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ABSTRACT: In the 1980s, significant regional, interspecific and annual differences in contamination 
with toxic chemicals were found in eggs of breeding birds along the German North Sea coast. In 
some regions residue levels approached a range endangering breeding success, especially in terns. 
In 1987, a three-year monitoring-program for common tern Sterna hirundo and oystercatcher 
Haematopus ostralegus was started, in order to recognize such contamination trends. Eggs from 
9-14 areas along the coast are now being analysed for chlororganic residues and mercury. First 
results on geographical and year-to-year variation are presented here, and the advantages of 
seabird eggs as spatial and temporal monitors of marine pollution are discussed. The suggestion is 
made to include a shore-breeding bird species in the European monitoring programs. 

INTRODUCTION 

Seabirds have  often been  indicators of toxic chemicals in the marine envi ronment  

(e.g. Robinson et al., 1967; Koeman, 1971; Blus et al., 1977; Ohlendorf  et al., 1978). 

Consequently,  in several  countries they are used as monitor organisms (e.g. Coulson et 

al., 1972; Nisbet  & Reynolds, 1984; Mineau  et al., 1984; Olsson & Reutergardh,  1986; 
Gilbertson et al., 1987). The contamination of coastal birds along the North Sea coasts, 

however ,  seems to have been  little studied concerning spatial or temporal  trends (e.g. 

NERC, 1983; Goede,  1985; Moksnes & Norheim, 1986; Becket  et al., 1985a, b, 1988), and 
this in spite of the fact that 

(1) the North Sea supports many internationally important  populations of seabirds, 

shorebirds and waterfowl which make use of this area for breeding,  feeding, migrat ing or 
overwinter ing (e.g. Tasker & Pienkowski,  1987); 

(2) the problems of North Sea pollution have  been  increasing (e.g. Buchwald, 1985), 
and 

(3) seabirds occupy higher  positions in the food web, which implies that they are 

especially vulnerable  to persistent chemical  pollutants such as organochlorines.  These 

cause mortality, breeding  failure and populat ion decrease,  as was documented  in 
seabirds and waders  in the Wadden  Sea during the 1960s (Koeman, 1971; Swennen,  
1972; Duinker & Koeman, 1978; Becker & Erdelen,  1987). 

" Presented at the VI International Wadden Sea Symposium (Biologische Anstalt Helgoland, 
Wattenmeerstation Sylt, D-2282 List, FRG, 1-4 November 1988) 
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In this paper  the usefulness of coastal b reed ing  birds as monitors of persistent 

pollutants in the marine environment  is evaluated.  First results of a current  monitoring 

program on the German  Wadden  Sea coast from 1987 are presented  and compared  with 

data from corresponding studies in 1981 and 1986. 

METHODS 

In 1987, the Institut ffir Vogelforschung started a three-year  moni tor ing study along 

the German  North Sea coast, in cooperat ion with the Chemisches  Institut der Tier~rzt- 

l ichen Hochschule  in Hannover  and with the financial support  of the U m w el tbundesam t  

(Federal German  Environment  Office) in Berlin. Two monitor species, differing com- 

pletely in their biology, were  selected: the oystercatcher  Haematopus ostralegus, feeding 

on mussels and worms on intertidal flats and in a low position on the food web,  and the 

common tern Sterna hirundo, a fish-eating species in a h igher  position and consequent ly  

more contaminated  and threa tened  by environmenta l  chemicals. In con t ras t  to the 
oystercatcher  which mostly stays over winter  in the Wadden  Sea, the common  tern is a 

long-dis tance migrant,  winter ing in West Africa (e.g. Glutz & Bauer, 1975, 1982). We 

Fig. 1. Monitoring project along the German North Sea coast 1987-1989: the symbols refer to 
sampling areas for eggs of oystercatchers only (o), of oystercatchers and common terns (e) or just 

common tern eggs (area 4 only) 

Fig. 2. Geographic variation in concentrations of organochlorines and mercury in eggs of oyster- 
catchers from the German North Sea coast in 1987. For the location of the sampling areas (numbers 
1-15) see Figure 1. Residue levels are given in mg/kg wet weight as mean (column) + sd (narrow 
column), geometric mean (horizontal lines) and range (vertical lines). Other than area 7 (n=7), 10 
eggs per area were analysed (one egg/clutch). Area numbers below the columns indicate significant 
intersite differences (at least p <0.05, Scheff~-test with logl0 of the residue levels; in each case, 

numbers are given only below the higher of the two contaminated areas compared) 
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have at our disposal detailed knowledge on the breeding,  feeding and populat ion biology 
of both species in the Wadden  Sea area. Furthermore, in other projects of our institute, 
their biology is be ing  studied producing background information essential  for their 
utilization as monitors. 

