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ABSTRACT: As part  of a survey on  popula t ion  dynamics  and  ecology of f ishes in  the  Elbe River, 
seasonal  and  regional  f luctuations of external  fish diseases were s tudied from the  open  North Sea to 
Hamburg  in 1981-1982. Clinical  s igns of 11 different diseases, several  of t hem not b e i n g  recorded 
before, were noted in 22 fish species. Averaged  over all  samples,  the total  disease p reva lence  was 
below 1 %  in 16 species. Highes t  p reva lences  were  found in smel t  (12.7 %), eel  (9.2 %), and  
flounder (5.5 %). The frequency of most diseases  increased in larger  (older) fish. High preva lences  
of skeletal  abnormal i t ies  in cod could be  re la ted to abnormal  migra t ion habi t s  of d iseased fish. 
Spawning  papillomatosis,  skin ulceration, and  fin rot in smelt  occurred p redominan t ly  dur ing  the 
spawning season. Most diseases observed occurred at relat ively h igh  preva lences  in  the centra l  
Elbe estuary be tween  Cuxhaven  and  Brunsbiittel.  This is most obvious for lymphocystis,  fin rot, skin 
ulceration, and  b leach ing  syndrome in flounder, but  such a t endency  also seems to occur in 
cauliflower disease of eel, as well  as spawning  papi l lomatosis  and  pharyngea l  g ranu loma in smelt. 
This area is less heavi ly pol luted and  less f requent ly  affected by oxygen deficiency than  the area 
upstream of Gliickstadt, where  diseases in genera l  occurred at lower frequencies.  Therefore, it is 
concluded that  ne i ther  pol lut ion nor lack of oxygen are the ma in  tr iggers for the ou tbreak  of 
diseases in Elbe fish. It is supposed that  large t idal f luctuations of salinity are a major  stress factor 
for fish in the estuary be t w een  Cuxhaven  and  Brunsbfittel, F lounder  from this area usually are in a 
relatively bad nutr i t ional  state. Their  condit ion factor increases  signif icantly towards Hamburg ,  
while their  disease preva lence  decreases  in the  same direction. 

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

T h e  E l b e  is o n e  of t h e  l a r g e s t  r i v e r s  i n  E u r o p e  (1144 km).  I n t e n s i v e  s t r e a m  r e f l u l a t i o n  

s t a r t e d  in  1840 m a k i n g  it  a m a j o r  i n l a n d  s h i p p i n g  rou te .  T o g e t h e r  w i t h  i n c r e a s i n g  

s e w a g e  i n t r o d u c t i o n  t h i s  l e d  to s e v e r e  con f l i c t s  w i t h  t h e  u s e  of t h e  r i v e r  as  a s o u r c e  of 

d r i n k i n g  w a t e r  a n d  as  a f i s h i n g  a r ea ,  as  r e v i e w e d  b y  R i e d e l - L o r j e  & G a u m e r t  (1982).  

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

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

a c t i v i t i e s  d u r i n g  t h e  present century. W i l k e n s  & K 6 h l e r  (1977} a n d  K 6 h l e r  & H61ze1 

{1980} h a v e  d e s c r i b e d  a r e t r a c t i o n  of t h e  m a i n  f i sh  s p e c i e s  of t h e  l o w e r  E l b e  R i v e r  s i n c e  

1950 t o w a r d s  t h e  e s t u a r y  a n d  a t t r i b u t e d  t h i s  to  t h e  e f f ec t s  of i n c r e a s i n g  c h a n n e l i z a t i o n  

a n d  p o l l u t i o n .  M611er & M f i l l e r  (1984),  o n  t h e  o t h e r  h a n d ,  f o u n d  n o  g e n e r a l  d e c r e a s e  i n  

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

f r om f i s h e r i e s  i n  1894 a n d  1982.  H o w e v e r ,  s a l e  of t h e  m a i n  m a r k e t  s p e c i e s  - t h e  e e l  - is  

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

h y d r o c a r b o n s  h a v e  b e e n  d i s c o v e r e d  i n  i ts  f i l l e t s  (Kr i ige r  & Kruse ,  1982;  K r u s e  e t  al., 

1983}. 
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Early informat ion on diseases of Elbe fish is scarce. Nieschulz  (1921) and  Schnaken-  
beck (1927) descr ibed lymphocyst is  as a w e l l - k n o w n  and  f requent ly  occurr ing disease of 
f lounder  in the Elbe estuary. Caul i f lower disease of eel was the ma in  subject  of the 
studies of L i ihmann & M a n n  (1957), Koops & M a n n  (1969), and  G. Peters (1975, 1977). 
Several  authors have poin ted  out a possible associat ion be tween  high rates of abnor- 
mali t ies  and  diseases in  Elbe fish and  high pol lu t ion  levels. Wunde r  (1971) discussed 
this p roblem in respect to skeletal  abnormal i t i es  of cod, N. Peters (1981a, b) in respect to 
gill hyperplas ia  of f lounder  and  caul if lower disease of eel, and  KShler & HSlzel (1980), 
w h e n  descr ib ing  pathological  f indings  of in te rna l  organs from smelt  and  flounder. 

Dur ing  the last 10 yr, fish diseases have b e e n  used in  pol lu t ion effects moni tor ing 
(Stich et al., 1977; S indermann ,  1979~ Chris tensen,  1980; N. Peters, 1981a). The evidence 
for "pol lu t ion-associa ted"  fish diseases, however,  for m a n y  cases is controversial  (M61- 
ler, 1984). Cer ta in  mis interpre ta t ions  have b e e n  made,  due to the fact that the level of 
disease p reva lences  is d e p e n d e n t  upon  a variety of mostly u n k n o w n  factors, environ-  
men ta l  as wel l  as stock-specific. Therefore, a statistical correlat ion be t w e e n  increas ing 
pol lu t ion levels  and  increas ing  disease f requencies  is not sufficient proof for a causal 
correlation (MSller & Anders,  1983). 

The lower Elbe River is an  ideal  area for s tudying  this problem. It is reputed for its 
high pol lu t ion levels and  we l l -known  for its a b u n d a n c e  of fish. Its hydrography and 
pol lu t ion levels have b e e n  surveyed in tens ive ly  by the "Arbei t sgemeinschaf t  fiJr die 
Re inha l tung  der Elbe" since 1978 (ARGE Elbe, 1980, 1982, 1983). However,  only few 
quant i ta t ive  data on the occurrence of fish diseases have become avai lable  unt i l  now, 

This paper  presents  results from the first mul t i -species  survey on fish diseases from 
the Elbe River and  a critical discussion of their correlat ion to env i ronmen ta l  conditions. 
The present  survey was part  of a comprehens ive  s tudy of the biology of Elbe fish, 
i nc lud ing  their  species composit ion,  popula t ion  dynamics,  migra t ion  habits,  parasita-  
tion, body condit ion,  food habits,  and  heavy metal  loads (Mi_iller, 1982; Anders,  1983; 
Fiedler, 1983; Mieth, 1983; MSller, 1983a, b; Wichowski,  1983; MSller & MLiller, 1984). 

