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ABSTRACT: The seasonal changes  in the population structure of dab were observed in intervals of 
four to six weeks from January  1993 to November  1994 at a fixed station northwest of Helgoland. 
The sex distribution was characterized by a reduced number  of males during autumn and winter. In 
the au tumn of both years, an immigration of large females was evident.  During long periods in spring 
and summer, the population structure remained relatively constant.  The observations indicate that 
dab in the Helgoland region carry out a seasonal migration be tween  coastal waters and the sam- 
piing area. Seasonal  changes  of the population structure occurred at a relatively slow rate. 

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

D a b  (Limanda limanda L.) is o n e  of t he  m o s t  a b u n d a n t  f ish s p e c i e s  in t he  N o r t h  Sea  

a n d  t h e r e f o r e  of c o n s i d e r a b l e  eco log i ca l  r e l e v a n c e .  T h i s  is p a r t i c u l a r l y  t rue  in t he  s o u t h  

a n d  s o u t h e a s t  of t he  N o r t h  Sea ,  in the  coas t a l  wa te r s ,  a n d  t he  W a d d e n  Sea .  Bohl  (1957) 

c a r r i e d  ou t  a ba s i c  i n v e s t i g a t i o n  on  t he  b i o l ogy  of d a b  a n d  r e p o r t e d  s e v e r a l  a spec t s ,  in-  

c l u d i n g  d i s t r i b u t i o n ,  dens i ty ,  age ,  g r o w t h ,  a n d  r e p r o d u c t i o n .  F u r t h e r  w o r k  o n  the  dis t r i -  

b u t i o n  of d a b  w as  c o n t r i b u t e d  by  S a h r h a g e  (1964, 1967). A n  i n t e n s i v e  s t u d y  o n  t he  po-  

p u l a t i o n  s t r u c t u r e  of N o r t h  Sea  d a b  w a s  p e r f o r m e d  by  Lozgm (1988), w h o  f o u n d  t h e  h i g h -  

es t  d e n s i t i e s  in  t he  a r e a  of t he  D o g g e r b a n k ,  t h e  E n g l i s h  coas t ,  a n d  the  s o u t h e r n  N o r t h  

S e a  { G e r m a n  Bight ) .  

Recent ly ,  t h e  i n t e r e s t  in d a b  h a s  g r o w n ,  s i n c e  th is  s p e c i e s  is c o n s i d e r e d  to b e  s u i t a b l e  

for e c o t o x i c o l o g i c a l  r e s e a r c h  a n d  e n v i r o n m e n t a l  m o n i t o r i n g  p r o g r a m m e s .  In o r d e r  to u se  

d a b  in b i o l o g i c a l  m o n i t o r i n g ,  h o w e v e r ,  a f u n d a m e n t a l  k n o w l e d g e  of t he  phys io logy ,  po-  

p u l a t i o n  d y n a m i c s  a n d  m i g r a t i o n  h a b i t s  of t h e  s p e c i e s  is r e q u i r e d .  M i g r a t i o n  in p a r t i c u -  

lar  c a n  l e a d  to fa l s i f i ca t ion  a n d  m i s i n t e r p r e t a t i o n  of p h y s i o l o g i c a l  m o n i t o r i n g  da t a .  T h e r e -  

fore,  in  t h e  p r e s e n t  s t u d y  w e  o b s e r v e d  t he  p o p u l a t i o n  of d a b  at  a f ixed  s t a t i o n  n o r t h w e s t  

of H e l g o l a n d  o v e r  a p e r i o d  of two years .  O u r  s p e c i a l  i n t e r e s t  w a s  f o c u s e d  o n  t h e  q u e s t i o n  

of w h e t h e r  or  n o t  t he  p o p u l a t i o n  s t r u c t u r e  r e m a i n e d  c o n s t a n t  o v e r  a I o n g e r  p e r i o d ,  a n d  

w h i c h  k i n d  of c h a n g e s ,  t h a t  m a y  i n d i c a t e  m i g r a t o r y  act ivi ty,  o c c u r r e d  d u r i n g  a s e a s o n a l  

cycle .  

