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In tro d ec Aiora

T h e possib ility  tha t po llu tio n  m ay  c o n trib u te  to  th e  aetio logy  of d isease  in m arin e  fish has 
been  o f  in te rest to  scientists an d  no n -sc ien tis ts  fo r som e tim e, partly  b ecau se  o f concern  
over the  possible co n trib u tio n  o f p o llu tio n -m ed ia te d  d iseases to  fish m orta lity  and  
observed  p o p u la tio n  declines. B u t it has also  b ee n  suggested  th a t fish d iseases m ay be 
su itab le ind icato rs fo r m o n ito rin g  b io log ical effects o f  p o llu tion ; the ir u se  fo r this pu rpose 
is the sub ject o f the  p resen t review.

F ish challenged  by en v iro n m en ta l stressors, inc lud ing  p o llu tio n , resp o n d  in a  num ber 
of specific w ays w hich lead  to  fu n c tio n a l changes in  th e  b iochem istry  an d  physiology o f 
b lood  a n d  tissues, an d  u ltim ately  to  p a tho log ica l changes a t the  o rgan ism al level, te rm ed  
d iseases (S in d erm an n  et al., 1980; W edem eyer an d  G o o d y ea r, 1984). R ecen t research  
has p rov ided  m uch  in fo rm atio n  on  the  toxic an d  patho log ical effects o f know n 
co n cen tra tio n s o f p o llu tan ts , an d  o n  the  m echan ism s o f p o llu tan t ac tio n  in aq u a tic  o rg an 
ism s (e.g . B ayne et al., 1988). A t th e  sam e tim e, ep idem io log ical surveys have a ttem p ted  
to  co rre la te  the  h ea lth  o f m arine  fish p o p u la tio n s w ith the  levels o f  po llu tio n  to  w hich 
they  are  exposed . Such surveys have b ee n  con fined  largely to  the  N orth  S ea an d  asso
ciated  w aters (includ ing  th e  B altic an d  Irish  S eas), an d  to  th e  A tlan tic  an d  Pacific coasta l 
w aters o f  N orth  A m erica .

In this review, we a ttem p t to  su m m arize  th e  progress o f ep idem io log ical research  into 
fish d iseases, and  by do ing  so , to  reap p ra ise  the  p o te n tia l o f using  d iseases o f m arin e  fish 
to  m o n ito r biological effects o f  po llu tion . A fte r d iscussing  in general te rm s th e  criteria  for 
conduc ting  ep idem io log ical surveys, we p rov ide  a n  overview  o f fish d isease  research  and 
then  focus on  the N orth  S ea a n d  associa ted  w aters (Fig. 1) as a case s tudy  fo r the  p u rp o se  
o f evaluation .

D E F I N I T I O N S

E pidem io logy  is defined  as the  s tudy  o f d isease in  p o pu la tions an d  o f fac to rs tha t define 
its occu rrence (T hursfie ld , 1986). Fish ep idem io logy  involves observ ing  fish popu la tio n s 
an d  m aking  inferences from  th e  observations.

T h ro u g h o u t the text the  w ord  ep idem io logy  is used  as a synonym  fo r epizootiology. 
T h e  term  d isease  refers to  patho log ical cond itions, includ ing  those  o f unknow n aetiology. 
T h e  co n cep t o f d isease sup p o ses  the  im p a irm en t o f  no rm al function  beyond a certain  
critical level. In p ractice , how ever, this has n o t b ee n  estab lished  fo r all observed  stages of 
the cond itions norm ally  in c lu d ed  in fish d isease  surveys, w hich are sum m arized  fo r the 
N orth  Sea in Table 1 (fu rth e r  details: M öller and  A n d ers , 1986). F or basic p rincip les of 
veterinary  ep idem io logy  the  rea d er is referred  to  T hursfie ld  (1986 ).

B A C K G R O U N D  T O  T H F .  L I N K  B E T W E E N  D I S E A S E  A N D  P O L L U T I O N

T h e ev idence for a link be tw een  po llu tion  an d  fish d isease m ay be classified in to  three 
b ro ad  categories.

1. H u m an  ep idem io logy  has d em o n stra ted  a  connection  betw een  the  developm ent of 
m alignant tum o u rs  a n d  ex p o su re  to  chem icals o r o th e r  env iro n m en ta l factors.

2. L ab o ra to ry  toxicity  testing  has show n th a t patholog ical cond itions in fish result 
from  exposu re  to  a large a rray  o f  chem ical agents.

3. M any  chem ical p o llu tan ts  have toxic, im m unogenic , te ra togen ic , carcinogenic a n d /  
o r im m unotox ic  effects o n  lab o ra to ry  anim als. T h e  co n cen tra tio n s o f several o f these
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have reached  sub -le tha l effect levels in es tu a rin e  an d  coasta l areas (D e th le fsen  and  Tiews,
1985).

T H E  C O N C E P T  O F  A M U LTI  F A C T O  R I A L A E T I O L O G Y

A lth o u g h  m ost d iseases w ere o n ce  reg a rd ed  as hav ing  single causes, the  m ultifactorial 
ae tio logy  o f d isease  is now  generally  ap p rec ia ted . T h e  dev e lo p m en t o f d isease in an 
o rgan ism  has a  n u m b e r o f causes, each  som etim es classified as d irect o r ind irect, though 
in p rac tice  it is a lm ost alw ays possib le to  iden tify  in te rm ed ia te  stages in th e  causal chain. 
T h e  associa tions b e tw een  causes can  b e  v iew ed in tw o ways, p roducing  tw o causal m odels 
(T hursfie ld , 1986).

In the  first m odel, causes are classified in to  tw o types: ‘sufficient’ an d  ‘necessary ’. A 
cause  is su ffic ien t if, w hen allow ed to  o p e ra te , it inevitably  p roduces an effect: a sufficient



Ta
bl

e 
1. 

Su
m

m
ar

y 
of 

sig
ns

 
of 

the
 

im
po

rt
an

t 
di

se
as

es
 

di
sc

us
se

d.

4 I/e thaak  a n d  ap R heina llt

too

<3
-S3

i

. .  e
D
^  C 

?  M  Ul
.E <u

-  E E 73 S « h «J Ü ■<r x  x  
>> 00 cd

x- "3 
« b
>

_>ï
3
S > o  c

CU 4)

x0)
c3

0 0  ._ rO cd
.2 'Cçu c

cd
X  X  
u  _X -S
e  's

U

c
.2
'1  « 
8 I
cd cd

S I

i fO
> .5

£  5  S
.E « c«

55 C  h
U-» *_• > c»« (U "O 3
C L  C  od  oo

€

U
•S t» 3

ë  c
£  ««  •? o 
'3  a
I l s

l i i& I  s
X  cd

«  ’S u
tu
E

00

tu
E

oo

03
Ca
S

x
cd

X
ao
E
Eo

O

°o
3

. 3

u
X 3
a
3

■so
S

O- a  ^
O  °P
X  • 
O -

3ÖO33
. 3

3ÖO3

CUo>-<3
UJ

03
C
3OX X i 

cd 
"°

5 ^  °
6  3 I
w ^  8

3XO
C

c
tu
3cr
«I
.S
oc

XXtu
73 «  .2 
C  X  >  

.2 g X
M  t í  C  G d  S U  . g
E -* 35.S 00 x

X u « «
-co 'S  .S

¥¡ — 
s  e-

X i  u  
u  X

•S2 >T* 3 S",

I  «  

I  G
V-< _
°  X  u  -2  M "

X
3O
E
c

00 Xu
3

XO
C
U

X
5
6  U 
>X

C  X  
cd C/0

« L
X  'U 
U  D, 

.22 ^  
E  G ,

-S c
1  C 
>  cd

O G 
U  X  X 00 

X  U
^■S 
«  SX  O

u
E
°  2 
3  £

U  oo X 00 X  U
w 00
0/0 o
o  2  <uCU CU op 
M «  S  ■- cd M 

• —i oo cd
■- -2 E 70'  X. o

X

.3 h s  x

c
.2
ju S■—1 cdC/5 O 
3 ^  2  S
cd O  
E  U 
O  X

- —  U
¡3 a  a

3  > ,  cd X X X
X  cd 
cd u  

X  C

S
3

_ >o
V -°

X  Xo  u  «u 
0 X 3  

X  G  00 x  d  00

S t  o 
•i  s  s
u x  3 ■— c u
E 03 c

X  U oy3 s  0X g c r i  ^ • S U  o  C

■2
Q

ox
X

!

3
E_o

3c
2
Oß

"cdu00

3
XX

?o
XX
33

U
c
XUi

nu
tri

en
t 

en
ri

ch
m

en
t, 

un
de

rn
ou

ri
sh

m
en

t 
an

d 
to

xi
ca

nt
s



Fish diseases a n d  N orth  Sea  po llu tio n

3
C

'J 200
d>
<D

CO

C
soc
■a
D

bO
C

•C3"O
T 3
d)
O
3

T 3
C

<D
« -£P<U 33 
0 0  3  
3  , o
3  g 
1 3  3  

c  M
3  3

1 O
T3 1«c3C  «

d> o  G

3  C 
'oo ™

S -aá  I

c  co  g

D  D  . S  D-,

CL,

_>>
Io
03

-O
O

2
°- 1?  
I  aS 55
M O

a  .s
C E
1  5  fe .a

2a.

20
d) M
°- Sco *a u c

i l°  E<U G  
Ci. 3
«  <U 

^ 2

1  [3

13

«  a 
-SS CL
^  o
<3 c
2 S

i , S

2 £  
S. 5

(U
-G

CL

•o
G3

WVJ i"  C4-Í V-
°  c  2  
§  «  G
• ê s «
3  3 ¡  d)
è  G  £
U 1) ^
C % °

Q 5  °

3
CL
3
CL

1 3

G
3d)
CL
2
3

ttl

aj
CL
-a<u
oí

CL
23
U

GO
■a
3

3
u

a  3

W S

à -a
•§ .Jdj - g

8 ~
■ g i l
°  ^  g 
“ s  B

-  CL -
S 3  .¿o

' e  »  sa  P ?
^  -C Sa o3 -c 

Cr- cl

<u ■a c
CL 3

Ü
T 3

CL
O

3  '5 b

3  ?  
U .2,

T 3
O
U

3
L,
U

I /]
3  G  

3 3  3  _0 00 
L«

ë  °
d> 3

- 5 b  Sc  u
c/j

1 1
cCL, O

CL

ta

U  E

b «  ík
'5 b  
<+-, 

3  °
CL M  

C

d)
*

CO

g * !
. 3  I

■S 2
*  o aj -a
g1 S
-J O-

G
. O
' 3
2«
Gta

c
E

o
CL
33
Dá

3
00
G

'C
CL

CO

_d>

~3
T JO
G

CD

■6
G

2
-Do33
3
U
00

CL,

Ces-c
&

jP
>< O



6 IZethaak a n d  ap  R h e in a llt

cause alm ost always com prises several co m p o n en t causes, an d  thus d isease  is m ulti
factorial. A  particu la r d isease  m ay b e  p ro d u ced  by d iffe ren t sufficien t causes; if these 
have a particu la r co m p o n en t cause  in com m o n , it is te rm ed  a necessary cause . A cting  in 
iso lation , how ever, this necessary  cau se  does n o t inev itab ly  lead  to  d isease. W hen 
d iseases a re  classified by ae tio logy  th e re  is o ften , by  defin ition , a  necessary  cause.

T h e  second  causal m odel views d irec t an d  ind irect causes as a cha in  o f  ac tions, w ith 
the  la tte r ac tivating  the  form er. S everal fac to rs can  ac t a t th e  sam e level, a n d  th e re  m ay be 
several levels in th e  hierarchy, p ro d u c in g  a web o f  causa tion . A gain , d isease  is m ulti
factorial.

T h e  different co m p o n en t causes, o r  risk fac to rs as they  are  also  te rm e d , can  be 
classified accord ing  to  the  w ay in w hich they  co n trib u te  to  d isease  (T ab le  2). It sho u ld  be 
n o ted  tha t these fac to rs a re  frequen tly  assum ed  o r  expected  to  o p e ra te  b u t th a t their 
o p e ra tio n  m ay n o t have b een  d em o n s tra te d  fo r p a rticu la r d iseases. N evertheless, na tu ra l 
variability  in  d isease o ccu rren ce  is co nsiderab le , an d  ep idem io log ical research  m ust take 
this in to  acco u n t w hen  a ttem p tin g  to  assess th e  lo n g -te rm  effects o f po llu tion .

T h e  o u tb reak  o f m any  d iseases o f m arine  fish d ep en d s  on  th e  p resence  o f  infectious 
p a th o g en ic  organism s such as v iruses , bac te ria  o r  parasites (M ölle r an d  A n d ers , 1986). 
B ut o th e r  env ironm en ta l factors, such  as po llu tion , m ay  be requ ired  befo re  th e  d isease 
can  develop . In princip le, p o llu tan ts  m ay red u c e  d isease  resistance by  causing  physio
logical stress, o r  they  m ay increase th e  n u m b e r a n d  activity  o f in fec tious organism s, 
causing  a  h igher in fec tion  pressure.

A lternatively , p o llu tio n -in d u ced  stress m ay lead  to  dam ag e o f  a  n o n -in fec tio u s  natu re , 
such  as certa in  types o f tum our, liver o r  gili abno rm alities , an d  skeletal defo rm ities. T h e  
ev idence  im plicating  chem icals in th e  aetio logy  o f som e o f these  cond itions is strong , bu t 
rarely  have infectious agen ts been  d isco u n ted  as co m p o n en ts  o f th e ir  sufficient causes.

G eneral criteria for the use o f  ep id em iologica l surveys

Fish d isease  stud ies can  b e  d iv ided  in to  tw o m ajor categories based  on  th e ir  p rincipal 
objectives. T h e  first ty p e  addresses th e  d isease  a n d  its effects directly, w hile th e  second  
a ttem p ts  to  use d isease  as an  in d ic a to r  o f  env ironm en ta l param ete rs. T h e  constra in ts  
im posed  by  th e  d iffe ren t objectives o f  the  tw o ca tegories are d iscussed by  M cV icar
(1986 ).

