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Changes in fecundity o f female North Sea plaice (.Pleuronectes 
platessa  L.) between three periods since 1900

A. D. R ijnsdorp

Rijnsdorp, A. D. 1991. Changes in fecundity of North Sea plaice {Pleuronectesplatessa 
L.) between three periods since 1900. -  ICES J. mar. Sei., 48: 253-280.

Variations in size-specific fecundity were studied over a period of seven years between 
1977 and 1985 and fecundity-body length relationships were compared between three 
periods: 1900-1910, 1947-1949, and 1977-1985. Significant differences were observed 
between years and areas. The average fecundity for a 40-cm female was 12% less in the 
German Bight than in the southern N orth  Sea, but the annual variability was higher; 
15% and 7% respectively. Length-specific fecundity showed a significant positive cor
relation with the pre-spaw'ning condition factor, but not with the somatic growth in the 
preceding year. Fecundity appears to have changed since the early 1900s and 1947-1949, 
In 30-cm females the present fecundity was about 30-100% higher compared to the first 
two periods, depending on the area. Fecundity of larger females (50 cm) was similar to 
that in 1900, but was 30-60% higher than in 1947-1949. The substantial reduction in 
fecundity in the period 1947-1949 contrasted with the much smaller change in ovary 
weight, suggesting not a change in the energy allocation over reproduction and somatic 
growth, but in the energy allocation over a small num ber of large eggs versus a large 
number of small eggs. Both length- and weight-specific fecundity decreased with age. The 
effect was largest in young fish. Weight-specific fecundity decreased by 3.9% when age 
increased from 4 to 5 years, by 1.7% when age increased from I Oto 11 years, and by 0.8% 
when age increased from 20 to 21 years. Significant differences in length-specific ovary 
weight were also observed between years and geographical areas, but the variability 
between years was less than in fecundity. Ovary growth was not synchronous between 
age groups, the younger age groups lagging behind by about one month. Egg weight 
calculated from ovary weight and fecundity w as lower than egg weight measured from 
ripe running females, suggesting that ovary growth continues after the start of spawning 
in an individual plaice. The differences in fecundity and ovary weight between the three 
time periods are discussed in relation to the question whether these are a phenotypic 
response due to changes in the conditions for growth or to a change in the genetical 
composition of the population.

A. D. Rijnsdorp: Netherlands Institute fo r  Fisheries Research, RIVO-DLO, P.O. Box 68, 
¡970 A B  IJmuiden, The Netherlands.

In troduction

F e cu n d ity  is defined as th e  n u m b er  o f  eggs sp aw n ed  by an  
in d iv id u a l fem ale, a n d  can  be estim a ted  by co u n tin g  the 
n u m b e r  o f  d evelop ing  oocytes in  th e  ov ary . F o r  c o m p a ra 
tive  p u rp o ses, fecund ity  is o ften  re p o rte d  as re la tive  
fecu n d ity , defined as th e  n u m b er o f  eggs p e r g ram  bod y  
w eigh t (B agenal, 1973). In  app ly in g  re la tiv e  fecu n d ity  it is 
assu m ed  th a t  fecu n d ity  is p ro p o rtio n a l to  b o d y  w eight, 
w h ich  is n o t alw ays th e  case. In  th e  p re sen t p a p e r, th e re 
fo re , fecund ity  is given fo r fem ales o f  a s ta n d a rd  leng th , 
w e igh t, o r  age in o rd e r  to  c o m p a re  fecu n d ity  betw een  
a rea s a n d  years. T h is will be  re fe rred  to  as leng th -, 
w eigh t-, o r  age-specific  fecundity .

F e c u n d ity  o f  fem ale  p laice  has been  s tu d ied  by F u lto n  
(1891), R e ib isc h ( 1899), F ra n z (1 9 1 0 a ,b ) , S im p so n (1 9 5 1 ), 
K ä n d le r  a n d  P irw itz  (1957), K a n d ie r  (1959), B agenal

(1966), R ijn sd o rp  et al. (1983), an d  H o rw o o d  e t al. (1986). 
B agenal (1966) show ed  a geo g rap h ica l p a tte rn  in length- 
specific fecund ity  increas in g  fro m  a re la tively  low  value in 
p o p u la tio n s  in the cen tre  o f  th e  species d is tr ib u tio n  area  
to  h igher values in p o p u la tio n s  a t  th e  edge. H e  suggested 
th a t  these differences “ w ere  re la ted  to  th e  a m o u n t o f  food 
availab le, w hich in tu rn  is re la ted  to  p o p u la tio n  d en sity ” . 
R ijn sd o rp  et al. (1983) a n d  H o rw o o d  e t al. (1986) 
re p o rte d  h igher fecu n d ity  values in  th e  la te  1970s an d  
early  1980s in th e  N o r th  S ea th an  S im p so n  (1951) 
re p o rte d  fo r  th e  la te  1940s a n d  R eib isch  (1899) an d  F ra n z  
(1910a,b) fo r  the beg inn ing  o f  th e  cen tury .

T he re p o rte d  change  in  fecu n d ity  o f  N o r th  Sea plaice 
since th e  la te  1940s was q u estio n ed  by H o rw o o d  et al. 
(1986), because o f  d o u b ts  a b o u t th e  c o m p arab ility  o f  the 
m eth o d s  used. H ow ever, th ey  conclu d ed  th a t  th e  rep o rted  
increase in  fecund ity  m u st reflect a real ch an g e  because
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o v a ry  w eigh ts show ed  a  c o rre sp o n d in g  increase. 
A lth o u g h  a c o m p a riso n  o f  ovary  w eights betw een th e  tw o 
p erio d s offers th e  possib ility  o f  an  in d ep en d en t test, such  a 
c o m p a riso n  sh o u ld  tak e  acco u n t o f  the fast g ro w th  in 
o v a ry  w eigh t in  th e  m o n th s  p rio r  to  spaw ning  (R ijn sd o rp , 
1990). Since S im pson  (1951) collected  o vary  sam ples 
betw een  O c to b e r  and  F e b ru a ry , an d  H o rw o o d  e t al. 
(1986) betw een  D ecem b er an d  F e b ru a ry , the low er o vary  
w eigh ts in th e  1940s m ig h t be re la ted  to  th e  earlier 
sam p lin g  dates.

C h an g es in  fecundity  an d  o vary  w eigh t d o  n o t have  to  
be p ro p o rtio n a l o r  to  o ccu r sim ultaneously , since c o n 
c u rre n t ch an g es in egg w eight m ay  occur. T h e  q u estio n  
w h e th er th e  fecundity  o r, m ore  generally , th e  re p ro 
d u c tiv e  in v estm en t o f  plaice h as increased  th ere fo re  
rem ains u n an sw ered . T h is  q u estion  is an  im p o rta n t one, 
because  it  bears  d irectly  on  tw o fu n d am en ta l p rob lem s: 
(1) Is th e  to ta l n u m b er o f  eggs p ro d u ced  an n u a lly  by  a 
p o p u la tio n  p ro p o rtio n a l to  the b iom ass o f  fem ale fish 
(R o th sc h ild , 1986)? (2) D oes a co n tin u ed  high level o f  
fish ing  m o rta lity  cause  changes in  th e  genetic  co m p o sitio n  
o f  th e  p o p u la tio n  w ith  respec t to  rep ro d u c tiv e  pa ram e te rs  
(H o rn  a n d  R u b en ste in , 1978; A llen d o rf  e t al., 1986; 
N e lso n  an d  Soulé, 1986)?

P laice h as been  exp lo ited  in the N o r th  Sea since th e  late  
19 th  cen tu ry  a t  a level o f  fishing m o rta lity  th a t exceeds the 
n a tu ra l m o rta lity  a n d , as a  consequence, th e  age s tru c tu re  
o f  th e  a d u lt p o p u la tio n  m u st have ch an g ed  to w ard s  
y o u n g er age g ro u p s  c o m p a red  to  th e  unex p lo ited  p o p u 
la tio n . C e rta in  b io log ical p a ram ete rs  h ave  been  sh o w n  to  
have  ch an g ed  co rrespond ing ly : th u s , len g th -a t-ag e  o f  
ju v en ile  p laice  h as increased  w hile th a t o f  a d u lt  fish 
a p p ea rs  to  have  d ecreased  (B an n is te r, 1978). A n d  p resen t 
m a tu rity  occu rs  a t  a y o u n g er age a n d  a sm aller len g th  
th a n  a t  th e  beg in n in g  o f  th is cen tu ry  (R ijn sd o rp , 1989).

T h is p a p e r  analyses th e  changes in fecundity  o f  fem ale 
N o r th  Sea p laice  betw een  th ree  periods: 1900-1910,1947— 
1949, an d  1977-1985, based  on  th e  lite ra tu re  d a ta  a n d  
new  d a ta . C h an g es  in o v a ry  w eight betw een 1947-1949 
a n d  1982-1988 are  analysed . E gg w eight, w hich  links 
fecund ity  a n d  o v a ry  w eight, is c o m p a red  from  estim ates 
o b ta in e d  b o th  ind irec tly  fro m  ovary  w eight a n d  fecund ity  
a n d  d irec tly  fro m  ru n n in g  fem ales.

M aterials and  m ethods

N otation

In  th is p a p e r  th e  fo llow ing  n o ta tio n  is used: A -  age w ith  1 
J a n u a ry  as b ir th d a te ; D E W - d r y  egg w eight (m g); 
% D E W - d r y  egg w eight (% ); E W - w e t  egg w eight 
(m g); E - f e c u n d i ty  in th o u sa n d s  o f  eggs; G - o v a r y  
w eight (g); R G  -  re la tive  (length-specific) o vary  w eigh t =  
l O O x G x L - 3 ; L - le n g t h  in  cm; W ,- t o t a l  w eigh t (g) 
in clud ing  viscera an d  ovaries; W g- g u t te d  w eight (g)
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Figure 1. Sampling positions for fecundity ( X ) in 1982-1985 and 
the geographical area distinguished in the present study. The 
shaded area shows the Doggerbank.

exclud ing  viscera; S W - s o m a tic  w eight (g) =  W g —G ; 
C  -  c o n d it io n  fa c to r  =  1000 x W , x L " 3; SC  -  so m a tic  
c o n d it io n  =  100 X SW  X L - 3 ; % d r y - p e r c e n ta g e  d ry  
w eight.

G u tte d  w eight in  p laice  is re la ted  to  to ta l w eight a c c o rd 
ing  to  W ,=  l .07 X W g (R ijn sd o rp  an d  Ibelings, 1989).

Ovary samples

O v ary  sam ples w ere ta k e n  from  m ark e t sam ples o f  th e  
lan d in g s o f  com m ercial beam  traw lers a t  fish au c tio n s as 
desc rib ed  in  R ijn sd o rp  (1989). O n  b o a rd , th e  fish a re  
sto red  on  ice fo r  less th a n  one week b efo re  being so ld , 
b u t som e o f  th e  sam ples w ere deepfrozen  a t — 20rC  fo r 
so m e  w eeks b efo re  analysis. M a rk e t sam ples w ere tak e n  
ran d o m ly  fro m  v ario u s g eo g raph ica l a reas (Fig. 1) a n d  
consists o f  fo u r leng th  s tra ta . F ro m  each  leng th  s tra tu m , 
rip en in g  fem ales, w hich h a d  n o t yet s ta r te d  to  sp aw n  
(m a tu rity  stage 2: R ijn sd o rp , 1989), w ere ran d o m ly  
selected  a n d  to ta l len g th  (m m ), g u tted  w eigh t (g), a n d  
o vary  w eigh t (g) w ere reco rd ed . O to lith s  w ere co llected  
fo r ag e-d e te rm in a tio n  w ith  1 Ja n u a ry  assigned as th e  
b ir th d a te . T ab le  1 sum m arizes the  sam pling  fo r fecund ity  
an d  o v a ry  w eight an d  includes th e  new  d a ta  as well as th e  
d a ta  tak en  fro m  th e  lite ra tu re . T h e  resu lts fo r  each  fish 
sam pled  fro m  1982 to  1985 are  tab u la te d  in the  A p p end ix .
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Table 1. Number of ripening females (m aturity stage 2) sampled for fecundity and ovary weight. Data sources: (1) Reibisch (1899), 
Franz (1910a,b); (2) Simpson (1951); (3) Horwood et al. (1986); (4) this study.

Area code

DWK OG DB FLAM Total Source

Fecundity
1900/1910 -  108 108 1
1947/1949 221 33 254 2

1976/1977 29 37 65 - 131 3
1978; 1979 46 64 37 - 147 3
19794980 68 49 137 88 342 3
1981/1982 31 24 26 21 102 4
1982/1983 17 33 65 38 153 4
1983/1984 45 8 34 42 129 4
1984 1985 38 14 52 0 104 4

Ovary weight (first quarter only)
1947/1949 47 “ “ 33 80 2

1982 44 92 104 82 322 4
1983 80 116 154 92 442 4
1984 111 98 171 14 394 4
1985 86 55 154 40 335 4
1986 88 49 174 49 360 4
1987 10 42 48 2 102 4
1988 27 28 63 29 147 4

Fecundity estimates

F em ale  plaice in m a tu r ity  stage  2 w ere  selected  ran d o m ly  
fro m  all size classes in  th e  m ark e t sam ples tak en  betw een 
D ecem b er an d  F e b ru a ry . Sam pling  in fo rm a tio n  is su m 
m arized  in T ab le  2 a n d  th e  sam pling  p o sitio n s a re  show n 
in F ig u re  1. T h e  spa tia l d is tr ib u tio n  o f  the sam p les covers 
th e  m ain  spaw ning  areas o f  plaice in the N o r th  Sea except 
the so u th w a rd  ex tension  in th e  eas te rn  E nglish  C h an n el 
(H a rd in g  e t al., 1978; H eessen  a n d  R ijn sd o rp , 1989; 
R ijn sd o rp , 1989).

O v a ry  sam ples a re  sto red  in m eth an o l (5 0 -7 0 % ) fo r  a 
p e rio d  o f  betw een  2 a n d  12 w eeks. T he o o cy tes  w ere 
se p a ra te d  from  th e  connec tive  tissue  by w ash in g  in 
co arse - a n d  sm all-m eshed  sieves u n d e r a gentle  flow  o f  
w a ter. T h e  d evelop ing  oocytes w ere finally  c lean ed  o f 
sm all frag m en ts  o f  connective  tissue  an d  sm all p rim ary  
o o cy tes  by d ecan ting . T h is m eth o d  is a fu r th e r  d ev elo p 
m en t o f  th e  one described  in R e ib isch  (1899) a n d  L eeuw en 
(1972) a n d  serves as a su itab le  a lte rn a tiv e  fo r th e  t r a 
d itio n a l tech n iq u e  u sing  G ilso n ’s fluid (S im pson , 1951), 
w h ich  p ro d u ces su b s tan tia l a m o u n ts  o f  tox ic  m ercu ry  
w aste  p ro d u c ts . F in a lly , the n u m b er o f  o o cy tes was 
c o u n te d  using  a w et co u n tin g  device.

