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ABSTRACT: For no other group of organisms in coastal areas are there so exact and long-term data 
available as there are for seabirds. Since the beginning of the 20th century, documentation of 
population size, especially for species breeding in colonies from the groups gulls, terns and auks, is 
almost complete. These species act as bio-indicators, and data on fluctuations in their population size 
are useful as they reflect changes in the state of the marine ecosystem. The population development 
of some of these seabird species (Herring Gull, Guillemot, Common, Arctic and Sandwich Tern) from 
the German North Sea coast, which primarily feed on fish, is given, Common to all these species is 
an exponential increase in numbers in recent years (1970-1985). Possible causes for this develop- 
ment, e.g. pressure from enemies or competitors, availability of breeding places, anthropogenic 
stress and mortality factors, as well as the direct and indirect anthropogenic-influenced changes in 
the trophic system due to the increasing-eutrophication of coastal waters, are evaluated. Signs of a 
collapse in the stocks of seabirds resulting from environmenta~ pollution are discussed. Conse- 
quences resulting from the ecosystem changes, such as reduction of nutrient discharge into the 
North Sea and the expansion of biological monitoring, are described. 

INTRODUCTION 

One well- tr ied method  of recording and comprehending  long- term deve lopments  in 

the marine ecosystem is the continuous monitoring of the populat ion dynamics  of 

individual  species or of entire biocoenoses as bioindicators. Indicators need  to be  well- 
documented  as to their position in the envi ronment  and it must  be possible to carry out 

long- term monitoring of their populat ion dynamics with relat ively little trouble (Ellen- 

berg, 1982). In this respect, the bird populations inhabi t ing the shallow waters  of the 
southern North Sea coast and the adjacent-sea areas have traditionally p layed a prime 

role (Tasker & Pienkowski,  1987). 
No other group of organisms in coastal areas has been  as thoroughly inves t iga ted  

and as much turned to account from this particular angle  as have  the seabirds (Schulz, 

1947; H~ilterlein, 1986; Taux, 1986; Becker & Erdelen, 1987; Vauk & Prfiter, 1987). 
Looked at from this point of view, the fact that many  of the important  seabird b reed ing  

grounds have b e e n  under  the scrutiny of nature protection associations since the turn of 
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the century is of ines t imable  value.  This has  made  it poss ible  to t race the  popula t ion  
changes  par t icular ly  of colony b reed ing  seabi rds  back  to the beg inn ing  of the presen t  
century. 

The popula t ion  figures avai lab le  for the 19th century  are sporadic  and  compara t ive ly  
inexact;  yet  they  suffice to show that  the over-exploi ta t ion and  ruthless pe r secu t ion  of the  
populat ions  for commercia l  purposes  had  by  the turn of the century led  to the  dec imat ion  
of most seab i rd  popula t ions  on the G e r m a n  coast  (Thiessen, 1986; Vauk  & Prfiter, 1987). 

Since that  t ime, as a response  to this deve lopment ,  an increas ing n u m b e r  of seab i rd  
conservat ion areas  has  been  set up at the most  impor tant  colony sites. As a consequence ,  
the  over-exploi ta t ion of the  popula t ions  was curbed  and  the number s  recovered  in 
vary ing  degrees .  Over  and  above  this, the twent ies  and  thirties wi tnessed  the  se t t lement  
of new and the reoccupat ion  of former colony sites by  severa l  species,  e.g. Lesser  Black- 
b a c k e d  Gull  (Larus fuscus), Blackheaded  Gull  (L. ridibundus) and  Ki t t iwake  (Rissa 
tridactyla) (Goethe, 1969; Priiter, 1983; Fleet,  1984). 

Yet one cannot  say that  their  deve lopmen t  since that  t ime has been  und i s tu rbed .  The 
increase  in the Herr ing  GuLl (Larus argentatus), for instance,  very soon  came to be  
considered too rapid,  so that  control measures  were  t aken  which  r eached  a chmax in the 
sixties and  ear ly  seventies.  At that  time, these  direct  methods  of s e a b i rd  popula t ion  
m a n a g e m e n t  were  also employed  at a number  of B lack-headed  Gull  colonies  on the 
German  North Sea coast  (Goethe, 1964; Vauk  & Prfiter, 1987), 

The introduct ion of toxic subs tances  (e.g. pest icides)  into coastal  wa t e r s  of the 
southern North  Sea was cer ta inly a contr ibut ing factor in the r e n e w e d  popula t ion  
decl ines  of a number  of seab i rd  species  in the fifties and  sixties e spec ia l ly  in terns 
(Koeman, 1975; Becker  & Erdelen,  1987; Schumann,  1987). The same is true of the  
expans ion  of tourism and  other  industr ies  a long the coast, which e n c r o a c h e d  on potent ia l  
nest ing-si tes  and  even to some extent  on e s t abhshed  pro tec ted  areas  too. 

