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ABSTRACT: Prior to the studies reviewed here, only lymphocystis and skeletal deformities of a 
variety of fish species and certain diseases of eel were known to occur in the German Bight (North 
Sea). From 1977 until now, 9 externally visible lesions on North Sea fishes were  observed; in 
addition to those mentioned before, they comprise: fin rot, ulcerations, epidermal  papilloma, 
hyperplasia, pseudobranchial  tumour, eye diseases and gill swellings. With the exception of 
information on changes in frequencies of vertebral deformities of herring from the 1950's to the 
1970's, there are no long-term data characterizing changes  in frequencies of the diseases under  
study. For pseudobranchial  turnouts of cod and epidermal  papil loma of dab, information is provided 
on occurrence and abundance.  The distribution pattern of cod afflicted with pseudobranchial  
tumours is strongly influenced by the migratory behaviour of the fish. Epidermal papil lomas of dab 
were more frequently found at stations within the inner German Bight than in neighbour ing areas. 
The Bight is used for dumping of wastes from ti taniumdioxide production. Further disease hot spots 
are areas off the Humber estuary and the British coast. Analysis of chromium in dab from the 
German Bight revealed elevated concentrations in epidermal  tissues of specimens from the 
dumping area compared with that found in dab from neighbouring localities. Particulate iron was 
demonstrated to occur in mucous cells of dab from the dumping area. From increased levels of 
heavy metals with cancerogenic potential  in sensitive target tissues and from increased prevalences  
of diseased fish in the dumping area it is concluded that these phenomena  are possibly causally 
linked. In the vicinity of the Humber estuary high disease rates were  encountered and areas with 
high prevalences of dab afflicted with epidermal  papil loma extended over regions shown to be 
transport routes for persistent pollutants such as radioactive materials. It is therefore sugges ted  that 
the long-range distribution of fish diseases in the southern North Sea might reflect the long-range 
transport of persistent pollutants. 

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

D i s e a s e s  of m a r i n e  f i shes  h a v e  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n  d u r i n g  t h e  las t  f e w  

years .  This  is  p a r t l y  d u e  to t h e  fac t  t h a t  m o n i t o r i n g  of d i s e a s e s  of m a r i n e  f i s h e s  h a s  b e e n  

r e c o m m e n d e d  as  a u se fu l  tool  for  b i o l o g i c a l  e f f e c t s  m o n i t o r i n g  ( M c I n t y r e  & P e a r c e ,  

1980). E x t e r n a l  d i s e a s e s  of m a r i n e  f i s h e s  w e r e  r e c o g n i z e d  as  h a v i n g  a p o t e n t i a l  for 

b io log i ca l  e f fec t s  m o n i t o r i n g ,  a m o n g  t h e m  fin rot, u l c e r a t i o n s ,  e p i d e r m a l  p a p i l l o m a s  a n d  

s k e l e t a l  d e f o r m i t i e s  ( S i n d e r m a n n  et  al., 1980). W i t h  i n c r e a s i n g  i n t e r e s t  in  o c c u r r e n c e  

a n d  a b u n d a n c e  of t h e  d i s e a s e s  of m a r i n e  f i s h e s  a s c i en t i f i c  d e b a t e  d e v e l o p e d  on  t h e  

q u e s t i o n  w h e t h e r  s o m e  d i s e a s e s  of m a r i n e  f i s h e s  m i g h t  b e  c a u s e d  b y  p o l l u t i o n  or not .  

S i n d e r m a r m  (1979, 1983) h a s  p r o v i d e d  t h e  m o s t  c o m p r e h e n s i v e  r e v i e w s  o n  th i s  s u b j e c t .  

His  b a s i c  a s s u m p t i o n  is t h a t  in  a n i m a l s  r e s p o n d i n g  to s t ress ,  m a n y  r e s p o n s e s  m a y  r e su l t  

in  a d e p a r t u r e  f rom n o r m a l  s t r u c t u r e  or f u n c t i o n  ( S i n d e r m a n n ,  1983). M u c h  of t h e  

© Biologische Anstalt Helgoland, Hamburg 



354 V. Dethlefsen 

confusion in  the present  debate  on the possible  contr ibut ion of water  pol lut ion to 
increased  preva lences  of diseases of mar ine  organisms is due to the fact that the 
b roadness  of this concept  has not sufficiently b e e n  t a ke n  into account.  

Wheneve r  correlations were found b e t w e e n  hydrographic  or biotic factors and the 
p reva lence  of disease, pol lut ion was readi ly  r e j e c t e d  as a potent ia l  cause (Shelton & 
Wilson, 1973; M611er, 1979, 1981). One  of the prerequis i tes  for assessing the disease 
status of mar ine  organisms are sound base l ine  data, i nc lud ing  information on seasonal 
and  geographica l  var ia t ion in the occurrence of the p h e n o m e n a  involved. This paper  
reviews results  ob ta ined  in  a 5-yr s tudy on occurrence and  a b u n d a n c e  of external  
lesions, diseases, and  anomal ies  of North Sea fishes. Dur ing  these invest igat ions 
(Dethlefsen, 1980; Dethlefsen & Watermann ,  1980; W a t e r ma nn  et al., 1982} cod and  dab 
tu rned  out to be  most f requent ly  afflicted with a variety of external ly  visible disease 
phenomena .  For this reason, most informat ion considered here concentrates  on these two 
species. A more comprehens ive  review will  be  pub l i shed  e lsewhere  (Dethlefsen, Water- 
m a n n  & Hoppenhei t ,  in  prep.). 

STATUS OF FISH DISEASES IN THE NORTH SEA 

The occurrence of d iseased fishes in  the North Sea is not a new phenomenon .  
Johns tone  (1913, 1925) provided a weal th  of informat ion on diseases of North Sea fishes. 
Unfortunately,  no quant i ta t ive  information is g iven  on the f requency of the diseases 
descr ibed and  the ques t ion  has to be left open  whether  or not they were occurring only 
s ingularly.  Systematic f ish-disease surveys in  the G e r m a n  Bight, which were later 
ex tended  to the whole  of the North Sea, were not conducted  prior to 1977. In the German  
Bight, lymphocyst is  in  fishes has b e e n  known  to exist s ince the t u m  of the century 
(Schaperclaus,  1979). More recent  f indings  on flatfish in  the G e r m a n  Bight have been  
reported by  M a n n  (1970}. A variety of skeletal  deformities on a n u m b e r  of fish species 
was descr ibed by Wunde r  (1971). Cer ta in  diseases of eel  - red disease and  cauliflower 
disease - were k n o w n  to occur since the 1950's in  remarkab le  f requencies  (Koops & 
Mann,  1969; Koops et al., 1970; Peters et al., 1972; Peters, 1975). Ulcerations on flatfish 
were first reported by Bi ickmann (1952) from onshore waters  a l though in  the personal  
files of Jas. Johns tone  much  earl ier  descript ions of this disease are found (David Bucke, 
Weymouth,  pers. comm.). 

