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ABSTRACT: C h a n g es  in the somatic  growth  of female plaice P leuronectes p la tessa  L. b e tw e e n  1930 
an d  1985 is stud ied  by back-calcula tion  of otoliths. It is show n that  in the  per iod  1940-49  g row th  rate 
was reduced ,  w hich  coincided with a 3-fold increase  in the plaice stock d u e  to the  c losure of the  fishery 
during  the second  world war. The  grow th  reduction  was largest  in large  fish (>45 cm) as co m p a red  to 
m ed ium  sized fish (30-40  cm), bu t  could not be  de tec ted  in the  size classes < 20 cm. In la rge  plaice the 
growth  reduction  occurred  later  in time as com p ared  to the m ed iu m  sized fish. G row th  in the im m e ­
diate  pre- a n d  post-war  years a p p e a re d  to be  similar. At some time in the  1950s and  1960s a g rowth  
accelerat ion  s ta r ted  in the size classes up  to 30 cm, levelling off in the  1970s. This g row th  accelerat ion  
was largest  in the smallest  size classes. Within the period of g row th  acceleration,  the  1963 y e ar  class, 
which  w as abou t  3 times the a v e rag e  y ear  class strength ,  show ed  a sl ight but significant reduct ion  in 
growth. T he  reduction  in g row th  was restr ic ted to size classes < 30  cm a n d  was la rges t  in sm aller  fish. 
It is concluded  that  growth rate in plaice is red u ced  at h igh  density  both in the  juven ile  p h a se  (p re-war 
period  and  year  class 1963) and  in the  adult  p h a se  (period 1940-49).  T he  inc rease  in g row th  of juven ile  
plaice starting in the 1950s app ea rs  to be  re la ted  to an  increase  in the  availabili ty of food in the  coastal 
w a ters  of the sou thern  North Sea.

INTRODUCTION

G row th  rate  of fish is a characteristic tha t m ay show 
considerable changes  in response to food availability, 
population  density  and  tem pera tu re  (Weatherley & 
Gili 1987). In addition, g row th rate  m ay be  un d er  
selective p ressu re  by the fishery (Ricker 1981, Nelson 
& Soulé 1987). In order  to eva lua te  the influence of 
each  of these  factors, long time series of g rowth data  
are  requ ired  w hich are  collected in a consistent way.

North Sea p laice Pleuronectes platessa  L. is a suit­
able cand ida te  for such an analysis, because  this well- 
s tudied  species has show n substantia l changes  in 
grow th  and  rem arkab le  fluctuations in population 
density  due to the reduced  fishing during  2 w ar­
time periods. The older literature, rev iew ed by Wim- 
p enny  (1953) and  Bannister (1978), suggests  density- 
d e p e n d e n t  g rowth effects, based  on smaller leng th  at 
ag e  of strong year  classes and  on a re d u c e d  length  or

w eigh t at age  during  w ar  time periods (Borley 1923, 
B ückm ann 1944, Beverton & Holt 1957). M ore recen t 
s tudies have  been  unab le  to provide convincing ev i­
d ence  for d e n s i ty -d ep e n d en t  growth, a l though  a con ­
s iderable inc rease  in grow th  rate of small plaice has 
b een  observed  in the 1960s and  1970s (Bannister 
1978). Rijnsdorp & van Beek (1991) su g g e s ted  tha t this 
increase  in grow th  is re la ted  to an  inc reased  ava il­
ability of food.

Long term grow th  studies have  a n u m b e r  of inh e re n t  
difficulties. Firstly, it is a lways ques tionab le  w he the r  
age  determ inations carried  out over a long time period 
by different peop le  have  b e e n  consistent. In plaice, 
age  determ inations h ave  traditionally b e e n  carried  out 
using u n trea ted  otoliths. This m ethodo logy  is suitable 
for age ing  the younger, fast g row ing  fish up  to abou t 
8 yr old, but m ay seriously u n d eres t im a te  the  ag e  of 
older, slow growing plaice (Heincke 1908, van Leeuw en 
& G roeneve ld  1988). In addition, a d ifferent a s su m p ­
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tion ab o u t  the  da te  of birth as the  re ference  to age  
de te rm ina t ions  have  b ee n  m a d e  in the  p as t  (1 January , 
1 April or variable d e p e n d in g  on the  a p p e a ra n c e  of a 
n e w  g row th  zone; com pare  Wallace 1907, 1914). A 
study  of g row th  in p la ice is fu r the r  com plicated  b e ­
cause  the  size- and  ag e -g ro u p s  are  d is tribu ted  differ­
ently  (Heincke 's  law; W im penny 1953). Small plaice 
a re  concen tra ted  in the  shallow coastal and  es tuarine  
nu rse ry  g rounds  from w h ere  they  d isperse  over the 
d e e p e r  off-shore grounds.  Since this d ispersion is size- 
and  a g e - d e p e n d e n t  (Beverton & Holt 1957, Rijnsdorp 
1989), it is necessa ry  to take  accoun t of the  d ifferences 
in spatia l d is tnbu tion  of slow an d  fast g row ing  fish. 
This p rob lem  can  be c ircum ven ted  for adu l t  fish if 
sam pling  is restr ic ted  to the  spaw n ing  period, w hen  
the  m a tu re  p la ice g a th e r  on the  spaw n ing  g rounds  (de 
V een  1964).

O n e  possible w ay to overcom e sam pling  and  age  
rea d in g  prob lem s is to reconstruct  the ch anges  in 
g row th  from the  pa t te rn  of otolith g row th  em ploying 
a back-calcu la tion  techn ique  (Southw ard  1962). The 
back-calcu la tion  techn ique  has  b e e n  val idated  for 
p la ice using tagg ing  exper im en ts  in com bination  with 
te tracycline labeling  of otoliths (Rijnsdorp et al. 1990). 
This p a p e r  p resen ts  the results  of a back-calcula tion  
study  of fem ale North  Sea p laice using otoliths 
collected b e tw e e n  1948 and  1985. T he  o lder  fish 
inc luded  in these  sam ples  allowed us to look back  as 
far as the la te  1920s. We will focus on ch a n g es  in 
g row th  dur ing  the period of the  second  world war 
(1940-45) as com pared  to tha t  in the im m edia te  pre-  
a n d  post-w ar  years, and  to the grow th  accelera tion  in 
the  1960s an d  1970s. Special a t ten t ion  is fu rthe r  given 
to the  ques tion  of w hich  size classes of plaice have 
b e e n  particularly  affected. The observed  changes  will 
be  d iscussed  in relation to t rends  in popula tion  
ab u n d a n ce .

MATERIAL AND METHODS

O tolith sam ples. The somatic  g row th  of female 
p laice in the  period 1930-85  was s tud ied  by back- 
ca lculation of g row th  pa t te rns  in otoliths. Otolith 
sam ples  collected in the sou the rn  North Sea, roughly 
be tw e en  52 an d  54° N and  1 and  4° E, and  in the 
sp aw n in g  period b e tw e en  Ja n u a ry  an d  M arch  were  
considered ,  except for a few otoliths collected in 
su m m er  1955. The study was constra ined  by the avail­
ability of otolith samples, since prior to 1958 -  w hen  
in tensive  sam pling  s ta r ted  in, am ong  o ther  countries, 
The N ethe r lands  -  only limited num bers  w ere  ava il­
able. From the  period 1948-55  two sets of otolith 
sam ples  (otolith sets 2 and  3) w ere  m a d e  available 
by the  Fisheries Laboratory Lowestoft (courtesy of

Drs R. S. Millner and  J. D. Riley). These otolith sets 
rep rese n t  a length  stratified random  selection of 
plaice >25 cm of age  4 to 15, with a few older females 
up to age  28. In the period 1958-85 otoliths w ere  
se lected  from Dutch m arke t sam ples  belonging  to 
individual year  classes sam pled  at age  4, 5, 6, 8, 10 to 
16 (otolith sets 4 to 7) or from a range  of fish sizes in 
individual years (otolith sets 8 to 10). A lthough not 
sam pled  at the appropria te  time and  place, additional 
otoliths collected during sum m er on coastal g rounds 
just north of Terschelling in 1932 and  1933 (otolith set 
1) w ere  ana lysed  to com pare  estimates of juvenile 
g row th  rate from otolith of old fish and  of young  fish. 
In total 1421 otoliths of individual females be tw e en  
ages  2 and  28 w ere  studied. A sum m ary  of the  age 
composition of the available  otolith sets is g iven in 
Table 1. A m ap of the  North Sea with the topo­
graphical n am es used  is show n in Fig. 1.

