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Seasonal  changes  in frequency of diseases  in dab, 

IAmanda limanda, from the southern North Sea 

B.-G. W o l t h a u s  

Insti tut  for  Meeres forschung  Bremerhaven;  A m  Hande l sha fen  12, D-2850 Bremerhaven ,  
Federal  Repub l i c  o f  G e r m a n y  

ABSTRACT: Infestation rates of flatfish Limanda limanda from the southern North Sea (German 
Bight) were investigated in 1981 and 1982. At three stations, including a dumping area of acid-iron 
wastes northwest of Helgoland, dabs were examined for the occurrence of lymphocystis and 
epidermal papillomas. Marked seasonal changes of infestation rates were observed with maxima of 
diseased fish in March and May (epidermal papillomas 2 % in 1981, 4.1% in 1982; lymphocystis 
7.5 % in 1981, 17.2 % in 1982}. Infestation minima were found from June to October. Differences in 
incidence rates were observed between stations in winter and spring, but not in summer. Both 
diseases turned out to be size-dependent. Seasonality of the two diseases is discussed in relation to 
spawning cycle and water quality, including pollution. 

INTRODUCTION 

In recent  years, numerous  reports  have  b e e n  pub l i shed  which  indica te  an increase  of 

certain fish diseases  in pol lu ted  coastal  waters  as compared  to less po l lu ted  areas  of the 

open sea. A number  of authors propose  a re la t ionship  b e t w e e n  f requenc ies  of fish 

diseases and env i ronmenta l  pol lut ion (see r ev i ew  by Sindermann,  1980). 

Dethlefsen  & Wate rmann  (1980) repor ted  on the  h igh  p r e v a l e n c e  of ep ide rma l  
papi l loma in dab from the German  Bight  on a d u m p i n g  ground for wastes  or ig ina t ing  

from t i tanium dioxide  production.  The  results  were  ques t i oned  by M611er {1981) who  
inves t iga ted  the occurrence  and a b u n d a n c e  of d iseases  in the G e r m a n  Bight  and in 

Danish coastal areas dur ing Augus t  1980. He  found low infestat ion rates for ep ide rma l  

papi l loma and for lymphocystis .  The  obvious  d i f ferences  b e t w e e n  these  two inves t iga-  
tions sugges ted  a possible  seasonal  f luctuat ion in the occurrence  of the d iseases  under  

consideration.  

This inves t iga t ion  presents  informat ion on the seasonal  f luctuat ions of d iseases  in 
dab Limanda 11manda at the dumping  ground for t i tanium dioxide  wastes  and compares  

the rates of d isease  occurrence  wi th  those ob ta ined  from ad jacen t  areas. The  s tudy is part  

of a current  p rogram on diseases  of North Sea fishes carr ied out jo int ly  by several  

German  research institutions. The  s tudy was  d e s i g n e d  to r evea l  seasonal  changes  in (a) 
genera l  infestat ion rates of dab with  lymphocyst is  and ep ide rma l  papi l loma,  (b) abun-  

dance of dab, (c} l eng th  dis t r ibut ion of dab, (d} intensi ty  of infestat ion of d i seased  fish 

and (e} sex ratio. It was hoped  that  the data  ob ta ined  wou ld  p rov ide  ins ight  into the 
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Fig. 1. Location of Stations I, II and III in the German Bight {North Sea) 

d i f ferences  b e t w e e n  sampl ing  sites; re la t ions b e t w e e n  body length  and infestat ion rate; 

var ia t ion  of infect ion rates wi th  sex; and differences of sex ratios b e t w e e n  stations. 