F e c u n d ity  w as estim a ted  by co u n tin g  the  n u m b e r o f  
o ocy tes from  a su b sam p le  o f  th e  o v a ry  tissue o f  k n o w n  
w eigh t a n d  ra is in g  th is n u m b er to  th e  to ta l w eigh t o f  the  
ovary . W eigh ts w ere de te rm in ed  to  the n ea re s t 0.01 g.

O v ary  subsam ples w ere  tak e n  from  th e  m idd le  reg ion  and  
h ad  a  w eight o f  1-4 g (a b o u t 2 -1 0 %  o f  th e  o v a ry  w eight). 
P ilo t co u n ts  show ed  th a t  the egg densities o f  th e  tw o 
ovaries o f  an  ind iv idual fem ale  did  n o t differ significantly , 
n e ith e r d id  th e  egg densities o f  th e  v a rio u s sections o f  one 
ovary . T h e  variance  o f  rep ea ted  estim a tes o f  re la tive  egg 
density  betw een ov aries w as 9 %  (n  =  186) an d  o f  rep ea ted  
estim a tes  o f  th e  v a rio u s  sec tions fro m  th e  sam e o vary  5%  
(n =  320). T h e  p recision  o f  th e  fecu n d ity  estim a te  o f  an  
ind iv idual fem ale using  tw o  subsam p les w as estim ated  
a t 1.96 X 9 % /v  2 =  1 2% , in d ica tin g  th a t 95%  o f  the 
m easu rem en ts  w ere w ith in  ±  12%  o f  th e  tru e  egg density . 
T w o o vary  subsam ples w ere tak e n  p e r fem ale  in 1982, 
1983, an d  1984 an d  one su b sam p le  in 1985.

T h e  n u m b er o f  oocy tes w as d e te rm in ed  u sing  a w et 
co u n tin g  device (Philips PW 4232) a cc o rd in g  to  P arrish  
e t al. (1960). T h e  accuracy  o f  th is eq u ip m en t w as regu larly  
tested  by c o m p arin g  th e  resu lts  w ith  eye c o u n ts  o f  test 
sam ples o f  500-1000 oocytes. In  a  p ilo t experim en t 
the dev ia tion  betw een th e  w et co u n tin g  device a n d  the 
eye c o u n t w as observed  to  be + 0 .5 %  w ith  a  s ta n d a rd  
d ev ia tio n  o f  2%  (n  =  10).

Egg dry weight

Sam pling  o f  ripe  eggs fo r d e te rm in in g  d ry  w eigh ts of 
eggs w as c arried  o u t in a re a  D W K  in th e  second  h a lf  o f
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Table 2. Dates and positions of the fecundity samples.

Sample
no. Date Position Number Area code

Spawning season: 1981/1982
82-1 21 December 5300 N 330 E 14 DWK
82-2 21 December 5130 N 230 E 5 DWK
82-3 7 January 5250 N 340 E 12 DWK
82-4 11 January 5400 N 200 E 11 OG
82-5 11 January 5445 N 630 E 8 DB
82-6 18 January 5403 N 215 E 13 OG
82-7 25 January 5420 N 100 E 10 FLAM
82-8 1 February 5445 N 530 E 12 DB
82-9 8 February 5425 N 050 E 11 FLAM
82-10 22 February 5410 N 630 E 6 DB

Spawning season: 1982/1983
83-1 13 December 5415 N 415 E 20 DB
83-2 13 December 5320 N 230 E 33 OG
83-3 10 January 5355 N 050 E 38 FLAM
83-4 14 January- 5430 N 420 E 20 DB
83-5 14 January 5450 N 610 E 25 DB
83-6 21 January 5245 N 345 E 17 DWK

Spawning season: 1983/1984
84-1 9 December 5240 N 240 E 19 DWK
84-2 16 December 5240 N 240 E 20 DWK
84-3 22 December 5355 N 055 E 41 FLAM
84-4 20 January 5430 N 600 E 25 DB
84-5 13 February 5320 N 350 E 8 OG
84-6 27 February 5355 N 620 E 9 DB
84-7 9 March 5240 N 353 E 6 DWK
84-8 12 March 5400 N 100 E 1 FLAM

Spawming season: 1984/1985
85-1 14 December 5230 N 355 E 4 DWK
85-2 14 December 5530 N 730 E 25 DB
85-3 18 January 5240 N 400 E 15 DWK
85-4 18 January 5225 N 300 E 14 DWK
85-5 20 January 5455 N 610 E 13 DB
85-6 25 January 5320 N 350 E 14 OG
85-7 28 January 5515 N 530 E 14 DB
85-8 8 February 5230 N 320 E 5 DWK

Ja n u a ry  1990 o n  b o a rd  a com m erc ia l beam  traw l vessel. 
R ipe  eggs w ere  s trip p ed  fro m  ru n n in g  fem ales (m atu rity  
stages 3 to  6) d irec tly  o n  cap tu re . L ength , w eight, age, 
o v a ry  w eigh t a f te r  the ripe  eggs h a d  been s tr ip p ed , an d  
p ercen tag e  d ry  w eight o f  th e  o v a ry  w ere d e te rm in ed  fo r 
each  fish. E ggs w ere s to red  in  4 %  fo rm aldehyde  in  sea 
w a te r  an d  th e  h y d ra te d  eggs se p a ra ted  from  th e  n o n 
h y d ra ted  eggs by sieving o v e r a  p la n k to n  gauge w ith  a  
m esh size o f  240 pm . A fte r  s to r in g  fo r 1-4  w eeks th e  
sam ples w'ere w ashed  in dem inera lized  w ater; a  su b sam p le  
o f  a b o u t 400 eggs w as co u n te d  an d  dried  a t 60°C  a n d  th e  
d ry  w eight de te rm in ed  to  th e  n e a re s t 0.1 mg. R ep licates o f  
w eight e stim a te s  in d ica ted  th a t  w ith  95%  p ro b ab ility  th e  
m easu red  w e ig h t p e r egg dev ia ted  by less th a n  0.006 m g  o f 
th e  real \a lu e .

Tabic 3a. ANCOVA results of the fecundity data 1982-1985 
according to the GLM model: loge E =  a +  a year-t-aarea +  ß.loge 
L +  y loge SC +  8.1oge A; with E  =  fecundity; L =  length; A =  age; 
SC =  somatic condition.

SS d.f. MS F P

log A ’ 0.010 1 0.010 0.22 n.s.
logSC1 16.26 1 16.26 359.0 <0.01
logL1 29.84 1 29.84 658.8 <0.01
A rea’ 0.693 3 0.231 5.10 <0.01
Y ear1 0.870 3 0.290 6.40 <0.01
Error 21.56 476 0.045

Total 170.2 485

'A fter adjusting for main effects.

Table 3b. Parameter estimates of the significant parameters o f the 
GLM model o fT able  3a: loge E =  a +  a year +  a area +  ß.loge L +  y 
logc SC +  5.1oge A; with E =  fecundity; L =  length; A = age; SC =  
somatic condition.

Parameter estimate

a -6 .872
ß 3.220
Y 1.882
al982 0.000
al983 -0.0172
a  1984 -0.0738
al985 -0.1167
aDW K 0.000
aOG -0.0954
ctDB -0.0407
uFLAM -0.1041

Statistical methods

A nalyses o f  cov arian ce  (A N C O V A ) a n d  b ack w ard s s te p 
w ise regression  analyses w ere carried  o u t w ith  the N A G  
sta tis tica l p ackage  G L IM  (B aker an d  N e id er, 1978). T h e  
basic  G L M  (M cC ullagh  a n d  N eider, 1983) m odel to  stu d y  
th e  d e p en d en t v a riab le  (Y: fecundity , ovary  w eight), in 
re la tio n  to  co v ariab les (X : leng th , w eigh t, so m atic  c o n 
d itio n ), a n d  fac to rs  (F ; age, geo g rap h ica l a rea , sp aw n in g  
seaso n ) was:

loge Y  =  a  +  ß logeX  ! +  y logeX 2 +  F¡ +  Fj +  8

T h e  assu m p tio n  o f  the A N C O V A  th a t th e  e rro r  term  (s) is 
n o rm ally  d is tr ib u te d  was tested  by  m ak in g  a p ro b ab ility  
p lo t o f  th e  residuals. P a ra m e te r  values w ere estim ated : a  
fo r  in te rcep t, ß an d  y fo r  the slopes o f  th e  m ain  c o v a ri
ab les, a n d  a¡, a¡ fo r th e  fac to ria l effects o f  F¡ an d  Fj. T h e
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m u ltip lica tiv e  effect o f  a fac to r F  w as ca lcu la ted  as the  
an tilo g  o f  th e  p a ram e te r  estim ate  exp(a¡).

Results

Fecundity

N ew  data  1982-1985
T h e  resu lts  o f  th e  A N C O V A  fo r fecu n d ity  len g th  re la tio n  
w ith  co v ariab les , age an d  som atic  c o n d itio n , a n d  facto rs, 
a re a  a n d  year (i.e. spaw ning  season), a re  g iven in  T ab le  3a. 
V a rian ce  in fecu n d ity  w as exp lained  by  len g th  o f  th e  fish 
(1 8 % ) a n d  so m a tic  c o n d itio n  (10% ). T h e  o th e r  facto rs, 
th o u g h  sta tis tica lly  significant, c o n tr ib u te d  m u ch  less 
(a rea  —0 .4%  a n d  y ear —0.5% ). A ge w as n o t significant. 
A  su b s ta n tia l p a r t  o f  th e  va rian ce  in fecu n d ity  (59% ) 
co u ld  n o t be  ascribed  to  a single fac to r. A tes t o f  the  
in te rac tio n  o f  th e  significant co v ariab les, len g th , and  
so m a tic  c o n d itio n , w ith  a rea  a n d  y ear show ed  th a t  the 
se c o n d ary  a n d  te rtia ry  in te rac tio n s w ere all n o n 
sign ifican t, ju s t  as the in te rac tio n  be tw een  th e  fac to rs  
g eo g rap h ic  a re a  an d  spaw ning  season.

T h e  p a ra m e te r  estim ates fo r th e  co v ariab les  len g th  an d  
so m a tic  c o n d itio n  an d  fo r th e  fac to rs  a rea  an d  y e a r are 
given in T ab le  3b. T h e  slope o f  th e  fe cu n d ity - le n g th  re
la tio n  (ß  =  3.22) is slightly  b u t sign ifican tly  la rg e r th a n  3 
(p c O .O l) . T h e  so m a tic  co n d itio n  o f  th e  fem ales p r io r  to  
sp aw n in g  positively  influenced fecundity  (y =  1.882), in d i
ca tin g  th a t  a  10%  increase in so m a tic  c o n d itio n  resu lts  in 
an  ap p ro x im a te ly  10%  increase in fecundity . T h e  m u lti
p lica tiv e  effect o f  area  a n d  year, c a lcu la ted  as th e  an tilo g  
o f  th e  p a ra m e te r  estim ates, in d ica ted  th a t  fecund ity  
decreased  be tw een  area  D W K  in th e  so u th  a n d  th e  m ore  
n o rth e rn  a rea s  O G  ( - 9 % ) ,  D B  ( - 4 % ) ,  an d  F L A M  
( — 10% ) a n d  a lso  by 11%  betw een 1982 a n d  1985.

D is tr ib u tio n  o f  th e  e r ro r  term  show ed  a  sligh t skew ness 
a n d  k u rto s is  w ith  p a ram ete rs o f  —0.336 a n d  0.554, re
spectively  (n =  486). O utliers w ere checked  b u t th e re  w as 
n o  re a so n  to  su sp ec t these  observ a tio n s; all w ere  su b se 
q u e n tly  in c lu d ed  in  th e  analysis.

T h e  re la tio n sh ip  betw een fecu n d ity  a n d  b o d y  w eight 
w as s tu d ied  a n d  th e  resu lt o f  th e  A N C O V A  is g iven in 
T ab le  4a . O n ly  th e  p rim ary  fac to rs  a re  in c lu d ed  since 
seco n d ary  an d  te r tia ry  in te rac tio n  te rm s w ere n o t s ta tis ti
cally  sign ifican t. T h e  slope o f  th e  fe cu n d ity -w eig h t re
la tio n sh ip  (ß =  1.241) is significantly  la rg e r th a n  one 
(p c O .O l) . O verall, th e  results o f  th is  A N O V A  a re  very 
sim ilar to  th o se  o f  th e  fe cu n d ity -len g th  re la tio n sh ip , 
ex cep t th a t  th e  co v ariab le  age is a lso  significant. T h e  p a r 
a m e te r estim a te s  in  T ab le  4b in d ica te  th a t  w eight-specific  
fecu n d ity  decreases w ith  increasing  age. A n  in crease  in 
age fro m  4  to  5 years  o ld  reduces fecu n d ity  by 3 .9 % , from  
10 to  11 years o ld  by 1 .7% , an d  fro m  20 to  21 years  o ld  by 
0.8 % . T h e  age effect is th u s p a rticu la rly  p ro n o u n c ed  in  the 
y o u n g e r age g roups.

Table 4a. ANCOVA results of the fecundity data 1982-1985 
according to the GLM model: loge E =  a  +  a year +  a arca-f ß loge 
W +  5 log,. A; with E =  fecundity; W =  weight; A =  age.

SS d.f. MS F P

logA1 0.728 1 0.728 14.6 <0.01
logW 1
A rea1

52.43 1 52.43 1054 <0.01
0.613 3 0.204 4.11 <0.01

Y ear1
Error

1.086
23.71

3
477

0.362
0.0497

7.28 <0.01

Total 170.2 485

'A fter adjusting for main effects.

Table 4b. Parameter estimates of the significant parameters o f  the 
GLM  model of Table 4a: logc E =  a +  a ycar +  ctarea +  ß logc W +  8 
loge A; with E =  fecundity; W = weight; A =  age.

Parameter estimates

a -2 .6 5 8
ß 1.241
8 -0 .1 7 2
a  1982 0.000
al983 -0 .0523
al984 -0 .1114
al985 -0 .1314
cxDWK 0.000
aO G -0 .0820
aDB -0.0510
ctFLAM -0.1028

D ata  1977-1985
A  sim ilar A N C O V A  to  th a t  o f  T ab le  3 app lied  to  th e  d a ta  
o f  F lo rw o o d  e t al. (1986) fo r  th e  a reas D W K , O G , D B , 
a n d  F L A M  is show n in T ab le  5, excep t th a t  the co variab le  
so m a tic  c o n d itio n  co u ld  n o t be  in c lu d ed  b ecause  the 
in fo rm a tio n  req u ired  is n o t av ailab le  fo r th e  period  
1977-1980.