MATERIAL AND METHODS 

A r e a  i n v e s t i g a t e d  

The fish were sampled  by commercial  shrimp trawls from September  1981 to 
September  1982 at Stations 1 to 8, by a young-f ish-bot tom-trawl  from September  1981 to 
October  1982 at Stations 9 to 17, and  by a commercia l  anchor  net  from December  1981 to 
November  1982 at Stations 22 to 33. Altogether  on 102 days of fishing, 319 samples  and 
more than  150,000 ind iv idua l s  were examined.  The area of inves t iga t ion  was divided 
into 8 regions according to Figure 1. Region I is character ized by a mar ine  fish fauna. 
The occurrence of freshwater species usual ly  is restricted to Regions IV to VIII. Monthly 
samples  were taken  at each station except in  January ,  when  all, and  in December,  when  
13 stations had to be  ommit ted  due to ice condit ions.  

Sal ini ty  f luctuated cons iderably  dur ing  the survey. The freshwater area was l imited 
downs t ream to Station 11 in  summer  and  ex tended  to Stat ion 6 dur ing  winter  (Fig. 2). At 
Station 1 sal ini ty  var ied be tween  16 and  > 30 %0. 
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Water  depth  was  b e t w e e n  5 and 10 m, except  at Stat ion 17, whe re  it did not e x c e e d  
1.5 m. Stations 17 and 31 were  located near  the mouths  of tr ibutary rivers, Stat ion 24 

near  the nuc lear  power  plant  of Brunsbfittel,  Stat ion 15 near  the nuc lea r  power  p lan t  of 
Stade, and Station 29 near  the waste  wa te r  out let  of the industr ia l  area  Biitzfleth. The  

uppermost  Stat ion 33 was in the vic ini ty  of the s e w a g e  out let  of the city of Hamburg .  

I II IIIl IV Iv q vI IvIIlVIII 
- -  t r o w l  net stotion N 

• a n c h o r  ne t  s t a t i o n  

Fig. 1. Station map of fish survey in the lower Elbe River (1981-1982) and location of Regions I to 
VIII 

F i s h  e x a m i n a t i o n  

Fish were  examined  macroscopica l ly  for external ly  vis ib le  d isease  signs and abnor-  

mali t ies  immed ia t e ly  after capture,  except  under  very stormy conditions,  w h e n  work  was 

done in the harbour  with a de lay  of up to 3 h. Night  samples  from Stations 22 to 33 were  

stored in water  tanks and e x a m i n e d  in daylight .  
Fish were  measu red  on board  ship to the cm be low total length.  In order to 

de te rmine  condit ion factors, fish were  p rese rved  for at least  2 w e e k s  in 8 % formal-  
dehyde,  measu red  to the mm be low total  l eng th  and w e i g h e d  to an accuracy  of 0.01 g 

after removal  of the organs  of the body cavity. 

All d iseases  observed  dur ing this survey, their  p robab le  sources, pa thogenic i ty ,  and 
distr ibution within  the Northeast  Atlant ic  Ocean  have  been  desc r ibed  recent ly  (M611er & 

Anders, 1983). The  only except ion  is the "b l each in g  syndrome"  of f lounder  and plaice.  
Typical  signs of this disease inc lude  destruct ion of the mucous  layer  and of the colorat ion 

of the skin, l ead ing  to a pale  appearance ,  and progress ive  fin rot. Diseased  fish look as if 

they had been  dead  for 2 days; they die rapidly  after capture.  

Three  groups of skele ta l  deformit ies  have  b e e n  t rea ted  separate ly:  (1) Deformit ies  of 
the opercula,  l ead ing  to part ial  exposure  of the gills~ (2) deformit ies  of the lower  jaw, 

probably  due to d a m a g e  by hook or net;  (3) bu l l -head  and deformit ies  of the spine,  

inc luding shortening,  lordosis, and scoliosis. 
Eels were  e x a m i n e d  for caul i f lower  d isease  on head  and fins, flatfish for lymphocys-  

tis on skin but not on gills. All fish were  inspec ted  for pap i l lomas  on the skin. The  

f requency of spawning  papi l lomatos is  in smelt  migh t  be underes t imated ,  as some of the 
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Fig. 2. Monthly and regional fluctuations in salinity (%o) in 0.5 to 1,0 m water depth, lower Elbe 
River (1981-1982) calculated from conductivity at low tide, Circles and stream-kilometers indicate 

the position of the 8 %o mark (basic data provided by ARGE Etbe) 
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papi l lomas  dropped  off easily. A s imilar  observat ion  was m a d e  for caul i f lower  tumors of 

ee l  in autumn. 
Cod, whi t ing  and smelt  were  e x a m i n e d  for tumors in the gi l l  cavity, smel t  addi t ion-  

ally for tumors in the mouth  cavity. Tumor- l ike  growths  in the gi l l  c h a m b e r  of gadoids,  

obviously due to previous infestat ion by Lernaeocera branchialis, were  not t aken  into 

consideration.  
All fish were  examined  for skin ulcerat ion,  fin rot, and eye damage .  The occurrence  

of 2 different  diseases  in one fish led to a non-s igni f icant  overes t imat ion  of the total  

d isease  p reva lence  in smelt  and f lounder,  as each  d isease  en t e red  a different  statistic. 
Fin rot was not counted  in flatfish wi th  b l e a c h i n g  syndrome,  as dest ruct ion of fin t issue is 
one of the character is t ic  c l inical  signs of the syndrome.  

T r e a t m e n t  of d a t a  

In Table  1, the p reva lences  of 11 different  diseases  in 22 fish species  are l is ted 

(averages of all  samples).  The  data  give only a rough impress ion  of the d i sease  situation, 
as nei ther  reg iona l  nor seasonal  f luctuat ions or l eng th  correlat ions are considered.  In 

order to reduce  the impact  of fish l eng th  on the data, 0-group fish were  exc luded  from the 

calculat ions by exc lud ing  ind iv idua ls  smal le r  than  12 cm. For species  that  had  b e e n  

counted but not measured,  all spec imens  of > 4 cm length  were  considered.  As adul t  

Alosa faHax had b e e n  caught  in very small  numbers ,  data in Table  1 refer  to 0-group 
shad (3-12 cm) only. 