MATERIAL AND ME T H O D S  

S t a t i o n  

Three  stat ions were  se lec ted  for compara t ive  purposes  (Fig. 1). Stat ion I was located 

in the  centre  of a dumping  area for wastes  from t i tan ium dioxide  production.  This area 

has b e e n  used  to dump up to 4 500 t of acid iron wastes  pe r  day, amoun t ing  to 750 000 t/yr 
s ince 1969. Stat ion II was  located west,  Stat ion III southeast  of Helgoland .  The  geogra-  

ph ica l  coordinates  of the three  stations are: Stat ion I 54°22.6 'N,  07°35.5 'E;  Station II 
54 ° 13.0 'N,  07°20.0 ' E; Stat ion III 54o02.5 , N, 0800.0 , E. At Stat ion I (25 m depth) the 

bot tom consis ted of f ine and m e d i u m  sand. At Stat ion II (35 m) muddy  very fine sand 

preva i led ,  and at Stat ion III (23 m) the bot tom was  muddy.  Monthly  sampl ing  by RV 

"Victor  Hensen '"  was  car r ied  out from February  to N o v e m b e r  1981; in 1982, samples  
were  t aken  in February,  March,  May, Augus t  and October.  Six consecut ive  bot tom trawls 
w e r e  per fo rmed  per  stat ion and  month.  The  bot tom trawl used  had a mesh  size of 

120 ram, 370 meshes  in total; the cod end  had a mesh  size of 20 mm. Trawl ing  t ime was 
30 min; towing  speed  was 3-3.5 knots. The  l eng th  of the rope was 150 m at Station I, 

175 m at Stat ion II and 150 m at Stat ion III. 
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M a t e r i a l s  

Immedia te ly  after the catch, dab  were we ighed  (total wet  weight),  measured  (total 
length to cm below), sexed and inves t iga ted  for external ly  vis ible  diseases. Location and  
intensi ty  of the diseases were also recorded. Intensi t ies  of lymphocyst is  and  ep ide rmal  
papi l lomas were arbi trari ly grouped in  different stages. In lymphocystis,  Group A 
represented only s ingular  nodules ,  Group B showed m e d i u m  and  Group C heavy infec- 
tion. Sizes of ep idermal  papi l lomas  were classified into 4 groups, cor responding  to the 
surface of dab covered by papi l loma.  The diseased surface area was es t imated  by cut t ing 
out pat terns of dab of all cm groups and  pat terns of all  measured  pap i l loma sizes in 
pasteboard.  

Subsequent ly,  the pat terns  were weighed.  Using these weights  the surface covered 
by papi l lomas was calcula ted and  grouped:  A < 0.5 %; 0.5 % < B < 1.0 % ; 1.0 % < C < 
1.5 %; 1.5 % < D. Signif icant  var iabi l i ty  in  infestat ion rate among  hauls  (Dethlefsen et 
al., 1983) was also found dur ing  this s tudy (hauls t aken  on the same day at the same 
station). Whenever  possible, results from 6 hauls  per station were pooled. Age of dab was 
calculated according to Bohl (1957). 

S t a t i s t i c s  

To avoid biases  due to different fish lengths,  infestat ion rates were  re la ted  to a 
populat ion of s tandardized size according to Bishop et al. (1975}. For de te rmina t ion  of 
the inf luence  of length,  month,  area, popula t ion  dens i ty  and  infestat ion rate, use was  
made of the quan ta l  response model  (Lindner & Berchtold, 1976}. To list whether  s ingle  
factors, e.g. station, exert any inf luence  on infes ta t ion rates, the method proposed by 
Bishop et al. (1975) for test ing l ikel ihoods was used. 

RESULTS 

A b u n d a n c e  a n d  l e n g t h  d i s t r i b u t i o n  of d a b  

General ly,  dab were most a b u n d a n t  at Stat ion I dur ing  the 2 years of inves t iga t ion  
(Fig. 2). Only in  February  1981 were dab most a b u n d a n t  at Station II, and  in May, June  
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Fig. 2. I_a'rnanda limanda. Relative abundance, expressed as number of dab caught per 30 min 
trawling time (mean value based on 6 hauls}; Stations I, II and III 
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and July  1981 at Stat ion III. Except  for these  months  in 1981, lower  numbers  of dab were  
found at Station III than at I and II. In 1982 also, h ighes t  f requenc ies  of dab  were  found at 

Station I. Only in Augus t  1982 w e r e  m a x i m u m  numbers  encoun te r ed  at Stat ion II. Again,  
lowest  dab numbers  were  caught  at Stat ion III. In 1981 and 1982, there  were  consider-  

able  changes  in the length  dis t r ibut ion b e t w e e n  months  and stations. There  was also a 

difference in sex ratios b e t w e e n  stations: more  females  were  caught ,  espec ia l ly  in 

summer,  at the onshore Stat ion III (Fig. 3). 

