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ABSTRACT: Results are presented of an on-going monitoring program, started in 1970, of the 
demersal fish population in the Wadden Sea, Scheldt estuary, and along the continental coast 
between the Belgian-French border and Esbjerg. Particular attention is given to long-term trends in 
overall abundance and annual variations in spatial distribution of 0- and 1-group plaice and sole in 
relation to year-class strength and to variations in growth rate. Recruitment level in both plaice and 
sole appeared to be higher in the 1980s than in the 1970s. The most important nursery areas for 
plaice are the German Bight and the Wadden Sea, and the relative contributions of these areas to the 
total plaice stock in different years are relatively stable. In contrast, the most important nurseries for 
sole are along the continental coast, and the contribution of different parts of these nurseries vary 
considerably from year to year. Abundant year-classes of sole can originate from northern as well as 
from southern parts of the nurseries. Relations between survey results and year-class estimates from 
Virtual Population Analysis (VPA) for plaice are better compared to sole. No trends have been 
observed in mean length at age 0 and" 1 during the years the surveys have been carried out. It is 
concluded that the quality of the continental coastal area and the Wadden Sea as nursery area for 
plaice and sole has not declined during the period of investigation. 

I N T R O D U C T I O N  

T h e  i m p o r t a n c e  of the  es tuar ies  and  the  sha l low coas ta l  wa te r s  a l o n g  the  ea s t e rn  

coas t  of t he  sou the rn  Nor th  Sea  as a nu r se ry  a rea  for j u v e n i l e  flatfish was  r e c o g n i z e d  at 
the  b e g i n n i n g  of this cen tu ry  ( Johansen ,  1913, 1922; Bf ickmann ,  1934a, 1934b, 1953; 

T~ning,  1943, 1951; Ursin,  1958}. T h e  first a t t emp t  to quan t i fy  the  i m p o r t a n c e  of the  
W a d d e n  Sea  for the  r e c r u i t m e n t  of the  Nor th  Sea  s tocks  of p la ice  and  sole w a s  m a d e  by 

Zijlstra (1972). To this end,  he  a n a l y s e d  the  resul ts  of a D e m e r s a l  Y o u n g  Fish S u r v e y  

(DYFS) in the  W a d d e n  Sea  and  the  a d j a c e n t  sha l low coas ta l  waters ,  c o n d u c t e d  by  the  
N e t h e r l a n d s  in 1969 and  1970. The  su rvey  a rea  has  b e e n  e x t e n d e d  t h rough  the  coope ra -  

t ion of t he  F i shery  Resea rch  Inst i tutes  of t he  N e t h e r l a n d s ,  B e l g i u m  a n d  the  F e d e r a l  

R e p u b h c  of Ge rmany ,  a n d  n o w  e n c o m p a s s e s  the  sha l low coas ta l  w a t e r s  f rom the  
B e l g i a n - F r e n c h  bo rde r  (51 ~ 00'  N) up to Esb je rg  (55 ~ 30'  N) i n c l u d i n g  the  Sche ld t  e s tua ry  

a n d  the  Du tch  and  G e r m a n  W a d d e n  Sea.  This  su rvey  has  b e e n  c o n t i n u e d  up to the  

p r e s e n t  day.  A n n u a l  repor ts  h a v e  b e e n  p u b l i s h e d  in A n n a l e s  B io log iques  (Volumes  
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26-36) under  the title of "Young Fish and  Brown Shrimp Surveys a long the  Cont inenta l  
Coast of the North Sea". At present  the main  purpose of the survey is to estimate the 
year-class s trength of juveni le  North Sea plaice and  sole as early as possible for use in the 
preparat ion of the annua l  fishery m a n a g e m e n t  advice. 

Mainly due to the impact  of river discharges, the coastal and  es tuar ine  areas in the 
southeastern North Sea are heavily polluted (Salomons et al., 1988). This could affect the 
quality of the area as nursery for plaice and  sole via the level of recrui tment  or growth 
rate. An increase in  growth rate of both species of juveniles and adults has b e e n  reported 
(de Veen, 1976; Bannister, 1978; Rauck & Zijlstra, 1978; Rijnsdorp, 1984; v a n  Beek, 1988). 
The causes of these changes in growth are not yet understood, al though an  increase in 
food availability due to eutrophication has been  ment ioned as one of several  contr ibut ing 
factors. 