Dur ing  11 cruises b e t w e e n  1948 and  1955, conducted  by personnel  of the 
Biologische Anstal t  He lgo land  in  the G e r m a n  Bight, two disease p h e n o m e n a  were 
found: lymphocyst is  in  dab and  plaice, and  skeleta l  deformities in cod and  whit ing 
(Table 1). Only  lymphocyst is  and  skeletal  deformities had  b e e n  descr ibed in  fishes of the 
G e r m a n  Bight in  the ear l ier  l i terature.  Since the 1950's, red disease and  cauliflower 
disease on eel, and  ulcerat ions  on plaice were reported. In our studies, conducted since 
1977, we discovered m a n y  more diseases in  fishes of the German  Bight: fin rot, 
ep idermal  papi l lomas,  pseudobranch ia l  turnouts, hyperplasia ,  in f lammat ion  of the eye, 
and  gill  swel l ings  (Table 1). 

Lymphocystis,  ulcerat ions,  fin rot and  skeletal  deformities were found in more than 
one fish species. Most widespread  were ulcers on 15 different fish species encountered  
dur ing  our inves t iga t ions  from May 1980 to J anua ry  1982 dur ing  10 cruises, performing a 
total of 399 trawl catches (Table 2). 
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Table 1. Diseases of fishes in the southern North Sea. Comparison between diseases mentioned in 
early literature (Sch~iperclaus, 1979), those found during routine fisheries investigations between 
1948 and 1955 (11 cruises) carried out in coastal areas of the German Bight (unpubl. data of 

A. Kotthaus, Biologische Anstalt Helgoland), and those found in own surveys 

(1) 

(II} 

{III} 

Diseases mentioned in early literature 
Lymphocystis (many species} 
Cauliflower {eel} 
Red disease {eel) 
Skeletal deformities {many species) 

Diseases recorded between 1948 and 1955 
Lymphocystis {dab, plaice) 
Skeletal deformities (cod, whiting} 

Diseases recorded in present surveys 
Lymphocystis (dab, flounder, plaice, long rough dab, gurnard) 
Cauliflower {eel) 
Red disease {eel} 
Skeletal deformities (13 species) 
Fin rot {8 species) 
Ulcerations (15 species) 
Hyperplasia/epidermal papilloma {dab) 
Hyperplasia {long rough dab, whiting, cod, haddock} 
Pseudobranchial tumours (cod) 
Inflammation of eye [gadoids and clupeids} 
Gill swellings (dab) 

At present,  almost  no th ing  is known about  long- te rm changes  in the f requency  of 
fish diseases  in the North Sea. Only  two sets of data  date  back  to the 1950's: (1) for 

papi l lomatosis  of ee l  (Peters et al., 1972), and (2) for ver tebra l  deformit ies  of her r ing  (van 

de Kamp, 1977). In both cases, an increase  in f requenc ies  occurred over  the per iod of 

investigation.  When  changes  in f r equenc ies  of ver tebra l  deformit ies  of her r ing  from 
different areas of the North Atlant ic  were  compared  it b e c a m e  clear  that  s ignif icant  

increases  were  restr ic ted to east  Scottish waters,  the central  North Sea, and most  s ignif i-  
cantly, the southern North Sea. On  the basis of p resen t ly  ava i l ab le  mater ia l  it is not  

possible to state wi th  cer ta inty  whe the r  f r equenc ies  of d iseases  of mar ine  fishes in the 
southern North Sea have  gene ra l ly  increased  in terms of thei r  p reva lence .  With the 

except ion  of pseudobranch ia l  tumour,  fin rot, gi l l  abnormal i t i es  and hyperplas ia ,  m a n y  
diseases  present ly  encoun te red  were  a l ready  men t ioned  in ear ly  reports. 

Yet the data ava i lab le  on f requenc ies  of ver tebra l  deformit ies  in her r ing  do not date  

back far enough  to a l low conclusions on long- te rm changes .  Per iodici t ies  in product ion  

cycles in the North Sea can cover  per iods  of more  than 40 years (Russel, I973). Such 
long- term cycles can affect the s igni f icance  of increases  in f requenc ies  of anomal ies  in 

North Sea fishes over  shorter periods.  A bas ic  r e q u i r e m e n t  for us ing  diseases  of mar ine  

organisms as a cri terion for assess ing water  qual i ty  - changes  in p reva lences  as a 
function of t ime - is therefore  l ack ing  in the area  under  considerat ion.  

In the absence  of long- term data, reg ional  compar isons  are often used to ident i fy  

pol lut ion hot spots. In the fol lowing,  informat ion wil l  be  g iven  on occurrence  and 

abundance  of cod afflicted with  pseudobranch ia l  tumours  and dab affl icted with  epider-  
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Table 2. Fish species with lymphoqstis, ulcerations, skeletal deformities, and fin rot encountered in 
the southern North Sea from May 1980 to January 1982. Summary of results from 10 cruises with 399 

trawl catches 

Species Lympho- Ulcerations Hyper- Skeletal Fin rot 
cystis plasia deformities 

L i m a n d a  l i m a n d a  × × x × x 
P l e u r o n e c t e s  p la  tessa x × x x 

Pla t i ch thys  f l e sus  x x × x 
So lea  solea X 

H i p p o g l o s s o i d e s  p l a  t e s so ides  × × × 
M i c r o s t o m u s  k i t t  × 
G a d u s  m o r h u a  x x × x 
M e r l a n g i u s  m e r l a n g u s  × x X X 

M e l a n o g r a m m u s  a e g l e f i n u s  × x x 

C l u p e a  h a r e n g u s  X X 

M y x o c e p a l u s  scorp ius  X 

Spra t tu s  spra t tus  x 
A n g u i l I a  angui l la  X 

C h e l i d o n i c h  thys  g u r n a  d u s  × × 
C h e l i d o n i c h t h y s  lucerna  x 
H y p e r o p l u s  lanceo la  tus × 
T r a c h u m s  t rachurus  x 

S c o m b e r  s c o m b r u s  × 
Pol lach ius  v i r ens  × × 

E n c h e l y o p u s  c i m b r i u s  x 

S q u a l u s  acan th ias  
O n o s  tricirratus x 

mal  papi l lomas,  in order  to h igh l igh t  the type of results present ly  ava i lab le  on the 

dis t r ibut ion of these  p h e n o m e n a  in the area under  survey. 