T h e  p resen t review  is co n cern ed  on ly  w ith stud ies in the  la tte r  category, w hich try  to 
qu an tify  th e  occu rrence  o f d isease  (also  te rm ed  m orb id ity ) and  to  establish  re la tionsh ip s 
w ith  po ten tia l causal factors. A s a  basic p rem ise, it is supposed  th a t th e  ra te  o f  o ccu rren ce  
o f d isease  in a  p o p u la tio n  (its incidence) is re la ted  to  exposu re  to  po llu tion  o f ind iv iduals 
in th a t p o pu la tion . F ie ld  stud ies  then  m ake  certa in  assum ptions , two o f  th e  m ost 
im p o rta n t being th a t the  frequency  o f a  d isease  in a  sam p le  o f fish from  th e  p o p u la tio n  
(its prevalence) can  be used  as a n  ind ication  o f  its inc idence, an d  th a t the exposu re  o f  fish 
to  po llu tio n  can  b e  in ferred  from  m e asu rem en ts  o f co n tam in an t levels. T h ese  assu m p 
tions a re  d iscussed below.

L I M I T A T I O N S  O F  E P I D E M I O L O G I C A L  S U R V E Y S

E pidem io log ical research  in to  fish d isease  is in general fa r m ore difficult than  in terrestrial 
anim als, particu larly  as regards access an d  o p era tio n . Som e o f these  d ifficulties are 
com m on  to m ost m arine  research  th a t requ ires a vessel, w here the  sam pling en v iro n m en t
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T able 2. Som e potential factors determ ining the occurrence o f fish diseases.

7

E xternal environm ent

Physicochemical and biological factors
C hem ical pollutants (heavy metals, organic m icropollutants such as PCBs an d  PAHs) in water, 

sedim ent and food 
Sedim ent com position; currents 
T em perature, salinity, pH  
Oxygen deficiency 
N utrient enrichm ent (eutrophication)
Bacteria, viruses, other microbes and pluricellular parasites 
Algal toxins 

G eographic location 
Food supply
Fisheries (habitat destruction, net injuries)
Population density 
Selection pressure 
C om petition

H ost factors and  internal environm ent

L eng th /age
Sex
G enetic m ake-up
Physiological factors (osmotic regulation, growth etc.)
N utritional condition (dietary patterns)
M ovem ent (spawning or other migrations and local displacem ent)
H orm onal factors 
Im m unological factors
Behavioural stress (spawning, feeding, social)
Bioaccum ulative capacity (in fatty tissues such as liver)
Processes o f detoxification and activation (M FO * enzym e system)
Processes o f pathogenesis/carcinogenesis

Temporal factors

D uration and intensity of exposure to disease risks 
L atent period o f disease 
C ohort history

*M ixed-function oxidase (Stegem an and K loepper-Sam s, 1987).

c a n n o t b e  d irectly  visualized , an d  w here d ifficu lties m ay b e  faced  in carry ing  o u t in tricate  
la b o ra to ry  techn iques (M cV icar, 1986).

Special fish d isease  cruises are very  costly, th e re fo re  regular epidem iological w ork 
o ften  fo rm s p a r t o f  ro u tin e  biological surveys (D e th le fsen  e ta l., 1986). T hus there m áy be 
restric tio n s o n  th e  choice o f the areas an d  th e  h an d lin g  o f fish, an d  a  certain  loss of 
co n tro l over sam pling  is o ften  inev itab le (M cV icar, 1986). N evertheless, record ing  of 
d isease  d u rin g  s ta n d a rd  stock assessm ent cru ises  is po ten tia lly  useful because the d isease



8 V ethaak a n d  ap R heina llt

data  can  th e n  be d irec tly  re la ted  to  o th e r  p a ram ete rs  o f the popu la tion  (E g id iu s , 1983; 
B anning , 1987; B ucke an d  S tokes, 1988). F u rth e rm o re , B ann ing  (1 9 8 7 ) h a s  show n that 
p reva lence values derived  from  stock assessm ent cru ises agree well w ith th o se  o b ta in ed  
by special fish d isease  cru ises in the sam e area.

A n o th e r  lim ita tion  concerns the  use o f  p revalence as a m easure o f the o ccu rren ce  of 
the  d isease. T h e re  is a fu n d am en ta l d istinction  be tw een  p revalence an d  inc idence  (M unro  
et al., 1983), an d  it is th e re fo re  su rp rising  th a t som e investigators still re fe r  to incidence 
w hen p revalence is m ean t. Incidence m easu res the  ra te  o f  occu rrence  o f  new  cases of 
d isease, w hile p revalence is a  function  bo th  o f th e  n u m b e r o f ind iv iduals tha t have 
beco m e d iseased  in the  past, an d  of the d u ra tio n  o f th e  signs. E ven  if the inc idence  o f a 
d isease is low, p revalence m ay still be high if the  signs a re  long-lasting . V ery little 
in fo rm ation  is ava ilab le on incidences o f  d iseases a n d  on m orta lity  ra tes an d  recovery 
rates; in the ab sen ce  o f th is  in fo rm ation , the  search  fo r  links w ith po llu tion  m ust be based 
on  p revalence d a ta  as an  app rox im ation  to  incidence.

C R I T E R I A  F O R  E S T A B L I S H I N G  C A U S E - E F F E C T  R E L A T I O N S H I P S

A ccord ing  to  P eters et al. (1 9 8 7 ), several general ep idem io log ical p rincip les can  be 
ad a p te d  to  fish d isease  research  as follow s, the  p robab ility  tha t po llu tio n  is a cause  of 
d isease increasing  w hen  tw o o r m ore o f these  c riteria  a re  fulfilled.

1. T h ere  is a co rre la tio n  be tw een  d isease p revalence an d  the  d istribu tion  o f a p o llu tan t 
w ithin a  relatively sm all area.

2. T h ere  a re  para lle l tendenc ies for changes in  d isease p revalence a n d  changes in 
po llu tion  level o v er a  long  period  o f tim e.

3. T h e  d isease  occu rs regularly  in heavily  p o llu ted  w aters, b u t is se ldom  if ever 
en co u n te red  in ‘c lean ’ w aters.

4. F ield d a ta  a re  co n firm ed  by long -te rm  experim en ts.
5. A  red u c tio n  in th e  level of po llu tion  results in  a  dec line  in the p revalence of disease.
6. D isease p revalence is re la ted  to  b ody  bu rdens o f po llu tan ts .

Som e o f these  c riteria  (1 , 3, 6) refer to  spa tia l v a ria tio n  in d isease p revalence and 
po llu tion , o th e rs  (2 , 5, an d  again 6) to  tem p o ra l varia tion . In practice , individual stud ies 
m ay add ress spa tia l o r  te m p o ra l varia tion  o r bo th , an d  m ay o r m ay n o t be accom pan ied  
by experim en tal w ork  (4).

S patia l o r  te m p o ra l v aria tion  m ay b e  in ferred  from  a m in im um  of tw o sam pling 
locations o r occasions betw een  w hich d isease p revalence d iffers significantly; if a fac to r is 
p resen t a t o n e  loca tion  o r  o n  one occasion , a n d  ab sen t from  the  o ther, this is taken  as 
ev idence th a t the  fac to r is causal. Such a co m p ariso n  (know n  as th e  m e th o d  df 
d ifference) suffers from  th e  p rob lem  th a t m any fac to rs o th e r  than  the  postu la ted  causal 
fac to r m ay vary  sim ilarly. If prevalence is es tim ated  a t several locations o r on  several 
sam pling  occasions, a  p o ten tia l causal fac to r m ay b e  fo u n d  w hich show s a  pa tte rn  of 
con tin u o u s v aria tion  co rresp o n d in g  to  a sim ilar p a tte rn  o f d isease  frequency: this (the 
m e th o d  o f co n c o m itan t v a ria tion ) p rov ides stronger ev id en ce  fo r a causal rela tionship .

C R I T E R I A  F O R  F I E L D  S U R V E Y S

In ad d itio n  to  the  g enera l lim ita tions described  above , specific c riteria  can be app lied  to  
field  surveys th a t aim  to  re la te  spatial o r tem p o ra l p a tte rn s  in d isease prevalence to 
po llu tion .
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A ccu ra cy  a n d  precision o f  preva lence values

E pidem io logy  aim s to  d e te rm in e  the  o ccu rren ce  of d isease in a defined  s tudy  popu la tion . 
In fish d isease surveys, th e  s tu d y  p o p u la tio n  is usually  the p o p u la tio n  o f  a  single species 
inhab iting  a given location  a t a  given tim e. N either ‘loca tion ’ n o r ‘tim e’ a re  form ally  
d efined , and the  ab so lu te  size o f the  p o p u la tio n  is frequen tly  unknow n . It is usually  left to 
th e  ju d g em en t o f the  researcher to  d ec id e  th e  area  fished a t each  sam pling  sta tion , while 
th e  num bers o f tow s (an d  h en ce  the  d u ra tio n  o f fishing) is o ften  a function  o f  the  desired  
sam p le  size.

T h e  accuracy  a n d  precision  o f p revalence estim ates d ep e n d s  on  th e  p rocedu res for 
sam pling  and  diagnosis a s  well as o n  the  sam p le  size. O th e r  sources of b ias an d  variability  
m ay exist, fo r exam ple  in th e  analysis o f h isto logical sam ples, b u t the re  is no  in fo rm ation  
on  the ir im p o rtan ce  in fish d isease  surveys.

S a m p lin g  procedure  T h e  catch  is a  b iased  sam ple  o f th e  p o p u la tio n  b ecause the  gear is 
selective an d  sm all fish, fo r exam ple , m ay n o t b e  cap tu red . T h e  effects o f m esh size can 
b e  acco u n ted  fo r easily  by  ca lcu la ting  length-specific  p revalences, b u t it has also  been  
suggested  th a t d iseased  a n d  hea lthy  fish m ay d iffer in  the ir catchability , accord ing  to  the 
ty p e  o f gear u sed  (D e th le fsen  et al., 1986; A n o n ., 1989). H ow ever, N ielsen an d  
M ellergaard  (1 9 8 4 ) show ed  th a t the  use o f  tw o d iffe ren t types of rigging on  the  sam e 
traw l h ad  no  effect on  ca lcu la ted  d isease p revalence in p la ice ( Pleuronectes platessa, 
P leu ro n ec tid ae) a n d  co m m o n  d a b  ( L im a n d a  lim anda, P leu ronec tidae).

T h e re  is ev idence th a t d isease  d istribu tion  (as well as host d istribu tion ) can  b e  ra the r 
patchy, resulting  in  co n sid erab le  h au l-to -h a u l varia tion  (D e th le fsen  et a i ,  1984; N ielsen  
an d  M ellergaard , 1984). D eth lefsen  et al. (1 9 8 4 ) conc luded  th a t accep tab le  strateg ies 
w ere to  carry  o u t m u ltip le  sam pling  a t each  sta tion , o r to  sam ple  repea ted ly  over a 
n u m b e r o f years; single a n d  u n rep e a te d  sam pling  w ould give only  a very rough estim ate 
o f  d isease p revalence in certa in  areas. O n  th e  o th e r  han d , M cV icar et al. (1 9 8 8 ) rep o rted  
on ly  low  h au l-to -h au l variab ility  in  th e  p revalence o f d isease affecting several species 
traw led  a t locations o ff S co tlan d . T h is  sub ject requires fu rth e r  study  (A n o n ., 1989).

Finally, the  ca tch  m ay n ee d  to  b e  subsam pled  befo re  exam ination . T h e  subsam pling  
p ro ced u re  m ust ensu re  th a t d iseased  ind iv iduals a re  n e ith e r m ore nor less likely than  
hea lthy  ones to  b e  chosen , w h e th e r by v irtu e  o f  their size o r  o f any  o th e r characteristic .

D iagnostic  variability  S ystem atic bias in d isease  diagnosis betw een  observers, arising 
p artly  from  differences in experience, is know n to  exist, an d  the  im portance  o f train ing  
has been  stressed (D e th le fsen  e t al., 1984, 1986). It has b een  suggested th a t supposed  
long -te rm  increases in  d isease  p revalence cou ld  b e  arte fac ts  arising from  increased  
ex perience  o f th e  investigator, w hile the  valid ity  o f com parisons am ong  d ifferen t a u th o rs ’ 
d a ta  cou ld  be d oub tfu l (M öller, 1988).

R andom  varia tion  d u e  to  light cond itions, w eather, and  a lertness can obviously  occur, 
even w hen  the sam e o b serv er is involved. T h e  stud ies o f D eth lefsen  et al. (1 9 8 4 , 1986) 
fo u n d  th a t a p ro p o rtio n  of d iseased  fish was overlooked  du ring  a single inspection ; this 
w as h igher fo r lym phocystis th a n  fo r o th e r  m ore  easily d e tec ted  cond itions such as ulcers. 
D eth lefsen  et al. (1 9 8 4 ) reco m m en d ed  a  m in im um  hand ling  tim e per fish to g e th er with 
cross-checking  p ro ced u res  to  m inim ize ind iv idual differences betw een  observers. M ore 
recently , clearly  defined  c rite ria  ( ‘cu t-o ff’ po in ts) fo r record ing  certa in  d iseases have been 
reco m m en d ed  in an  a t tem p t to  reduce d iagnostic  variability  (A n o n ., 1989).
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S a m p le  s ize  T h e precision o f an  es tim a te  o f p revalence will im prove w ith increasing 
sam p le  size. Very large sam ple sizes m ay  b e  requ ired  to  es tim ate p rec isely  the prevalence 
o f m any  rou tinely  investigated  d isease  signs th a t affect only a sm all p ro p o rtio n  of the 
p o p u la tio n . T h e  object o f m ost s tu d ie s  is to  d e tec t spatial o r te m p o ra l differences in 
p revalence, an d  therefo re sta tistica l gu idelines fo r necessary  sam p le  sizes need  to  
in c o rp o ra te  the  likely prevalences a t  each  site, the m agn itude o f the d iffe rences one 
w ishes to  de tec t, and  th e  co n fid en ce  level. In p rac tice , this is se ldom  d o n e , though  som e 
exam ples fo r single sites w ere given by D eth lefsen  et al. (1 9 8 6 ); in stead , p ractical 
co n s tra in ts  o r the ju d g em en t of th e  researcher d e te rm in e  sam p le  sizes. R ecom m ended  
sam p le  sizes for stud ies o n  d ab  a n d  E u ro p e an  f lo u n d er (P la tich thys fle su s , P leu ro n ec
tid a e )  in th e  N orth  Sea area (A n o n ., 1989) are , fo r external d iseases, a m in im um  o f 100 
fish p e r site  in each o f tw o 5 cm  leng th  classes, an d  a  m in im um  o f 50 fish  p er site in a 
th ird , la rger leng th  class.