In this paper, the question of the relative importance of the Wadden  Sea and  shallow 
coastal areas as nurseries for North Sea plaice and sole will be  re-addressed.  An at tempt 
is made to quantify the relative contribution of the different parts of the nursery areas 
along the cont inenta l  coast i n  regard to the total recruitment of North Sea plaice and  sole. 
Absolute a b u n d a n c e  cannot  be  estimated, as data on gear efficiency is not available. 
Secondly, the relat ion be tween  survey estimates of year-class s trength and recrui tment  to 
the fishery will be  analysed. Finally, the growth of juveniles is considered.  

MATERIALS AND METHODS 

S u r v e y  d e s i g n  

Flatfish surveys in estuarine and coastal areas pose special problems as a conse- 
quence  of changes  in distributions of fish in relation to the tides. For instance,  part  of the 
0- and  1-group plaice migrate onto the tidal flats in the estuaries dur ing high tide, and  
concentrate in the tidal channels  during low tide (Kuipers, 1973; Berghahn,  1986a, 
1986b). In the coastal areas, juveni le  plaice also exhibit a tidal migrat ion (Gibson, 1973). 

The sampling stations of the Dernersal Young Fish Surveys (DYFS) were  stratified by 
geographical  area (Table 1 and  Figure 1), but  the stations were not even ly  distr ibuted 
over the depth zones. The min imum depth sampIed was de termined by the depth of the 
research vessel and  was general ly  more than 2 m. Before analysis  of the data the 
observed depth was corrected to the depth relative to the m e a n  low water  line. In the 
estuaries, only the tidal channels  were sampled. In the course of the years, some changes  
have been  applied to allocate the stations more evenly over the different dep th  zones, in 
particular the coastal areas. Also, since 1978, the number  of stations fished in the shallow 
coastal area of the Federal  Republic of Germany  and Denmark has been  increased.  

S u r v e y  p e r i o d  a n d  g e a r  

The DYFS were conducted in spring (April-May) and au tumn  (September-October)  
from 1969 up to the present  by research vessels and chartered commercial  vessels, In the 
estuaries, a 3-m b e a m  trawl is used and in the coastal areas a 6-m beam trawl. Both trawls 
are r igged with a shrimp net  with bobbin  rope and one tickler chain and  a mesh  size in 
the cod end of 10 x 10 ram. Towing speed is 3 knots and haul  durat ion is 15 rain. Details 
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Tab le  1. Ove rv i ew  of the  s u b a r e a s  s tud ied  

463  

Surface  a rea  Approx.  Star t ing R e s p o n s i b l e  
0 -20  m n u m b e r  yea r  coun t ry  

k m  2 of s ta t ions  

E s t u a r i e s  
Sche ld t  610 61 1969 N e t h e r l a n d s  
W a d d e n  Sea  

- N e t h e r l a n d s  1453 108 1969 N e t h e r l a n d s  
- F R G e r m a n y  1559 var iab le  1978 F R G e r m a n y  
- D e n m a r k  281 

C o a s t a l  a r e a s  
Be lg ium 2058 33 1971 B e l g i u m  
N e t h e r l a n d s  7613 113 1969 N e t h e r l a n d s  
F R G e r m a n y  5766 18 (52) 1969 (1978) N e t h e r l a n d s  
D e n m a r k  2118 6 (22) 1969 (1978) N e t h e r l a n d s  

2 3 4 5 6 7 8 9 IO~ 

55, German/' i"-~it 
. Big 7 40,6~~ 

54 D u t c ~  
53',.._ Du tch  4 , ~ 3 ~ J  W a d d e n s e a  

~ B.c.~~~ Scheld t 5 1 ~ ~  estuary 

Fig. 1. M a p  of s u r v e y  a reas  of the  D e m e r s a l  Y o u n g  Fish  Survey  (DYFS) a n d  the  a r e a c o d e s  of the  
suba rea s .  Es tua r ine  a r ea s  are  h a t c h e d  
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on  the  g e a r  are  g i v e n  b y  B o d d e k e  et  al. (1971). In t he  p r e s e n t  p a p e r ,  o n l y  a u t u m n  da t a  

f rom the  N e t h e r l a n d s  a n d  Be lg ium will  b e  a n a l y s e d  s ince  t h e  s p r i n g  d a t a  a n d  t h e  d a t a  

f rom the  F e d e r a l  Repub l i c  of G e r m a n y  a re  no t  ye t  ava i l ab le  on  c o m p u t e r .  