Diseases that occurred at p r eva l ences  above  0.5 % in s ingle  fish species  were  tes ted 

for length  correlations.  A corre la t ion was de t e rmined  to exist, if its statistical signifi-  

cance e x c e e d e d  95 %. For each  set of diseases,  p reva lence / f i sh  l eng th  data, l inear  and 
exponent ia l  regressions were  calcula ted.  The  curve  form wi th  the  h ighes t  corre la t ion 

coefficient  was chosen for further calculat ions.  In cases w h e r e  correlat ions were  found, 

disease rates of every  cm-group were  reca lcu la ted  according  to the statistical re la t ion 
(for example  see Table  2). 

To make  disease  p reva lences  of different  l eng th  groups comparab le  in order to 

establish regional  differences,  the data were  l eng th -ad jus ted  as descr ibed  in detai l  by 

M611er & Anders  (1983). The  pe rcen tages  of d i seased  fish of every  cm-group  were  re la ted  
to the va lue  of the ave rage  l eng th  group. The  l eng th  corre la t ion factor for this group was 
def ined as 1, be ing  > 1 in cm-groups  with  lower  d isease  p reva l ences  than  in the a v e r a g e  

group,and < 1 in cm-groups  with h igher  d i sease  p reva lences  than in the ave rage  cm- 
group. For further calculations,  the n u m b e r  of d i seased  fish per  l eng th  group (i) was 

mul t ip l ied  by the length-speci f ic  correct ion factor (ci). The p e r c e n t a g e  of d i seased  fish 

was then ca lcula ted  as ~ c i x (n d i seased  fish per  l eng th  group i)/n fish examined .  

Length groups in which  the disease  did not occur were  exc luded  from these  calculat ions.  

RESULTS 

S m e l t  (Osmerus eperlanus) 

Smelt  are found all over  the lower  Elbe River. Adul t  fish a g g r e g a t e  in the estuary in 

January  and February and start their  spawning  migra t ion  ups t ream in ear ly  spring. In 
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1982, the first 0-group smelt  appeared  in  June ,  sp read ing  out over the freshwater region 
by the end  of the year  (M611er, 1983a). 

Smelt  was the species with the largest  variety of disease signs as well  as the highest 
total disease preva lence  (Table 1). Pharyngea l  g ranu loma  occurr ing predominant ly  on 
jaws, palate,  and  ins ide  the opercula,  were  found in  8.8 % of fish > 11 cm. There  was a 
clear l inear  re la t ion b e t w e e n  disease preva lence  and  fish length.  Approximately  20 % of 
smelt  > 21 cm carried the disease symptoms (Table 2). The smallest  diseased fish 
measured  9 cm. Monthly  disease preva lences  increased by a factor of 2.3 from May to 
September  1982 and  were  lowest in  October  1981 (Table 3). On  average dur ing  the 
period of invest igat ion,  the percentage  of diseased fish decreased from the estuarine 
Regions II + III towards Regions VII + VIII (Hamburg  harbour) from 6.8 to 5.0 % 
(Table 4). 

Spawn ing  papi l lomatosis  was observed exclusively in adul t  smelt  > 11 cm and  only 
dur ing  the spawn ing  per iod from February  to May. The max imum value of 5.5 % for 
16 cm long fish was reached in  April  1982 (Table 3). As in  pha ryngea l  g ranu loma  the 
highest  p reva lence  of this disease was  found in  Regions II + I I I .  

External ly  vis ible  skeletal  abnormal i t ies  occurred in  2.8 % of adul t  smelt  (Table 1). 
A correlat ion be tween  disease p reva lence  and  fish length  could be es tabl ished only for 
deformities of the opercula  (Table 2). Higher  percentages  of deformities were  observed 
in  the freshwater  area in comparison with es tuar ine  regions (Table 4). No seasonali ty 
was evident  for the occurrence of deformities of lower jaws and  opercula (Table 3). 

No regional  differences in the preva lences  of skin ulcerat ion and  fin rot were 
observed;  both occurred in  0 . 1 %  of adul t  smelt. Highest  va lues  were  present  dur ing  the 
spawn ing  season (Table 3). 

Ee l  (Anguilla anguilla) 

Eels were caught  in  h igh number s  at most stations ups t ream of Cuxhaven.  Based on 
the average  of all  samples  and  length  groups, skeletal  anomalies ,  jaw deformities, skin 
u lcera t ion  (=  red pest, Vibrio disease), and  fin rot occurred at p reva lences  be low 0 .1%.  
Caul i f lower disease was found in  9 .1% of all eel examined  (Table 1). 

Its a b u n d a n c e  is re la ted to season as well  as to fish length.  Dur ing  the catch season 
1982, stock eel  was affected on average  at a rate of 10.0 % and  marke tab le  eel  at 4 .1% 
(Table 5, va lues  < 30 n excluded).  The highest  month ly  disease preva lence  of market-  
able  eel  was 10.1% in July, d ropping  considerably  dur ing  the fol lowing months. For 
stock eel, values  near  15 % were observed from Augus t  to October (Fig. 3). The length  
group most f requent ly  affected was 21 to 25 cm. Disease preva lences  were less than half 
this va lue  in  eel  smal ler  than  16 cm and  larger  than  30 cm (Table 6). 

For regional  comparisons,  the data were l eng th-ad jus ted  according to the correction 
factors g iven  in  Table  6 and  rela ted to the 21 to 25 cm group. Dur ing  June  and  July 
h ighes t  disease p reva lences  were found in  Region I, the outer estuary (Table 7). 
Unfortunately,  there are no sufficient data from the fol lowing months. Values above 
30 % were present  in  eel  from Region III in  September  and  October. This was also the 
region  wi th  the h ighes t  average  disease p reva lence  (14.2 %) from May to September.  It 
was 2 1 %  above the average  value  of Regions II to VII. 
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Fig. 3. Monthly fluctuations in the abundance of caul i f lower disease in stock eel and marketable eel 
f rom the lower  Elbe River (Stations 1 to 33) and the Oste River (May only) 

F l o u n d e r  (Platichthys flesus) 

Young-of*the-year f lounders  in  1982 en te red  the Elbe in  June ,  r e m a i n i n g  in the 
freshwater region for their first year  of life. One-year -o ld  f lounders  were caught  all over 
the area of invest igat ion,  their migra t ion be ing  in f luenced  ma in ly  by ice condit ions 
dur ing winter  and  lack of oxygen in  late summer.  Adul t  f lounders  were found in  large 
numbers  in the es tuar ine  Regions II + I I I  as well  as in  the Mfih lenberger  Loch (Sta- 
tion 17) near  Hamburg  (M611er, 1983a). 