S e a s o n a l  c h a n g e s  in  i n f e s t a t i o n  r a t e  a n d  i n t e n s i t y  of  l y m p h o c y s t i s  a n d  e p i d e r -  
m a l  p a p i l l o m a s  

Due to the s imilar i t ies  b e t w e e n  the results  on lymphocyst is  and ep ide rma l  papi l lo-  

mas, both diseases  wil l  be t rea ted  in this sect ion (Table 1). In 1981 and 1982, h ighes t  
infestation rates of both dab diseases  were  found in February,  March  and May. There-  
after, infestat ion rates decreased  rapid ly  at all stations. Be tween  Ju ly  and October  

infestation rates r ema ined  low. 
Highes t  infestat ion rates for lymphocyst is  were  found in the d u m p in g  area fo l lowed 

by Stations II and III from February  to J u n e  1981. From Ju ly  to October  no di f ferences  in 

infestat ion rate of dab with lymphocyst is  were  de tec ted  among  the 3 stations under  

invest igat ion.  The  same genera l  seasonal  f luctuat ion pa t te rn  of infestat ion rate was 

found in 1982; only in March was the infestat ion rate of dab from Station II h ighe r  than 

that at Stat ion IIL 
In both diseases,  the infestat ion rates showed  h igher  va lues  from February  to May in 

1982 than in 1981 at all stations. In Augus t  and October  the low levels  of infestat ion rates 

in both diseases  were  s imilar  to those in 1981. In 1981 and 1982, no s ignif icant  
differences in infestat ion rates of both diseases  were  found b e t w e e n  males  and females .  

In general ,  the h ighes t  infestat ion rates were  found near  the d u m p in g  area  in all 

samples  taken. The  only excep t ion  was  in March  1982, w h e n  infestat ion rates at 
Station II were  h igher  than those for dab from the d u m p i n g  area. Lowest  infestat ion rates 

were  genera l ly  found at Stat ion III. 

The majori ty of d i seased  dab showed  les ions of lymphocyst is  or of ep ide rma l  
pap i l loma of intensi t ies  A and B throughout  the who le  year  (Tables 2, 3). In win te r  and 

spring, more heavi ly  d i seased  fish wi th  lymphocyst is  (Stage C) and ep ide rma l  pap i l loma  
(Stages C and D) were  found than in summer  and autumn.  In s u m m e r  and autumn,  the 

intensity of both diseases  dec reased  and the pe rcen t age  of dab  wi th  ini t ial  d i sease  s tages 

increased. 

C o r r e l a t i o n  b e t w e e n  b o d y  l e n g t h  a n d  i n f e s t a t i o n  r a t e  

Due to the var iabi l i ty  in l eng th  dis t r ibut ion of dab, it was necessary  to ca lcula te  the 
correlat ion b e t w e e n  leng th  of fish and infestat ion rate. In both sexes for both diseases,  

the infestat ion rates increased  with increas ing  body l eng th  (Table 4). This  result  was 
consistent for the whole  per iod under  survey. The smal les t  dab with  lymphocyst is  was 

12 cm (2 years old), that  wi th  ep ide rma l  pap i l l oma  16 cm (3 years  old). The  h ighes t  

infestation rates were  found, in summer  and winter,  in the l eng th  group 25-30 cm 

(Table 5). 
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Table 2. Limanda limanda. Classified intensi ty of lymphocystis  (%) in March, May, August  and  
October 1982 at Stations I, II and  III. For classification scheme see  text 

Station Intensity March  n May n August  n October  n 

I A 7.5 280 11.4 158 13.6 44 21.4 28 
B 48.2 54.4 61.3 71.4 
C 44.3 34.1 25.0 7.1 

II A 15.3 150 24.1 29 25.0 28 36.1 36 
B 45.3 51.7 57.1 61.1 
C 39.3 24.1 17.8 2.8 

III A 15.0 20 13.8 101 33.3 6 28.5 7 
B 40.0 40.5 57.1 
C 45.0 45.5 66.6 14.2 

Table 3. Limanda limanda. Classified intensi ty  of ep idermal  papi l loma (%) in dab from February to 
May and in August  and  October  1982 at Stations I and  II. For classification scheme see text 