M A J O R  DISEASES OF COD AND DAB 

P s e u d o b r a n c h i a l  t u m o u r s  of c o d  

Pseudobranch ia l  tumours  in cod G a d u s  m o r h u a  w e r e  first de tec ted  in the North Sea 
in 1979 (Dethlefsen,  1980; Wa te rmann  et a l ,  1982). In some cases, symptoms of the 

d isease  can  be  seen  ex te rna l ly  at the upper  e d g e  of the operculum,  but  mostly they  can 
only be de tec ted  after inspec t ing  the buccal  cavi ty  or the gil l  chamber .  The  condit ion has 

b e e n  desc r ibed  by Peyron & Thomas  (1929) to occur  in cod a long the French coast, and 
reports  are ava i lab le  for its occurrence  in N o r w e g i a n  waters  (Lange, 1973; Lange & 

Johannessen ,  1977) and At lant ic  waters  (Morrison et al., 1979) as wel l  as from the Barent 

Sea (Egidius et al., 1981). Early tumour  stages appea r  on the pseudobranch ia l  organ as 

s l ight  swell ings.  Later s tages reach sizes of some cm and occur e i ther  b i la tera l ly  or, less 
f requent ly ,  uni la teral ly .  Histological ly,  the main  character is t ic  of the tumours is the 

p re sence  of X-cells.  Detai ls  of X-cells,  occurrence  of mu l t inuc lea t ed  stages, and charac- 
teristics of mitosis  lead  to the assumpt ion  that  the agents  responsible  are amoeba  

(Watermann & Dethlefsen,  1982). Fur ther  work  is unde r  way  to e x a m in e  this hypothesis.  
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Highest  prevalences  of this disease were found at stations in  the centre of the 
German Bight. In J anua ry  1980, mean  infestat ion rate in this area was 1.9 %, in  June  
1980 3.1%. In areas outside the central  G e r m a n  Bight respect ive rates of infestat ion 
were 0.3 % and  0.6 %. Infestat ion rates were highest  in  spec imens  of year classes I and  II. 
When  dis t r ibut ion pat terns  in  winter  were compared with those in  spring, it became  
evident  that the p reva lence  of the disease was de te rmined  by the migratory behaviour  of 
the cod (Lamp, 1973). In January  the disease was restricted to the centre, whils t  in  spr ing 
it spread over the whole G e r m a n  Bight. There  was also a posit ive correlat ion with 
popula t ion  densi ty  which lead to the assumpt ion that  pseudobranch ia l  tumours  are an  
infectious disease. Transmiss ion of communicab le  diseases is favoured by  h igh  popula-  
t ion densi ty  (Munro, t983). Pseudobranchia l  tumours  are suspected to induce  mortal i t ies  
in  host fishes (Stich et al., 1976; McCain  et al., 1979). High preva lences  of this disease in  
young cod and  its steep decrease  in  older ones also indica te  that  the disease may  be 
lethal. 

E p i d e r m a l  p a p i l l o m a  of d a b  

The first descript ion of ep idermal  pap i l loma in  dab Limanda 11manda goes back  to 
Johnstone (1925}. He inves t iga ted  several  dab  caught  in  the North Sea wi thout  g iv ing  
details on the location of the catch, or the p reva lence  of the disease in  the dab  popu la t ion  
concerned. Johnstone provided figures on external  appearance  of the ep i the l ioma on 
dab which resemble  the most severe cases encoun te red  in present  studies. In 1978 this 
disease was first found in dab of the G e r m a n  Bight {Dethlefsen, 1980}. Histological  
comparison leaves little doubt  that the symptoms are ident ica l  to those descr ibed by 
Johnstone.  Papi l loma develop to 5 to 30 mm, and  somet imes becomes  even  larger. They 
can be found on all ep idermal  regions, more f requent ly  on body surfaces than  on fins. 
Three histologically different p h e n o m e n a  were encoun te red  dur ing  our invest igat ions:  
(1) Hyperplas ia  consis t ing of 10 to 15 cel lular  layers above the basa l  membrane .  The 
structure is dedifferent iated and  polygonal  m a l p h e g i a n  cells predominate .  (2) Epider- 
mal  papi l loma were character ized by the presence  of stroma which protrude into the 
epidermal  part of the tumours (Watermann,  1979}. (3) A macroscopical ly similar, but  
histologically different, les ion has b e e n  descr ibed for dab (Watermann,  1982), occurr ing 
mainly  on fins and  con ta in ing  cells with typical  X-cell  features. In the following, the 
term "epidermal  papi l loma"  is unders tood to inc lude  hyperplas ia  but  not "X-cell-  
lesions". 

R e g i o n a l  d i s t r i b u t i o n  

Information on the regional  d is t r ibut ion of dab afflicted with ep idermal  pap i l loma 
and hyperplas ia  was g iven  by Dethlefsen & W a t e r m a n n  (1980). Based on mater ia l  from 
7 cruises it was conc luded  that the central  part  of the G e r m a n  Bight and  its immedia t e  
vicini ty was characterized by h igher  percentages  of dab  with ep idermal  pap i l loma and  
related lesions than  the regions outside of this area. Since no statistical t r ea tment  of the 
data has b e e n  a t tempted and  lengths  of ind iv idua l s  have not  b e e n  t aken  into account  as 
a possible interfer ing variable,  the force of this s ta tement  has b e e n  doubted  (M611er, 
1981). In the further process of eva lua t ing  the data, use was  made  of the control chart  
developed for industr ia l  qual i ty  control in  order to locate areas of h igher  p reva lence  of 
disease (Watermann et al., 1982}. In this approach a we igh ted  m e a n  of the relat ive 
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f requency  of d i seased  fishes for the who le  area  under  observat ion  was taken as the 
central  l ine in the control chart  r ega rd ing  only those length  classes that were  found to be 

afflicted. Posit ive or nega t i ve  devia t ions  of the  w e i g h t e d  means  of the s ingle  trawl 

catches expressed  in s tandard devia t ion  units  (Duncan, 1974, p. 403 ff.) were  taken to 
di f ferent ia te  b e t w e e n  areas  wi th  h igher  and lower  re la t ive  f requenc ies  of d iseased  
specimens.  For example ,  stations outside the 1-sigma l imit  were  marked  by a + 1 or - 1 

sign, respect ively .  W h e n  stations were  found to fall outs ide the upper  2-sigrna limit, they 

r ece ived  a 2 + sign. Boundary l ines  b e t w e e n  sites of h ighe r  and lower  p reva lences  of 

lesions w e r e  d rawn rega rd ing  the signs of stations located wi th in  the 1-sigma limits. 
Areas  were  compared  by analysis  of a series of 2 × 2 tables  (Cochran, 1954) taking 

l eng th  as an in te r fe r ing  var iable .  Two  typical  example s  are g iven  for the distr ibution of 
ep ide rma l  pap i l loma  in win te r  (January 1980) and summer  (June 1980). 

