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ABSTRACT: The Wadden  Sea si tuated along the North Sea coasts of Denmark,  the Federal  
Republic of Germany  and  The Nether lands  represents  one of the world's largest  bar-bui l t  type of 
estuaries. The area is a typical sed imenta t ion  and  mineral iza t ion basin,  with  a large influx of 
organic mat ter  from the adjoining North Sea, consequent ly  a delicate oxygen ba lance  and  a rich 
benth ic  macrofauna, poor in  species, which  serves as food for juveni les  of some commercial ly 
important  North Sea fishes and  for large numbers  of migra t ing and winter ing waders  and  water-  
fowl. Past and  present  activities of the h u m a n  society in the area include fisheries (mainly for 
shrimp and  mussels,  semi-culture),  shipping,  land reclamation,  recreation, dredging for sand and  
shells, and  waste  discharge from industr ies  and  h u m a n  communities.  Until the present  these 
activities, a l though sometimes conflicting, did not fundamenta l ly  affect the area and  its biota 
(pollution excluded), but  future claims, inc luding the construction of large deep-sea  harbours,  
dri l l ing for natural  gas and  oil, large-scale land reclamation and  increased industr ial izat ion etc., 
might  gradual ly  induce  degradation.  Por instance, area reduction by cont inued land reclamation 
could lead to i rreversible losses of specific biotopes (e. g. salt-marshes,  mud-flats), which  could 
affect the size of bird  and  fish populat ions in a much  wider  region. Increased pollution, which  has  
already inflicted damage  on bird and  seal populations,  could reduce the fauna  and  hence  the value  
of the area as a natural  sanctuary. In the event  of a proposal  for a new h u m a n  activity in the area, the 
present  s tanding  practice in  the countries concerned requires an  evaluat ion of its safety and  
economic aspects and  its envi ronmenta l  impact. However,  the various plans  are considered 
separately and  there  is a genera l  need  for in tegrated m a n a g e m e n t  of the area. 

I N T R O D U C T I O N  

C o n t r a r y  to t h e  s i t u a t i o n  o n  l a n d ,  w h e r e  m a n a g e m e n t  of a r e a s  e i t h e r  i n  r e l a t i o n  to 

a g r i c u l t u r e ,  fores t ry ,  i n d u s t r y  a n d  u r b a n  d e v e l o p m e n t  or d i r e c t e d  to c o n s e r v e  a n a t u r a l  

or  s e m i - n a t u r a l  e n v i r o n m e n t  h a s  l o n g  b e e n  c o m m o n  p r a c t i c e ,  m a n a g e m e n t  of a r e a s  i n  

t h e  w o r l d  o c e a n s  is a r a r e  p h e n o m e n o n ,  a n d  of r e c e n t  da te .  O b v i o u s l y ,  t h i s  is d u e  to t h e  

fac t  t h a t  t h e  i n t e r e s t s  of m a n  - f u n d a m e n t a l l y  a t e r r e s t r i a l  s p e c i e s  - i n  t h e  o c e a n i c  p a r t  of 

ou r  w o r l d  w e r e  u n t i l  q u i t e  r e c e n t l y  r e s t r i c t e d ,  c o n c e r n e d  m a i n l y  w i t h  s h i p p i n g ,  f i s h i n g  

a n d ,  i n  c o a s t a l  a r e a s ,  l a n d  r e c l a m a t i o n  a n d  d e f e n c e s  a g a i n s t  t h e  sea .  O n l y  i n  t h i s  

c e n t u r y ,  i n  p a r t i c u l a r  i n  i ts  l a t t e r  ha l f ,  h a s  m a n a g e m e n t  of s e a  a r e a s  d e v e l o p e d ,  e. g. i n  

r e l a t i o n  to s h i p p i n g  ( s e a - l a n e s ) ,  oi l  a n d  g a s  e x p l o i t a t i o n ,  s a n d  a n d  g r a v e l  e x t r a c t i o n s ,  

f i s h e r i e s  a n d  m a r i c u l t u r e  ( m u s s e l  a n d  o y s t e r  beds ) .  Loca l l y  m a r i n e  a r e a s  h a v e  b e e n  se t  

a p a r t  as  n a t u r e  r e s e r v e s ,  a l t h o u g h  i n  s e v e r a l  of t h e s e  c o m m e r c i a l l y  e x p l o i t e d  r e c r e a t i o n  
is d e t r i m e n t a l  to f lo ra  a n d  f a u n a .  S u c h  r e s e r v e s  a r e  o f t e n  i n  a r e a s  w i t h  co ra l  reefs .  T h e  

i m p a c t  of t h e s e  a c t i v i t i e s  w a s  fe l t  i n  s o m e  c a s e s  o n l y  o n  t h e  s p e c i e s  l eve l ,  e i t h e r  b e c a u s e  
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an  un l imi t ed  expans ion  of f ishing fleets, often combined  with technical  improvement  of 
f ishing methods,  resul ted in  a steep decl ine of f ishing yields or because  unrestr ic ted 
hun t i ng  of ma in ly  mar ine  mammals  led to near-ext inc t ion  of some species. The impact  of 
m a n  on mar ine  ecosystems was, unt i l  recently,  very limited. 

Cons ider ing  the rapid increase  of man ' s  interest  in  the sea in  recent  years, as 
apparen t  from the expans ion  of the n u m b e r  of man ' s  activities, improved technical  
possibil i t ies and  the i m m i n e n t  change  in  the jur idical  system for the sea, a growing 
interference of man  with the world ocean may be anticipated.  Al though this impact  
might  and  probably  will  affect all  parts of the ocean, i nc lud ing  the deep sea (mining for 
m a n g a n e s e  nodules ,  oil-dril l ing) the effect is a l ready most strongly exper ienced  in  
shallow, coastal seas, due to their accessibil i ty to m a n  and  the proximity of often dense ly  
popula ted  coastal lands. 

This paper  in tends  to describe as an example  the merits, threats and possible 
m a n a g e m e n t  of such a coastal sea, the W a d d e n  Sea. The area concerned is s i tuated in  
the southeastern  North Sea and  is bordered by one of the world 's  most dense ly  popula ted  
and  most h ighly  developed coastal lands. Al though barrier  is lands and  a coastal reg ion  
form an  in tegra l  part  of the area, the emphasis  in  this paper  will  be  on that part  of the 
region  affected directly by the t idal  waters. 