Back-calculation m ethod. Preparation  of otoliths 
and  back-calcula tion  p rocedu re  followed Rijnsdorp et 
al. (1990), of which a short sum m ary  follows. One 
otolith per  fish was cut a long the lateral p lane  th rough  
the  nucleus, polished and  b u rn ed  on a brass p late 
above a Bunsen gas flame to clarify the  pa t te rn  of 
w hite  and  dark  bands. The b u rn ed  otoliths w ere  
m oun ted  in plasticine and  read  with a binocular m icro­
scope u n d e r  reflected light. The outer  tips of the  h y a ­
line bands  w ere  d raw n  on p ap e r  using a d raw ing  
mirror at a magnification of 24x and  the m axim um  
d iam eter  of each  annulus  w as m e asu red  from the 
draw ing  with a ruler in units of 0.5 mm. The m e a s u re ­
m ents  w ere  all ta k en  using the  m ain  axis of g row th  of 
the  otolith.The length  at the time of annu lus  formation 
L, w as ca lcula ted  according to

L , /L t = a ( O J O tf  (1)

w h ere  L, = length  at capture; O, = otolith d iam eter  of 
the  ith annu lus  in the otolith; O, = d iam eter  of the total 
otolith,- a  = proportionality  coefficient; and ß  = back- 
calculation coefficient es tim ated  from the relationship 
b e tw e e n  fish length  an d  otolith w idth (ß = 1.364). 
Rijnsdorp et al. (1990) p resen ted  ev idence for the 
validity and  accuracy of the back-calcula tion m ethod  
and  further show ed  that the time of annulus formation 
corresponds to 1 April.

Since it was our purpose  to reconstruct growth rate 
of plaice as far back  in time as possible, we have 
used  otoliths of very old females, which n ee d  special 
trea tm ent.  Fig. 2 shows a draw ing  of a transversal 
section of a b u rn ed  otolith of a 23 yr old female 
plaice. The pat tern  of light and  dark  zones can be 
recogn ized  easily in the  central parts  of the otolith, 
but at the pe r iphery  the annuli becom e densely 
packed . The age  can be es tim ated  most easily by
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Table  1. Pleuronectes platessa. Sum m ary  of the available  otolith sam ples  used. Sam pling type ind ica tes  w h e th e r  the  otoliths w e re  
sam pled  from a size-range  of plaice (S) or from a particular  year-c lass (Y)

Otolith set: 
Type: 

Year/Year class:

1
S

1932-33

2
S

1948-51

3
S

1955

4
Y

1955-61

5
Y

1963

6
Y

1969

7
Y

1972-74

8
S

1982-85

9
S

1960

10
S

1974

Age

2 1 0 0 0 0 0 0 0 0 0
3 10 0 0 2 0 0 4 8 0 12
4 5 1 2 51 39 40 50 35 6 6
5 32 4 2 23 43 43 50 28 7 7
6 17 8 4 35 33 41 47 28 10 9
7 8 3 5 48 0 0 9 22 11 3
8 6 0 6 43 36 39 15 9 9 5
9 6 5 0 41 0 0 20 9 2 1
10 5 4 1 26 33 28 14 8 7 2
11-15 6 13 6 23 0 0 6 5 24 24
16-20 2 22 0 0 18 0 0 0 5 15
2 0 -3 0 0 7 3 0 0 0 0 0 5 5

Total 98 67 29 292 202 191 215 152 86 89

counting the annuli from the cen tre  to the arrow  B. 
Draw ing the outer tips of the annuli, projected  on the 
m ajor  growth axis A-A, however, becom es difficult 
in the  periphera l zone. The dense  packing  of annuli 
along the  major axis is due  to a change  in the  d irec­
tion of growth of the otolith, which occurred  around  
age  10. Up to this age, the annuli w ere  laid down in 
the posterior-anterior direction, w hereas  beyond this 
ag e  the direction of g row th  shifted more and  m ore to

2° 0° 2° 4° 6° 8°

German
Bi gh t

Doggerbank

F l am-
bor ough54°

T e r s c h e l l i n g

Wash Wadden Sea

Southern
Bi gh t

O

Fig. 1. North Sea with the topographical names used in this study

the dorso-ventral axis. This ch a n g e  in the  axis of 
g row th  occurs gradually. W hen  the  pack ing  of annuli 
a long the major g row th  axis b ec am e  so d en se  tha t 
the  individual annuli  could no longer b e  d is t in ­
guished, the  d ia m e te r  w as in te rpo la ted  b e tw e e n  the 
u ltimate otolith size and  the size of the last annuli 
which could be effectively d ist inguished. This is 
ind icated  by the d a s h e d  lines in Fig. 2. In terpolation 
of otolith m e asu rem en ts  implies tha t w ithin the  year 
ran g e  tha t corresponds  to the in te rpo la ted  annuli, no 
d ifferences in grow th  could be  d is t inguished  b e ­
tw een  individual years. Interpolation  occurred  in 
abou t 30 % of the  fem ales beyond  ag e  12 or size 
>45 cm.

The back-calcula tion  m e thod  assum es tha t the 
curvilinear rela tionship  b e tw e e n  otolith w id th  and  
body size as es t im ated  for the popula tion  also applies 
to individual females, or in o ther  w ords tha t the  back- 
calculation coefficient ß  in Eq. 1 applies  to individual 
females. It is likely, however, tha t individual females 
will differ in the body size at w hich  the  ch a n g e  in 
direction of g row th  of the otolith starts, as well as in the 
ex ten t to w hich this occurs. Deviations of the  in d i­
vidual back-calcula tion  coefficient from the popula tion  
es tim ate will in troduce a bias in the  es t im ated  grow th  
curve of that individual. If /3indlv¡duai >j3PoPuiaiion the 
g row th  at early ages  will be overes t im ated  an d  the 
g row th  at older ages  will be underes tim a ted .  Since the 
otolith w id th  -  body size rela tionship  w as d e te rm in e d  
over a ran g e  of body sizes from 8 to 60 cm, only otoliths 
of fish < 60 cm w ere  inc luded  in the analysis. A lthough  
individual g row th  curves m ay be b iased  to some 
d eg ree ,  the ave rag e  grow th  es t im ates  should  be 
unbiased.
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Fig. 2. P leu ro n ectes p la tessa . D raw ing  of a t ransversa l  section of an  otolith of a female  plaice caugh t  on 18 J u n e  1955 (no. 18, 
set 3). T he  a g e  was es t im a ted  at 23 yr. Otolith m e a su re m e n ts  for back-calcula tion  w ere  m ad e  a long the m ain  axis of growth  A-A. 
A ge  d e te rm in a tio n  em ployed  the  axis in d irection B, which  facili tated the  de te rm ina tion  of the annuli .  A round  ag e  10 the 
d irec tion  of otolith g row th  gradual ly  c h a n g e d  a n d  n e w  grow th  zones w e re  increasingly laid in the  ventra l-dorsal  direction. The 
zone  b e tw e e n  the  d a sh e d  (A) an d  the  do tted  lines (a) shows w h e re  otolith m ea su re m e n ts  w e re  in te rpo lated  becau se  annuli  

could no  longer  be  recogn ised  individually  along the  m ain  axis of growth  A -A

RESULTS

The  av e rag e  back -ca lcu la ted  leng ths  for females 
born  in various periods since 1925, omitting females 
sam pled  at an  ag e  < 6  yr (see below), show tha t the 
p re se n t  g row th  ra te  (year classes 1970-79) is su b ­
stantially h ig h e r  (f-test, p < 0 .0 5 )  than  in y ea r  classes 
born  before  1950 (Fig. 3). T he  le n g th  of the year 
classes born  in 1935-39  is h ighe r  than  those born  in 
1940 -49  up  to a g e  6 bu t  th e n  becom es smaller, the 
d if fe rence be ing  significant for ag e s  2 to 5 (f-test, 
p<0 .05) .  T he  leng th  of p la ice born  dur ing  the  war 
(1940-44) is sm aller  than  any  other g roup  of year

5 0

40

30

20

1 0

0
0 1  2 3 4 5 6 7 8 9 1 0

Age (year s)