A N C O V A  o f  the co m b in ed  d a ta  se t o f  1106 fem ale 
p laice  show ed  again  th e  sign ifican t effect o f  leng th , year, 
a n d  a rea , b u t in th is case also  age c o n tr ib u te d  significantly  
to  th e  v a rian ce  in  fecu n d ity  (T ab le  5). A  stu d y  o f  the 
seco n d ary  in te rac tio n  term s show ed  a  sign ifican t in te r
ac tio n  o f  A rea. Y ear, logL .A rea , an d  o f  logA .A rea . N o n e  
o f  th e  te r tia ry  in te rac tio n  te rm s w as fo u n d  to  be signifi
can t. T h e  p a ram e te r estim ates o f  th e  m o d el in clud ing  all 
significant term s in d ica te  th a t  th e  slope o f  th e  fe cu n d ity - 
len g th  re la tio n sh ip  is steep er in a rea  F L A M  (T able  5). T he 
estim a ted  age effect w as low est in a rea  D B  an d  h ighest in 
a re a  F L A M . In  a rea  D B  an  increase  in  age from  4 to  5 
years o ld  reduces fecund ity  by 1 .5% , w hereas in  a rea  
F L A M  th is was 9 .0% .
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Table 5a. ANCOVA results of the fecundity data 1977-1985 according to the GLM  model: loge E = a  +  a ycar +  aarca +  ß.logc L +  8 loge 
A; with E  =  fecundity; L =  length; A =  age.

SS d.f.

logA1 5.21 1
logL1 112.3 1
A rea1 2.59 3
Y ear1 7.52 6
Error 99.64 1094

Area.Year 2.209 15
logL.Area 1.671 3
logL.Year 0.265 6
logA.Area 0.941 3
logA.Year 0.583 6
Error 91.84 1061

Total 374.3 1105

‘After adjusting for main effects.

Table 5b. Parameter estimates of the ANCOVA of Table 5a 
according to the model: logc E =  a  +  a year +  aarea +  ß.logc L +  6 
logc A; with E =  fecundity; L =  length; A =  age; aarea =
a  +  a y c a r  +  a a re a -

DWK OG DB FLAM

P 3.593 3.343 3.016 4.425
y -0 .3 1 3 -0 .2 6 7 -0 .070 -0 .4 2 5
ârca.year*

1977 -7 .6 5 0 -6 .8 1 3 -6 .0 6 2 _
1979 -7 .7 0 5 -6.921 -6 .3 0 8
1980 -7 .5 5 0 -6 .834 -5 .904 -10 .496
1982 -7 .5 3 4 -6 .7 8 3 -5 .9 1 6 -10.494
1983 -7 .6 9 9 -6 .771 -6 .054 -10.653
1984 -7 .6 6 9 -7 .0 4 9 -6 .199 -10.707
1985 -7 .6 7 9 -7 .081 -6 .118 -

T h e  fecu n d itie s fo r th ree  size classes (3 0 ,4 0 , an d  50 cm ) 
a n d  fo u r  g eo g raph ica l a rea s (D W K , O G , D B , F L A M ), 
p red ic ted  fro m  th e  p a ra m e te r  estim ates in T ab le  5, fluc
tu a te d  in  c o n ce rt w ith  re la tive ly  low  values in 1979, 1984, 
a n d  1985 a n d  re la tively  h igh values in  1980 a n d  1982 in all 
a rea s (F ig. 2). N o  differences a p p ea r  in  the level o f  o r  the 
v ariab ility  in  fecu n d ity  betw een  th e  d a ta  sets fo r  1977— 
1980 (H o rw o o d  e t al., 1986) a n d  fo r 1982-1985 (p resen t 
study). T ab le  6 show s th a t th e  be tw een-year v a riab ility , 
expressed  as th e  coefficient o f  v a ria tio n  (C .V .) o f  p re 
d icted  fecu n d ity , ap p ears  to  be  low est in a rea  D W K  
(C .V . =  7 % ) a n d  h ighest in a rea  D B  (C .V .=  14% ), the 
o th e r  a rea s b e in g  in te rm ed ia te  (F L A M : C .V . =  11% ; O G : 
C .V . =  12% ).

C om parison o f  1947-1949 da ta  w ith data f o r  1977-1985  
S im pson  (1951) stu d ied  fecund ity  in  a rea  D W K  in  1947/ 
1948 an d  1948/1949 a n d  in a re a  F L A M  in  1948/1949. T h e

MS F P

5.21 57.2 <0.01
112.3 1233.0 <0.01

0.863 9.48 <0.01
1.254 13.77 <0.01
0.0911

0.147 1.70 <0.05
0.557 6.43 <0.01
0.044 0.51 n.s.
0.314 3.62 <0.05
0.097 1.12 n.s.
0.0866

lo g - lo g  sc a tte r  p lo ts  o f  fecu n d ity  a g a in s t fish len g th  are 
sh o w n  in F igures 3 (a -d ). A N C O V A  o f  th e  d a ta  fo r  b o th  
a rea s sep ara te ly  show ed th a t  th e  slopes o f  the  reg ressions 
w ere sign ifican tly  d ifferen t betw een  b o th  periods in  a rea  
D W K , b u t n o t in  a rea  F L A M  (T able  7). C o m p ariso n  o f  
th e  p red ic ted  fecundities fo r  th ree  size classes f ro m  the 
p a ra m e te r  estim ates o f  T ab le  7 show ed  th a t  fecund ity  
in creased  by 26%  in a rea  F L A M . In  a rea  D W K  th e  in 
c rease  in  fecu n d ity  w as be tw een  62 an d  103% , d ep en d in g  
o n  fish size (T ab le  8).

C om parison o f 1900-1910 data  w ith da ta  f o r  1977-1985  
F ro m  the  fecund ity  d a ta  co llected  a ro u n d  1900 by 
R e ib isch  (1899) a n d  F ra n z  (1910a,b), p laice  w ith hyaline  
eggs w ere  excluded  fro m  th e  analysis, leaving a  to ta l 
n u m b e r  o f  fecu n d ity  estim ates o f  108 fo r these years. T he 
sam ples o rig in a ted  m ain ly  fro m  th e  G e rm an  B ight an d  
w ere th ere fo re  co m p ared  w ith  th e  d a ta  fo r th is a rea  (D B ) 
fro m  th e  p e rio d  1977-1985. T h e  lo g -lo g  sca tte r p lo ts  o f  
fecu n d ity  ag a in st fish leng th  a re  sh o w n  in F ig u re  4. T he 
reg ression  slopes differed significantly  betw een b o th  
p e rio d s  (T ab le  7). A t a  fish leng th  o f  50 cm , p re sen t 
fecu n d ity  w as 4 %  higher th a n  in 1900-1910, bu t th e  d if
fe rence  increased  to  35%  a t 40 cm  a n d  90%  a t 30 cm  
(T ab le  8). C o m p ariso n  o f  th e  1900-1910 d a ta  w ith  the 
in d iv id u a l years betw een 1977 a n d  1985 show ed signifi
c a n t differences betw een slopes fo r all years except 1979.

Ovary weight 

N ew  d a ta  f o r  1982-1988
T h e  re la tio n sh ip s  betw een o vary  w eight and  the c o v a ri
ables len g th  a n d  som atic  c o n d itio n , an d  the fac to rs  age, 
sp aw n in g  season , a n d  g eo g raph ica l a rea , w ere s tu d ied  in 
f irs t-q u a rte r  sam ples o f p re -sp aw n in g  fem ales (m atu rity



Changes in fe c u n d ity  in N orth  Sea  plaice 259

4 0 0

3 0 0

£  2 0 0

5 0  cm

4 0  cm

3 0  cm

9 8 0

Year

100 -

1976

Figure 2. Annual variability in predicted fecundities for three size classes (30, 40, and 50 cm) by geographical area from parameter 
estimates in Table 5. — □ —  = DWK, — © — =  OG, — ■  — =  DB, — A — =  FLAM.

Table 6. Mean, standard deviation, and coefficient o f  variation o f predicted fecundities according to the parameter estimates ofTable 5 
for three size classes and age groups of plaice.

30 cm age A• 40 cm age 6 50 cm age 10

Mean s.d. Mean s.d. Mean s.d. C.V.

Area
DW K 63 4.5 157 11.2 298 21.4 7.3
OG 61 7.5 144 17.6 264 32.4 12.3
DB 60 8.5 138 19.8 259 37.4 14.3
FLAM 48 5.2 145 15.7 310 33.9 10.8

stage  2). T ab le  9 show s th a t  leng th  w as th e  m ain  c o v a ri
ab le  ex p la in in g  75%  o f  the v a rian ce  in o v a ry  w eight. 
S o m a tic  c o n d itio n  exp la ined  0 .3 % , a rc a  — 1.4%  a n d  year 
— 0 .2 % . A ge w as n o t fo u n d  to  be  sign ifican t. T h e  analysis 
w as co m p lica ted  b ecause  there  w as a  sign ifican t h e te ro 
geneity  in  th e  slo p es o f  the reg ressions o f  o v a ry  w eight 
w ith  len g th  a n d  so m a tic  c o n d itio n  be tw een  a rea s  an d  
be tw een  years. H ow ever, this he te ro g en e ity  exp la in ed  
on ly  1 %  o f  th e  v a rian ce  in  o vary  w eigh t. T h e  significant 
in te rac tio n  lo g L .A re a  ind icates th a t  th e  slopes o f  o v a ry  
w eigh t o n  len g th  w ere slightly  s teep e r in  th e  m ore  
n o r th e rn  areas.

T h e  a n n u a l v a riab ility  in ovary  w eigh t w as s tu d ied  by 
c o m p a rin g  th e  p re d ic te d  o vary  w e ig h t o f  fem ale  p laice  o f  
3 0 ,4 0 , a n d  50 cm  in a rea  D W K  an d  D B  (F ig . 5). T h e  C.V. 
w as genera lly  below  10%  (T able  10). T h e  v a riab ility  in 
o v a ry  w eight w as less in area  D W K  a n d  increased  in m ore

n o r th e rn  a reas. F o r  th e  size class o f  40 cm , w hich is close 
to  th e  average  leng th  in  th e  sam ple , th e  C .V . w as 2 %  in 
D W K  a n d  6 %  in  a rea s O G , D B , a n d  F L A M . T hese 
v a lues a re  su b s tan tia lly  low er th a n  th o se  fo r fecundity .

C om parison o f 1947-1949  data  with data  f o r  1982-1988  
S im p so n  (1951) re p o rte d  o v a ry  w eigh ts o f  ripen ing  
fem ales from  a reas D W K  a n d  F L A M  betw een  O c to b er 
a n d  F e b ru a ry  in 1947-1949. S ince ov a ry  w eigh t increases 
rap id ly  in th e  m o n th  p r io r  to  sp aw n in g  a  c o m p a riso n  was 
m ad e  betw een o vary  w eights fo r J a n u a ry  an d  F e b ru a ry  
on ly . F ig u re  6(a an d  b) show s th e  lo g -lo g  sc a tte r  p lo ts  
o f  th e  o v a ry  w eight a g a in s t fish leng th  fo r a rea  D W K  
(Ja n u a ry ) an d  a rea  F L A M  (Ja n u a ry -F e b ru a ry ) , re sp ec t
ively. A N C O V A  o f  th e  d a ta  fo r  b o th  a rea s  separa te ly  
show ed  th a t  a b o u t 7 0 %  o f  th e  v a rian ce  in o v a ry  w eight 
w as ex p la in ed  by logeL (T able  11). T h e  fac to r Y ear,
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Figure 4. Scatter plots of fecundity (thousand eggs) against fish size (cm) for area DB in the periods 1900-1910(a) and 1982-1985(b). 
D ata from Reibisch (1899), Franz (1910a,b), and the present study.

Table 8. Predicted fecundity in thousand eggs for three size classes o f plaice and three time periods according to the param eter 
estimates o f  Table 7. The percentages at the bottom  o f the table indicate the percentage change from the historic period to the present 
period.

30 cm 40 cm 50 cm

Period: 1900-1910
DB 33.6 104.8 252.8

Period: 1947-1949
DWK 35.9 89.3 181.1
FLAM 40.9 108.9 232.5

Period: 1977-1985
DB 63.8 +  90% 141.4 +  35% 261.9 +  4%
DWK 72.8 +  103% 159.8 +  79% 294.0 +  62%
FLAM 51.7 +  26% 137.6 +  26% 293.8 +  26%

T his decrease  in  egg w eigh t co inc ides w ith  a decrease  in 
size-specific o v a ry  w eight a n d  a decrease  in percen tage  
o vary  d ry  w e ig h t as th e  successive b a tch es o f  eggs are 
re leased  (T ab le  15). T o  e s tim a te  th e  average  w eight o f  th e  
to ta l n u m b er o f  eggs sp aw n ed  d u rin g  th e  spaw ning  
p e rio d , th is decrease  in  egg w eigh t d u rin g  the spaw ning  
period  o f  in d iv id u a l fem ales m u st th ere fo re  be acco u n ted  
for. A w eigh ted  average egg d ry  w eight (D E W ) can be 
ca lcu la ted  fro m  th e  obse rv ed  stage-specific  egg w eight 
(D EW ¡) if  th e  p ro p o r tio n  o f  eggs (P¡) spaw ned  a t the 
various m a tu r ity  stages i is availab le : D E W  =  E 
Pj X D E W ¡. E stim ates o f  m a tu r ity  stage  d u ra tio n  (D¡), 
availab le  fro m  R ijn sd o rp  (1989), can  be tak en  as a c rude 
a p p ro x im a tio n  o f  the n u m b er o f  eggs spaw n ed  a t  each  
stage, a ssu m in g  c o n s ta n t b a tc h  size an d  in te r-b a tch  
spaw ning  in te rv a l. T h e  resu lt o f  th is  c a lcu la tio n  is given in 
T ab le  14 a n d  yields an  e s tim a te  o f  the average  egg dry  
w eight o f  0 .264 mg.

N o  c lear re la tio n sh ip  w as ev iden t betw een egg  w eight 
a n d  age o f  fem ale p la ice , a lth o u g h  th e  sam ples w ere  c o n 
fined to  ag e-g ro u p  5 a n d  o ld er (T able  16). F igure  10 show s 
th e  re la tio n sh ip  betw een  egg size (ES) an d  dry  egg  w eight 
(D E W ). T h e  pred ic tive  regression  is: E S =  1.288 +  2.151 
D E W  (r  =  0.801, n  =  42 , p c O .O l) .