DESCRIPTION OF THE AREA 

The W a d d e n  Sea, a shalIow sea area aIong the north coast of the Nether lands,  the 
coast of the Federal  Republic  of Germany  and  part  of the west coast of Denmark,  covers 
an  area of some 8000 km 2 ex tend ing  over more than  500 km of coastline. The area is 
b o u n d e d  on the seaward side by a bel t  of barr ier  islands, be tween  which deep t idal  
channels  form the connect ion  with the North Sea (Fig. 1). These t idal  channels  b ranch  
into an  intricate system of gull ies and  creeks, formed and ma in t a ined  by t idal  water  
transport.  In genera l  each of these t idal channels  drains a part icular  basin,  the various 
basins  be ing  separated by t idal  "watersheds"  beh ind  the islands. The t idal  ampl i tude  
varies in  the area be tween  1.5-4 m and  dur ing  the ebb vast areas of bare  t idal  flats 
emerge,  which  cover over half the region  at low tide (Fig. 2). 

Al though some large rivers and  other freshwater outlets discharge into the Wadden  
Sea, caus ing  somewhat  reduced  sal ini ty  as compared with the open  sea (normally 
20-30%0 S, with a range  to freshwater in  river mouths), the area can hardly be 
characterized as an  estuary. Geomorphological ly  its existence seems to depend  main ly  
on the combined  presence  of a gent ly  s loping coast, an  ample  supply and  a land-di rec ted  
transport  of f iner sand and  silt by the t idal currents and  a slow rise in sea level, relat ive to 
the Iand. The tides and  the relat ive rise in  sea level  are also responsible  for the dynamic  
character of the landscape,  apparen t  from historical studies (van Straaten, 1965). Thus, 
on a longer  t ime scale (centuries) extensive shallow bays have silted up, the is lands 
seem to have travel led eastwards and  coastwards and  the ma in  tidal inlets  have become 
shal lower or have deepened ,  whereas  dur ing  shorter t ime spans (years) gul l ies  and  
creeks have evolved, d isappeared  or changed  their  course. 

The character of the sed iment  changes  gradual ly  from coarser sand in  the m a i n  tidal 
channels  to fine silt on h igher  ground along the m a i n l a n d  and  beh ind  the islands, 
d e p e n d i n g  on the velocity of the t idal currents and  exposure to wave action. Parallel  to 
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Fig. 1. The Wadden Sea area 

this change  in s e d i m e n t  type  is a change  in the tu rb id i ty  of the  water ,  low at the 
en t rances  to the  W a d d e n  Sea  and  h igh  d e e p e r  in the  basins .  

Bio logica l ly  the  a rea  is cha rac te r i zed  by  an  absence  of vascu la r  p lan ts  (except  for sea-  
grasses)  b e l o w  h igh  wa te r  mark,  a l though  sa l t -marshes  are  p resen t  just  b e l o w  and  above  
that  l ine,  wi th in  r each  of s torm floods. This d i s t ingu ishes  the  W a d d e n  Sea  from s imi lar  
a reas  as for ins tance  a long  the  eas t  coast  of North  Amer ica ,  w h e r e  the  t ida l  flats are  

covered  wi th  Spartina vegeta t ion .  
Other  impor tan t  b io log ica l  characters  are  the r ich ben th ic  macrofauna,  l iv ing  for an  

impor tan t  par t  on and  in the  ba re  t ida l  flats (Linke, 1939; Smidt,  1951; Beukema,  1976) 
and  its de l ica te  oxygen  ba l ance  wi th  a somewha t  r e d u c e d  oxygen  concent ra t ion  in the  
wa te r  in s u m m e r  (de Groot  & Postma, 1968} and  anoxic  condi t ions  in the f iner  sed iments  
(Vosjan, 1974}. These  condi t ions  seem to ind ica te  a h igh  supp ly  of p r imary  organic  
matter .  However ,  e s t imates  of p r imary  produc t iv i ty  by  un ice l lu la r  a lgae ,  both  p lank ton ic  
and  on the  t ida l  flats, are  not  excep t iona l ly  high,  p r o b a b l y  due  to l ight  l imi ta t ion  in  the  
tu rb id  water ;  they  r ange  from 100-200 g C m -2 y-t  (Cad4e & H e g e m a n ,  1974a, b; Cad6e  
persona l  communicat ion) .  The  contr ibut ion  of l a rge r  a lgae  and vascu la r  p lan ts  in the  
channels ,  on the  flats and  in the  salt  marshes  seems  neg l ig ib l e  in compar i son  (van der  
H o e k  et al., 1979; Joen je  & Wolff, 1979}. 

A p p a r e n t l y  of much  grea te r  impor tance  for the  b io log ica l  fue l ing  of the  a rea  is the  
ne t  t ranspor t  of d e a d  and  l iv ing  s u s p e n d e d  ma te r i a l  into the  W a d d e n  Sea,  o r ig ina t ing  
from the ad jo in ing  North  Sea  as s u g g e s t e d  by  Postma (1954} and  de Jonge  & Postma 
{1974}. This  process,  par t ly  of phys ica l  (Postma, 1961) and  par t ly  of b io log ica l  or ig in  
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Fig. 2. During ebb tide extensive tidal flats emerge in the Wadden Sea 

(Verwey, 1952) results in a net import of organic carbon of about the same magnitude as 
that locally produced. 

A considerable part, possibly more than half, of all primary organic matter present in 
the area seems to be decomposed by micro-organisms {de Jonge & Postma, 1974}. 
Mineralization in the sediments is indicated to be of major importance (Vosjan, 1974; 
van Es, 1977), while a large part of the organic matter reaching the sediments seems to 
be decomposed under anoxic conditions by sulphate-reducing bacteria  (Vosjan & Olanc- 
zuk-Neyman, 1977). Therefore, an important aspect of the area is that it acts as a 
mineralizat ion basin, receiving large amounts of mainly dead organic matter from the 
open sea and returning the inorganic components. 

Part of the primary food supply, supplemented by bacteria directly or via ciliates 
(Fenchel & Barker Jorgensen, 1977; Berk et al., 1977}, finds its way to higher  parts of the 
food chain. Of these the benthic macrofauna is most conspicuous, although the zoo- 
plankton, less well  studied, may be of equal importance in terms of production (Pransz, 
in press). This zooplankton, which includes a large proportion of meroplankton, shows 
great exchange with the neighbouring North Sea, due to the usually short residence time 
of the water  in most Wadden Sea basins (Zimmerman, 1976). 