Lymphocystis, b l each ing  syndrome, skin ulcerat ion,  and  fin rot were the m a i n  
contributors to a total disease preva lence  of 5.5 % on average of all stations in fish 
> 11 cm (Table 1). Length correlations of disease f requencies  were s tudied in fish from 
Stations 5 to 8 caught  be tween  September  1981 and  Sep tember  1982. Except for f in rot, 
significant correlations were found for all diseases, fol lowing a l inear  regression for skin  
ulcerat ion and b leach ing  syndrome and  an  exponent ia l  regression for lymphocystis  
(Fig. 4). Smallest  d iseased fish measured  6 cm for skin ulcerat ion,  8 cm for fin rot, 9 cm 
for b leaching  syndrome, and  12 cm for lymphocystis.  

After separat ion of the age groups according to the l eng th  f requency dis t r ibut ion 
(M611er, 1983a), the deve lopment  of diseases in  one age group could be followed for a 
period of 12 months. Prevalence of skin ulceration,  lymphocystis,  and  fin rot decreased 
from November  1981 unt i l  April  1982, but  increased  aga in  dur ing  the fol lowing months  
(Table 8). 

Data were compiled for regional  comparisons of disease prevalences  from Sep- 
tember  1981 unt i l  September  1982 at Stations 1 to 17. Only  fish of 12 to 25 cm length  
were included,  as smal ler  fish were not or only se ldomly affected and  as larger fish 
occurred only in relat ively low numbers .  Data in  Figure 5 and  Table  4 refer to f lounders  
of 18 cm length.  For all diseases examined,  the highest  pe rcen tages  were observed in  
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Table 6. Relation between fish length and tumor frequency in eel from Elbe River. Data from June to 
September 1982 and from Stations 22 to 33 

Length 
(cm) 

Number  
examined 

Diseased Relativity Length 
(%) of disease correction 

prevalence (%) factor c i 

11-15 

16 124 
17 141 
18 205 
19 275 
20 295 

21 274 
22 239 
23 233 
24 206 
25 234 

26 197 
27 171 
28 140 
29 117 
30 127 

31 108 
32 102 
33 62 
34 57 
35 63 

36-4O 
306 

41-70 

182 6.6 46 2.2 

8.1 
10,6 } 

1,040 11.7 11.5 80 1.2 
12.7 
12.2 

16.4 
13,4 } 

1,186 16,3 14.4 100 1 
15.5 
10.3 

11.2 

752 9.3 10.8 75 1.3 
12.8 
12.6 

7.4 

392 6.6 46 2.2 

5,2 36 2.8 
118 4.2 29 3.4 

R e g i o n  II w i t h  to ta l  v a l u e s  b e t w e e n  7 a n d  12 % on  S ta t ions  5, 6, a n d  7. D i s e a s e  
p r e v a l e n c e s  d r o p p e d  t o w a r d s  t h e  o p e n  N o r t h  S e a  b e l o w  1 %  for s i n g l e  d i seases .  L o w e s t  
p e r c e n t a g e s  w e r e  f o u n d  in t he  f r e s h w a t e r  area.  A t  S ta t ions  14 to 17, b e t w e e n  S t a d e  a n d  

H a m b u r g ,  on ly  3 out  of 812 f l o u n d e r s  w e r e  d i s e a s e d .  T h e  to ta l  v a l u e  in  R e g i o n s  V to VII 

(Glf icks tadt  to H a m b u r g }  w a s  0.5 % on  the  a v e r a g e .  No  f l o u n d e r  w i t h  b l e a c h i n g  

s y n d r o m e  was  c a u g h t  u p s t r e a m  of Brunsbf i t te l .  
T h e  p r e s e n t a t i o n  of a v e r a g e  v a l u e s  m a s k s  t h e  fact  tha t  o c c a s i o n a l l y  v e r y  h i g h  

d i s e a s e  p r e v a l e n c e s  c a n  b e  found.  In S e p t e m b e r  1981, 19 % ou t  of 155 a n d  in  O c t o b e r  

1981, 27 % out  of 145 f l o u n d e r s  c a u g h t  at S ta t ion  6 su f fe red  f rom b l e a c h i n g  s y n d r o m e .  
A d d i t i o n a l l y  6 %, a n d  8 % r e s p e c t i v e l y ,  c a r r i ed  s y m p t o m s  of o t h e r  d i seases .  In 

N o v e m b e r  at t he  s a m e  s ta t ion  v a l u e s  w e r e  9 % for sk in  u l ce ra t ion ,  13 % for l y m p h o c y s -  

tis, a n d  3 % for f in rot {No. = 106). 

S e a s o n a l  f luc tua t ions  of d i s e a s e  p r e v a l e n c e s  w e r e  not  as  e v i d e n t  as  t hose  f rom o the r  
areas.  Lymphocys t i s  w a s  m o s t  f r e q u e n t l y  e n c o u n t e r e d  d u r i n g  t h e  s p a w n i n g  season .  T h e  

m a x i m u m  v a l u e  w a s  3.6 % for 18 cm l o n g  f ish f rom R e g i o n s  II + I I I  in F e b r u a r y  {Fig. 6). 

F in  rot  w a s  mos t  a b u n d a n t  d u r i n g  ea r ly  s u m m e r .  T h e  2 h i g h e s t  p e r c e n t a g e s  of sk in  
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Table 8. Development of disease prevalences  in one age group of Elbe flounder from Region II over 
I year 

Month Number Length Disease prevalence (%) 
examined (cm) Skin ulcers Lymphocystis Fin rot 