D iscussion

M ethodology

In  co m p a rin g  th e  resu lts  o f  v a rio u s  fecund ity  stud ies 
c a rried  o u t a t  d ifferen t tim es and  by different m e th o d s, 
c a re  h as to  be tak en  th a t  the m eth o d s are  co m p arab le  
(S ch m itt an d  S k u d , 1978). In  th e  v arious fecundity  studies 
o f  p laice  w hich have been carried  o u t over the last cen tu ry , 
d ifferen t m eth o d s h ave  been  ap p lied  to: (a) iso la te  the  
o ocy tes from  th e  ovaries; an d  (b) subsam ple  a n d  c o u n t the
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Table 9a. ANCOVA results of ovary weights in the period 1982-1988 according to the GLM model: loge G  =  a area,jear +  (ß +  ßycar+  
Parca) '°8c L +  Yarca loge SC +- 5 logc A + Area +  Year; with G =  ovary weight; L =  length; A =  age; SC =  somatic condition. D ata FLAM 
in 1987 excluded.

SS d.f. MS F P

logA1 0.149 1 0.149 1.81 n.s.
logSC1 2.570 1 2.570 31.20 <0.01
logL1 570.8 1 570.8 6930 <0.01
A rea1 10.29 3 3.43 41.64 <0.01
Y ear1 1.793 6 0.299 3.63 <0.01
Error 171.9 2087 0.0824

Area.Year 2.789 17 0.164 2.05 <0.01
logL.Arca 0.799 3 0.266 3.32 <0.01
logL.Year 1.694 6 0.282 3.52 <0.01
logSC.Area 1.062 3 0.354 4.41 <0.01
logSC.Year 0.959 6 0.160 1.99 n.s.
Error 164.7 2053 0.0802

Total 760.5 2099

1 After adjusting for main effects.

Table 9b. Parameter estimates according to the GLM  model o f  Table 9a with all significant interaction terms: loge G =  a arca y(;ar +  (ß +  
Pyear +  Parca) l°gc ^  +  Yarca logc SC +  5 logc A +  Area +  Y ear; with G = ovary weight; L  =  length; A = age; SC =  somatic condition. Data 
FLAM in 1987 excluded.

Area: DWK OG DB FLAM

1982 -7 .0 4 8 -8 .4 7 0 -7 .7 1 0 -8 .659
1983 -8 .6 0 3 -9 .9 6 4 -9 .1 8 4 -10.319
1984 -8 .6 8 7 -9 .9 8 3 -9 .1 8 6 -10.318
1985 -8 .6 2 0 -9 .9 7 3 -9 .2 1 9 -10.392
1986 -9 .3 8 3 -10.791 -9 .9 6 9 -10.980
1987 -9 .8 1 6 -11.225 -10 .353 -

1988 -10.447 -11.711 -11 .066 -12.091

P P y e a r Area: P a r e a Y a r e a

1982 3.213 0.000 DWK 0.0000 0.3201
1983 3.213 0.433 OG 0.3613 0.8986
1984 3.213 0.436 DB 0.1109 0.1673
1985 3.213 0.422 FLAM 0.3887 0.4747
1986 3.213 0.627
1987 3.213 0.752
1988 3.213 0.921

oocy tes. T hese  differences cou ld  affect the  c o m p a rab ility  
o f  th e  resu lts  an d  w ill n o w  be d iscussed .

F ra n z  (191 Oa,b), S im p so n  (1951), an d  H o rw o o d  e t al. 
(1986) p reserv ed  th e  ovaries in G ilso n ’s fluid. R eib isch  
(1899) bo iled  th e  ov aries fo r 15 m in to  h a rd en  a n d  iso la te  
th e  oocy tes. A  sm all n u m b er o f  oocy tes w ere iso la ted  
fro m  th e  o vary  w all u sin g  a sp a tu la  an d  b ru sh . In  the  
p re sen t s tu d y  th e  o ocy tes w ere h a rd en ed  in m eth an o l an d

iso la ted  fro m  th e  connective  tissue by  gen tly  w ash ing  
ab o v e  a fine m eshed  sieve. B ecause th e  oocytes h a rd en ed  
sufficiently, it is unlikely  th a t th e  m eth o d  o f  p re p a ra tio n  o f  
oocy tes co u ld  have significantly  affected  th e  fecundity  
e s tim a tio n .

In  all stu d ies th e  oocy tes were se p a ra ted  from  th e  debris 
o f  connective  tissue by decan ting . T h is  step  cou ld  have 
resu lted  in  som e loss of’ th e  sm allest d evelop ing  oocytes,
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Figure 5. Annual \  ariability in predicted o\ ary weights for three size classes of plaice (30,40, and 50 cm) according to the parameters in 
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Figure 6. Scatter plots of o \a ry  weight (g) against fish size (cm) in the periods 1947-1949 and 1982 1988 for areas DWK (a and b) and 
FLAM (c and d). D ata from Simpson (1951) and the present study.
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Table 10. Means, standard deviations, and coefficients o f  variation of predicted ovary weights according to the parameter estimates of 
Table 9 for three size classes of plaice and with a somatic condition o f 0.800.

30 cm 40 cm 50 cm

Mean s.d. C.V. Mean s.d. C.V. Mean s.d. C.V.

Area
DWK 39 3.5 8.9 113 2.7 2.4 261 17.7 6.9
OG 30 2.4 7.8 97 5.9 6.2 243 26.2 11.2
DB 33 2.7 8.0 99 5.2 5.2 233 21.3 9.2
FLAM 27 3.1 11.1 87 5.4 6.2 217 19.7 9.3

Table 1 la. ANCOVA results of the ovary weight data 1982-1988 (present study) and those of 1947-1949 (Simpson, 1951) for areas 
DWK and FLAM separately according to the GLM  model: loge G  =  a  +  ß.loge L; G =  ovary weight; L = length.

SS d.f. MS F P

Area: DW K (January data only)
logL' 128.5 1 128.5 1718 <0.01
Y ear1 0.588 1 0.588 7.86 <0.01
Error 30.75 411 0.0748

logL.Year 0.0181 1 0.0181 0.24 n.s.
Error 30.73 410 0.0750

Total 174.1 413

Area: FLAM  (January and February data)
logL1 66.30 1 66.30 752.0 <0.01
Y ear1 0.290 1 0.290 3.28 n.s.
Error 28.39 322 0.0882

logL.Year 0.3934 1 0.393 4.51 <0.05
Error 26.00 309 0.087

Total 96.43 324

1 After adjusting for main effects.

Table l ib .  Parameter estimates of the GLM  model of Table l ia  
o f  ovary weight data 1982-1988 (present study) and those of 
1947-1949 (Simpson, 1951) for areas DW K and FLAM  separ
ately: logc G  =  a +  ß.log„ L; G  = ovary weight; L =  length.

Period Parameter DWK FLAM

1947-1949 a -9 .0 0 7 -7 .081
ß 3.691 3.118

1977-1985 a -8 .8 8 4 -9 .7 2 0
ß 3.691 3.859

especially  in  th e  sam ples o f  th e  sm aller fem ales taken  
early  in  th e  season , as o v a ry  dev elo p m en t in  these  fish lags 
b eh in d . T h is p ro b a b ly  d id  n o t affect th e  resu lts  fo r  the 
p e rio d  1977-1985, as th e  sam pling  d id  n o t s ta r t  before  
D ecem ber, b u t co u ld  h ave  affected  S im p so n ’s (1951) 
resu lts , w hich included  sam ples co llected  in O c to b e r and  
N o v em b er. H ow ever, co m p ariso n  o f  th e  fe cu n d ity -  
len g th  re la tio n sh ip s  fo r  S im p so n ’s O c to b e r-N o v e m b e r  
a n d  D e c e m b e r-F e b ru a ry  sam ples d id  n o t  in d ica te  a 
sign ifican t difference in  slopes o r  in te rcep ts. T h is  effect 
c a n n o t  b e  tested  fo r F ra n z ’s (1910a,b) d a ta  as sam pling  
d a te s  w ere n o t  specified.
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Table 12. Predicted ovary weight (grams) for three size classes of plaice and two time periods according to  the parameter estimates of 
Table 11. The percentages at the bottom  of the table indicate the percentage from the historic to the present period.

30 cm 40 cm 50 cm

Period: 1947-1949
DWK
FLAM

34.7
33.9

100.3
83.2

228.7
166.8

Period: 1977-1985
DWK 39.1 +  13% 113.5 +  13% 258.6 +  13%
FLAM 30.1 -1 1 % 91.4 +  10% 216.3 +  30%

Figure 7. Increase in size-specific ovary weight (RG =  G  x L 3) for various age groups of female plaice. Data 1982-1988. — ■  — =  age 
3 -4 ,— □ — =  age 5-14 ,— ® — =  age 15 +  .

Table 13. Coefficients of the predictive regression o f first-quarter ovary weight (g) against body size (cm) in stage 2 plaice according to 
the GLM model logc G = a  +  ß logc L; where G =  ovary weight and L =  length. Pooled market sampling data 1981-1985.

a  s.e. ß s.e. r 2 N

October -1 4 .5 0.455 4.89 0.124 0.692 699
November -1 2 .2 0.353 4.39 0.095 0.706 885
December -1 1 .3 0.363 4.26 0.098 0.753 623
January -9 .5 6 0.205 3.85 0.055 0.773 1411
February -7 .8 6 0.382 3.38 0.104 0.687 487
March -6 .9 3 1.458 3.14 0.394 0.523 60

O ocytes w ere generally  su b sam p led  b efo re  being 
coun ted . In  th e  p re sen t s tu d y  su b sam p lin g  w as d o n e  by 
co u n tin g  all th e  eggs fro m  a  su b sam p le  o f  th e  o vary  from  
th e  m iddle reg ion . T o ta l fecu n d ity  w as ca lcu la ted  by 
ra is ing  th e  w eigh t o f  th e  sam p le  to  th e  to ta l o v a ry  w eight. 
R eplicate  sam ples from  th e  ind iv idual fish show ed no 
system atic  difference in egg den sity  betw een  v a rio u s  p a rts

o f  th e  ov ary , n o r  betw een th e  le ft an d  rig h t ovaries. E qual 
egg densities in b o th  ovaries w ere also  rep o rted  fo r  Pacific 
h a lib u t (.H ippoglossus stenolepis) (S chm itt a n d  Skud , 
1978) a n d  p ik e  (E so x  lucius) (K ip lin g  an d  F ro s t, 1969).

F ra n z  (1910a ,b) an d  S im pson  (1951) su spended  the 
oocy tes an d  used a stem ple  p ip e tte  to  o b ta in  a vo lum etric  
subsam ple. T h is m eth o d  w as criticized  by K a n d ie r  and
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Figure 9. The proportion of pre-spawning female plaice 
(maturity stage 2: ripening ovaries) within the adult population 
between December and March. D ata 1982-1 
December, □  =  January, •  =  February, O  =  March.

Pirw itz (1957) a n d  by B agenal an d  B rau m  (1978) because 
th e  o ocy tes q u ick ly  sink  to  th e  b o tto m  a n d  m ig h t re su lt in 
u n d e rco u n tin g . W itth am es an d  G re e r  W alk er (1987) 
c o m p a red  th e  v o lu m e tric  m eth o d  o f  fecu n d ity  d e te rm i
n a tio n  as u sed  by F ra n z  an d  S im p so n  w ith  fecundity  esti
m ates c o u n tin g  a ll o ocy tes w ith  a n  a u to m a tic  particle  
co u n te r; they  fo u n d  th a t  th e  v o lum etric  m eth o d  u n d e r
estim a ted  th e  fecu n d ity  by a b o u t  6 % . T h e  ac tual 
fe c u n d ity -b o d y  size re la tio n  m ig h t th ere fo re  be u n d e r

Table 14. Mean and standard deviation o f dry weight per egg 
after fixation in 4%  formaldehyde in sea water in relation to 
m aturity stage. N  denotes the number of observations. The over
all mean was weighted over the stage durations of each stage.

M aturity
stage
i

Dry
weight
(mg) s.d. N

Proportion of 
total spawning 

time P¡

3 0.274 0.025 73 0.49
4 0.266 0.024 14 0.28
5 0.241 0.020 16 0.10
6/7 0.240 0.020 23 0.13

Overall mean 0.264 0.025

estim a ted  by  the v o lum etric  su b sam p lin g  m eth o d  over the 
en tire  size ran g e  o f  fish, b u t th is b ias  is p ro b a b ly  sm all 
co m p a red  w ith  the  observed  difference in  fecundity  
betw een  th e  tim e periods.

H o rw o o d  (1990), stu d y in g  p laice  fecundity  in th e  Irish  
Sea, co u ld  n o t find  a  sign ifican t difference co m p ared  w ith 
th e  resu lts  o f  a s im ila r stu d y  o f  S im pson  (1957) in  the 
1950s. T h is  suggests th a t  th e  m eth o d o lo g ica l differences 
be tw een  S im p so n ’s an d  H o rw o o d ’s s tu d ies c an n o t have 
p layed  a m a jo r  ro le  in ex p la in in g  th e  fecundity  in crease  in 
th e  N o r th  Sea. F ina lly , the ag reem en t be tw een  th e  results 
o f  th e  p resen t s tu d y  an d  th o se  o f  H o rw o o d  et al. (1986) 
w ith  re g ard  to  b o th  the general level o f  fecundity  an d  the 
residual v a rian ce  is fu rth e r su p p o r t o f  th e  con clu sio n  th a t 
m e th o d o lo g ica l differences h ave  n o t seriously  d isto rted  
th e  fe cu n d ity -b o d y  size re la tio n sh ip s re p o rte d  here.



268 A . D .  R ijnsdorp

Table 15. Average percentage and standard deviation of dry weight of ovary samples and relative ovary weight (RG = G .L  3) in 
relation to maturity stage. N denotes the number o f observations.

Maturity
stage %dry s.d. R.G. s.d. % dry RG. s.d. N

2 33.3 0.7 0.165
3 26.2 3.4 0.194
4 19.4 3.2 0.133
5 18.8 4.4 0.049
6/7 14.4 1.6 0.034

Table 16. Average and standard deviation o f dry weight per egg 
after fixation in 4% formaldehyde in sea water for m aturity stage 
3 females. N denotes the number o f  observations.

Age

Egg
dry weight 

(mg) s.d. N

3 0.286 1
4 - - -

5 0.278 0.031 10
6 0.267 0.024 17
7 0.267 0.028 12
8 0.281 0.023 16
9 0.279 0.025 9

10 + 0.274 0.023 9

Long-term changes in fecundity

In  these c ircum stances it is co n clu d ed  th a t  th e  observed 
differences in  size-specific fecu n d ity  be tw een  th e  th ree  
tim e p eriods a re  so large  th a t  they  m u st reflect real 
changes betw een  1900 a n d  th e  p resen t.