F rom e a c h  haul ,  the  l e n g t h  d i s t r ibu t ions  of all f ish s p e c i e s  w e r e  r e c o r d e d .  For  a g e  

d e t e r m i n a t i o n s  t h e  otol i ths  of 4 - 6  f ish p e r  c m  g roup  w e r e  co l l ec t ed  for  p l a i c e  a n d  sole  in  

e a c h  s u b a r e a ,  e x c e p t  in t he  G e r m a n  W a d d e n  Sea.  The  tota l  n u m b e r  of o to l i t h s  co l l ec t ed  

e a c h  y e a r  w a s  a b o u t  2000 in  p la i ce  a n d  750 in sole. 

RESULTS 

D i s t r i b u t i o n  a n d  a b u n d a n c e  

Plaice 

T h e  overa l l  a b u n d a n c e  i n d e x  of 0- a n d  1-group  p la ice  in t h e  to ta l  s u r v e y  a r e a  is 

g i v e n  in T a b l e  2. The  i n d e x  w a s  c a l c u l a t e d  f rom the  d e n s i t y  by  s u b a r e a  a n d  d e p t h z o n e ,  

w e i g h t e d  ove r  t h e  su r f ace  a r e a  of t he  d e p t h  zones .  As  no d a t a  for t h e  D a n i s h  a n d  G e r m a n  

W a d d e n  S e a  w e r e  ava i lab le ,  it is a s s u m e d  tha t  the  tota l  W a d d e n  S e a  is 2.5 t i m e s  t h e  s ize  

of t he  D u t c h  W a d d e n  Sea  a n d  tha t  t he  dens i t i e s  in t h e s e  a r e a s  a re  equa l .  T h i s  a s s u m p t i o n  

is s u p p o r t e d  by  da t a  in A n n a l e s  B io log iques  (van B e e k  e t  al., 1980). Also  i n  T a b l e  2, t h e  

y e a r - c l a s s  s t r e n g t h  at  a g e  1 f rom Vir tua l  Popu la t ion  Ana lys i s  (VPA) f r o m  c o m m e r c i a l  

Table 2. Abundance index (numbers - 1000 m -2) of juvenile plaice and sole in the  nursery areas 
along the continental coast between 51~ and 55~ , N and the estuaries of the Scheldt and the 

Wadden Sea, and the estimate of year-class strength from VPA (from Anon., 1989) 

Plaice Sole 

Year 0-group 1-group VPA 0-group 1-group VPA 
class m i l l i o n s  

1969 - 3.3 370 - 0.96 141 
1970 7.6 0.9 283 14.3 0.05 42 
1971 5.7 3.3 233 9,0 0.08 77 
1972 2.7 5.0 538 0.4 0.20 106 
1973 3. I 2.2 449 4.3 0.25 i I 1 
1974 3.0 2.4 330 0,8 0.10 42 
1975 5.0 4.0 322 6.6 0.18 115 
1976 9.8 6.3 467 3.4 0.22 140 
1977 4.8 4.0 423 1.3 0.03 47 
1978 12.4 10.9 435 4.4 0.03 12 
1979 20.9 10.4 647 21.1 1.87 155 
1980 5.9 8.9 412 20.4 0.65 149 
1981 30.0 15.6 994 13.9 0.64 153 
1982 23.2 11.0 580 16.4 0.87 138 
1983 23.0 7.5 651 4.9 0.42 72 
1984 13.8 5.2 466 8.1 0.09 66 
1985 32.8 17.2 1063 10.8 0.39 111 
1986 9.9 10.6 - 3.6 0.26 - 
1987 21.6 5.5 - 29.3 0.73 - 
1988 21.7 - - 2.1 - - 



Juvenile  stocks of flatfish in the Wadden  Sea 465 

landing statistics (Anon., 1989) is given. The survey estimate of 0- and 1-group abun-  
dance index shows a significant positive relation with the VPA estimate of year-class 
strength (Fig. 2). 

