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ABSTRACT: Invest igations during several  cruises (1979-1981) showed that  Atlantic cod with 
pseudobranchia l  tumours occurred in all areas investigated.  Statistical analysis of data revealed 
that  there was a marked  prevalence  of the condition in the centre of the German  Bight, whereas  a 
lower incidence of the condition was observed on the Dogger Bank, off the Dutch coast and in the 
western  Baltic Sea. The h igher  prevalence  of pseudobranchia l  tumours in the German  Bight 
coincides with a dense  populat ion of cod and  impacts of pollution. 

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

T h e  o c c u r r e n c e  of p s e u d o b r a n c h i a l  t u m o u r s  i n  A t l a n t i c  cod,  Gadus morhua, w a s  first  

r e p o r t e d  b y  P e y r o n  & T h o m a s  (1929). T h e y  r e p o r t e d  two  ca se s  of t h i s  c o n d i t i o n  in  cod  

f rom t h e  F r e n c h  coas t .  L a n g e  (1973) d e s c r i b e d  o n e  d i s e a s e d  cod  c a u g h t  off t h e  w e s t e r n  

coas t  of N o r w a y  a n d  o n e  f rom t h e  Os lo  f jord.  L a n g e  & J o h a n n e s s e n  (1977) c a r r i e d  ou t  

i n v e s t i g a t i o n s  i n  t h e  i n n e r  p a r t  of t h e  O s l o  f jo rd  b u t  r e p o r t e d  n o  i n c i d e n c e .  M o r r i s o n  e t  

al.  (1979) f o u n d  a t u m o u r  p r e v a l e n c e  of u p  to 4 % o n  t h e  coas t  a n d  c o n t i n e n t a l  she l f  of 

e a s t e r n  C a n a d a .  M u r c h e l a n o  & A z a r o v i t z  (1979) m a d e  a f i s h - d i s e a s e  s u r v e y  i n  th e  
n o r t h w e s t  A t l a n t i c  a n d  f o u n d  a b o u t  1 %  a f f e c t e d  cod.  E g i d i u s  e t  al.  (1981) o b s e r v e d  a n  

i n c i d e n c e  r a t e  of 0 .4 -1 .7  % i n  t h e  B a r e n t s  Sea .  T h i s  p a p e r  r e p o r t s  o n  t h e  p r e v a l e n c e  of 

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

a n d  t h e  w e s t e r n  B a l t i c  Sea .  

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

C o d  w e r e  s a m p l e d  f rom t h e  N o r t h  S e a  d u r i n g  c r u i s e s  of RV " 'An ton  D o h r n " ,  i n  

J a n u a r y  a n d  J u l y  1979, J a n u a r y ,  F e b r u a r y  a n d  J u n e  1980 a n d  J a n u a r y ,  M a y  a n d  J u n e  

1981. S a m p l i n g  s t a t i o n s  w e r e  d i s t r i b u t e d  o v e r  a w i d e  a r e a  of t h e  G e r m a n  B i g h t  i n c l u d -  
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ing the dumping  sites of s ewage  s ludge and wastes  from TiO 2 product ion (Figs 1, 2, 4 

and 7). In addition, samples  were  col lected in Dutch and British coastal  waters  and on 
the Dogger  Bank. Samples  from the western  Baltic Sea were  obta ined  in October  1980 

from a cruise of RV "So lea"  (Fig. 3). The data of the cruises January  and May 1981 were  

subjec ted  to the statistical analysis proposed by Cochran (1954). This procedure  of 

combin ing  the analysis of a series of 2 × 2 tables offers the possibi l i ty of tak ing  length  
into account  as an interfer ing variable.  

The  different iat ion of the area under  invest igat ion into regions of h ighe r  and lower  
inc idence  rates was per formed  by means  of the so-cal led s tabi l ized p-chart  (cf. Duncan,  

1974, P. 402). The 1-sigma limits were  chosen as the d i s t inguish ing  features.  If stations 
were  outside the 1-sigma limits, they were  marked  by a plus and a minus  sign 

respect ively.  If a station fell  outside the upper  2-s igma limit, it was provided  with  a 

second plus sign (Fig. 4). Boundary l ines be tween  the sites of h igher  and lower  inc idence  

were  drawn regard ing  the signs of stations lying wi th in  the 1-sigma limits. A more 

de ta i led  descript ion of the methods  of t reatment  of data wil l  be g iven  e l sewhere  
(Dethlefsen et al., in preparation).  

