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ABSTRACT: The Wadden Sea is an ecotone of far-reaching importance. Its nature is continuously 
changing, and ecological monitoring is needed to identify and analyse trends, and to inform the 
general pubhc about accelerated change caused by human impact. Sustained ecological research 
with a diversified monitoring program is essential to overcome the 'immature phase' of short-term 
and single-site studies in ecological science. Long-term and wide-scale phenomena are of increasing 
relevance to human welfare. Ecological monitoring includes retrospective and ongoing recordings of 
physical, chemical and biological parameters on a regional scale. It improves our understanding of 
natural patterns and processes, and of the distortions caused by man. It may provide early warnings. 
It is a necessary precondition for translating the principle of anticipatory action into practical pohcy, 
and it also documents the effects of actions taken. Monitoring the Wadden Sea will help to protect its 
great variety of flora and fauna, and will also prevent it from deteriorating into a gray coastal 
backwater, serving for utility purposes only. 

INTRODUCTION 

Current  ecological science is dominated by snapshot observations and  short-term 
experiments,  promising quick rewards for the br ight  scientist. Under  the tacit assumption 
of stable systems kept in equil ibrium by cybernet ic  feedbacks, ecologists have for far too 
long aped the methodology of classical physics. However, the living world is different. 
Ecology should be devoted to the diversity of life in the real world, and we should not 
long for the shining clarity of the abstract p h e n o m e n a  designed by the h u m a n  mind. 

The acceleration of change in the real world, in society, technology and  environment ,  
has led many to seek compensat ion in the dream of an unchangeab le  nature.  Nothing 
could be more unrealistic. Nature has b e e n  continuously transforming since its very 
beginning ,  and will keep on changing long after the last huma n  has turned into a fossil. 

The older we become, the more we perceive change  in and  around us and  acknow- 
ledge the importance of history. The more we travel, the greater the sense of proportion 
we have for the quahty of our immediate  environment .  In a similar way, the science of 
ecology has come of age and advanced  to global perspectives. 

Accordingly, it is now recognized that monitor ing changing patterns is the basis for 
an improved unders tanding  of nature.  Retrospective studies are a prerequisite to under-  
s tanding the present  processes. In addition, monitor ing provides us with the necessary 
feedback concerning human  impact on the environment .  

�9 Biologische Anstalt Helgoland, Hamburg 



260 Karsten Reise 

NOISES IN AN ECOTONE 

Moni tor ing  is a par t  of research,  and  without  it meteorology,  h y d r o g r a p h y  and  
ecology would  miss their  most decisive phenomena .  In the  sea, shor t - te rm var iabi l i ty  of 
phys ica l  factors is d a m p e d  out by  the la rge  hea t  capaci ty  of the oceans  (Steele ,  1985). 
This l eads  to re la t ively  l a rge-ampl i tude  changes  at long t ime scales. As a consequence ,  
the  var iance  of phys ica l  factors g radua l ly  increases  as the  time in terval  i nc r ea se s  from 
days  to decades .  This envi ronmenta l  character is t ic  of the sea  has been  t e r m e d  ' red noise '  
by  ana logy  to the  red  l ight spectrum. Models  sugges t  that  this ' red  no i se '  may  cause  
abrupt  changes  in the biota, while the physical  change  remains  gradual .  

In the  t idal  zone of the W a d d e n  Sea, the ' red  noise '  turns into "white noise ' .  
Envi ronmenta l  var iabi l i ty  increases  towards  high t ide line, but  this v a r i a n c e  appea r s  to 
be  constant  as the  t ime interval  increases  from very  short  to up to about  I00  years.  

In the W a d d e n  Sea we  have a mixture  of red  and  whi te  noises: a h i g h  short- term 
var iabi l i ty  supe r imposed  on slow changes  with long periodicit ies.  Thus ,  moni tor ing 
physical ,  chemical  and  biological  pa rame te r s  in this ecotone be tw e e n  the l and  and the 
sea, and  different ia t ing be tween  na tura l  and  m a n - m a d e  change,  is qui te  a cha l leng ing  
endeavour .  On the other  hand,  the  very  fact that  the W a d d e n  Sea is an ecotone with 
t ransreg iona l  connect ions means  that  it is a sensit ive indicator  of processes  going  on in a 
wide r  field. 

LONG AND WIDE SCALES 

Only w h e n  monitor ing proceeds  from the scale of years  to decades  m a y  we  hope  to 
de tec t  long- te rm trends, possibly recognize  subtle  effects revea led  u n d e r  the stress of 
rare episodes,  and  account  for biotic t ime lags in response  to a d i s tu rbance .  In the  
W a d d e n  Sea around Sylt, sea urchins CPsammechinus miliaris) and  s l ippe r  l impets  
(Crepidula fornicata) were  strongly dec ima ted  by the severe  winter  1978/79. First signs of 
recovery b e c a m e  appa ren t  not ear l ier  than  10 years  later.  Fur thermore,  i t  remains  an 
open quest ion as to why these two species  suffered so severe ly  in the  w in t e r  1978/79 but  
not so dur ing the colder  winter  of 1962/63. There  might  have been  a w e a k e n i n g  of the  
popula t ion  due  to some hidden factor prior  to the winter  of 1978/79. 

