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The ratio of males to females within a given spawning popula

tion influences in a specific way the course of spawning and regulates 

indirectly the recovery rate of the stock /Makeeva,Nikolskij 1965/. 

,The variations of ecological conditions and the influence 

of fishery can modify the sex ratio in the stock /Nikolskij,1974/. The 

Irnowledge of variations of sexual structure of a given population might 

be of considerable importance in case of species under industrial 

exploitation. This problem is of particular significance for the her

ring population of the George Bank area,which was heaVy exploited re-

cently /Anthony,1976/. 

This paper presents an attempt to evaluate the sex ratio 

variations of the spawning population of the George Bank 

during the period of 1971 - 1976. 

herring 

The sex ratio was determined in samples collected from sepa

rate tows of Polish freezing trawlers Ifig.1/conducting directed her

ring fishery during autumn spawning period on fishing grounds of the 

ICNF Division 5 ~e within the time period 1971 - 1976. The fishing 

gear applied was a standard pelagic trawl made of polyamide twin, 

the mesh width of the codend measuring 44 mm. For biological analyses 

100 specimen of herring were taken every time from samples counting 

more than 200 specimen by their share lin %/within consecutive 1 em 

length classes. 
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Two methods of length measuring were applied: 

- to the nearest half centimeter bar of the measuring board. This 
method was used until 1973, 

- to the nearest centimeter below on the one centimeter scale of 
the measuring board. This method was used after 1973. 

Determination of sexes,maturity of gonads and collecting of 
ethol! ts fa'r ageing were performed. The maturity stages of gonads were 
estimated applytng 8 grade scale,the same as used for herring in the 
ICES area. This scale was accepted by the ICNAF Standing Committee 
of Research and Surveys in 1964 and adopted for :fisheries investigation 
in the NW Atlantic area /ICNAF ,1965/. 

The samples were collected during August - November for the 
time period 1971 - 1975 annualy /table 1,fig.1/. For purpose of this 
investigation 304 length samples and 141 samples for detailed biological 

analyses of herring were taken. During the whole period 90633 
specimen were examined in detail/table 1/. 

Table 1. The number of samples collected from board of Polish Freezing trawlers in Division 5Ze during 1971-1976 . 

•• -.rea , I. 

... *k TIll· n' % n '-va.&. ....... .1: .... 64 14, 1M! 9 ~ le~k pl •• _ .. ,-.. 
~.1: n. -_ .. 191M 43244 2, .. 2622 tN" .-Iter .1: .. ... 2J 69 4, 4 141 1I101qlod ~ . 

..... 10. 
tiu IIUMzo .f 2472 &264 411. ,.,. 1,u4 

.... 1l1li: 

Prespawning and spawning concentrations of herring occur on 
fishing grounds of the George Bank during September - October /Boyar, 
1971/. For determination of the sex ratio of the spawning concentra
tions their separatinn from prespaWning concentrations was Indlspen-
sable. 
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To achieve this separation the period investigated was divided 

into time sequences by 10 days intervals anu the share of fish /in%/ 

of a gl Yen stage of maturl ty was calculated in each time sequence by 

means of a length - maturity key. Joining the time sequences \..-1 thin 

which fish with gonads of stages of maturity VI and VII were domina: 

ting /table 2/ enabled the determination of the assembling time of 

spawning concentrations during conse~lltive years. 

Table 2. Stages of gonads maturity of herring(in percent) sampled from the 
Georges Bank area in September-October 1971-1975. 

- -- - - .olt. s. .... ber Dabber 
';p .. r 

1. dQa .-rl .. 1 a J 1 2 J 

"ea. .t ullvll1J 
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197'2 TI-TII 1'.6 M.2 99.' 100.0 
TIll ~, 
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197'J TI-TII , '102 4J.1 "~'1 "'.9 .J.6 9O.aJ 

.. III 1.6 1.6 14.7 .s 12.2 9.2 

IY-T 91.0 52.' 2J.' 20.4 10.2 11., 
197'4 TI-TII '1.1 44~8 66.1 '1&.11 119.1 M.61 

TIll - 1~8 J.O J~ - aJ~9 

IY-T 98.' 91.9 42.2 19.' ,.e 2a~'1 
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Por each time sequence the following items ""ere calculated: 

the ratio of males and females in the total number of samples, 

- the ratio of males and females within consecutive years, 

- the ratio of males and females 1n successive length classes, 

- legth frequency, 

- age composition. 

The sex ratio within samples or eroups of samples was calcula

ted following the formula of Pope /1956/. 

p = a 
-G-

where: p - proportion of males or females in sample, 

a the number of males or females in sample, 

u - total number of fish in sample. 

Table 3 presents the ratio of males and females in the 

sampled spawning concentrations of herring during the time perio~ 

1971 - 1976. In order to illustrate it, an index of sexual structure 

expressed as ratio between a total number of males and a total number 

of fish of both sexes /--~a</ was calculated. Its value varried from 
,P . 

0.487 to 0.525 and the mean was equal 0.513. The deviation from the 

mean was rather small,and did not exceed 3% /table 3/. These results 

indicate that sexual structure of the spawning concentrations is sta

bilised with number of males slightly dominating over number of fema-

les. 

Table 3. 