Fig. 3. P leu ro n ectes  p la tessa . A verage  back -ca lcu la ted  
len g th  at ages  1 to 10 of y e a r  classes born  in various 
time periods since 1925. (■) before 1935; ( ) 1935-39,- 

(♦) 1940-44; (<•) 1945-49; (*) 1970-79

classes for ages  2 to 4, bu t varies around  a similar 
value for older age  groups. The difference is signifi­
cant with yea r  class 1970-79 and  1935-39 (p < 0.05) 
and  almost significant with year  classes 1945-49 
(f-test, 0.05 < p < 0.10). It is difficult to in te rpre t the 
ch anges  in the average  cum ulative length  show n in 
Fig. 3 in term s of changes  in the  ra te  of growth in 
certain  periods. Because the annua l leng th  increm ent 
decreases  with fish size, the analysis of the  changes 
in grow th  should take  account of the size of the fish. 
We therefore es tim ated the length  increm ents  for 
5 cm size classes in various time periods of 5 years. 
T he time period be tw e en  1940 and  1949 w as divided 
into five 2 yr periods, because  if the re  is an  effect of 
density  due to lack of exploitation, then this effect will 
g radually  build up and  shorter  time periods might 
show the deve lopm ent in the dens i ty -dependen t  
effect m ore clearly.

The annua l leng th  increments,  es tim ated  from the 
pooled da ta  of otolith sets 2 to 10, are  show n in 
Fig. 4A to H toge ther  with the approxim ate  95 % con­
fidence limits. Since an  individual female m ay provide 
several es timates of length  increm ent in a particular 
size-class or time-period, the m e an  length  increm ent 
was calculated  for each  female before calculating the 
population  average.  The num ber  of observations in the 
legend  thus refers to the num ber  of individual females 
in a particular  cell. In general,  the confidence limits are 
m uch  w ider in the earlier periods due to lower 
sam pling  levels.

The growth estimates of size class 10-15 cm indicate 
an  almost 2-fold increase  after 1950 com pared  to the 
1930s. The growth accelera tion  is also show n by larger 
size-classes up to 2 5 -3 0  cm, but is absen t in the  larger 
ones. A growth reduction during the  w ar is only appar-
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Fig. 4. P leuronectes p la tessa . B ack-calcula ted  a n n u a l  leng th  increm en ts  in the  period  1930-84  for different size c lasses of female  
plaice. Vertical bars indicate  2 SE. D ashed  line shows the p re -w ar  leng th  increment.  N u m b e rs  along top indica te  n u m b er

of observations

ent in the size-classes 2 0 -25  cm and  larger. The 
m agn itude  of the growth reduction appears  to increase 
with size, and  the timing shifts from actual war-time 
period (1940-45) in size classes 2 0 -3 0  cm to the im m e­
diate post-w ar years in the la rger  p laice (Fig. 5). 
Finally, the p resen t g row th  ra te  of size classes >30 cm 
is m arked ly  similar to the one in the p re -w ar  period.

The back-ca lcu la ted  g row th  rates for the p re-w ar  
period b ased  on otolith sam ples  collected on the

spaw ning  g rounds  in 1948-51 show ed  a close a g r e e ­
m e n t  with the g row th  ra te  back -ca lcu la ted  from the 
1932-33  sam ples  collected on the  nu rsery  g rounds  in 
size classes < 10 and  10-15  cm (Table 2). However, for 
the  size classes 15-19  an d  2 0 -25  cm the  estim ates 
from the  nursery  sam ples  w ere  slightly lower. From 
the  1932-33  sam ples  only ages  2 to 6 w ere  se lec ted  
because  these  a re  typically rep resen ta t ive  for the 
coastal grounds. T he  g row th  rate of the  females
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Fig. 5. P leuronectes p la tessa . G row th  rates,  s tan d ard ized  to the 
g ro w th  ra te  in the  p re -w ar  period, of se lec ted  size classes illustrating 
the  d ifference  in the t iming an d  the  leve) of the reduct ion  in growth 
in the  period  1940-49. (x) 15 -20  cm; (□) 2 5 -3 0  cm,- (♦) 3 5 -4 0  cm;

( O ) 4 5 -5 0  cm

b e tw e e n  6 and  12 years  old was so m e w h a t  lower, 
ab o u t  0.6 to 1.3 cm less th a n  the  fem ales  of ages  2 to 6 
of size class up  to 24.9 cm. For size classes b e tw e e n  25 
an d  35 cm the ave rag e  an n u a l  g row th  w as 2.7 cm. 
How ever,  these  older fem ales are  cons idered  to be  not 
rep re se n ta t iv e  since they have  b ee n  sam pled  on the 
shallow nu rsery  g rounds  and  not in the  d e e p e r  off­
shore  waters.

Fig. 4 shows tha t in the  period 1965-69  a dip in 
g row th  rate  occurs in the  3 smallest size classes, which 
is re la ted  to the 1963 y ea r  class. This year  class was 
ab o u t  3 times the  ave rag e  si2e and  s trongly dom ina ted  
the  d a ta  set for this period. In order  to ana lyse  w h e th e r  
this yea r  class d iffered  in grow th  rate, its g row th  is 
co m p ared  to tha t  of yea r  classes born  in 1955-60  
(otolith set 4) and  1969-74 (pooled data  sets 6 and  7). 
Fig. 6 clearly shows tha t the an n u a l  leng th  increm ent

of the 1963 year class was reduced  in the size 
classes up to 30 cm. C om pared  to the 1955-60 
year classes the  la rgest reduction in growth 
occurred  in the smallest size classes. The data 
for the 1969-74 year  classes aga in  illustrate the 
increase in the  g row th  during the  1970s.

The length  at the end  of the first year (LÍ) and  
the  approxim ate  95 % confidence Limits for year 
classes born be tw e en  1930 and  1980 is p lotted in 
Fig. 7. For the  y ea r  classes born  in the late 1920s 
two estimates are  available; those based on otoLith 
samples collected since 1948 on the  spaw ning  
ground; and  those based  on otolith sam ples  col­
lected in 1932 and  1933 on the  nursery  grounds 
north of Terschelling (Table 2). The results of both 
samples w ere  close. The n u m b e r  of observations 
varies substantially be tw e en  individual year 
classes and  the results can therefore  be  used 
only to inspect changes  in overall level be tw een  
periods. The LÍ of year classes 1930-50  varies 

a round  7 cm, with slightly h igher  values for year  classes 
1936-39. Year classes born b e tw een  1950 and  1980 vary 
a round  8 to 9 cm. The h igher  value of the LÍ since 
the  1950s corresponds to the  h igher  growth rate of 
10-15  cm plaice observed  in this period (Fig. 4A). The 
LÍ of the 1940-44 year  classes is slightly lower than  the 
ave rage  p re-w ar  level.

DISCUSSION  

M ethodology

A num ber  of factors may bias g rowth estimates 
obta ined by back-calculation of otoliths: incorrect back- 
calculation procedure ,  sam pling  bias, size-selective 
mortality (Casselm an 1987, Francis 1990). T he  back-

Tab le  2. P leuronectes p la tessa . B ack-calcu la ted  leng th  increm en ts  in the period 1920-39  from otoliths of 2 to 6 yr old female 
p laice  collected in J u n e  on the nursery  g ro u n d s  north  of Terschelling (set 1); a n d  otoliths of adult  females collected on the

spaw ning  g ro u n d s  in the Sou thern  Bight in 1948-51 (set 2)

Size-class
(cm)

G row th
(cm)