Possible causa l fac tors o ther th a n  p o llu tio n

It can  b e  d ifficult in fish d isease  s tu d ies  to  e lim in a te  causal fac to rs o th e r  than  pollu tion  
tha t m ight equally  well p ro d u ce  th e  ob serv ed  p a tte rn  o f  d isease frequency . C onversely , 
o th e r  (n a tu ra l)  causal fac to rs co u ld  ob scu re  w eak  rela tionsh ips b e tw een  disease and  
po llu tion . It is unrealistic  to  a ttem p t to  m easu re  all po ten tia l causal variab les (T ab le  2) 
d u rin g  th e  course  of any  study. In stead , an  a  p rio ri selection o f po ten tia lly  im portan t 
fac to rs  is o ften  m ade; in ad d itio n  th e  design o f the  sam pling p rog ram m e m ay ensu re  tha t 
ce rta in  fac to rs do  n o t vary.

M ea su rem en t o f  im p o rta n t fac to rs  T h is  involves an  initial cho ice -  b ased  on  experience 
an d  on  th e  results o f p rev ious stud ies -  o f fac to rs fo r direct m e asu rem en t. D a ta  analysis 
can  th e n  exam ine their possib le effects. B oth  h o st an d  env ironm en ta l fac to rs  (T ab le  2) 
m ay b e  m easured .

It has been  recognized fo r som e tim e th a t varia tion  in d isease  frequency  w ith host size 
a n d  sex  can  be great, an d  th a t they  sh o u ld  b e  reco rded  rou tinely  in all stud ies (A n o n ., 
1989). O th e r  frequen tly  m easu red  h o st characteristics inc lude p o p u la tio n  density, 
n u tritio n a l o r rep roductive  s ta tu s , an d  age. It has b een  suggested  tha t age m ay be a  b e tte r  
p red ic to r  o f  the p revalence o f som e d iseases than  size (M ellergaard  and  N ielsen , 1985), 
an d  th u s  differences in  a g e -len g th  re la tionsh ip s could  explain  som e observed  spatial 
d iffe rences in d isease p revalence (A n o n ., 1989; V ethaak  an d  M eer, 1991). H ow ever, the 
p ro d u c tio n  of le n g th -ag e  keys is lab o u r in tensive a n d  costly, a n d  so fa r has se ldom  been  
a tte m p te d  in fish d isease studies.

C om m only  m easured  en v iro n m en ta l a n d  host fac to rs include salinity, w ater te m p e ra 
tu re , sed im en t com position , food  supply, co n d itio n  factor, and  net injuries, used  by som e 
au th o rs  as an index  of fishing activities. A  provisional list o f variab les th a t shou ld  be 
m e asu red  in d isease stud ies  is given by A n o n . (1989 ).

D esign  o f  the  sa m p lin g  p rogram m e  M ost sam pling  p rogram m es recognize, im plicitly  or 
explicitly , the  possib le in fluence o f ce rta in  fac to rs o n  d isease prevalence. M ost obviously, 
sam p lin g  is usually  lim ited  to  se lected  d iseases an d  host species, the  d a ta  fo r w hich are 
an a ly zed  separate ly  b ecau se  fish species d iffe r in the ir susceptib ility  to  d ifferen t diseases.

T h e  p revalence o f  m any d iseases is k n o w n  to vary  consisten tly  from  season  to  season, 
w ith  th e  result th a t in te ran n u a l co m p ariso n s m ay b e  restric ted  to  sam ples ta k en  a t the
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sam e tim e o f  year (D e th le fsen  e ta l . , 1984; V ethaak , 1985). In stud ies la s tin g  m any years, 
th e re fo re , sam pling  sh o u ld  be ca rried  o u t d u rin g  a  lim ited  p erio d  in the  sa m e  season  each 
year.

It has also  been  suggested  th a t p reva lences m ay  differ in d iffe ren t genetic stocks even if 
all e n v iro n m en ta l fac to rs are constan t, inva lida ting  d irec t com parisons o f  prevalence 
values over large d istances. A  co ro llary  o f  this n o tio n  is th a t, in th e o ry  a t least, a 
p o p u la tio n  w ith  a low  ‘b ackg round’ p revalence o f d isease m ay b e  affec ted  by pollu tion  
and  yet still show  a  p revalence low er th a n  th a t in fish from  a heavily  d iseased  ‘clean’ area 
(M cV icar, 1986; M cV icar e t a l ,  1988).

M ore  generally , it has b een  reco m m en d ed  th a t sam pling  locations shou ld  be chosen  to  
resem ble each  o th e r  as m uch as possib le in te rm s o f b io logical, chem ical an d  physical 
p a ra m e te rs  th a t m ay  po ten tia lly  in fluence d isease  p reva lence  (D eth lefsen  et al., 1986; 
M cV icar et al., 1988; A n o n ., 1989). T h is  p resupposes, how ever, th e  availab ility  o f a 
co n sid erab le  a m o u n t o f in fo rm ation  a b o u t th e  sam pling  locations.

M ea su rem en t o f  exposure o f  th e  s tu d y  p o p u la tio n  to  p o llu tio n  In  ce rta in  cases, for 
exam ple  n e a r  know n  p o in t sources o f po llu tion , d is tan ce  from  the po llu tion  source m ay 
b e  used  as an  ind irect index  o f exposure . N evertheless, it is clearly  d es irab le  to  m ake 
d irec t m easu rem en ts  o f po llu tion  in any  s tudy  o f  fish d isease. T his p rac tice  allows 
a ssu m p tio n s a b o u t exposu re  to  p o llu tan ts  a t the  c a p tu re  location  to  be verified.

M easu rem en ts  a im ed  at quantify ing  th e  d eg ree  o f po llu tio n  m ay b e  m ade  on  the 
tissues o f  th e  fish or, in principle, o n  th e  w a te r  co lum n , sed im en ts, o r o th e r  biota. T h e  
variab les to  b e  m easu red  will d ep e n d  on  th e  n a tu re  o f th e  im p o rta n t sources o f po llu tion : 
ana lyses o f heavy  m eta ls  an d  organ ic co n tam in an ts  a re  freq u en tly  inc luded  in  the  list. T h e  
c o n c en tra tio n  of these  substances is usually  in te rp re ted  as a  general index  o f  exposure to  
p o llu tan ts  ra th e r  th an  as a d irect ind ica tion  o f cau sa tio n  by  specific toxic chem icals. 
R ecently , m o re  e lab o ra te  ind icato rs ( te rm e d  ‘b io m ark ers’) a re  being  used  to  m easure the 
degree  o f ex p o su re  to , o r the  effects of, specific xenob io tics: exam ples a re  the  m ixed- 
function  ox idase  (M F O ) system  o f the  liver (S tegem an  a n d  K loepper-S am s, 1987), the 
co n c en tra tio n  o f specific m etabo lites in the  b ile  (K ra h n  e t a l ,  1986), the fo rm ation  of 
D N A  a d d u c t in h ep a tic  cells (V aranasi et al., 1986), a n d  lysosom al stability  o f hepatic 
cells (K öh ler, 1989).

Few  stud ies have a ttem p ted  to  re la te  the  co n c en tra tio n s  o f co n tam in an ts  in individual 
fish to  the  p resence  o r  absence o f d isease in  those  ind iv iduals; instead , m ean  levels in the 
p o p u la tio n s  are ca lcu la ted  a long  w ith p o p u la tio n  es tim ates  o f d isease prevalence. 
E x cep tio n s inc lude the  stud ies o f D eth lefsen  et al. (1 9 8 7 ), L an g  and  D eth lefsen  (1987 ), 
N ew ell et al. (1 9 7 9 ) a n d  S tork  (1983).

T h e  m e asu rem en t o f co n tam in an t levels in tissues o f fish from  the study popu la tion  
has th e  m ajo r advan tages o f  allow ing a d irec t co rre la tio n  w ith the effect (in  this case, 
d isease ) an d  o f  p rov id ing  a  check on  the  effects o f m igra tion . O therw ise , it is necessary  to  
assum e th a t fish ca p tu red  a t a certain  location  h av e  in fact b een  exposed  to  cond itions at 
the loca tion  fo r so m e tim e p rio r to  cap tu re . T h e  im p lica tions o f m igration  are d iscussed in 
m ore d e ta il in the nex t section.

C e rta in  chem ical p o llu tan ts  a re  easier to  d e tec t in sed im en ts o r in food organism s than  
by d irec t m e asu rem en ts  in  fish tissues: po ly aro m atic  hyd ro carb o n s (P A H s) provide a 
g ood  exam ple  (M alins et a l ,  1987, 1988). M easu rem en ts  o n  sed im en ts or food  organism s 
also p ro v id e  a  d irec t ind ication  o f th e  env iro n m en ta l co n c en tra tio n s  to  which the  fish are
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exposed , w ithou t the  in te rfe ring  effects o f  regulation  o r  o th e r  p rocesses. F u rth e rm o re , the 
p resence  o f d isease  m ight in itself affect the accum ula tion  o f  co n tam in an ts  by fish, for 
exam ple  by im pairing  th e  function  o f  the  liver. A  case can  th e re fo re  be m ade  fo r a 
co m b in a tio n  o f th e  ab o v e  ap p roaches to  m easuring  po llu tion .

Selection  o f  p o te n tia lly  su itab le  host species a n d  diseases

Fish species p o ten tia lly  useful in stud ies o f d isease an d  po llu tio n  should  have the 
fo llow ing  characteristics.

1. T h ey  shou ld  b e  suscep tib le  to  d iseases w hose signs a re  easily  recognized.
2. T h ey  shou ld  b e  a b u n d a n t so th a t large sam ples a re  easily  ob ta inab le .
3. A  geograph ica lly  lim ited  d istribu tion  of each  p o p u la tio n  is im p o rtan t so tha t 

c o n d itio n s a t specific sam pling  locations can  b e  re la ted  to  th e  h ea lth  o f  th e  fish; 
co nsequen tly  n o n -m ig ra to ry  o r  less m ig ra to ry  host species a re  the  m ost suitable.

4. S ince co n tam in an ts  are frequen tly  associa ted  w ith sed im en ts, dem ersal fish have 
m ore p o ten tia l as in d ica to rs  th an  pelag ic species.

T h ese  characteristics a re  show n by a  n u m b er o f flatfish  species, w hich are  regularly  used 
in d isease stud ies o n  b o th  sides o f th e  A tlan tic . In th e  N o rth  S ea area , dab  and  flounder 
have b een  rec o m m en d e d  as ind icato rs (A n o n ., 1989). B o th  these species are w idely 
d is trib u ted , the  la tte r  being  confined  largely to  es tu arin e  an d  coasta l w aters. N evertheless, 
f lo u n d e r u n d e rta k e  o ffshore m igra tions in  o rd e r  to  spaw n; ind iv iduals are though t to 
re tu rn  to  the  sam e feed ing  areas year after year (V een , 1971). A lthough  d ab  w ere 
previously  th o u g h t to  und erg o  only  restric ted  m igra to ry  m ovem ents, recen t tagging 
stud ies ca rried  o u t in D u tch  and  G e rm a n  w aters ind icate  th a t the  species m ay m igrate 
o v er co n s id erab le  d istances, an d  the re fo re  its value as a su itab le  ind ica to r species should  
be re -ev a lu a ted  (A . R ijn sdo rp , R IV O , N etherlands, pers. com m .; V ethaak  an d  M eer, 
1991).

B ecause m ost com m ercia l stocks a re  m igratory, the  best p o ten tia l target species for 
study ing  the  effects o f po llu tion  are  o f little  com m ercia l value; in consequence, 
know ledge ab o u t th e ir  bio logy can  b e  relatively scanty.

R e co m m en d a tio n s fo r the  se lection  o f  d iseases fo r s tudy  in the  N orth  Sea area are 
given by  D eth lefsen  et al. (1 9 8 6 ) an d  A n o n . (1989 ). E ase  a n d  reliability o f d iagnosis are 
the  m ost im p o rta n t fac to rs , to g e th er w ith th e  o ccu rren ce  o f sufficiently  high prevalences 
to  allow  the d e tec tio n  o f spatial o r tem p o ra l varia tion  in sam ples o f  lim ited size.

G eneral overview  o f research on  fish d isease in relation to pollution

T h e  first surveys in w hich fish d iseases w ere exam ined  system atically  and  intensively  were 
ca rried  o u t in  the  1960s. D esp ite  the  lack  o f q u an tita tiv e  d a ta , how ever, it is clear that 
d iseases now  o ccu rrin g  in  N orth  Sea fish  p o p u la tio n s w ere a lready  in ex istence several 
decades ago, a n d  som e observa tions even d a te  from  th e  last cen tu ry  (D e th le fsen , 1984; 
B ucke, 1988; H ero n  e ta l.,  1988). In the  G erm a n  B ight, all th e  m ain  d iseases now  stud ied  
excep t liver tu m o u rs  w ere reco rded  as far back as the  b eg inn ing  o f the p resen t cen tu ry  
(W aterm an n  an d  K ranz, 1990); these  au th o rs  claim , how ever, tha t the  occu rrence  of 
restric ted  areas o f  high d isease p revalence in the  o p en  N orth  Sea is a recent phen o m en o n  
caused  by  an th ro p o g en ic  influences.

T h e  possib ility  th a t po llu tion  m ight be am ong  the fac to rs in the aetio logy  o f fish
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disease  first gained in terest in the  U n ite d  S tates in the  1960s, w here the d iscovery  o f  high 
prevalences o f tum ours in fish led  to  a tte m p ts  to  co rre la te  th e ir  p resence w ith  chem ical 
po llu tion . T h e  earlier stud ies c o n c e n tra te d  o n  tu m o u rs  (o f  skin an d  liver) a n d  on fin rot.