Enhanced  growth of g reen  a lgae  in the W a d d e n  Sea has been  o b s e r v e d  since the 
1970s, and  this seems to be  in response  to an increased  nutr ient  supply.  T h e  first la rge-  
scale mass  deve lopmen t  occurred in the  East  Frisian W a d d e n  Sea dur ing the  unusua l ly  
warm and  sunny summer  of 1989. Presumably ,  it was the rare co inc idence  of nutr ient  
load  and  pro longed  sunshine which t r iggered  the green  a lgae  to cover  w ide  areas  of 
formerly u n v e g e t a t e d  t idal  flats. Future moni tor ing will show whe the r  t h e s e  algae,  once 
es tabl ished,  also persis t  under  less favourable  conditions.  

Moni tor ing requires  not only long- te rm observations,  but  also the  adop t ion  of a wide-  
scale approach.  Spat ia l  uniformity is an  except ion in nature.  Instead,  d y n a m i c  mosaics  
prevai l  in ecosystems (Remmert, 1985). Mosaic  e lements  of various sizes t e n d  to undergo  
cychc or erratic successions. D e p e n d i n g  on the history of d is turbances  a n d  the type of 
colonizers, each mosaic  e lement  adopts  its own shape,  speed  of change  a n d  course of 
development .  At tempts  to identify overal l  t rends and events  in such ecosys tems  neces-  
si tates a mapp ing  approach.  Isolated s a m p h n g  stations are  of little value.  

A proper  moni tor ing des ign must  b e  deve loped  towards  the d iagona l  in the space-  
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Fig. 1. Spatial and temporal scales of ecological monitoring. The time scale includes retrospective 
studies. Monitoring strategies should proceed along the diagonal 

t ime d iag ram (Fig. 1). An actual  compromise  must  be  arr ived at in relat ion to the p rob lem 
under  investigation,  and  in relat ion to a d e q u a t e  costs (de Wolf, 1989}. 

ECOSYSTEM APPROACH 

Susta ined ecological  research,  moni tor ing  be ing  a par t  of this, must  be  concerned  
with the cascading effects of climatic and  sea- level  changes ,  with the  long- term and 
wide-sca le  effects of exploi tat ion and na ture  managemen t ,  with pollut ion and  species  
introductions. More quest ions can be  a n s w e r e d  not only with an increas ing  scale of 
observation,  but  also by  recording these  var iab les  at the same t ime and at  the  same  sites. 
Otherwise,  interact ions which often de t e rmine  the observable  pa t te rn  are  missed.  They  
are also missed when  recording is not  combined  with causal  research.  All this is only 
feasible with an ecosystem approach  (Likens, 1989). 

Long-term ecosystem research should  be  ini t ia ted in se lec ted  areas, whe re  historical  
comparisons and paleological  analyses  provide  in terpre ta t ions  of the presen t  state, whe re  
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institutes are able to guarantee  uninter rupted time series studies into the nex t  decades, 
and  where  laws des the study area from destruction, i.e. in nat ional  parks  or biosphere 
reserves. 

Between such special research areas, a network of stations should b e  maintained,  
where monitor ing according to a KiSS-strategy (Keep-it-simple-and-safe) provides the 
in te rven ing  data and may recognize local problems. A geographical  informat ion system 
has to be developed which not only collects and  redistributes data, b u t  which also 
combines and  analyses spatial and  temporal trends in the light of specific questions.  

A monitor ing program of this kind not  only improves our understandi .ng of nature  
and  its responses to human  impact, but  also may serve as an early warn ing  system, be a 
basis for precaut ionary action, and provide a feedback when actions have  b e e n  taken 
(Clarke, 1986). 

CONCLUSIONS 

Although there are a few valuable time-series studies already Conducted and 
integrated within the framework of COST-647 (i.e. Beukema & Essink 1986), there is still 
a 'laissez-faire' att i tude among scientists and administrators towards long- te rm and  wide- 
scale monitoring. This needs to be changed. Scientists must turn their a t ten t ion  from the 
day-to-year processes to the decade-to-century processes, while administrators  must  
design the inst i tut ional  and funding structures to encourage such research. The  rationale 
behind ecological monitoring is the higher relevance of the longer terra processes to 
h u m a n  welfare. The protection of the Wadden  Sea is doomed to failure wi thout  sustained 
ecological research with a comprehensive monitoring strategy. 
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