RESULTS 

During the cruise in January  1979, pseudobranchia l  tumours  were  found at only two 
stations out of 35 around the sewage- s ludge  dumping  site wi th  two afflicted cod in the 

German  Bight. On the cruise in Ju ly  1979, 5 tumour -bea r ing  fish were  caught  at 3 

stations out of 61, in the centre  and the nor th-western part  of the German  Bight. On the 

Dogger  Banks, at one station out of 16, two afflicted fish were  found. The  cruise of 

January  1980 gave the first good impress ion of the ep idemio log ica l  si tuation in winter-  
time. Turnout p reva lence  occurred on 18 stations out of 43 with  102 afflicted fish. The  

observed  infection rates were  re la ted to the whole  catches of each  station. The differen- 

t iation of the area under  inves t iga t ion  into areas of h ighe r  and lower  inc idence  was 

performed by means  of the p-chart.  Areas in the North Sea of h igher  and lower  

p reva lence  are shown in Figure  1. The  infection rate of the different  areas is g iven  in 
Table  1. 

Table 1. Prevalence of pseudobranchial turnouts in the North Sea (January and June 1980). 
Infestation rate referred to total of sampled fish 

Areas No. of sampled No. of diseased Mean infestation 
fish fish rate (%) 

J a n u a r y  1980 
North sea 
Area A 4430 82 1.9 
Area B 5984 20 0.3 
German Bight (average) 10414 102 0.9 

J u n e  1980 
North sea 
Area A 2026 63 3.1 
Area B 4013 24 0.6 
German Bight 6039 87 1.4 
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Fig. 1. Areas of higher (A) and lower (B) prevalence of pseudobranchial  tumours in cod from the 
North Sea (January 1980). Explanation of symbols: _ $ Stations outside the 1-sigma limit; + + • 
stations outside the upper 2-sigma limit; @ stations with low number of cod (disregarded w h e n  
drawing the boundary lines, but taken into account for the calculation of significance); o stations 

where no cod were caught; - boundary l ine be tween  areas of higher and lower incidence 

T h e  c r u i s e  in  F e b r u a r y  1980  a l o n g  the  N o r t h  S e a  coas t  from D e n m a r k  to the  
N e t h e r l a n d s  s h o w e d  t u m o u r  p r e v a l e n c e  at 3 s t a t i o n s  out  of 12 in  the  c e n t r e  of the  
G e r m a n  B i g h t  w i t h  5 a f f l i c t e d  f i sh  a n d  at  3 s t a t i o n s  o u t  of  19 n e a r  th e  D u t c h  c o a s t  w i t h  4 
t u m o u r - b e a r i n g  cod.  T h e  c r u i s e  in  J u n e  1980  g a v e  th e  f irst  i m p r e s s i o n  of  the  
e p i d e m i o l o g i c a l  s i t u a t i o n  i n  s u m m e r t i m e  w i t h  t u m o u r  p r e v a l e n c e  at  24  s t a t i o n s  o u t  of  4 5  
i n  th e  G e r m a n  B i g h t  w i t h  87  a f f l i c t e d  f ish.  T r e a t m e n t  of  da ta  a n d  i l l u s t r a t i o n  of  i n f e c t i o n  
rates  i s  g i v e n  in  t h e  s a m e  w a y  for t h e  c r u i s e  i n  J a n u a r y  1980  (Fig.  2 a n d  T a b l e  1). 

