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ABSTRACT: Since 1958 the occurrence of flounder (Platichthys flesus L.) and smelt (Osmerus 
eperlanus L.) in the lower River Elbe has shifted gradually toward the mouth of the river into the 
North Sea; this may be due to periodical deprivation of oxygen and fluctuating peaks of toxic nitrite 
concentrations. The interior organs of both fish species caught in the Elbe estuary were examined. 
Macroscopic inspections revealed discolouring of the liver to be most pronounced in specimens 2-3 
years of age. Cross-sections of the liver demonstrated histepathological symptoms of oedematous 
degeneration in smelt, and extreme lipoid vacuolation in flounder increasing with size and age of 
the fishes. The intestine of both species investigated showed massive desquamation defects of the 
mucosa, occurring in smelts shortly after hatching, and in flounders after immigration into the 
estuary. The observations made suggest the influence of toxic compounds distributed in the aquatic 
environment on the health of both species. 

INTRODUCTION 

For the last 25 years, the River Elbe from H a mbur g  downst ream to its mouth  has 
b e e n  vastly affected by the commercial  use of the waterway as ma in  dra inage  channel .  
The increase  in  the densi ty  of popula t ion  and  of industr ia l  set t lements  led  to severe 
damage  to the na tura l  ecosystem, reflected by changes  in  the occurrence and  distr ibu- 
t ion pat terns of fish species typical  of the lower Elbe area (Podloucky, 1975; Wilkens  & 

K6hler, 1977). 
Due to d a m m i n g  and  the discharges from developing  industries,  the f lourishing 

fishery of commercial ly  ut i l ized prime fish species such as sturgeon, salmon, and  
hou t ing  d imin ished  towards the end of the last century (Bauch, 1958; Dunker  & Ladiges, 
1960). The occurrence of eel-pout,  lamprey,  and  perch has decreased considerably in  the 
last 15 years (Wilkens & K6hler, 1977). Only dur ing  periods of large water  supply from 
the upper  Elbe was the inf luence  of the industr ia l  set t lements  and  the domestic sewage 
on the water  qual i ty  of the lower Elbe reduced;  this led temporar i ly  to part ial  restoration 
of pre- indust r ia l  ecological  condit ions (Wilkens & K6hler, 1977). 

The present  study was performed in  1978 wi th  the purpose of ob ta in ing  informat ion 
on the state of heal th  of Elbe fish as a possible indicator  for the water  quality. Of the 
commercial ly  used fish species whose dis tr ibut ion has b e e n  invest igated in  recent  years, 
f lounder  (Platichthvs flesus) and  smelt  (Osmerus eperlanus) were selected for this study. 
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Both are  es tuar ine  species ,  dif fer ing in thei r  s p a w n i n g  and  migra tory  behaviour .  The 
smel t  l ives  pe lag ica l ly ,  and  migra tes  as ado lescen t  from its spawn ing  a rea  in the  lower  
River Elbe downs t r eam toward  the  mouth.  The f lounder,  however ,  migra tes  in ear ly  
summer  from its s p a w n i n g  a rea  in the  southern  North  Sea  into t h e  lower  River Elbe,  to 
l ive as a demer sa l  fish in the  u p p e r  l ayer  of the  r iver  sediment .  

The inter ior  organs  were  a n a l y s e d  macroscop ica l ly  and  microscopica l ly  in order  to 
r evea l  pa tho log ica l  hea l th  condi t ions  pr ior  to changes  de t ec t ab le  by  ex te rna l  inspec t ion  
of the  fish. Fin eros ion and  ulcers,  lymphocys t i s  and  e p i d e r m a l  pa p i l l oma s  were  r epor ted  
to occur in  fish of var ious  aqua t ic  reg ions  h igh ly  po l lu t ed  by  h u m a n  refuse (M611er, 1979; 
S indermarm,  1979). It was  the  purpose  of this  s tudy to inves t iga te  the  b e g i n n i n g  and  the 
course of h i s topa tho log ica l  a l te ra t ions  of the  in ter ior  organs  of f lounder  and  smelt .  The 
exposure  to Elbe wa te r  at different  s tages  of the d e v e l o p m e n t  was a s sumed  to affect 
f lounder  and  smel t  differently.  

MATERIALS AND METHODS 

The reg ion  downs t r eam of Fre iburg ,  b e t w e e n  s t r eamki lomete r  695 and  723 was 
chosen  as col lect ion site (see Fig. 2). Samples  of fish were  t a k e n  at three  different  
locat ions:  (I) at  M e d e m  Sand  across from Cuxhaven,  s t r eamki lomete r  720; {2) in 
mids t ream,  oppos i te  the  nuc lea r  power  p lan t  at Brunsbfittel,  s t r eamki lomete r  693; (3) at 
the  fine r ake  of the  influx of the  cool ing  sys tem in the  nuc lea r  power  p lan t  of Brunsb/it tel .  
For ca tches  in the  open  river, a d ragne t  ("Baumkurre ,"  3 m wide ,  mesh  size of 18 nm) 

was  used.  
Samples  were  co l lec ted  from May  to November ;  this e x c l u d e d  phys io log ica l  a l te ra-  

t ions of the  in ter ior  organs  due  to the  s tages  of low food in take  dur ing  win te r  and  to 
seasona l  shifts of the  gonada l  d e v e l o p m e n t  in spr ing  (Weis, 1972). 