The benthic fauna, dominated not only in terms of biomass but possibly also in 
production by the macrofauna, is conspicuous not so much for its species diversity as for 
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its mass occurrence in  a very extensive area. Only  six species (molluscs, polychaetes), 
common in  all es tuar ine habitats  of nor thwestern  Europe, contr ibute substant ia l ly  to the 
benthic  biomass. Mussel  banks  are locally wel l  developed in  creeks and gullies, but  in 
genera l  the benth ic  fauna  is most a b u n d a n t  on the t idal flats, reaching on average a 
biomass of about  27 g ash-free dry weight  m -2 (Beukema, 1976). This figure should be 
compared with the 3-5  g m -2 found on average in  the North Sea (McIntyre, 1978}. The 
benth ic  macrofauna in the Wadden  Sea is almost certainly favoured by the h igh densi ty 
of food particles present,  bu t  also by the shal lowness of the area and  the absence  of 
stratification, so that food particles suspended  in  the whole water  co lumn are at the 
disposal of the benth ic  community.  Moreover, the t idal currents transport  those food 
particles, p reven t ing  a local deple t ion of the food supply. Under  such circumstances one 
would  expect a dominance  of suspension-feeders ,  as indeed  has b e e n  observed (e.g. 
Beukema, 1976}. However,  whether  food is the only factor responsible  for the high 
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abundance of the macrofauna seems doubtful. Various abundant  species occupy nursery 
areas on high level mud-flats as for instance Arenicola marina (Farke et al., in press), 
h//acoma balthica (Beukema, 1973), Carcinus maenas  (Breteler, 1976) and Crangon 
crangon (Kuipers, personal communication), thereby evading possible predat ion by 
larger crustaceans and fishes; this might be an important factor in the Wadden Sea 
(Reise, 1977a, b, 1978). As, moreover, growth rates show only small variations in 
abundant  organisms (Beukema, personal  communication), biomass and production of 
the macrofauna mainly depend on the supply of juveniles (recruitment) and hence 
probably on predation in combination with abiotic factors. 

Two other major biological  aspects of the Wadden area depend on the abundance 
and high productivity of the macrofauna, i.e. its function as a nursery area for some 
commercially important North Sea fish species (Zijlstra, 1972) and its role as a feeding 
and resting ground in all seasons for a number of local, sub-arctic and arctic waders, 
ducks and geese (Swennen, 1976b). From the distributional pattern of juvenile plaice 
(Pleuronectes platessa), sole (Solea solea) and possibly herring (Clupea harengus) the 
Wadden Sea acts as the major nursery for the North Sea populations of these species 
(Fig. 3). The nursery function is probably of much greater importance for the North Sea 
fisheries as a whole than the local catch, which consists mainly of mussels (Mytilus 
edulis) and shrimps (Crangon crangon) (Postuma & Rauck, 1978). 

The vital role of the Wadden Sea in supporting large populations of birds has been  
documented by several authors (Rooth, 1966; Swennen, 1976b; Saeijs & Baptist, 1978); 
the routes of migratory shore birds are i l lustrated in Figure 4. The Wadden Sea provides 
not only a food supply, but also resting places during high tide when food is not 
available to waders and a quiet refuge for moulting birds. 

I( I 
Fig. 4. Areas of origin and winter distribution of migratory shore birds passing the Wadden Sea 
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The  major i ty  of the birds and flatfishes profit from the abundant  food present  in the 

W a d d e n  Sea in the form of ben th i~  macrofauna.  Exploi ta t ion of th is  fauna depends  on 

the mass occurrence of only a few species, faci l i ta t ing easy special izat ion.  Such special i -  

zat ion has b e e n  shown in the case of pla ice  by Kuipers (1975) and for some bird species  

by Hulscher  (1976) and S w e n n e n  (1971, 1976a). Birds and fishes probably  take an equa l  

and considerable  part  of the annual  product ion of the benth ic  macrofauna.  

Finally, the W a d d e n  Sea  is inhabi ted  by a popula t ion  of harbour  seals (Phoca 
vitulina), which  visits the area at least  for w h e l p i n g  and ma t ing  dur ing the summer  

season. In recent  years the popula t ion  in the wes te rn  Wadden  Sea has great ly  dec l ined  

(Reijnders, 1976), probably  due to a still unknow n  pol lut ion factor. 

FUNCTIONS OF THE AREA FOR H U M A N  SOCIETY 

Through the ages  man  has b e e n  active in the W a d d e n  Sea by explo i t ing  its resources 

and mak ing  use of its possibil i t ies  for transport and land reclamation.  The  main  

occupations of man  in the area, in the past and at present,  fall into three different 

categories.  

S e a  d e f e n c e s  a n d  d a m s  

Along the edges  of the t idal  areas man  built  dikes and other constructions to protect  

his own terrestr ial  habi ta t  on the ma in land  and the islands or to connect  is lands to the 

mainland.  In several  cases these constructions had and have  an impact  on the W a d d e n  

Sea system (Zuiderzee,  Lauwerszee,  Hindenburgdam,  Romodam). 

L o s s e s  of a r e a  

Parts of the W a d d e n  Sea  area have  b e e n  changed  into comple te ly  different types of 

systems which  no longer  have  a close re la t ionship to the t idal  systems. The main  

examples  may be  l is ted as follows: 

(1) L a n d r e c 1 a m a t i o n for agr icul tural  purposes  has b e e n  pract ised for near ly  

a thousand years. 

(2) Recent ly  parts of the area have  b e e n  rec la imed  as f r e s h w a t e r s t o r a g e 

b a s i n s ,  e i ther  for dr inking  wate r  or to improve  the d ra inage  of the hinter land.  

(3) H a r b o u r s used  to be  shel tered  parts of the t idal  area, but  the larger  ports are 

nowadays  areas of a comple te ly  different nature,  which  can no longer  be considered to 
be part  of the W a d d e n  Sea  system. 

F u n c t i o n s  of t h e  W a d d e n  S e a  p r o p e r  

Tradi t ional ly  the Wadden  Sea proper  had a number  of uses for h u m a n  society. N e w  
functions have  evo lved  dur ing our century; for some of these  the area  mere ly  provides  a 

physical  substrate,  whereas  others requi re  the exis tence  of a wel l - func t ion ing  ecosy- 

stem. The main  functions at present  may be  l is ted in a sequence  ref lect ing an increas ing 
d e p e n d e n c e  on the ecosystem as follows. Wolff (in preparation) provides  a more de ta i led  
list. 
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(1) S h i p p i n g. Apar t  from local sea traffic to the islands, the area  was and is used  

for transport  of goods to and from more distant  parts of the world.  

(2) M i 1 i t a r y t r a i n i n g s i t e s. These  occur nowadays  espec ia l ly  in the Dutch 

part  of the W a d d e n  Sea, but  in other per iods  they  have  also b e e n  used  e l sewhere  
(Knechtsand). 

(3) M i n i n g .  In the area  natural  gas, sand and shells are exploi ted.  