In J a n u a r y  1 9 8 0  the  m e a n l e n g t h  of  a f f e c t e d  f i sh  w a s  b e t w e e n  2 6 - 4 0  c m  r e l a t i n g  to 
y e a r  c l a s s  I a n d  II (Lamp,  pers .  comm.) .  In J u n e  1980  it  w a s  b e t w e e n  1 2 - 2 4  cm, r e l a t i n g  to 
y e a r  c l a s s  I, a n d  3 0 - 4 4  c m  r e l a t i n g  to y e a r  c la s s  II. 
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Fig .  2. Areas of higher (A) and lower (B) prevalence of pseudobranchial  tumours in cod from the 
North Sea (June 1980). Por explanation of symbols  see  Pig .  1 

In the  w e s t e r n  B a l t i c  S e a  p r e v a l e n c e  of p s e u d o b r a n c h i a l  t u m o u r s  o c c u r r e d  at 6 
s ta t ions  out  of 21 w i t h  10 a f f l i c t e d  c o d  (Fig. 3). T h e  m o s t  a f f e c t e d  l e n g t h  g r o u p s  w e r e  
b e t w e e n  1 8 - 2 3  c m  a n d  2 9 - 3 1  cm,  r e l a t i n g  to y e a r  c l a s s  I (Lamp,  pers .  comm.) .  T h e  
n u m b e r  of s a m p l e d  f i sh  a m o u n t e d  to 7 3 2 4  s p e c i m e n s  w i t h  10 d i s e a s e d  fish.  T h e  a v e r a g e  
i n f e s t a t i o n  rate  w i t h  r e f e r e n c e  to the  tota l  of  s a m p l e d  f i s h  w a s  0 .14  %. 

In order  to e v a l u a t e  the  e p i d e m i o l o g i c a l  s i t u a t i o n  of  th is  d i s e a s e ,  t a k i n g  l e n g t h  in to  
a c c o u n t  as an  i n t e r f e r i n g  v a r i a b l e ,  the  data  of the  c r u i s e s  J a n u a r y  a n d  M a y  1981 w e r e  
s u b j e c t e d  to s ta t i s t i ca l  a n a l y s e s .  In J a n u a r y  1981,  a tota l  of 9 7 7 5  s p e c i m e n s ,  11 to 100 c m  
long ,  w e r e  caught .  O n e  h u n d r e d  cod  w e r e  f o u n d  to b e  a f f l i c t e d  in  th e  l e n g t h  c l a s s e s  of 
12, 13, 15, 17, 19 - 39,  42,  43 ,  45  - 47,  49  a n d  50 cm. T h e  a g e - l e n g t h  c o r r e l a t i o n  w a s  
1 2 - 3 0  c m  for y e a r  c l a s s  I, 3 0 - 5 4  c m  for y e a r  c la s s  II a n d  4 7 - 7 5  c m  for y e a r  c l a s s  III (Lamp,  
pers .  c o m m . )  T h e s e  l e n g t h  c l a s s e s  c o n t a i n  8002  s p e c i m e n s  w h i c h  e n t e r e d  the  s ta t i s t i ca l  
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Table 2. Prevalence of pseudobranchia l  turnouts in the North Sea (January and  May 1981). 
Infestation rate referred to affected l eng th  groups 

Areas  No. of sampled  No. of d i seased  Me a n  infestation 
fish fish rate (%) 

J a n u a r y  1 9 8 1  
North sea  
Area A 2894 63 2.2 
Area B 5108 36 0,7 
German  Bight (average) 8002 99 1.3 

M a y  1 9 8 1  
North sea 
Area A 4320 107 2.5 
Area B 593 29 4,9 
Area C 410 12 2.9 
Area D 8264 72 0.9 
German  Bight 13587 220 1.6 

a n a l y s i s  ( T a b l e  2). O n e  s t a t i o n  c o m p r i s i n g  o n e  a f f l i c t e d  f i s h  w a s  d i s r e g a r d e d ~  t h u s  99 
diseased f ishes r e m a i n e d  for the process ing of data. The age- leng th  cor re la t ion  was 
17-35 cm for  year  class I, 34-60 cm for  I I  and 56-78 cm for III. The procedure  of 
d i f fe ren t ia t ion  b e t w e e n  areas w i t h  h i ghe r  and l o w e r  inc idence  of d iseased f ishes y i e l d e d  
an area in  the Ge rman  B igh t  (Fig. 4), w i t h  a mean in fes ta t ion rate of 2.2 % in  in fested 
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Fig. 3. Prevalence of pseudobranchia l  tumours  in cod from the wes tern  Baltic Sea (October 1980) 
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Fig. 4. Areas of higher (A) and lower (B) prevalence of pseudobranchial  tumours in cod from the 
North Sea [January 1981). Explanation of symbols  see  Fig. i 