Immed ia t e ly  after hau l ing ,  the  fish were  k i l l ed  and,  upon  dissect ion,  the in ter ior  
organs  were  e x a m i n e d  by  macroscopic  inspect ion.  Smal l  p ieces  of liver,  k idney ,  spleen,  
and  the gas t ro- in tes t ina l  t ract  were  r emoved  i m m e d i a t e l y  from the freshly k i l l ed  fish, 
and  p re se rved  in phospha te -bu f fe red  4 % formalin.  After  fixation, the  spec imens  were  
p rocessed  by  convent iona l  h is to logica l  procedures ,  and  e m b e d d e d  in paraff in  (Para- 
plast ,  Sherwood,  Med.  Industr ies ,  St. Louis, Mo.). Sl ices (5 ~m) were  cut wi th  a ro ta t ional  
micro tome (Porter-Blum, Sorval l  Inc., Newtown,  Conn.), s t a ined  in Mayer ' s  H e m a l u m  
(Merck, Darmstadt)  for 5 rain, in  0. i  % aqueous  Eosin (Merck) for 20 min,  and  f inal ly  
e m b e d d e d  in Euki t t  (Kindler, Freiburg) .  Mic ropho tographs  were  t a k e n  on Kodak  
Pana tomic-X film. 

In total, i00  f lounders  and  90 smel ts  were  e x a m i n e d  by  macroscopic  or microscopic  
inspect ion.  F lounders  were  sor ted  into 3 to 5, 6 to 8, I i  to 19, and  20 to 31 cm l eng th  
groups.  Smelts  were  d iv ided  into groups  of 4 to 5, 6 to 8, i0  to 15, and  16 to 24 cm. The 
first two groups  r ep re sen t ed  the young  fish ha t ched  in the yea r  of their  capture.  The  th i rd  
and  the fourth groups  con ta ined  fish of one year,  and  two years  of age  and  older,  
respect ive ly .  

Ten samples  each  of f lounder  and  smelt ,  3-4 years  of age,  were  t aken  in the  Eider  
es tuary  in la te  summer  of 1978; in  contrast  to the  Elbe estuary,  this a rea  is scarcely  
pol lu ted .  The da ta  ob t a ined  from measu remen t s  of the  Elbe wa te r  quali ty,  wh ich  were  
used  for the  wa te r -qua l i t y  l eng th  profiles,  were  k ind ly  supp l i ed  by  "Untersuchungs-  
s te l le  fiir d ie  Wassergf i te  der  Elbe,"  Hamburg .  
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RESULTS 

Oxygen and nitrogen concentrations of the l=.lbe water 

The water  qual i ty  of a river can be recognized easily by de terminat ions  of oxygen 
and  inorganic  n i t rogen  concentrations�9 By these criteria, and  especial ly  dur ing  t imes of 
low water  flow, the munic ipa l  area of Hambur g  exerts an  enormous  inf luence  on the 
condit ions of the River Elbe. The resul t ing  seasonal  oxygen deprivat ions can be  le thal  to 
the majori ty  of organisms. 

Dur ing  periods of large water  supplies  from the upper  Elbe, the water  qual i ty  
downst ream from Hamburg  may be improved. As examples,  two water -qual i ty  length  
profiles are shown in  Figure 1. At a water  flow of 398 m3/s, the River Elbe conveyed 
relat ively large concentrat ions of inorganic  n i t rogen  at Schnackenburg .  The oxygen 
content  improved from 45 % to 63 ~ saturat ion be t w e e n  streamkilometers  550 and  610. 
In the Hamburg  port reg ion  (St. Pauli), a decrease of NH4 +-  levels and  an  increase  of 
NO2- and  NO3- were observed obviously caused by  intensif ied nitr if icat ion processes. 
NH4 + can be oxidized to NO 2- by bacter ia  of the Nitrosomonas group (Sch6berl & Engel,  
1964). The extreme increase of uns tab le  nitrite, measured  at H a mbur g  St. Pauli  (stream- 
ki lometer  625), was followed by cont inuous  oxidation to ni trate involv ing  signif icant  
oxygen consumption,  possibly caused by  the activity of Nitrobacter species (Boon & 
Laudelout,  1962; SchSberl & Engel,  19621). Thus, oxygen levels as low as 20 % of 
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Fig. 1. Oxygen and nitrogen profiles between Schnackenburg and Cuxhaven during high or better 
than average water influx from the upper Elbe Aver. Concentration of NH4 + - ,  NO2-- - -  
NO3-- . . . .  in mg/1. Oxygen content in % of saturation III . The water flow was measured at 
Darchau and at the temperature of 19.3 ~ Left: water flow of 1280 m3/s on July 10/11, 1958. Right: 
water flow of 398 m3/s on July 9/10, 1963 (data provided by "Untersuchungsstelle ffir die Wasser- 

gfite der Elbe," Hamburg) 
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sa tura t ion  were  m e a s u r e d  in the  a rea  b e t w e e n  H a m b u r g  and  Gli ickstadt .  Downs t ream 
toward  the mouth  of the river, the oxygen  content  r e g e n e r a t e d  to 80 ~ saturat ion,  
m e a s u r e d  at  Cuxhaven .  