(4) W a s t e d i s c h a r g e. Waste  is d i scharged  from industr ies  as we l l  as from 

towns and vi l lages.  The  W a d d e n  Sea is in f luenced  by waste  led  into the area  itself as 

we l l  as by pol lut ion t ransported by sea currents and t ides into the area. 

(5) R e c r e a t i o n inc ludes  coastal  and is land tourism, yachting,  w a lk ing  across 

the t idal  flats, bird watching,  sport f ishing and hunt ing.  

(6) F i s h e r i e s. This concerns both the local f isheries for shrimps and cockles as 

we l l  as the area 's  nursery funct ion for some North Sea fish species. The  mussel  culture is 

also included.  

(7) W a r n i n g  s y s t e m  f o r  e n v i r o n m e n t a l  d e t e r i o r a t i o n ,  for in- 

s tance by a mass-morta l i ty  of birds as occurred in the midd le  sixties (Koeman, 1971~ 

Rooth & Donkers,  1972~ Swennen ,  1972) or by a gradual  dec l ine  as present ly  experi-  
enced  in the seal  populat ion,  due to still unk now n  agents.  

(8) S c i e n t i f i c r e s e a r c h. In recent  proposals  to give the area  the status of a 

nature  reserve or a sanctuary, the lat ter  four functions have  b e e n  emphas ized .  However ,  

there  is also a g rowing  t endency  to preserve  the W a d d e n  Sea  as a whole  for its own 

merits  as a wi lderness  area. In such a sanctuary plants  and animals  which  are th rea tened  

with  ext inct ion e l sewhere  should find a p lace  for survival.  The  W a d d e n  Sea would  then  

be benef ic ia l  not only to h u m a n  society but  also to its plants  and animals.  H u m a n  

act ivi t ies  in the area  wou ld  only be  permi t t ed  insofar as they were  not de t r imenta l  to the 

ecologica l  characteris t ics  of the systems. 

CONFLICTS BETWEEN FUNCTIONS AND DANGERS TO THE AREA 

Even  a cursory examina t ion  of the var ious h u m a n  activi t ies reveals  that  conflicts are 

bound  to occur. However ,  as long as the various act ivi t ies are execu ted  on a small  scale, 

such conflicts neve r  become  manifest .  

To i l lustrate the si tuation with  a s tr iking example ,  it is nowadays  possible  to close 

off most of the W a d d e n  Sea  by bu i ld ing  dams b e t w e e n  the is lands and rec la iming  the 

ent ire  area. Such a major  operation,  wh ich  was more or less seriously considered in 

Denmark  and the Ne the r l ands  in the midsixt ies  {Anonymous, 1974; Jacobsen,  1976) 

(Figs 5, 6), wou ld  have  brought  all abrupt  end to most functions of the W a d d e n  Sea  in 

their  present  form. However ,  var ious act ivi t ies could be  continued,  e i ther  ill a different 

area  {shipping, harbours,  protect ion agains t  the sea, was te-d ischarge)  or under  different, 

even  more conven ien t  condit ions (mining, mil i tary t ra in ing sites). It is main ly  because  of 

the d iscrepancy b e t w e e n  the costs and the benefi ts  as wel l  as the loss of a natura l  
sanctuary {birds, seals), the  losses to f isheries and to recreat ion that  these  drastic plans 
have  b e e n  abandoned ,  

However ,  there  are also smal ler  conflicts, as wi l l  be i l lustrated in a n u m b e r  of 
examples ,  
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Fig. 5. Proposed and  rejected reclamation scheme for the Danish Wadden  Sea (after Kingo 
Jacobsen,  1976) 
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Fig. 6. Example of a reclamation scheme for the Dutch Wadden  Sea (after Anonymous,  1974). This 
and  similar schemes have b e e n  rejected after ample  considerat ion 
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(1) One  conflict  s i tua t ion  concerns  an impor tan t  local  f ishery concen t ra t ing  on 
shr imp and  us ing  f i ne -meshed  nets. There  the number s  of j uven i l e  p la ice  and  sole of a 
year -c lass  caught  and  des t royed  are  of the  same order  of m a g n i t u d e  as those  rec ru i ted  to 
the  Nor th  Sea f isher ies  (Tiews, 1978). This s i tua t ion  has  b e e n  d e f e n d e d  by  po in t ing  out 
that  mor ta l i ty  in j uven i l e  fish is h igh  and  poss ib ly  d e n s i t y - d e p e n d e n t  so that  r emova l  of 
the  juven i l e  fish causes  mor ta l i ty  which  wou ld  have  occurred  anyway.  Recent  s tudies  
t end  to confirm this high,  d e n s i t y - d e p e n d e n t  mor ta l i ty  (Rauck & Zijlstra,  1978), but  la te r  
s tudies  sugges t  it  to occur  ma in ly  pr ior  to the  catch by  the shr impers .  Nowadays ,  the  
sh r imp-boa t s  t end  to exploi t  more  off-shore grounds,  w h e r e  immatu re  p la ice  and  sole are  
less numerous  and the conflict  might  be  abat ing .  

(2) In al l  th ree  countr ies  bo rde r ing  the W a d d e n  Sea  reques ts  have  b e e n  m a d e  for the  
const ruct ion of new, s t ronger  and  h ighe r  dikes,  in front of ex is t ing  sea  defences  and  
p r imar i ly  a iming  at  be t t e r  p ro tec t ion  of the  h in te r land .  Such opera t ions  w o u l d  m e a n  the 
loss of sa l t -marshes ,  h igh - l eve l  mud-f la ts  and  in some cases  sandy  flats. The resu l t ing  
reduc t ion  in a rea  migh t  affect the  f isher ies  direct ly,  if i n d e e d  the n u m b e r  of p la ice ,  sole 
and shr imp na tu r ing  in the  W a d d e n  Sea  d e p e n d s  on the size of the  area.  Fur thermore ,  

the  loss of h igh - l eve l  mud-f la ts ,  wh ich  p resen t  impor tan t  nursery  a reas  for some mem-  
bers  of the  ben th ic  macrofauna ,  might  r educe  the  food resources  of both  fish and  b i rd  
popula t ions .  It is uncer ta in  w h e t h e r  new h igh - l eve l  mud-f la ts  and  sa l t -marshes  wi l l  be  
formed in front of the  n e w  dikes.  Final ly ,  b i rds  migh t  lose vi ta l  h igh - t i de  res t ing  sites, 
and  sa l t -marshes ,  of which  few r e m a i n  a long  the ma in  coast, migh t  be  p e r m a n e n t l y  lost. 