Station Intensi ty Februa ry -May  1982 n August  + Oct 1982 n 

I A ~0 .5  72.7 128 71.4 21 
B 0.5-1 10.2 19.0 
C 1.0-1.5 7.8 4.8 
D > 1.5 9.4 4.8 

II A ~ 0.5 78.9 38 63.6 11 
B 0.5-1 13.2 36.4 
C 1.0-1.5 5.3 
D > 1.5 2.6 

S u m m a r y  of  s t a t i s t i c s  

T h e  s i g n i f i c a n c e  of p o s i t i v e  c o r r e l a t i o n s  b e t w e e n  s e a s o n ,  a r ea ,  p o p u l a t i o n  d e n s i t y  

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

l i k e l i h o o d s  ( T a b l e  6). T h e  r e s u l t s  r e v e a l e d  a h i g h l y  s i g n i f i c a n t  i n f l u e n c e  of l e n g t h  for  

b o t h  d i s e a s e s  (p < 0 . 0 1 % ) .  D u r i n g  t h e  s p a w n i n g  s e a s o n  ( F e b - J u n ) ,  i n f e s t a t i o n  r a t e s  of 

b o t h  d i s e a s e s  w e r e  s i g n i f i c a n t l y  h i g h e r  t h a n  i n  s u m m e r  (p < 0 . 0 1 % ) .  D u r i n g  t h i s  t i m e  

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

(p < 0 . 0 1 % ) .  P o p u l a t i o n  d e n s i t y  h a d  n o  s i g n i f i c a n t  i n f l u e n c e  o n  i n f e s t a t i o n  r a t e s  i n  b o t h  

d i s e a s e s .  

D I S C U S S I O N  

For  b o t h  d i s e a s e s  u n d e r  c o n s i d e r a t i o n  I f o u n d  s i g n i f i c a n t  d i f f e r e n c e s  i n  i n f e s t a t i o n  

r a t e s  a m o n g  h a u l s  a n d  s t a t i ons .  T h i s  m i g h t  i n d i c a t e  t h e  p r e s e n c e  of p a t c h i n e s s  w h i c h  is 

p o s s i b l y  r e l a t e d  to s p a t i a l  s e g r e g a t i o n  of h e a l t h y  a n d  d i s e a s e d  dab .  S p a t i a l  s e g r e g a t i o n  

of s k e l e t a l - d e f o r m e d  a n d  h e a l t h y  cod  i n  t h e  E l b e  E s t u a r y  h a s  r e c e n t l y  b e e n  m e n t i o n e d  
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Table 4. Limanda limanda. Infestation rate of lymphocyst is  and  epidermal  papi l loma in ~ 9 per cm 
class in the periods February to June  and  July  to October 1981 at Station I 

Length  F e b r u a r y - J u n e  Lympho-  Epidermal  Ju ly -Oc tober  Lyrnpho- Epidermal 
(cm) 1981 cystis papi l loma 1981 cystis papil loma 

n e x a m i n e d  (%) (%) n e x a mi n e d  (%) (%) 

13 45 2.2 
14 91 1.1 
15 181 1.7 301 0.7 
16 299 1.3 664 0.3 
17 456 1.1 0.4 1156 0.5 
18 470 2.8 1.1 1384 0.5 
19 498 2.6 1.8 1413 0.8 
20 694 3.6 1.7 1446 1.7 
21 541 4.8 1.3 955 1.3 
22 516 5.2 1.9 835 2.3 
23 366 7.4 2.5 488 2.5 
24 300 5.0 3.0 332 
25 252 5.2 4.8 221 6.3 
26 146 6.2 2.7 105 3.8 
27 107 7.5 1.9 74 4.1 
28 67 3.0 1.5 57 3.5 
29 39 5.1 2.6 35 8.6 
30 21 14.3 4.8 14 
31 2 5 20.0 
32 5 33.3 8 
33 3 

