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Abstract: Levels of PCBs, HCB and Hg were determined in the muscle tissue of flounder (Platich- 
thys f/esus L,), sampled at two sites of the highly industrialized Elbe estuary which is characterized 
by a decreasing gradient of contaminant levels in water and sediments towards the mouth of the 
river. The contaminant levels were compared to those found in muscle tissue of flounders caught in 
an unpolluted reference area, the Eider estuary. Juvenile flounders (1-2 cm total length) caught 
during their mig~ration from the southern North Sea coast into the Elbe estuary in early summer 
showed a significantly higher level of contamination at both Elbe stations than those from the 
reference area. In the following spring, the flounders, having grown to a length of 12-14 cm, 
reflected the gradient of contaminants measured in water and sediment. However, during summer 
and late autumn a drastic increase in average contaminant concentration was observed in the 
muscle tissue of flounders taken from the less polluted estuarine site. It became evident that severe 
oxygen depletion in the heavily polluted area near Hamburg had provoked the migration of highly 
contaminated fish downstream to the less polluted sampling area; thus intermingling with the less 
contaminated flounder population of this region had occurred. The results obtained indicate that 
careful analysis of environmentally controlled behavioural patterns in the species used for monitor- 
ing purposes as well as an appropriate statistical treatment of the data gained from chemical 
analysis are essential for assessing the contaminant concentrations in organisms in relation to the 
pollution load of their habitats. 

INTRODUCTION 

Contaminat ion  of the aquat ic  env i ronment  with potential ly harmful  substances  with 
its subsequen t  impact  on organisms is most dramatic  in estuaries  and adjacent  semi- 

enclosed margina l  seas in the vicinity of highly popula ted  and indust r iahzed regions.  
The aim of the present  study was to compare  contaminant  levels  in fish species from the 

Elbe estuary with those from the Eider, and to invest igate  whe the r  pronounced,  different 

contaminant  levels  in the habitats  are ref lected by cor responding  differences in the 

contaminant  levels  of the bio-indicators selected for this study. 

The mouth of the Elbe river is a coastal plain estuary. The river drains highly 
industr ial ized countries, such as Czechos lovakia  and the German  Democrat ic  Repubhc.  
In addition, the lower tidal part  is largely  inf luenced by the input  of contaminants  from 

the city of Hamburg  and from industrial  regions located downstream.  
In comparison with the Elbe, the river Eider with similar hydrological  conditions is 
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only insignif icant ly inf luenced  by anthropogenic  activities. This river, draining mainly 
agricultural  areas, is subjected only to minor  stress from industrial  and municipal  
effluents for the whole length  of its course. 

In the present  study interest  was focussed on mercury (Hg), hexachlorobenzene 
(HCB) and  po lych lonna ted  biphenyts  (PCBs) which were regarded as representat ive 
indicator  substances  for the areas unde r  study; this is especially relevant  for the Elbe 
river, where  these subs tances  play a dominan t  role in industr ial  discharges (ARGE Elbe, 
1980, 1982). This paper  is part  of a study, carried out from Spring 1983 to A u t u m n  1984, 
on histological and  electron-microscopical  invest igat ions of the teleost liver with respect 
to sublethal  effects of contaminants  in selected fish species. 

MATERIAL AND METHODS 

The f lounder  (Platichthys flesus L.), a catadromous and  euryhal ine  species, which is 
wide-spread  in coastal and  es tuar ine  regions, was selected for the present  study. 
Samples  were t aken  in a region downst ream of H a mbur g  (kilometermark 630-655, 
Station 1), in an  area close to the mouth  of the river (ki lometermark 670-710, Station 2) 
and  in a reference area close to the mouth  of the Eider river (Station 3) (Fig. 1). Samples 
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Fig. 1. Sampling sites in the Elbe estuary (Stations 1 and 2) and the reference area in the Eider 
estuary (Station 3). Cross bars mark the boundaries of sampling sites while solid bars in the river 

indicate the actual fishing stretch during hauls 

of the different age groups of flounder, Oa = 2-5 cm total length  (time of immigration), 
Ob = 7--9 cm (5 months  after immigration),  I up to 14 cm, III up to 25 cm, were taken in 
spr ing CA/M), summer  (J/A) and  a u t u m n  (O/N) with a dragne t  (meshwidth 10 mm, 3 m 
wide, 30 min  d ragg ing  time) at the same tide and  time of day. 