Therefore,  l a n d - r e c l a m a t i o n  activity,  a iming  at agr icu l tu ra l  a dva n t a ge s  and  be t t e r  
defence  aga ins t  the  sea, could  interfere  wi th  f isheries,  wi th  cer ta in  aspects  of r ec rea t ion  
and  wi th  conserva t iona l  aspects .  

(3) Unti l  r ecen t ly  sand  and  shel l  ex t rac t ion  in the  W a d d e n  Sea was  cons ide red  as a 
qui te  ha rmles s  activity.  However ,  there  are  now indica t ions  that  due  to the dynamic  
charac te r  of the  mar ine  par t  of the W a d d e n  Sea  the  pits, r esu l t ing  from these  operat ions ,  
wi l l  be  f i l led  in by  s ed imen t  de r ived  from the coasta l  a rea  a round  the ba r r i e r  is lands,  
t he reby  w e a k e n i n g  coasta l  defence.  On a much  l a rge r  scale  s imi lar  shifts i n  coastal  
s ed imen t s  migh t  occur if the  exp lo i ta t ion  of gas  (or oil) r esu l ted  in a lower ing  of the  
s e a b e d  in the  W a d d e n  Sea. Therefore,  m in ing  in the a rea  p roper  or in  its i m m e d i a t e  
su r round ings  migh t  resul t  in  a w e a k e n i n g  of the  pro tec t ion  of the  ma in land ,  the a rea  
offers aga ins t  the  sea, in add i t i on  to poss ib le  harmful  effects due  to pol lut ion.  Sand  and  
shel l  ex t rac t ion  might ,  apa r t  from d i s tu rb ing  the s ed imen t  b a l a n c e  in the  area,  inc rease  
the  tu rb id i ty  of the water ,  at leas t  t emporar i ly ,  wh ich  seems  to affect the macro fauna  and  
could  hence  inf luence  the  f isher ies  and  the b i rd  popula t ions .  

(4) Pol lut ion in  the  W a d d e n  Sea  due  to was te  d i sposa l  concerns  par t ly  organic  was te  
de r ived  e i ther  from h u m a n  a g g r e g a t e s  or from agr icu l tu ra l  indus t r ies  (e.g. pota to-f lour  
mills). A l though  such organic  was te  d i scha rge  m a y  cause  p rob lems  local ly,  e.g. anoxic  

Table 1. Sources of organic matter to the Dutch Wadden Sea (after Essink & de Wolf, 1978) 

Primary production in situ 
Supplied by the North Sea 
Discharge of organic waste 

29 • 104 tons C year -1 
58 • 104 tons Cyear  -1 
6.5 x 104tons Cyear  -1 
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condi t ions  in res t r ic ted  areas,  the  total  amount  of o rganic  mat te r  d i s ca rded  is smal l  in 
compar i son  wi th  that  p resen t  due  to na tura l  processes  (Table 1; Ess ink & de  Wolf, 1978). 
Moreover ,  i nc reas ing  s e w a g e  t r ea tmen t  reduces  the problem.  

More  ser ious  is i nc reased  impor t  of organic  matter ,  p r o b a b l y  dead  p lank ton ic  
organisms,  from the North  Sea,  as r epor ted  for the  wes te rn  par t  of the  W a d d e n  Sea. This 
is thought  to be  r e l a t ed  to the  eu t roph ica t ion  of the  coasta l  zone of the Nor th  Sea  due  to 
an  inc reased  d i scha rge  of p lan t  nut r ients  (mainly  phosphorus)  by  the r ivers  (e.g. Rhine) 
(de Jonge  & Postma,  1974). This si tuation,  which  is difficult  to control  as sources are  
diffuse, could  even tua l ly  dis turb the  de l ica te  oxygen  ba l a nc e  in the  W a d d e n  Sea  and  
l ead  to gene ra l  d e g r a d a t i o n  of the  a rea  (van Bennekom & Tijssen, 1976). 

Equal ly  ser ious  is po l lu t ion  by  toxic chemica l s  such as ch lor ina ted  hydrocarbons  
and  h e a v y  meta l s  which  reach  the W a d d e n  Sea  ma in ly  th rough  r iver  and  other  f reshwa-  
ter  d i scharges  (Wellershaus,  1978). The  pol lu tants  in  the Dutch par t  of the  W a d d e n  Sea  
are  ma in ly  de r ived  from the Rhine sys tem and  t ranspor ted  th rough  the Dutch coasta l  
area.  Some pol lu tan ts  r each  the W a d d e n  Sea d i sso lved  in  water ,  but  others  (metals) are 
a b s o r b e d  to par t ic les  wh ich  concent ra te  and  set t le  in the  a rea  (Duinker  & Koeman,  1978). 

On ly  in few cases  could  an ima l  mor ta l i t i es  occurr ing  in the  W a d d e n  Sea  be  t r aced  to 
a pa r t i cu la r  pol lu tant .  The  be s t -known  example  is h e a v y  b i rd  mortal i ty ,  in  pa r t i cu la r  of 
s andwich  terns  and  e ide r -ducks ,  due  to pes t i c ides  (dieldrin,  te lodrin ,  aldrin):  W h e n  
p roduc t ion  of the  pes t i c ides  was  d iscont inued,  the  b i rd  popu la t ions  r ecove red  (Koeman, 
1971; Rooth & Donkers ,  1972; Swennen ,  1972). 

However ,  more  po ten t i a l ly  toxic po l lu tan ts  have  b e e n  demons t r a t ed  in  the  a rea  
whi le  some an ima l  popu la t ions  show an  u n e x p l a i n e d  decl ine ,  as for ins tance  the  
ha rbour  seal  in the  Dutch W a d d e n  Sea. It is often ex t r eme ly  difficult  to connect  a g radua l  
dec l ine  of spec ies  wi th  a specif ic  pol lutant ,  so that  pol lut ion,  o r ig ina t ing  for a la rge  par t  
from was te  d i sposa l  s i tes  outs ide  the  W a d d e n  Sea, wi l l  pose  a d a n g e r  for the  a rea  for a 
cons ide rab le  pe r iod  to come. Oil  po l lu t ion  m a y  also p resen t  a ser ious  problem.  It is true 
that  in gene ra l  oil  po l lu t ion  of the  North  Sea has  a b a t e d  in  the  last  t en  years ,  s ince the 
Convent ion  of London took effect. However ,  smal l - sca le  oil pol lut ion,  pa r t ly  de r ived  
from harbours  in the  W a d d e n  a rea  p roper  bu t  also from oil d i s ca rded  at sea  and  en te r ing  
the a rea  via  the  inlets,  is stil l  p resen t  and  takes  a s ignif icant  toll  of the  b i rd  popula t ion .  
The  most  ser ious  p rob l em here,  however ,  is the  imminen t  d a n g e r  of a l a rge - sca le  oil  spi l l  
comparab l e  to the  "Torrey Canyon"  or "Amoco Cadiz ,"  for which  no sat isfactory solut ion 
has  as ye t  b e e n  found. Such a sp i l l age  wou ld  a lmost  cer ta in ly  cause  a major  disaster .  