In add i t ion  to the  n i t rogen  inf lux from the u p p e r  Elbe, and  e spec ia l ly  dur ing  low 
amounts  of wate r  supply,  the concent ra t ion  of inorgan ic  n i t rogen  appea r s  to increase  
cons ide rab ly  in the reg ion  downs t r eam of Hamburg ,  i nd i ca t ed  by  NO 3- levels  e x c e e d i n g  
20 rag/1. Since  the  ave rage  of the  m e d i a n  leve ls  of the  wa te r  f low in summer  of the years  
1951 to 1970 was  270 m3/s, m e a s u r e d  at Darchau,  oxygen  s tarvat ion pe r iod ica l ly  took 
p lace  in the  a rea  from H a m b u r g  to Glf ickstadt  (Wassergi i tes te l le  Hamburg ,  pe r sona l  
communicat ion) .  

On the left  p a n e l  of F igure  1 oxygen  and  n i t rogen  concentra t ions  at a pe r iod  of h igh  
wa te r  inf lux from the u p p e r  Elbe r iver  are  presented .  The  e n l a r g e m e n t  of the wa te r  
vo lume res tored  the oxygen  levels  to about  65 % sa tura t ion  in the  H a m b u r g  area.  As 
expec ted ,  the  NO 3- concent ra t ion  inc reased  in the  reg ion  of H a m b u r g  from 10 to 15 rag/1. 
But add i t iona l  n i t rogen  inf lux was  obvious ly  not  enough  to induce  oxygen  s tarvat ion in 
the downs t r eam a rea  from H a m b u r g  to Glfickstadt.  The  levels  of NH4 + and  NO 2- s tayed  
low at a round  2 and  0.2 mg/1, respect ive ly ;  only  from s t r eamki lome te r  640 to 670 was  a 
cons ide rab le  p e a k  of ni t r i te  observed;  this was  poss ib ly  i nduc e d  by  the inf lux of the 
h igh ly  po l lu t ed  t r ibutar ies  P innau  and Krfickau. Over  the total  l eng th  of the  lower  River 
Elbe,  the  oxygen  content  d id  not  dec rease  s ignif icant ly.  From Gl i icks tadt  to the  mouth  of 
the river, the  oxygen  levels  even  inc reased  up to 80 % saturat ion.  

The da ta  on the i n t e r d e p e n d e n c e  of wa te r  flow and n i t r oge n /oxyge n  correla t ions  are 
ava i l ab l e  for the  last  28 years  (Wassergi i tes te l le  Hamburg ,  1950-1972; ARGE Elbe,  
1972-1978). Longer - las t ing  improvement s  of the  n i t r ogen /oxygen  condi t ions  were  con- 
comitant  wi th  a back-sh i f t  of the  fish dis t r ibut ion,  re f lec ted  in a cons ide rab le  inc rease  of 
the y ie lds  of f lounder  and  smel t  caught  at P a g e n s a n d  (K6hler, unpubl i shed) .  

D i s t r i b u t i o n  of f l o u n d e r  a n d  s m e l t  

The ma in  locat ions where  f lounder  and  smel t  were  caught  in the  lower  Elbe reg ion  
and the y ie lds  of the last  28 years  have  b e e n  repor ted  prev ious ly  (Wilkens  & K6hler, 
1977). The d is t r ibut ion  areas  were  de r ived  from these  data.  F igure  2 shows that  wi th in  20 
years  the u p p e r  r anges  of d is t r ibut ion  of the  two species  shif ted g r adua l l y  toward  the 
mouth  of the  River Elbe.  The ma in  s p a w n i n g  a rea  of the  smel t  unt i l  1950 e x t e n d e d  from 
Drage  ( s t reamki lomete r  592) to Pagensand  ( s t reamki lometer  660) in the River Elbe 
(Ehrenbaum, 1896; Li l le lund,  1961). From 1958 on, this r eg ion  was less in tens ive ly  
u t i l i zed  for spawning .  Unti l  1965, the ma in  f ishing sites for spawn ing  smel t  were  in the 
a rea  b e t w e e n  Schulau  and  the mouth  of the  t r ibu tary  Liihe ( s t reamki lometer  655). 
Thereaf ter ,  the  y ie lds  of smel t  dec rea sed  in this region,  w he re a s  they  i nc r ea sed  in the  
Oste t r ibutary  and  Brunsbi i t te l  ( s t reamki lometer  697). At  the  p resen t  t ime,  this is also the  
ma in  s p a w n i n g  a rea  of the  smel t  which  has  shif ted more  than  100 k i lomet res  d o w n w a r d  
from its o r ig ina l  site. 

