 © 0,2
3+(4) 12049 68 0,6 4507 I8 0,4 119 2 I,7 16675 88 - 0,5
w(5)  Isugs 155 I,I 5099 327 6,4 I25 I 0,8 19709 483 2.4
5+(6) 10692 402 23,8 1969 220 11,2 130 56 . 43,1 12791 678 5,3
6+(7) 5428 554 10,2 I0% I8I “I5,4 . 345  I73 50,1 6867 . 908 13,2
- T+(8) .2966 7158 25,6 776 255 32,8 438 275 62,8 4180 1288 30,8
8+(9) 273 672 . 52,8 612 335 . 54,7 ,339 270 79,6 2224 1277 57,4
%(10) 408 274 . 67,2 205 153f - 4,6 Ie7 152 91,0 780 579 7,2
IO+(II)" 108 83 76,9 75 66 88,0 7 TI 2,2 260 -.220 84,6
11+(12) 37 32 . 86,5 21 I6 76,2. 22 20 90,9 .80 68 - 85,0
2+(I3 7 6 85,7 7 6 85,7 7.7 100 . 2 19 90,5
CIe(I) I I 100 4 - "4 100 - 5 5 ' 100 I0 . 1I0 100
14+(15) o .. 2., 2 100 . 3 3 100 - 5 5 .100
I5+(16) "I I 100 - 3 3 100 - 4 100 .
I6+(17) - I~ . I 100" | 1 I Ioo ¥
17+(18) N I .1 100 I I 1000 *°
18:(19) _ - _ I _ I 100 __ ___ e e e e — I ___I___Ioo___

' Total 51258 30I6 5,9 IQ580 1585 IO 9 1791 © 1038 58,0 67629 5639 ' 8,3




Table 7.

rentage of mature speclmens SMONg meles and’ females c¢f ced
different age in foraging areas (Novembex—ﬂebruarw 1966/67 -
7/78) and amﬂng coJ of bo*& sex in yesrs with dlfferent crowth
(5]
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4
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SRR B S Yo B < S %“ail ?T;«wiﬁw‘{f?‘—“%réf & v
: : : Tﬂtc 1967, 970~ & 3”9, 19?‘:

. . . . 1972). . 1575)
3+(4) 0,4 0,5 0,5 0,9 0,1
4+(5) 2,5 2,1 2,3 5,C 1,4
54(6) 5,7 2,8 4,5 7,3 3,9
se(n 150 56 10,2 196 10,7
(e 35,0 15,9 25,0 42,0 o,
8+(9)  65,2vA 404 SI,9 . T3 47,2
Cee(I0) T4 62,5 69,1 83,6 72,0
C1ee(ID) 83,8 79,8  8L,A 91,9 2
()  %,0 750 82,1 911 80,0
Ies(13) 100 . I8 85,7 100 100

13+(14) 100 100 100 109 100
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Table 8§,

Percentage of mature specimens among North-eastern Arctic cod .
of different age, accqrding to data by some authors,

Age, \E Garrod, 1967 EPonomarenko, | E Cur data
*(according to data ! 1968b. : '
years *by Rolletsen for s -
------ QoYY NUPTYY- S U St
5 | . A 0.2
4 0,5
5 | 2,4,
6 | | 5,3
7 3 N ¢ 13,2 ,
8 10 26 30,8
9 o 2 57,4
10 42 .55 4,2
II 61 68 84,6
12 79 79 85,0
I3 7. 87 90,5
I4 99 o 100
I5 © 99 .97 100
16 100 100 100
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Table 9,

Latirated and actual ape composition of spawning cod (“skrei')
in 1578,

gii?s EAge §§§§§§§§§%t2§§§i§§fi Eéggg?g of ;%ée compcsificn, :
: tthou, of spep 7 tthou., of : Lszimatud ¢ Achuel *=*=*
: tcimens* St {specirens : :
1977 I 3312 0
® 1976 2 435685
1975 3 475570 0
1974 4 193168 0,2 386 0,7 0,1,
1973 5 245191 0,6 1471 2,8 2,5
1972 6 135423 3,3 4469 8,6 8,0
171 7 56114 I1,6 6509 12,5 13,5
1970 8 72044 32,0 230% . 44,3 47,0
1969 9 18339 55,8 10233 19,7 20,0
1968  I0 2514 69,1 1737 3,3 6,0
1967 . II 1507 81,4 1552 3,0 0,8
1566 12 1115 82,1 915 1,8 0,8
1965 I3 179 85,7 1537 2,9 0,8
® 1964 14 175 100 175 0,3 0,2
1963 IS5 66 100 66 0,1 0,3
T T T T T T TIssests  selos 100 100

Ama e s D eeR amr ER R G W e EE M A Gt G Mmb AR BN R me  Gem, Gwe S SRR Gum i M R Gee  wer M mas S

* scceording to data of the ICES Working Greup (C.K.1979/G:;D,Tubieﬁc

** According to date from the analysis of maturity steges ¢ ccod
gonads in November-February 1977/78 in Subareas 1 gnd IIbt. The
nercentage of mature fish anmong 10 to 15-yesar-old cod was detor-
mined on *the basisc of lene-term mean data (Table 7), as thore .
were Taw fish of such an sge in samples in 1977/78.

“** According to T.Jlakobsen (Jukobsen, 1379); figures are taken
Ifrcm the graph.
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Fige 1. Year-to-yesr changes in the measn length of 3 to 8-yeob-cld

cod in the southern Barents Sea. Forizontal lines and fi-

gures show long-term mean values for 1%49-1%78.
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Fig. 2. Year-to-year changes in the rean leng

th of 3 to 8~vear-old
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Fig., 3. Year-to-year changes in the meen lenzth of 4-~year-cld cod

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

changes in catches of cod per fishing effort (2) and long-

term mean indices of stomach fullness of .cod (3).
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" ®is, Y%, lean length of &=-year-old cod of the 1958-1372 year clasces
in fhé Rear island - Spitstergen area in comparison to
A>ébundancé indices of the correspondi;g'year classes according
to the young fish survey data ( the mean cotch per trawling

hour at age 1+ and 2+, specirens).
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