Therefore,  was te  d i sposa l  e i ther  in  the a rea  p roper  or in  its approaches ,  which  are 
difficult  to define,  might  impa i r  the  f isheries,  recreat ion,  scientif ic  research  and  conser-  
va t iona l  funct ions of the  W a d d e n  Sea. 

It wi l l  be  c lear  tha t  apar t  from the four examples  g iven  more  po ten t ia l  conflicts 
b e t w e e n  funct ions can  be  imag ined .  For instance,  sh ipp ing  and  the construct ion of deep -  
sea  ha rbour  faci l i t ies ,  wi th  the  accompany ing  indus t r ia l  deve lopment ,  can be  poor ly  
reconc i l ed  wi th  sea  defences  (sand extraction),  f isheries,  r ec rea t ion  and  na ture  conserva-  
t ion (pollution, etc.). Unres t r ic ted  recrea t ion  is ab le  to d is turb  the  a rea  by  the construc- 
t ion of mar inas ,  pol lut ion,  gene ra l  d is turbance ,  etc. 
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MANAGEMENT OBJECTIVES 

In the past  the na tura l  forces act ing in  the W a d d e n  Sea set a l imit  to man ' s  activities 
in  the area, restr ict ing them to a comparat ively low and  opportunist ic  level. Conflicts 
b e t w e e n  activities, if exist ing at all, never  became manifest .  Now, however,  m a n  has the 
means  to inf luence  and  even  to change  completely  any aspect of the W a d d e n  Sea 
system. Hydraul ic  eng inee r i ng  and  m i n i n g  technology are nowadays  pr imari ly  
restricted by economic prospects and  polit ical  preferences.  Pol lut ion has b e e n  shown to 
exert its inf luence  everywhere  in  the W a d d e n  Sea. Tourism is able  to disturb any  place 
in  the W a d d e n  Sea and  in  fact usual ly  does so. Therefore, it can be expected that, as has 
b e e n  shown in  the p reced ing  section, conflicts be t w e e n  functions of the area wil l  occur 

and  more can be  envisaged.  
In the case of conflicts b e t w e e n  functions, those de pe nde n t  on a wel l - func t ion ing  

ecosystem tend to be at a d isadvantage.  Unrestr icted fulf i lment  of one or more functions 
may severely impai r  the performance of any other function. It may be expected that in  
the absence  of managemen t ,  ma in ly  short-term economic advantages  and  short-sighted 
poli t ical  a rguments  wil l  decide the course of events. This will  result  in  an  area depr ived 
of most of its present  values  for na ture  conservation, fisheries and  tourism. If one is not 
wi l l ing  to accept such a situation, governmenta l  m a n a g e m e n t  of the area is inevi table .  

In formulat ing a m a n a g e m e n t  objective there are various ways to solve the problem 
of conflicts be t ween  functions: 

(1) Only  funct ions which do not interfere with each other should be a l lowed in  the 
area. 

(2) Confl ict ing functions are a l lowed and  a decl ine of the fulf i lment  of each funct ion 
is accepted. 

(3) Funct ions are posi t ioned in a hierarchical  system, imply ing  that a low-ranked  
funct ion should not  (or only slightly) impair  a h igher - ranked  function. 

The first strategy is unreal is t ic  since actual  or potent ia l  conflicts are inheren t  in  
near ly  any  set of functions.  The second approaches the present  situation, but  we bel ieve  
that the third strategy provides the best  chances for preserving the present  values  for 
na ture  conservation, fisheries and  recreation. Of course, this is only possible if these 
"soft" functions are ranked  high in the hierarchy. However,  this does not solve all 
problems as may be i l lustrated with the following examples.  In each of these examples  
one of the above-men t ioned  functions is g iven  top rank  and  any other funct ion is not 
a l lowed to interfere with the top function. 

N a t u r e  c o n s e r v a t i o n  

Before declar ing the whole area - from Den Helder  to Esbjerg - as an  absolute 
na ture  sanctuary, all  h u m a n  uses of the area must  be  critically evaluated.  Cons ider ing  
only the mar ine  part  of the W a d d e n  Sea, it will  be evident  that almost all  other h u m a n  
activities and  uses of the area interfere with this objective: sh ipping  causes disturbance,  
pol lu t ion and  requires  dredging;  fisheries, executed in  the area, meddle  with the l iv ing 
resources; harbonr  facilities claim space and  are sources of d is turbance and  pollut ion;  
l and  rec lamat ion  reduces the size of the area. Similar  objections can be imag ined  for 
activities concern ing  the construction and  ma i n t e na nc e  of sea defences, min ing ,  waste 
disposal, recreation, mil i tary t ra in ing  and  even  scientific research. 
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Therefore, reserving the whole area as an absolute sanctuary seems highly  imprac- 
t icable and  utterly unrealist ic.  Besides, history has shown at least some functions to be 
compat ible  with a more or less na tura l  state of the area. 

F i s h e r i e s  

If priority were g iven  to fisheries, interference would  be expected from waste 
disposal, inc lud ing  pol lut ion from harbour  sites and activities reduc ing  the size of the 
area (land reclamation,  sea defences). Mining,  in  part icular  d redging  for sand or shells, 
might  also cause interference because  of increased turbidi ty  of the water. However,  if 
fisheries were g iven  priority in  all cases, the area might  be tu rned  into a maricul tural  
region, for ins tance  for mussels  and  oysters. As these almost certainly compete for food 
with other macrobenthic  species, the latter would  then  be considered as vermin  and  
would  be exterminated  as we do with u n w a n t e d  species in  agriculture;  this would affect 
the bird populat ions.  Therefore, fisheries as the only m a n a g e m e n t  objective would  seem 
undesi rable .  

R e c r e a t i o n  

Recreation as the ma in  m a n a g e m e n t  objective for the mar ine  part  of the area would 
signify an increased n u m b e r  of boats - motor and sai l ing - with the accompanying  
deve lopment  of mar inas  etc. Interference is to be  expected from shipping,  mili tary 
t ra in ing  sites (noise), and, as far as sports f ishing is concerned,  with waste disposal 
(pollution). However,  recreation, if g iven  priority, might  cause an increased  dis turbance 
in  the area, affecting seal and bird populat ions,  increase pol lut ion (organic waste, oil) 
and  claim space (marinas). Moreover, if unrestr ic ted this activity would  induce  self 
destruction because  of traffic problems and  genera l  disturbance.  