M A T E R I A L  A N D  M E T H O D S  

D a b  w e r e  c a u g h t  n o r t h w e s t  of H e l g o l a n d  (54~  7~ Fig. I) a t  a d e p t h  of 25 to 

30 m. S a m p l e s  w e r e  o b t a i n e d  f rom c a t c h e s  of t h e  r e s e a r c h  ve s se l s  FK U t h 6 r n  a n d  FS 

H e i n c k e  (in M a r c h  1993), c a r r i e d  ou t  w i t h  a b o t t o m  t r a w l  (70 m m  m e s h  size).  T h e  n e t  w a s  
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Fig. 1. Sampling site in the southern North Sea, northwest of the island of Helgoland 

hauled  for 10 to 15 min at a speed  of 2.5 knots. Per haul ei ther all dab were  collected or, 
if the number  of fish was high, a subsample  of approximate ly  200 dab was se lec ted  ran- 

domly. The animals were  transferred to the laboratory, where  length, weight ,  and sex 
were  determined.  The condition factor (cf) was calculated in relation to the total weight  

according to the equat ion cf = total we igh t  �9 100 �9 length  -3 [g �9 cm-3]. 

Sampl ing  was carried out monthly from January  1993 to March 1994 and  approxi- 

mately  every six weeks  from March 1994 to N o v e m b e r  1994. In D e c e m b e r  1993 no sam- 

piing could be carried out due to severe  storms. 

The length data were  compared with the Kruskal-WaUis one way analysis of var iance  

on ranks. Significant differences be tween  sampl ing periods were  calcula ted by Dunn's 

pairwise mult iple  comparison procedure.  

RESULTS 

L e n g t h  a n d  l e n g t h  f r e q u e n c y  

In general ,  females  were  larger than males  throughout  the period of inves t iga t ion  

(Fig. 2). The  med ian  length of all females  was 20.0 cm. Between  January  and  August  '93, 
the med ian  length ranged  be tween  18.5 and 20.0 cm. From Sep tember  th rough  Novem-  
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Fig. 2. Length of sampled dab. Boxes represent the median, the 25th and 75th percentiles. Bars 
indicate the 10th and 90th percentile points. Females: n = 50-300 (in Nlarch 1993 n : 19). Males: 
n : 13-135 (in January to March 1993 n = 6-8). Dashed lines represent the median length of all ani- 

mals per sex 12637 females, 910 males) 

b e t  '93, s ign i f i can t ly  l a rge r  f ema le s  w e r e  o b s e r v e d  wi th  21.5 to 22.5 cm. In w i n t e r  and  
spr ing  '94, the  m e d i a n  l e n g t h  of f ema le s  r a n g e d  aga in  f rom 19 to 19.5 cm. La rge r  speci -  

m e n s  of 21 to 22 cm occu r r ed  in s u m m e r  and  a u t u m n  '94. The  m e d i a n  l e n g t h  of all ma-  
les was  18.0 cm. F r o m  J a n u a r y  '93 to Apri l  '93, m a l e s  s h o w e d  a un i fo rm l e n g t h  of 16.0 to 

17.0 cm. La rge r  s p e c i m e n s  occur red  in M a y  t h rough  to O c t o b e r  wi th  18.0 to 20.0 cm. F rom 
N o v e m b e r  '93 to M a y  '94, the  m e d i a n  l e n g t h  of m a l e s  was  a g a i n  l ower  (16.8 to 18.3 cm). 

An inc r ea se  in l e n g t h  was  o b s e r v e d  du r ing  the s u m m e r  of '94 (19.0 to 20.0 cm). 
T h e  p o p u l a t i o n  at the  s amp l ing  site was  d o m i n a t e d  by an ima l s  of 15 to 25 cm l e n g t h  

(Fig. 3a-c) .  No  an im a l s  sma l l e r  t han  10 cm w e r e  caugh t ,  w h i c h  m a y  be  d u e  to m e s h  se- 

lect ion.  In J a n u a r y  '93, two p r o m i n e n t  s ize c lasses  of 17 cm a n d  21 cm a p p e a r e d  in fe- 
males .  This  l e n g t h  c o r r e s p o n d e d  to an  a g e  of 3 and  4 years ,  r e spec t ive ly  ( e s t ima ted  f rom 

g r o w t h  cu rves  of Ri jnsdorp  et al., 1992). In the  fo l lowing  months ,  unti l  A u g u s t  '93, the  
l e n g t h  d i s t r ibu t ion  was  re la t ive ly  cons tan t  (med i an  of 19 to 20 cm). In O c t o b e r  a n d  No-  