Random subsamples  consisted of at least 25 individuals  per station, season and age 
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group inves t iga ted .  Al together ,  1067 ind iv idua ls  were  a n a l y s e d  for mercury  and chlori-  
na t ed  hydrocarbons .  Sampl ing  and  s amp le  p r epa ra t i on  for chemica l  ana lys is  we re  
carr ied  out  accord ing  to ICES r ecommenda t i ons  (ICES, 1979): Length  (below to the  
nea res t  mm) and  weight  m e a s u r e m e n t s  (to nea res t  0.1 g) of fish samples  were  r eco rded  
at the  t ime of sampl ing  and  whole  spec imens  deep  frozen at - 2 0  C °, p a c k e d  in 
a lumin ium foil. Samples  of muscle  t issue were  a lways  t a k e n  on the r ight  s ide from the  
dorso- la tera l  filet with an ac id-res is tent  s tainless  steel  sca lpel  in the laboratory.  From the 
older  f lounders,  p ieces  (2 x 2 cm) were  cut from the centra l  par t  of the filet; from 
indiv idua ls  of 1-2 cm total  l ength  the  whole  dorsa l  filet was  taken ,  when  the spec imens  
were  still par t ly  frozen. For each  fish, the  condi t ion factor and  the  l iver  somatic  index  
were  ca lcu la ted  before  freezing,  b a s e d  on the da ta  of the ev i sce ra ted  carcass.  

M e r c u r y was d e t e r m i n e d  in solutions from al iquots  of muscle  t issue d e c o m p o s e d  
with nitric acid  unde r  p ressu re  (Harms, 1976), fol lowed by  cold vapou r  a tomic absorp t ion  
spectrometry.  In o rder  to i nc rease  sensi t ivi ty and  thus  enab l e  accura te  mercury  concen-  
trations to be m e a s u r e d  even  at ex t reme  low concentrat ions,  mercury  vapou r  was 
s t r ipped from the sample  solut ion by  reduc t ion-ae ra t ion  and col lected by  a m a l g a m a t i o n  
on a gold wire. 

Fol lowing this, the  mercury  vapou r  was  revolat i l ized into the  cold vapou r  de tec to r  
by  hea t ing  the collector (Harms, 1981). 

For de te rmina t ion  of the o r g a n o c h l o r i n e  compounds  selected,  the  mate r ia l  
(muscle tissue) to be  ana lysed  was solubi l ized  with a mixture  of perchlor ic  and  acet ic  
acid  fol lowed by  isolat ion of the  d e t e r m i n a n d s  th rough  l iquid- l iquid  ext rac t ion  with  
petrole ther .  The solvent  par t i t ion was  fol lowed by  a sulphuric  acid  c lean-up  step (Luckas 
et al., 1978). The purif ied extracts  were  concen t ra t ed  to a small  volume,  a l iquots  of which  
were  sub jec ted  to the  h igh- reso lu t ion  s i l icafused glass  capi l la ry  gas  c h r o m a t o g r a p h y  
with e lect ron capture  de tec t ion  (Luckas et  al., 1978; Schulte  & Malisch,  1983; Specht  & 
Tillkes, 1980). 

Controls to confirm the accuracy  of ana ly t ica l  results  inc luded  in t ra labora tory  tests 
us ing cert i f ied re fe rence  mater ia ls ,  the  check ing  of ana ly t ica l  pe r fo rmance  us ing  radio-  
t racers  (Harms, 1976), and  par t i c ipa t ion  in in te rna t iona l  and  na t iona l  in te rcompar i son  
exerc ises  (Berrnan & Boyko, 1984; Ho lden  & Topping,  1981; Thier  & Stijve, 1986). 