Set 1 sam ples  1932-33 
SD 

(cm)
n

Set 2 samples 1948-51 
Grow th SD 

(cm) (cm)
n

< 10 6.3 1.5 59 6.8 1.8 44
10-14 5.7 1.4 47 5.7 1.9 26
15-19 4.8 0.8 38 5.2 1.5 30
2 0 -2 4 4.5 1.2 20 5.6 1.8 33
2 5 -2 9 - - - 5.0 1.5 32
30 -3 4 - - - 4.8 1.9 28
3 5 -3 9 - - - 3.2 1.4 24
40 -4 4 - - - 2.6 1.8 18
4 5 -5 0 - - - 1.3 0.5 5
> 50 - - - 1.9 - 1
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Fig. 6. P leuronectes p la tessa . B ack-calcula ted  an n u a l  length  
increm en ts  in relation to body size for year  class born  in 1963, 
which  was abou t  3 times the averag e  size, c o m p ared  to those 
born  earlier  (1955-60) and  later (1969-74). Vertical  bars 

indicate  2 SE

calculation p rocedu re  applied  here  has b ee n  verified 
by tagg ing  experim ents  in which otoliths w ere  labelled 
with tetracycline at tagg ing  (Rijnsdorp et al. 1990). 
Strictly, this validation only applies to g row th  estimates 
of m ed ium  sized fish, because  no la rge plaice were  
inc luded  in the experiment.  Therefore, back-calcula ted  
grow th  rates of la rge  plaice (>40 cm) h ave  b ee n  com ­
p a re d  with estimates ob ta ined  from tagg ing  exper i­
ments. In Table 3 the growth  rate  of fem ale plaice 
ta g g ed  with Peterson discs and  rec ap tu red  after 11 to 
13 mo in the 1970s is com pared  with growth  rates 
es t im ated  by back-calculation. G rowth rate of tagged  
fish was correc ted  for shrinking according to Rijnsdorp 
et al. (1990). The co rrespondence  b e tw e en  the 2 data

sets is ra the r  good, a l though  the n u m b e r  of o b se rv a ­
tions in the la rger  size groups is small. Back-ca lculated  
grow th  in older fish m ay be und e re s t im a te d  b ecau se  
underes tim ation  of age  is likely to occur in la rge  fish 
that grow very slowly. In the  otoliths of these  fish the 
annuli becom e densely  p ac k ed  at the outer ed g e  and  
are  sometim es difficult to count. This p rob lem  does not 
occur in younger  fish which still show a reasonab le  
somatic growth. An indication for such bias m ight be 
tha t the  n u m b e r  of fem ales as s igned  to the ou ts tand ing  
year  class 1928, was smaller than  to the  ra the r  poor 
year  classes 1930 an d  1931 (Bannister 1978).

Sam pling  bias m ay  lead  to overestim ation of the  
back-ca lcu la ted  leng th  of younger  ag e -g ro u p s  if the 
otolith sam ples  are  ta k en  from m a rk e t  sam ples  which 
inc lude partially rec ru ited  age-groups .  Fig. 8 shows 
the  rela tionship  b e tw e e n  grow th  inc rem en t  and  body 
size es t im ated  from sam ples ta k en  at se lec ted  ages 
for the 2 la rges t  data  sets (5 and  6) of individual year 
classes (1963 and  1969). In both  data  sets the esti­
m a ted  growth  rate  is h ighes t  w h en  the  females are  
sam pled  at a young  age: age  4, 5 and  6 in year  class 
1963, and  age  4 in year  class 1969. Inspection of 
the back-ca lcu la ted  size distributions of these  year  
classes revea led  tha t a t these  y ounger  ages  p a r t  of 
the cohort was in d e ed  below  the m in im um  land ing  
size. In order  to reduce  this source of bias, only 
females of ag e  6 and  older have  b e e n  inc luded  in the 
p resen t  analysis.

A further  bias m ay be caused  by s ize-selective m or­
tality (Ricker 1969). This type of mortality due  to ei ther  
natura l  causes or to fishing m ay be directly or ind i­
rectly re la ted  to g row th  rate. A lthough  very little is 
know n  abou t  g row th  re la ted  mortality in natura l  p o p u ­
lations, we may specu la te  tha t s lower grow ing  fish 

suffer from a h ighe r  p reda t ion  mortality, 
b ecau se  of their  smaller size. O n the 
other hand, fast growing plaice m ay be 
expec ted  to exper ience  a h ighe r  m o r­
tality due  to fishing, since they will leave 
the shallow coastal nursery  a reas  and  
en te r  the  m ain  fishing g rounds  at a 
y ounger  age  than  slow grow ing  fish. 
G iven the  h igh  level of fishing mortality 
of 40 % per  year  as com pared  to the  level 
of natura l  mortality (10 % p e r  year; Bev- 
er ton  1964), size-selective fishing m o r­
tality will p robab ly  dom inate  over other 
type of size-selective mortality, lead ing  
to a proportional inc rease  of slow g ro w ­
ing fish am ong  the survivors up to the 
ag e  of full recru itm ent.  This type of bias 
m ay also h ave  contribu ted  to the  h igher  
grow th  es tim ates  ob ta ined  from otolith 
sam ples  of young  females m Fig. 8.
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Fig. 7. P leuronectes p la tessa . Variations in the back-calcu la ted  leng th  at the 
en d  of the first year  (LÍ, cm) for the year  classes born  b e tw een  1930 a n d  1980
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T ab le  3. P leuronectes p la tessa . C om parison  of a n n u a l  leng th  increm en ts  of female plaice as ob ta ined  by tag g in g  experim ents  and 
back-ca lcu la tion  of otoliths. T he  tag g in g  da ta  refer to the  sou thern  North  Sea in the period 1970-80 (Rijnsdorp et al. 1990). The 

back-calcula tions refer to the  poo led  da ta  of otolith sets 6 an d  7 (year classes 1969-74)

Size-class
(cm)

Grow th 
in c rem en t  (cm)

T ag g in g  da ta  
SD 

(cm)
n

Back-calcula tion 
Grow th  SD 

increm en t  (cm) (cm)
n

< 1 0 _ _ _ 9.4 2.6 145
10-14 - - - 9.0 2.8 98
15-19 - - - 8.3 2.1 130
20 -2 4 7.3 2.4 124 7.5 2.0 112
2 5 -2 9 5.9 2.0 9 6.3 1.6 125
3 0 -3 4 4.4 2.1 26 4.4 1.5 149
3 5 -3 9 2.8 1.4 40 3.1 1.1 143
4 0 -4 4 1.9 1.0 31 2.2 0.8 65
4 5 - 5 0 1.5 1.2 8 1.7 0.3 10
> 50 1.3 0.9 12 - - -

Spatial d ifferences in grow th rate

Table  4 p resen ts  es tim ates  of annua l  leng th  in c re ­
m en ts  for d ifferent a reas  in the  North  Sea as ob ta ined  
from tagg ing  exper im en ts  carried  out in the  period 
1905-11 (Borley 1916). T he  growth  rates  are  similar to 
the  results  of tagg ing  studies carried  out b e tw e e n  1920 
an d  1940 (C arru thers  1924, Hickling 1938). T hese  da ta  
provide  in teresting  information on d ifferences in 
g row th  ra te  b e tw e en  various parts  of the  sou the rn  
North  Sea. O n the m ain  nursery  grounds, rep re se n ted  
by S ou thern  Bight East (area SB), the grow th  rate 
a p p e a rs  to be poor, while on the D o g g erb an k  grow th 
rates  a re  m uch  higher. The fish rec ap tu red  on the 
D o g g erb an k  an d  ad jacen t  a reas  w ere  t ransp lan ted  
from the  coastal nursery  g rounds  along the  Dutch coast 
and  in the G erm a n  Bight to the  D o g g erb an k  and  th e re ­

fore do not reflect their  'natural '  growth  rate. Because 
the  females used  in our back-calcula tion  study will 
h ave  largely originated from the  nursery  areas  in the 
W a dden  Sea and  ad jacen t shallow coastal w aters 
(Hickling 1938), the back-calcu la ted  growth rate 
should  be com pared  to the  growth rate observed  on 
the  nursery  g rounds in the Southern  Bight East.

The back-calcu la ted  growth of 4.5 to 5.6 cm in size 
classes 20-24  and  25 -29  cm (Table 2) corresponds 
reasonab ly  well with the  es tim ated  growth of 3.9 to 
4.6 cm from the tagg ing  experim ents  (Table 4). This 
co rrespondence  aga in  indicates that the changes  in 
back-ca lcu la ted  grow th  reflect real ch an g es  in growth 
rate, despite  the sources of bias discussed above.