0.2 
0.3 
0.7 
0.5 
0.8 
1.6 
1.2 
1.8 
2.9 
4.1 
1.8 
2.9 

14.3 

5051 9514 

Table  5. Limanda limanda. Infestation rates in Winter  1982 

Disease Length (cm) Age (years) Sex Max. infestation 
rate (%) 

Lymphocyst is  18 - 19 4 c ~  22.0 
2 1 - 2 3  5 -  6 ~ 30.5 
25 - 27 8 - 10 9 9 37.0 

Epidermal  21 - 22 5 - 6 c ~  11.1 
papi l loma 25 8 9 9 13.8 

27 - 30 ~ 10 9 9 20.0 

b y  M611er (1983). S i g n i f i c a n t  s o u r c e s  of v a r i a n c e  w e r e  i d e n t i f i e d  d u r i n g  p r e c e e d i n g  

s t u d i e s .  T h e y  r e s u l t e d  m a i n l y  i n  h a u l - t o - h a u l  v a r i a b i l i t y ,  a n d  i n  d i f f e r e n c e s  in  a c c u r a c y  

b e t w e e n  d i f f e r e n t  i n v e s t i g a t o r s  ( D e t h l e f s e n  e t  al. ,  1983). I t r i e d  to m i n i m i z e  t h i s  v a r i a b i -  

l i ty  b y  c o n s i d e r i n g  o n l y  u p  to 6 p o o l e d  h a u l s  p e r  s t a t i o n .  T h e r e f o r e ,  I a s s u m e  t h a t  t h e  

d i f f e r e n c e s  e n c o u n t e r e d  w e r e  n o t  m a i n l y  d u e  to t h e  m e t h o d s  a p p l i e d  b u t  d u e  to 

d i f f e r e n c e s  i n  b e h a v i o u r  of  t h e  f ish .  F u r t h e r  i n v e s t i g a t i o n  of d a b  b e h a v i o u r  is  n e e d e d  to 
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Table 6. Limanda limanda. Overall  statistical compar ison of inf luences  of length,  month,  area and  
populat ion densi ty on differences in infestat ion rates of lymphocyst is  and  ep idermal  pap i l loma 

compared  by quot ients  of l ikelihood 

Disease Test  on Sex Degree  Likelihood P Mante l -  P 
inf luence of quot ient  Haensze l  

of f reedom statistic 

Lymphocystis  

Epidermal 
papil loma 

Q 5 394.63 0.000 
Length  ~ 5 370.88 0.000 

9 14 354.99 0.000 
Months  

14 440.86 0.000 

9 3 30.97 0.000 
Area 

c~ 3 65.61 0.000 

9 1 3.17 0.075 
Populat ion c~ 1 0.23 0.632 

9 5 209.52 0.000 
Length ~ 4 107.09 0.000 

9 14 171.37 0,000 
Months  

14 86.08 0.000 

9 3 31.13 0.000 
Area 

ct 3 15.60 0.001 

9 1 0.58 0.446 
Populat ion ~ 1 0.00 1.000 

30.52 0.0 
61.05 0.0 

60.55 0.0 
22.97 0.0 

Table 7. Limanda limanda. Variability of infestat ion rates of lymphocyst is  and ep idermal  papi l loma 
b e t w e e n  hau l s  

Date Station Haul  No. No. of fish Infestation rate (%) 

Lymphocyst is  
March 1982 I 1 and  4 279-237 21.5-10.1 
May 1982 I 2 and  6 235-267 16.6-10.1 
May 1981 II 1 and  5 573-540 1.2- 3.5 
Sept. 1981 II 3 and  6 382-392 2.4-  0.8 
Feb. 1981 III 1 and  2 78-  78 8.9-  1.2 