F in  ro t has been  th e  subject o f several local stud ies in the  U S, in the  N ew  Y ork  Bight 
(M ah o n ey  e ta l., 1973; M urchelano  a n d  Z iskow ski, 1982; S herw ood , 1982), W ashington 
(W ellings et al., 1976) an d  a long  the  co a s t o f so u th e rn  C alifo rn ia  (M earn s a n d  Sherw ood, 
1974; S herw ood  and  M earns, 1977; C ross, 1985). T h ese  stud ies are good  ex am p les  o f a 
d isease  statistically  associa ted  w ith en v iro n m en ta l d eg rad a tio n , im plicating  p o llu tio n  as a 
causa tive  facto r, b u t w hose ae tio logy  is still unknow n.

M any A m erican  stud ies have specifically  add ressed  the  p h en o m en o n  o f n eo p lastic  o r 
cancerous d iseases in fish po p u la tio n s, a n d  the ir associa tion  w ith chem ical co n tam in an ts  
in co asta l, es tuarine  and  fresh w ate r en v iro n m en ts . M ix (1 9 8 6 ), in  a th o ro u g h  critical 
review, iden tified  only  a sm all n u m b e r o f  stud ies w hose d a ta  w ere co n s id ered  to  support 
an  associa tion  betw een  po llu tio n  a n d  neop lasia : B row n et al. (1 9 7 7 ) o n  several fish 
species in  the  Fox R iver, Illinois; K im u ra  et al. (1 9 8 4 ) on  c ro a k er ( N iv e a  m itsurusii, 
S ciaen idae) in  Ja p an ; a n d  M alins (see  below ) o n  dem ersal fish in the P u g e t S ound , 
W ashington. T h e  negative o r am b ig u o u s findings o f  o th er stud ies  w ere la rge ly  explicable 
in te rm s o f in ad eq u a te  survey design a n d  d a ta  co llec tion , bu t in a  few cases ap p eared  to 
be genuine.

S ince then , the stud ies o f M alins a n d  co -w orkers have been  co n tin u ed  a n d  expanded , 
and  are  w orth  describ ing  in  m o re  de ta il, as they  are  generally  regarded  as th e  m ost 
tho ro u g h  and  com prehensive  to  h av e  b e e n  pub lished . S trong  ev idence has b e e n  p roduced  
by this research  group to  link the  p rese n ce  o f  liver tu m o u rs  w ith chem ical co n tam in an ts  in 
English  sole ( Parophrys vetula, P leu ro n ec tid a e )  an d  o th e r species: the  bu lk  of this 
ev idence  suggests a significant ro le  o f h igh -m o lecu la r-w eigh t P A H s in the  carcinogenesis. 
It can  b e  sum m arized  as follow s:

1. s ta tistica l co rre la tions be tw een  p rev a len ces o f hepa tic  neop lasm s an d  c o n c e n tra 
tions o f arom atic  hyd ro carb o n s in the  sed im en t o f  d iffe ren t areas (M alins et al., 1985);

2. the  capacity  o f th e  affec ted  species fo r u p ta k e  an d  tran sfo rm atio n  o f  po ten tia lly  
carcinogen ic  xenobio tics (V aranas i et al., 1986);

3. co rre la tions betw een  d isease  p revalences an d  the  levels o f  certain  m etabo lite s o f 
a ro m a tic  com pounds in  th e  bile o f th e  fish (K rah n  et al., 1986);

4. b ind ing  of arom atic  free rad icals to  h ep a tic  D N A  in E nglish  sole from  po llu ted  
w aters, b u t n o t in those  from  referen ce  areas  (V aranasi et al., 1986);

5. a sim ilarity be tw een  th e  m orpho log ica l characteristics o f the  observed  lesions and  
those  o f  lesions induced  in o th e r  fish  species an d  in rats by chem ical h epa to tox ins and 
h ep a tocarc inogens in co n tro lled  lab o ra to ry  exposures (M yers et a l ,  1987).

O th e r  recen t A m erican  a n d  C a n ad ian  stud ies, th o u g h  no t as com prehensive as these, 
have a tte m p te d  to  link h istopatho log ica lly  iden tified  lesions in fish to  chem ical c o n 
ta m in an ts  in coasta l an d  es tu a rin e  areas; th e  fo llow ing exam ples prov ide additional 
ev idence fo r a causal re la tionsh ip  be tw een  po llu tio n  a n d  disease.

E p izo o tic  neop lasia  in w in ter f lo u n d e r  ( P seudopleuronectes am ericanus, P leu ro n ec ti
d ae) in B oston  H arb o u r w as first described  by  M urche lano  an d  W olke (1 9 8 5 ); fish from  
u n p o llu ted  sites w ere n o t fo u n d  to  have th ese  lesions. Z danow icz  et al. (1986) described  
a  varie ty  o f h istopatho log ica l d iso rd ers  in liver a n d  k idney  o f  w in ter f lounder from  14 
estuaries and  coasta l areas in  the  n o r th -e a s te rn  U S. T h e  d istribu tion  o f som e b u t no t all
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o f  th ese  cond itions para lle led  the  d is trib u tio n  o f  sed im en t co n tam in an ts . In a sem i- 
ex p e rim en ta l study, G a rd n e r  and  Y evich (1 9 8 8 ) found  th a t c o n tam in a te d  sed im en t from  
B lack R ock  h a rb o u r  (C o n n ec ticu t)  in d u c ed  an  array  o f  p ro liferative lesions in w in ter 
f lo u n d e r a n d  o th e r  species.

H u g g e tt et al. (1 9 8 7 ) found  tha t fish o f  several species inhabiting  th e  E lizabeth  R iver 
(V irg in ia), w hich is highly co n tam in a ted  w ith P A H s, exhib ited  abno rm alities such as 
ca ta ra c ts  an d  fin and  skin erosion . L a te r  stud ies show ed  th a t the p revalence o f these  
lesions w as h ighest in the m ost heavily co n tam in a ted  regions o f  the river (B en d e r etal., 1988).

H igh prevalences (5 9 % ) o f id iopa th ic  liver lesions, includ ing  p ren eo p lastic  and  
n eo p lastic  stages, w ere fo u n d  in E nglish  so le  from  an area  in V ancouver H a rb o u r  (B ritish  
C o lu m b ia ) receiving petro leum  refinery  w aste  w ate r an d  o th e r  p o llu tan ts , w ith low er 
p rev a len c es  in th e  su rround ing  areas (G o y e tte  et a i ,  1988).

In  co n tra s t to  the  above stud ies, w hich are  largely h istopatho log ica lly  o rien ted , fish 
d isease  stud ies in  the N orth  Sea area  b ec am e  in c o rp o ra ted  in to  stock assessm ent cruises 
a t an  ea rly  stage, p robab ly  because o f  th e  w idesp read  o ccu rren ce  and  easily  visible signs 
o f  m an y  o f  th e  m ajo r ep iderm al d iseases, such  as lym phocystis and  u lceration . Large- 
scale surveys w hich w ere first ca rried  o u t in  th e  la te  1970s co n c en tra ted  on  these 
ex tern a lly  visible gross lesions, using an  ep idem io log ical ap p ro ach ; by com parison  w ith 
A m eric an  stud ies, they  w ere m ore superfic ia l in  te rm s o f  exam ining  th e  underly ing  
m echan ism s, b u t involved large n u m b ers  o f fish over w ide areas. A lth o u g h  the d istinction  
is n o t abso lu te , w ith ep idem iological s tud ies  such as th o se  o f C ouch  (1 9 8 5 ), M cC ain  eta l. 
(1 9 7 8 , 1979) a n d  Z iskow ski et al. (1 9 8 7 ) in  A m erica  focusing  on  ex ternally  visible gross 
lesions, it is certa in ly  tru e  th a t m ore  th o ro u g h  h istopatho log ica l and  b iochem ical stud ies 
are , w ith  few  excep tions, a very recen t d ev e lo p m e n t in th e  N orth  Sea area .

E arly  N o rth  Sea surveys co n cen tra ted  on  the  G erm a n  B ight an d  on  D an ish  and  D utch 
coasta l w aters. S ince then  they  have been  refined  and  ex ten d ed  to  cover a larger area o f 
th e  N o rth  Sea an d  associa ted  w aters such  as th e  B altic an d  Irish Seas. O f p articu la r 
sign ificance are  the extensive baseline stud ies co n d u c ted  by D utch  (B ann ing , 1987) and  
G e rm a n  (D e th le fsen  e t al., 1987; D eth lefsen , 1990) w orkers , and  still con tinu ing . M ore 
recently , U K  w orkers have com m enced  a sim ilar p ro g ram m e of stud ies  (B ucke and  
S tokes, 1988). A  com prehensive an d  specific study  o n  the rela tionsh ip  betw een  fish 
d isease  an d  po llu tio n  was in itiated  in  1983 , also  by  th e  D utch  (V ethaak , 1985, 1987; 
V eth aak  an d  M eer, 1991). A t th e  sam e tim e, tw o sea-go ing  w orkshops organized by 
IC E S  (In te rn a tio n a l C ouncil fo r the  E x p lo ra tio n  o f th e  S ea) in 1984 (D eth lefsen  et al.,
1986) a n d  1988 (A n o n ., 1989) have ad d ressed  th e  m ethodo logy  o f fish d isease surveys 
an d  have p ro d u ce d  recom m endations.

T h e  N orth  S ea is taken  as a case s tu d y  fo r d e ta iled  descrip tion  an d  eva lua tion  in 
fu rth e r  sections o f the  p resen t review. F o r p rev ious review s o f the literature , som e 
covering  th e  N orth  Sea area  alone, the  re a d e r  is referred  to  Bucke an d  W aterm ann 
(1 9 8 8 ), D eth lefsen  (1 9 8 8 ), M alins et al. (1 9 8 8 ), M ix (1 9 8 6 ), Peters (1981 ), S inderm ann  
(1 9 8 4 , 1989), an d  S inderm ann  e ta l. (1980 ).

R ecent ep id em iologica l studies in the N orth  Sea and associated waters

S U R V E Y S  O V E R  W I D E  A R E A S

In o n e  o f  the  earlies t pub lished  stud ies, K am p  (1 9 7 7 ) fo und  that the prevalence of 
v e rteb ra l ab n o rm alities  in herring  ( C lupea harengus, C lu p e id ae) from  the N orth  Sea and
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N E  A tlan tic  w as h ighest, an d  had  inc reased  slightly over tim e, in areas w here po llu tion  
was p resum ed  to  be greatest.

M öller (1 9 7 9 ), in  a review  o f  pub lished  litera tu re  a n d  o f h is ow n da ta  from  the 
so u th ern  N orth  S ea in 1 9 7 7 -7 8 , fo und  th e  p rincipal d iseases o f d ab  to  be lym phocystis, 
ep iderm al h y p e rp la s ia /p ap illo m a  an d  u lceration . H e co n c lu d ed  th a t high prevalences of 
ulcers an d  lym phocystis in d ab  in the  cen tra l N orth  Sea arose from  m alnu trition , an d  tha t 
po llu tion  m igh t favour th e  increase o f u lcers in cod  ( G adus m orhua , G ad id a e )  in the Belt 
Sea (K a tteg a t) , o f  cau liflow er d isease in E u ro p e an  eels (A n g u illa  anguilla , A nguillidae) 
in the  E lbe , an d  o f fin ro t in d ab  from  th e  sew age sludge d isposal site in the  G erm an  
B ight.

D eth lefsen  an d  co -w orkers exam ined  a to ta l o f 2 3 0 0 0 0  d ab  from  the  G erm an  Bight 
and  th e  so u th e rn  N orth  Sea betw een  1979 an d  1986 (D eth le fsen  e ta l.,  1987), in th e  m ost 
com prehensive a ttem p t to  d a te  a t re la ting  d isease p revalence to  po llu tion  in th e  N orth  
Sea. D ata  on  d a b  an d  co d  d iseases from  th e  G erm a n  B ight betw een  1977 an d  1979 w ere 
analysed  by D eth lefsen  (1 9 8 0 ), an d  d a ta  fo r th e  p erio d  1 9 8 0 -8 3  by D eth lefsen  (1984 ), 
w hile W olthaus (1 9 8 4 ) investigated  seasonal fluc tua tions o f d isease  frequencies o f  d ab  in 
the  G erm an  B ight. D eth lefsen  et al. (1 9 8 7 ) p resen ted  d e ta iled  d a ta  o n  d ab  diseases, and  
D eth lefsen  (1 9 9 0 ) briefly  sum m arized  this w ork  to g e th er w ith  m ore  recen t findings.

Initial surveys co n cen tra ted  o n  th e  G e rm a n  Bight, b u t they  w ere la te r ex tended , w ith 
an  em phasis on  lym phocystis, u lcers a n d  ep iderm al h y p e rp la s ia /p ap illo m a  in d ab . T h e  
value o f these  stud ies, ap a r t from  the ir extensive n a tu re , lies in th e ir  m ultid isc ip linary  
app roach , inc lud ing  m e asu rem en ts  o f leng th , age, p o p u la tio n  density , condition , prey 
density, the p resence  o f n e t in juries, an d  levels o f chem ical residues in  the tissues o f  dab  
an d  in food  organism s.

C onsisten tly  e leva ted  prevalences o f ep id erm al h y p e rp la s ia /p ap illo m a  in dab  from  an 
area  o f the  G erm a n  B ight receiv ing titan ium  d iox ide w astes w ere in te rp re ted  as 
circum stan tia l ev idence fo r a causal link (D e th lefsen , 1980, 1984). T h is view  was 
su p p o rted  by  a  co rre la tio n  betw een  disease prevalence an d  high concen tra tions o f heavy  
m etals (includ ing  chrom ium , a po ten tia l carcinogen) in fish  tissues, sed im ents, an d  the 
w ater co lum n. T h is ev idence has subsequen tly  been  the  sub ject o f som e d eb a te  (M öller, 
1981; M öller a n d  A n d ers , 1986; D eth lefsen  e ta l., 1987).