The average contribution of subareas to the overall abundance  index is given in 
Table 3. The Wadden  Sea and the coastal areas in the German  Bight contribute most to 
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VPA year-class estimate at age 1 
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t h e  0 - g r o u p  p l a i c e  w i t h  a n  a v e r a g e  c o n t r i b u t i o n  of r e s p e c t i v e l y  49 % a n d  37 %. In  t h e  

a u t u m n  of t h e  fo l l owing  year ,  a n  i m p o r t a n t  p a r t  of t h e  1 - g r o u p  p l a i c e  h a v e  lef t  t h e  

e s t u a r i e s  a n d  a re  p r e d o m i n a n t  in  t h e  c o a s t a l  a reas ,  e s p e c i a l l y  i n  t h e  G e r m a n  B i g h t  

(66 %). Th i s  sh i f t  in  d i s t r i b u t i o n  c o i n c i d e s  w i t h  a sh i f t  in  t h e  d e p t h - d i s t r i b u t i o n  ( T a b l e  4). 

T h e  a n n u a l  v a r i a t i o n s  in  t he  c o n t r i b u t i o n  of s u b a r e a s  to t h e  ove ra l l  a b u n d a n c e  i n d e x  

of 0- a n d  1 - g r o u p  p l a i c e  a re  s h o w n  in  F i g u r e  3 a n d  a p p e a r  to b e  r e l a t i v e l y  c o n s t a n t .  T h e  

r e c r u i t m e n t  of p l a i c e  t h u s  o r i g i n a t e  e a c h  y e a r  f rom t h e  s a m e  a reas .  T h e  s l i g h t  i n c r e a s e  in  

t h e  a v e r a g e  c o n t r i b u t i o n  of t h e  G e r m a n  B i g h t  in  0 - g r o u p  a n d  t h e  s l i g h t  d e c r e a s e  in  1- 

g r o u p  is p r o b a b l y  r e l a t e d  to t h e  i n c r e a s e  a n d  r e a U o c a t i o n  of s a m p l i n g  in  t h e  c o a s t a l  a r e a  

t o w a r d s  t h e  s h a l l o w  d e p t h  z o n e s  s ince  1978. 

Table 3. Average contribution (%) of the continental  nursery areas to the overall a b u n d a n c e  index of 
0- and 1-group plaice and  sole in the period 1970-1987 

Plaice Sole 
0-group 1-group 0-group 1-group 

mean  sdev mean  sdev mean  sdev m e a n  sdev 
% % % % 

Belgian coast 0.9 0.9 1.3 3.5 12.4 10.6 16.3 14.6 
Scheldt estuary 0.9 1.2 1.2 1.9 0.8 0.6 4.0 3.5 
Dutch coast 13.3 8.5 12.2 6.4 31.8 20.6 29.9 18.0 
Wadden  Sea 48.6 18.5 19.8 10.2 20.7 13.5 13.1 16.4 
German  Bight 36.5 17.5 65.7 12.9 35.5 23.1 38.4 23.5 

Total 100.0 100.0 100.0 100.0 

Table 4. Distribution of 0- and 1-group plaice and sole (N �9 10'00 m -2) by depthzone (m below mean  
low water line) in the period 1978-1982 

0-2 m 2-5 m 5-10 m 10-20 m 

0 - g r o u p  p l a i c e  
Scheldt estuary - 6.8 3.7 3.0 
Dutch Wadden Sea 55.1 46.0 47.5 11.7 
Coastal areas 42.5 37.6 22.5 21.3 

1 - g r o u p  p l a i c e  
Scheldt estuary - 2.1 2.8 2.9 
Dutch Wadden  Sea 5.8 I4.9 12.8 5.4 
Coastal area 6.8 2.4 11.7 9.2 

0-5 m 5-10 m 10-20 m 

0 - g r o u p  s o l e  
Scheldt estuary 4.0 5.2 4.9 
Dutch Wadden Sea 14.6 17.3 7.1 
Coastal areas 24.5 37.3 13.1 

1 - g r o u p  s o l e  
Scheldt estuary 0.22 1.61 1.70 
Dutch Wadden Sea 0.35 0.77 0.47 
Coastal areas 0.30 0.70 0.44 
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Fig. 3. North Sea plaice, annual variation in the contribution of different parts of the continental 
nurseries to the DYFS index 

In order to compare the annual  differences in the distribution of 0- and 1-group 
plaice, a detailed analysis was made  of the distribution of plaice over  the shallow coastal 

zone be tween  51 ~ 00' N to 55 ~ 30' N (subareas 400-407; Fig. 1), using data for the period 