Inf luenced by  the benef ic ia l  effects of seab i rd  protect ion efforts on the  one  hand  and  
the pernicious work ings  of man  on the other, popula t ion  sizes of c o lony -b re e d ing  seab i rd  
species  on the Ge rman  North Sea coast  in the middle  of the century s h o w e d  a number  of 
different reactions.  In the gulls the obse rved  t rends were  of s tagnat ion or s l ight  increase  
(Becker & Erdelen,  1987). The same was noted in the gui l lemots  ([fn'a aalge) on 
Helgo land  (Vauk-Hentzel t  et  al., 1986). In contrast, dramat ic  popula t ion  co l lapses  occur- 
r ed  among the terns (Thiessen, 1986). 

RESULTS 

In the following, we  shall  confine our at tent ion to a number  of co lony-breed ing ,  
pr incipal ly  f ish-eat ing species  of seabi rds  from the g roup  of families i nc lud ing  the gulls, 
the terns and the auks. We shall  descr ibe  their  popula t ion  deve lopments  u s i n g  se lec ted  
examples  from a large  number  of s tudies  (Vauk et ai., 1989; Har twig  et al., 1989) and 
presen t  possible  explanat ions  for the obse rved  phenomena .  

Our examples  were  chosen from these  three  groups because  
- they are re la t ively  common and consti tute b e t w e e n  them the bu lk  of the  b r e e d i n g  birds 

in the southern North Sea, 
- their  total popula t ions  are  the  most  thoroughly  documented ,  and 
- they are in tegra ted  in the mar ine  ecosys tem at the end of food-chains.  
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Wha t  the  e x a m p l e  species  also have  in common is a sudden  exponent ia l ly  increas ing  
popula t ion  boom in the late sixties and  seventies.  

In the Her r ing  Gull (Larus argentatus), an accelera t ing  growth in the  total popula t ion  
occurred  in spite  of massive control operat ions involving poisons, which r e a c he d  a p e a k  
on the G e r m a n  North Sea coast  in the sixties and  sevent ies  (Fig. 1). Despi te  such drastic 
measures ,  the  exist ing large colonies (e.g. Mellum, Memmert ,  Trischen) cont inued to 
e x p a n d  and  new rapidly  growing set t lements  were  es tab l i shed  (e.g. Juist,  Spiekeroog).  
Whereas  in 1969 the Herr ing Gull  popula t ion  of the G e r m a n  North Sea coast  stood at 
about  17 000 b r e e d i n g  pairs, by  1984 this f igure had  r eached  45 000. In tha t  year,  near ly  
90 % of the total  popula t ion  b red  in no more than  seven super-colonies  of more  than  1000 
pairs.  In the same  period,  the popula t ion  in the Ne the r l ands  g rew from 17 000 to about  
90 000 pairs  (Vauk & Pr~iter, 1987; Spaans,  pets.  comm.). 

The  popula t ion  dynamics  of the Kit t iwake (Rissa tridactyla) on Helgo land ,  its sole 
b r e e d i n g  g round  in the southern North Sea, can be  t raced  with a h igh  degree  of 
accuracy:  whe rea s  the average  growth in the sixties was 14 % per  annum, b e t w e e n  1970 
and  1980 the f igure increased  to 22 %. The b reed ing  popula t ion  e x p a n d e d  dur ing  this 
t ime from 400 to 2350 pairs and  by 1986 it had  r eached  a total of 3310 pairs.  Jus t  recently,  
however ,  there  have  been  signs that  an uppe r  limit is be ing  a pp roa c he d  (Fleet, 1984; 
Prfiter, 1986; Voss et aL, 1987). 

Similarly,  the  Guil lemots  (Uria aalge) breed ing  on He lgo land  have  d i sp layed  an 
acce le ra t ed  popula t ion  increase  in the last  few years  (Fig. 2). Be tween  1956 and  1969, the 
colony consis ted  of a round  1000 pairs. A drop to about  800 pairs  was no ted  in the mid- 
sevent ies  but  by  1985 the populat ion had  t r ipled its size to near ly  2500 b reed ing  pairs  
(Vauk-Hentze l t  et al., 1986). 