None of these m a n a g e m e n t  objectives is satisfactory in  isolation, ei ther because  of 
in tolerance for other h u m a n  uses of the area or, if consistently applied,  because  it 
u l t imately  degrades  or even  destroys the area as a natura l  habitat.  Therefore, a more 
subtle and  realistic m a n a g e m e n t  objective is desirable,  which recognizes as a major  
priority the protection, con t inued  existence and, if necessary, recovery of the natura l  
functions of the Wadden  Sea, bu t  allows at the same time various h u m a n  activities 
insofar as these do not seriously interfere with na tura l  functions. This is of course a 
further e laborat ion of the m a n a g e m e n t  strategy with a hierarchical  posi t ioning of 
functions. 

H u m a n  activities should be eva lua ted  in the l ight  of their  possible interference with 
this m a n a g e m e n t  strategy and  objective and  the protection of the W a d d e n  Sea in  
general .  Social and  economical  values  of these activities will  of course p lay  their  role in  
such an  evaluation.  

A brief and  pre l iminary  assessment  of the h u m a n  activities enumera t ed  in the third 
section concern ing  their  actual  or potent ia l  interference with a m a n a g e m e n t  objective 
would  be as follows: 

S e a d e f e n c e s. It is imperat ive that defences agains t  the sea should be main-  
ta ined  and, where  necessary, improved. However,  care should be taken  to execute the 
operations with a m i n i m u m  of damage  to the W a d d e n  Sea. This means  that improving  
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the sea defences  is not necessar i ly  ident ica l  to r ec la iming  agr icul tura l  land. A n e w  dike 

beh ind  the exis t ing one could serve the purpose  equa l ly  well! This could also m e a n  that  

the mater ia l  for bu i ld ing  n e w  dikes should not be extracted from the W a d d e n  Sea. 

R e c l a m a t i o n  o f  l a n d  a n d  w a t e r - s t o r a g e  b a s i n s .  Reclamation,  

e i ther  for agr icul tura l  purposes  or for water -s torage  basins, is a lways a loss to the 

W a d d e n  Sea, and for this reason cannot  be  reconc i led  with  the m a n a g e m e n t  object ive  as 

formulated.  Moreover ,  it seems doubtful  whe the r  cont inued  land rec lamat ion  is feasible.  

In the past  land rec lamat ion  has r educed  the area to such an extent  that  n e w  formation of 

salt marshes  becomes  e v e n  more  unl ikely.  Besides, the hypothesis  that a reduct ion  of the 

W a d d e n  Sea area  wou ld  affect the size of some North Sea fish and bird popula t ions  
needs  further exploration.  

H a r b o u r d e v e 1 o p m e n t. Deve lopmen t  of harbours  is a serious threat  to the 

area, dur ing both the construction and the opera t ional  stages. The  inf luence  could 

probably  be  min imized  by concentra t ion in a few areas and by very strict rules 

concern ing  the industr ies  and the pol lu t ion  levels  a l lowed.  

S h i p p i n g .  Shipping  is no major  p rob lem as long as it is restr icted to a l imi ted  

n u m b e r  of nav iga t ion  channels  and sea lanes. Very strict measures  should be t aken  to 

p reven t  oil spi l lage,  whereas  nav iga t ion  routes should be  se lec ted  in such a way  that 

m i n i m u m  dredg ing  wou ld  be  required.  

M i 1 i t a r y t r a i n i n g .  Large mil i tary t ra in ing sites can hardly  be reconci led  wi th  

the pr imary  m a n a g e m e n t  objec t ive  formulated,  chiefly because  of the w idesp read  
disturbance,  both  to man  and nature.  

M i n i n g .  The ques t ion  of min ing  (oil, gas, sand, shells) must  be  cons idered  very 

carefully, in par t icular  w h e n  the sed imen t  ba lance  of the area  might  be  disturbed.  In 

addit ion,  pollution,  espec ia l ly  after accidents  (oil, gas), and an increased  turbidi ty leve l  
and their  effects n e e d  attention. 

W a s t e d i s c h a r g e. This i tem probably  poses one of the most important  prob- 

lems of the W a d d e n  Sea. Al though  the W a d d e n  Sea ecosystems can tolerate  some stress 

and a l though waste  discharges  into the area  can be controlled, it seems very l ikely  that  

dur ing  the coming  years  pollutants  wil l  cont inue to affect the popula t ions  of mar ine  

m a m m a l s  and birds. This is because  the W a d d e n  Sea has the propensi ty  to accumula te  

pol lutants  en te r ing  the area  via  the rivers and the North Sea. This p rob lem wil l  n e e d  

cont inuous at tent ion for many  years, both from scientists and decis ion makers.  The  effect 

of and counter  measures  agains t  an oil catastrophy in or near  the area should be  explored  
as well .  

R e c r e a t i o n. Within  l imits several  forms of recrea t ion  can probably  find a p lace  

in the W a d d e n  Sea area. Studies to eva lua te  the effect of recrea t ion  on the area, wi th  the 
u l t imate  a im of des ign ing  a m a x i m u m  a l lowable  recreat ion level ,  are urgent ly  needed .  

F i s h e r i e s. With a n u m b e r  of restrictions severa l  kinds of f isheries seem al low- 

able  in the W a d d e n  Sea, espec ia l ly  in the t idal  channels.  The  old conflict of the shrimp 
fisheries in the area  and their  in ter ference  with  the nursery function of the W a d d e n  Sea 

should be  resolved  on the basis of cont inued research.  This appl ies  also to the more 

recent  possible  conflict  b e t w e e n  the cockle f isheries and the food supply of shore birds 
and flatfishes. The effects of mar icul ture  projects  (mussels, oysters) on the ecosystems 
requi re  attention. 

S c i e n t i f i c r e s e a r c h. For proper  m a n a g e m e n t  of the area  scientific research  is 
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i nd i spensab l e  and  therefore  should  be  a l lowed.  Research  not r e l a t ed  to m a n a g e m e n t  
p rob lems  can  also be  admi t ted ,  s ince  the  few conflicts a r i s ing  m a y  be  so lved  easi ly.  

It is useful  to spli t  up the la t ter  e igh t  funct ions of the  W a d d e n  Sea  p roper  in three  
categories ,  viz. (1) functions wi thout  impac t  on other  functions;  (2) functions wi th  impact ,  
bu t  d e p e n d e n t  on a wel l - func t ion ing  W a d d e n  Sea  ecosystem; (3) functions wi th  impac t  
and  not d e p e n d e n t  on the  W a d d e n  Sea  ecosystem. 