1978-1987. The relative density in each subarea was calculated from the ratio of the 
observed  density over the annual  mean  density of the total area. The relative density of 0- 

and 1-group plaice shows similar patterns with an increase from the Southern Bight 
towards the German Bight (Fig. 4). The decrease  in the relative density in subarea  406 

(Sylt) is probably related to the dispersion of plaice over  the rather  ex tended shallow 

waters. The coefficient of variation is general ly  low in the subareas with the highest  
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densi t ies  (40-60 %). A striking feature of the  distr ibution pa t te rn  is the  local p e a k  in 
plaice  densi ty  in the coastal  a rea  border ing  the Scheldt  es tuary  (subarea  401) coinciding 
with a local low in the  coefficient of variation.  

Sole 

The overal l  abundance  index of juveni le  sole in the total  cont inental  nu r se ry  a rea  is 
ca lcula ted  according to a method  similar to that  desc r ibed  for plaice,  and  is g iven in Ta- 
ble  2 toge ther  with the VPA est imates  of year -c lass  s t rength  at age  1. Both 0- and  1-group 
survey es t imates  show a posit ive correlat ion with VPA year-c lass  s t reng th  (Fig. 5). The  
relat ions are  not very precise and the survey can indicate  a poor  year -c lass  that  appea r s  
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in the VPA to be an average year-class, or an average year-class that appears  to be  poor 
in  the VPA. The relation be tween  survey estimate and VPA estimate improves slightly in 

1-group sole. 
The contribution of the estuaries and  the different coastal areas to the overall 

abundance  index is also g i v e n  in Table 3. On average the juveni le  soles show a less 
marked preference for estuarine areas in  comparison with plaice and  they also prefer 
slightly deeper  water  (Table 4). The Wadden  Sea and Scheldt estuary together  contribute 
on average only 20 % to the total abundance  index of 0-group sole. The other 80 % are 
distributed in the shallow coastal areas. In 1-group soles the contr ibut ion of estuarine 
areas is further reduced. 
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The distribution of the juvenile soles within the continental  nursery area appears  to 
be rather variable (Fig. 6). Some year-classes have as 0-group a southern distr ibution (e.g. 
1979), others a central (e.g. 1975, 1976, 1982, 1983) or northern (e.g. 1981, 1987). 
However, in some year-classes the contribution to the 0- and  1-group product ion can 
change markedly be tween  areas. As 0-group, year-class 1981 was particularly a b u n d a n t  
in the German  Bight, bu t  as 1-group, the main  part of this year-class was distributed 
along the Belgian and Dutch coast. In year-classes 1983, 1984 and 1985 the contribution 
of the Belgian coast increased substantially. 

I .40 

1 .20 

I .00 

0 .00  

0 .60  

0 .40  

0 .20  

O,O0 

0 - g r o u p  S o l e  

[ ]  relative density .e~- % coefficient of variation 

400 401 402 403  404  405 406 407 

160 

1 40 

120 

i 0 0  

00 

60 

40 

20 

0 

1 - g r o u p  So le  

[ ]  relative density .o- % coefficient of variation 

2 .00  250 

1.60 200 

1.20 150 

0 .80  100 

0,40 50 

0 ,00  0 
400 401 402 403 404 405 406 407 

A r e a c o d e  

Fig. 7. North Sea sole, average relative density and coefficient of variation of the coastal areas from 
the Belgium (areacode 400) to Esbjerg (areacode 407) in the period 1978-1987 
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The geographical  distribution within the cont inental  nursery  area does not  appear  to 
be related with the year-class strength as indicated by the VPA. The 1-group distribution 
of the strong year-classes 1969, 1976, 19791 1980, 1981, 1982 and  1987 does not differ 
substantial ly from the distribution of the poor year-classes 1970, 1971, 1974, 1977 and  
1978. 