A reas w ith even h igher p revalences o f  ep iderm al h y p e rp la s ia /p ap illo m a  were found  
o ff the H u m b er es tuary  an d  on  the  D ogger B ank (Fig. 1), and  an  effect o f  the d ischarge 
o f  heavy m etals from  sou rces located  a long  the  B ritish  coast was suggested. D a ta  on 
co n d itio n  fac to r suggested  a  possib le effect o f low food  availability  on  d isease prevalence 
in  D ogger B ank  dab , b u t D eth lefsen  et al. (1987) fo und  no  co rre la tion  betw een  
nu tritional s ta tu s  an d  d isease  p revalence on  a  local scale, w ith in  the  D ogger B ank d a ta  set 
alone. M ore recen t stud ies on  heavy  m etals and  organ ic residues in liver tissues show ed 
tha t dab  from  offshore  a reas  such as the  D ogger Bank can  be co n tam in a te d  to  an equal o r 
greater degree than  th o se  from  inshore  sites (B lither, 1988; C lau ß en , 1988).

D eth lefsen  (1 9 9 0 ) suggested  tha t in ce rta in  areas, low dissolved oxygen concen tra tions 
cou ld  lead  to  an  increase in d isease prevalence. A lso  o f in te rest w as the finding that 
individuals w ith ne t in juries w ere m ore likely than  un in ju red  fish to  show signs o f 
lym phocystis, suggesting  th a t fishing activ ities cou ld  c o n trib u te  to  the  high prevalence of 
this d isease in d a b  from  th e  G erm a n  B ight (D eth lefsen  et al., 1987; D eth lefsen  1990).

In a recen t sum m ary  o f his w ork , D eth lefsen  (1 9 9 0 ) co n c lu d ed  tha t no single 
underly ing  cause  w ould exp lain  the  spatial p a tte rn  o f d a b  ep id erm al d isease over the
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w hole area stud ied , b u t th a t oxygen deficiency, po lychlorinated  b ipheny ls (P C B s) an d  
heavy  m etals cou ld  each be im p lica ted  in d ifferen t specific areas. N o consisten t long -te rm  
tem p o ra l trends in  d isease  p reva lence  over a  10 year period  cou ld  be iden tified .

T h e  sam e group  has also  investiga ted  d isease  in cod  an d  o th e r  species. P seudo- 
b ran ch ia l tu m o u rs  in cod  sam p led  betw een  1979 and  1981 occu rred  a t  h ighest p rev a 
lences in the cen tra l G erm a n  B ight, co incid ing  w ith th e  titan ium  d io x id e  d u m ping  area  
(W ate rm an n  et al., 1982). M arked  seasona l an d  reg ional d ifferences in th e  prevalence o f 
skeletal deform ities in N orth  Sea cod  w ere found , w ith h ighest values in the inner 
G erm a n  B ight (D e th le fsen  a n d  L ang , 1988). It has b een  suggested  th a t th e  m ajority  of 
fish w ith  this d isease  stay  b eh in d  w hen  the  p o p u la tio n  m igra tes seasonally  from  the B ight 
in to  d e e p e r w ater, thus exp lain ing  the  high prevalences (M öller, 1985; D eth lefsen  ,and  
L ang, 1988).

W ate rm an n  a n d  D eth lefsen  (1 9 8 5 ) described  th e  d is tribu tion  o f ep id erm al hyperp lasia  
in cod , E u ro p e an  w hiting  ( M erlang ius m erlangus , G a d id a e )  an d  A tlan tic  haddock  
( M ela n o g ra m m u s aeglefinus, G ad id a e )  in the  N orth  Sea an d  Baltic S ea be tw een  1979 
an d  1982. P revalences w ere h ighest in w hiting , b u t d id  n o t exceed  the  very  low  value o f
0 .15%  at any  location : an  associa tion  w ith  o th e r  ep iderm al d iseases, a n d  thus possibly 
w ith  po llu tion  in th e  G erm a n  B ight, w as d iscussed  in general term s.

G en e ra l d a ta  o n  the  p reva lence  o f se lec ted  diseases o f dab , p la ice an d  cod  in the 
so u th -easte rn  N o rth  Sea from  1981 to  1985 (B ann ing , 1987) illustra te  clearly  th a t the  
p resence  an d  p revalence o f  d iseases vary  strongly  as a  function  o f fish species, area  and  
season . N o clear tem p o ra l tren d s  w ere d e tec ted . A reas o f  high d isease  prevalence 
(d efin ed  as m ore  than  1.5 tim es th e  average) w ere fo und  on  the  D ogger B ank an d  n ear 
the  D anish  coast; effects o f p o llu tio n  w ere n o t s tud ied , how ever.

A n  extensive survey  o f  d ab  d iseases a t 52  sta tions in the cen tra l and  so u th ern  N orth  
S ea was carried  o u t in co m b in a tio n  w ith a  U K  stock assessm ent cruise in 1987 (B ucke 
an d  S tokes, 1988). Skin u lce ra tio n s w ere th e  p red o m in an t lesions, follow ed by lym pho
cystis; signs o f ep id erm al h y p e rp la s ia /p a p illo m a  w ere in frequen t a t tha t tim e o f  year. In 
the  F irth  o f  F o rth , o ff the  H u m b er estuary , an d  on  the  D ogger B ank , over 2 5 %  o f fish 
w ere fo und  to  b e  affected  by o n e  o r  o th e r  o f th e  above diseases, b u t th e  au th o rs  d id  no t 
a ttem p t to  draw  conclusions a b o u t the  ro le  o f po llu tion  in in fluencing  disease prevalence.

T h e  occu rrence  o f a th icken ing  of d ab  gills, arising from  the  presence o f X -cells, was 
first d iscovered in  the  N orth  Sea du ring  ro u tin e  m on ito ring  surveys in the  early  1980s 
(K n u st and  D eth lefsen , 1986; M cV icar et al., 1987). A n  initial study  fo u n d  highest 
p revalences in th e  D ogger B an k  area, b u t in te rhau l variability  was high, a n d  the  presence 
o f this d isease d id  n o t a p p e a r  to  be re la ted  to  th a t o f the o th er ep iderm al d iseases 
reco rded  (M cV icar et al., 1987). A  m ore recen t extensive survey involved the  exam in
ation  o f m ore th a n  130 0 0  ind iv idual d ab : p revalences o f X -cells as high as 6 0 %  w ere 
fo u n d  in th e  M oray  F irth , b u t p reva lence was low in the sou thern  N orth  Sea, and  the  
co n d itio n  was n o t found  a t all in  dab  from  th e  w est coast o f S cotland  and  the Irish Sea. 
O f particu la r in te rest was the  find ing  th a t p revalence cou ld  vary betw een  0 %  an d  6 0 %  in 
sam ples taken  from  hauls in th e  sam e local area  (D iam an t and  M cVicar, 1989).

T h e  first a ttem p t to  investiga te in te rna l o rgans o f flatfish in th e  N orth  Sea was m ade 
d u rin g  tw o cru ises in 1981, an d  a  single c ru ise  in  1984, covering the G erm a n  B ight, 
D ogger B ank, H u m b er a n d  T h am es areas  (B ucke et al., 1984). In this baseline 
histological s tudy  o f 1400 d a b  livers an d  540  d ab  sp leens, the m ost significant histo- 
patho log ical changes w ere m elan in  deposits , hepa tic  g ranu lom as, and  hepa tic  hyper-
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chrom ic nodules. T h e ir  p revalences w ere h igher in the  D ogger B ank area  than  elsew here 
in the  so u th e rn  N orth  Sea. Bucke et al. (1 9 8 4 ) considered  tha t the basoph ilic  nodu les 
m ight rep resen t ‘stages of early  h e p a to m a’, bu t th a t in som e livers th e y  could  well be 
reg en era tin g  areas o f hepatocy tes rep lacing  areas o f  focal necrosis.

In the  la ter survey o f B ucke an d  S tokes (1 9 8 8 ), neop lastic  liver nodules w ere 
d ia g n o sed  in 23 o f 520 large d ab  exam ined , and  seem ed  m ore frequen t in  fish from  the 
so u th e rn  p a rt o f the  study  area.

G E R M A N ,  D A N I S H  A N D  N O R W E G I A N  S T U D I E S  I N R E S T R I C T E D  A R E A S

M öller (1981) carried  o u t a survey o f ep iderm al d isease in  10 fish species in D anish  and 
G e rm a n  coasta l w aters in sum m er 1980, pay ing  p articu la r a tten tio n  to  the E lbe  and  
W eser estuaries an d  the  G erm a n  B ight titan iu m  d iox ide dum ping  area . H igh disease 
p rev a len ces in cod  from  the  cen tra l G erm a n  B ight w ere  a ttr ib u ted  to  a h igh po p u la tio n  
d en sity  o f  fish. In dab , d isease p revalence w as inversely  rela ted  to  co n d itio n  fac to r, and  
w as locally  high o ff sou th -w estern  D en m a rk , in th e  K attega t an d  a t a reference s ta tio n  on  
the  D o g g er B ank. P ollu tion  was n o t considered  to  b e  a  significant causa l factor, except 
possib ly  in  the W eser an d  E lbe.

A n  extensive case study  o f several d iseases in fish from  the E lbe  was la te r ca rried  ou t 
by M öller (1984). D isease was m ost fre q u en t in  E u ro p e an  sm elt ( O sm erus eperlanus, 
O sm e rid a e ) , eel and  flounder. T h e  m o st freq u en t d iseases in sm elt w ere pharyngeal 
g ran u lo m a, spaw ning pap illom atosis , a n d  skeletal deform ities. Eels w ere affected  
principally  by cauliflow er d isease, w hile f lo u n d e r w ere fo und  to  have lym phocystis, u lcer
a tio n , b leach ing  syndrom e, an d  fin  ro t, th e  p revalence o f the  first th ree  cond itions 
increasing  m arkedly  with fish size. It w as n o te d  th a t cauliflow er d isease  h ad  been  
rec o rd e d  a t co m p arab le  levels in eels from  a c lean  U K  estuary  by H ussein  an d  Mills 
(1 9 8 2 ); h isto rical d a ta  from  the  E lb e  show ed  no  lo n g -te rm  increase in prevalence of this 
d isease.

T h e  p revalence o f m ost o f the ab o v e  diseases, particu larly  those  affecting flounder, 
w as h ighest at in te rm ed ia te  sta tions in  th e  es tu a ry  even  though po llu tion  levels increased  
inw ards to  H am burg . T h e  m ajo r fac to r triggering  d isease  was considered  to  be fluctuating  
sa lin ity  in the  cen tral estuary , w hich led , v ia d ec reased  p roduction  an d  h en ce  a  red u ced  
food  supply, to  sta rva tion  o f ben th ic  feed ers  an d  an  associa ted  increase in susceptib ility  to  
d isease . F u rth e r w ork  in 1 9 8 4 -8 6  revealed  th a t b en th ic  b iom ass to g e th er w ith cond ition  
fac to r a n d  stom ach  fullness o f flounder w ere low est in  the  central estuary. T his confirm ed 
th a t u n d ern o u rish ed  f lo u n d er a re  m o re  su scep tib le  to  d isease, a lthough  th e  possible 
ex istence o f  o th e r  re la tionsh ips was acknow ledged , e.g. a  d e trim en ta l effect o f d isease on 
feed in g  behaviour, o r the  d ep le tio n  o f  p rey  p o p u la tio n s  an d  th e  sp read  of in fectious 
d isease  as consequences o f high fish p o p u la tio n  d en sity  (M öller, 1990).

A lso  in the  E lbe , a com prehensive  series o f  s tud ies  on  liver patho logy  in sm elt and 
ruffe ( G y m n o ce p h a lu s  cernua', P ercidae) an d  especially  f lo u n d er has been  carried  ou t, 
using th e  neighbouring  E id e r as a re fe ren c e  a re a  (K ö h le r an d  H olzel, 1980; K fanz 
an d  P eters, 1985; K öhler, 1989). P e te rs  e t al. (1 9 8 7 ), in a sum m ary o f th e  w ork, 
p u t fo rw ard  a  stro n g  case fo r a  causa l re la tio n sh ip  betw een  disease and  th e  high 
level o f  po llu tion , m ost significantly  by  ch lo rin a te d  h yd rocarbons, w hose c o n c en tr
a tio n s w ere considered  to  be sufficient to  in d u ce  th e  d iseases observed. D ata  from  the 
p e rio d  198 0 -8 3  revealed  th a t m ajo r liver dam age , involving liver cell shrinkage an d  o th e r  
deg en era tiv e  changes, w as confined  a lm o st exclusively to  fish from  the po llu ted  river.
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N eop lastic  liver nodu les w ere fo und  in 3 2 %  o f sexually  m atu re  ru ffe  from  the E lbe, 
th ough  they  d id  n o t o ccu r in flo u n d er; unfo rtuna te ly , n o  com parison  w a s  m ade w ith the 
referen ce  area  in this case.

P e te rs  et al. ( 1987) suggested th a t in  th e  ab sen ce  o f un favourab le  n a tu ra l factors, such 
as p o o r  n u tritio n , liver deg en era tio n  occurs m ostly  in heavily  p o llu ted  w aters. Such an 
assoc ia tion  was su p p o rted  by experim en ta l stud ies on  flounder, w h ich  show ed signs o f 
liver regeneration  w hen k ep t in clean  w ater an d  fed  a  co n tam in an t-free  d ie t, so that tissue 
b u rd en s  o f ch lo rinated  hydrocarbons fell (K öh ler, 1989).

S to rk  (1 9 8 3 ), in a study  o f u lcera ted  c o d  in  th e  G erm an  B igh t, found that 
co n c en tra tio n s  o f  P C B s w ere h igher in  th e  tissues o f  d iseased  than  h ea lth y  individuals, 
an d  suggested  th a t the  u lcers m ight have b een  caused  by  pollu tion .