S t a t i s t i c s : After  app ly ing  the  Barletts  test  for homogene i t y  of var iances  (Sokal & 
Rohlf, 1969), all da t a  were  t r ea ted  with  nonparamet r ic ,  d is t r ibut ion-f ree  methods .  For the  
analysis  of s ignif icant  d i f ferences  b e t w e e n  more  than  two random samples ,  the  Kruskal  
Wallis  test  for differences of locat ion in r anked  da ta  g roupe d  by  s ingle  classif icat ion was  
used  (Sokal & Rohlf, 1969). This was  necessa ry  for de tec t ing  poss ib le  d i f ferences  in the  
accumula t ion  levels  of the  compounds  in spec t ed  b e t w e e n  the age  groups  of f lounder ,  the  
stations and the seasons  inves t iga ted .  In order  to ident i fy  the  locat ion of d i f ferences  of 
contaminant  levels,  the  mate r ia l  was  t r ea ted  with the "post  hoc" contras t  by  a rank  sum 
test  of Dunn (Lienert, 1978). In o rder  to check  whe the r  the r andom samples  of Stat ion 2 
b e l o n g e d  to ident ica l  popula t ions ,  the non-pa ramet r i c  test  for goodness  of  fit of Kot- 
mogoroff  & Smirnov (Sokal & Rohlf, 1969) was appl ied .  For all tests  appl ied ,  the  
di f ferences  b e t w e e n  the r andom samples  were  accep ted  as s ignif icant  if the  p robabi l i ty  
of their  occur rence  by  chance  was less than 5 %. The p resen ta t ion  of the  f r equency  
dis t r ibut ion of the  da ta  and  their  g r aph ing  on probabi l i ty  p a p e r  comple t ed  the  stat is t ical  
evaluat ion.  
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RESULTS 

Figure 2 illustrates the concentra t ions  of contaminants  in juveni le  flounders in 
relat ion to catching sites and  seasons invest igated.  Young flounders caught  during their 
immigra t ion  into the Elbe estuary in early summer  were significantly more highly 
con tamina ted  with Hg, PCBs and  HCB than  those caught  in the reference area in the 
Eider estuary. 
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Fig. 2. Seasonal variations of contaminant concentrations in muscle tissue (~/kg wet weight, 
arithmetic mean and range) of young flounders. © = 0-group 1983; Q = I-group 1984, 0-Group 
summer 1983, pooled sample. Chlorinated hydrocarbons: N=340, mercury: N=487. Arrows mark 

points of significant increase in contaminant levels at Station 2 

A clear difference be tween  the two Elbe sampl ing  sites with regard to the contami- 
nat ion levels of the muscle tissue of f lounders could not be detected at that time. 

However,  in the following spring, 1-year old flounders from the region downstream 
of Hamburg  (Station 1) had accumula ted  significantly more Hg, PCBs and HCB in the 
filet than flounders of the same age from the catching site near  the mouth of the river 
Elbe (Station 2). The comparison of con taminan t  levels of 1-year old flounders with those 
of older individuals  3-4 years of age indicated that a highly significant age-dependent  
increase  of contaminants  in muscle tissue occurred at Station 1 (Table 1). At Station 2 
and  in the reference area (Station 3), addit ional  accumula t ion  in the muscle tissue above 
the levels measured  dur ing  the immigrat ion phase  were not  detected. 
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Tab le  1. Reg iona l  d i f f e rences  in t h e  a g e - c o n t a m i n a n t  c o n c e n t r a t i o n  re la t ionsh ip .  C o m p a r i s o n  of 
f l o u n d e r  a g e  g r o u p s  t a n d  llI w i th  r e s p e c t  to d e t e r m i n a n t  l eve ls  in m u s c l e  t i s sue  (a r i thmet ic  m e a n  

a n d  r a n g e  in F g / k g  w e t  we igh t )  