A detailed analysis of the distribution of juveni le  sole in the period 1978-1987 over 
the coastal area be tween  51o00 , N and 55o30 , N (subareas 400-407; Fig. 1) shows that the 
relative density of 0-group sole from the Belgian coast (400) up to Sylt (406) does not 
differ significantly. Only the density along the Danish coast (407) is much  lower. The 
coefficient of variation, indicat ing the annua l  variation in the contr ibut ion of each 
subarea  to the total, decreases from 120 % along the Belgian coast to 80% along the 
Dutch coast and  increases again to above the 100 % in the German  Bight and  Danish 
coast (Fig. 7). In 1-group sole the relative density in the areas north of the Dutch Wadden  
islands and  in the German Bight is substantial ly reduced compared to the relative density 
of 0-group. Along the Belgian coast and the southern coast of t h e  Nether lands  the 
coefficient of variation is at about  the same level as in 0-group sole bu t  increases  in the 
more nor thern areas. 

Growth 

The m e a n  length  of 0- and  1-group plaice and  sole was calculated for the whole 
survey area (Fig. 8). In this calculation both the differences in the a b u n d a n c e  index 
be tween  areas as well as be tween  depth zones have been  taken into account.  

In both plaice and sole the mean  length at age 0 and  1 in the surveys shows 
substantial  variabili ty be tween  years but  does not show a particular t rend over the survey 
period be tween  1970 and 1986. Also the length at age 4, as obta ined from the market  
sampling of adult  fish in commercial landings,  does not show a t rend b e t w e e n  1970 and 
1986. 

DISCUSSION 

D i s t r i b u t i o n  a n d  a b u n d a n c e  

In the present  analysis of the DYFS, only relative a bunda nc e  indices  of juveni le  
plaice and sole were calculated, because data on the gear efficiency were  not  available. 
In addition, the DYFS did not sample the tidal flats and the very shallow waters and, 
therefore, may have lead to biassed results for species showing a strong preference for 
the very shallow waters or tidal fiats. This bias will be small in 0- and  1-group soles, as 
they do not have a preference for tidal flats or very shallow waters (Riley et al., 1981; 
Berghahn, 1986b), but  will be substantial  in 0-group plaice, as they show a strong 
preference for very shallow water and tidal flats (Kuipers, 1973; Zijlstra et al., 1982; 
Berghahn, 1986a, 1986b). The order of magni tude  of the bias in 0-group plaice is 
indicated by Zijlstra et al. (1982), who showed that in the western W a d d e n  Sea the 
density in the 4-8  m depthzone was half the density in the 0-3 m depthzone,  and  by 
Berghahn (1986a) who showed that be tween  7-20 % of the 0-group plaice in the German  
Wadden  Sea were permanent ly  living in the tidal channels.  It can also no t  be  ruled out 
that part of the 0-group plaice that are distributed over the shallow coastal  areas in 
September -October  have actually settled in the Wadden  Sea in spring, a n d  left the area 
after a period of summer  growth. This implies that the contribution of the es tuar ine  areas 
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to the total production of 0-group plaice has b e e n  underest imated.  In 1-group plaice this 

bias is probably less, as these fish have already migrated  to slightly deeper  water  
(Kuipers, 1973; Riley et al., 1981). Although the abundance  index estimates from the 

survey are biased for 0-group plaice, they never the less  show a significant correlation 

with the VPA estimates and thus do reflect differences in absolute abundance.  



474 F. A. van Beek, A. D. Rijnsdorp & R. de Clerck 

Also the length  at age might be inf luenced if the largest  plaice of a year-class are 
distributed in deeper  waters. A comparison of the mean  length  at age of 0-group plaice in 
the western Wadden  Sea in 1973 corresponded closely with the mean  leng th  observed in 
0-group plaice on the tidal flats (Kuipers, 1977); DYFS: 9.8 cm compared to the tidal flats: 
10.1 cm. It can therefore tentatively be concluded that the bias in mean  length  will not be 

subs tan t ia l  
The increase in abundance  of juveni le  plaice from the Belgian coast towards the 

German  Bight can be explained by the spatial distribution of egg-product ion and  the drift 
of eggs and  larvae. Egg production occurs throughout  the eastern Enghsh Channe l  and 
the southern and  south eastern North Sea (Harding et al., 1978). The eggs drift on the 
residue] current  parallel  to the continental  coastline towards the German  Bight. In the 
German  Bight an eddy occurs which will on average entra in  the eggs a nd  larvae. The 
chance that larvae will be unab le  to find a suitable nursery area is therefore rather small. 
If larvae are not able to enter a tidal inlet, they will drift to the next  tidal inlet  and will 
have another  chance to settle successfully. As the pelagic stage of eggs and  larvae is 
relatively long (90-130 days), it is hkely that the offspring of one spawning  group will 
become dispersed over a relatively large nursery area and that a part icular t idal inlet  wilt 
receive larvae of different ages and from different origins. Rijnsdorp et al. (1985) 
suggested that the bimodahty in larval immigrat ion in the western  Wadden  Sea might be 
related to the larvae originating from the eastern English Channe l  and  the Southern 