Finally, the  popula t ion  dynamics  of Common Tern (S~erna hirundo) and Arctic Tern 
(St. paradisaea) on the German  North Sea  coast  d isp lay  a very similar pa t te rn  (Fig. 3): a 
s teep  fall-off in the fifties and  sixties followed by a rap id  increase  (Vauk & Priiter, 1987). 
This p h e n o m e n o n  of expans ion  dur ing the last few years  has also b e e n  no ted  in the 
G e r m a n  Nor th  Sea  populat ion of the Sandwich  Tern (St. sandvicensis) (Fig. 3). In the mid- 
eighties ,  this species  actually r eached  its h ighes t  number  of b reed ing  pairs  so far this 
century  (Schumann,  1987). On the coast  of the Ne ther lands  too, after the low point  in the 
sixties caused  by  human  interference,  observers  report  a s teady  increase  in popula t ion  
once more  (Bourne & Vauk, 1988). 

Wha t  e m e r g e s  as a common factor in all these  examples  is basical ly  a very  surpris ing 
p h e n o m e n o n :  the  b reed ing  populat ions  of gulls, terns and  auks  on the G e r m a n  North Sea 
coast  have  for the pas t  15 years  all been  following a r emarkab ly  similar pa t t e rn  of s teep to 
exponen t i a l  growth.  What  is more, this is happen ing  i r respect ive of whe the r  a dep le t ed  
popu la t ion  is on the way  to recovery or a previously  apparen t ly  s table  popula t ion  
spon taneous ly  beg ins  to expand.  

DISCUSSION 

There  are  other  examples  - for ins tance the growth of the Cormorant  (Phalacrocorax 
carbo) popu la t ion  in the North Ge rman  coastal  region (Knief & Witt, 1984) or the 
se t t l ement  of the  Fulmar  (Fulmarus glacialis) and Razorbill  (A/ca torda) of the He lgo land  
seab i rd  colonies in the sevent ies  (Moritz, 1980; Vauk,  1985) - which sugges t  that  on our 
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Fig. 2. Population changes of Guillemot {Uria aalge) on Helgoland from 1956 to 1985 (from Vauk- 
Hentzelt et aL, 1986; completed by reports from Verein Jordsand) 

coasts the living conditions for primari ly fish-eating seabirds are at present  apparent ly  
excellent. Even the rapid increase in number s  of Gannets  (Sula bassana) on passage off 
the German  and Danish North Sea coasts can be interpreted in this hght  (Brunckhorst, 
1985; Meltofte & Faldborg, i987). 

Looking beyond the piscivorous seabirds, it may be as well to menUon at this point 
that the breeding populat ion of the Eider (Somateria mollissirna), feeding exclusively on 
mussels, has also shown a rapid increase on the German  North Sea coast since the 
seventies, a development  bear ing  a str iking resemblance  to the patterns described above 
(Nehls, unpubl.).  

Even today when  it comes to quest ions as to the causes of these remarkable  
populat ion dynamics, explanat ions going beyond  mere suppositions are not forthcoming. 

In the period of time in question, nei ther  the pressure of natural  enemies,  competi- 
tion, nor the availability of nesUng sites or the disturbances and  losses due to h u m a n  
interference have altered in any way which would explain this process�9 On the contrary, 
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after the  rap id  increase  in seabi rd  losses at the beg inn ing  of the eight ies  due  to the 
pers is ten t  oi l-pollut ion of the coastal  sea  areas,  for example ,  it w o u l d  have  b e e n  far more 
p laus ib le  t O expec t  the exact  opposi te  deve lopmen t  in the populat ions  of at leas t  the most 
ser iously affected species  of seabirds  (Vauk et al., 1987). 

Other  factors must  be  at work  here,  factors which  within a very short  t ime ra ised  the 
capac i ty  of the  envi ronment  for the  species  in question.  

In the past ,  food availabil i ty has  often enough  been  ident i f ied  and  desc r ibed  as a 
very  effective - and  quick react ing - regula tor  of seab i rd  populat ions  (Furness & Hislop, 
1981; M o n a g h a n  & Zonfrillo, 1986; Meltofte  & Faldborg,  1987; Pede r sen  & Chri- 
s tophersen,  1987). Today it must  be  cons idered  h ighly  p robab le  that  the  exp lana t ion  of 
this s imul taneous  deve lopment  in the W a d d e n  Sea  region of the south-eas te rn  North  Sea 
and  in the sea  areas  beyond  is to be  found - in par t  at least  - in a t r emendous ly  improved  

food-supply.  
Long- term invest igat ions into the feed ing  habi ts  of la rge  gulls in the  He lgo land  

reg ion  have  r evea led  that  cer tain species  of small  fish (e.g. Ammodytes, Sprattus, 
Agonus) are  p resen t  in these  waters  today  in far grea ter  quant i t ies  than  they  used  to be  
even  in the la te  sixties (Prfiter, 1988, 1989). Net -conten t  analyses  carr ied out  by  the 
Ge rman  shrimp fisheries confirm that  in par t icular  parts  of the sand  flats the popula t ions  
of cer tain species  of fish impor tant  for seab i rd  nutr i t ion are on the increase  (Tiews, 1983). 