Epidermal  pap i l loma 
Feb. 1981 I 1 and  2 7 8 -  78 3 .8-  2.6 
Feb. 1982 I 4 and  6 159-148 0.6- 3.4 
March 1981 II 1 a n d  3 249-252 1.2- 0 
Oct. 1982 II 3 and  6 119-116 0.8-  1.7 
Aug. 1982 I 3 and  5 387-394 0 .8-  0 

fill t h i s  g a p  in  o u r  k n o w l e d g e .  T a b l e  7 s h o w s  t h a t  s i g n i f i c a n t  d i f f e r e n c e s  in  i n f e s t a t i o n  

r a t e s  b e t w e e n  2 h a u l s  in  t h e  s a m e  a r e a  m i g h t  b e  o b t a i n e d  e v e n  if t h e  n u m b e r s  of  f i sh  

c a u g h t  w e r e  c o m p a r a b l e  b u t  n o t  l a r g e  e n o u g h  for a r e l i a b l e  e s t i m a t i o n .  

C o n s i d e r i n g  t h e  s t a t i o n s  t r a w l e d  d u r i n g  t h i s  s u r v e y ,  d a b  w e r e  m o s t  a b u n d a n t  in  t h e  
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d u m p i n g  area nor thwest  of the i s land of Helgoland.  A possible  exp lana t ion  for this fact is 
that sandy  bottom prevai ls  in  this area, and  water  depths range  from 25 to 28 m. There 
are some hints  in  l i terature that dab prefer a sandy bottom and  depths of 15 to 40 m 
(Ortega-Salas,  1980; M611er Chris tensen,  1977; Terofal, 1978). Furthermore,  this area is 
cons idered  to be a major  spawn ing  place of dab (Aurich, 1941; Bohl, 1957). Only for a 
short period were dab most a b u n d a n t  at Station III, southeast  of Helgoland.  This station 
is character ized by  m u d d y  sed iments  and  h igher  food densi ty  as compared to the 
d u m p i n g  area (Stripp & Gerlach, 1969; Salzwedel  et at., in  press). In February  1981, most 
dab were caught  at Station II. In 1981 and  1982, females domina ted  at Station III. This 
was possibly due to differences in  behav iour  b e t w e e n  males  and  females (Bohl, 1957). 

My inves t iga t ion  indicates  that migra t ions  of dab may occur throughout  the year. 
This is not in ag reemen t  with Bohl (1957), who suggests  seasonal  migrat ions  of dab. Lee 
(1972) showed that dis tances migra ted  by  dab  on the British coast were wi thin  the 20 to 
30 km range,  bu t  his results are based  on only  70 recaptured  dabs. 

The changes  in length  dis t r ibut ion requi red  infestat ion rates to be  related to a 
popula t ion  of s tandardized  size for comparison.  Length and  infestat ion rates of dab with 
lymphocyst is  and  ep idermal  pap i l loma  tu rned  out to be  posi t ively correlated. Such 
re la t ion has also b e e n  descr ibed by M611er (1983} for fish from that region. Infestation 
rates of dab with lymphocyst is  and  ep idermal  papi l loma increased steeply in February of 
both years  unde r  survey. Max imum rates were  reached in March and  May of both years. 
According to Bohl {1957), dab spawn in  the G e r m a n  Bight main ly  from March to May. 
Several  authors found lowest condi t ion factors of dab dur ing  this t ime {Bohl, 1957; Lee, 
1972; Ortega-Salas, 1980). 

The relation between high infestation rates and stress like spawning or poor 

condition factor has been described by many authors. Amin (1979), for example, found 

maximum lymphocystis rates in walleye during spawning; Weissenberg (1938) observed 

the same for orange file fish Aleutera schoephii, and Vitinsh & Baranova (1976) for the 
flounder. On the other hand, Mann (1970) reported from the North Sea that - according 

to reports of fishermen - percentages of fishes afflicted with lymphocystis were higher in 

summer. The outbreak of the diseases under survey was recorded well before the 

beginning of the main spawning season. 
Therefore, exhaustion of fish by spawning may not be the only factor responsible for 

increased infestation rates during this period. In general, it is poor environmental 

conditions that render fish more susceptible to disease. Thus Peters (1981) supposes that 

oxygen deficiencies, repeatedly occurring in the lower Elbe during summer, could be 

responsible for higher infestation rates of eels suffering from cauliflower disease. 