v e m b e r  l a rge r  f e m a l e s  a p p e a r e d  and  w e r e  e s t i m a t e d  to be  5 yea r s  of age .  In w i n t e r  and  
sp r ing  '94, the  l e n g t h  d i s t r ibu t ion  was  a g a i n  s imilar  to that  of s u m m e r  of '93, w i th  f ema-  

les of 18 to 19 cm in l e n g t h  p r e d o m i n a t i n g .  In M a r c h  '94, only  f ew  s p e c i m e n s  w e r e  c a u g h t  
due  to a h e a v y  s to rm on the  s a m p l i n g  day. The re fo re ,  the  l e n g t h  f r e q u e n c y  is not  repre -  

s en ta t ive  for this pa r t i cu la r  month .  In the s u m m e r  of '94, the  re la t ive  n u m b e r  of l a rge  
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f e m a l e s  of 20 to 25 cm, as  we l l  as sma l l  f e m a l e s  (11 to 15 cm), i n c r e a s e d ,  c o r r e s p o n d i n g  

to a n  a g e  s p a n  f rom 2 to 6 years .  F u r t h e r m o r e ,  the  b i g g e s t  f e m a l e s  of 26 to 29 c m  w e r e  

c a u g h t  in  th i s  pe r iod .  In a u t u m n ,  t he  s m a l l e r  f e m a l e s  d i s a p p e a r e d  a n d  t h e  p o p u l a t i o n  was  

a g a i n  d o m i n a t e d  by  a n i m a l s  of 20 to 25 cm. 

T h e  d i s t r i b u t i o n  of m a l e s  w a s  r e l a t ive ly  u n i f o r m  f rom J a n u a r y  to A u g u s t  '93, a l t h o u g h  

t h e  n u m b e r  of s m a l l e r  s p e c i m e n s  w a s  s o m e w h a t  h i g h e r  in  M a r c h  a n d  A u g u s t .  T h e  p r e -  

d o m i n a n t  l e n g t h  c l a s se s  of 15 to 20 cm c o r r e s p o n d e d  to a n  a g e  of 3 to 5 years .  In O c t o b e r  

'93, l a r g e r  m a l e s  of 18 to 22 c m  a p p e a r e d  (5-6  years) .  In t h e  s u m m e r  of 1994, m a l e s  co- 

v e r e d  a w i d e r  r a n g e  of l e n g t h  c l a s se s  t h a n  in 1993. In par t i cu la r ,  sma l l  a n i m a l s  (< 15 cm) 

w e r e  m o r e  a b u n d a n t  bu t  a lso s o m e  a n i m a l s  of 22 to 24 c m  w e r e  p r e s e n t .  As  in f e m a l e s ,  

t he  p e r c e n t a g e  of l a r g e r  a n i m a l s  was  h i g h e s t  in a u t u m n .  

S e x  d i s t r i b u t i o n  

In g e n e r a l ,  t h e  p o p u l a t i o n  was  d o m i n a t e d  by f ema les .  In a u t u m n  a n d  win te r ,  t he  

n u m b e r  of m a l e s  d e c r e a s e d  rapidly ,  r e a c h i n g  less  t h a n  1 %  of the  to ta l  n u m b e r  of d a b  

c a u g h t  in J a n u a r y  '94 (Fig. 4). F r o m  M a r c h  to Ju ly  the  r e l a t i on  of b o t h  s e x e s  r a n g e d  at  

a b o u t  50 %. In t he  s u m m e r  of '94, m a l e s  w e r e  less  f r e q u e n t  t h a n  females ,  r e a c h i n g  30 to 

40 % of t he  to ta l  n u m b e r  of dab .  

Fig. 4. Sex distribution of females and males expressed as percentage  relation. The x-axis covers the 
months of 1993 and 1994 (n = 107-306; in January  1994 n = 94; in March 1994 n = 27) 
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C o n d i t i o n  f ac to r s  

The  condit ion factors were  nearly identical  for both sexes during per iods without re- 

product ive activity, i.e. w h e n  no growth  of gonads  occurred (Fig. 5). The  condit ion factor 

increased from May to Sep tember  in each year. From October  onwards,  a sharp  decrease  
of the condition factor was evident  in males, reaching values of less than 0.9 in January 
and February. In females,  the condit ion factor remained  relatively constant  until 
February, with a significant decrease  in spnng.  