In a s imi lar  manner ,  the  u p p e r  d is t r ibut ion  l imits of f lounder  s tar ted  to move from 
the port  of H a m b u r g  in the  ea r ly  1950's toward  P a g e n s a n d  unt i l  1965. In 1975 the u p p e r  
l imi t  of its ma in  d is t r ibut ion  was  at Fre iburg .  Since 1979, the  ma in  a rea  w h e r e  the 
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f lounder  is captured in  commercial ly  still profitable amounts  has shifted downst ream 

from Otterndorf, p r edominan t ly  at Medem Sand in  the mouth  of the River Elbe. 
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Fig. 2. Upper ranges (arrow) of the main areas of distribution for flounder and smelt in the lower 
Elbe river from 1958 to 1979 

M a c r o s c o p i c  e x a m i n a t i o n  of t he  l i ve r  

After dissection of the freshly caught  fish of both species, the inspect ion of the 
interior organs - w h e n  compared with fish from the River Eider - revealed  al terat ions of 
the normal  red-brown colour of the l iver in  animals  longer  than  6 cm (Table 1). The livers 
of fish older than  three months  (8 cm and  longer) were pathological ly discoloured up to 
the stages of yel low white,  mostly found in  fish of 10/11 cm in  total length  equiva len t  to 1 
year  of age and  older. Bleaching of the l iver of f lounder  and  smelt  is regarded as a 
va luab le  indicator  for severe l iver disease (Roberts, 1978). Smelt and  f lounder  caught  in  
a region  of low pollution,  the Eider estuary in  the North Sea, kept  the normal  red-brown 
colour of the l iver to the age of 3-4 years, the t ime unt i l  which we inves t iga ted  them. 

In addit ion,  the interior organs of the fish were screened for infect ion by parasites. 
Table  1 shows that infections of the l iver by nematodes  occurred later than  discolouring; 
this event  could not be observed before f lounder  and  smelt  measured  10 to 11 cm in  total 
length.  The nematodes  associated with the l iver have not yet b e e n  identified.  
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Table 1. Age-dependent alterations of colour and infection with nematodes of the livers in flounder 
and smelt. Numbers of fishes examined are indicated 

Flounder Total length (cm) 
3-5 6-8 11-19 20-31 

liver nematodes liver nematodes liver nematodes liver nematodes 

0 red brown 13 
1 light brown 1 1 
2 orange brown 2 16 10 
3 ochre yellow 5 20 8 1 1 
4 yellow white 13 2 6 5 

X 13 0 8 0 50 20 7 6 

Smelt Total length (cm) 
4-5 6-8 10-15 16-24 

liver nematodes liver nematodes liver nematodes liver nematodes 

0 red brown 3 1 
1 light brown 1 3 
2 orange brown 8 10 4 1 1 
3 ochre yellow 1 8 2 1 1 
4 yellow white 1 4 1 4 2 

E 4 0 13 0 23 7 6 4 

H i s t o l o g i c a l  f i n d i n g s  

The inves t iga t ion  of the interior organs r evea led  that f lounder  and smelt  shared a 

number  of common features in the h is topathological  conditions. In the intest ine,  one of 

the mi lder  forms of the his topathological  al terat ions seen  in young  fish was a mass ive  

desquamat ion  of the ep i the l ium (Fig. 3a). The submucosa  was infi l trated occasional ly 

wi th  lymphocytes ,  and the small  intest inal  vessels  were  congested.  The most aggrava ted  

condit ions (total u lcerous lesion of the mucosa) were  found in fish older  than two months: 

the archi tecture  of the vil l i  was la rge ly  destroyed, the intest inal  ep i the l ium had disap- 

peared,  and b l eed ing  into the lumen  was not iced frequently.  These  are symptoms of 

severe  ulcerous enteritis.  Even  macroscopic  inspect ion  of the guts r evea led  symptoms of 

the disease indica ted  by a viscous purulent  secret ion into the intest inal  lumen.  

For comparison, Figure  3b shows parts of the intest ine of a 3-year-old f lounder  

caught  in the re la t ively  unpol lu ted  Eider  estuary. The epi the l ia l  layer  and the architec-  
ture of the vil l i  are in exce l len t  condition, and goble t  cells can be  seen  in terd ispersed  in 

the pr ismatic  epi thel ium.  
In both species  the al terat ions of the l iver  structure b e g a n  with  an unspecif ic  

swel l ing  of the cells, a l iver  oedema.  In the further course of the disease,  however ,  the 

symptoms in f lounder  and smelt  deve loped  differently. A cross-section of the l iver  of a 

smelt  (20 cm in total length),  approximate ly  3--4 years of age, is shown in Figure  4a. The 
blood vessels  are ex t remely  congested,  and the lobular  structure has la rge ly  disap- 

peared.  Most of the cells of the l iver  pa renchyma  are isolated and shrunk. The cel lular  
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Fig. 3. (a) Cross-section of the intest ine of a young f lounder  (7 cm in total length), 8-10 weeks after 
immigrat ion into the Elbe r iver (240 • ). (b) Intest ine of a f lounder (20 cm in total length)  caught  in 

the  Eider  estuary (240 • } 

b o r d e r l i n e s  s t a r t  to  d i s i n t e g r a t e  i n  s o m e  p a r t s  of t h e  s ec t ion .  S o m e  of t h e  n u c l e i  a r e  
p y k n o t i c .  
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Fig. 4. (a) Disintegration of the lobular structure, and extreme swelling of the liver in smelt (20 cm in 
total length; 240x).  (b) Liver of a smelt caught in the Eider estuary, 21 cm of length equivalent  to 