Oct 1981 503 5-13 0.4 0 0 
Nov 976 5-14 0.7 0.2 O. 1 
Feb 1982 985 5-13 0.3 0.1 0 
Mar 668 5-13 0.1 0 0 
Apt 107 5-15 0 0 0 
May 1,193 6-15 0.5 0.1 1.5 
Jun 443 7-16 1.1 0.2 0.7 
Jul 479 9-18 1.9 0.8 1.0 
Aug 802 11-21 0.6 0.5 0 
Sep 1,076 11-21 1.1 1.0 1.3 
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Fig. 4. Relation be tween average length and disease in flounder from the Elbe estuary (Regions 
II + III), September  1981 to September  1982 

u l c e r a t i o n  as  w e l l  as  of b l e a c h i n g  s y n d r o m e  w e r e  f o u n d  in  O c t o b e r  1981. L y m p h o c y s t i s  

a n d  sk in  u l c e r a t i o n  w e r e  p r e s e n t  all  y e a r  r ound .  C h a n g e s  in  t h e i r  a b u n d a n c e s  f rom o n e  

m o n t h  to t he  n e x t  d id  no t  e x c e e d  t h e  fac tor  3. V e r y  r e m a r k a b l e  s h o r t - t e r m  f l u c t u a t i o n s  
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Fig. 5. Regional differences in average disease prevalences of 18 cm long flounder, September 1981 
to September  1982. Open circles: lymphocystis; filled circles: skin ulceration; open squares: 

bleaching syndrome; filled squares: fin rot; solid line: total disease prevalence 
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Fig. 6. Monthly fluctuations of disease prevalences  in flounder, 18 cm in length, in the Elbe estuary 
(Regions II +III).  Striped bars: skin ulceration; dotted bars: lymphocystis; black bars: fin rot; white 

bars: bleaching syndrome 
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were  ev ident  in fin rot and b l each ing  syndrome.  For both diseases  the m a x i m u m  

percen tages  were  reached  from a zero leve l  wi th in  one or two months  (Fig. 6). 

C o d  (Gadus  morhua)  

Within the Elbe estuary, cod migra te  ups t r eam to Brunsb~ittel (Fig. 1). Skin ulcera-  
tion, fin rot, and eye d a m a g e  were  obse rved  in 0 . 1 %  or less of the total samples  

{Table 1). No pseudobranch ia l  tumors w e r e  present .  H e a v y  infestat ion of young  cod wi th  

Lernaeocera branchialis resul ted  in reduct ion  of s torage fat, and, f requent ly ,  in obvious  

emacia t ion  of the host fish (M~iller, 1983). 
Various forms of ske le ta l  deformit ies  (shortage and curvature  of the spine,  bull-  

head) were  found in 0.7 % of 7,752 cod e x a m i n e d  (M611er, 1983b). Str iking seasonal  

fluctuations in the d isease  p r eva l ence  are ev iden t  from Table  9. In J u n e  and Ju ly  about  
50 % of the cod were  affected, whi le  the va lues  were  b e t w e e n  0.4 and 1.4 % dur ing  the 
rest of the year. These  differences were  apparen t ly  due to abnormal  migra t ion  habits  of 

deformed fish. Hea l thy  cod usual ly  l e ave  the es tuary in summer  w h e n  wa te r  t empera tu re  

rises, and return in autumn,  as ind ica ted  by the fol lowing.  The  a v e ra g e  catch per  uni t  

effort was 270.9 from Sep tember  to May, but  only 1.5 from J u n e  to August ;  the 
comparat ive  f igures for de formed  fish were  1.8 and 1.3, sugges t ing  that  the major i ty  of 

them stay in the estuary the who le  year  round. 

O t h e r  f i sh  s p e c i e s  

Among  other mar ine  species  the total d i sease  p r e v a l e n c e  e x c e e d e d  1 %  only in cod 

and whit ing.  Out of 273 individuals ,  3 whi t ing  w e r e  found to suffer from fin rot in Apri l  
1982. No external  d isease  signs were  observed  in Callionyrnus 1yra, Liparis sp., Agonus 
cataphractus, and Sprattus sprattus. A m o n g  285 dab Limanda limanda > 11 cm, only 1 

diseased ind iv idua l  was found with  small  lymphocyst i s  nodules .  Skin  u lcera t ion  was  the  

only disease  s ign in Solea solea and Taurulus bubalis. Skele ta l  deformit ies  were  
observed  in 0 . 1 %  or less of Zoarces viviparus and Clupea harengus (Table 1). 

Table 9. Prevalence of skeletal deformities in cod (7 to 20 cm) from Stations I to 4 in the Elbe estuary 
(unit haul = 1 h of fishing with two 11-m-shrimp trawls) 

Month Healthy fish Deformed fish Percentage 
per unit haul per unit haul of deformities 

Sep 1981 621.9 2.2 0.4 
Oct 422.5 1.6 0.4 
Nov 400.7 1.5 0.4 
Dec 206.5 1.4 0.7 
Feb 1982 170.5 2.5 1.4 
Mar 196.8 1.5 0,8 
Apr 211.9 2.6 1.2 
May 166.0 2.0 1.2 
Jun 3.1 2.8 47.5 
Jul 0.6 0.7 53.8 
Aug 0.8 0.3 27.3 
Sep 41.7 0.5 1.2 
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Except for smelt, eel, and  flounder,  in  no other freshwater or euryha l ine  fish species 
was the total disease p reva lence  above 1%.  Skeletal  deformities were observed in 
Abramis brama, Acerina cernua, Rutilus rutilus, Casterosteus aculeatus, and  in O-group 
Alosa fallax; skin  u lcera t ion  only in  Abramis brama and Rutilus rutilus. All Lampetra 
fluviatilis and  Blicca bj6rkna were disease-free. 

DISCUSSION 

Dur ing  the survey in  1981-1982 and  dur ing  a previous pilot survey (MSller, 1981a} 
in the lower Elbe River, 3 "new" fish diseases were found: b leach ing  syndrome, 
s p a w n i n g  papil lomatosis ,  and  pha ryngea l  granuloma.  At least the first 2 have b e e n  well- 
k n o w n  to local f i shermen for m a n y  years. Addi t ional  abnormal i t ies  are the petechial  
b l e e d i n g  in  the adipose fin of smelt  and  in  the gill  lamel lae  of various species, a 
caul i f lower- l ike  tumor on the tip of the jaw and  tumor- l ike  growth in  the adipose fin of 
smelt  (M611er, 1981b). The recent  discovery of these  f requent ly  occurring and  easily 
recognizable  diseases shows that only few systematic studies on the health status of Elbe 
fish had b e e n  carried out before. A similar  s ta tement  can be made  for the populat ion 
dynamics  of fish stocks in the area. On the other hand,  publ ic  media  wi l l ingly  accept the 
hypothesis  that the occurrence of fish diseases in  the Elbe estuary is a result of the 
re la t ively h igh pol lu t ion load of the river. A critical review is necessary. 

The most spectacular  fish disease in  the area is the caulif lower tumor of eel. Its 
source is still u n k n o w n .  Most p robably  it is of viral  etiology (M611er & Anders,  1983). 
Fishery biologists  reported this tumor in  1953 for the first t ime in  F.lbe eel and  noted that 
it had occurred only very rarely dur ing  previous decades, according to information from 
local f i shermen (Lfihmann & Mann,  1957; Mann,  1962). 