The high grow th rate  of the D ogger recap tu res  in 
Table 4, serves as an indication of the growth  potential 
of plaice. M axim um  grow th  at unlim ited  food will be
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Fig. 8. P leuronectes p la tessa . B ack-calcu la ted  an n u a l  leng th  increm en ts  in relation with the size for different sam pling  ages for 
(A) year  class 1963 an d  (B) year  class 1969. (■) Age 4; ( 3) ag e  5; (♦) age  6 (O) ag e  8¡ ( a ) ag e  10: (c. ) age  16
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Table  4 P leuronectes p la tessa . Annual  leng th  increm ents  
b e tw ee n  1905 an d  1911 of tag g e d  plaice in the North  Sea. The 
leng th  increm en t  w as calcula ted  as the difference b e tw een  
the leng th  at liberation an d  recap tu re  11 to 13 mo later for 
various time periods, size classes and  areas. The  recap tures  
m ade  on the  D ogg e rb an k  refer to plaice t ransp lan ted  from 
the c row ded  nursery  g rounds  in the G e rm an  Bight and 

a long the Dutch coast to the D ogg e rb an k  (Borley 1916)

Size class 
(cm)

Area Annual  growth 
increm ent (cm)

n

15-19 D o ggerbank 13.3 33
Southern  Bight East 4.4 8

20-24 D og g e rb an k 13.6 75
West of Dogger 7.3 5
East of Dogger 5.8 4
Sou thern  Bight East 3.9 33

25-29 D og g e rb an k 12.3 17
West of Dogger 6.5 4
East of Dogger 7.7 4
Off Wash 5.3 5
Sou thern  Bight West 6.5 10
Southern  Bight East 4.6 15

dependen t  on tem perature conditions. Fonds et al. (1992) 
observed  in tank  experim ents  tha t at unlim ited food the 
m axim um  growth rate  of 20 cm plaice increased  with 
tem pera tu re  from about 0.2 mm  d “1 at 6 “C to 0.7 mm 
d -1 at 14 °C, reached  a peak  of 0.75 mm d ' 1 at 18 °C and  
d ec reased  to 0.35 mm  d ^ 1 at 22 °C. Given these growth 
rates and  the annua l tem pera tu re  cycle (Fig. 9), we can 
calculate the expected  cumulative length  increments for 
both  the coastal nursery  area  S outhern  Bight east (SB 
pred) and  the D oggerbank  (Dogger p red ) . Fig. 10 shows 
tha t the expec ted  growth increm ent at unlim ited food is
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Fig. 9. A nnual  cycle in w a te r  t em p era tu re  at the  bottom in the 
coastal nursery  a rea s  along (♦) the Dutch coast, ( ) in the 
G e rm an  Bight (east Frisian and  Danish coast) and  (■) on the 

D o g g e rb an k  (Tomzak & G o ed eck e  1964)
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Fig. 10. P leuronectes p la tessa . C um ula t ive  len g th  increm en ts  
of 2 0 -2 5  cm of plaice tag g e d  an d  r e leased  in M a rc h -A p r i l  on 
the nursery  g ro u n d s  |(a) SB 1910, (-) SB 1970] a n d  those 
t ran sp lan ted  to the  D o g g e rb an k  [(■) D ogger  1910] co m p ared  
with the  p red ic ted  grow th  ra tes with unres t r ic ted  food and  
the  a v erag e  bottom  tem p e ra tu re  show n  in Fig. 9 accord ing  to 
Fonds et al. (1992) for the D o g g e rb an k  [(¿,) D ogger  p red] and  

the  coastal nu rse ry  g round  [(C) SB pred]

som ew hat h igher  on the coastal nursery  g rounds  than  
on the D ogger  due to the h ighe r  w ate r  te m p era tu re s  in 
the coastal shallows in summ er. In au tu m n  w h en  w ate r  
cools down, the g row th  rate  decreases  but rem ains s u b ­
stantial th roughou t the winter. This m ay not be  realistic, 
since food in take  d ec reases  in au tu m n  and  almost stops 
in w inter (Todd 1914, Rijnsdorp 1989, Fonds et al. 1992).

Fig. 10 also provides the observed  cumulative length  
increm ents  on the coastal nursery  g round  and  Dogger- 
b an k  as observed  in historic (Borley 1916) and  recen t 
tagging experiments. In the historic experiment, which is 
similar to the one g iven in Table 4, plaice w ere  re leased  
in M arch -A pr i l  1905-11 on the nursery  grounds in the 
easte rn  Southern Bight (SB 1910) and in the region of the 
D oggerbank  (Dogger 1910). In the recen t exper im ent 
plaice were  tagged  and  re leased  in the w estern  W adden  
Sea in M arch 1970-75 of w hich 156 w ere  recap tu red  
within 14 mo after re lease  (SB 1970).

The cum ulative leng th  inc rem en t  in 1910 gradually  
inc reased  during the  year  to reach  a m ax im um  in the 
period b e tw e en  O ctober and  M arch  of abou t 4 cm in 
fish rec ap tu red  close to the  coastal nursery  area, an d  a 
m ax im um  of abou t 11 cm in the transp lan ted  plaice. In 
the early 1970s the cum ulative  g row th  shows a similar 
seasonal pa t te rn  with a m ax im um  level of abou t 8 cm. 
The h igh  values in D ecem b er  an d  Ja n u a ry  are  based  
on only 2 observations an d  are  cons idered  atypical.

Com parison  of the  obse rved  and  p red ic ted  growth 
from observed  te m pera tu re s  and  unlim ited  food shows 
tha t on the coastal nursery  g rounds  grow th  is well
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below  the  expec ted  level in both  1910 and  1970. The 
slopes of the  obse rved  grow th  curve in 1910 is less 
s teep  than  expec ted  th roughou t  the year, but in 1970 
the  slope is less s teep  in spring  and  a u tu m n  but similar 
b e tw e e n  July and  Septem ber.  A smaller slope suggests  
tha t  g row th  is restric ted  by food. On the coastal 
nu rsery  g rounds  in 1910, g row th  thus seem s to be 
restr ic ted  by food th roughou t the  year  w h erea s  in 1970 
g row th  seem s to be restric ted  in spring and  au tu m n  
b u t  not in summ er. The observed  g row th  of plaice 
tran sp lan te d  to the  D ogger is only slightly below the 
p red ic ted  m ax im um  possible g row th  in those te m p e ra ­
tu re  conditions. In April an d  May, just following 
tagging , the  g row th  increm ents  still lags beh ind  the 
e x p e c ted  growth, but b e tw e en  J u n e  and  N ovem ber  
the  obse rved  grow th  curve run  almost para llel to the 
e x p e c ted  one, suggesting  tha t g row th  on the  D ogger is 
not res tr ic ted  by food. The observa tion  tha t  in the  first 
m onth  after re lease  growth rate  is smaller than  
e x p e c ted  in all tagg ing  exper im en ts  m ay be artificial 
d ue  to tagging.

Analysis of the  m onthly g row th  inc rem ents  of the 
r ec ap tu re s  stored  in the  files of several of the  fisheries 
laboratories m ay be used to study the  periods during 
the  y ea r  in which grow th  m ight be  restric ted  by food in 
m ore detail . This should be done  aga ins t  the b a c k ­
g round  of the  c ircannua l rhy thm  in appe ti te  and 
the  possible effects of tagging. Further, it should be 
rea lised  tha t d ifferences b e tw e en  the observed  and  
ex p e c ted  grow th  rate  m ay be due to te m p era tu re  w hen  
du r ing  ex trem ely  w arm  sum m ers  the sea  te m p era tu re  
exceed  the  te m p era tu re  at w h ich  p laice show m ax i­
m u m  growth. Fonds et al. (1992) show ed  that this 
u p p e r  te m p era tu re  d ec reased  with fish size, from 22 °C 
in 5 cm p la ice  to 18 °C in 25 cm plaice. This te m p e ra ­
tu re  effect is most likely to occur in shallow coastal 
a reas  bu t  is likely to be restricted in time.

D ensity-dependent grow th

Variations in p laice abundance. Variations in the 
a b u n d a n c e  of juvenile  p laice is ind ica ted  by data  of 
Banniste r  (1978) an d  Rijnsdorp et al. (1991) derived 
from cohort analysis which are  rep ro d u ce d  in Table 5, 
The da ta  indicate  tha t the  n u m b e r  of plaice recruiting 
to the  fisheries has  inc reased  substantia lly  since the 
second  world war. However, the  year  class s treng th  
es tim ates  should  be  t rea ted  with caution  for 2 reasons. 
Firstly, the  cohort analysis did not take  account for 
variations in the catch of unders ized  p laice (discards) 
w hich  m ay substantia lly  affect the  n u m b e r  recruiting 
to the  fisheries (van Beek et al. 1990). Secondly, there 
a p p e a rs  to be a d iscrepancy  in the es tim ate  of the p r e ­
w ar  fishing mortality by Bannister (1978) and  by

Table  5. P leuronectes p laressa. Estimates of the  n u m b er  of 
2 yr old plaice (in millions) recrui ting  to the fisheries as 
ob ta ined  by cohort analysis. T he  original da ta  from Rijnsdorp 
et al, (1991) re fe red  to 1 yr old recruits  and  w ere  converted  
into 2 yr olds by assum ing  an annual total mortality of 10 %

Period Bannis ter  (1978) Rijnsdorp et al. (1991)

1929-38 260 _

1947-49 466 -

1950-54 268 -

1955-59 307 -

1960-64 409 460
1965-69 473 282
1970-74 - 330
1975-79 - 417
1980-85 - 578

Beverton & Holt (1957) and  G ulland (1968). N e v e r th e ­
less, the  conclusion seem s justified that recru itm ent 
has  inc reased  considerably since the  1950s.