Fig. 5. Condition factors calculated in relation to the total weight, Error bars represent the 95 % 
confidence interval of the mean. Females: n = 5~300 (in March 1993 n = 19). Males: n = 13-135 

(in January to March 1993 n = 6-8) 

DISCUSSION 

Most fish species perform migrat ions and thus potential ly leave locat ions of toxicant 

exposure  which may falsify monitor ing data. The migrations of plaice in the  North Sea 
were  well invest igated and it was shown that plaice can cover  long dis tances  within short 

periods (Reichard, 1915; Rauck, 1977). In the same way, f lounder perform ex tens ive  mi- 

grations from coastal to offshore waters  (Bfither, 1987). 
Our results show that the populat ion of dab at the sampling site near  H e l g o l a n d  was 

domina ted  by females throughout  the year. Nevertheless ,  a distinct seasona l  variat ion in 
the sex distribution was evident.  During the winter  period, male  dab d i s appea red  almost 

completely  from the area invest igated,  while females  remained  abundant .  T h e  sex ratio 

changed  continuously through the seasons  ref lect ing a cyclic annual  succession.  



Population structure of dab 49 

The length f requencies  also showed that the populat ion changed  continuously and 

also over longer  periods during the year. The populat ion structure of both sexes remai-  

ned relatively uniform during the spring and the summer  of the first year of investigation.  

We observed the most significant change  in the populat ion structure in the au tumn of '93. 
Larger and, therefore, older females appea red  at the sampling site while the males dis- 

appeared.  Thereafter,  the populat ion structure again remained  relatively constant. These  

animals d isappeared  in January, and the appearance  of males was evident  in spring. 

The populat ion structure of both sexes differed distinctly be tween  the two years of 

observation, a l though showing similar trends. In the summer  of '94 the spec t rum of 
length classes, and thus age classes, was wider  than in '93, indicating a h igher  hetero-  

genei ty  of the population. This increase of he te rogenei ty  did not appear  rapidly but de- 

ve loped continuously in the course of several  months. 

With regard to the literature, these results can be integrated into a genera l  model: 
Bohl (1957) invest igated the spatial occurrence of dab along the German  and Danish 

coast. During summer, females were  predominant ly  present  in the shallow coastal wa- 
ters. Males were  rare in this area, but became  more abundant  in deeper  waters (> 15 m) 

further away from the coast. He also postulated that in coastal areas dab carry out seaso- 

nal migrations towards the coast and back to offshore waters, and that the migrat ion ac- 
tivity is age-,  size-, and sex-dependent ,  respectively. Accordingly, predominant ly  older 

females migrate into shallow waters while males remain in deeper  areas. 

Our results support  the idea that, with the onset of the offshore-directed-migrat ion in 
autumn, the entire populat ion moves towards the central  North Sea. Accordingly, the lo- 

cal summer  population, including the males, leaves the area around Helgoland  while the 

coastal population, dominated  by females, appears  in this region. These animals leave 
the area again in late winter  and the summer  populat ion returns. Similar observat ions in 

the autumn of the following year confirmed this model  of seasonal migration, a l though in 

1994 the older females appeared  earlier than in 1993. The coastal populat ion seems to 
stay around Helgoland during the winter  and move back towards the coast in early 

spring. 
These  suggest ions are in a g r e e m e n t  with observations of Sahrhage  (1964, 1967). 

He reported a high concentrat ion of dab in the southern North Sea during summer, while 
in winter  a more even  distribution was observed.  An exception, however,  was ev ident  

around Helgoland  with a high density of dab during summer  and winter. 

Apparently, the specific location of He lgo land  has a distinct attraction for dab, which 
might  be related to richer feeding grounds in the vicinity of the rocky intertidal zone, com- 

pared to other locations. The condition index, which is an indicator for the nutrit ive state, 

followed a seasonal  cycle which is more distinct in males  than in females (see also Sa- 
borowski & Buchholz, 1996). Both sexes increased in weigh t  during the summer  season. 