T h e  stud ies  o f M ellergaard  an d  N ielsen (1 9 8 5 , 1987) in th e  area o f  th e  easte rn  N orth  
Sea, th e  S kagerrak  an d  the  K attega t, show ed  an  inc rease  in the  p reva lence  o f lym pho
cystis a n d  ep id erm al h y p e rp la s ia /p ap illo m a  in d a b  fo llow ing  a  m ajo r p e rio d  o f oxygen 
defic iency  d u rin g  sum m er 1982. A n  affected  co h o rt o f 2 -year-o ld  fish w as follow ed in the 
p o p u la tio n  fo r 4 years, ind icating  th a t th e  effects w ere long-lasting . A  sim ilar period  of 
oxygen  defic iency  in 1986 w as accom pan ied  by a tw ofo ld  increase in d isease  prevalence 
(A n o n .,  1989). T h ese  stud ies prov ide s trong  ev idence  th a t oxygen defic iency  is a causal 
fac to r fo r d isease , e ither (a) by reducing  d isease  resis tance o r increasing  infection 
p ressu re  directly, o r  (b ) via ind irect effects such  as d ep le tio n  o f food  resources (A n o n .,
1989).

Je n sen  (1 9 8 3 ) exam ined  d a ta  on  u lcus synd rom e in 2 6 0 0 0  cod  co llec ted  betw een  
1976 a n d  1979 from  fo u r localities along  the  D an ish  coast, th ree o f w hich w ere co n tam i
n a ted  by  d ischarges o f industria l w aste w ate r co n ta in in g  ca rbohydra tes . A t these sites, 
2 3 %  o f ind iv iduals w ere affected , as co m p ared  w ith  on ly  3 o f 8 500  ind iv iduals ( <  0 .1 % ) 
from  th e  reference locality. T h e  d a ta  w ere co n s id ered  to  p rov ide circum stan tia l ev idence 
fo r  a ro le  o f po llu tion , b u t the  possible invo lvem en t o f  o th e r  facto rs w as also  d iscussed 
(Jen se n , 1983). T h e  value o f this study  is lim ited  by the  use o f on ly  o n e  single reference 
site, w hich m ay have d iffe red  from  the  o th e rs  in a  n u m b er o f (u n k n o w n ) ways. 
P revalences dec lined  from  25%  to  ab o u t 5%  in 1984. H ow ever, it was considered  
d o u b tfu l w h e th e r  this dec line could  be ascribed  exclusively to  a d ecrease  in po llu tion ; 
in stead , a d is tu rb an ce  o f  recru itm en t was th o u g h t to  h av e  led  to  a reduc tion  in catches of 
fish o f  th e  age range (1 .5 -2 .5  years) th a t no rm ally  show s signs o f th e  syndrom e (B ro- 
R asm ussen  an d  L okke, 1984).

S p ring  u lcer d isease in eels, show ing h ighest p reva lences a t low tem p era tu re s  and  in 
fresh  o r b rack ish  w aters, was stud ied  in D an ish  fjords by  Jensen  e ta l. (1983 ). Im p o rtan t 
en v iro n m en ta l fac to rs in the  triggering an d  d ev e lo p m e n t o f the  d isease w ere considered  
to  inc lude eu tro p h ica tio n , possibly d u e  to  sew age an d  w aste w ater.

R e ie rsen  a n d  Fugelli (1 9 8 4 ) exam ined  seasona l and  year-to -year varia tion  in lym pho
cystis affecting  f lo u n d er from  the Ô slo fjo rd , N orw ay, be tw een  1978 an d  1982. A lthough  
th e  p reva lences (u p  to  5 7 % ) w ere considered  h igh by th e  au tho rs, no firm  conclusion  was 
d raw n  regard ing  the ex istence o f a link b e tw een  p o llu tio n  an d  disease.

D U T C H  A N D  B E L G I A N  C O A S T A L  W A T E R S

A  5 y ear m ultid isc ip linary  study  o f in te rnal an d  ex terna l lesions in flounder and d ab  was 
ca rried  o u t from  1983 to  1987 a t several coasta l a n d  o ffshore locations in the N etherlands 
(V e th aak , 1985, 1987, 1991; V ethaak an d  M eer 1991). E m phasis was p laced  on the  use
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of f lo u n d er as a  local in d ica to r species in estuaries and  coasta l w aters (V e th aak , 1987). 
E p iderm al h y p e rp la s ia /p ap illo m a  (d a b  on ly), lym phocystis, u lcerations, fin ro t, skeletal 
deform ities, G lugea  in fection  an d  liver nodu les w ere the  d iseases reco rded . P relim inary  
results show ed  th a t th e  prevalences w ere significantly  in fluenced , no t on ly  by season  and 
length  o r  age o f the  fish , b u t also  by the  sex o f th e  fish, an  effect w hich h a d  been  ignored 
in m any  prev ious stud ies. T h e  p revalence o f d iffe ren t f lo u n d er d iseases varied  w ith the 
degree o f salinity (V e th aak , 1991).

Locally, u p  to  4 0 %  o f  d ab  an d  f lo u n d er aged 3 years o r m ore  w ere affected  with 
grossly observab le liver nodu les o f a d ia m ete r la rger than  2 m m , co rresp o n d in g  to  
h istologically  iden tified  p re -n eo p la stic  an d  neop lastic  d iso rd ers  (V ethaak , 1987). T he 
prevalence o f these  lesions in  f lo u n d er was co rre la ted  w ith the  co n cen tra tio n  o f P A H s in 
sed im en t sam ples, th o u g h  n o t w ith  th a t o f PC B s in  the  liver tissues o f the  fish them selves 
(M arq u en ie  an d  V ethaak , 1989).

T u rn ing  to  ep id erm al d iseases in  flounder, V ethaak  (1 9 8 7 ) suggested  th a t po llu tion  is a 
co n trib u tin g  fac to r in  the  d ev e lo p m en t o f lym phocystis, sk in  ulcers an d  fin rdt. 
Particu larly  high p revalences o f sk in  u lcers an d  fin ro t w ere e n c o u n te re d  in the so u th 
w estern  W ad d en  Sea, b e tw een  20%  a n d  5 0 %  o f ind iv iduals being  affec ted  a t som e local
ities, in  co n tra st w ith m u ch  low er prevalences in  th e  ea ste rn  W ad d en  Sea. T h o se  localities 
w ith h ighest p reva lences co rresp o n d ed  to  d ischarges o f fresh  w ater, though  in  the fresh 
w ater bod ies b eh in d  th e  sluices, d isease prevalences w ere very low. T h e  cond ition  fac to r 
o f affected  fish w as very  p o o r, w ith considerab le  m ortality . It w as suggested  th a t bac teria l 
infection , o sm o tic  stress, an d  an aero b ic  sed im en ts, a long  w ith  crow ding  an d  nu tritional 
deficiencies, cou ld  all b e  involved in d isease  causa tion  (V ethaak , 1991).

V ethaak  an d  M eer (1 9 9 1 ) sam p led  6 0 0 0  d ab  betw een  1986 a n d  1988 a t five coastal 
and  o ffshore lo ca tio n s in  re la tion  to  th e  d u m p in g  of w aste from  titan ium  d ioxide 
p ro d u ctio n . T h e  m ost in teresting  find ing  was a  consisten tly  h igher p revalence of 
ep iderm al h y p e rp la s ia /p ap illo m a  a t tw o sites ( th e  d u m p in g  g ro u n d  and  an  inshore  site 
in fluenced  by  d irec t river d ischarge) co m p ared  w ith  th ree  o th e r  ‘reference’ sites. D isease 
p revalence w as n o t, how ever, significantly  re la ted  to  heavy  m etals associa ted  w ith 
dum ping . T h e  au th o rs  co n c lu d ed  th a t even  though  d isease  p revalence could  well reflect 
p o llu tion , in te rp re ta tio n  o f a causal link w ith a specific w aste d isposal op era tio n  was 
com plicated  by possib le local m igratory  m ovem ents, in te rference from  po llu ted  riverine 
inputs, an d  lo n g -d is tan ce  d ispersion  o f d u m p e d  wastes.

B ann ing  et al. (1 9 8 4 ) co llec ted  chem ical da ta  from  sed im en ts, the  w ater co lum n, and  
the tissues o f d iseased  an d  hea lthy  eels from  th ree  sites in th e  W estern  S cheld t area 
(N e th e rla n d s /B e lg iu m ) in  1 9 8 1 -2 . P revalences o f  the  p ro m in e n t d isease, red  pest, 
varied  betw een  2 5 %  an d  8 2 %  a t o n e  o f  the  tw o W estern  S cheld t sites, bu t w ere only  4 -  
9 %  a t the  o th e r  W este rn  S cheld t site  a n d  th e  reference site  in the  enc losed  Lake 
G revelingen . T h e  a u th o rs  s ta ted  th a t th e ir  findings failed  to  show  conclusively a re la tio n 
ship be tw een  po llu tio n  a n d  th e  d isease. H ow ever, a  possib le ind irect rela tionsh ip  was 
suggested  by the p resen ce  o f bac te ria  in th e  b lood  o f 8 0 %  o f eels in  the po llu ted  areas but 
only 4 %  at the  re feren ce  site.

U K  E A S T  C O A S T  A N D  E N G L I S H  C H A N N E L

Follow ing a p relim inary  investigation  o f six fish species in S cottish  w aters in 1982 
(W o o tten  et al., 1982), m ore  deta iled  stud ies in re la tion  to  sew age sludge d isposal in 
these w ate rs  co m m en ced  in 1987 (M cV icar et al., 1988). A  n u m b e r o f species, includ ing
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d ab , w ere exam ined  fo r d isease  a t the  Bell R ock  an d  St A bbs H ead  d isposal sites in the 
F orth  estuary. Tw o referen ce  areas w ere chosen , each s ituated  w ith in  h a lf  a nautical m ile 
o f the  d isposal site s tudy  area , b u t a t rig h t angles to  the  m ain  cu rren t d irec tion ; a n o th e r  
m o re  d is tan t reference site w as s itu a ted  n ear the  O rk n ey  Islands. S ignificant d ifferences in 
d isease  levels w ere fo u n d , even be tw een  sites close toge ther; p reva lences w ere h igher a t 
th e  reference areas th an  a t th e  d isposal sites. T h is survey was re p e a te d  in 1988, an d  
yie lded  sim ilar results (A .H . M cV icar, pers. com m .).

B ucke et al. (19 8 3 b ) investigated  d iseases in  six fish species, inc lud ing  flounder and  
d a b , from  th e  sew age sludge d u m p in g  a re a  in  the  o u te r T h am es es tu a ry  and from  several 
reference areas in sp ring  1980. N o  clear spa tia l trends in d isease  prevalence w ere 
de tec ted , w ith the excep tion  o f  lym phocystis in dab , w hich was m ost freq u en t in o n e  of 
th e  con tro l areas. T h ere  w as co nsidered  to  b e  no  ev idence fo r a causa l re la tionsh ip  
be tw een  sludge d u m ping  in th is a re a  an d  th e  particu la r d iseases exam ined  (B ucke et a l., 
1983a). M ore recen t stud ies in th e  sam e area  have d raw n  a sim ilar conclusion , bu t 
d e ta iled  results have n o t b een  pub lished  (H e ap  e ta l.,  1991).

N ew ell e ta l. (1 9 7 9 ) fo und  sim ilar p reva lences o f skin necroses in p la ice , dab , f lo u n d er 
an d  D over sole ( So lea  vulgaris, S o leidae) from  a n o n -in d u stria lized  area  (B rixham , 
E n g lan d ) an d  an industria lized  area (C alais , F rance) in A ugust 1977. B ased on  this 
finding, an d  o n  an  analysis o f  m etal co n cen tra tio n s in tissues o f  fish from  the  tw o areas, 
th e  au th o rs  co n c lu d ed  th a t th e re  was no  ev idence to  su p p o rt an  associa tion  betw een  
po llu tio n  and  the o ccu rren ce  o f sk in  necroses.

T h e  c ru d e  oil spill resu lting  from  th e  w reck of the  A m o c o  C adiz  in M arch 1978 
p rov ided  the  im p e tu s fo r an  assessm ent o f th e  hea lth  and  ra te  o f recovery  o f plaice in tw o 
heavily oiled  estuaries in B ritanny  d u rin g  1 9 7 8 -8 0 . In a  to ta l sam ple  o f 132 plaice, the 
p red o m in an t ep id erm al lesions w ere necrosis of th e  fin a n d  tail, w hich o ccu rred  at 
p revalences betw een  6 0 %  a n d  100%  in b o th  estuaries on all sam p ling  occasions excep t 
th e  first (D ecem b er 1978). P revalences in p la ice from  a  reference site w ere only  1 0 -2 0 % . 
A  w ide range o f h isto logically  iden tified  lesions of gili, liver an d  o th e r  o rgans w ere also 
reco rded , and  the ir o ccu rren ce  was in te rp re ted  as ev idence suggesting  chronic exposure 
o f the  fish to  pe tro leu m  h ydrocarbons, w hich w ere found  in the  tissues o f  oysters from  the 
affected  area (H aensly  et al., 1982). D isru p tio n  o f th e  ovarian  cycle o f plaice w as also 
re p o rted  (S to tt e ta l.,  1983).

I R I S H  S E A

E arly  stud ies o f ep iderm al d isease in p la ice , dab , D over sole and  f lo u n d er from  the Irish 
S ea p roduced  little ev idence  fo r spa tia l variability  in p revalence (P erk ins et al., 1972; 
S helton  an d  W ilson, 1973; M cA rd le  et al., 1982). P erk ins et al. (1 9 7 2 ) suggested  an 
associa tion  betw een  increases in ep id erm al d isease an d  the presence o f PCBs in som e 
areas, b u t this in te rp re ta tio n  w as co n tes ted  by  S helton  an d  W ilson (1973).

B ucke et al. (1 9 8 3 a) exam ined  over 130 0 0  ind iv iduals o f  seven species ca p tu red  at 
various locations, including  the  L iverpoo l Bay sew age sludge d u m ping  g round , in 1982. 
N o ev idence was fo u n d  to  suggest th a t fish cap tu red  n ea r  the dum ping  g round  show ed  
h igher d isease p revalences than  those  from  o th e r  locations, b u t the  au tho rs  conceded  tha t 
th e ir  spatial com parisons w ere o f lim ited  validity because fac to rs such as fish size w ere 
n o t ta k en  into accoun t.