G e r m a n  B i g h t  

J a n u a r y 1 9 8 0 (Fig. 1). Length  classes found to be  afflicted were  10, 16, 18 to 28, 
30 cm (standard length,  cm below). Total  n u m b e r  of spec imens  caught  in afflicted length 
classes was  2739 and total n u m b e r  of spec imens  aff l icted was  69. Fishes from the Area A 

in the surroundings  of the t i t an iumdiox ide  wastes  d u m p i n g  area  were  afflicted at a rate 
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Fig. 1. Limanda limanda: January 1980. Areas of higher (A and C) and lower (B) prevalence of 
epidermal papilloma. + • stations outside the 1 sigma limit; + + • stations outside the upper 2 

sigma limit; O stations where ~< 14 dab were caught (not considered in analysis) 
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of 3.2 %, w h i l e  f i shes  in  A r e a  B s h o w e d  i n f e c t i o n  ra tes  of 1 . 1 % .  S ta t i s t i ca l  c o m p a r i s o n  

w i t h  t he  in fec t ion  ra te  of d a b  f rom the  r e f e r e n c e  a r e a  y i e l d e d  no  s i g n i f i c a n t  d i f f e r e n c e  

(c~ > 0.05) ( p e r c e n t a g e s  re fe r  on ly  to a f f l i c ted  l e n g t h  classes) .  
J u n e 1 9 8 0 (Fig. 2). L e n g t h  c lasses  f o u n d  to be  a f f l i c ted  w e r e  13 to 29 a n d  34 cm. 

Tota l  n u m b e r  of s p e c i m e n s  c a u g h t  in  a f f l i c ted  l e n g t h  c l a s se s  w a s  20136,  to ta l  n u m b e r  of 
a f f l ic ted  s p e c i m e n s  w a s  208. T h r e e  a r e a s  - A, B a n d  C - w i t h  p r e v a l e n c e s  of 1.7, 3.8 a n d  
0.7 % cou ld  b e  s e p a r a t e d  b y  m e a n s  of t h e  p - c h a r t  ( p e r c e n t a g e s  r e fe r  to a f f l i c t ed  l e n g t h  

classes) .  F i g u r e  3 shows  t h e  p r e v a l e n c e  as a f unc t i on  of s ize .  S i z e  c lass  34 c m  w a s  

o m i t t e d  f rom the  g r a p h  b e c a u s e  on ly  2 s p e c i m e n s  of th is  s i ze  w e r e  caugh t .  T h e  
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Fig. 2. Limanda limanda: June 1980. Epidermal papilloma (German Bight). For explanation of 
symbols see Figure 1. Additional symbols', ~)stations with low number of dab (disregarded in 
drawing boundary lines but taken into account for calculation of significance). Open circles marked 
by an asterisk: stations omitted from consideration because length was not measured in all fishes 

caught 

d i f f e rences  in in fec t ion  ra tes  b e t w e e n  A r e a  C a n d  A r e a s  A a n d  B w e r e  s i g n i f i c a n t  at a 

l eve l  of c~ < 5 × 10 -5. R e l a t i v e  f r e q u e n c i e s  of dab  in  l e n g t h  c l a s ses  f o u n d  to b e  a f f l i c ted  

in Areas  A a n d  C are  g i v e n  in F i g u r e  4. C o m p a r i s o n  of l e n g t h  g r o u p s  13 to 19 cm, a n d  20 
to 29 cm y i e l d e d  s i g n i f i c a n c e  l e v e l s  of ¢x < 0.0005 a n d  a < 0.00025 r e s p e c t i v e l y .  T h e  
r e l a t i v e  f r e q u e n c i e s  for l e n g t h  c l a s ses  13 to 29 c m  for A r e a s  B a n d  C a re  g i v e n  in  

F i g u r e  5. T h e  s i g n i f i c a n c e  of t h e  ove ra l l  d i f f e r e n c e  in  p r e v a l e n c e s  b e t w e e n  t h e s e  t w o  

areas  is so le ly  b a s e d  on d i f f e r e n c e s  in  l e n g t h  c lasses  21 to 29 cm (a < 5 x 10-5). 
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Length f c m )  

Fig. 3. Limanda limanda: June 1980. Epidermal papilloma. Relative frequency of dab afflicted by 
epidermal papilloma in relation to length (n = 20 134) 

Increased prevalences of tumour-bearing dab can be demonstrated to occur in the 
dumping area for wastes from titandioxide production. For the example chosen (June 
1980), fishes of both length groups contribute to the significance of difference in 
prevalences between the dumping area and comparison area. When prevalences from 
Areas B and C are compared it becomes obvious that the difference is caused only by 
fishes of larger size. 

To characterize the occurrence and abundance of this disease outside the German 
Bight area, i.e, in the North Sea, two examples are given, for January 1983 and June 
1982. 

North Sea 

J a n u  a r y 1 9 8 3. The total number of dab investigated was 7280; the number of 
fish afflicted 123 = 1.7 % (Fig. 6) (percentage refers to total number investigated). 
Stations within the German Bight and on a northwestern transect up to 56" N showed 
high percentages of afflicted fish. At stations off the Humber estuary, similarly high 
percentages of afflicted specimens were caught. Highest percentages of infections were 
found at 2 stations on a northeastern transed off the Humber estuary. 

J u n e 1 9 8 2. The total number of dab investigated was 22794; 340 specimens were 
afflicted = 1.5 % (Fig. 7 )  (percentage refers to total number investigated). In the 
northern and central northern part of the area investigated only low numbers of dab were 
caught. No diseased specimens were amongst these. Increased relative frequencies of 
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diseased spec imens  were caught  in  the central  part  of the G e r m a n  Bight, off the Humber  
es tuary and  off the River Tyne.  