Bight. 
The increase in abundance  of juvenile  plaice in the coastal area in  front of the 

Scheldt estuary might indicate that the strong tidal flows or river discharge enhance  the 
possibihties for plaice larvae to reach the shallow coastal waters and the estuaries. Once 
in the reach of a tidal current  which enter the estuaries; plaice larvae were shown to ride 
the inflowing tides when  enter ing the estuaries (Creutzberg et al., 1978; Rijnsdorp et al., 
1985; van der Veer et al., 1988). 

In plaice, it has been  shown that the level of larval immigrat ion into the estuaries was 
already positively correlated with subsequent  0-group a b u n d a n c e  (Creutzberg et al., 
1978; Rijnsdorp et al., 1985). It has even been  suggested that year-class s t rength may 
already be determined at the end of the egg stage (Brander & Houghton,  1982). The 
significant correlation be tween  the 0- and 1-group survey index and the VPA estimates, 
and  the correspondence be tween  the 0- and  1-group distribution corroborates these 
observations. 

The DYFS indices indicate that recruitment in North Sea plaice is at a considerably 
higher level since the late 1970s compared to earher years. This overall  increase in 
recrui tment  in recent  years has also been  observed in the VPA. For the moment,  no 
explanat ion for the higher level of recruitment can be given. 

In contrast with plaice, the distribution of 0-group sole within the cont inenta l  nursery 
area was rather variable from year to year and  the coefficients of variation were  general ly 
much higher  than in plaice (compare Figures 4 and 7). The variability i n  the spatial 
distribution of juveni le  soles can be related to the t iming of the spawning  season and the 
location of the spawning areas. Eggs are mainly produced be tween  April a n d  July in the 
coastal areas and  spawning activities are restricted to certain hot spots. Cent res  of high 
egg production occur along the Belgian coast, west of Texel and  in the G e r m a n  Bight 
(Anon., 1986). At ambient  temperatures be tween  10 and I5 ~ the deve lopment  rate is 
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fast and  larvae become demersal  within 1 month  after fertilization (Ponds, 1975). This 
implies that the time in which pelagic eggs and  larvae float freely on the currents is rather 
short compared to plaice. The local abundan c e  of 0-group soles is, therefore, hkely to 
reflect the spawning success of one local spawning  group. However, over a period of 
10 years (1978-1987) the relative spawning  success, measured as 0-group abundance ,  
was almost equal  for the coastal areas up to 55~ ' N, but  measured as 1-group, the 
success of the spawning in the areas along the Dutch and German  Wadden  Sea was 
reduced considerably. This decrease can at least partly be related to a n u m b e r  of severe 
winters in which the temperature in the southern North Sea bu t  especially in  the German  
Bight was reduced well below the average conditions. Millner et al. (1988) have indicated 
that the mortality be tween  the 0- and 1-group increased with lower winter temperatures.  
Also adult sole suffer from an increased mortality rate during winters in which the water 
temperature  drops below a level of 3 ~ (Woodhead, 1964). 

In sole, the relation be tween  0-group abundance  and  subsequent  year-class 
strength, al though significant, is not very precise but  improves in 1-group. The VPA 
estimate of year-class strength is based on the total number  of fish of a year-class which 
have subsequent ly  entered the fishery and have b e e n  caught. The vulnerabil i ty of sole, in 
both juveniles and adults, towards low winter  temperatures may disturb a relation 
be tween  abundance  of juvenile soles and  subsequent  recruitment to the fishery if the 
extra mortality is not included in the VPA. 

In the present  paper, only the relative importance of the continental  nursery  area 
be tween  51 ~ 00' N and 55 ~ 30' N could be studied. However, other nursery areas do also 
contribute to the total recruitment of the North Sea plaice and  sole. For plaice, nursery 
areas occur along the English and  Scottish east coast in the open sandy bays (Riley et al., 
1981). The contribution of the English nursery areas was estimated to be on average 9 % 
(range: 4-18 %) (Anon., 1985). In the shallow coastal waters along the west  coast of 
Jut land north of 55 ~ 30' N, generally high densities of juveni le  plaice are observed (van 
Beek et al., 1986). The contribution of this area is probably substantial  a l though no 
quanti tat ive estimate can be made at present.  