Variations in the abun d a n ce  of adult plaice are  illus­
tra ted  by the  catch per  unit of fishing effort (CPUE) of 
English first class s team  trawlers (Fig. 11). Before the 
w ar the  CPUE varied around  a low level. During the 
w ar fishing was substantially reduced  in the  southern  
N orth  Sea and  the CPUE increased  by a factor of 4 to 
5 in 1946. W hen the fisheries w ere  resum ed  in 1946 
the  CPUE fell quickly to a low in 1950 which was 
slightly above the p re-w ar  level A lthough the CPUE is 
not corrected  for trends in the fishing pow er of the 
vessels (Simpson 1959) and  may give an overestim ate 
due to differences in the pa t te rn  of fish distribution 
(Gulland 1964), it is generally  accep ted  that the 
im m edia te  post-w ar increase in CPUE reflect the 
increase  in the  plaice stock by a factor of 3 (Baerends 
1947, Je n ssen  1947, M argetts  & Holt 1947, Beverton & 
Holt 1957, Simpson 1959). C hanges  in the  adult  plaice 
stock since 1958 are g iven by Rijnsdorp et al. (1991) 
who show ed  that the spaw ning  stock biomass in ­
creased  from abou t 300 000 t in 1958 to a p ea k  of 
500 000 t in 1967 an d  decreased  to a level of 300 000 t 
be tw e en  1974 and  1982.

D ens i ty -dependen t grow th  can only occur th rough  
competition be tw e en  fish sharing the sam e food and  
space. The variations in plaice ab u n d a n ce  p resen ted  
above, therefore, m ay not reflect variations in com ­
petitive biomass since they did not consider the distri­
butional aspects. The CPUE on the spaw ning  grounds 
does not necessarily  reflect quantitatively the density 
on the feeding grounds. Also variations in spaw ning  
stock biomass do not necessarily  reflects variations in 
density  if the area  of distribution changes .  In plaice, 
the la tter has actually occurred. Egg surveys have 
show n that the egg  production increased  substantially 
in the G erm an  Bight b e tw e en  the  1930s and  1955 
(Bückm ann 1.961, H ard ing  et al. 1978), in the easte rn
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Fig. 11. Time series of the  catch pe r  unit of fishing effort (cwt per  100 h fish­
ing) of 1st class s team  trawlers in the  Southern  Bight in Ja n u a ry  a n d  F e b r u ­

ary (from Simpson 1959)

English C hannel and  the F lam borough area  be tw een  
1948 and  the 1970s (Heessen & Rijnsdorp 1989). The 
increase  in adult  biomass ind icated  by trends in CPUE 
an d  SSB biomass may therefore overestim ate the 
actual increase  in competitive biomass.

In a first a t tem pt to tackle the effect of spatial 
overlap, Rijnsdorp & van  Beek (1991) es tim ated the 
potential competitive b iomass exper ienced  by each 
age  group from the spatial distribution of individual 
age  groups and information on their n u m b e r  and 
weight. The distribution of the juvenile  age  groups 
(1 to 4) w ere  distinct and  therefore competition will be

compe t i t i ve  b i o m a s s
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Fig. 12. P leuronectes platessa. Time series estimates of intra-specific 
competit ive biomass for juven ile  a g e  g roups  1 (■) a n d  3 (□), an d  adult  

a g e  g roups  5 an d  o lder (x). Rijnsdorp & van Beek (1991)

mainly restricted to individuals w ith in  a 
cohort.  Adult p la ice (age g roup  5 and  
older) exhibit a cons iderab le  overlap in 
distribution and  the re fore  competition 
am ong  adults  will occur across cohorts.

Fig. 12 rep roduces  the time series 
information on the es tim ates  of com ­
petitive b iomass ex p e r ien c ed  by ages  1, 3 
and  5 older plaice. A distinct fea ture  in 
Fig. 12 is tha t the variations in the  com ­
petitive b iomass of ag e s  1 an d  3 a re  a l ­
most identical an d  are  driven by  the  var i­
ations in year  class s trength ,  as i l lustrated 
by the p ea k  in the  m id 1960s d ue  to the 
very s trong 1963 yea r  class.

D ensity-dependent grow th in juve­
n iles. Evidence for d en s i ty -d ep e n d en t  
g row th  in juveniles  (<30 cm) was a l ­
ready  g iven in the  com parison  of the 
g row th  rates on the  c row ded  nursery  
g rounds  and  the less c row ded  Dogger- 

b an k  area  (Fig. 10) and  the re d u c e d  g row th  ra te  of 
the 1963 yea r  class which was abou t  3 times the a v e r ­
a ge  size (Fig. 6).

The grow th  accelera tion  of p laice <30  cm in the 
1960s and  1970s was restric ted  to those age  groups 
tha t are  mainly  distributed  in the sou the rn  North  Sea 
and  coincided with an increase  in the competi tive b io ­
mass (Fig. 12) which was d ue  to an  increase  in the level 
of rec ru itm en t (Table 5). Variations in the  te m p era tu re  
on the coastal nu rsery  grounds  of the S ou thern  Bight 
east,  g iven in Fig. 13 for the  m ain  g row ing  period in 
the  second and  third quarte r,  does not show  a clear 

relation with  the inc rease  in g row th  of juvenile  
size classes since 1950. Since a similar g row th  
accelera tion  w as observed  in the  sole Solea  
solea (L.), which occupies the  sam e areas, food 
availability m ust have  inc reased  (de V een  1978, 
Rijnsdorp & van  Beek 1991).

The p resen t  g row th  rate, a l though  m uch  
h igher  than  in the 1930s, is still substantia lly  
lower than  the potentia l g row th  ra te  ind icated  
by the transp lan ted  fish, sugges ting  tha t 
den s i ty -d ep e n d en t  g row th  still occurs.

Although the re  is ev idence  tha t the  p re se n t  
level of rec ru itm en t is h ighe r  than  in the  1930s, 
this does not necessarily  imply tha t com petition 
has  increased . In a situation of a low food ava il­
ability causing  a reduction  in g row th  rate, the 
den s i ty -d ep e n d en t  effects m ay  be h ig h e r  b e ­
cause of the accumulation of slow growing plaice 
be long ing  to several cohorts on the  coastal 
nursery  areas, as ind icated  by the  occurrence  
of relatively old fish of up  to 12 yr in the  otolith 
samples taken  in 1932-33 on the  coastal nursery
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Fig. 13. T im e series of the  a v e ra g e  surface  w a te r  t e m p e ra tu re  on the  coasta] 
nu rse ry  g ro u n d  in the  S ou thern  Bight of the North  Sea in the {A) second  an d  (B) 
th ird  quarte rs .  T he  thick line indicates  the  5 yr a v e rag e  (2 yr a v e rag e  in the

period 1940-49)

g round  (Table 1). At h ighe r  levels of food availability 
and  consequently  h igher  growth rates, plaice will stay in 
the  shallow coastal nursery  g rounds  for a shorter period, 
which m ay lead to a d ec rease  in the  den s i ty -d ep e n d en t  
effects. From the  grow th  curves show n in Fig. 3 w e can 
infer tha t  it took a p laice on ave rag e  3 to 3.5 yr to reach  
20 cm in the  1930s and  2 yr in the 1970s. In the nursery  
areas  w e will the re fore  find an  accum ulation  of abou t 3 
to 3.5 ag e  groups in the  1930s com pared  to 2 age  groups 
in the 1970s, w hich  roughly  com pensa tes  for the  lower 
level of recru itm ent.