Since the first systematic epidemiologica l  inves t iga t ion  in  the North Sea in the late 
1970's, informat ion is now avai lab le  on the occurrence of ep idermal  papi l loma in dab 
also from other areas. Wootten et al. (1982) demonst ra ted  the occurrence of this disease 
in dab from Scottish coastal waters  in re la t ively h igh frequencies.  It was also found 
dur ing  a s ingle-cruise  survey in  the southern Irish Sea. Average infect ion dur ing this 
cruise was 1.1% (Bucke et al., 1983a). 

On the other hand,  McArdle  et al. (1982) and  Bucke et al. (1983b) failed to 
demonst ra te  the presence  of this disease in dab on the east coast of I re land and  from the 
Thames  estuary. It was p resen t  in  Danish  waters  up  to the Kategatt  area (M611er, 1981) 
and  in  Dutch, Belgian and  French coastal waters  (P. van  Bann ing  et al.; pers. comm.). 
From these f indings  it can be conc luded  that in  the southern  North Sea and in certain 
coastal areas of the nor thern  North Sea percen tages  of dab afflicted with epidermal  
pap i l loma appear  to be  s imilar  to those observed dur ing  our cruises. In contrast, M611er 
(1981) found except ional ly  low infect ion rates dur ing  his inves t igat ion on the occurrence 
of this disease in  G e r m a n  and  Danish coastal waters. In context with our studies 
inves t igat ions  have b e e n  made  on the seasonal  f luctuat ions of diseases of dab in certain 
areas wi th in  the G e r m a n  Bight (Wolthaus, 1984). His results reveal  that the relative 
f requencies  of dab afflicted with ep idermal  pap i l loma  undergo  marked  seasonal  fluctua- 
tions, with maxima  in  April  and  lowest infect ion rates in  August.  As M611er surveyed the 
area in August  1980, he covered a per iod of m i n i m u m  infect ion rates; his conclusions are 

therefore of l imi ted value.  
Regard ing  the occurrence of the disease in  dab of the German  Bight, the s ta tement  

by Dethlefsen & W a t e r m a n n  (1980) is still valid. The centre of the G e r m a n  Bight features 
increased  f requencies  of dab afflicted with papi l loma.  This f inding  is further strength- 
ened  by results of Wolthaus  (1984). Dur ing  a period of 20 months, infect ion rates of dab 
with ep ide rmal  papi l loma in  the d u m p i n g  area were consis tent ly h igher  than in  refer- 
ence  areas. This is the area used for d u m p i n g  of wastes from t i t an iumdioxide  production. 
On a wider  geographic  scale, further disease hot spots can be realized. One is located in 
areas in  the relat ive vic ini ty  of the H u m b e r  estuary close to the Dogger  Bank. Other 
locations near  the British east coast off the Tyne  estuary are also characterized by 

increased  f requencies  of dab with ep idermal  papi l loma.  

B i o l o g i c a l  f ac to rs  

Some of the biological  factors to be  cons idered  as b e i n g  possibly involved in  
t r igger ing  the outbreak  of fish diseases are: condi t ion factor (expressing the nutr i t ional  
status of the fish), food, popu la t ion  densi ty  ( inf luencing the spread of a communicab le  
fish disease) as wel l  as the role of fisheries. Below, some informat ion is g iven on these 
factors in  re la t ion to the occurrence and  a b u n d a n c e  of ep idermal  papi l loma in dab. 

Condition factor 

In general ,  d iseased fishes show lower condi t ion  factors than  fishes without  obvious 
indica t ions  of disease;  this has b e e n  demons t ra ted  for plaice infected by tymphocystis by 
M a n n  (1970) and  for u lcera ted  dab by M611er (1981). There  is some indicat ion that a 
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nega t ive  correlat ion migh t  exist  b e t w e e n  the p r e v a l e n c e  of d i seased  dab and a low 

condit ion factor if infect ion rate and condi t ion  of hea l thy  spec imens  are compared  at 
corresponding stations (M611er, 1981). W e d e m e y e r  (1970) draws at tent ion to the import-  
ance of the nutr i t ional  state of the host and to the in teract ion b e t w e e n  nutr i t ional  

def ic iencies  and infectious agents.  Accord ing  to Scr imshaw (1966), synergis t ic  and 

antagonis t ic  interact ions of nutri t ion and infect ion exist. 
In October  1981, condi t ion factors of hea l thy  females  were  t aken  from dab from the 

Dogger  Bank and the German  Bight area for compara t ive  purposes.  In genera l ,  condi t ion  

factors of females  from the Dogger  Bank were  lower  than those recorded  for female  dabs 
from the German  Bight area. In the centre  of the G e r m a n  Bight  e l eva t ed  condi t ion factors 

of dab were  found. In our data, no correlat ion was de tec tab le  b e t w e e n  the p reva l ence  of 
ep idermal  pap i l loma and condi t ion of dab w h e n  these  correlat ions were  ca lcu la ted  for 

the German  Bight and the Dogge r  Bank separately.  

Stomach content 

According to Lee (1972), dab on the Dogge r  Bank might  suffer from starvation, s ince 

the rich biomass ava i lab le  is low in nutr ient  value.  Possibly, this means  that the major  
food sources of dab in that area  are echinoderms.  We inves t iga ted  s tomach contents  of 

dab in May 1983 from stations in the southern North Sea. Thirty fish per  station were  
inves t iga ted  and major  food sources were  recorded.  The  proport ion of dab f eed ing  on 

echinoderms was var iab le  and no consistent  picture  could be ob ta ined  for the area 
covered.  Dab from stations of the Dogger  Bank area  did not  feed  p redominan t ly  on 

echinoderms.  Dab feed on benthos  organisms ava i l ab le  in their  habi ta t  (Kfihl, 1963). 

Regional  differences in s tomach-conten t  of dab wou ld  therefore  ref lect  d i f ferences  in 
abundance  of benthos.  Accord ing  to Ursin (1960), the n u m b e r  of e c h in o d e rm  spec imens  
per unit of area was par t icular ly  low on the Dogge r  Bank. Pe tersen  (1977) found the 

highest  total macrobenth ic  biomass  on the Dogger  Bank as compared  to that of other  

North Sea areas. Similarly,  Rachor (1982) showed  that  the total b iomass  of macroben thos  
on the Dogger  Bank was h igher  than that of other  areas. Ne i the r  lack of food nor 

p redominance  of food organisms low in nutr ient  va lue  would  therefore  expla in  the lower  

condit ion factors of dab from this area. 