According to M611er (1983), salinity stress in estuaries may render flounder more 

susceptible to disease. In experiments and aquaculture, population density constitutes 

another important factor in transmitting diseases. Thus Perlmutter et al. {1973) demon- 

strated a depression of the immune factor to IPN virus in blue gourami Trichogaster 
trichopterus due to overcrowding. There are also some indications that chemical pollu- 
tion may contribute to the outbreak of certain diseases (e.g. Dethlefsen, 1979; Dethlefsen 

& Waterman,  1980). 
Max imum disease f requencies  were encoun te red  dur ing  periods of low water 

temperature .  Mitotic activit ies of ep idermis  and  turnouts of Pleuronect idae  and  other 
fishes were h igh  at low water  t empera tures  (Kranz, 1980). Low water  temperatures  can 
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also suppress the i m m u n e  system, as can "several  pol lu t ional  factors" (Ellis, 1982). My 
results show higher  infestat ion rates for both diseases in  1982 as compared to 1981. In the 
winter  of 1982, the water  tempera tures  were much  lower than  in  1981. 

At t imes of m a x i m u m  infestation, the in tens i ty  of the two diseases unde r  invest iga-  
t ion was also highest.  During summer,  lymphocyst is  was present  in  lowest intensit ies.  
This is not in ag reement  with data reported by Russell (1974) who found h igher  
intensi t ies  of lymphocystis  in  pla ice  in  October a nd  lower in tens i t ies  dur ing  summer.  
The same pat tern was observed by  Anders  (1983) for f lounder  in  the wes tern  Baltic Sea. 
Here we must  keep in  mind  that flounders,  p la ice  and  dab  harbour  different strains of 
lymphocystis  viruses (Anders, 1983). 

In dab, ma in  infect ion by  lymphocyst is  seems to occur dur ing  summer,  possibly  
favoured by high popula t ion  density.  The same seems to be  true for ep idermal  pap i l loma 
for which infect ion has not  yet  b e e n  proven.  

One  to three weeks  after infect ion by lymphocystis ,  nodules  appear  on the fish 
involved (Weissenberg,  1945; Anders,  1983). Latent infect ion might  become apparen t  
unde r  unfavourable  env i ronmen ta l  condi t ions  and  physiological  stress (Peters, 1981). 
After 7 to 9 months, lymphocyst is  cells are mature  and  there is no further growth 
(Sch~iperclaus, 1979). Some of the d iseased dab will  die, or the disease wil l  d i sappear  
(Vitinsh & Baranova, 1976). If this genera l  scheme of infect ion with lymphocyst is  du r ing  
summer  was correct, we should find increased number s  of fishes infected with lympho- 
cystis in offshore waters dur ing  the winter,  where  dab occur at periods with low water  
temperature  (Bohl, 1957}. To test this, I performed bottom trawls in a far offshore area 
("WeiBe Bank"} in  February  1982 and  found high infestat ion rates of dab  with lymphocy-  
stis as well  as a high in tens i ty  of the disease. The same results were ob ta ined  for 
epidermal  papi l loma.  However,  it must  be  kept  in  mind  that the mater ia l  at hand  is only 
of l imited value for m a k i n g  regional  comparisons.  

For the rapid decl ine of tumour  rates, ei ther  regression of tumours,  spatial  segrega-  
tion or mortality (Campana,  1983) might  be  responsible .  Histological  inves t igat ions  
revealed that tumour  regression, well  documen ted  in papi l lomatosis  of eel  (Peters & 
Peters, 1979}, did not occur in  our mater ia l  (Watermann,  pets. comm.). O w n  laboratory 
experiments,  however,  showed greater  mortali ty in d iseased rather  than  in hea l thy  fish. 