H G  H CB PCBs 
Sta t ions  I tII I III I III 

1 94 -654  5 4 - 9 5 0  84 -1115  423 -1907  280 -1120  4 8 0 - 3 1 0 0  
263 492 618 757 635 1351 

n = 24 n = 26 n = 20 n = 27 n = 20 n = 27 

3 6 - 4 0 3  10-302  4 - 3 2  2 -23  1 -330  5 0 - 4 2 0  
180 144 17 8 170 172 

n = 25 n = 25 n = 30 n =  26 n = 30 n =  26 

18-113 3 0 - 9 0  2 - 4 0  1-17 9 8 - 5 3 9  7 0 - 2 4 0  
60 57 14 3 281 140 

n = 26 n = 20 n = 55 n = 20 n = 55 n = 20 

It i s  n o t e w o r t h y  t h a t  e x c e p t i o n a l l y  h i g h  c o n c e n t r a t i o n s  o f  H C B  w e r e  m e a s u r e d  i n  

s p r i n g  d o w n s t r e a m  of  H a m b u r g  a t  S t a t i o n  1 i n  1 - y e a r  o l d  i n d i v i d u a l s .  H o w e v e r ,  a c l e a r  

d e c r e a s e  i n  t h e  H C B  l e v e l s  i n  m u s c l e  t i s s u e  w a s  o b s e r v e d  i n  s u m m e r  a n d  l a t e  a u t u m n ,  a s  

s h o w n  i n  F i g u r e  2 for  1 - y e a r  o l d  f l o u n d e r s .  T h e  s a m e  s e a s o n a l  d e v e l o p m e n t  o f  H C B  

c o n c e n t r a t i o n s  w a s  t r u e  for  3 - 4  y e a r  o l d  i n d i v i d u a l s .  

S a m p l e s  t a k e n  n e a r  t h e  m o u t h  o f  t h e  r i v e r  E l b e  ( S t a t i o n  2) r e v e a l e d  a d r a s t i c  

e n h a n c e m e n t  of  t h e  m e a n  c o n c e n t r a t i o n s  o f  t h e  c o n t a m i n a n t s  i n  s u m m e r  a n d  l a t e  
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Fig. 3. F r e q u e n c y  d is t r ibut ion  of c o n t a m i n a n t  c o n c e n t r a t i o n s  in  m u s c l e  t i s sue  of f l o u n d e r s  f rom 
Sta t ion  1 a n d  2. O p e n  ba r s  = s u m m e r  s a m p l e s  of Sta t ion  1 a n d  2; h a t c h e d  b a r s  = s p r i n g  s a m p l e s  at  
S ta t ion  2 s u p e r i m p o s e d  for compar i son ,  x-axis :  re la t ive  f r e q u e n c y  (left) a n d  total  n u m b e r  (right) of 

i nd iv idua l s  a n a l y s e d  



436 A. K6hler et al. 

a u t u m n  (PCBs p ~ 0.001; HCB p ~ 0.001; Hg p < 0.001). As a consequence  of these 
enhancemen t s ,  statistically significant differences be tween  the Elbe stations in the 
con taminan t  accumula t ion  in f lounder  tissue were not found (p ~ 0.10 for all substances) 
(Fig. 2). 

The graphs showing the f requency distributions of the relevant  data (Fig. 3) illus- 
trate the following observations: Con taminan t  levels of the muscle tissue, as measured  in 
f lounders caught  at Station 2, varied within low concentrat ion ranges  in spring. In 
summer  and  late autumn,  however,  the values of muscle tissue ranged  from low 
con taminan t  concentrat ions up to levels three-to tenfold higher  than those measured  at 
this station in spring. Furthermore,  the distr ibution of the tissue values proved to be 
bimodal,  as could be affirmed by graphing  the data on probabil i ty paper, showing that 
the populat ions  analysed  were dimorphic. 

A season-rela ted comparison of histograms of both Elbe stations elucidated that the 
group of higher  values in the f requency distributions at Station 2 fitted closely the 
distr ibution of cont inuous variables observed at Station 1 throughout  the year. 

DISCUSSION 

Recently publ i shed  re levant  l i terature provides a considerable amount  of informa- 
tion on Hg levels in mar ine  and  freshwater fish. Conclusions from the "Six-Year Review 
of ICES Coordinated Monitor ing Programmes" (ICES, 1984), from the results of the 
current  "Joint  Moni tor ing Programme" (1985) and  from other re levant  publications 
(Jensen, 1982; Kruse & Krfiger, 1984) indicate that for most species the natural  back- 
ground level  is in the region of 0.05 to 0.1 mg/kg,  on a wet-weight  basis. 