The ab s e n c e  of a reduc tion  in juvenile  g row th  during  
the  w ar  p e n o d  suggests  tha t  the cessation of fishing has 
not led to an  increase  in the a b u n d a n ce  of small plaice in 
the  coastal nurseries. However, the cessation of fishing 
w as far from com plete, especially  in the coastal waters 
of the  ea s te rn  North Sea w h e re  a limited am o u n t  of 
fishing w as con t inued  (Baerends 1947, Je n ssen  1947).

Density-dependent growth in adults.
Rijnsdorp & van Beek (1991) w ere  not 
able to identify dens i ty -dependen t  
g row th  effects in adult  plaice over the 
time period 1958-88. Over this time 
span  adult  biomass f luctuated by a 
factor of 2 (in Fig. 12). However, the 
growth  depression  of large plaice as 
observed  in 1940-49 suggests  that 
growth m ay also be density -dependen t 
in the adult  population.

A growth depression was first seen in 
medium  sized plaice and later on also in 
the larger size groups. This might be 
explained by the longer time necessary 
to build up the competitive biomass 
of large plaice. However, this cannot 
explain why the largest growth dep re s ­
sion occurred in 1948-49 when the CPUE 
had  already dropped. The observation 
that the absolute growth depression 
increased with body size may be ten ta­
tively related to the relative increase in 
reproductive investment with body size 
com pared to investment in somatic 
growth. Small fish allocate only a small 
proportion of their annual surplus pro ­
duction to reproduction and a large pro ­
portion to somatic growth, while large 
fish invest almost all in reproduction. A 
reduction m surplus production will 
therefore result in a relatively larger 
reduction in somatic growth in large 
fish than in small fish (Rijnsdorp & 
Ibelings 1989, Rijnsdorp 1990).

No time series of sea  tem pera tu re s  is 
available for the central North Sea, the 

main distribution area  of adult plaice d u n n g  the 
g row ing  period. Since this area  is characterized by a 
stratified w ate r  column and  relatively s table te m p e ra ­
ture  conditions (Tomsczak & G oedecke  1964), it is 
unlikely tha t adult  plaice have exper ienced  major 
changes  in tem perature .

Genetical changes in growth rate. The possibility that 
the  grow th  changes  in small p laice reflect a change  in 
the  genetical m ake  up of the population  due  to size- 
selective exploitation seems unlikely since the increased 
grow th  rate was restricted to a relatively short period of 
abou t 20 yr, com pared  to a generation  time of about 5 yr 
in males and  8 yr in female plaice (Rijnsdorp in press). In 
addition, the transplanta tion  experim ents  carried out in 
the early 20th cen tury  (Borley 1916) indicated  potential 
g row th  rates tha t corresponded  reasonably  well to the 
grow th  rates observed in the  laboratory  at unrestric ted 
food ration (Fig. 10).
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Population regulation. The ev idence obta ined  in the 
p resen t p ap e r  for d ens i ty -dependen t  g row th in ju v e ­
niles and  adults  has some bearing  on the theory on 
population  regulation  in plaice. Intensive research  
into the population  dynam ics of 0-group plaice in the 
w estern  W adden  Sea has shown that growth  at this 
s tage is controlled by the am bien t tem pera tu re  and 
corresponds to the growth rate in the laboratory at 
unlim ited  food conditions (Zijlstra et al. 1982). Density- 
d e p e n d e n t  mortality is restricted to a short time period 
directly following the se ttlem ent of post-larvae on the 
tidal flats (van der  Veer et al. 1990). The fact that very 
strong year  classes, such as the 1963 year  class, exhibit 
red u ced  growth  rates and  the continuous slow growth 
in the 1930s, m ay imply increased  vulnerability for 
predation, result ing in an  increased  mortality. Reana ly ­
sis of the ab u n d a n ce  indices of 0- and  1-group plaice 
in the continental nursery  areas  indeed  show ed  a 
d ens i ty -dependen t  mortality com ponen t (Beverton & 
lies 1992). The substantia l reduction in somatic growth 
of adult  plaice during the war implies an indirect effect 
on the num ber  of eggs produced . Fecundity  estimates 
carried out in the spaw ning  seasons of 1948 and  1949, 
the period of the largest growth depression  (Fig. 5), 
show ed  a substantia l reduction in the size-specific 
fecundity. However, the size-specific ovary w eight 
was only marginally  reduced  suggesting  a density- 
d e p e n d e n t  trade-off b e tw e en  eg g  num bers  and  egg- 
size (Rijnsdorp 1991).

A ck n o w led g e m e n ts . The  analysis of the p re -w ar  growth  rates 
w ould  not have  b e e n  possible without the support  of Drs R. S. 
Miltner an d  J. D. Riley (Fisheries Laboratory Lowestoft, UK), 
who supplied  the otolith material  from the late  1940s and 
early 1950s. Dr M. Fonds p rovided da ta  on laboratory  growth 
of plaice. The  p a p e r  improved considerably  from the critical 
com m ents  of Dr N. Daan  and  an  anonym ous referee.

LITERATURE CITED

Bannister, R. C. A. (1978). C h a n g es  in plaice stocks and  plaice 
fisheries in the North Sea. Rapp. P.-v. Réun. Cons. int. Ex- 
plor. M er 172: 86-101 

Baerends,  G. P. (1947). A survey of the Dutch fishery for 
dem ersa l  seafish in the years 1939-1945. Annls.  Biol. 2: 
6 0 -6 7

Beverton, R. J. H. (1964). Differential catchabili ty of male and 
female  plaice in the North Sea an d  its effect on estimates 
of stock ab u n d an ce .  Rapp. P.-v. Réun. Cons. int. Explor 
M er 155: 103-112 

Beverton, R. J. H., Holt, S. J. (1957). O n  the dynamics of 
exploited fish populations.  Fishery Invest., Ser. 2, 19 

Beverton, R. J. H., Iles, T. C. (1992). Mortali ty rates of 0-group 
plaice (P leuronectes p la tessa  L), dab  (Lim anda  lim anda  L.) 
a n d  turbot (S co p h th a lm u s m a x im u s  L.) in E uropean  
waters.  III. D en s i ty -d ep en d en ce  of mortality ra tes  of 
0 -group plaice and  some dem ograph ic  implications. Neth. 
J. Sea Res. 29: 61 -79

Borley, J. O. (1916). An analysis a n d  rev iew  of the English 
plaice m ark ing  exper im en ts  in the North  Sea. Fishery In ­
vest., Ser. 2, 3(3)

Borley, J. O. (1923), The  plaice fishery a n d  the war. Fishery 
Invest., Ser. 2, 5(3)

Bückmann,  A. (1944). Die Scho l lenbevölkerung  der  H e lg o ­
länder  Bucht und  die E in sch rän k u n g  der  Fischerei 
w ä h ren d  der  Kriegsjahre  1914- 1918 und 1939-1942. 
Rapp. P.-v. Réun. Cons. int. Explor. M er 114: 1-114 

B ückmann,  A. (1961). Über die B ed eu tu n g  des Schol len­
laiches in der  südöstl ichen Nordsee .  Kurze Mittl. Inst. Fis- 
chBiol. Univ. H a m b u rg  11. 1 -40  

Carruthers ,  J N. (1924). Report on the English post-war  
plaice m ark ing  and  t ransp lan ta t ion  experim ents .  Fishery 
Invest., Ser. 2, 6(5)

C asse lm an ,  J. M. (1987). D e term ination  of a g e  a n d  growth. In: 
W eather ley  A. H., Gili, H. S. (eds.) The  biology of fish 
growth. Academ ic  Press, London, p. 209-242  

de Veen, J. F. (1964). O n  the merits of sam pling  spaw ning  fish 
for est im ating  the  rela tive  a b u n d a n c e  of different  year  
classes in plaice. Rapp. P.-v, Réun. Cons. int. Explor. M er 
155: 9 4 -9 8

de Veen, J. F. (1978). C h a n g e s  in North  Sea sole stocks (Solea  
solea  (L.)). Rapp. P.-v. Réun. Cons. int. Explor. M er 172: 
124-136

Fonds, M., Cronie, R., Vethaak, A. D., van  d e r  Puyl, P. (1992). 
Metabolism, food consum ption  an d  g row th  of plaice 
(P leuronectes p la te ssa ) an d  flounder (P la tich thys flesus) 
in re la tion to fish size and  tem pera tu re .  Neth.  J. Sea Res. 
29: 127-143