3--4 years of age (240 X) 

In contrast ,  F i g u r e  4b shows  a c ross - sec t ion  of t h e  l i ve r  of a sme l t  b e l o n g i n g  to the  

s a m e  a g e  g roup  (21 cm in  to ta l  length) ,  a n d  c a u g h t  in  the  E i d e r  es tuary .  No  s w e l l i n g  of 
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Fig. 5. (a) Cross-section of a liver of a young flounder (4 cm in total length) caught shortly after 
immigration into the Elbe river (945 X ). (b) Extreme intracytoplasmic lipoid vacuolation in the liver 

of a flounder (21 cm in total length) caught at Brunsbiittel (945 x)  

t he  l i ve r  cou ld  b e  no t iced .  T h e  l o b u l a r  s t ruc tu re  of t he  p a r e n c h y m a ,  on ly  i n t i m a t e d  in  the  

l i ve r  of f i shes  (Roberts,  1978), is w e l l  p r e s e r v e d .  T h e  b o r d e r l i n e s  of t he  ce i l s  a n d  the  
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cy top lasm are  unaffected.  Occasional ly ,  s ingu la r  l ipoid  vacuoles  are  seen  in the  cyto- 
p lasm.  

F igure  5a shows the l iver  of a young  f lounder  (5 cm in total  length)  short ly after 
immigra t ion  into the l~.lbe estuary.  The hepa tocy tes  are  a r r anged  in a r egu la r  manner .  
The ce l lu la r  border l ines ,  the  cytoplasm,  and  the nucle i  are  s h a p e d  inconspicuously .  
Again ,  few vacuoles  are found ins ide  the l iver  cells. 

The l iver  of Elbe f lounders  o lder  than  1 yea r  is ex t r eme ly  enr i ched  wi th  intracyto-  
p l a smic  vacuoles .  In F igure  5b, the cross-sect ion of the  l iver  of a f lounder  21 cm long is 
p resen ted .  The ce l lu lar  s tructure is l a rge ly  preserved ,  the  nuc le i  and  the ce l lu la r  
borde r l ines  are  ma in ly  unaffected,  but  the  cy top lasm is d i s p l a c e d  to a l a rge  ex ten t  by  
vacuoles  wi th  dis t inct  l inings.  Some of the  vacuoles  a re  even  l a rge r  than  the nuclei .  As 
could  be demons t r a t ed  by  s ta in ing  wi th  Sudan  Black, al l  the  vacuoles  were  composed  of 
l ipo id  mater ia l .  The symptoms shown are  those of h o m o g e n e o u s  l ipo id  vacuola t ion  of 
the  l iver  cells. 

D i s t r i b u t i o n  of h i s t o p a t h o l o g i c a l  a l t e r a t i o n s  in  d i f f e r e n t  s i z e  g r o u p s  

The inves t iga t ion  of h i s topa tho log ica l  changes  of the  in ter ior  organs  of f lounder  and  
smel t  demons t ra t ed  that  the t issues were  affected dif ferent ly  in the  size groups  
examined .  The in ter ior  organs of the  young  f lounders  r e v e a l e d  no pa tho log ica l  a l tera-  
t ions at the  t ime of immigra t ion  from the southern  North  Sea into the Elbe estuary.  Early 
s tages  of the  d i sease  were  man i fes t ed  in y o u n g  f lounders  app rox ima te ly  2 w e e k s  after  
mig ra t ion  into the  River Elbe,  a l though  only in 10 ~ of the  animals .  Eight  to ten  w e e k s  
la te r  (6-8 cm in total  length)  the in tes t ine  of the  young  f lounders  was  severe ly  damaged ,  
whi le  the  l iver  showed  only minor  h i s topa tho log ica l  a l terat ions.  

In the  younges t  age  group of smelts  (4-5 cm in total  length)  h i s topa tho log ica l  
a l tera t ions  in l iver  and  in tes t ine  were  d i a g n o s e d  in a l l  animals ,  10 w e e k s  after ha tch ing  
(es t imated  after Li l le lund,  1961). With  a de l ay  of about  4 - 6  w e e k s  {6-8 cm in total  
length)  more  ser ious  symptoms ind ica t ing  h i s topa tho log ica l  changes  were  found in the 
smel ts '  l iver  and  intest ine.  In the  guts, in f l ammat ion  wi th  total  u lcerous  d e s q u a m a t i o n  of 
the  ep i the l ium was obse rved  in 10 out of 12 animals .  In this age  group, the  l ivers  of al l  
an imals  were  affected. In smelts  of two years  and  older,  the  most  severe  deg ree  of l iver  
degenera t ion ,  the  coagu la t ive  type,  p redomina ted .  Similar ly,  in  f lounders  1 yea r  of age  
(11-19 cm in  total  length)  the  pa tho log ica l  a l te ra t ions  of intes t ine,  l iver,  and  k i d n e y  
were  more  ser ious than  in younge r  fish. This d e v e l o p m e n t  p rogressed  toward  the o ldes t  
age  group inves t iga t ed  up  to h o m o g e n e o u s  vacuola r  l ipo id  d e g e n e r a t i o n  of the  liver. In 
this group (20-31 cm in total  length)  86 % of the  in tes t ines  and  73 0/o of the  l ivers  showed  
the most severe  symptoms observed.  