During their recent  invest igat ions into the occurrence and distribution of contami- 
nan t s  in fish from coastal waters of the North Sea and  the Baltic, Luckas & Harms (in 
press) recognized that pollut ion within the German  Bight is obviously inf luenced to a 
large extent  by the inflow of waters from the River Elbe. 

General ly,  it became  clear that the PCBs were the most frequently occurring 
organochlor ine con taminan ts  in fish from the Elbe estuary. The investigations also 
showed that fish samples from the Elbe on its lower course be tween  the city of Hamburg  
and  near  Cuxhaven  were severely contamina ted  with respect to HCB in spring. In the 
samples  t aken  in summer  and  a u t u m n  at Station 1, there were no individuals  with 
except ional ly  high HCB-concentra t ions  in the muscle tissue. With regard to this, the 
following assumption,  based on the l i terature reviewed by Cairns et al. (1975) and Niimi 
(1983), can be made:  the increas ing tempera ture  in summer  together with the annual ly  
observed severe oxygen deplet ion in this region potentiate  the toxicity of the contamin- 
ants. Death of the highly contamina ted  individuals  can be assumed to be caused by the 
increased  uptake  of contaminants  by hyperventi lat ion,  result ing in lethal tissue damage 
(gills, liver, pancreas).  Due to the half life of HCB (approx. 240 days), decrease by 
e l iminat ion or growth is improbable.  The results are also in accordance with the data of 
the ARGE Elbe (1982) on the levels of organochlorines in water  and sediments.  The data 
ga ined  confirm that the Elbe obviously contr ibutes to a large extent to the HCB- 
contamina t ion  of the adjacent  mar ine  waters of the inner  German  Bight. 

On the basis of the above-men t ioned  references, the Eider flounders reflected more 
or less the probably  natura l  background  level for mercury, and mildly elevated levels for 
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the se lec ted  organochlor ine  compounds ,  whi le  the  s ignif icant ly e l eva ted  level  of conta-  
minants  m e a s u r e d  in muscle  of f lounders  caugh t  in the  Elbe es tua ry  at  Stat ion t 
i nd ica t ed  an excep t iona l ly  h igh  contamina t ion  si tuation.  Clearly,  habi ta t - spec i f ic  differ- 
ences  in the  age  (s ize)-contaminant  concent ra t ion  were  recognized .  Con taminan t s  in 
f lounder  muscle  t issue inc reased  with the age  of the  fish from the h igh ly  con tamina ted  
a rea  (Station 1), whe reas  in sl ightly con tamina ted  or uncon tamina t ed  waters  (Station 2 
and  3) no increase  with age  was  found, sugges t ing  that  the u p t a k e  of con taminants  was  
b a l a n c e d  by growth  and /o r  excret ion (Phillips, 1980), 

From a more  de ta i l ed  inspect ion  of the  Elbe da ta  it b e c a m e  obvious that  dur ing  
cer ta in  seasons  the  f lounder  is in fact a re l iab le  b io- ind ica tor  for the  different ly contami-  
na t ed  areas  within the  Elbe estuary.  In spring, s ignif icant  d i f ferences  in the con taminan t  
levels  of muscle  t issue b e t w e e n  the f lounder  popula t ions  of the two Elbe Stat ions 1 and  2 
could be identif ied.  

The la t ter  ref lected dec reas ing  contaminant  levels in wate r  and  sed iments  a long the 
t idal  sect ion of the  Elbe, also m e a s u r e d  by  other  insti tutions: Inves t iga t ing  the fate and  
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d is t r ibut ion of inorgan ic  con taminan t s  (heavy metals)  in the lower  (tidal) par t  of the  river 
Elbe,  Schmid t  et  aL (1986) m e a s u r e d  total  mercu ry  levels  (i.e. mercury  in the  dissolved 
fract ion and  a d s o r b e d  to the  par t icu la te  phase)  in the wa te r  that  gave  a c lear  indicat ion 
of s ignif icant ly  e n h a n c e d  levels  of 500 ng/1 nea r  H a m b u r g  (Station 1) with a dec reas ing  
t e n d e n c y  to 70 ng/1 at Stat ion 2 downs t ream.  