Population density 

High popula t ion  densi ty  can faci l i tate  the t ransmiss ion of c o m m u n i c a b l e  d iseases  
and may increase the suscept ibi l i ty  of fish to d isease  due  to stress caused  by c rowding  

(Sindermann,  1979). We therefore  inves t iga ted  w h e t h e r  correlat ions exis ted  b e t w e e n  

infection rates and the popula t ion  densi ty  of dab in our data. Aga in  two typical  examples  

are given, one from June  1982 and one from Janua ry  1983 (Fig. 8). In general ,  the 
populat ion density, expressed  as numbers  of fish caught  per  30 min  of t rawling,  was 

h igher  dur ing the summer  cruise than that  measu red  dur ing the win te r  t rawling.  Dur ing  
summer,  h igh popula t ion  densi ty  was encoun te red  at certain stations wi th in  the German  

Bight, the Dogger  Bank and off the British coast. This impl ies  that  a correlat ion b e t w e e n  
preva lences  of fishes aff l icted wi th  ep ide rmal  pap i l loma  and popula t ion  densi ty  might  

exist. If correlat ions were  ca lcu la ted  b e t w e e n  the two factors for the respec t ive  cruises 

the results were  negat ive .  
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N e t  i n j u r i e s  

Fishing pressure is supposed to be one s ignif icant  stress on exploi ted fish popula-  
tions. One  of the assumptions  heard  in  this context is that in  areas with high f ishing 
pressure infection rates of fishes might  be  h igher  due to net  injuries.  Danish  inves-  
tigators suggested  that  a correlat ion exists b e t w e e n  f ishing activit ies a nd  f requencies  of 
ulcers in  cod from Baltic coastal regions (Milj6-Projekter,  1981). Dur ing  our inves t iga-  
tions we often encoun te red  net  damage  of dab at different stages of heal ing.  We 
invest igated the f requency of these p h e n o m e n a  and  recorded whe ther  fish with hea led  
net injur ies  were otherwise hea l thy  or diseased.  Table  3 lists results for J anua ry  1983. 

Table 3. Limanda 11manda. Diseases in dab with and without healed net injuries (January 1983); 
n = number of individuals examined 

n Epidermal Lymphocystis Ulcerations (%) 
papilloma (%) (%) acute healed 

Fish with healed net injuries 
54 1.85 5.56 0.0 3.7 

Fish without net damages 
7280 2,06 7.95 0.59 2.06 

Altogether 54 fish with hea led  net  in jur ies  and  7280 fish without  net  in jur ies  were 
investigated.  Infection rates for ep idermal  papi l loma and  lymphocystis  and  different 
stages of ulcerat ions were similar.  On ly  for hea led  u lcera t ions  were h igher  p reva lences  
found on fish with hea led  net  injuries.  This  might  be  due to the fact that  the hea l ing  of 
wounds  from net  in jur ies  and  that of ulcers is similar.  The two symptoms might  therefore 
be confused. 

When  l inear  correlations are ca lcula ted  b e t w e e n  the relat ive f requency of net-  
in jured  fishes and  the relat ive f requencies  of d iseased fishes at stations fished in  J anua ry  
1983, these correlations were  posit ive for the three diseases ment ioned .  This might  
indicate that at certain periods of the year  a l ink  exists b e t w e e n  f ishing pressure and  
relative f requencies  of diseased dab. 

The assumpt ion that f ishing pressure plays a role in t r igger ing  disease of dab needs  
to be  subs tant ia ted  b]~ further invest igat ions.  Cons ide r ing  ne t  in jur ies  as a possible  
factor cont r ibut ing  to the outbreak  of disease it should be  me n t i one d  that r egenera t ion  of 
wound  hea l ing  processes in  fish might  be  re tarded in  the presence  of organochlor ines  
and heavy metals (Weis & Weis, 1976). 

C h e m i c a l  fac tors  of r e l e v a n c e  for  t h e  d i s t r i b u t i o n  of d a b  a f f l i c t e d  
w i t h  e p i d e r m a l  p a p i l l o m a  

Since 1969, the centre of the G e r m a n  Bight has b e e n  used  for the d u m p i n g  of 
annua l ly  750000 t of 12 % acid iron wastes from t i t an iumdioxide  production.  Iron 
accompanied  by a variety of heavy  metals  with carc inogenic  potent ia l  - such as 
chromium, m a n g a n e s e  and  t i t an ium - prevails  in  increased  concentra t ions  in  the centre 
and vicinity of the d u m p i n g  area (Weichart, 1975). Concent ra t ions  of ca 1 mg Fe 1-1 



368 V. Dethlefsen 

persist  for cons iderable  periods of t ime in  the d u m p i n g  area. Often Fe concentrat ions in 
bot tom near  waters  exceed those measu rab le  at the surface (Schmidt, 1980; own data, 
Deutsches Hydrographisches  Institut, 1983}. Increased levels of heavy metals  due to the 
d u m p i n g  were also ana lyzed  in  sediments  of the d u m p i n g  area as shown by results of 
three i n d e p e n d e n t  studies (Dominik et al., 1978; Irion, 1982; Haase, 1983). We investi-  
gated whe ther  some of these heavy  metals  might  be  retr ieved from dab tissues. 

Iron in epidermis  

Iron s ta in ing  with Prussian b lue  of paraffin sections of the epidermis  of dab revealed 
the presence  of par t icula te  iron in mucous cells in  the ne ighbourhood  of papil lomas.  This 
could be  demons t ra ted  for fish from waste d u m p i n g  areas (wastes from t i taniumdioxide  
product ion  and  from sewage sludge} in  the inne r  Ge rman  Bight. Iron particles were 
vis ible  in  mature  mucous  cells nea r  the surface in  mucous  granules.  In some cases, iron 
was also present  in the in te rmedia te  layers of the epidermis.  In histological sections of 
fish from other areas of the G e r m a n  Bight (from stations about  80 naut ica l  miles west of 
the Is land of Sylt and  north of the East Fris ian Islands}, iron was detected only in s ingular  
cases in  the ep idermis  of dab  in the above -men t ioned  dis tr ibut ion patterns, i.e. in  
mucous cells. This was also true in  sections from fish from the Dogger Bank area, and 
from stations off the British coast where  iron was found only  in  macrophages  inside the 
stroma u n d e r l y i n g  ep idermal  papi l loma.  