From 9-14 areas on the German  North Sea coast 10 fresh eggs per species per year 
per area are collected. After completion of laying, one egg per clutch is taken. Sample 
sites were chosen in such a way that the inf luence of the input  of the three rivers, Elbe, 
Weser and Eros could be established (Fig. 1). Chlororganic residues, PCBs including 
single congeners,  and mercury are analysed (methods:Becker  et al., 1985a, b; Heid- 
mann,  1986; He idmann  & Bfithe, 1986). As usual, the residue levels are given in mg/kg 
fresh egg mass (-- ppm). 

RESULTS 

G e o g r a p h i c  v a r i a t i o n  

The intersite variability of some contaminants  studied in oystercatcher-eggs from 
1987 is shown in Figure 2. Eggs from the sample areas in the western (area 1-6) and 
northern part of the German Wadden  Sea (areas 14-15) were contaminated less than 
those from the estuaries of the Elbe (area 11) and the Weser (area 6, 7) and  those from the 
inner  German Bight (areas 9, 12-13). Differences in geographic distribution be tween  the 
various contaminants,  however, were obvious: whereas eggs from the Elbe estuary and 
the inner  German  Bight were contaminated mostly with HCB and mercury, eggs 
collected at the Weser estuary were found to be contaminated mainly by PCBs and 
lindane. PCBs also predominated at ScharhSrn (area 9). Greater  amounts  of HCB were 
found in the Dollart area (area 1) than in the other EaSt Frisian areas. The eggs from all 
sites near  the estuaries of the Elbe and the Weser were polluted mostly with ~ DDT. 

Corresponding geographic variations in 1987-residue levels were found in common 
tern eggs: In the Elbe estuary and the inner  German  Bight, the concentrat ions of the 
contaminants  were higher than at other coastal sites [Becker, 1989). 

This pronounced  spatial variability was constant  from year to year: the correspon- 
dent  figures for the years 1981 and 1986 showed the same microgeographic pattern of 
contamination, also in other species (Becket et al., 1985a, b, 1988). 

T e m p o r a l  t r e n d s  1 9 8 1 - 1 9 8 7  

The residue levels varied enormously be tween  the years (Fig. 3). With regard to the 
majority of contaminants,  the highest levels were found in 1987 and the lowest values in 
1986. The predominant  pollutants were the industrial  chemicals PCBs, and  mercury 
(common tern eggs from the Elbe estuary in 1987: PCBs 22.3 __+ 10.8 mg/kg;  mercury 
7.4 _ 2.9 mg/kg). 

I n t e r spec i f i c  d i f f e r e n c e s  

Common tern eggs were more heavily contaminated  than eggs of the oystercatcher 
(Fig. 3). Among seven species of birds b reed ing  on the German  Wadden  Sea coast, eggs 
of the f ish-consuming species common and sandwich tern Sterna sandvicensis were 
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Fig. 3. Yearly differences (1981, 1986, 1987) in concentrations of organochlorines and mercury in 
eggs of common terns and oystercatchers from the inner German Bight (area 12 in Fig. 1.). The levels 
are given in mg/kg wet  weight as in Fig. 2, Note the different factors in levels of y-HCH and PCBs. 10 
eggs per year per species were examined. Significant differences between years (Scheff6-test with 

log10 of residue levels) are marked thus: . . . . .  p <0.05; . . . .  p <0.01; p <0.00I 
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con tamina ted  most; however ,  h n d a n e  was  found in h ighest  concent ra t ions  in she lduck  
Tadorna tadorna and  r inged-p lover  Charadrius hiaticula {Becker et al., 1985a, b). 