A  m ore ad equate ly  designed  s tudy  in  th e  Irish S ea was ca rried  o u t in 1986; this 
inc luded  a h istopatho log ica l s tudy  o f  se lec ted  o rgans o f d ab  an d  plaice as well as gross
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ex terna l anom alies (B ucke and  N icho lson , 1987). T h e  prevalence of lym phocystis  and  
ep id erm al h y p erp la s ia /p ap illo m a in d ab , and  o f lym phocystis and  u lcers  in plaice, 
show ed  significant spatial variation , b u t tha t o f u lcers in d ab  did not. O f  the organs 
stu d ied  -  liver, sp leen , kidney, gili -  on ly  th e  liver show ed  histological ch an g es o f possible 
patho log ical significance in m ore than  a  very few  individual fish. H ow ever, there was no 
h isto logical ev idence o f  liver nodu les in e ith e r species, un like the 1982 sam ple w here 
nod u les  w ere found in 2 o f  208 d ab  livers exam ined  (B ucke  et al., 1983a). T h e  possibility 
th a t o u tb rea k s  of infectious d iseases co u ld  be associa ted  w ith high c o n tam in an t levels was 
no t d isco u n ted , bu t no  da ta  on body b u rd en s o f  co n tam in an ts  w ere p resen ted ; an 
associa tion  o f  d isease with net in juries w as also  p ro p o sed . Finally, it was suggested  that 
th e re  co u ld  have been  a long-term  increase in d isease  prevalence in the a re a  (B ucke and  
N icho lson , 1987).

B A L T I C  S E A

M öller (1 9 7 9 )  review ed published  w ork  an d  his ow n surveys o f  fish d isease  in the so u th 
w estern  B altic  and  conc luded  tha t no  sign ifican t effects o f po llu tion  could  b e  d e tec ted .

D eth le fsen  an d  W aterm ann  (1 9 8 2 ) d escrib ed  d isease  prevalences in co d , flounder, and  
o th e r  species from  the  SW  B altic in 1 9 7 8 -8 2 . A n  associa tion  betw een  po llu tio n  and  the 
p reva lence  o f skeletal deform ities, u lcus sy n d ro m e a n d  pseudobranch ia l tu m o u rs  in cod , 
an d  o f lym phocystis in flounder, w as p o stu la ted  o n  the  basis o f the spa tia l p a tte rn s  
o bse rved . ,v

L an g  an d  D eth lefsen  (1 9 8 7 ) d e te rm in e d  cad m iu m  co n cen tra tio n s in k id n ey  an d  liver 
tissues o f  cod  from  the  SW  Baltic. T h e  p rev a len ce  o f skeletal defo rm ities w as h ighest in 
the  cen tra l p a rt o f the  s tudy  area , w hereas m ean  cad m iu m  co n cen tra tio n s w ere h ighest at 
its ea s te rn  end . H ow ever, defo rm ed  c o d  h ad  slightly, b u t significantly, h igher cadm ium  
co n c en tra tio n s  than  healthy  ind ividuals, suggesting  a possible connection  betw een  
accu m u la tio n  o f this m etal an d  the o ccu rren ce  o f defo rm ities.

S tu d ies  on  skeletal deform ities in fish from  th e  Sw edish coast o f th e  Baltic have been 
c o n d u c te d  since  1971 by B engtsson an d  co -w orkers. E arly  w ork com prised  experim ental 
stud ies in  w hich m innow s ( P hoxinus p h o x in u s , C y p rin idae) w ere exposed  to  various 
co n c en tra tio n s  o f m etals and  developed  verteb ra l ab n o rm alities  (B eng tsson , 1974, 1975, 
1979). B etw een  1978 and  1984, B eng tsson  et al. (1 9 8 8 ) exam ined  vertebral d efects  in 
fo u rh o rn  scu lp in  [M yoxocepha lus quadricornis, C o ttid a e )  a long  the Sw edish coast (G u lf  
o f B o th n ia). P revalences varied betw een  4 %  a n d  4 0 % , the  h ighest values being  found  in 
the vicin ity  o f a m etal o re sm eltery. F ield  d a ta  w ere su p p o rted  by experim en tal results 
ind icating  th a t long-te rm  exposure o f  th e  fish to  sim u lated  sm elte ry  effluent p roduced  
sim ilar defo rm ities (B engtsson  and  L arsen , 1986). Similarly, fou rho rn  scu lp in  show ed 
eleva ted  levels o f  verteb ra l deform ities in areas po llu ted  by b leached  kraft mill effluents, 
and  lab o ra to ry  stud ies again confirm ed  field d a ta  (B eng tsson , 1988). H ow ever, p re 
valences w ere also high (reach ing  2 3 % ) a t som e sites know n to be relatively unpo llu ted  
(B eng tsson  e t a i ,  1985).

ln  a s tu d y  of fin erosion  in perch [Perca flu v ia tilis ,  P ercidae) and  ruffe near an  effluent 
d ischarge from  a Sw edish pulp  mill, L indesjöö  an d  T h u lin  (1 9 9 0 ) d em o n stra ted  a clear 
g rad ien t in prevalence a long  a line o f  s ta tio n s lead ing  from  the d ischarge to  c leaner 
w aters, a n d  p revalences la ter dec reased  as th e  quality  of the  effluent im proved. 
F u rth e rm o re , n o rth ern  p ike [E so x  lucius, E so cid ae) from  the po llu ted  area  show ed bo th  
fin ero sio n  an d  jaw  deform ities, an d  perch  exh ib ited  d efo rm atio n  o f the opercu la. Both
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types o f skeletal defo rm ity  w ere m ore p revalen t in th e  vicin ity  o f  the  pu lp  mill (T hu lin  et 
al., 1988, 1989).

Evaluation and discussion

E V A L U A T I O N  O F  N O R T H  S E A  S T U D I E S  4

M ost pub lished  d a ta  on  fish d isease in  the  N orth  Sea up  to  ab o u t 1980 m ake  no reference 
even to  basic variab les such as the  length  an d  sex o f the  fish. M any  d ifferen t fish species 
w ere frequen tly  sam pled , irrespective o f the ir likely value as ind icato rs. D esp ite the 
lim ited  com para tive  value o f the  d a ta , these stud ies p rov ided  th e  im petus fo r the 
d ev e lo p m en t of a m o re  ad e q u a te  survey m ethodology . M ore recen t stud ies tend  to  record  
length  an d  sex as a  m a tte r o f course , thus en su rin g  th a t d ifferences in len g th  d istribu tion  
and  sex ratios be tw een  sam ples will n o t obscure  spa tia l a n d  tem poral p a tte rn s . U n
fortunate ly , excep tions can  still b e  fo u n d , such as th e  extensive study  by  Z iskow ski et al.
(1 9 8 7 ) on  ex terna l d iseases in com m ercial species a long  th e  east coast o f  N orth  A m erica.

M ore  recen t s tud ies  also exh ib it a n  increasing ten d en cy  to  m easure  o th e r  en v iro n 
m en ta l fac to rs  an d  co n tam in an t concen tra tions. T h e  m o st th o ro u g h  p u b lished  exam ples 
a re  those  o f  M öller (1984 , 1990) a n d  o f D eth lefsen  et al. (1 9 8 7 ).

T h e  ab o v e  are general an d  w elcom e trends. T u rn ing  to  specific stud ies, th e re  are a 
n u m b er o f cases w here  an  associa tion  be tw een  po llu tion  a n d  d isease  seem s to  be strongly 
su p p o rted  by  the  ev idence.

1. F in  erosion  a n d  skeletal deform ities in perch , ru ffe a n d  pike caused  by Swedish 
pu lp  mill effluen ts (p . 21): im p o rtan t fea tu re s  o f  th is w ork  a re  the  ex istence o f a  clear 
po llu tion  g rad ien t in  associa tion  w ith a  g rad ien t o f p reva lence, an d  th e  decline in 
p revalence as po llu tio n  has lessened.

2. V erteb ra l an o m alies  in m innow s an d  fo u rh o rn  sculpin  caused  by Sw edish mill and  
sm elte ry  effluen ts (p . 21): again , p o in t d ischarges o f  po llu tio n  are  involved, an d  here the 
field s tud ies  are in teg ra ted  w ith a  tho ro u g h  p rog ram m e o f experim en tal w ork. It is o f 
som e co n cern , how ever, th a t h igh prevalences o f the  d isease  s tu d ied  w ere also found  at 
reference sites d is ta n t from  sources o f po llu tion .

3. A bnorm alities  o f  plaice caused  by the  A m o c o  C adiz  oil spill (p . 20): a lthough  the 
in fluence o f m ig ra to ry  m ovem ents was n o t considered , an d  th e  reference area  com prised  
th ree d iffe ren t localities sam p led  on  th ree  d ifferen t occasions, th e  findings o f this study 
ap p e a r clear-cu t, ow ing  to  the  particu larly  severe n a tu re  o f  th e  po llu tion .

4. L iver ab n o rm alities  o f flounder, sm elt an d  ruffe caused  by po llu tion  o f the  river 
E lbe (p. 17): conv incing  ev idence is p rov ided  by the  v irtua l absence of several of the 
observed  co n d itio n s from  th e  reference area , an d  a su p p o rtin g  p rog ram m e o f ex p eri
m en tal w ork.

5. E p id e rm a l h y p e rp la s ia /p ap illo m a  in d a b  n ea r  the  D an ish  coast, caused  by oxygen 
defic iency  suspec ted  to  b e  re la ted  to  eu tro p h ica tio n  (p. 18): h ere  an  even t occurring  a t an  
iden tified  m o m en t was follow ed by  an  extensive study  over several years, p rov id ing  an 
u nusual o p p o rtu n ity  to  investigate the tem p o ra l re la tionsh ip  o f  cause an d  effect.

In o u r op in ion , th e  ev idence  p rov ided  by the  ab o v e  stud ies leaves little  room  for doub t 
th a t p o llu tio n  is involved  in d isease aetio logy  in these  specific  instances. A n add itiona l, 
specia l case is p ro v id ed  by the  discovery, in several stud ies, o f  liver nodules in  d ab  and  
f lo u n d e r in inshore  as well as offshore areas. In view of the  strong  ev idence linking the
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prevalence of such  n o d u le s  to  po llu tion  in A m erican  s tud ies  o f  flatfish (p. 13), it is 
te m p tin g  to  co n c lu d e  th a t a  sim ilar link m ust exist in  th e  N orth  S ea area, even though  the 
causal m echanism s have n o t y e t been  elucida ted .

O f  the  o th e r  s tu d ies  described  previously, the  ev idence p ro v id ed  by m any  in favour of 
o r  aga in st a causal re la tio n sh ip  is w eak: this is d u e  m ostly  to  p o o r  survey design. T h ere  
rem ain , how ever, a  n u m b e r  o f tho ro u g h  stud ies w ith an  a d e q u a te  design, b u t w hose 
find ings a re  negative o r  less clear-cu t. A  few  exam ples a re  given below.

1. T h e  negative ev idence  fo r the  ro le  o f po llu tion  in ep iderm al d isease o f f lounder in 
th e  E lb e  (p . 17) can  b e  co n tra s te d  w ith the  findings on  liver an o m alies  above. B oth  sets of 
stud ies  ap p e a r to  p rov ide  a so u n d  basis for the ir conclusions, an d  it is tem p ting  to 
co n c lu d e  th a t th e re  m ay b e  a  real d ifference here in the  su itab ility  o f  the  d iffe ren t d iseases 
as po llu tio n  ind icators.

2. P revalences o f ep id erm al h y p e rp la s ia /p ap illo m a  in  d ab  w ere  h igher in d ab  from  
G e rm a n  (p. 15) a n d  D u tch  (p. 19) titan ium  d iox ide d u m ping  areas than  in su rro u n d in g  
areas. H ow ever, w hereas D eth lefsen  et al. (1 9 8 7 ) fo u n d  c lear co rrela tions betw een  
d isease  an d  chem ical fac to rs , V ethaak  and  M eer (1991) d id  n o t. T h e  fact th a t b o th  
d u m p in g  areas a re  lo ca ted  in  th e  vicinity  o f heavily  po llu ted  rivers m akes d iscrim ination  
be tw een  specific p o llu tio n  sou rces an d  th e  general po llu tion  load  o f  the  rivers difficult.

3. T h e  s tudy  o n  the  effects o f sew age sludge d isposal in  S co tland  (p. 19) is d ifferen t 
from  all th e  above, consisting  o f  a  single survey  lasting  only  3 days an d  addressing  spatial 
varia tion  o n  a  rela tively  sm all scale. Its p rinc ipa l in te rest lies in  th e  fact th a t statistically  
significant d ifferences in  d isease  p revalence w ere  observed , b u t th e  n a tu re  o f the  spatial 
varia tion  w as co n tra ry  to  ex p ecta tio n s ab o u t th e  in fluence o f sew age sludge po llu tion , 
an d  prov ides a  general w arn ing  th a t sta tistica l co rre la tio n s c a n n o t b e  eq u a ted  w ith c a u se -  
effect rela tionsh ips. D a ta  o n  b ody  b u rd en s o f  co n tam in an ts  in  these  fish w ould  have been  
o f in te rest.

All the  above exam ples a re  derived  from  stud ies  re la ted  to  specific po in t sources o f 
po llu tion , o r in restric ted  local areas. A lth o u g h  th e  la tte r ca n n o t b e  d istinguished  in  any 
ab so lu te  way from  stud ies classified in this review  as ex tend ing  over w ide areas, the  
frequency  o r the  im p o rta n ce  o f  certa in  d efects seem s to  increase in  this last category, as 
follows.

1. P resum ably  fo r logistic reasons, th e  n u m b e r o f hauls p e r site tends to b e  low (o ften  
o n e) , an d  th e  precision  o f  th e  p revalence es tim ates is th e re fo re  questionable.

2. A  lack o f chem ical d a ta  rep resen ts a particu larly  significant om ission frdm  w ide- 
rang ing  surveys, w h ere  c lear po llu tio n  g rad ien ts a re  unlikely to  exist.

3. A  lack o f in fo rm atio n  a b o u t o th e r  env ironm en ta l fac to rs in fluencing  disease 
p revalence is m o re  significant in w ide-rang ing  surveys as these  factors will vary m ore over 
a large area.