Chromium in l iver  and epidermal tissue 

In J anua ry  1981, l iver and  tissue (dorsal fin) samples  were t aken  from dab caught in 
the G e r m a n  Bight and  ana lyzed  for chromium (Fig. 9). At the stations in  the Elbe estuary, 
chromium values  in livers of dab were e levated  and  there were sl ightly increased 
chromium concentra t ions  in livers of dab from the vicini ty of the d u m p i n g  area for 
t i t an iumdioxide  wastes. 

Highest  chromium concentra t ions  in dorsal fins of dab are carried by indiv iduals  in 
the vicini ty of the d u m p i n g  area. Increased values  were still detected in  fish from regions 
northeast  and  southwest  from this location. Two ways of uptake  of chromium are 
suggested:  (1) Uptake through food resul t ing  in h igh concentra t ions  in fishes in  the Elbe 
estuary; h igh chromium contents  were demonst ra ted  for ophiurids from this area. 
(2) Uptake  through absorpt ion by external  t issues resu l t ing  in  increased epidermal  
chromium in dab from the t i t an iumdioxide  wastes d u m p i n g  area. 

The occurrence of par t icula te  iron in cer ta in  epidermis  cells of dab from the 
d u m p i n g  area, as demonst ra ted  by his tochemical  methods,  shows that iron accompanied  
by the carc inogenic  chromium may in t rude  into sensi t ive target  cells. Leht inen & 
Klingstedt  (1983} detected iron, t i t an ium and  copper in mucous cells of gill epi thel ium of 
the exper imen ta l  fish after exposure to wastes from t i t an iumdioxide  production.  Karjala 
(1980, cited after Pickaver, 1982} found e levated  concentra t ions  of copper, cadmium, 
lead and  zinc in  gills of f lounders  from an  area  where  wastes from t i taniumdioxide  
product ion  are dumped.  T e m m i n k  et al. (1983} demonst ra ted  that chromium exposure 
induced  gill  hyperplas ia  in  trout. McDermott  et al. (1976} ana lyzed  h igher  chromium 
concentra t ions  in  livers and  k idneys  of Dover sole with fin rot as compared to heal thy 
specimens.  
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370 V. De th le f sen  

CONCLUSIONS 

Dab Limanda l imanda and  cod Gadus morhua are  the  spec ies  most  f requent ly  
aff l ic ted wi th  var ious  d i seases  which  somet imes  occur  in ep izoot ic  propor t ions  in the 
Nor th  Sea  (MSller,  1979; Dethlefsen ,  1980; M611er, 1981; W a t e r m a n n  et  al., 1982). The 
a b u n d a n c e  of bo th  spec ies  has  s ign i f ican t ly  i nc r ea sed  in the  southern  North Sea over  the 
last  20 yr  (Cushing,  1983; Tiews,  1983). Reasons  for the  recen t  increase  in a b u n d a n c e  of 
dab  and  cod are  unknown.  Cush ing  (1983) d raws  a t ten t ion  to the  ex i s tence  of long- te rm 
pe r iod ic i t i e s  in p roduc t ion  cycles  in the  Nor th  Sea.  Due to the  inc rease  in numbers  of 
fishes, the  hos t - agen t  re la t ions  for these  two spec ies  must  have  c h a n g e d  dur ing  the last 
20 yr  caus ing  an  i m b a l a n c e  to the  a d v a n t a g e  of the  agents .  

For  the  s ame  per iod ,  s igni f icant  changes  in w a t e r  qual i ty  a re  documented .  For 
example ,  the  concent ra t ions  of nut r ients  in G e r m a n  coas ta l  waters  have  inc reased  
(Gillbricht0 1981). Low d i s so lved  oxygen  s i tua t ions  recur  in bo t tom-nea r  waters  in 
German ,  Dan i sh  and  Swed i sh  coasta l  wa te r s  (Lindahl  & Hernroth ,  1981; Deth le fsen  & 
yon Wes t e rnhagen ,  1983; Dyer  et  al., 1983; Rachor & Albrecht ,  1983). 

A recen t  inc rease  in h e a v y  meta l s  in s ed imen t s  has  b e e n  d o c u m e n t e d  by  F6rstner  & 
P a t c h i n e e l a m  (1981). The  pa ra l l e l i sm  of c h a n g e s  in s tocks  and  in wa te r  qua l i ty  make  it 
a lmos t  imposs ib l e  to de f ine  the  role of the  two factors in the i r  cont r ibut ion  to the  
ou tb reak  of the  d i seases  d i scussed  in this  review.  These  diff icul t ies  are  a gg ra va t e d  by  
the h igh  va r i ab i l i t y  of our  da ta  (Dethlefsen et  al., 1984). The  va r i ab i l i ty  is s igni f icant ly  
in f luenced  b y  the  s easona l i t y  of d i sease  f requencies .  The re  is a lso  a r e m a r k a b l e  haul- to-  
hau l  and  s ta t ion- to-s ta t ion  va r i ab i l i t y  which  is, to a cer ta in  degree ,  supe r impose d  by  
i nd iv idua l  d i f ferences  in the  accuracy  of different  inves t iga tors .  The  s i tuat ion is further 
c o m p l i c a t e d  b y  the  fact tha t  the  a rea  u n d e r  su rvey  is far from b e i n g  homoge nous  in 
hydrograph ica l ,  t opog raph i ca l  or b io log ica l  terms.  Our  assumpt ions  conce rn ing  pol lu-  
tant  g rad i en t s  a re  often over-s impl i f ica t ions .  Whi l e  concent ra t ions  of cer ta in  heavy  
meta l s  in  s e a w a t e r  and  o rgan i sms  are  h igh  in onshore  waters  and  dec rease  wi th  
inc reas ing  d i s t ance  from the  coast  (Harms, 1975; Schmidt ,  1980), cer ta in  h e a v y  metals ,  
e.g. cadmium,  do not  fol low this pat tern ,  b e i n g  more  even ly  d i s t r ibu ted  than  others  
(Schmidt ,  1980}. In r ega rd  to a r sen ic  in f i l le t  of p la ice ,  i nc r ea sed  concent ra t ions  were  
found in fish from offshore reg ions  in the  G e r m a n  Bight  (Andersen ,  1979). Cer ta in  
o rganoch lo r ine  r e s idues  in l ivers  of cod from offshore reg ions  were  much  h ighe r  than  in 
onshore  fish (Kerkhoff et al., 1982). 