l e n g t h  c l a s s e s .  O u t s i d e  th i s  r e g i o n ,  the  m e a n  i n f e s t a t i o n  rate  w a s  0 .7  %. B y  s ta t i s t i ca l  
c o m p a r i s o n  a s i g n i f i c a n c e  p r o b a b i l i t y  of  c~ < 5 × 10 - s  w a s  g a i n e d  for t h e  d i f f e r e n c e .  T h e  
l e n g t h  d i s t r i b u t i o n  e x h i b i t s  t w o  d i s t inc t  p o p u l a t i o n s  (Fig.  5) a n d  an i n h o m o g e n e i t y  
b e t w e e n  the  a r e a s  u n d e r  c o n s i d e r a t i o n .  M e m b e r s  of  t h e  p o p u l a t i o n  w i t h  th e  s m a l l e r  
m e a n - l e n g t h  w e r e  r e l a t i v e l y  m o r e  f r e q u e n t  in  th e  a f f l i c t e d  a r e a  a n d  v i c e  versa .  Est i -  
m a t e s  of  the  s i g n i f i c a n c e  p r o b a b i l i t i e s  for the  d i f f e r e n c e s  in  i n f e s t a t i o n  y i e l d e d  

< 0 . 0 0 0 2 5  a n d  < 0 . 0 0 0 0 1  for t h e  p o p u l a t i o n s  w i t h  s m a l l e r  a n d  l a r g e r  m e a n - l e n g t h ,  
r e s p e c t i v e l y .  Bo th  p o p u l a t i o n s  c a n  t h e r e f o r e  b e  c o n s i d e r e d  to c o n t r i b u t e  e q u a l l y  to the  
o v e r a l l  s i g n i f i c a n c e .  F i g u r e  6 e x h i b i t s  the  r e l a t i v e  f r e q u e n c i e s  of  i n f e s t a t i o n  for th e  
d i f f e r e n t  l e n g t h  c l a s s e s  a n d  areas .  D e s p i t e  the  l o w  n u m b e r  of  f i s h e s  c a u g h t  in  l e n g t h  
g r o u p s  1 2 - 1 3  cm, t h e  f i g u r e  e x h i b i t s  v e r y  h i g h  i n f e s t a t i o n  ra te s  of 1 6 - 1 7  % in  u n d e r -  
l e n g t h  s p e c i m e n s  of  y e a r  c l a s s  I a n d  II as  w e l l  as c o n s i d e r a b l e  ra te s  (6 %) in  t h o s e  of y e a r  
c la s s  III. 



E p i d e m i o l o g y  of p s e u d o b r a n c h i a l  t u m o u r s  431 

I . . . . . .  L I _ _  I 

t 
i - -  iiiili~i! -- - -  !!iiii~i~i - -  

............ ii:.iliiiiiil ::i= iiii:/, ilililili 
!iiiii: ?::ii iii~iiiiiii iii:i::i i::iiiii :::i::ii 

~. i::~i~)!:: i:::~i i ! ) i  ii:iiii ::::i)iiii::ili 
!ii:.:ii: ~!ii! ~:iiii ~::~i:: iii::i:: i::i:i::ii 

i?iii:: i: iii:iiiiii!i : 
'iii! iii 

t2  15 20  25  30  3B 
Length in cm  

Fig. 5. Frequency distribution. Relative frequencies  of cod not 
tumours in areas A (shaded) and B in relat ion to length  classes, 

5072) 

I I _  t 

 i!iiiiii! i~i~iill !ii!~iil ¸ 

iiiiiiiiiiiiii! 