Year 

1971 
1972 
1973 
1974 
1975 
1976 

Mean ± 2SD 

Sex ratio of herring in 
spawning concentrations 
expressed as the propor
tion of males in 1971-76. 

Ratio of males 

0.505 
0.524 
0.522 
0.487 
0.515 
0.525 

O.S13±O.029 
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In spite of the before said stability of sexual structure 

wide variations of age and length composition of spawning concentra -

tions were observed./ fig. 2/. During -1971 - 1972 the herring population 

consisted of 3 to A years old fish, with age 5 prevailing. In following 

years the abundant year - class 1970 has recruited to the stock and 

caused the reduction of modal age in the stock in 1973 and 1974. 

The lack of sufficiently strong year-classes during the 

following years caused that the stock grew older agaln,whlch was indi

cated by domination of 5 year old fish in 1975 and 6 year old ~n 1976. 

The modal lengths of herring altered as well leading to 

simultaneous changes in the age composition of the stock. During 1971 

-1972 fish belonging to the 30 - 31 cm length classes prevailed. On the 

other hand.af~er that time, the length of dominating length classes 

decreased initially to 26 cm in 1973 showing however gradual increase 

during following years up to 32 cm in 1976. 

The sex ratio of herring by given age was investigated as well. 

Therefore the indices of sex ratio were calculated during consecutive 

years of life Ifor ages 2 to 8,table4/. The table shows the domination 

of males within the younger ages and the domination of females within 

older age-groups. The index value for those ye8r classes altered 

within a relatively narrow range between 0.569 - 0.395. The regressions 

reflecting the variability of males and females in number by given age 

intersect each other at a point which delimits on the abscmssa axis 

the age at which males and females are equal ~n number. This stage 

herring attains at the age of 4 years. 

Table 4. Sex ratio of herring during consecutive years of the life 
cycle expressed as the proportion of males (a = age group). 

Age No. in 
group sample 

2 27 
3 1664 
4 2017 
5 1308 
6 625 
7 549 
8 130 

Proportion 
of males 

0.569 
0.518 
0.491 
0.476 
0.488 
0.488 
0.395 

Correlation 
coefficient 

R = -0.94 
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Moreover the changes in the male - female ratio by length -

classes were investigated as well. The regressions illustrating the 

variations of the ratio in separ8te length-clas3es of herrine are 

shown on fig.3. During the period of 1971 - 1975 the length-classes 

,~thin which the number of males and fe~ales was equal varied from 

28 cm to 31 cm. 

From the data presented it results that the sexual structure 

of the spawning concentrations was stabilized in spite of considera

ble abundance fluctuations af year classes constituting the herring 

stock. This phenomenon can be explained by: 

- relat! vely small differences between number of males and 

females during consecutive years of the life cyple which, 

in case of herring,did not exceed 20%, 

- considerable domination of fish belonging to age - groups 

3,4 and 5 consisiting 72% to 98?6 of the spawning population during 

the time period of 1971 - 1975 /table 5/. /The sex ratio among herring 

belonging to the 3 - 5 year-classes deviated slightly from unity/. 

Table 5. Georges Bank herring spawning stock paramters in 1971-1975. 

:r .. r 

1,,1 

1972 

1", 

1,., ... 

1m 

lerapll .la •• w1- _. :rM1' .la •• IV ,are.UeI!_ 
~ iWliioli'l !I. _1Mzo 1IIIuo • • t ... I .+ ~., /000/ z " .... , ....... 

:MI., oa ,.1 3491 72 

,...2 oa ,.6 ~" 18 

28.8 .. ,., 461, ." 

2' ...... 4.1 ,..46 ,., 
,...4 oa ,.1 1904 " 

Age-group 4 plays a particular role in the stabilization 

process of the sexual structure of spawnine concentrations. 

Herring of this age have dominated the spawning concentrations 

of that stock during last few years. This is the youn.:est age 
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group,fully recruited to the adult stockjBenko,Wilson 1962, Boyar 

1971/. The sex ratio in age-group 4 is eoual to 1. Similar structure 

of sexes of the total herring stock was observed during spawning. 

Fish belonging to age-group 4 play a fundamental role in the pro

cess of the stock recovery in case of severe reduction of older 

year-classes abundance /l.e. due to overfishingj. Moreover,the same 

year -group can simultaneously balance the sex ratio ~mich/in 

turn,enables an appropriate course of spawning. 

1. The sex ratio of the spawning concentrations of the George Bank 

herring stock approximated unity,while males dominated slightly 

over females. Such situation was maintained during the whole time 

period from 1971 to 1975 in spite of wide variability of abundance 

of year-classes forming the adult stock, 

2. The variation between ratio of males to females oscillated from 

0.6 to 0.4 in c ·nsecutive years of the life cycle of one year-class 

/from age-group 2 to 8/. Among young fish /4 years old and younger/ 

males dOminated,whl1e,among older fish,females were in majority, 

3. During the time period 1971 - 1975 the high stability of sex rati, 

of the spawning populations of herring was secured by: 

- small differences between number of males and females in 

consecutive years of the life cycle, 

- domination of fi.h belonging to age-groups 3,4 and 5 /from 

72% to 97%/. In these age-groups the ratio of males to fema

les varried between 1.10 to 0.91. 
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