DISCUSSION 

The increase  of u rban  d i scharges  and the commerc ia l  use  of the River Elbe as 
d r a inage  channe l  by  the deve lop ing  indus t r ia l  centres  a ppa re n t l y  l ed  to conf inement  of 
the  d is t r ibut ion  areas  of both  fish spec ies  inves t iga ted  (cf. Fig. 2}. The  da ta  p r e sen t ed  so 
far sugges t  that  the  m a i n  factor l imi t ing  the  ups t r eam migra t ion  of f lounder  and  smel t  is 
oxygen  content  (Mossewitsch,  1961) of the  r iver  downs t r eam of H a m b u r g  Harbour .  In 
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addition, though usually rather short-lived, the highly toxic nitrite (Roberts, 1978) which 
is produced in some parts of the river up to considerable levels may influence the 
distribution and the heal th of the fishes. Presumably, it is the massive pollution by the 
urban discharges of the municipal  area of Hamburg which leads to the peaks of nitrite 
concentrations in the Elbe water. The location of the peaks can fluctuate depending on 
the amount of water  supply from the upper  Elbe (Fig. 1) and on the t idal  conditions. 
During the outgoing tide, a nitrite peak  at streamkilometer 642 had been  reported by 
Rheinheimer (1959); this coincides with the maximum nitrite concentration during high 
water influx (shown in Fig. 1). In addition, the oxidation of nitrite to nitrate by Nitrobac- 

ter species may be impaired by chemical pollutants, or by alkalizat ion of the Elbe water 
(Ulken, 1963}. The stock of flounder and smelt upstream of Gliickstadt fluctuates with 
variations in oxygen and nitrogen concentrations. After massive increase in death rate, 
or downstream migrations of fish several times during the year, the stock of both species 
between Hamburg and Glfickstadt is repeatedly  regenerated by immigration of fish from 
the lower regions of the estuary (KShler, unpublished).  

For this reason, the sample collection for the present investigation was carried out 
between streamkilometer 695 and 723 of the estuary where a constant occurrence and 
exposition of both species to the Elbe water could be expected. In this area, the oxygen 
content was satisfactory, and on average 60 to 80 % of saturation throughout the years 
1950 to 1977 (Wassergfitestelle Hamburg, personal communication). 

Apart  from the oxygen conditions of the lower l~lbe, a decreasing gradient  of 
pollutants toward the mouth was described by Lichtful~ & Brfimmer (1977). The water 
quality of the Elbe from Geesthacht to Hamburg Harbour is characterized by heavy 
metal pollution of levels around 18 ppm for cadmium, 2100 ppm for zinc, and 13 ppm for 
mercury, measured in the top layer of the Elbe sediment. Downstream from Hamburg 
Harbour, the decreasing levels of heavy metals rise again briefly in the area of Pagen- 
sand (streamkilometer 660). Then the heavy metal  pollution gradually diminishes to 
approximately 1/10 of the levels mentioned above, presumably by mixing with less 
polluted sea sediments, during the al ternating tides (Lichtfult & Briimmer, 1977). Fur- 
thermore the river is charged with seasonally fluctuating levels of pesticides stemming 
from industrial  production and agriculture. The extent to which flow of polychlorinated 
biphenyls,  PCB's, varying up to 7.9 ~g/1 measured at streamkilometer 670 (ARGI/l~lbe, 
1978), may contribute to water pollution depends on the quantity of water influx from the 
upper  River l~lbe, and possibly on the industrial production rates. 

The investigation on the health condition of the interior organs of the two fish 
species typical of the lower Elbe revealed that young flounders caught immediate ly  after 
or during immigrat ion into the estuary showed only minor or no pathological  alterations 
of the interior organs. Extended residence in the estuary was accompanied by aggrava- 
tion of pathological  conditions found in intestines and liver. In a similar way, the internal 
organs of smelt were affected in the different age groups. Intestine and liver of young 
smelt were less damaged  than the organs of older fish. The comparison of the data of the 
two species demonstrated that juvenile smelt in the River Elbe showed serious patholog- 
ical changes of the organs invest igated ten weeks after hatching. In contrast, the interior 
organs of the young flounders were not affected before approximately 5 months of age, 
two months after immigration into the River l~lbe, which takes place after the metamor- 
phosis into flatfish is completed. 
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It is remarkable  that in both species the pathological  alterations of the interior 
organs were first noticed in the intestine (K6hler, 1979). This suggests that toxic 
compounds of the food taken up from the Elbe water might be the causative agents for 
the fish disease. The infestation with nematodes was not responsible for the liver 
symptoms observed since the pathological  discolouring of the tissue developed at an 
earlier age than the infection with parasites (Table 1). From the symptoms and the course 
of the disease observed, a viral or bacterial  origin of the disease can be excluded. 