!i!iiiiiiii!iiil 
iiiiiiiiiiiiiiiiiiii 
~i~iiiiiii!iill 

4O 45 
I 

5O 

suffering from pseudobranchia l  
January  1981 (n A = 2831; n B = 

f t I l 1 . . . . . . .  ~ L  L . . . . . . . .  1 

cJ 

-o 
o 

12 15 20 

iii!iiiiiii~ 
~i!!!!ii!iii! 

!iii!~iiii:l 

 ,iiiil;;il;; :i~}!!!!! 

iiiiiiiiiiii~ 

25 30 35  40 
L e n g t h  in cm 

~5 50 
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In  M a y  1981, 14999 cod  w e r e  c a u g h t  i n  l e n g t h  c l a s s e s  1 1 - 9 3  cm.  T h e  a f f e c t e d  l e n g t h  

c l a s s e s  w e r e :  17 -39 ,  41,  42, 44,  48  a n d  49  cm.  In  t h e s e  l e n g t h  g r o u p s ,  13587 s p e c i m e n s  

w e r e  c a u g h t  w i t h  220 t u r n o u t - b e a r i n g  cod.  T h i s  a m o u n t e d  to a n  a v e r a g e  p r e v a l e n c e  of 

1.6 % ( T a b l e  3). T h e  s t a t i s t i c a l  t r e a t m e n t  of d a t a  y i e l d e d  t h r e e  a r e a s ,  A, B a n d  C, w i t h  
s i g n i f i c a n t l y  h i g h e r  p r e v a l e n c e  {ct < 5 × 10 - l ° ,  < 5 × 10 -1° a n d  < 5 x 10 -6) i n  r e l a t i o n  to 

t h e  r e f e r e n c e  a r e a  D (Fig. 7). S i n c e  o n l y  l ow  n u m b e r s  of cod  w e r e  c a u g h t  a t  t h e  s t a t i o n s  

b e t w e e n  a r e a s  A a n d  B, t h e  b o u n d a r y  l i n e s  i n  t h i s  r e g i o n  a r e  u n c e r t a i n .  P o s s i b l y  t h e  two  

a r e a s  a r e  c o n n e c t e d .  F i g u r e s  8 a n d  9 s h o w  t h e  r e l a t i v e  d i s t r i b u t i o n  of l e n g t h  c l a s s e s  in  
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Fig. 7. Three areas (A, B, C) with significantly higher prevalence of pseudobranchial tumours in cod 
in relation to reference area D (May 1981). Explanation of symbols see Fig. 1 

the inves t iga ted  areas. Spec imens  be long ing  to the o lder  age  group were  more rarely 

caught  in May and, in re la t ion to January,  both year  classes were  b igger  in size. 

The  under leng th  fish of year  class I and II showed the h ighes t  infestat ion rates of 10 
and 16 % (Fig. 10). 

DISCUSSION 

There  are some old reports of except ional  cases of cod with  pseudobranch ia l  
turnouts from the French coast and Green land  waters  (Peyron & Thomas,  1929; s e e  

Egidius  et al., 1981). Ep idemio log ica l  studies were  only carrid out in the Barents Sea, 

where  a p reva lence  of 0.4-1.7 % was found (Egidius et al., 1981), off the coast of eastern 
Canada  with  a p reva lence  of 1 .1-3.1% (Morrison et al., 1979) and in the nor thwestern  

Atlant ic  with a p reva lence  of 1% (Murchelano & Azarovitz,  1979). 
Fish disease surveys in  Pacific areas genera l ly  r evea l ed  h igher  infect ion rates in 

Pacific cod (Gadus macrocephalus). Stich et al. (1976) repor ted  an infect ion rate of 
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Fig. 8. Frequency distribution. Relative frequencies of cod not suffering from pseudobranchial 
tumours in areas C (shaded) and B in relation to length classes (May 1981) (nc = 398; n, = 564) 

2.3-11.4 %. Wellings et al. (1977) found 7.4 % of Pacific cod in the Bering Sea with 
pseudobranchial tumours. McCain et al. (1979) found 1.7 % of Pacific cod and 1.6 % of 
walleye pollock (Theragra chalcogramma) with this condition in Alaskan waters. But, 
excepting the reports of Stich et al. (1976) and Morrison et al. (1979), the distribution 
patterns were irregular and showed no association with environmental contamination. 