In autumn, a sharp decrease  of the condit ion index was obvious in males. Females,  how- 
ever, main ta ined  a high condition index until spring, which was related to the growth 

of the gonads.  The energy for gonad growth is obtained from food which must  be 

avai lable during this period. This would support  the suggest ion that the Helgo land  re- 
gion is an attractive feed ing  ground. Another  reason for the high density of dab around 

Helgoland  could be related to spawning  habits. Dab are considered not to prefer  distinct 

spawning  grounds (Bohl, 1957). However ,  the high concentrat ion of eggs  off the Dutch, 
German  and Danish coasts with a centre  of concentrat ion in the German  Bight (Bohl, 
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1957; R i j n s d o r p  e t  al., 1992) i n d i c a t e  t h a t  t he  r e g i o n  n o r t h w e s t  of H e l g o l a n d  m i g h t  b e  a 

m a j o r  s p a w n i n g  a r ea ,  a t  l e a s t  for a n i m a l s  l i v ing  n e a r  t he  coas t .  A c c o r d i n g l y ,  th i s  a r e a  

c o u l d  be  a n  i m p o r t a n t  d e s t i n a t i o n  in s e a s o n a l  m i g r a t i o n .  S i n c e  d a b  a lso  s e e m  to a v o i d  t he  

low w i n t e r  t e m p e r a t u r e s  in t h e  s h a l l o w  coas t a l  w a t e r s  {Bohl, 1957), t hey  m a y  s t ay  in the  

d e e p e r  l a y e r s  of t h e  w a t e r s  s u r r o u n d i n g  H e l g o l a n d .  

Th i s  i n t e r p r e t a t i o n  of d a b  m i g r a t i o n  b e h a v i o u r ,  h o w e v e r ,  c a n n o t  b e  e a s i l y  a d o p t e d  to 

o t h e r  a r e a s  of t he  N o r t h  Sea .  In fact,  d a b  a r e  b e l i e v e d  to r e m a i n  for l o n g e r  p e r i o d s  in s p e -  

cific a r e a s  a n d  t h u s  a r e  m o r e  s u i t a b l e  for m o n i t o r i n g  p r o g r a m s  (BOther, 1990;  S l e i d e r i n k  

et  al., 1993). H o w e v e r ,  a m i g r a t i o n  s t u d y  off t he  B e l g i a n  coas t  on  d a b  s h o w e d  t h a t  t ag -  

g e d  m a t u r e  d a b  c o u l d  m i g r a t e  o v e r  r e m a r k a b l y  l o n g  d i s t a n c e s  (de  C l e r c k ,  1984). T h e  

m a i n  m i g r a t i o n  d i r e c t i o n  w a s  n o r t h e a s t .  T a g g i n g  e x p e r i m e n t s  in t he  s o u t h e r n  N o r t h  Sea  

by  D a m m  et  al. (1991) r e v e a l e d  a n  i n c r e a s e d  m i g r a t o r y  ac t iv i ty  f rom J a n u a r y  to Apri l ,  

w h i c h  w a s  p r o b a b l y  a s s o c i a t e d  w i t h  t h e  t i m e  of s p a w n i n g .  R i j n s d o r p  e t  al.  ( t 9 9 2 )  c o n -  

c l u d e d  f rom t a g g i n g  e x p e r i m e n t s  at  d i f f e r e n t  l o c a t i o n s  in t he  s o u t h e r n  N o r t h  S e a  t h a t  a 

d a b  p o p u l a t i o n  at  a spec i f i c  s a m p l i n g  s i te  is a t r a n s i e n t  a g g r e g a t i o n  o r i g i n a t i n g  f rom a 

l a r g e  a rea .  T h e s e  d i f f e r e n t  f i n d i n g s  u n d e r l i n e  t h a t  p a r t i c u l a r l y  e c o t o x i c o l o g i c a l  a n d  eco-  

p h y s i o l o g i c a l  i n v e s t i g a t i o n s  s h o u l d  b e  p a r a l l e l e d  by  s t u d i e s  of t h e  p o p u l a t i o n  s t r u c t u r e .  

A l t h o u g h  t h e  i n d i v i d u a l  rou te s  of m i g r a t i o n  c a n n o t  b e  t r aced ,  t he  r e su l t s  p r o v i d e  i m p o r -  

t a n t  i n f o r m a t i o n  a b o u t  t h e  h o m o g e n e i t y  of t h e  p o p u l a t i o n  a n d  its v a r i a t i o n s  f rom w h i c h  

m i g r a t o r y  m o v e m e n t s  cou ld  b e  d e r i v e d .  