T he h isto ric  changes in fe c u n d ity -le n g th  re la tio n sh ip  
can  be su m m arized  as fo llow s. F e cu n d ity  in  1947-1949, as 
co m p ared  to  1900-1910, h a d  n o t ch an g ed  in  fem ales up  to  
a b o u t 40 cm , b u t w as su b s tan tia lly  low er in larger 
fem ales, especially  in a re a  D W K  (Fig. 11 a). By 1977-1985 
fecundity  h a d  increased  su b s tan tia lly  in fem ales o f  
30-40  cm , b u t n o t in larger-sized  fem ales (50 cm ). T he 
su b stan tia l ch an g e  in th e  fe c u n d ity -le n g th  re la tio n sh ip  
betw een 1947-1949 a n d  the p re sen t w as n o t reflected in 
the ovary w e ig h t-len g th  re la tio n sh ip s , w h ich  show ed  no  
change  (a rea  F L A M ) o r  a t  m o st a m arg in a l increase  only 
(a rea  D W K ; Fig . l ib ) .

Changes in ovary weight

A puzzling  resu lt is th e  d isc rep an cy  betw een  the  changes 
in fecundities a n d  ovary  w eigh ts betw een  1947-1949 an d  
1977-1985 (F ig . I l a  a n d  b). F o r  a re a  D W K , fecundity  
increased by 7 0 -1 0 0 % , w hereas the o v a ry  w eights

0.057 0.055 0.019 43
0.057 0.052 0.019 73
0.036 0.026 0.009 14
0.026 0.014 0.007 16
0.017 0.005 0.003 23

increased  by o n ly  13% . F o r  a rea  F L A M , fecundity  
increased  by 26%  w hereas o v a ry  w eigh t did n o t change.

I f  these d iscrepancies be tw een  changes in fecund ity  and  
o v a ry  w eigh t a re  real a n d  th e  p ro p o rtio n  o f  connective  
tissue in th e  ov aries is c o n s ta n t, they  im ply th a t th e  egg 
w eights be tw een  b o th  p e rio d s w ere  different. T h e  average 
d ry  egg w eigh t o f  a 40-cm  fem ale  in a rea  D W K  can  be 
estim a ted  fro m  th e  p red ic ted  fecund ity  (159 800) in  T ab le  
8, o v a ry  w eight ( 113.5 g) in  T ab le  12, an d  o v a ry  dry 
w eight (3 3 .3 % ) in  T ab le  15 a s  0.333 x (113.5/159.8) =  
0.237 m g. T h e  av erag e  d ry  w eigh t o f  eggs s trip p ed  from  
sp aw n in g  fem ales w as estim a ted  a t 0 .264 m g a f te r  fixa
tio n , co rre sp o n d in g  to  0 .352 m g  a fte r  co rrec tio n  fo r the 
loss in d ry  w eight by 25 %  d u e  to  fixation  (H islop a n d  Bell, 
1987).

T h e  su b s ta n tia l  d isc rep an cy  betw een observed  and  
ca lcu la ted  egg w eigh t ind ica tes th a t  th e  reallo ca tio n  of 
m a tte r  co n tin u es a fte r th e  s ta r t  o f  spaw ning  (D aw so n  and  
G rim m , 1980; R ijn sd o rp  a n d  Ibelings, 1989; R ijnsdorp , 
1990).

A s the  re a llo ca tio n  fro m  so m a  to  o v a ry  co n tin u es into 
th e  sp aw n in g  season  an  accele ra ted  ov a ry  gro w th  in  1948- 
1949 co u ld  in  th eo ry  exp la in  th e  d iscrepancy  betw een  the 
changes in fecu n d ity  an d  o v a ry  w eigh ts betw een  1947— 
1949 a n d  th e  p resen t. H ow ever, th e  seasonal egg p ro d u c 
tio n  curves given by S im pson  (1959) an d  H a rd in g  e t al. 
(1978) show ed  th a t  th e  p eak  o f  sp aw n in g  in 1948 w as only 
tw o w eeks la te r th a n  in an  av erag e  year. T h e  low  betw een- 
year v a riab ility  in f irs t-q u a rte r  o v a ry  w eights betw een 
1982 a n d  1988 is a  fu rth e r in d ica tio n  th a t th e  difference in 
tim ing  o f  o v a ry  dev elo p m en t betw een  years is sm all.

A ssu m in g  th a t  th e  su b s ta n tia l increase  in fecu n d ity  and  
th e  on ly  m arg in a l increase  in  o v a ry  w eigh t betw een  1947- 
1949 a n d  the p re sen t is rea l, th e  c o rre sp o n d in g  c h an g e  in 
egg w eight can  be p red ic ted  fro m  th e  ra tio  o f  o v a ry  weight 
an d  fecundity . F o r  a 40-cm  fem ale  in area  D W K  this 
difference i s - 1947-1949: 100.3/89.3 =  1.12; 1977-1985: 
113.5/159.8 =  0.71. T h u s , egg w eight shou ld  have declined 
by 37%  (0.71/1.12). Sim ilarly , fo r  a 40-cm  fem ale in area 
F L A M , th e  p red ic ted  decrease  in  egg w eight is 13% . 
F ro m  th e  positive  re la tio n sh ip  betw een egg size an d  egg 
w eigh t (F ig . 10) it can  be  ca lcu la ted  th a t 13%  a n d  37%  
decreases in w eight o f  a n  av erag e  egg o f  0.28 mg 
(1.89 m m ) co rre sp o n d  to  decreases in egg size o f  4%



Changes in fe c u n d ity  in N o rth  S ea  p laice 269

2.10

2.05

2.00

£  1.95
£

£ 1:90
ÍÓÜo>O’LÜ .85

.80
□ □

.75

.70 —  
0.20 0 .2 4 0 .2 6 0 .3 0 0 .3 40 .22 0 .2 8 0.32

Egg d r y  weight ( m g )

Figure 10. Relationship between the egg size and dry weight of formaldehyde preserved eggs. The predictive regression is given by 
Y =  1.288+ 2.15IX  (r2 =  0.642, n =  42; pcO .O l).
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Figure 11(a). Fecundity-size relationships for 1900 (areaDB), 1947-1949 (area DW K), and 1977-1985 (area DW K).   1900,------
=  1947-1949,-------=  1977-1985. (b). Ovary weight-size relationships for 1947-1949 (area DWK) and 1982-1988 (area DWK). The
regression parameters are given in Tables 7 and 11.------ =  1947-1949,------- = 1982-1988.

(1.81 m m ) a n d  12%  (1.67 m m ). T h e  la tte r  decrease  seems 
fa irly  larg e  c o m p a red  w ith  th e  coefficient o f  v a ria tio n  in 
egg size o f  5 %  as o b se rv ed  in  th e  sea  (m ean  =  1.87; s.d. =  
0.09), b u t  falls w ith in  th e  ran g e  o f  egg sizes observed  
(R ijn sd o rp  a n d J a w o rs k i ,  1990).

Fecundity and growth

W e now  co n sid er h o w  th e  changes in  fecund ity  betw een 
th e  th ree  tim e p e rio d s  a re  re la ted  to  changes in  g row th . 
W allace (1914) a n d  H e in ck e  (1908) give d a ta  on  g ro w th  o f  
plaice fo r  th e  beg in n in g  o f  th e  20 th  cen tu ry  fo r th e  sam e 
a rea  a s  th e  fecu n d ity  d a ta . W allace  (1914) h as rep o rted  
th e  averag e  len g th -a t-ag e  o f  p la ice  from  com m ercial

sam ples tak e n  in the eas te rn  N o r th  Sea (o u r  a reas DB 
a n d  VB) in  th e  p e rio d  1906-1909. H eincke  (1908) gives 
sim ila r d a ta  fo r  th e  youngest age g ro u p s in  th e  a rea  DB. 
L en g th -a t-ag e  d a ta  fo r th e  pe rio d  1985-1986, re p o rte d  by 
R ijn sd o rp  (1989), are co m p ared  to  th e  h isto ric  d a ta  in 
F ig u re  12. In  F ig u re  13 th e  w eigh ts-at-age  o f  p laice  (sexes 
co m b in ed ) in  th e  late  1940s, given by  B everton  a n d  H o lt 
(1957), a re  co m p ared  w ith  s im ila r d a ta  fo r  th e  period  
1980-1985 (A n o n , 1990).

A  stu d y  o f  th e  g ro w th  o f  plaice is com p lica ted  because 
th e  m ean  len g th  o f  a  p a r tic u la r  age g ro u p  increases w ith 
increas in g  d is tan ce  fro m  th e  co ast, i.e. H e in ck e ’s law 
(W im penny , 1953). A n o th e r fa c to r  w hich  m ig h t influence 
th e  estim a ted  g ro w th  is th e  accu racy  an d  p recision  o f  age
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Figure 12. Comparison of the length-at-age of female plaice in 
1900-1910 and 1980-1986 in the southeastern N orth Sea. The 
dotted line shows the estimated growth in 1900-1910 from data 
o f Heincke (1908) -  coastal areas around Heligoland -  and 
Wallace (1914) -  mainly offshore grounds in areas DB and VB. 
The full line refers to the area DB in the period 1980-1986 
from Rijnsdorp (1989) and Rijnsdorp and Ibelings (1989).
0  =  Heincke (1908), A =  Wallace (1 9 1 4 ).------ =1900-1910,
 =1980-1986.
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Figure 13. Comparison o f the body weight-at-age relations of 
plaice (sexes combined) in 1928-1939 and 1946 from commercial 
samples of UK fleet (Beverton and Holt, 1957) and 1980-1985 
from commercial samples (Anon, 1990). — O — =1929-1938, 
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d e te rm in a tio n s. V an L eeuw en an d  G ro en ev e ld  (1988) 
show ed th a t  th e  age  d e te rm in a tio n  in p laice, w hen  carried  
o u t from  u n trea te d  o to lith s , is less precise  a n d  m ay  even 
be b iased fo r age g ro u p s o ld e r th a n  8 years (see a lso  page 
96 in H eincke, 1908). F in a lly , th e  m ean  len g th  o r  w eight 
o f  the y o u n g e r age g ro u p s  m ay  be o v e res tim a ted  d u e  to  
p a rtia l re c ru itm e n t o r  d isca rd in g  o f  undersized  fish.

S o m a t i c  g r o w t h  ( c m 3 )

Figure 14. Relations between the predicted fecundity for a 40-cm 
female plaice with various growth parameters, (a) growth in 
weight (Wj —W j_,) of age-groups 5-7, r2 =  0.21; (b) pre
spawning condition factor (gutted), r2 =  0.67; (c) somatic growth 
(L¡3 —L ¡_,3) for age groups 5 to 7 between present year i and 
previous year i — 1, r2 =  0.001.
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Table 17. Condition factors (C) of adult plaice at the start of the spawning period. Values were converted from gutted 
(including ovaries) to whole weight by multiplying by 1.07. For the period 1970-1988 the mean, standard deviation, and 
coefficient of variation of the annual condition factors of pre-spawning female plaice (maturity stage 2; length range BO
SS cm) are given for different areas in the North Sea. N  denotes the number o f observations, except for 1970-1988, where it 
denotes the num ber o f years.

Period
Size

group c N Source

1990 Female 40-55 1.07 5 Reibisch (1899)
Male and female 30-55 1.07 - Borley (1909)'

1948 Female 25-55 1.11 82 Simpson (1951)

'areas BÍ, B2, B4, C l, C2, C3, D2

Area c s.d. C.V. N

DWK 1.114 0.023 2.1 19
OG 1.084 0.028 2.6 19
DB 1.068 0.029 2.7 19
FLAM 1.099 0.028 2.5 19

A ll these  fac to rs  m ay  h ave  affected  th e  co m p ariso n  o f  the 
g ro w th  d a ta  p re sen te d  in  F ig u res 12 an d  13.

C o m p ariso n  o f  th e  g ro w th  d a ta  o f  H e in ck e  (1908) and  
W allace  (1914) suggests th a t  th e  fo rm er m ay  have u n d e r
estim a ted  th e  leng th  o f  th e  o ld er age  g ro u p s  d u e  to  the 
restric ted  sam p lin g  a re a  in  th e  G e rm an  p a r t  o f  the N o rth  
Sea, w hile  W allace  m ay  h ave  o v e res tim a ted  th e  leng th  o f  
th e  youngest age g ro u p s  sam pled  d u e  to  th e  extension  
o f  th e  sam p lin g  a re a  o v e r th e  o ffshore  g ro u n d s  o f  the 
D o g g e rb an k  a n d  th e  c en tra l N o r th  Sea. T h e  d o tte d  line in 
F igure  12 sub jectively  co n n ec ts  th e  m o st likely values o f  
H eincke  an d  W allace  a n d  m ay  be tak e n  ten ta tiv e ly  as an  
in d ica tio n  o f  th e  g ro w th  in th e  p e rio d  1900-1910. T his 
line n o w  can  be c o m p a red  to  the  full line rep resen ting  
p resen t g ro w th , w h ich  w as based  o n  firs t-q u arte r  sam ples 
an d  to o k  a cc o u n t o f  th e  re la tio n sh ip  betw een  leng th -at- 
age a n d  d istan ce  fro m  the  co ast (R ijn sd o rp , 1989). 
C o m p ariso n  o f  th e  g ro w th  be tw een  b o th  p e rio d s in the 
easte rn  N o r th  Sea suggests th a t  th e  g ro w th  ra te  o f  th e  
youngest age g ro u p s  (u p  to  a g e-g ro u p  3 o r 4) has 
increased  be tw een  1900 a n d  1985, b u t g ro w th  in o lder 
plaice h as n o t ch anged .

G ro w th  d a ta  o f  p la ice  fo r  th e  late  1940s a re  restric ted  to  
w eigh t-a t-age  o f  sexes co m b in ed  fro m  com m ercial 
sam ples tak en  fro m  th e  E nglish  fleet a n d  show ed th a t 
g row th  w as su b s ta n tia lly  reduced  be tw een  1939 an d  1945 
w hen sto ck  size in c reased  a t  least th ree fo ld  d u e  to  the 
a lm ost co m p le te  c lo su re  o f  th e  fishery d u rin g  th e  Second 
W orld  W ar (B ev erto n  a n d  H o lt, 1957). F ig u re  13 show s 
th e  decrease  in  m ea n  w e ig h t-a t-ag e  o f  ag e-g ro u p s 11-14 
th a t lived th ro u g h  th is  pe rio d  a n d  w ere sam p led  in 1946 as 
c o m p a red  to  th e  av erag e  w eig h t-a t-ag e  o f  s im ilar age 
g ro u p s in th e  p e rio d  1929-1938. T h is  figure a lso  co m 
p ared  th e  averag e  w e ig h t-a t-ag e  fro m  the m a rk e t sam ples

tak e n  fro m  th e  fishery a n d  in d ica tes th a t  th e  g ro w th  o f  the 
y o u n g est age g ro u p s  m ay  h ave  increased , w hereas th a t 
o f  th e  o ld er age  g roups has rem a in ed  the sam e o r has 
decreased . T h e  d ifferences in  w eig h t-a t-ag e  o f  th e  o lder 
p laice  betw een  th e  tw o p e rio d s  m ay  have been influenced 
to  so m e ex ten t by inaccuracies in  age d e te rm in a tio n  and  
sh o u ld  be  trea te d  w ith  cau tio n . H ow ever, age-groups 
11-14 in 1946 w o u ld  have h a d  to  be  o v e restim ated  by 2 -4  
years to  ex p la in  th e  differences. T h is is no t in th e  d irection  
in  w h ich  e rro rs  a re  likely.