DISCUSSION 

Birds as top predators  have  severa l  advan tages  to offer in moni tor ing  studies.  They 
contain h igher  concentrat ions  of res idues  than  other  animals,  thus s impli fying the 
chemical  analysis;  the wi th in -sample  var ia t ion in the concentrat ions of pol lu tants  is lower 
in birds ( eggs ) than  in other  species  of mar ine  top predators  (Gilbertson et al., 1987); and  
the res idue levels can be  re la ted  to popula t ion  parameters ,  which  are  re la t ive ly  wel l  
documented  in birds. Owing to their  h igh  body  loads of toxic chemicals ,  birds are 
par t icular ly  th rea tened ,  so that  moni tor ing their  contaminat ion  is requ i red  in any case for 
reasons of species  protection. 

The bird egg  as sample  unit  has the following methodologica l  a d v a n t a g e s  (see also 
NERC, 1983; Mineau  et al., 1984; Ohlendorf  et al., 1978; Gi lber tson et  al., 1987): eggs  
originate from a def ined  area  and  year;  they  reflect  the con tamina t ion  of b reed ing  
females (e.g. Vermeer  & Reynolds,  1970; Becker  et  al., 1989), which  r e p r e s e n t  a hea l thy  
and  reproduct ive  par t  of the  populat ion;  eggs  be ing  hmi ted  to the b r e e d i n g  season,  the 
seasonal  var iabi l i ty  in birds  contaminat ion  (e.g. Anderson  & Hickey,  1976) is reduced;  it 
is not necessa ry  to kill any  adul t  bird; sampl ing  one egg  per  clutch, the  b r e e d i n g  success 
is only margina l ly  r educed  (intraclutch versus  interclutch var ia t ion is low: Potts, 1968; 
Vermeer  & Reynolds,  1970; Mineau,  I982; Nisbet ,  1982; Custer  et al., 1983; Becke t  et al. 
1989); s amphng  eggs  takes  little time; the  samples  are easy  to handle ;  c o m p a r e d  with 
tissues, eggs  have a highly consis tent  composi t ion and  a h igh  l ipid content ;  it  is precisely  
during the egg  and ear ly chick s tage  that  birds react  sensi t ively to toxic chemicals  
(Ohlendorf et al., 1978; Gi lman et al., I977; Mineau  et al., 1984); re la t ionships  be tw e e n  
contaminat ion,  eggshe l l  quali ty and ha tch ing  success can be studied,  bo th  in the field 
and  through control led exper iments  in the laboratory.  On the other  hand ,  eggs  as 
samples  do have  some drawbacks :  they  are represen ta t ive  of only a par t  of the popula-  
tion, of only a par t  of the  yea r  and  do not  adequa te ly  indicate  some of the  h e a v y  metals  
such as cadmium and lead  (NERC, 1983; Becker  et al., 1985b, 1989). 

The spat ial  t rends a long the W a d d e n  Sea coast  show clearly the ser ious  contamina-  
tion of the  birds b r eed ing  in the es tuar ies  and  in the inner  G e r m a n  Bight. It can be 
concluded  that  with r ega rd  to  the contaminants  studied, the rivers Hlbe a n d  Weser  are  
the major  sources of pol lut ion of the G e r m a n  North Sea, a fact which  is cor robora ted  by  
studies of inver tebra tes  and  fish (Rat von Sachverst&ndigen,  1980; Anonymous ,  I986; 
Umwel tbundesamt ,  1989). With increas ing  dis tance from the estuar ies  a n d  with corres- 
pond ing  dilution of the pollutants,  the concentrat ions  of most chemicals  inves t iga ted  in 
North Frisia (Schleswig-Holstein) r eached  a range  similar to those of East  Fris ia  (Fig. 2). 
Compar ing  the concentrat ions  b e t w e e n  the Elbe and Weser  s a m p l e  sites, it can be  
concluded  that  the Weser  has  also contr ibuted  further to the pol lu t ion  of the inner  
G e r m a n  Bight wi th  t indane,  DDT and metabol i tes  and  PCBs. Other  s tudies ,  too, repor t  
that  the contaminat ion of sea- and  shorebirds  feed ing  inshore,  such as oys te rca tchers  and  
common terns, reflect  the local pol lut ion levels  in the coastal  mar ine  env i ronmen t  (e.g. 
NERC, 1983; Custer  et al., 1983; Nisbet  & Reynolds,  1984). 