A number of laboratory experiments with different toxic compounds, abundantly 
occurring in aquatic ecosystems, were performed with fish (for review see Sprague, 
1971). They were shown to induce pathological  changes similar to those establ ished by 
this investigation. In pinfish (Lagodon rhomboides) and spot (Leiostomus xanthurus) the 
PCB Arochlor 1254 caused extreme lipoid vacuolation of the parenchymal  cells of the 
liver, accompanied by sinusoidal congestion, focal necrosis, and inclusions of pigment 
(Hansen et al., 1971). The coagulative type of rainbow trout liver degenerat ion could be 
induced experimentally by the exposition to Lindane (Couch, 1975). The experimental  
exposure of trout to levels of ammonia of 1.6 ppm for 9 to 12 months led to degenerat ive 
alterations in the liver including cellular shrinkage, focal necrosis and dilatation of the 
sinusoids. In the intestinal mucosa, mild necrosis and sloughing were described (Smith & 
Piper, 1975). Levels of ammonia around 2 ppm are measured in the River Elbe regularly~, 
(ARGE Elbe, 1978). The levels fluctuate, depending on nitrification processes and 
seasonal influences. It remains to be seen in future studies whether the ammonia content 
of the Elbe water is responsible for the histopathological alterations of intestine and liver 
observed in our investigation. The histological examination of the intestine of salmon 
following exposure to DDT in the water  revealed an inflammation with infiltration of 
lymphocytes into the submucosa (King, 1962; Marthur, 1962). Naphthalene,  a toxic 
compound of crude oil, caused necrosis and sloughing of the intestinal mucosa 
(DiMichele & Taylor, 1978). Pathological alterations of the liver can be also induced by 
injection or oral administration of heavy metals. For example, the injection of methyl 
mercury caused necrosis in the liver of channel catfish (Ictaluous punctatus) (Kendall, 
1977). The exposure to crude oil led to l ipoid vacuolation of moderate to heavy extent in 
sole (Solea solea) liver (Hawkes, 1978). The pathological  effects were modulated by the 
presence of the trace metals lead and cadmium, occurring in petroleum (Varanasi, 1978). 

The data compiled by Sindermann (1979) and M611er (1979) were mainly based on 
observations of external fish diseases caused by the polluted aquatic environment. 
Alterations of the interior organs may precede externally visible diseases. However, 
during our investigation, macroscopical alterations of the skin and the cutaneous organs 
were not found. Thus, inspection of the interior organs even in young specimens using 
histological techniques obviously yields more sensitive results concerning fish diseases 
than macroscopical examination. 

The results of the experimental ly produced pathological  alterations of the interior 
organs of fish do not argue against  synergistic effects of different chemical compounds 
polluting the water of the River F.lbe which may lead to the histopathological symptoms 
observed in flounder and smelt. In conclusion, it can be stated that the environment of 
the Elbe estuary at Brunsbiittel, which is comparably even less polluted than the area 
between Hamburg Harbour and Gliickstadt (ARGE Elbe, 1978), cannot permit satisfac- 
tory health conditions of flounder and smelt, and consequently, the occurrence of these 
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two  s p e c i e s  in  t h e i r  p r e s e n t  h a b i t a t s  wi l l  b e  e n d a n g e r e d  in  fu ture .  T h e  r e su l t s  o b t a i n e d  

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

v a l u a b l e  b i o l o g i c a l  i n d i c a t o r s  of t h e  w a t e r  q u a l i t y  in  t h e  River  E l b e  a n d  i ts  e s tua ry .  

Acknowledgements .  We wish to thank the "Wassergfitestelle Hamburg" for providing the data on 
the oxygen and nitrogen concentrations of the Elbe water. The many encouraging discussions with H. 
Wilkens, Zoologisches Institut und Museum, and M. Dietel, Pathologisches Institut, Universit~its- 
Krankenhaus Hamburg-Eppendorf,  are gratefully acknowledged.  The f ishermen of the lower Elbe 
region were  of great help in providing samples of fish and exact data on the locations of fishery. 

LITERATURE CITED 

ARGE Elbe (Arbeitsgemeinschaff zur Reinerhaltung der Elbe), 1978. Wassergti tedaten der Elbe. Ed. 
by Wassergtitestelle Eibe, Hamburg, 44-84. 

Bauch, G., 1958. Untersuchungen tiber die Grtinde des Ertragsrfickganges der Elbfischerei zwi- 
schen Elbsandsteingebirge und Boizenburg. - Z. Fisch. 7, 161-437. 

Boon, B. & Laudelout, H., 1962. Kinetics of nitrate oxidation by Nitrobacter winogradskii. - 
Biochem. J. 85, 440-447. 