Francis,  R. I. C. C. (1990). Back-calculation of fish length: a 
critical review. J. Fish Biol. 36: 883-902  

Gulland, J. A. (1964). The  reliability of the  catch per  unit 
effort as a m e a su re  of a b u n d a n c e  in the North  Sea trawl 
fisheries. Rapp. P.-v. Réun. Cons. int. Explor. M er 155: 
99-102

Gulland, J. A. (1968). Recent ch an g e s  in the North Sea plaice 
fishery. J. Cons. int. Explor. M er  31: 305-322  

Hard ing ,  D., Nichols,  J. H., Tungate ,  D. S. (1978). T he  s p a w n ­
ing of the  plaice (P leuronectes p la tessa  L.) in the  sou the rn  
N orth  Sea an d  English C hannel .  Rapp. P.-v. Réun. Cons, 
int. Explor. M er  172: 102-113 

Heessen ,  H. J. L., Rijnsdorp, A. D. (1989). Investigations on 
eg g  production  a n d  mortality of cod (C adus m orhua  L.) 
an d  plaice (P leuronectes p la tessa  L.) in the  sou thern  and  
eas te rn  North  Sea in 1987 and  1988. Rapp. P.-v. Réun. 
Cons. int. Explor. M er 191: 15-20 

Heincke, F. (1908). Bericht ü b e r  die U n te rsu ch u n g en  der  Bio­
logischen Ansta lt auf H e lgo land  zur N a tu rg esch ich te  der 
Nutzfische. In: Herwig , W. S. (ed.) IV/V. Bericht ü b e r  die 
Beteiligung D eu tsch lands  an  d e r  In te rna tiona len  M e e re s ­
forschung in d e n  J a h r e n  1905/6-1906/7  Verlag  von Otto 
Salle, Berlin, p. 67-156  

Hickling, C. F. (1937). T he  English plaice m ark in g  ex p er i ­
m en ts  1929-1932. Fishery Invest., Ser. 2, 16(1)

Jenssen ,  A. J. C. (1947). The  stocks of plaice in the North  Sea 
an d  the Transit ion a rea  during  the  war. Rapp. P.-v. Réun. 
Cons. int. Explor. M er 122: 19-25 

M argetts ,  A. R., Holt, S. J. (1947). The  effect of the 1939-1945 
w ar  on the English North Sea trawl fisheries. Rapp. P.-v. 
Réun. Cons. int. Explor. M er  122: 2 6 -4 6  

Nelson, K, Soulé, M. (1987). G enetica l  conserva tion  of e x ­
ploited fishes. In: Ryman, N., Uttei,  F. (eds.) Population 
genetics  and  fishery m an a g em e n t .  W ash ing ton  Sea G ran t  
Program. Univ. of W ashing ton  Press, Seatt le, p. 345 -3 6 8  

Ricker, W. E. (1969). Effects of size-selective mortality and  
sam pling bias on  es t im ates  of g rowth, mortality, produc-



32 Mar. Ecol. Prog. Ser. 88: 19-32, 1992

tion a n d  yield. J. Fish. Res. Bd Can. 26: 479-541  
Ricker, W. E. (1981). C h a n g es  in the a v erag e  size an d  averag e  

a g e  of Pacific salmon. Can. J. Fish. Aquat.  Sei. 38: 
1636-656

Rijnsdorp, A. D. (1989). M aturat ion  of m ale  and  fem ale  North  
Sea p la ice  (P leuronectes p la tessa  L.). J. Cons. int. Explor. 
Mer. 46: 35 -51

Rijnsdorp, A. D. (1990). The  m ech an ism  of e n e rg y  allocation 
over  rep roduc t ion  an d  somatic g row th  in North  Sea plaice, 
P leu ro n ec te s p la tessa  L. Neth.  J. Sea Res. 25: 279-290  

Rijnsdorp, A. D. (1991). C h a n g es  in fecundity  of fem ale  North 
Sea p laice  (P leuronectes p la tessa .L.) b e tw ee n  th ree  
pe r iods  since 1900. ICES J. mar. Sei. 48: 253-280  

Rijnsdorp, A. D. (in press). Selection d ifferentials a n d  changes  
in m atu ra t io n  an d  fecundity in North  Sea plaice. In: Law, 
R., Stokes, T. K. A., McGlade, J. (eds.) T he  exploitation of 
evolving populat ions.  Springer  Verlag 

Rijnsdorp, A. D., Ibelings,  B. (1989). Sexual d im orphism  in the 
en erg e tic s  of reproduc t ion  and  g row th  of North  Sea 
plaice, (P leuronectes p la tessa  L.). J. Fish Biol. 35: 401-415  

Rijnsdorp, A. D., Daan, N., van  Beek, F. A., Heessen ,  H. J. L. 
(1991). R eproductive  variabil ity in North  Sea cod, plaice 
a n d  sole, J. Cons. int. Explor. M er 47: 352-375  

Rijnsdorp, A. D., van  Beek, F. A. (1991). C h a n g es  in g row th  of 
N orth  Sea  plaice (P leuronectes p la tessa  L.) a n d  sole (Solea  
solea  L.). Neth. J. Sea Res. 27: 441-457  

Rijnsdorp, A. D., van  L eeuw en,  P. I., Visser, T A. M. (1990). 
O n  the  validity a n d  precis ion  of back -calcu la tion  of 
g row th  from otoliths of the plaice (P leuronectes p la tessa  
L.). Fish. Res. 9: 97-117  

Simpson, A. C. (1959). T he  sp a w n in g  of the  plaice 
(P leu ro n ec te sp la te ssa  L.). F ishery  invest.,  Ser. 2, 22(7) 

Sou thw ard ,  G. M. (1962). A m eth o d  of calcula ting  body

This article  was p re se n te d  b y  D. H. C ush ing , Low esto ft, 
U nited  K ingdom

length  from otolith m easu rem en ts  for Pacific halibut and  
its application to Portlock-Albatross Grounds.  Data b e ­
tw een  1935 and  1957 J. Fish. Res. Bd Can. 19: 339-362  

Todd, R. A. (1914). Report on the food of the  plaice.  Fishery 
Invest., Ser. 2, 2(3)

Tomczak, G., Goedecke ,  E. (1964). Die therm ische  Sch ich­
tung  der  N ordsee  auf G rund  des m itt leren  J a h re sg an g e s  
der  T em pera tu r  in 1/2 und  I o Feldern.  Dt. hydrogr. Z. 
(E rgänzungsheft  Reihe B) 4(8) 

van Beek, F. A., van Leeuwen, P. I., Rijnsdorp, A. D. (1990). 
O n  the survival of plaice and  sole discards in the otter- 
trawl and  beam -traw l  fisheries in the North  Sea. Neth. 
J. Sea Res. 26: 151-160 

van d e r  Veer, H. W., Pihl, L., Bergman, M. J. N. (1990). Recruit­
m en t  m echan ism s in North Sea plaice,  P leuronectes  
p latessa  L. Mar. Ecol. Prog. Ser. 64: 1-12 

van  Leeuwen, P. I., G roeneveld ,  K. (1988). Leeftijds- 
vergelijk ing  voor schol en  tong. Internal Report ZE-88-07. 
N e ther lands  Institute for Fisheries Research, IJm uiden  

Wallace, W. (1907). Report on the ag e  a n d  grow th-ra te  of 
p laice  in the sou thern  North Sea as d e te rm in ed  by the 
investigation of otoliths. Report 2, part  1. In ternational 
Investigations, M arine  Biological Association, London 

Wallace, W. (1914). Report on ag e  a n d  grow th  and  sexual 
maturity  of the plaice in certain  parts  of the North  Sea. 
Fishery Invest., Ser. 2, 2(2)

Weatherley, A. H., Gili, H. S. (1987). The  biology of fish 
growth. Academ ic  Press, London 

W impenny, R. S. (1953). The  plaice. Arnold, London 
Zijlstra, J. J., Dapper, R., Witte, J. IJ. (1982). Settlement, 

g rowth  and  mortality of post-larval plaice (P leuronectes  
p la tessa  L.) in the w estern  W adden  Sea. Neth. J. Sea Res. 
15: 250-272

M anuscrip t first received: A pril 28, 1992 
R ev ised  version accepted: S e p te m b e r  21, 1992