T h e  obse rv ed  increase in  fecu n d ity  o f  sm alle r size 
g ro u p s  o f  p laice  since 1947-1949 (T ab le  8) seem s to  co r
resp o n d  to  th e  in ferred  increase  in  g ro w th  o f  th e  youngest 
age g ro u p s  (up  to  age 3 o r 4). F o r  th e  m o m en t it rem ains 
un reso lv ed  w h ich  way these  changes in  fecundity  are 
re la ted  to  th e  rep o rted  ad v an ce  in th e  onset o f  sexual 
m a tu ra tio n  (R ijn sd o rp , 1989). T h e  decrease  in fecundity  
fo r  th e  la rg e r fem ales in  1948-1949 co rre sp o n d s to  the 
su b s ta n tia l decrease  in g ro w th  d u rin g  th e  Second  W orld  
W ar. T h e  decrease  in fecund ity  w as restric ted  to  th e  D W K  
sp aw n in g  g ro u p , suggesting  th a t  th e  increase in  plaice 
den sity  w as p a rticu la rly  p ro n o u n c ed  on  th e  feeding 
g ro u n d s  o f  th is spaw ning  g ro u p , b u t less on  th a t  o f  the 
F L A M  g ro u p . D e  Veen (1978) show ed th a t th e  D W K  
plaice  a re  d is tr ib u te d  in  th e  so u th e rn  an d  so u th eas te rn  
N o r th  Sea d u rin g  the  feeding p e rio d , w hereas th e  F L A M  
g ro u p  is d is tr ib u te d  in th e  w este rn  N o r th  Sea.

F u r th e r  in d ica tio n s th a t  th e  c o n d itio n s fo r g row th  
m ig h t affect size-specific fecu n d ity  w ere o b ta in ed  w hen 
ana ly sin g  th e  a n n u a l variab ility  betw een  1977 an d  1985. 
T h e  p red ic ted  fecundities o f  a  40-cm  fem ale  ap p ea red  
to  be c o rre la te d  w ith  som e g ro w th  p a ram ete rs  o f  
ag e-g ro u p s 5 to  8 estim ated  fro m  firs t-q u arte r m ark e t 
sam p lin g  d a ta . T hese  age g ro u p s  d o m in a te  th e  m atu re
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p o p u la tio n , a re  w ell-sam pled, an d  th e ir av erag e  leng th  
ranges betw een 35 an d  40 cm  (R ijn sd o rp  e t al., 1991). 
F ig u re  14(a) indicates th a t fecund ity  is a sso c ia ted  posi
tively w ith  th e  increase in w eigh t in  th e  p reced ing  year, 
a lth o u g h  th e  co rre la tio n  is n o t sign ifican t. T h e  positive 
re la tio n  w as m ain ly  due to  th e  p o sitive  c o rre la tio n  w ith  
p re -sp aw n in g  co n d itio n  fa c to r (p < 0 .0 5 ;  F ig . 14b) an d  
n o t w ith  th e  p receding increase in  th e  cu b e  o f  leng th  (Fig. 
14c). T hese  resu lts  suggest th a t  fav o u ra b le  c o n d itio n s fo r 
g ro w th  will result in  an  above-av erag e  g ro w th  in  length  
a n d  co n sequen tly  an  increase  in  a b so lu te  fecund ity , bu t 
o n ly  a slig h t increase in p re -sp aw n in g  c o n d itio n  an d  size- 
specific fecundity .

T h e  lite ra tu re  on  the re la tio n  betw een  fecu n d ity  an d  
g ro w th  ra te , food  ra tio n , o r  p o p u la tio n  den sity  is n o t 
u nequ ivocal. Increased  fo o d  ra tio n  h as b een  show n to 
en h an ce  fecundity  in a  n u m b er o f  ex p erim en ta l stud ies 
(b ro w n  tro u t (Salm o tru tta ), B agenal, 1969; cod  (Gadus 
m orhua), W aiw o o d , 1982; C ichlasom a nigrofascia tum , 
T o w n sh en d  an d  W o o tto n , 1984; ra in b o w  tro u t  (O nco
rhynchus m ykiss), S p ringate  e t al., 1985; p la ice , H o rw o o d  
e t al., 1989). H ow ever, field s tud ies o n  th e  re la tio n  
betw een fecund ity  an d  g ro w th  o r p o p u la tio n  den sity  have 
n o t u sually  show n a c lear in te rd ep en d en ce  (h ad d o ck  
(M elanogram m us aeglefinus), H islop  a n d  S h an k s , 1977; 
Pacific h a lib u t, Schm itt an d  S k u d , 1978; N o r th  Sea sole 
(Solea  solea), M illner e t al., 1991). K ip lin g  a n d  F ro s t 
(1969) fo u n d  an  increase in size-specific fecund ity  o f  
1 0-20%  in  th e  p ike  (E so x  lucius), b u t co u ld  n o t find a 
c icar re la tio n  w ith  ad u lt g ro w th  ra te  over th e  sam e period . 
D e V een (1976) show ed th a t  in th e  p e rio d  1960—1975 
g ro w th  ra te  an d  length-specific  o v a ry  w e ig h t o f  N o r th  
Sea sole increased  su b stan tia lly , in c o n ju n c tio n  w ith  an  
increase  in p re - an d  p o st-sp aw n in g  c o n d itio n  factor. 
H ow ever, o vary  w eight a s  a  percen tag e  o f  b o d y  w eight did 
n o t ch an g e  d u rin g  these years (van B eek, 1988; R ijn sd o rp  
et al., 1991).

T h e  o b se rv ed  an n u al a n d  geo g rap h ica l d ifferences in 
slo p e  o f  th e  re la tionsh ips o f  fecu n d ity  a n d  fish size an d  
o f  ov a ry  w eight an d  fish size suggest th a t  en v iro n m en ta l 
c o n d itio n s  fo r g row th  (e.g. tem p e ra tu re , availab ility , an d  
q u a lity  o f  food) o f  sm all a n d  large  p laice  w ere different 
b o th  w ith in  an d  betw een geo g rap h ica l a rea s , as well as 
w ith in  a n d  betw een  years. T h is  is re aso n ab le , since there  
a re  co n siderab le  d ifferences in sp a tia l d is tr ib u tio n  
betw een  size g ro u p s o f  p la ice , sm all fish c o n ce n tra ted  
close to  th e  co ast, and  la rg e r fish d ispersed  over deeper 
w a te r  (H eincke , 1908; W im p en n y , 1953; R ijn sd o rp  an d  
v an  B eek, 1991). T he re p ro d u c tio n  o f  th e  sm alle r fish, 
m ain ly  rec ru it spaw ners, w o u ld  largely  be d e te rm in ed  by 
th e  feeding co n d itions on  th e  n u rse ry  g ro u n d s , w hereas 
rep ro d u c tio n  o f  larger size g ro u p s , m ain ly  rep ea t 
sp aw ners, w ould  be de te rm in ed  by th e  co n d itio n s  on  the 
feed ing  g ro u n d s  o f  the a d u lt  fish.

T ag g in g  experim ents suggest th a t  th e  p o p u la tio n  in  the 
n u rse ry  a rea s inside th e  w est F ris ia n  Is lan d s  recru its

m ain ly  to  a rea s  D W K  a n d  O G , w hereas juven iles from  
th e  nu rse ry  a rea s  a lo n g  th e  G e rm a n  an d  D a n ish  coast 
m ain ly  re c ru it to  a rea  D B  (H ick ling , 1938; u n re p o rte d  
resu lts  o f  tag g in g  d a ta  R IV O ). T h e  spaw ning  fish in area  
F L A M  derive fro m  a local n u rse ry  a re a  a lo n g  th e  English  
east co as t (L o ck w o o d  a n d  L u cassen , 1984). T h e  sum m er 
feeding g ro u n d s  a re  w id esp read  in th e  so u th e rn  and  
cen tra l N o r th  S ea , in clud ing  b o th  s tra tified  w aters, where 
b o tto m  te m p e ra tu re  is a b o u t 7°C , an d  no n -stra tified  
w aters, w here th e  m ax im u m  su m m er tem p era tu re  reaches 
1 4-17"C (T o m czak  a n d  G o ed eck e , 1964).

Since extensive m ig ra tio n s  o f  a d u lt fish o c cu r during  
the  m o n th s  p r io r  to  sp aw n in g  (de V een, 1978; A rno ld  
et al., in p rep .), th e  tim e a n d  p lace  o f  sam pling  c a n  affect 
th e  observed  geo g rap h ica l differences in re p ro d u c tio n -  
bo d y  size re la tio n sh ip s . Sam ples c o u ld  include b o th  fish 
th a t will spaw n  locally  a n d  fish th a t  a re  still m ig ra ting , 
p a rticu la rly  w hen  sam ples a re  tak e n  ju s t  befo re  o r  early  in 
th e  spaw ning  season . T h is  sh o u ld  include m ain ly  d a ta  fo r 
rep ea t spaw ners.

Egg weight

H o rw o o d  et al. (1986) sh o w ed  th a t  length-specific 
fecund ity  d ecreased  w ith  age. A  sim ilar re su lt was 
o b ta in ed  in th is  p a p e r  (T ab les 4  a n d  5), a lth o u g h  this 
effect d isap p ea red  w hen th e  co v ariab le  so m atic  co n d itio n  
w as included  in th e  analysis (T ab le  3). T he decline  in 
fecund ity  w ith  increasing  age leads im m ediately  to  the 
q u estio n  w h e th er it is co m p e n sa te d  fo r by an  in crease  in 
egg w eight. T h e  absence o f  an  age effect on ovary  w eights 
(T able  9) suggests th a t  egg  w eigh t indeed  increases w ith 
age. T h e  egg d ry  w eights co llected  in th is study , how ever, 
d id  n o t reveal a sign ifican t re la tio n  w ith  age (T ab le  16), 
b u t this m igh t be d u e  to  th e  restric ted  sam pling  p e rio d  in 
th e  first h a lf  o f  th e  sp aw n in g  season  an d  the fact th at 
h a rd ly  any  3- a n d  4 -y ear-o ld  fem ales w ere sam pled . In 
h a d d o ck , H islo p  (1988) obse rv ed  th a t  egg size in the 
youngest age g ro u p s , m ain ly  re c ru it sp aw ners, w'as signifi
can tly  low er th a n  in o ld er age g roups.

T h e  fecund ity  o f  ind iv idua l p la ice  o f  a given size varies 
considerab ly , a n d  th e  q u estio n  arises as to  w h e th e r  also 
the level o f  fecund ity  in in d iv id u a l fish is in so m e way 
re la ted  to  egg w eigh t, i.e. d o  fem ales w ith a relatively  
high fecundity  p ro d u ce  sm alle r eggs a n d  th o se  w ith  a  low 
fecundity  la rg e r eggs?

T h is q u estio n  w as tack led  by exam in ing  th e  re la tio n  
betw een the  egg w eight a n d  size-specific fecund ity . O nly 
f irs t-q u arte r sam ples w ere an aly sed  to  red u ce  the 
influence o f  th e  co n tin u o u s  o v a ry  g ro w th . E gg w e ig h t was 
estim ated  by th e  q u o tie n t o f  ov a ry  w eight a n d  fecundity . 
Size-specific fecundity  w as ca lcu la ted  by analy sis  o f  
covariance  (T ab le  3). E gg w eigh t an d  size-specific 
fecundity  show ed a sign ifican t negative  co rre la tio n  
( r =  —0.36; n  =  308; p < 0 .0 1 ;  firs t-q u arte r  sam ples only),
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suggesting  th a t fem ales w ith  re la tive ly  high fecundity  
p ro d u ce  on  average  sm aller eggs. H ow ever, this result 
cou ld  be an  a rte fac t if  th e  tim ing o f  o v a ry  d evelopm en t o f  
fem ales w ith  a re la tive ly  h igh  size-specific fecundity  is 
delayed. O n  th e  p o p u la tio n  level an  inverse  re la tio n 
sh ip  betw een egg  n u m b er a n d  egg size w as observed  in 
h e rrin g  ( Clupea harengus) (P a rrish  a n d  Saville, 1965), 
ra in b o w  tro u t (B ro m ag e  et al., 1990), a n d  Pacific salm on 
(iO ncorhynchus k isu tch ) (F lem ing  a n d  G ro ss , 1990).

A  co m p lica ted  p ic tu re  em erges fro m  th e  few ex p er
im en tal s tu d ies th a t deal w ith  th e  re la tio n sh ip  betw een egg 
n um bers an d  egg sizes w ith  respect to  fo o d  in take . E xper
im ental re stric tio n  o f  fo o d  b e fo re  th e  sp aw n in g  period  
resu lted  in  a re d u c tio n  in  size-specific fecu n d ity  an d  low er 
egg w eight (h ad d o ck : H islop  et al., 1978; ra in b o w  tro u t: 
S p rin g a te  e t a i ,  1985; K n o w  e t al., 1988), a  red u ctio n  in 
size-specific fecu n d ity  a n d  c o n s ta n t egg w eight (ra in b o w  
tro u t: S co tt, 1962; stick leb ack  (G asterosteus aculeatus): 
W o o tto n , 1973, 1977), o r  a re d u c tio n  in  fecundity  and  
increase in  egg w eigh t (b ro w n  tro u t: B agenal, 1969). T he 
d u ra tio n  a n d  tim in g  o f  s ta rv a tio n  p r io r  to  spaw ning  can  
exp la in  p a r t  o f  the d ifference in ex p erim en ta l results 
(ra in b o w  tro u t: R id e lm an  e t al., 1984). A g ain , facto rs 
o th e r th an  fo o d  can  influence the tra d e -o ff  betw een egg 
size a n d  egg n u m b er. T an a sich u k  a n d  W are  (1987) 
show ed fo r Pacific h e rrin g  ( Clupea harengus pallassi) th a t 
ovary  w eight d id  n o t ch an g e  w ith  tem p e ra tu re , b u t in a 
year w ith  h igh w a te r tem p e ra tu re  th e  size-specific 
fecundity  w as h ig h er a n d  th e  egg  w eigh t low er. T h e  
in te rac tio n  betw een th e  g ro w th  a n d  th e  a llo ca tio n  o f  the 
a \a ila b le  re p ro d u c tiv e  resources in re la tio n  to  egg size 
th ere fo re  rem ain s an  in trig u in g  b u t ra th e r  unexp lo red  
territo ry .