The s i tuat ion in the  es tuar ine  sys tem of the River Elbe was also h igh l igh ted  by 
s ed imen t  inves t iga t ions  pe r fo rmed  by  the federa l  work ing  group for " the  c leanness  of 
the  Elbe r iver"  (ARGE, 1983). The da ta  ob ta ined  ind ica t ed  drast ical ly  e n h a n c e d  mercury  
concent ra t ions  in the  < 20 ~m fraction of s ed imen t  wi th  a c lear  concentra t ion  grad ien t  
seawards .  Whi le  the  mercu ry  va lues  in the  vicini ty  of H a m b u r g  ha rbour  were  about  20 to 
30 t imes  h ighe r  than  the  a s s u m e d  na tu ra l  b a c k g r o u n d  level,  the  factor dec reased  
d o w n s t r e a m  to about  6-12 nea r  Cuxhaven  and  to about  4 in the  ad jacen t  a rea  of the 
inner  G e r m a n  Bight. 

By us ing  their  ana ly t ica l  app roach  for the de te rmina t ion  of l ipophil ic  compounds  in 
water ,  Gaul  & Ziebar th  (1983) found clear  ev idence  of e n h a n c e d  levels  of organic 
con taminan t s  with a s t ruc tured  dis t r ibut ion a long the t idal  course of the  Elbe (DHI, 1985) 
jus t  as Schmidt  et  al. (1986) did  for t race  e lements .  

Typical ly ,  the  concent ra t ion  of HCB b e t w e e n  the inner  b o u n d a r y  of the  Elbe es tuary  
b e l o w  H a m b u r g  and  its outer  front (near  Cuxhaven)  var ied  over  a r ange  of at leas t  one 
order  of m a g n i t u d e  (from 11.6 to 0.95 ng/1), whi le  the  cor responding  concentra t ions  of 
PCB congener s  dec rea sed  by  a factor of 2 to 3 (e.g. PCB-180 from 0.59 to 0.22 ng/1). 
Similar  resul ts  were  pub l i shed  prev ious ly  (ARGE Elbe, 1982). 

Thus, it is correct  to state - at leas t  on the  basis  of the  spr ing da ta  ob ta ined  dur ing 
the  p re sen t  s tudy - tha t  the  con taminan t  levels  found in the  muscle  t issue of Elbe 
f lounders  ref lect  the  con taminan t  s i tuat ion of wa te r  and  sed imen t  a long the lower  course 
of the  Elbe estuary.  However ,  the  in te rpre ta t ion  of the  summer  and  au tumn da ta  on the 
Elbe f lounders  caugh t  at  the  two locat ions r e v e a l e d  severe  problems,  s ince factors that  
po ten t ia l ly  in terfere  with the  na tura l  behav iou r  of the  indica tor  organisms became  
obvious.  A s tudy of the  wa te r  qual i ty  da ta  m a d e  clear  that  the s e a s o n - d e p e n d e n t  
(disproport ionate)  inc rease  in con taminan t  levels  in the fish samples  col lected at Station 
2 co inc ided  with the  events  of seasona l  oxygen  def ic iency at Stat ion 1 (Fig. 4). 

In summer ,  oxygen  levels  of 80-90  % were  r eco rded  only at  the  mouth  of the Elbe, 
thus  mee t i ng  the r equ i r emen t s  for the  cont inuous  occur rence  of fish spec ies  typical  for 
this e s tua r ine  area,  whi le  in the  vicini ty of H a m b u r g  (Station 1) it d r o p p e d  to less than 
20 % of sa tura t ion  (ARGE Elbe, 1983). Earl ier  observa t ions  m a d e  by  Kbhler & Hblzel 
(1980) and Kbhler  (1981) demons t r a t ed  that  per iod ica l  dep le t ion  of oxygen  in the area  
d o w n s t r e a m  of H a m b u r g  was  respons ib le  for fishkills and  migra t ion  of f lounders 
towards  the  mouth  of the river. Even though  no t agg ing  was carr ied  out, it was obvious 
tha t  the  f lounders  had  mig ra t ed  to the r iver  mouth,  as a drast ic  increase  in the  populat ion 
dens i ty  was  r eg i s t e red  the re  dur ing  the pe r iods  in quest ion.  Comparab l e  avoidance  
reac t ion  and  repopu ia t ion  was  de sc r ibed  by  Azarovi tz  et  al. (1979) for the  summer  
f lounder  du r ing  r e p e a t e d  oxygen  dep le t ions  on the US east  coast  in 1976. 