Koops & M a n n  (1969} descr ibed an  increas ing  preva lence  of caul if lower disease rate 
from 5.6 % in  1957-1959 to 11.9 % in  1967. These data should be regarded with some 
caution, as the authors were ne i ther  able  to demonstra te  the wel l  es tabl ished seasonal  
f luctuat ions of the disease f requency nor its correlation with host length.  G. Peters (1975, 
1977} con t inued  the survey. The va lues  for the catch seasons 1971-1974 in Table  10 were 
ca lcula ted  from her data. N. Peters (1981a, b) and  N. & G. Peters (1983} described an 
increase  of the p reva lence  from "up to 6 % in 1955, up  to 11% in 1965 (and 1967} and  up 
to 28 % in  the period 1970-1975". However,  they did not  cite a report on a very high 
preva lence  in  the fifties (19 % in  July  1957; Mann,  1962} and  compared average values 
from the whole  catch seasons in 1965 and  1967 (Koops & Mann,  1969} with the value of 
one s ingle  sample  in  1971 (28 % in  August,  No. examined  = 100, G. Peters, 1977}. 
Prevalences  from the sixties are underes t imated ,  as f i shermen had rejected an u n k n o w n  
quant i ty  of d iseased eel  before examina t ion  by scientists (Koops & Mann,  1969). It 
r emains  unclear ,  to what  extent  the differences in  length  of fish examined  inf luenced 
these data. All authors cited above inspec ted  stock eel  of 12 or 15 to 35 cm length.  Within 
this size group the relat ive disease f requency varies be tween  100 and  46, if 5-cm groups 
are t aken  into considera t ion (Table 6). According to Table  10, there has b e e n  no increase 
in  disease preva lence  s ince the mid-fifties. 

The in terpre ta t ion  of regional  f luctuat ions of caul if lower disease prevalences  is 
restricted here to data from Regions II to VIII and  May to September  (Table 4), due to 
insuff icient  data from other months  and  from Region I (Table 7). The average prevalence 
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Table 10. Occurrence of cauliflower disease in eel from the Elbe River 1953-1982. (Data from Peters 
[1975, 1977] are calculated as averages of the catch season, based on monthly average values) 

Year Number Disease Time of Source 
examined prevalence in % investigation 

1953-57 ? < 10 summer Mann (i962) 
1956 ? 6.8 summer ? Liihmann & Mann (1957) 
1957 280 19 Jul Mann (1962) 
1957-59 3,416 5,6 Apr-Nov Koops & Mann (1969) 
1960-63 596 8.0 Apr-Nov Koops & Mann (1969) 
1964-65 1,070 11.1 Apr-Nov Koops & Mann {1969) 
1967 1,432 11.9 Apr-Nov Koops & Mann (1969) 
1971 1,200 14.8 Apr-Oct Peters (1975) 
1972 900 8,8 Apt-Oct Peters (1975) 
1973 1,200 9.8 Apt-Nov Peters (1975) 
1974 1,400 9.5 Apt-Oct Peters (1977) 
1980 204 5.9 Jul M611er (1981a) 
1982 7,046 stock eel: Apt-Nov M611er & Anders (1983) 

10.0 
1982 759 marketable eel: Apr-Nov M611er & Anders (1983) 

4.1 

gradual ly  increases  from 9.8 % in Regions VII-F VIII to 14.2 % in Region III and 

decreases  to 12.3 % in Region II. However ,  according  to the data ava i l ab le  it cannot  be 
exc luded  that  this f inding is accidental .  These  reg iona l  dis t r ibut ion pat terns  could be 

correlated ne i ther  wi th  popula t ion  density,  as ind ica ted  by Husse in  & Mil ls  (1982) for 
eels from T w e e d  River tributaries,  nor with condi t ion factors of eel.  

Elbe f lounder  have  recent ly  b e c o m e  the subject  of severa l  s tudies in pathology.  
K6hler & H61zel (1980) descr ibed  desquama t ion  defects  of the intes t inal  mucosa  and 

l ipoid vacuol izat ion of the l iver  after immigra t ion  into the estuary. However ,  ne i the r  
"b l each ing"  of the l iver  nor the accumula t ion  of l ipoids are re l iab le  symptoms of 

diseased conditions. A whit ish colorat ion of the l iver  migh t  wel l  be  the result  of fat 
s torage and " in  wi ld  fish at certain t imes  of the year  ex tens ive  l ipid infi l t rat ion of the 
hepat ic  pa renchyma  is found and not cons idered  pa tho log ica l "  (Roberts, 1978; p. 219). 

N. Peters (1981a) found gill  hyperp las ia  in 54 % of f lounders  caught  dur ing summer  

in the Elbe estuary and sugges ted  toxic substances  as causes  of this condit ion.  It seems 

equal ly  probable  that  the hyperp las ia  is a result  of an infestat ion by copepodi tes  of 
Lernaeocera branchialis. These  parasi tes  anchor  themse lves  by cranial  f i laments  into the 

tips of the gill  lamel lae .  They drop off in summer  after their  last moult  and also w h e n  the 

host enters water  of low salinity. The  hyperp las ia  wil l  persist  for severa l  w e e k s  
(Gercken, 1982; Wichowski,  1983). 

The source of the b l each ing  syndrome of flatfish is still comple te ly  unknown.  It has 

been  observed  in flatfish from the W a d d e n s e a  [Rauck, pers. comm.) and it is regula r ly  

found in adult  f lounder  from Kiel Bight dur ing  the spawn ing  season. Ne i the r  the 
presence  of pollutants,  effects of spawning  stress, microbial  infect ions nor d a m a g e  by 

nets (rejected by-catch, r e jec ted  spawning  females)  can be exc luded  as causes  of this 
disease. 
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It is r e m a r k a b l e  that  al l  4 f lounder  d i s ea se s  ( lymphocyst is ,  b l e a c h i n g  syndrome,  skin 
u lcera t ion ,  fin rot) fol low the s ame  t r end  in thei r  r eg iona l  d is t r ibut ion  pat terns .  Al l  of 
t hem occur  most  f r equen t ly  in the  es tua r ine  Regions  II + I I I .  The i r  dec rease  from 
Region III t owards  Region  I goes  a long  wi th  a d e c r e a s e  of uni t  catch (No. pe r  hour, age  
groups  1979-1981) from 891 in Region  III to 314 in Region  II and  191 in Region I on 
ave rage  from S e p t e m b e r  1981 to S e p t e m b e r  1982 (M611er, 1983a). On the other  hand,  
u p s t r e a m  from Region  IV towards  Region  VII the  uni t  ca tches  inc rease  from 211 to 331, 
whi l e  the  d i sease  p r eva l ences  drop cons ide rab ly  (Fig. 5). 