In  th is c o n tex t R ijn sd o rp  (1990) p ro p o se d  a h y p o th e ti
cal a llo ca tio n  m odel o f  energy o v e r re p ro d u c tio n  and  
so m atic  g ro w th  th a t  w as in sp ired  by  th e  o b se rv a tio n  th a t 
th e  bo d y  c o n d itio n  w as fa irly  c o n s ta n t  betw een  years and  
w as n o t re la ted  to  th e  ra te  o f  so m a tic  g ro w th . A ccord ing  
to  this m odel an  ind iv idual fish a llo ca tes  th e  incom ing 
energy to  so m a tic  g ro w th  an d  energy  reserves fo r re p ro 
duc tio n  d u rin g  th e  g row ing  seaso n  in  such  a w ay a s  to  
m ain ta in  its b o d y  c o n d itio n  a t  a th re sh o ld  level, w hich 
increases d u rin g  th e  season . In  th e  few  m o n th s  p rio r  to  
sp aw n in g  th e  b o d y  reserves are  rea llo ca ted  fro m  th e  som a 
to  th e  ovary  (D aw so n  an d  G rim m , 1980; R ijn sd o rp , 
1990). P o o r  co n d itio n s  fo r g ro w th  in th e  m ain  g row ing  
p e rio d  re su lt in  a red u ced  so m atic  g ro w th  b u t n o t necess
arily  in a reduced  en erg y  reserve fo r  re p ro d u c tio n . O nly  if  
co n d itio n s fo r g ro w th  d e te rio ra te  in  th e  la te r p a r t  o f  the  
g row ing  p e rio d  will a  fish be p rev en ted  fro m  a llocating  
sufficient energy to  its bod y  reserves fo r  re p ro d u c tio n , 
hence resu ltin g  in a low er p re -sp aw n in g  b o d y  cond ition . 
L arger fish a re  m o re  v u ln erab le  in th is  re sp ec t since they 
a llocate  a re la tive ly  larg e  p ro p o r tio n  o f  th e ir  to ta l su rp lu s 
p ro d u c tio n  to  re s to rin g  th e ir d ep le ted  energy  reserves 
a fte r  th e  p rev io u s sp aw n in g  p e rio d  a n d  only  a sm all

p ro p o rtio n  to  so m atic  g ro w th  (R ijn sd o rp  an d  Ibelings, 
1989; R ijn sd o rp , 1990). A cco rd in g  to  th is hypo th es is , the 
tim ing  o f  energy  in tak e  th e re fo re  p lays a sign ifican t role 
in d e te rm in in g  the variab ility  o f  p re -sp aw n in g  energy 
reserves an d  size-specific fecundity .

T h e  p resen t stu d y  revealed  th a t  su b s ta n tia l changes in 
fecund ity  b u t m uch  sm alle r changes in o v a ry  w eigh t had 
o ccu rred  be tw een  th ree  h isto ric  p e riods . F u rth e r , co m 
p a riso n  o f  c o n d itio n  fac to rs  o f  p re -sp aw n in g  fem ales in 
tw o p erio d s , w h ich  gives a ro u g h  a p p ro x im a tio n  o f  the 
energy reserves av ailab le  fo r sp aw n in g  (R ijn sd o rp , 1990), 
does n o t suggest m a jo r changes (T able  17). F ina lly , the 
co m p ariso n  o f  th e  w e ig h t-len g th  re la tio n sh ip  betw een 
1947-1949 a n d  th e  p re sen t p e rio d  fo r th e  p o o led  d a ta  o f  
a rea s D W K  a n d  F L A M  d id  n o t show  sign ifican t change 
in th e  slope (F ,  422 =  2.45) o r  in te rcep t ( F 1 424=  1.83) 
betw een  b o th  p e riods. T h is  suggests th a t th e  energy  a llo 
ca tio n  to  rep ro d u c tio n  versus so m a tic  g ro w th  has no t 
ch anged , b u t ra th e r  th a t th e  rep ro d u c tiv e  energy  has been 
a llo ca ted  to  a la rg e r n u m b er o f  sm alle r eggs co m p ared  
w ith  a  sm alle r n u m b er o f  la rg e r eggs.

Effect o f fishing on changes in fecundity

In  th e  N o r th  Sea th e  to ta l a n n u a l m o rta lity  in th e  ad u lt 
p o p u la tio n  is a b o u t 40%  (F  =  0.4: R ijn sd o rp  e t al., 1991); 
th is co m p ares w ith  a n a tu ra l m o rta lity  o f  a b o u t  10% 
(M  =  0.10: B everton a n d  H o lt, 1957). T h e  p laice  p o p u 
la tio n  is n o w  d o m in a ted  by y o u n g er age g ro u p s  and  
co n cu rren tly  th e  g ro w th  ra te  o f  juven iles  has increased . A t 
p resen t, p laice  o f  a given len g th  will on  averag e  be 
y o u n g er th a n  a t  th e  beg in n in g  o f  th e  c en tu ry . Since the 
length-specific  fecund ity  decreases w ith  age, it m ay  be 
a sked  w h e th er th e  age effect a lo n e  can  exp la in  the 
observed  c h an g e  in fecundity?

T h e  p re sen t fecund ity  o f  a 4 -year-o ld  fem ale o f  30 cm  is 
63 000 (T ab le  6). F e cu n d ity  o f  a 30-cm  fem ale  in  1947— 
1949 was 36 000. I f  low er fecu n d ity  in 1947-1949 w as due 
to  the age effect on  fecundity  a n d  th e  p re sen t fecu n d ity -  
leng th  re la tio n  applies to  th e  p e rio d  1947-1949, we can  
p red ic t th e  age o f  a  30-cm  fem ale  in 1947-1949 w ith  a 
fecundity  o f  36 000 from  th e  eq u atio n :

logeE  =  a  +  ß logeL +  51ogeA.

T h e  p a ra m e te r  estim ates fo r a rea  D W K  a rc  given in 
T ab le  5: a = — 7.640 (average  o v e r years 1977-1985); 
ß =  3.593; 5 = - 0 . 3 1 3 .  T h u s  lo g e3 6 = - 7 .6 4 0  +
3.5931oge30 —0.3131ogeA . G iv in g  a n  age o f  24 years. 
O bviously  the  observed  decrease  in size-specific fecundity  
w ith  age is m u ch  to o  sm all to  acco u n t fo r th e  observed  
ch an g e  in fecundity .

T h e  basic q u estio n  ra ised  in  th e  In tro d u c tio n  was 
w h e th er th e  d ifferences in  fecu n d ity  o f  p laice  o r, m ore  
generally , re p ro d u c tiv e  en ergy , betw een  years o r  a reas are
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d u e  to  differences in th e  e n v iro n m en ta l co n d itio n s  fo r 
g ro w th  o r to  changes in th e  p o p u la tio n  genetics d u e  to  
fishing. A s plaice is an  ite ro p a ro u s  species w h ich  m atu res 
a t  an  age o f  3 -6  years (R ijn sd o rp , 1989) a n d  h as a m ax i
m u m  life sp an  o f  at least 25 years (W im p en n y , 1953; 
B everton , 1964), th e  sp aw n in g  p o p u la tio n  will be largely 
co m posed  o f  th e  sam e in d iv id u a l fish fo r  a  n u m b er o f 
successive years. I f  the in tensive  e x p lo ita tio n  o f  th e  a d u lt 
s to ck  h as resu lted  in  a ch an g e  in  th e  genetics o f  th e  p o p u 
la tio n , w e can  expect a g rad u al increase  in  size-specific 
fecundity  o r  size-specific re p ro d u c tiv e  in ves tm en t o ver a 
n u m b er o f  years. T he observed  changes do  n o t seem  to  be 
co n sis ten t w ith  a g rad u al ch an g e  o f  th is  k in d , except p e r
h ap s w ith  th e  increase in fecundity  o f  th e  sm alle r size 
g ro u p s  (a b o u t 30 cm ). It is th ere fo re  c o n c lu d ed  th a t  they 
are  m ost likely d u e  to  d ifferences in th e  e n v iro n m en ta l 
c o n d itio n s  fo r  grow th.
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A ppendix
L en g th , w eig h t, g o n ad  w eight, age , a n d  fecu n d ity  o f  each  fish sam p led  b e tw een  1982 a n d  1985.

Fish
no.

Length
(cm)

Gutted
weight

(g)

Gonad
weight

(g)
Fecundity Fish 

Age (thousand eggs) no.
Length

(cm)

Gutted
weight

(g)

Gonad
weight

(g)
Fecundity 

Age (thousand eggs)

Sample 82-1 Sample 82-5 (Continued)
1 47.3 930 139 13 169.7 7 37.4 640 68 4 150.2
2 45.7 980 120 7 217.8 8 38.7 700 136 4 213.3
3 41.9 830 166 5 210.8
4
5

41.5
42.3

870
940

137
148

5
6

284.6
207.8

Sample 82-6 
1 29.7 270 36 3 81.3

6 43.7 940 164 6 268.2 2 28.4 250 36 3 77.5
7 38.1 650 81 4 201.5 3 36.1 450 58 7 68.7
8 35.2 510 72 4 130.8 4 35.8 410 77 6 93.8
9 38.9 610 59 4 134.4 5 36.1 550 100 6 124.4

10 35.6 460 52 4 112.7 6 40.7 800 147 6 218.4
11 30.3 300 19 3 58.4 7 38.3 500 49 6 60.7
12 28.4 240 22 3 54.3 8 42.5 730 120 8 176.6
13 29.1 270 18 3 71.9 9 46.5 1040 153 14 164.3
14 29.3 270 34 3 80.3 10 44.4 1010 177 7 234.5

11 52.2 1840 431 11 516.5
Sample 82-2 12 44.8 1090 177 5 310.1

1 48.7 1220 263 13 368.2 13 47.3 1130 153 8 199.0
2 61.3 2640 485 19 754.6
3
4

47.5
42.3

1250
750

243
87

13
4

317.0
256.0

Sample 82-7 
1 46.9 940 177 9 146.0

5 44.4 890 157 9 201.9 2 46.5 1020 129 11 223.3
3 44.8 1050 122 8 278.7

Sample 82-3 4 45.3 1180 262 8 395.5
1 44.9 1140 262 9 339.2 5 40.0 640 82 9 97.4
2 50.2 1410 257 13 327.8 6 39.1 640 112 5 130.7
3 51.8 1520 274 12 373.5 7 40.4 710 123 5 151.8
4 53.1 1510 306 10 430.7 8 40.8 740 74 5 171.1
5 44.7 1230 189 6 350.4 9 37.1 500 48 8 106.5
6 36.9 540 64 4 128.1 10 35.9 510 56 6 118.9
7 39.2 780 185 5 297.1
8
9

42.7
36.8

790
550

101
78

6
3

146.3
125.5

Sample 82-8 
1 44.0 910 209 9 290.1

10 36.9 570 65 4 98.5 2 43.4 910 99 7 252.3
11 37.8 610 133 5 133.8 3 41.6 830 131 9 248.2
12 30.5 270 45 3 73.2 4 44.2 850 135 8 183.1

5 45.9 870 137 6 232.7
Sample 82-4 6 42.1 780 136 8 221.6

1 45.4 1150 217 9 305.5 7 40.6 650 95 7 170.4
2 42.9 900 95 5 260.2 8 39.7 630 111 7 152.6
3 45.6 950 212 6 307.5 9 37.9 580 86 6 119.3
4 46.0 1010 216 8 225.4 10 38.8 670 106 4 162.4
5 44.6 1150 270 7 297.4 11 36.4 540 98 5 143.9
6 40.7 740 67 6 132.6 12 35.8 440 31 5 62.0
7 38.7 690 116 5 172.2
8
9

43.3
35.3

830
420

133
53

5
5

190.2
80.9

Sample 82-9 
1 43.4 910 131 9 200.1

10 37.6 600 94 5 135.9 2 52.8 1350 187 15 371.0
11 33.7 410 49 5 93.0 3 42.6 880 155 10 201.0

4 54.8 1960 246 13 582.7
Sample 82-5 5 46.7 1300 219 13 365.9

1 45.0 930 148 10 152.6 6 40.8 740 118 9 164.4
2 42.9 740 82 6 123.8 7 45.0 920 87 9 158.8
3 46.5 950 153 9 194.4 8 42.0 740 108 7 117.2
4 46.0 1090 225 10 327.8 9 40.6 740 111 10 178.8
5 44.1 960 157 10 339.0 10 38.1 520 75 5 92.9
6 38.5 530 46 4 87.6 11 36.5 530 77 6 154.4
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Gutted Gonad
Fish
no.

Length
(cm)

weight
(g)

weight
(g) Age

Fecundity 
(thousand eggs)

Sample 82-10 
1 51.9 1600 271 9 260.1
2 47.6 1210 252 6 281.4
3 39.8 700 144 4 244.4
4 38.6 560 102 5 149.8
5 39.5 590 81 5 126.6
6 30.8 310 57 4 81.1

Sample 83-1 
1 42.1 900 62 7 188.9
2 43.9 1020 138 6 292.7
3 41.1 670 64 5 111.1
4 49.6 1270 225 14 318.9
5 42.7 840 118 8 229.5
6 52.3 1420 164 13 248.7
7 49.2 1280 181 11 242.9
8 40.9 660 86 6 105.4
9 43.2 810 157 7 186.7

10 46.0 930 178 11 220.3
11 42.3 910 187 6 274.3
12 41.3 850 100 5 215.3
13 43.7 990 161 6 254.2
14 42.3 900 109 7 306.9
15 37.6 560 73 5 188.7
16 40.5 620 94 9 107.7
17 39.6 650 87 5 153.9
18 40.3 780 109 5 169.6
19 32.1 350 34 4 66.5
20 30.7 270 23 4 47.5

Sample 83-2 
1 35.4 440 38 4 84.2
2 37.7 600 96 5 135.8
3 34.4 410 18 5 47.1
4 34.7 420 50 4 110.2
5 38.6 560 79 6 108.2
6 39.3 660 91 5 157.7
7 40.3 690 79 7 104.9
8 42.4 870 131 5 204.5
9 46.6 950 197 11 231.9

10 41.7 790 125 6 214.5
11 38.3 670 143 6 184.9
12 39.1 600 46 5 122.8
13 38.3 640 93 5 169.3
14 39.3 660 76 5 135.2
15 43.2 940 217 7 295.1
16 44.6 820 137 9 193.8
17 47.5 1220 177 11 260.5
18 41.7 850 175 7 219.6
19 54.0 2030 599 16 597.9
20 51.5 1610 263 12 337.7
21 63.9 2250 284 17 429.5
22 53.2 1420 297 14 365.0
23 54.7 1710 309 14 458.4
24 53.1 1750 195 17 446.2
25 51.1 1270 180 11 360.7
26 48.8 1230 176 9 255.6
27 47.4 1190 193 10 352.5
28 64.9 2510 335 15 560.5
29 54.5 1470 211 14 305.1
30 51.7 1470 251 13 330.8

Fish
no.