For sole, the coastal area along the English east coast is an important  nursery  area 
(Millner et al., 1988) and the contribution to the total recruitment was est imated to be on 
average 30 % (range: 8-43 %) (Anon., 1985). The coastal area Jut land north of 55 ~ 30' N 
is of no importance for sole (van Beek et al., 1986). 

The North Sea sole stock in the late eighties is at a historical low level and  fishery 
biologists fear that the level of spawning stock biomass could be near the level at which a 
collapse of recruitment may occur (Anon., 1989). As the North Sea sole stock is composed 
of several substocks the stock-recruitment relations may be different and it is possible 
that recruitment collapse might occur in one of the substocks. The contr ibution of the 
different subareas to the total recruitment,  however,  do not indicate that recrui tment  is at 
present  below the average level shown in the period 1970-1980. Table 2 even indicates 
that recruitment in the 1980s is at a slightly higher  level than in the 1970s. 

Growth 

In North Sea plaice and sole an increase in  growth rate was reported in the 1960s and  
early 1970s (de Veen, 1976; Bannister, 1978; Rijnsdorp, 1984; van Beek, 1988). The 
relation of these changes to the eutrophication of the North Sea, in particular of the 
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coas t a l  a n d  e s t u a r i n e  a reas ,  is  n o t  a t  al l  c lear .  T h e  p r e s e n t  d a t a  do  n o t  i n d i c a t e  a n  

i n c r e a s e  in  g r o w t h  r a t e  of 0- a n d  1 - g r o u p  p l a i c e  a n d  sole  s i n c e  1970, a l t h o u g h  t h e  

n u t r i e n t  l eve l s  h a v e  c o n t i n u e d  to r i se  ( B e n n e k o m  et  al., 1975; G e r l a c h ,  1987). Thus ,  t h e  

g r o w t h  r a t e  of j u v e n i l e  f la t f i sh  d o e s  n o t  c o r r e l a t e  w i t h  t he  l e v e l  of e u t r o p h i c a t i o n .  

H o w e v e r ,  i t  c a n n o t  b e  e x c l u d e d  t h a t  p r io r  to 1970 t h e  g r o w t h  of j u v e n i l e  p l a i c e  a n d  sole  

i n c r e a s e d  (Rauck  & Zij ls tra ,  1978) in  r e l a t i o n  to e u t r o p h i c a t i o n  a n d  c o n t r i b u t e d  to t h e  

i n c r e a s e  in  l e n g t h  a t  a g e  of a d u l t  fish.  A m o r e  d e t a i l e d  t r e a t m e n t  of t h e  g r o w t h  of j u v e n i l e  

p l a i c e  a n d  sole  wi l l  b e  g i v e n  in  a s e p a r a t e  p a p e r .  

C O N C L U S I O N S  

F r o m  t h e  r e s u l t s  of t h e  DYFS for  t h e  p e r i o d  1 9 7 0 - 1 9 8 7  it c a n  b e  c o n c l u d e d  t h a t  t he  

q u a l i t y  of t h e  c o n t i n e n t a l  coas t a l  a r e a  a n d  t h e  W a d d e n  S e a  as  n u r s e r y  a r e a  for  p l a i c e  a n d  

sole  h a s  n o t  d e c l i n e d .  T h e  ove r a l l  r e c r u i t m e n t  in  b o t h  p l a i c e  a n d  sole  h a s  b e e n  a t  a h i g h e r  

l e v e l  in  t h e  r e c e n t  10 years ,  a l t h o u g h  t h e  c a u s a l  fac to rs  i n v o l v e d  in  t h i s  i n c r e a s e  a re  

u n k n o w n .  Also,  t h e r e  a re  n o  i n d i c a t i o n s  t h a t  t h e  c o n t r i b u t i o n  of c e r t a i n  s u b a r e a s  to t h e  

ove ra l l  r e c r u i t m e n t  h a s  c h a n g e d  or t h a t  t h e  g r o w t h  r a t e  in  j u v e n i l e  p l a i c e  a n d  sole  h a s  

c h a n g e d .  
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