However ,  might  not the contaminat ion  of the females  just  as wel l  o r ig ina te  from the 
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winter ing areas  and from the migrat ion routes as from the b reed ing  sites? The  corres- 
pondence  of the microgeographic  pa t te rn  in the egg- res idue  levels among severa l  years  
and species  in the Ge rman  W a d d e n  Sea, i r respect ive of the species-specif ic  feed ing  and 
migrat ion habi ts  of the birds, ev ident ly  shows, (a) that  the egg  contaminat ion  s tems to a 
grea t  ex tent  from the feeding  grounds  nea r  the b reed ing  a rea  where  the  pol lu tants  are  
inges ted  dur ing the p re -egg- l ay ing  period,  and  (b) that  migra t ing  species  can also be 
valid indicators of the contaminat ion levels at their  b reed ing  grounds.  During the pre-  
egg- lay ing  period, considerable  quanti t ies  of food are requi red  to produce  eggs,  espe-  
cially in larids character ized by  courtship feed ing  (e.g. common tern: Nisbet,  1977). As a 
result,  the egg  res idues  reflect the local contaminat ion  of the food web. 

Postulated decl ines  of some pol lutants  from 1981 to 1986 (Fig. 3; Becker  et al., 1988) 
were  not confirmed. We have as ye t  no explana t ion  for the h igher  pol lutant  levels  in 1987, 
and are anxious for the results of the yea r  1988. Perhaps  the high wate r - leve l s  of the 
rivers in spring 1987 could have  increased  the rivers '  pol lutant  loads (Flfigge, 1988; 
Umwel tbundesamt ,  1989). Such year - to -year  fluctuations only serve to under l ine  the 
necess i ty  for long- term studies to verify t rends  in contaminat ion.  Thus, in tern eggs  from 
the W a d d e n  Sea area, dieldrin, endr in  and DDE showed a decl ine be tw e e n  the 1960s and 
the 1980s (Becker, 1989). Several  other examples  of tempora l  t rends of chemicals  in 
seabirds  have been  compi led  by  Gilber tson et al. (1987). 

In the  W a d d e n  Sea, at the p resen t  time, insect ic ides  are of only minor  s ignif icance for 
the birds. The greates t  quanti t ies  of res idues  now found in the eggs  are indust r ia l  
chemicals  such as PCBs and mercury.  In some regions,  especia l ly  in the Elbe es tuary  or 
the inner  German  Bight, and  in the highly pol lu ted  common tern, the levels  of industr ia l  
chemicals  now have  a r ange  e n d a n g e r i n g  b reed ing  success  (cf. l i terature in Ohlendorf  et 
al., 1978; Becke t  et  aL, 1985a, b). 

One problem in moni tor ing chemicals  is that  h igh costs p rec lude  the regula r  analysis  
of more than  a few se lected compounds  of known toxicological  re levance.  As a result,  
many  dangerous  pollutants,  poss ibly  accumula ted  in birds, risk remain ing  undetec ted .  
This p rob lem could be  overcome by the addi t ional  monitor ing of the b reed ing  success  in 
se lec ted  species  at the known pollut ion hot spots, e.g. the Elbe estuary.  Birds react  
sensi t ively to some toxic res idues  in their  reproduct ion  (see above). At the first s ign of its 
impairment ,  e.g. through r educed  eggshe l l -qua l i ty  or lowered  hatching success,  inten- 
sive research  into the causes  could be started.  Such biological  effect moni tor ing would  
also p roduce  bet ter  data  on the chemical  levels  critical for the birds '  b reed ing  success.  

Our invest igat ions in the W a d d e n  Sea  (Becket  et al., 1985a, b, 1988, this paper)  and 
many  other  studies bes ides  (summarized in Gi lber tson et al., 1987) show that  seab i rd  
eggs  qualify as monitors of the  contaminat ion  of the mar ine  envi ronment  with toxic 
chemicals  on a geograph ic  and annual  level. Thus, seabi rds  can function as an early 
warn ing  system for the condit ion of the mar ine  envi ronment  (Furness, 1987), a sa feguard  
urgent ly  requi red  in the case of the North Sea. Until now, however ,  no top p reda to r  has 
been  inc luded  in the European  projects  moni tor ing the sea, e.g. the "Joint  Moni tor ing 
Programme" of the Commissions of Oslo and  Paris. Our  current  studies are i n t ended  to 
contr ibute more basic  information to justify the  inclusion of a seab i rd  spec ies  in an  
in ternat ional  p rogram moni tor ing the contaminat ion of the  North  Sea. 
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