Length
(cm)

Gutted
weight

(g)

Gonad
weight

(g) Age
Fecundity 

(thousand eggs)

Sample 83-2 (Continued)
31 43.1 840 89 7 164.9
32 40.2 790 114 7 174.7
33 42.6 870 126 7 193.7

Sample 83-3
1 52.1 1300 222 10 174.4
2 45.5 810 158 6 165.1
3 53.6 1570 183 9 231.8
4 43.3 800 175 5 203.8
5 50.4 1390 291 15 355.3
6 43.5 860 175 10 192.8
7 53.0 1380 323 11 379.9
8 45.5 840 198 10 181.1
9 42.5 840 138 6 145.7

10 50.6 1430 233 10 407.9
11 44.8 910 70 8 179.4
12 45.8 1020 62 10 216.9
13 49.6 1120 257 10 243.1
14 40.8 710 125 7 154.8
15 47.2 1180 181 6 345.9
16 39.3 610 72 5 121.3
17 40.2 610 80 5 92.1
18 37.0 540 52 5 125.8
19 41.8 870 141 6 240.7
20 38.1 540 89 6 85.2
21 40.8 590 82 5 134.5
22 44.0 730 146 5 137.4
23 41.8 740 157 4 231.0
24 37.6 620 105 4 141.5
25 43.2 900 134 10 249.2
26 39.8 680 109 4 169.8
27 43.6 750 150 10 181.8
28 41.7 820 116 6 218.7
29 41.8 810 155 9 194.7
30 36.1 530 94 4 148.1
31 34.3 390 36 4 70.9
32 32.8 370 47 4 68.7
33 39.4 560 84 5 133.2
34 37.0 520 104 5 117.6
35 37.5 580 111 5 159.8
36 34.4 410 39 5 75.4
37 34.9 390 31 4 60.0
38 31.4 300 30 3 53.2

Sample 83-4
1 25.9 180 13 3 36.9
2 29.8 270 26 3 75.1
3 29.8 240 14 3 43.2
4 35.4 490 56 4 114.7
5 34.3 370 36 4 56.5
6 33.8 390 39 4 80.6
7 31.4 300 43 4 65.6
8 39.9 690 125 5 166.9
9 39.2 620 76 5 133.3

10 40.7 590 94 8 124.4
11 36.4 500 54 6 88.9
12 35.8 540 72 4 123.4
13 37.8 570 119 5 143.0
14 40.2 580 46 7 101.5
15 37.8 550 65 6 110.4
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Gutted Gonad
Fish
no.

Length
(cm)

weight
(g)

weight
(g) Age

Fecundity 
(thousand eggs)

Sample 83-4 (Continued)
16 51.7 1600 319 9 218.9
17 43.4 700 144 6 157.6
18 48.8 1220 285 10 360.0
19 41.5 670 85 5 127.7
20 49.4 1170 205 9 307.1

Sample 83-5 
1 35.6 420 40 4 52.4
2 40.4 590 70 5 120.1
3 39.8 600 91 6 102.6
4 38.7 610 87 5 122.2
5 38.3 540 79 5 90.6
6 35.8 480 55 4 117.0
7 37.8 600 72 4 134.8
8 32.7 340 54 4 106.6
9 31.7 300 34 4 64.7

10 33.6 390 44 4 96.0
11 31.4 300 39 4 71.9
12 42.8 850 113 5 174.4
13 42.9 760 207 6 296.1
14 42.5 690 97 7 140.4
15 45.2 830 147 11 174.6
16 50.6 1270 279 10 359.1
17 41.2 670 81 4 121.5
18 42.4 700 106 10 161.6
19 43.0 660 123 7 115.4
20 42.4 680 113 6 126.7
21 43.7 750 97 9 138.8
22 43.0 630 131 8 160.0
23 47.8 1310 355 9 388.6
24 43.2 780 165 8 241.2
25 41.4 650 106 8 110.0

Sample 83-6 
1 32.9 410 80 4 116.9
2 33.9 420 103 4 151.0
3 43.0 900 207 7 257.1
4 50.2 1400 348 8 382.2
5 42.6 730 139 7 186.0
6 46.9 1010 170 7 241.3
7 40.4 720 154 5 175.3
8 49.2 1190 198 11 238.4
9 42.2 850 174 9 194.5

10 38.4 630 146 5 152.3
11 36.6 570 78 4 111.4
12 41.7 700 128 7 103.3
13 43.5 890 179 6 239.2
14 37.6 520 75 4 106.9
15 36.9 520 73 4 89.9
16 37.1 520 73 4 75.4
17 36.2 440 64 4 86.8

Sample 84-1 
1 44.6 980 161 9 247.6
2 48.5 1366 266 8 344.9
3 44.0 916 156 6 196.3
4 44.2 1149 162 6 240.0
5 46.4 1186 266 8 316.5
6 48.0 1340 302 7 384.0

Fish
no.

Length
(cm)

Gutted
weight

(g)

Gonad
weight

(g) Age
Fecundity 

(thousand eggs)

Sample 84-1 (Continued)
7 46.0 1171 163 9 208.3
8 56.3 1867 346 15 379.4
9 48.4 1439 281 5 351.2

10 46.9 1105 208 9 272.5
11 44.1 860 93 7 189.4
12 41.3 728 113 8 134.2
13 46.1 l i l i 200 7 254.0
14 43.9 1050 170 5 272.6
15 36.7 508 56 5 98.9
16 39.5 713 136 6 213.7
17 39.8 785 103 5 201.7
18 36.6 573 68 4 144.3
19 34.6 438 34 4 74.3

Sample 84-2 
1 55.9 1686 337 10 383.0
2 43.9 666 114 7 140.9
3 48.6 1221 292 12 304.0
4 49.2 1079 182 13 195.7
5 55.8 1490 257 14 358.0
6 43.3 741 151 5 212.9
7 45.9 1049 182 8 237.7
8 45.4 899 135 6 191.3
9 52.9 1481 336 10 377.7

10 55.4 1590 298 18 336.1
11 49.1 1206 241 7 409.8
12 38.7 569 60 6 116.1
13 42.6 679 101 6 136.8
14 44.0 810 165 10 181.2
15 37.3 543 72 5 96.5
16 37.5 631 80 4 135.3
17 40.2 637 114 5 177.7
18 39.5 564 100 6 122.4
19 34.5 390 67 5 85.9
20 35.6 509 62 6 78.8

Sample 84-3 
1 46.8 1259 229 7 251.5
2 43.7 925 173 5 206.3
3 44.1 923 205 8 258.2
4 43.0 723 110 8 137.3
5 34.8 421 38 5 55.2
6 40.2 600 89 5 95.6
7 42.8 742 92 9 135.0
8 44.1 893 115 8 172.8
9 43.3 896 121 6 168.8

10 34.0 425 57 6 73.7
11 44.8 985 148 7 224.9
12 37.0 512 74 4 170.5
13 47.8 1122 207 12 273.7
14 48.2 1143 253 12 275.5
15 38.2 602 100 6 131.6
16 32.3 321 22 5 28.8
17 47.9 959 132 10 129.3
18 37.5 495 35 5 57.2
19 41.2 712 108 5 121.4
20 39.3 699 107 5 175.8
21 34.5 436 55 5 84.5
22 34.4 388 50 4 67.2
23 39.5 622 103 7 105.0



C hanges in fe c u n d ity  in N orth  Sea  p la ice 279

Fish
no.

Length
(cm)

Gutted
weight

(g)

Gonad
weight

(g) Age
Fecundity 

(thousand eggs)

Sample 84-3 (Continued)
24 43.8 1033 213 8 244.0
25 47.8 1114 140 8 218.2
26 49.6 1327 247 10 299.0
27 47.3 1317 194 7 386.3
28 55.8 1668 201 - 270.8
29 40.3 602 104 8 118.3
30 41.5 814 105 7 169.3
31 33.5 382 41 4 67.9
32 45.3 838 94 6 120.6
33 58.8 1813 315 12 363.3
34 48.3 1117 149 12 199.4
35 41.2 688 107 8 184.0
36 50.4 1423 322 8 415.0
37 49.8 1513 222 8 390.5
38 51.4 1381 245 13 284.2
39 50.2 1290 270 - 273.8
40 40.5 681 82 5 156.2
41 38.5 558 94 6 91.0

Sample 84-4
1 32.3 306 42 4 59.1
2 34.5 422 84 5 135.0
3 26.7 170 25 3 41.0
4 37.3 533 82 5 109.0
5 32.7 283 62 4 72.8
6 39.1 552 129 5 138.1
7 30.6 267 51 4 63.3
8 38.4 469 106 6 107.0
9 29.1 238 21 3 29.1

10 38.3 641 103 4 119.2
11 33.8 301 64 4 55.9
12 41.6 564 109 10 113.6
13 44.5 664 126 9 124.4
14 32.5 359 77 4 102.5
15 29.6 251 27 3 39.2
16 28.4 229 28 3 36.3
17 30.4 247 34 3 43.0
18 39.5 639 194 6 207.1
19 44.3 686 120 9 128.9
20 45.8 920 207 11 188.6
21 34.6 471 70 4 96.3
22 31.7 347 52 5 76.6
23 32.5 373 47 4 66.5
24 38.5 453 43 6 43.3
25 34.1 369 72 6 94.1

Sample 84-5
1 38.3 587 97 5 107.8
2 26.0 191 35 3 40.4
3 43.8 784 178 4 228.7
4 36.3 389 56 5 67.8
5 29.2 277 51 3 66.5
6 44.1 946 185 7 255.3
7 35.7 495 67 5 91.0
8 38.2 462 42 5 50.7

Sample 84-6
1 43.2 880 140 5 210.2
2 31.2 380 68 3 93.0

Fish
no.

Length
(cm)

Gutted
weight

(g)

Gonad
weight

(g) Age
Fecundity 

(thousand eggs)

Sample 84-6 (Continued)
3 35.1 434 64 4 81.2
4 41.6 620 79 5 107.1
5 37.5 494 65 4 100.2
6 40.1 654 83 6 95.3
7 37.0 544 94 4 145.1
8 36.2 451 75 5 97.5
9 39.6 586 98 5 94.0

Sample 84-7
1 33.6 389 71 4 66.2
2 44.9 979 238 8 253.2
3 43.0 864 155 6 215.6
4 41.1 813 142 6 148.1
5 50.5 1370 331 10 414.0
6 46.1 956 205 7 256.5

Sample 84-8
1 42.9 909 194 5 246.3

Sample 85-1
1 42.6 877 141 6 242.3
2 51.3 1481 380 9 496.3
3 46.2 1093 156 7 283.6
4 44.2 1114 209 6 313.5

Sample 85-2
1 45.7 896 97 9 178.8
2 42.5 694 94 8 152.4
3 46.7 1024 148 10 256.5
4 46.0 991 144 7 259.9
5 49.3 1325 229 11 353.4
6 46.0 1152 168 9 297.7
7 45.0 957 129 9 242.0
8 42.8 878 103 8 219.7
9 41.0 776 85 6 176.7

10 48.6 1290 197 9 314.7
11 50.9 1533 254 10 373.4
12 43.0 855 124 8 205.7
13 43.3 964 159 10 236.3
14 43.3 841 99 6 171.9
15 43.5 918 135 6 192.7
16 46.7 1113 130 9 271.9
17 41.4 746 54 4 111.7
18 41.5 750 74 8 113.8
19 44.3 973 187 9 231.8
20 36.2 510 45 5 92.2
21 35.8 513 39 5 86.4
22 35.8 563 63 5 125.9
23 36.0 494 40 4 81.5
24 35.9 506 45 4 89.7
25 31.0 340 33 4 74.2

Sample 85-3
1 43.2 810 151 7 205.8
2 45.6 882 197 9 207.2
3 44.9 963 202 9 230.9
4 47.4 1064 209 6 222.4
5 45.1 911 172 9 166.8



280 A . D . R ijns dorp

Fish
no.

Length
(cm)

Gutted
weight

(g)

Gonad
weight

(g) Age
Fecundity 

(thousand eggs)

Sample 85-3 (Continued)
6 52.0 1267 126 16 155.0
7 39.0 648 160 6 214.1
8 41.8 632 116 5 119.2
9 39.6 533 78 5 103.7

10 41.2 661 127 7 133.3
11 32.8 346 41 4 77.3
12 34.1 398 77 4 111.7
13 32.1 324 49 4 87.0
14 29.7 283 49 4 71.3
15 28.6 215 43 3 62.4

Sample 85-4
1 43.6 987 207 6 221.8
2 54.7 1772 269 16 311.4
3 49.1 1287 249 14 297.2
4 48.2 1157 231 10 264.2
5 46.6 1168 252 10 306.2
6 37.9 665 99 4 120.3
7 40.3 695 119 4 174.9
8 42.8 643 57 7 67.8
9 41.2 745 112 5 184.1

10 40.2 743 117 5 161.9
11 39.7 671 112 6 126.0
12 37.4 542 73 4 109.5
13 33.4 424 63 4 78.8
14 34.3 432 65 4 86.4

Sample 85-5
1 42.0 850 124 7 214.3
2 40.8 700 77 6 109.0
3 40.4 752 98 7 199.1
4 41.5 634 66 9 80.2
5 37.2 511 65 5 66.1
6 37.2 469 69 7 75.0
7 39.9 625 72 6 105.5
8 38.1 502 50 6 66.2
9 39.6 557 43 5 59.9

10 38.2 543 99 9 140.6
11 33.9 365 41 4 73.9
12 32.9 350 57 4 73.8
13 31.7 285 26 3 55.3

Fish
no.

Length
(cm)

Gutted
weight

(g)

Gonad
weight

(g) Age
Fecundity 

(thousand eggs)

Sample 85-6
1 35.0 431 38 5 34.7
2 35.2 422 69 4 71.5
3 35.6 519 65 4 73.0
4 33.9 380 48 4 48.7
5 40.2 693 114 7 110.0
6 30.9 315 51 4 62.9
7 33.1 398 61 4 85.8
8 33.0 324 44 4 51.4
9 31.2 294 69 5 85.3

10 39.6 675 76 7 99.0
11 40.0 662 110 6 124.7
12 42.1 746 111 6 130.0
13 44.1 1006 194 9 263.2
14 42.1 819 185 7 289.5

Sample 85-7
1 51.6 1384 262 13 324.6
2 43.5 851 112 6 200.7
3 46.7 992 176 9 248.7
4 54.0 1572 230 15 340.1
5 36.4 525 65 5 93.2
6 36.4 481 43 4 74.5
7 38.0 593 86 7 107.7
8 36.1 481 68 7 79.8
9 32.0 296 31 6 46.8

10 31.7 306 46 4 43.1
11 34.6 377 55 4 85.9
12 34.2 379 53 4 85.4
13 35.3 386 48 5 80.3
14 31.6 289 34 4 58.3

Sample 85-8
1 37.9 544 86 4 121.2
2 36.0 535 112 5 161.5
3 34.7 417 73 6 103.0
4 43.6 873 222 6 282.9
5 42.4 791 150 7 213.3