Concen t ra t ion  g r ad i en t s  of oi l  and  r e l a t ed  subs t ances  d i s p l a y  unor thodox  pa t te rns  
due  to loca t ion  of p roduc t ion  sites in the  cent ra l  nor thern  Nor th  Sea (Gunkel  et  al., 1980}. 
Fur thermore ,  f igures  for p r eva l ence  of fish d i s ea se s  do not  ind ica te  the  inc idence  at 
wh ich  a d i s ea se  occurs  in a fish popu la t i on  (Wootten et  al., 1982). A low p reva lence  
m i g h t  resul t  from mor ta l i t i es  due  to the  d i sease ,  and  h igh  p r e v a l e n c e s  migh t  occur for 
very  short  per iods ,  e.g. i m m e d i a t e l y  after  po l lu t ion  impact .  

Desp i te  these  uncer ta in t ies ,  our da t a  sugges t  that  l inks  migh t  exist  be tw e e n  
i n c r e a s e d  p r e v a l e n c e  of d i s e a s e d  dab  and  subs tances  d i s c h a r g e d  with was tes  from 
t i t a n iumd iox ide  product ion.  It is poss ib le  that  h e a v y  meta ls ,  i nc lud ing  chromium, are 
invo lved  in a g g r a v a t i n g  p r e v a l e n c e s  of e p i d e r m a l  p a p i l l o m a  in dab.  The  Dogger  Bank 
a r ea  fea tures  excep t i ona l l y  h igh  ra tes  of d i s ea se  in dab,  and  it is one  with  excep t iona l  
combina t ions  of h igh  h e a v y  meta l  concen t ra t ion  (Baker, 1977) and  h igh  concentra t ions  
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of PCB's  (Gaul  & Ziebar t ,  1983). H i g h  f r e q u e n c i e s  of d i s e a s e d  d a b  at s t a t ions  off t he  

Bri t ish coas t  n e a r  h i g h l y  i n d u s t r i a l i z e d  a r e a s  p o s s i b l y  r e f l ec t  t he  d e g r e e  of c o n t a m i n a -  

t ion  of t h e s e  coas ta l  s t re tches .  In m o s t  a t t e m p t s  a t  d o c u m e n t i n g  a r e l a t i o n  b e t w e e n  f ish 
d i s ea se s  a n d  po l lu t ion ,  r e l a t i v e l y  shor t  d i s t a n c e s  w e r e  c o v e r e d  b e t w e e n  p o l l u t i o n  ho t  

spots  a n d  r e f e r e n c e  a r ea s  (M611er, 1981; M c A r d l e  e t  al.,  1982; B u c k e  e t  al., 1983a, b). 

A r e a s  c h a r a c t e r i z e d  b y  h i g h  f r e q u e n c i e s  of d i s e a s e d  d a b  c o i n c i d e  w i t h  l o n g - r a n g e  

t ranspor t  r ou t e s  of p e r s i s t e n t  p o l l u t a n t s  {see K a u t s k y  [1977] for l o n g - r a n g e  t r anspor t  of 
r a d i o a c t i v e  mater ial} .  Th i s  c o u l d  l e a d  to t he  h y p o t h e s i s  tha t  l a r g e - s c a l e  o c c u r r e n c e  of 

f ish d i s e a s e s  re f lec t s  l o n g - r a n g e  t r anspo r t  of po l lu t an t s .  
F r o m  the  i n f o r m a t i o n  at h a n d ,  t h e  f o l l o w i n g  c o n c l u s i o n s  m a y  b e  d r a w n :  (1) In t he  

Nor th  Sea,  cod  a n d  dab  a re  t he  f ish s p e c i e s  mos t  f r e q u e n t l y  a f f l i c t ed  w i t h  e x t e r n a l l y  

v i s i b l e  les ions .  W h i l e  l ymphocys t i s ,  u l c e r a t i o n s  a n d  e p i d e r m a l  p a p i l l o m a s  a r e  t h e  m o s t  

f r e q u e n t l y  o c c u r r i n g  e x t e r n a l  l e s i ons  in  dab ,  p s e u d o b r a n c h i a l  tu rnou t s  a n d  u l c e r a t i o n s  
are  mos t  f r e q u e n t l y  o b s e r v e d  in cod.  (2) S t a r t i ng  in  t he  G e r m a n  Bight ,  a n o r t h w e s t e r n  
t ransec t  up  to 6 0 ° N  a n d  the  H u m b e r  e s tua ry ,  a n d  f rom t h e r e  a n o r t h e a s t e r n  t r ansec t  to 

6 0 ° N  a n d  a r ea s  off t h e  Br i t i sh  coast ,  a r e  c h a r a c t e r i z e d  b y  i n c r e a s e d  f r e q u e n c i e s  of 

d i s e a s e d  dab.  (3) For  e p i d e r m a l  p a p i l l o m a s  of d a b  in  t he  G e r m a n  B igh t  t h e  f o l l o w i n g  
s t a t e m e n t s  c a n  be  m a d e :  ( a ) T h e r e  is a c o i n c i d e n c e  of e l e v a t e d  t u m o u r  ra tes  a n d  

e l e v a t e d  c o n c e n t r a t i o n s  of h e a v y  m e t a l s  in  w a t e r ,  s e d i m e n t s  a n d  f ish  t i s sue  in t h e  

d u m p i n g  a r e a  for w a s t e s  of t i t a n i u m d i o x i d e  p r o d u c t i o n  a n d  its v ic in i ty .  (b) H e a v y  m e t a l s  

w i th  c a r c i n o g e n i c  p o t e n t i a l  w e r e  s h o w n  to b e  p r e s e n t  in  t a r g e t  t i s sues  of f ish f rom the  
s a m e  area .  (c) I n v o l v e m e n t  of t h e s e  s u b s t a n c e s  in  t u m o u r  g e n e s i s  is l ike ly .  (d) D e n s i t y  

d e p e n d e n c y ,  ro le  of nu t r i t i ona l  status,  a n d  the  i n f l u e n c e  of f i she r i e s  on  the  d i s e a s e s  

r e m a i n  unce r t a in .  
T h e  o c c u r r e n c e  of i n c r e a s e d  p r e v a l e n c e s  of d i s e a s e s  of N o r t h  S e a  f i shes  s h o u l d  b e  

i n t e r p r e t e d  as e v i d e n c e  for a n  i n c r e a s i n g  i m p a c t  on  the  loca l  m a r i n e  ecosys t em.  In  v i e w  

of t he  u n c e r t a i n t y  c o n c e r n i n g  the  c a u s e s  of t he  c h a n g e s  o b s e r v e d ,  ca re fu l  a t t e n t i o n  mus t  
b e  p a i d  to m a r i n e  p o l l u t i o n  m a n a g e m e n t .  
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