Couch, J. A., 1975. Histopathoiogical effects of pesticides and related chemicals in livers of fishes. 
In: The pathology of fishes. Ed. by W. E. Ribelin & G. Migaki. Univ. Wisconsin Press, Madison, 
Wisc., 559-584. 

DiMichele, L. & Taylor, M. H., 1978. Histopathoiogical and physiological responses of Fundulus 
heteroclitus to naphthalene exposure. - J. Fish. Res. Bd Can. 35, 1060-1066. 

Dunker, G. & Ladiges, W., 1960. Die Fische der Nordmark. - Abh. Verb. naturw. Vet. Hamburg 
(Suppl.) 3, 1-432. 

Ehrenbaum, E., 1896. Beitr/ige zur Nafurgeschichte einiger Elbfische. - Wiss. Meeresunters.  
(Helgoland) I, 54-63. 

Hansen, D. J., Parrish, P. R., Lowe, J. I., Wilson, A. J. Jr. & Wilson, P. D., 1971. Chronic toxicity, 
uptake, and retention of Arochlor 1254 in two estuarian fishes. - Bull. environ. Contain. Toxicol. 
6, 113-119. 

Hawkes, J. W., 1978. Morphology. In: Marine biological effects of OCS petroleum development.  Ed. 
by D. A. Wolfe. Boulder, Colorado, 87-94. (NOAA Technical Memorandum ERL OCSEAP-1.) 

Kendall, M. W., 1977. Acute effects of methyl mercury toxicity in channel  catfish (Ictaiurus 
punctatus) liver. - Bull. environ. Contain. Toxicol. 18, 143-151. 

King, S. F., 1962. Some effects of DDT on the guppy and the brown trout. - Spec. scient. Rep., Fish. 
Wildl. Serv. (Fisheries) 399, 1-22. 

Kfhler,  A., 1979. Pathologische Ver~inderungen der inneren Organe von Fiunder (Platichthys 
flesus) und Stint (Osmerus eperlanus) in der Untereibe. - Verb. dtsch, zool. Ges. 1979, 245. 

LichtfuB, R. & Brfimmer, G., 1977. Schwermetai lbelastung yon Eibe-Sedimenten.  - Naturwissen- 
schaften 64, 122-125. 

Lillelund, K., 1961. Untersuchungen tiber die Bioiogie und Populationsdynamik des Stintes, 
Osmerus eperlanus (L. 1758) der Elbe. - Arch. FischWiss. 12, 1-128. 

Marthur, D. S., 1962. Studies on the histopathologic changes induced by DDT in liver, kidney and 
intestine of certain fishes. - Experientia 18, 506-509. 

M611er, H., 1979. Geographical  distribution of fish diseases in the NE Atlantic. - Meeresforsch. 27, 
217-235. 

Mossewitsch, N. A., 1961. Sauerstoffdefizit an den Fitissen des westsibirischen Tieflandes, seine 
Ursachen und Einfltisse auf die aquafische Fauna. - Verh. int. Verein. theor, angew. Limnol. 14, 
447-450. 

Podloucky, R., 1975. Der Niederelberaum - Industrie contra Natur. - Heimat 82, 181-190. 
Rheinheimer, G., 1959. Mikrobiologische Untersuchungen tiber den Stickstoffhaushalt der Elbe. - 

Arch. Mikrobiol. 34, 358-373. 
Roberts, R. J., 1978. Fish pathology. Baillifre Tindall, London, 278. 
Sch6berl, P. & Engel, H., 1964. Das Verhalten der nitrifizierenden Bakterien gegentiber  gei6stem 

Sauers tof f . -  Arch. Mikrobioi. 48, 393-400. 



414 A. KSh le r  & F. H51zel 

Sindermann, C. J., 1979. Pollution-associated diseases and abnormalities of fish and shellfish: A 
review. - Fish. Bull. 76, 717-749. 

Smith, C. E. & Piper, R. G., 1975. Lesions associated with chronic exposure to ammonia. In: The 
pathology of fishes. Ed. by W. E. Ribelin & G. Migaki. Univ. Wisconsin Press, Madison, Wisc., 
497--514. 

Sprague, J. B., 1971. Measurement  of pollutant toxicity. 3. Sublethal effects and safe concentrations. 
- Water Res. 5, 245-266. 

Ulken, A., 1963. Die I-terkunft des Nitrits in der Elbe. - Arch. Hydrobiol. 59, 486-501. 
Varanasi, U., 1978. Biological fate of metals in fish. In: Marine biological effects of OCS petroleum 

development.  Ed. by D. A. Wolfe. Boulder, Colorado, 41-53. (NOAA Technical Memorandum 
I~RL OCSEAP-I.) 

Weis, P., 1972. Hepatic ultrastructure in two species of normal, fasted and gravid teleost fish. - A m .  
J. Anat. 133, 317--332. 

Wilkens, H. & KShler, A., 1977. Die Fischfauna der unteren und mittleren Elbe: die genutzten Arten, 
1950-1975. - Abh. Verh. naturw.  Vet. Hamburg 20, 185-222. 