As revealed by statistical analysis the distribution patterns of pseudobranchial 
tumours in Atlantic cod from the North Sea (especially of the cruises in January and May 
1981) showed very clearly the prevalence of the disease in coincidence with the 
migratory behavior and the population density. In January, the disease was restricted to 
the centre of the German Bight, whilst in spring the disease was spread over the whole 
Bight. Obviously, this corresponds with the migratory behavior of the whole stock in the 
German Bight (Lamp, 1973) (Figs 4, 7, 11). 

The distribution pattern of pseudobranchial tumours in cod correlates positively 
with the population density. So it can be concluded that it is an epidemic density- 
dependent disease. These results are in accordance with the hypothesis that the 
pseudobranchial tumour is an infectious disease caused by protozoans (Watermann et 
al., 1982). 

From investigations made during the January cruise (1981), the western extent of the 
higher disease incidence seems to coincide with a decrease in population density, whilst 
on the eastern side the incidence decreased despite a high population density (Fig. 4). 
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Fig. 10. Infestat ion rate. Relat ive p e r c e n t a g e s  of cod in areas  A (shaded) a n d  D in re la t ion to l en g t h  
c lasses  found  to be  aff l ic ted (May 1981) (n A = 4320; n D = 8264) 



E p i d e m i o l o g y  of p s e u d o b r a n c h i a l  t u m o u r s  435 

5 ° 

55 ~ 

~ C 

5OE 

6 o 7 ° 8 o 
l 

In migrating O-group 
autumn migration of: 

- . -  age groupI 
. . . . .  out migrating spawners 

summer migration 
............... autumn migration 

I~77777,~ TI 0 2 dumping site 

41-" 

/ 

% 
XX 

"-.. x" i 

\"'-.. ""-, \xx\ \ i // 

"~-.'--~\"~ i ./ --......jj.:. ........... ..... <.::~x + .I _..--- 

/ I I  X ".,~ 
/ "  i i \  

. j " "  i i  \ 
7 I i \ 

• . i i \ 
/ I i " 

/ . . ' / " "  

6 o 7 ° 8 o 
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A p p a r e n t l y ,  the  d e c r e a s e  w a s  no t  d u e  to l o w  sa l in i ty  l e v e l s  n e a r  t he  coas t  (29 %o in  t he  

r e s p e c t i v e  area} b e c a u s e  a f fec ted  cod  w e r e  also found  in  the  Bal t ic  Sea  (in a reas  of 

10-20  %0 salinity}. Th is  s i tua t ion  i n d i c a t e s  that ,  b e s i d e s  p o p u l a t i o n  dens i ty ,  s o m e  o the r  
factors  w h i c h  m a y  f avour  the  o u t b r e a k  of t he  d i s e a s e  shou ld  b e  t a k e n  into  account .  

In fec t ion  w a s  mos t  f r e q u e n t l y  s e e n  in  u n d e r - l e n g t h  f ish of e a c h  y e a r  class.  T h e s e  

o b s e r v a t i o n s  a re  in  a c c o r d a n c e  w i t h  s o m e  repor t s  on t u m o u r - b e a r i n g  cod  f rom the  

A t l an t i c  as  w e l l  as  Paci f ic  O c e a n .  S t ich  et  al. (1976} a n d  M o r r i s o n  et  al. (1979) found  tha t  
tu rnou t  p r e v a l e n c e ,  h i g h e s t  in  f ish of s m a l l  size,  d e c r e a s e d  w i t h  i n c r e a s i n g  l eng th .  T h e  

first au thors  s u g g e s t e d  tha t  t he  p r e s e n c e  of t u m o u r s  m i g h t  i nh ib i t  g r o w t h  and  ma tu ra -  

t ion.  M c C a i n  et  al. (1979) f o u n d  t u m o u r - b e a r i n g  w a l l e y e  p o l l o c k  w i t h  a d e p r e s s e d  
g r o w t h  ra te :  at t he  a g e  of 3 to 5 yea r s  t h e y  w e r e  shor te r  by  15 % t h a n  the i r  cohorts .  Wi th  