H igh  popu l a t i on  dens i t ies ,  fac i l i t a t ing  t ransmiss ion  of pa thogens ,  therefore  might  
cont r ibu te  to h igh  d i sease  f requenc ies  in the  centra l  es tuary  as c o m p a r e d  with  the  outer  
estuary.  A s imi la r  r e l a t ion  b e t w e e n  d i sease  p r e v a l e n c e  and  popu la t ion  dens i ty  of host 
fish has  also b e e n  d e s c r i b e d  for sk in  u lce ra t ion  and  cod in the  G e r m a n  Bight (M611er, 
1981a). Low d i sease  p r e v a l e n c e s  at  h igh  f lounder  dens i t i es  in the  f reshwater  reg ion  of 
the  Elbe  migh t  be  e x p l a i n e d  by  a mar ine  or ig in  of the causa t ive  agents .  However ,  this 
hypo thes i s  does  not exp l a in  why  they  are  not r e p l a c e d  by  f reshwater  pa thogens .  

Pa tho log ica l  s tudies  of Elbe smel t  a re  just  b e g i n n i n g  (K6hler & H61zel, 1980). 
S p a w n i n g  pap i l l oma tos i s  s eems  to be  caused  by  a v i ra l  infect ion (Anders  & M611er, 
1984). A s imi la r  condi t ion  was  de sc r ibed  by  Bres lauer  (1916) in smel t  from waters  a round 
Rfigen I s land  in the  Balt ic Sea.  In the  p h a r y n g e a l  g r a n u l o m a  of Elbe  smel t  we  recent ly  
found a fungus  that  is s u p p o s e d  to be  the  e t io log ica l  agen t  of this  d isease .  Deformit ies  of 
sp ine  and  ope rcu la  can  be  i n d u c e d  e x p e r i m e n t a l l y  by  unfavourab te  wa te r  condit ions,  
i nc lud ing  pol lu t ion,  u n d e r  a q u a r i u m  condi t ions  {for l i t e ra ture  see  MSller  & Anders ,  
1983). Ske le ta l  deformi t ies  of fish caugh t  in na tu ra l  waters  usua l ly  cannot  be  a t t r ibuted  
to s ing le  causa t ive  factors, but  loca l ly  h igh  d i sease  p r eva l ences  occas iona l ly  can be  
r e l a t ed  to a b n o r m a l  mig ra t ion  b e h a v i o u r  of the  fish (Table 9) or to unfavourab le  
sa l in i t ies  dur ing  the la rva l  p h a s e  (Berzins, 1943). 

In adu l t  smelt ,  s p a w n i n g  pap i l lomatos i s ,  sk in  ulcera t ion,  and  fin rot occur at h ighes t  
p r eva l ences  dur ing  the s p a w n i n g  season  {Table 3). Pha ryngea l  g r anu loma  and  spawn-  
ing  pap i l l oma tos i s  a re  more  f r equen t ly  found in the  centra l  e s tua r ine  Regions  II + I I I  
ra ther  than  in a reas  u p s t r e a m  or downs t r eam from there.  Ske le t a l  deformi t ies  do not 
fol low e i ther  of these  2 t rends  (Table  4). 

An  impac t  of po l lu t ion  on the  a b u n d a n c e  of fish d i seases  in the  Elbe  River can 
theore t i ca l ly  be  d e m o n s t r a t e d  in 3 ways:  (1) A l o n g  with  an inc reas ing  pol lu t ion  level  
du r ing  the last  decades  i nc rea s ing  d i sease  p r eva l ences  migh t  have  become  evident .  (2) 
H i g h e r  d i s ea se  p r e v a l e n c e s  migh t  be  more  ev iden t  in fish from the Elbe  River than  in 
fish from c l eane r  areas .  (3) Wi th in  the  Elbe  River, r e l a t ive ly  h igh  d i sease  p reva lences  
migh t  be  ev iden t  in  reg ions  wi th  r e l a t i ve ly  h igh  po l lu t ion  loads.  

Unfor tunate ly ,  r egu l a r  m e a s u r e m e n t  of Elbe  wa te r  qual i ty  d id  not start  unti l  1978 
and  long- t e rm observa t ions  on fish d i seases  have  b e e n  res t r ic ted  to caul i f lower  tumor  of 
eel .  Therefore ,  W a y  (1) is not  su i table .  

W h e n  compar ing  d i sease  p r e v a l e n c e s  of fish from the Elbe  with  those from other  
areas,  smel t  have  to be  e x c l u d e d  due  to l ack  of any  c o m p a r a b l e  data.  

Eel a re  k n o w n  to suffer in cer ta in  yea r s  from a h igh  p r e va l e nc e  of spr ing  ulcer  
d i sease  (Dalsgaard,  1981) and  sk in  u lce ra t ion  ( ~  red  pest) (Aaser,  1925; Meyer ,  1933; 
Sch~perc laus ,  1934; Bruun & He ibe rg ,  1935; Mat theis ,  1960; Wolter ,  1960), e spec ia l ly  in 
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coastal waters of the western  Baltic Sea. Both diseases occurred only rarely dur ing  the 
1982 survey on the Elbe River. 

The occurrence of caulif lower disease is restricted to brackish coastal areas of the 
Baltic Sea, the North Sea, and  the Black Sea (M611er & Anders,  1983). l>revalences of the 
disease of up to 40 to 50 % have b e e n  reported in  coastal waters off the G e r m a n  
Democratic Republ ic  by  Schfiperclaus (1953) and  southwest  Sweden  by  T h u l i n  (1981). 
Data comparable  to those in the Elbe estuary were reported by MSller (1981a) in the 
Weser River, and  by Husse in  & Mills (1982) in a t r ibutary of the Tweed  River, free from 
toxic wastes. 

In f lounder from the mar ine  and  brackish regions of the Elbe estuary, lymphocyst is  
was found at lower f requencies  in  comparison with the Irish Sea (Shelton & Wilson, 
1973), Gullmarsfjord (M611er, 1979), Oresund  (Nordenberg,  1962), eas tern  Baltic Sea 
(Vitinsh & Baranova, 1976), and  Irish coastal waters  (McArdle et al., 1982), bu t  at h igher  
prevalences  than in  Kiel Fjord (M611er, 1974). No sufficient data are ava i lab le  for other 
f lounder diseases. 