D esp ite  the ir shortcom ings, m any o f  th e  stud ies reach ed  defin ite  conclusions -  positive or 
negative -  regard ing  the  role o f po llu tion . N o t surprisingly, these findings have 
subsequen tly  b een  d isp u ted . H ow ever, th e  findings of m ore  com prehensive  stud ies m ust 
also  be described  as o p e n  to  d eb a te  (M öller, 1987; B ucke, 1988; B ucke an d  W aterm ann , 
1988; D eth lefsen , 1988). T h ese  inc lude the  stud ies o f D eth lefsen  and  co lleagues (p. 15), 
and  o f V ethaak  a n d  co lleagues (p . 18) in  a  m ore  restric ted  area. B oth have suggested  a 
role o f  po llu tion  in  th e  dev e lo p m en t o f  som e d iseases in certa in  localities.
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T h e  fu n d am en ta l difficulty o f such  stud ies, how ever com prehensive  th e y  m ay be, is 
th a t as D eth lefsen  (1 9 9 0 ) states, the  possib ility  alw ays rem ains tha t th e re  is an  “unknow n 
set o f  fac to rs w hich have an  in fluence a n d  have n o t yet been investigated  in  our s tud ies” . 
T h e  s itu a tio n  w ith regard  to  la rge-scale surveys d iffers in degree , if n o t in a b so lu te  term s, 
from  stud ies  in w hich a source  o f p o llu tio n  ca n  b e  precisely located  in  tim e  a n d /o r  space 
an d  w here o th e r  env ironm en ta l variab les are n o t likely to  vary so m uch o v e r the relatively 
restric ted  geograph ical area  exam ined .

G E N E R A L  D I S C U S S I O N

In th e  N o rth  Sea area , it is ev iden t th a t specific  stud ies involving iden tified  point sources 
o f p o llu tio n  have p ro d u ced  m o re  exam ples o f a  convincing  re la tionsh ip  betw een 
p o llu tio n  an d  disease than  have m o re  extensive stud ies over w ide areas. T h is  d istinction  
m ay co n tin u e  in th e  fu tu re : in w ords o f D e th le fsen  (1 9 9 0 ), “ the  in tensification  o f stud ies 
in th e  fu tu re  will n o t lead  to  clear answ ers as to  th e  causa tion  of fish d iseases in the  N orth  
S ea” . It is likely, the re fo re , th a t th e  in te rp re ta tio n  o f d a ta  from  spatially  ex tensive  surveys 
will alw ays b e  sub ject to  a certa in  d eg ree  o f d isag reem en t. T h e  value of such  surveys lies 
in stead  in m on ito ring  fo r long -te rm  tren d s  in  d isease  prevalence, in d e tec tin g  h itherto  
u n k n o w n  d iseases an d  ‘h o t-sp o ts’ o f  an o m alo u sly  h igh  p revalence, an d  in  exam in ing  the  
re la tio n sh ip  betw een  d isease  an d  a  com plex  o f env iro n m en ta l variables. E x tensive  m ulti
d isc ip linary  stud ies a re  very  im p o rta n t in  th a t they  begin to  assign to  the  very  long  list o f 
p o te n tia l causal fac to rs fo r d isease (T ab le  2) an  ind ica tion  o f the ir relative im p o rta n ce  in 
reality. T h re e  specific exam ples o f im p o rta n t fac to rs  are food  supply  (M ölle r, 1984,
1990), trau m a d u e  to  cap tu re  an d  re lease  from  fish ing  n e ts  (D e th le fsen , et a l ,  1987; 
D e th le fsen  1990), an d  salinity flu c tu a tio n s  (V e th aak , 1991).

A  fea tu re  o f several o f  the  m ost conv inc ing  cases o f a link  b e tw een  d isease and  
p o llu tio n  is the  accom pany ing  ex p e rim en ta l w ork , as in the stud ies o n  vertebral 
d e fo rm ities  in fo u rh o rn  sculpin, o f h isto p ath o lo g ica l lesions in E lbe  flounder, an d  -  on  
th e  o th e r  side  o f the  A tlan tic  -  o f liver lesions in  A m erican  east coast flatfish. M any  of 
th e  m o re  w idespread  ep iderm al d iseases h av e  n o t, how ever, b een  the sub ject o f any 
p u b lished  experim en tal stud ies, a lth o u g h  such  stud ies are now  in progress in  som e 
co u n tries  b o rd erin g  the  N orth  Sea.

In considering  the  fu tu re  d ev e lo p m en t o f  ep idem iological research  in the  N orth  Sea, 
th e  ap p ro p ria ten ess  fo r fu rth e r u se  o f th e  h o st species an d  the  d iseases p resen tly  stud ied  
sh o u ld  b e  d iscussed. T h e  co n tin u ed  use o f d ab  an d  flounder as in d ica to r species rests 
largely  on  the sam e aspects o f th e ir  b io logy  th a t led  to  their being reco m m en d ed  
orig inally , since no  d isease in e ith e r has show n a  c lear re la tionsh ip  w ith po llu tio n  over a 
w ide ran g e  o f cond itions. It is possib le, how ever, th a t o th e r  fish species, inc lud ing  those 
o f n o  com m ercial significance, m ay b e  equally  o r  even m ore suitable fo r  m on ito ring  
po llu tion .

T h e  results of A m erican  stud ies suggest very  strongly  th a t m ore a tten tio n  should  be 
given to  liver n odu les  as a  su itab le  d isease  fo r s tudy  in  th e  N orth  Sea area (A n o n ., 1989). 
A tte n tio n  was first draw n to  the  w idesp read  d istribu tion  and  high prevalence o f  these 
n o d u le s  in N orth  Sea flatfish by V ethaak  (1 9 8 7 ), th ough  th e  original in te rp re ta tion , that 
they  rep resen t a co n tin u u m  o f neo p lastic  lesions, includ ing  m alignant stages, was 
co n s id ered  by B ucke an d  W ate rm ann  (1 9 8 8 ) to  b e  unsubstan tia ted . M ore recently, 
how ever, th e  occu rrence  o f liver n eo p lasia  (b u t n o t o f m alignant tum ours p e r se) in N orth
S ea fish h as  b eco m e m ore  w idely accep ted  (B ucke  a n d  S tokes, 108S; A b q d ., i 9Ä9,
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A lth o u g h  th e  n ee d  to  take an d  p reserve h isto logical sam ples cou ld  be considered  an 
obstacle  to  the  use o f this cond ition  in ro u tin e  m on ito ring , it is en co u rag in g  to  n o te  tha t 
th e re  ap p e a rs  to  b e  a good co rresp o n d en ce  be tw een  neo p lastic  o r p re -n eo p la s tic  lesions 
an d  grossly observab le  nodu les on  the  su rface  o f the  liver (A .D . V e th aak , unpub lished  
d a ta).

T h e re  is s tro n g  ev idence th a t fin ro t an d  skeletal defo rm ities are causally  re la ted  to 
po llu tion  in som e fish species, b o th  in th e  N orth  Sea an d  elsew here. T h e re  is little douk t 
th a t ske le ta l defo rm ities can  have a  chem ical ae tio logy  (B eng tsson , 1975). H ow ever, 
since they  are n o t always easy to  de tec t, record ing  them  can be costly  an d  labour- 
in tensive; a lth o u g h  the  m e th o d  described  by B eng tsson  an d  B eng tsson  (1 9 8 3 ) was 
considered  to  achieve a reasonab le  com prom ise  b e tw een  cost an d  the  n ee d  fo r large 
q u an titie s  o f da ta , it has n o t b een  w idely ad o p ted .

T h e  u se  o f  fin ro t as a  d iagnostic  too l fo r rou tine ly  m o n ito rin g  th e  re la tionsh ip  betw een  
fish d isease  a n d  po llu tion  is controversial, because  o f  difficulties in separating  the 
co n d itio n  from  m echanical dam age , lead ing  to  criticism  (M öller, 1987) o f published  
stud ies an d  to  th e  exclusion o f  fin ro t from  the  list o f  d iseases reco m m en d ed  for 
m o n ito rin g  by  IC E S  (A n o n ., 1989). M e th o d s fo r d iagnosing  this d isease  could  repay  
m ore d e ta iled  investigation .

In  ad d itio n  to  th e  considerab le  m ethodo log ical p rob lem s tha t persist in  ep idem io log i
cal stud ies  o f fish d isease, th e re  are also  m ajo r gaps in o u r know ledge. T hese  include 
difficulties in characteriz ing  reference areas an d  ‘n a tu ra l’ back g ro u n d  levels o f d iseases, 
u n ce rta in ty  a b o u t the  dynam ics an d  ae tio logy  o f  th e  d iseases, lack o f know ledge ab o u t 
the  b io logy  o f th e  hosts, a n d  the  scarcity  o f accom pany ing  env iro n m en ta l d a ta  in m ost 
instances (A n o n ., 1989). It shou ld  b e  fu rth e r  stressed  th a t, w hereas in fo rm ation  is 
increasingly  availab le ab o u t the  b ehav iou r an d  d isp e rs io n  o f p o llu tan ts  from  m ajor 
sources, th e  long -te rm , possibly synergistic effects o f  p o llu tan ts  th a t are w idespread  at 
low levels a re  fa r from  understo o d . T h ese  po llu tan ts , how ever, m ay well have an  
im p o rta n t effect o n  fish health .

F inally, it is g radually  becom ing  c lear th a t m any  types of d isease a re  a direct 
co n seq u en ce  o f an  im paired  im m une system , b u t stud ies  on  im m unocom petence  an d  
im m u n o su p p ressio n  in  m arin e  organism s are  a t an  early  stage in m ost countries.

C onclusions and recom m endations

O n  a w orldw ide scale, the  m ost convincing exam ples o f a causal rela tionsh ip  betw een  fish 
d isease a n d  po llu tio n  com e from  intensive d e ta iled  stud ies carried  o u t in N orth  A m erica, 
p articu la rly  on  liver pathology. D espite the  ex istence o f a n u m b er of convincing  exam ples 
o f an  assoc ia tion  in  the N o rth  Sea area , no tab ly  in  local areas with distinct sources of 
p o llu tion , negative  views on  the  usefulness o f fish d iseases in m on ito ring  pollu tion  
c o n tin u e .to  b e  expressed . T h is is partly  because fu n d am en ta l lim ita tions seem  to prevent 
the c lea r d em o n stra tio n  o f cau se -e ffec t re la tionsh ip s in m o re  w ide-rang ing  ep idem io log i
cal surveys. A lth o u g h  such surveys serve im p o rta n t functions, their lim itations m ust be 
recognized  an d  accep ted , a n d  increased em phasis shou ld  b e  given to  m ore intensive and 
th o ro u g h  investigations, p referab ly  in localities w ith d is tinc t sources o f po llu tion  and  low 
back g ro u n d  p revalences. T h ese  stud ies shou ld  co n c en tra te  o n  liver patho logy  as the  m ost 
im p o rta n t d isease  cond ition , o n  th e  m easu rem en t o f co n tam in an t concen tra tions o r o th er 
ind icato rs o f  ex p o su re  o r effect, and  on  accom pany ing  experim en ta l w ork, w hile the use
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o f skeletal defo rm ities as b io log ical ind icato rs m erits fu rth e r  d ev e lo p m en t. It is to  be 
h o p ed  tha t such investigations will p rov ide the  d e ta iled  in fo rm ation  req u ired  to  establish  
a solid basis for the use o f a t least som e fish d iseases in ro u tin e  po llu tion  m onito ring .

Summary

T h e  use of fish d iseases to  m o n ito r m arine  po llu tion  is review ed and  ev a lu a ted , with 
p articu la r reference to  the  N orth  Sea a n d  associa ted  w aters. C rite ria  for ep idem iological 
surveys a re  ou tlined , an  in te rn a tio n a l overview  o f research  is given, and  recen t stud ies  in 
the  N orth  Sea area are described  an d  eva lua ted .

T h e  basic approach  is to  iden tify  spa tia l an d  tem p o ra l p a tte rn s  o f d isease  prevalence, 
w hich can  b e  rela ted  to  po llu tion . A  m ajo r obstacle  is to  d istinguish  effects o f po llu tion  
from  those  o f o th e r  variables, especially  as m ost d iseases a p p e a r  to  have a  m ultifactorial 
aetiology. F ield  stud ies can  b e  eva lua ted  against a  n u m b e r o f criteria : these  inc lude the 
accuracy  a n d  precision  o f  p revalence estim ates, the  ex ten t to  w hich possib le causal fac to rs 
o th e r  than  po llu tion  are  taken  in to  ac co u n t, an d  w h eth e r o r n o t ex p o su re  o f  th e  study 
po p u la tio n  to  po llu tion  is m easu red  directly.

A  d istinction  can  b e  m a d e  betw een  in tensive, tho ro u g h  stud ies, w hich freq u en tly  use a 
h istopatho log ical ap p ro ach , an d  th e  m o re  extensive surveys o f large n u m b ers  o f fish for 
grossly observable lesions. B roadly  speak ing , N orth  A m erican  research  has em phasized  
the  fo rm er ap p ro ach , an d  research  in the  N orth  Sea th e  la tte r. N evertheless, a lth o u g h  the 
m ost com prehensive  ev idence fo r a  causal re la tionsh ip  be tw een  d isease  an d  po llu tio n  has 
been  g a th ered  in  N orth  A m erica , the re  a re  also  g ood  exam ples from  the  N orth  S ea area, 
particu larly  in local areas w ith d istinct sou rces o f po llu tion . T h e  d a ta  from  w ider-rang ing  
surveys are m ore am biguous: w hile som e p rov ide circum stan tia l ev idence fo r a  role o f 
po llu tion , th e  ap p a re n t com plex ity  o f  d isease  ae tio logy  an d  th e  lim ita tions o f  the 
ep idem io log ical ap p ro ach  m ay p rev en t any  clear d em o n stra tio n  o f  po llu tion  as a cause 
over w ide geograph ical areas. E x tensive  surveys are  n evertheless usefu l fo r de tec ting  
long-te rm  trends in d isease  p revalence an d  ‘h o t-sp o ts’ o f anom alously  high prevalence, 
an d  fo r exam ining the  . rela tionsh ip  b e tw een  d isease  an d  a  com plex  o f env ironm en ta l 
variables.

F or the  fu tu re , g rea ter em phasis sh o u ld  b e  p laced  o n  the  record ing  o f  liver lesions, on 
the  m easurem ent o f ex p o su re  to  po llu tion , a n d  o n  experim en ta l w ork.
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