r e g a r d  to t he  i n fe s t a t i on  in  f ish of y e a r  c lass  I, it can  be  a s s u m e d  tha t  a l l  t h e s e  cases  are  

f resh  i n c i d e n c e s  for t he  r e s p e c t i v e  year ,  w h i c h  m e a n s  tha t  t he se  s p e c i m e n s  are  n e w l y  

d i s e a s e d  fish. For  t he  i n fe s t a t i on  in  y e a r  c lass  II the  s i tua t ion  is m o r e  diff icult .  T h e r e  are  

s o m e  i n d i c a t i o n s  tha t  t h e s e  a re  f resh  cases  of d i sease ,  too. Very  sma l l  l e s ions  cou ld  also 
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b e  f o u n d  in  th is  y e a r  c lass  a n d  the  i n f e c t i o n  ra te  is t h e  s a m e  or e v e n  h i g h e r  t h a n  in  y e a r  

c lass  I. O n  the  o t h e r  h a n d ,  t u m o u r  v o l u m e  i n c r e a s e s  w i t h  f ish  l e n g t h  up  to y e a r  c lass  I, 

b u t  t he  t u m o u r s  a re  of v a r y i n g  v o l u m e  so t h a t  50 % of t h e s e  f ish  h a v e  m u c h  s m a l l e r  

t u m o u r s  t h a n  t h e i r  cohor t s  (Dorsch,  1981). H o w e v e r ,  e s t i m a t i o n s  of p s e u d o b r a n c h i a l  

t u m o u r - i n d u c e d  mor t a l i t y  a re  ve ry  di f f icul t  to m a k e ,  b e c a u s e  t h e  a g g r e g a t i n g  cod  of y e a r  

c lass  I a n d  II a re  h e a v i l y  r e d u c e d  by  f i s h i n g  i n t e n s i t y  (up to 6 0 % ;  Lamp,  1973). 

F u r t h e r m o r e ,  t he  n a t u r a l  mor t a l i t y  in  p r e r e c r u i t  j u v e n i l e s  is g e n e r a I l y  v e r y  h i g h  (Munro  

et  al., 1980). 

T a k i n g  in to  c o n s i d e r a t i o n  the  fac tors  w h i c h  f avour  t h e  o u t b r e a k  of t he  d i s e a s e ,  

p o p u l a t i o n  d e n s i t y  s e e m s  to p l a y  a d o m i n a n t  role.  A n d e r s o n  (1979) s u g g e s t e d  t h a t  t h e  

d e n s i t y - d e p e n d e n t  n a t u r e  of e p i d e m i c s  is 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  i n c r e a s e d  

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

r a t h e r  t h a n  i n c r e a s e d  t r a n s m i s s i o n  e f f i c i ency  at h i g h  h o s t  dens i t i e s .  As  s h o w n  b y  t h e  

e p i d e m i o l o g i c a l  da ta ,  t h e  s t a r t i n g  p o i n t  of t he  d i s e a s e  a p p e a r s  to b e  l o c a t e d  in  t ha t  a r ea  

w h e r e  t h e  cod  p o p u l a t i o n  a s s e m b l e s  in  w i n t e r t i m e .  W h e n  c o n s i d e r i n g  s t ress  fac tors  

w h i c h  m a y  favour  t h e  o u t b r e a k  of t h e  i n v e s t i g a t e d  d i s e a s e ,  it  s h o u l d  b e  p o i n t e d  out  tha t  

t he  a r e a  of s i g n i f i c a n t l y  h i g h  p r e v a l e n c e  i n c l u d e s  a TiO 2 d u m p i n g  s i te  w h e r e  a n n u a l l y  

750.000 tons  of ac id  i ron  w a s t e  a re  d u m p e d  (Pig. 11). T h e r e f o r e ,  t h e s e  w a s t e s  w h i c h  are  

k n o w n  to b e  h a r m f u l  to f i sh  s h o u l d  no t  b e  d u m p e d .  
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