As already ment ioned,  the causat ive agent  for ep idermal  pap i l loma in  dab is 
unknown.  Due to similari t ies in the seasonal  cycle of macroscopical  appearance ,  some 
authors suppose that papi l loma might  also be caused by viruses. For example,  Wel l ings  
et al. {1977) assumed that ep idermal  papi l loma in  fishes of the Bering Sea is caused  by 
virus. On the other hand,  W a t e r m a n n  descr ibed the histology of papi l loma of dab, t a ke n  
from the German  Bight (Dethlefsen & Watermann ,  1980) and  found differences from 
papi l loma descr ibed by Wel l ings  et al. (1977). According to Dethlefsen  (1984), no virus 
particles have so far b e e n  ident i f ied by electronmicroscopical inves t iga t ions  of epider-  
mal  papi l loma in  Limanda limanda. For lymphocyst is  it has b e e n  shown that otherwise 
heal thy fish will  become readi ly  infected by  the virus if the fish has ep idermal  lesions or 
abrasions (Wolf, 1982; Templeman ,  1965). 

Dur ing  winter,  h igher  infestat ion rates of dab with lymphocyst is  were found at 
Station I (dumping  area) compared with infect ion rates from other areas. No differences 
in infestat ion rates were found in  summer.  For ep idermal  papi l loma,  genera l ly  h igher  
infestation rates were encoun te red  at Stat ion I dur ing  the whole  per iod of invest igat ion.  
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T h i s  f i n d i n g  c o n f i r m s  r e s u l t s  b y  D e t h l e f s e n  e t  al.  (1980) t h a t  h i g h e r  n u m b e r s  of f i shes  

w i t h  e p i d e r m a l  p a p i l l o m a  w e r e  d e t e c t e d  i n  t h e  d u m p i n g  a r e a  t h a n  at  o t h e r  s t a t ions .  

W h e t h e r  or n o t  a c a u s a l  r e l a t i o n  e x i s t s  b e t w e e n  d u m p i n g  a n d  i n c r e a s e d  a b u n d a n c e s  of 

d i s e a s e d  d a b  in  t h i s  a r ea ,  w a s  no t  a q u e s t i o n  to b e  a n s w e r e d  in  t h i s  s tudy .  

C O N C L U S I O N S  

(1) D a b  a r e  i n f e c t e d  b y  lymphoc2zs t i s  m a i n l y  d u r i n g  s u m m e r .  (2) S i m i l a r i t i e s  be -  

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

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

t h a t  a v i r u s  m a y  ac t  as  c a u s a t i v e  a g e n t  of e p i d e r m a l  p a p i l l o m a s  in  dab ,  a l t h o u g h  

D e t h l e f s e n  e t  al.  (1983)  f a i l e d  to f i nd  v i r u s  p a r t i c l e s .  (3) A h i g h l y  s i g n i f i c a n t  p o s i t i v e  

c o r r e l a t i o n  e x i s t s  b e t w e e n  e n v i r o n m e n t a l  f a c t o r s  a n d  a r e a s  w i t h  f i sh  s u f f e r i n g  f rom t h e  

t w o  d i s e a s e s .  (4) In  o r d e r  to  t e s t  a p o s s i b l e  n e g a t i v e  i n f l u e n c e  of t h e  d u m p i n g  of a c i d - i r o n  

w a s t e s ,  i t  is n e c e s s a r y  to i n v e s t i g a t e  o t h e r  m a i n  s p a w n i n g  a r e a s  of dab .  It is a l so  

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

h a s  b e e n  d i s c o n t i n u e d  for  s e v e r a l  yea r s ,  (5) T h e  g r e a t  v a r i a b i l i t y  a m o n g  h a u l s  at  t h e  

s a m e  s i t e  r e q u i r e s  s e v e r a l  h a u l s  b e  m a d e  p e r  a r e a  i n  o r d e r  to a s s e s s  t h e  d i s t r i b u t i o n  of 

f i sh  d i s e a s e s ,  (6) T h e  i n f l u e n c e  of b o d y  l e n g t h  o n  i n f e s t a t i o n  r a t e  n e c e s s i t a t e s  r e l a t i n g  

t h e  r e s u l t s  o b t a i n e d  to  s t a n d a r d i z e d  p o p u l a t i o n  (for p r o p e r  c o m p a r i s o n ) ,  (7) In o r d e r  to b e  

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

b e  m o r e  t h o r o u g h l y  i n v e s t i g a t e d .  
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