F ind ings  of Deth lefsen  &von  W e s t e r n h a g e n  (1983) on the effects of oxygen  deficien- 
cies in the  eas te rn  G e r m a n  Bight suppor t  the  assumpt ion  that  cer tain fish species are 
ab le  to avoid  areas  of anoxia  by  emigra t ion .  From the resul ts  of the above  ment ioned 
authors  it can be  conc luded  that  the  obse rved  seasona l  var ia t ions in the contaminant  
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s i t ua t i on  of f l o u n d e r s  f rom S t a t i on  2 a r e  c lose ly  l i n k e d  w i t h  t h e  m i g r a t i o n a l  b e h a v i o u r  of 

o r g a n i s m s  in  r e l a t i o n  to d e t e r i o r a t i n g  e n v i r o n m e n t a l  c o n d i t i o n s  s u c h  as  t h e  o x y g e n  

d e p l e t i o n  a t  S t a t i o n  1. Ev iden t ly ,  s u c h  " a v o i d a n c e  b e h a v i o u r "  d r i v e s  s e v e r e l y  c o n t a m i -  

n a t e d  f i sh  a w a y  f rom t h e  h i g h l y  p o l l u t e d  a r e a  a t  S t a t i o n  1 d o w n s t r e a m  to t h e  r i v e r  m o u t h  

w h e r e  t h e y  m i x  w i t h  t h e  l e s s  c o n t a m i n a t e d  f l o u n d e r  p o p u l a t i o n  of S t a t i o n  2, S e a s o n a l  

d i s t r i b u t i o n  of f i sh  i n t e r f e r e s  w i t h  t h e  a s s u m p t i o n  t h a t  s a m p l e s  t a k e n  at  v a r i o u s  s t a t i o n s  

a l w a y s  r e p r e s e n t  t h e  c o n t a m i n a n t  a c c u m u l a t i o n  p a t t e r n  a t  si te.  

In  c o n c l u s i o n ,  t h e  a b o v e  r e p o r t e d  r e s u l t s  d e m o n s t r a t e  t h a t  e x t e r n a l  f ac to r s  a f f e c t i n g  

t h e  s p e c i e s  to b e  s u r v e i l l e d  m a y  res t r i c t  t h e i r  p o t e n t i a l  as  b i o - i n d i c a t o r s  in  m o n i t o r i n g .  

T h e  m a r k e d  e f fec t  of e x t e r n a l l y  i n d u c e d  s h o r t - t e r m  c h a n g e s  of t h e  h a b i t a t  c o n d i t i o n s  c a n  

b e  c o n s i d e r e d  a r e m a r k a b l e  s o u r c e  of i n t e r p r e t i v e  e r rors ,  e s p e c i a l l y  if a n a l y s e s  a r e  b a s e d  

o n  s a m p l i n g  o n l y  o n c e  p e r  yea r ,  or  o n  p o o l e d  s a m p l e s .  As  d e m o n s t r a t e d  b y  th i s  a n a l y s i s ,  

a c a r e fu l  c o n s i d e r a t i o n  of t h e  p o s s i b l e  s o u r c e s  of i n t e r f e r i n g  f ac to r s  w h i c h  a r e  i m p o r t a n t  

for t h e  p o p u l a t i o n s  to b e  i n v e s t i g a t e d  is r e q u i r e d  b e f o r e  s a m p h n g .  T h e  p r e s e n t  c a s e  

s t u d y  r e v e a l s  t h a t  s p r i n g  is to b e  r e c o m m e n d e d  as s a m p l i n g  pe r i od ,  s i nce  t h e  r i v e r  a n d  

e s t u a r i n e  r e g i o n s  of i n t e r e s t  a r e  t h e n  su f f i c i en t ly  s u p p l i e d  w i t h  o x y g e n ,  a n d  m i g r a t i o n  of 

f l o u n d e r  is u n l i k e l y  to occur .  
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