In other flatfish from the Elbe estuary, disease prevalences  were r emarkab ly  low. 
Lymphocystis was found in less than  0 .1% of the plaice examined.  Higher  va lues  have 
been  reported in  many  other areas by  several  authors (Banning,  1971~ Perkins  et al., 
19721 Shetton & Wilson, 1973; MSller, 1979; McArdle et al., 1982). A m o n g  285 dab 
> 11 cm, only 1 diseased ind iv idua l  was noted. On the other hand,  in summer  1980 on 
the Dogger Bank in the central  North Sea 34 % of dab had  skin  ulcerat ion,  4 % 
lymphocystis, and  0.5 % ep idermal  papi l lomas  (M611er, 1981a). High  disease preva-  
lences of dab from other areas have b e e n  descr ibed by Dethlefsen (1980), Wootten et al. 
(1982), and  M611er & Anders  (1983). 

Skin ulcerat ion and  fin rot were rare in gadoids  from the Elbe estuary in  1981-1982. 
Differences in size of the fish examined  make  comparisons  with data from other areas 
difficult. In Kiel Bight 0.3 % of cod 11 to 20 cm long suffered from skin ulcerat ion 
be tween  1971 and  1978 (MSller, 1979). In  August  1980, up to 13 % of cod ~ 16 cm were  
diseased at s ingle  stations near  the i s land  He lgo land  (MSller, 198 la). Chr i s tensen  (1980) 
described a preva lence  of up to 30 % in cod from pol lu ted  bays in eas tern  Denmark.  

The total disease rates of 16 other fish species were below 1% ,  too low to detect  any 
regional  differences that might  be connec ted  with env i ronmen ta l  factors. 

Sufficient data are now avai lab le  to compare regional  differences in pol lu t ion levels 
of the Elbe River and  in  fish disease p reva lences  in corresponding areas. A m o n g  the 
heavy metals, the ma in  interest  is focussed on mercury. W h e n  compar ing  heavy  meta l  
loads in muscle of Elbe f lounder  (15 to 17 cm, average of the 3 stations groups 1-4, 
8 + 24, 14-16 and  29-31) with data from other coastal areas, Mieth (1983) found an  
e levated value only for mercury (0.42 ppm), bu t  not for cadmium (< 0.01 ppm), lead 
(0.02 ppm) or copper (0.27 ppm). No s ignif icant  regional  differences were reported in  the 
mercury load of the Elbe sed iment  at stations downst ream from Hamburg ,  but  values  
were about  5 to 10 t imes h igher  at stations ups t ream of H a m b u r g  (ARGE Elbe, 1980). 

Intensive studies have b e e n  carried out on the chlor inated hydrocarbon b u r d e n  of 
the Elbe (ARGE Elbe, 1983). It was observed regular ly  that dieldrin,  endrin ,  DDT, DDD, 
DDE, HCH, t-ICB, and  PCB occur at s ignif icant ly  h igher  levels  in  the sed iment  ups t ream 
of Gliickstadt than downst ream from there. Also the occurrence of oxygen def ic iencies  in 
the water  is usual ly  restricted to areas ups t ream of Glfickstadt (ARGE Elbe, 1982). 
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Therefore, the genera l  s ta tement  can be made  that Regions V to VIII in Figure 1 suffer 
from a h igher  pol lu t ion load than  Regions I to IV. What  relat ions are evident  in  regard to 
regional  differences of fish disease prevalences?  

The most s t r iking result  of this survey was the discovery that all external ly visible 
diseases supposedly  caused by viruses or micro-organisms occur most f requently in 
Regions II + I I I  in  the central  Elbe estuary. This is most obvious for lymphocystis,  skin 
ulcerat ion,  f in rot, and  b leach ing  syndrome in  flounder,  but  such a t endency  also seems 
to occur in  caulif lower disease of eel, and  spawn ing  papi l lomatosis  and  pharyngea l  
g r anu loma  of smelt. As highest  disease preva lences  occur in Elbe regions with relat ively 
low pol lu t ion burdens ,  ma in  triggers for their outbreak  other than  pol lut ion have to be 

found. 
One  of the most obvious stress condi t ions  in  Regions II + I I I  is constant  tidal change 

in  salinity,  r ang ing  from about  2 %o to about  15 %o in  certain localities. In this respect it is 
in te res t ing  to note that h igh disease preva lences  have also b e e n  observed in  other 
estuaries.  Similar  f indings  were made  for f lounder  diseases in  the lower Weser River 
(M611er, 1981a) and  for ulcerat ions  of Oncorhynchus kisutch in an  estuary on the 
C a n a d i a n  Pacific coast (Wood, cited by Rodgers & Burke, 1981). Burke & Rodgers (1981) 
observed except ional ly  h igh disease p reva lences  in  mul le ts  of a Queens l and  estuary 
after heavy  rainfal ls  had led to rapid changes  in sal ini ty and  temperature.  Ulcerative 
dermal  necrosis affects adult  At lant ic  salmon, usua l ly  as they pass river estuaries on 
their  spawn ing  migra t ion  (Carbery & Strickland, 1968). 

Further  s tudies  have  b e g u n  to eva lua te  the ecological  s ignif icance of cont inuous 
changes  in  sal ini ty  for Elbe flounder.  Two hypotheses  will  be examined:  The first one 
suggests  that f lounders  are not  sufficiently adap ted  so that extensive changes  in  salinity 
act as stress, r educ ing  the resis tence to pathogens.  The second hypothesis  suggests that 
changes  in  sa l ini ty  affect f lounders  by dest roying their food resources. There is some 
ev idence  that a combina t ion  of both hypotheses  is val id  in  the case of Elbe flounder. 

Fiedler  (1983) s tudied food composi t ion and  body condi t ion  of Elbe f lounder  dur ing  
the same survey. In two different age groups both parameters  followed the same trend: 
stomach contents  as wel l  as condi t ion  factor were relat ively low in the es tuar ine  Regions 
II + I I I  and  increased  considerably  towards Region VII. Averaged over the year, the 
condi t ion  factor of gut ted  15 to 17 cm long f lounder  was 1.017 in  Regions II + I I I  and  
1.098 in  Regions VI + VII. It seems quite  l ikely  that the very good condit ion of f lounder  
caught  near  H a m b u r g  is a major  reason for low disease prevalences  in that area, while  
h igh disease prevalences  in  the central  es tuary might  have b e e n  t r iggered by weak 
condi t ion  and  reduced resis tence to pathogens.  

Present ly  ava i lab le  data do not indica te  that pol lu t ion or lack of oxygen affect the 
occurrence of external ly  vis ible  diseases in  fish from the lower Elbe River at a measur-  
able  level. However,  a t idal estuary is a complicated system and  it remains  u n k n o w n  to 
what  extent  possibly exis t ing pol lu t ion effects are masked  by more s ignif icant  effects of 
various env i ronmen ta l  or stock-specific factors. 
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