In conc lu s ion ,  ou r  r e su l t s  s h o w  t h a t  t he  p o p u l a t i o n  of f e m a l e s  in t h e  H e l g o l a n d  a r e a  

w a s  m o r e  c o n s t a n t  t h a n  t h a t  of m a l e s .  A cco r d ing ly ,  it is of a d v a n t a g e  in e c o p h y s i o l o g i c a l  

r e s e a r c h  to c o n c e n t r a t e  on  i n v e s t i g a t i o n s  on  f e m a l e  s p e c i m e n s ,  w h i c h  a r e  a v a i l a b l e  all  

t h r o u g h  t h e  y e a r  for f ie ld  s a m p l i n g .  F u r t h e r m o r e ,  t h e  p o p u l a t i o n  s t r u c t u r e  w a s  r e l a t i v e l y  

c o n s t a n t  o v e r  l o n g  p e r i o d s  i n d i c a t i n g  no  r a p i d  m i g r a t i o n s ,  a n d  t h u s  o b s e r v a t i o n s  o n  re-  

l a t ive ly  s ens i t i ve ,  i n d u c e d  p h y s i o l o g i c a l  p a r a m e t e r s  c a n  b e  r e l a t e d  to t h e  s a m p l i n g  s ta-  

t ion.  

Acknowledgements. We thank the crews of the research vessels "FS Heincke" and, especially, "FK 
UthOrn" for excellent support  on board and Ms. M. Ziebarth and Mr. G. Sahling for technical  assist- 
ance. This work was supported by a scholarship of the Biologische Anstalt Helgoland.  

L ITERATURE C I T E D  

Bohl, H., 1957. Die Biologie der Kliesche (Limanda limanda L.) in der  Nordsee. - Ber. dt. wiss. 
Kommn Meeresforsch. f..q, 1-57. 

BOther, H., 1987. ErhOhte Hexachlorobenzol-Konzentrat ionen in Flundern (PlatichthFs flesus) der 
inneren Deutschen Bucht. - Infn Fischw. 84, 171-175. 

Biither, H., 1990. Spatial and temporal  trend in organochlorine contaminat ion of d a b  (Limanda li- 
manda) and flounder [Platichthys flesus) in the North Sea. - Arch. FischWiss. 40, 133-152. 

Cterck, R. de, 1984. Tagging results of mature  dab  in the Southern Bight, - C.M./ICES, GI  l, 1-10. 
Damm, U., Lang, T. & Rijnsdorp, A. D., 1991. Movement  of dab  (Limanda limanda L.) in the German  

Bight and southern Bight: Results of German  and Dutch tagging experiments  in 1988, 1989. - 
C.M./ICES, E22, 1-18. 

LozOn, d. L., 1988. Verbreitung, Dichte und Struktur der  Population der  Klieschen (Limanda limanda 
L.) in der  Nordsee mlt Vergleichen zu den  Poputat ionen um Island und in tier Ostsee  a n h a n d  me- 
ristischer Merkmale.  - Arch. FischWiss. 38, 165-189. 

Rauck, G., 1977. Two German  plaice tagging exper iments  (1970) in the North Sea. - Arch. FischWiss. 
28, 57-64. 



P o p u l a t i o n  s t r u c t u r e  of d a b  51 

Reichard, A. C., 1915. Ergebnisse  der  b isher igen  internat ionalen Schol len-Markie rungen  in der 
N o r d s e e . -  Wiss. Meeresunters .  IAbt. Helgoland).  1I, 37-64. 

Rijnsdorp, A. D., Vethaak, A. D. & Leeuwen,  P. I. van, 1992. Population biology of dab Limanda li- 
manda in the sou theas te rn  North Sea. - Mar. Ecol. Prog. Set. 91, 19-35. 

Saborowski ,  R. & Buchhotz, F., 1996. Annual  changes  in the nutritive state of North Sea dab. -J .  Fish 
Biol. 49, 173-194. 

Sahrhage,  D., 1964. 0 b e r  die Verbrei tung der  Fischarten in der  Nordsee.  Tell I, Jun i -Ju l i  1959 und 
Juli 1960. - Ber. dr. wiss. Kommn Meeresforsch.  17, 165-278. 

Sahrhage,  D ,  1967. Ober  die Verbrei tung der  Fischarten in der  Nordsee.  Tell II, J a n u a r  1962 und  
1963. - Bet. dt. wiss. Kommn Meeresforsch.  19, 66-179. 

Sleiderink, H.M., Boon, J.P. & Everaarts,  J M., 1993. LeveLs of EROD dctivity, P450 1 A1, and  ~' P450 
in dab (Limanda limanda) from the sou thern  North  Sea in relation to PCB concentrat ions  - preli- 
minary resu l t s . -Mar ,  environ. Res. 35, 201-202. 