As to the poss ible  causes of these  developments ,  it must  once aga in  be  cons idered  
very  p robab le  that  human  interference in the mar ine  envi ronment  contr ibute  - direct ly or 
indirect ly  - to these  changes  in the t rophic sys tem (van Impe, 1985). The  impac t  of the 
fishing industry  on the quant i ta t ive ba lance  b e t w e e n  fish species  in a par t icular  region 
can be  enormous (Hempel,  1978). Even more impor tan t  in this respect ,  however ,  seems  to 
be  the  problem complex associa ted  with the  advanc ing  eu t rophy  of coastal  waters  
(Gerlach,  I987). 

Changes  which  have been  recorded  in the quant i ty  and na ture  of phy top lank ton  in 
the southern North Sea must be  seen  in associat ion with the  increas ing  amounts  of 
nutr ients  in t roduced  into these waters  (Radach & Berg, 1986). It must  be  a s sumed  that  
these  changes  set up reactions whose  effects ex tend  to the h ighes t  levels of the  trophic 
system. 

If it is i ndeed  the case . tha t  the on-going  changes  in seab i rd  popula t ions  on the 
G e r m a n  North Sea coast are the result  of a bas ica l ly  unnatura l  expans ion  of capacity,  
then  there are definite reasons for concern  with respect  to future deve lopments .  A 
col lapse  of the populat ions  resul t ing from over load ing  the mar ine  ecosys tem cannot  
apparen t ly  be  ru led  out, even for the  nea r  future. 

Examples  of such deve lopments  have  become  increas ingly  common recently.  Take  
for ins tance the dramat ic  drop in the  popula t ions  of chff -breeding seabi rds  in North 
Norway  and on the Shet lands (Heubeck,  1988; Prfiter & Vauk,  1988) - in this case the 
pr ime cause is p robab ly  over-f ishing of the feed ing  grounds  - or the  sudden  rap id  dechne  
in the  populat ions  of larger  gulls in the north of Grea t  Britain (Lloyd, 1987). 

What  action is called for, then, on the  basis  of these  considerat ions? 
First and foremost, of course, the  unnatura l ly  h igh  level  of nutr ients  be ing  in t roduced 

into the North Sea  must  be  r educed  and  if poss ible  cut out a l together ,  wi thout  wa i t ing  for 
the  definit ive proof of whe ther  these  p resen t  prognost ica t ions  are  i n d e e d  correct! 

Another  u rgen t  requ i rement  is the  intensif icat ion of b iological  monitoring,  so as to 
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p r e v e n t ,  as  fa r  as  p o s s i b l e  in  t h e  fu tu re ,  a r e p e t i t i o n  of t h e  p r e s e n t  s i t u a t i o n  w h e r e b y  

s u d d e n  d e v e l o p m e n t s  l ike  t h o s e  in  t h e  c a s e s  d e s c r i b e d  a b o v e  t a k e  e v e r y b o d y  u n a w a r e s  

a n d  a l m o s t  to ta l ly  u n p r e p a r e d .  
A f ine  n e t w o r k  of r e s e a r c h  p ro j ec t s  is n e e d e d  in  o r d e r  to t r a c e  l o n g - t e r m  c h a n g e s  

a f f e c t i n g  m a r i n e  o r g a n i s m s .  Fu r the r ,  m u c h  c lose r  c o l l a b o r a t i o n  is c a l l e d  for  b e t w e e n  t h e  

d i f f e ren t  d i s c ip l i ne s  of m a r i n e  eco logy .  T h e  t r a d i t i o n  of v e r y  n a r r o w  s p e c i a l i z a t i o n  a n d  

c o m p a r t m e n t a l i z a t i o n  m u s t  g ive  w a y  to a m o r e  cr i t ica l  overall v iew.  I n  t h e  m a r i n e  

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

f igu re s  m a y  v e r y  w e l l  p r o v i d e  t h e  m a r i n e  eco log i s t s  w i t h  v a l u a b l e  l eads .  Equa l l y ,  w i t h o u t  

d e t a i l e d  k n o w l e d g e  of c h a n g e s  in  t h e  l o w e r  l eve l s  of t h e  t r o p h i c  s y s t e m ,  i t  is h a r d l y  

p o s s i b l e  to u n d e r s t a n d  f l u c t u a t i o n s  in  s e a b i r d  p o p u l a t i o n s .  
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