The first group is eas i ly  reconc i l ab le  wi th  the  m a n a g e m e n t  ob jec t ive  chosen, 
w h e r e a s  the  la t te r  ca tegory  requ i res  grea t  caution.  To the first group one m a y  b r ing  the  
nursery  funct ion of the  W a d d e n  Sea  for North Sea  fishes as wel l  as the  w a rn ing  function 
for env i ronmen ta l  deter iora t ion.  Al l  o ther  major  functions be long  to the  second  or third 
group. 

At  first g lance  it seems that  the second  group deserves  less care w h e n  a l l ow e d  in the  
W a d d e n  Sea than  the th i rd  group,  s ince the  former possesses  a nega t ive  f eed -back  to the 
funct ioning  of ecosys tem (e.g. fisheries).  However ,  s ince both  groups  of funct ions are 
sub jec ted  to economic  and  social  factors, this  d i f ference b e t w e e n  groups  becomes  
l a rge ly  academic  and  offers no he lp  in formula t ing  a m a n a g e m e n t  s trategy.  

The m a n a g e m e n t  objec t ive  fo rmula ted  in  this p a p e r  should  a p p l y  to the whole  
W a d d e n  Sea  area,  s ince this a rea  acts in many  respects  as an  ent i ty  concern ing  such 
aspects  as f isheries,  nurser ies ,  b i rd  and  sea l  popu la t ion  s a n d  pol lut ion.  W h e n  viola t ions  
of the  m a n a g e m e n t  ob jec t ive  are  considered,  the  whole  a rea  should  be  t a k e n  into 
account.  

A compl ica t ion  is that  the  a rea  falls  unde r  the  jur i sd ic t ion  of three  sovere ign  states.  
In v i ew of the  un i ty  of the  W a d d e n  Sea  a rea  the  imp lemen ta t i on  of a m a n a g e m e n t  goal,  
as de f ined  here,  could  be  most  effect ively execu ted  by  an  in te rna t iona l  W a d d e n  Sea  
authori ty.  Such an  au thor i ty  could  also eva lua t e  a l l  p roposed  new act iv i t ies  aga ins t  the  

m a n a g e m e n t  object ive.  
Final ly ,  it  has  to be  s t ressed  that  both  the adopt ion  of a m a n a g e m e n t  objec t ive  and 

the dec is ion  as to which  viola t ions  of this  ob jec t ive  are  to be  a l l owed  are pol i t ica l  
decisions.  Scient is ts  can and  must  gu ide  the  way,  but  they  should  not  t ake  respon-  
s ib i l i t ies  which  in  our gove rnmen ta l  sys tem be long  to pol i t ic ians .  

PRESENT SITUATION 

The p resen t  pract ice  bea r s  the  charac te r  of a p re l imina ry  si tuation,  which  could  
deve lop  in the  d i rec t ion  of a m a n a g e m e n t  ob jec t ive  as indica ted .  

In al l  countr ies  concerned  there  are  gove rnmen ta l  dec la ra t ions  and  decis ions  indi-  
ca t ing  tha t  p ro tec t ion  of the  a r ea  is cons ide red  as  a r ea sonab le  object ive.  Major  h u m a n  
act ivi t ies  are  a l r e ady  eva lua t ed  in terms of env i ronmenta l  impact ,  safety aspects  
(defence aga ins t  the  sea) and  economic  feasibi l i ty .  Coopera t ion  b e t w e e n  scient is ts  of the  
three  countries,  in t ry ing  to eva lua te  the  p resen t  k n o w l e d g e  of the  a rea  and  to ind ica te  
the  most  ser ious  dangers ,  was  e s t ab l i shed  dur ing  some formal  mee t ings  (held at 
Bremerhaven,  1971, Schie rmonnikoog,  1975, and  Ribe, 1979) and less formal ly  in the 
In te rna t iona l  W a d d e n  Sea  Work ing  Group.  Var ious  r ecommenda t ions  concern ing  the 
un ique  pos i t ion  of the  a rea  in  re la t ion  to var ious  groups  of b i rds  have  b e e n  formula ted  by  
in te rna t iona l  organiza t ions  such as the  In te rna t iona l  Union for the  Conserva t ion  of 
Nature  and  Natura l  Resources  (IUCN). Wha t  is st i l l  l a ck ing  is a dec la ra t ion  of in tent  
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c o n c e r n i n g  t h e  a r e a  b y  t h e  g o v e r n m e n t s  i n v o l v e d  a n d  w a y s  a n d  m e a n s  of i m p l e m e n t i n g  

t h e s e  i n t e n t s .  Bu t  n e g o t i a t i o n s  a r e  p r o c e e d i n g  a n d  u l t i m a t e l y  s u c h  a t r e a t y  c o n c e r n i n g  

t h e  W a d d e n  S e a  m i g h t  b e  r a t i f i ed ,  h o p e f u l l y  i n d i c a t i n g  w a y s  a n d  m e a n s  of e f f e c t i n g  t h e  

i n t e n t s  l a i d  d o w n  i n  t h e  t r ea ty .  

H o w e v e r ,  n o t w i t h s t a n d i n g  t h e s e  r a t h e r  o p t i m i s t i c  p r o s p e c t s ,  t h e  p r e s e n t - d a y  p r a c -  

t i ce  r e v e a l s  a n u m b e r  of s h o r t c o m i n g s  w h i c h  a r e  l i k e l y  to p e r s e v e r e  in  a f u t u r e  s i t u a t i o n .  

T h e s e  s h o r t c o m i n g s  c o n c e r n  m a i n l y  t w o  i t e m s .  O n e  p r o b l e m  is  t h a t  for  a n  i n t e n d e d  

n e w  h u m a n  a c t i v i t y  i t  is  o f t e n  v e r y  d i f f i cu l t  to i n d i c a t e ,  e s p e c i a l l y  in  q u a n t i t a t i v e  t e r m s ,  

t h e  e n v i r o n m e n t a l  ef fects .  A t  p r e s e n t  a n  e n v i r o n m e n t a l  or  o t h e r  d e t r i m e n t a l  e f fec t  h a s  to 

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

p r o c e d u r e  s h o u l d  b e  r e v e r s e d  as  s o o n  as  p o s s i b l e ;  i t  s h o u l d  b e  t h e  c a s e  t h a t  a n e w  or  

i n t e n s i f i e d  h u m a n  a c t i v i t y  m u s t  b e  p r o v e n  to h a v e  n o  d e t r i m e n t a l  effect .  

T h e  s e c o n d  p r o b l e m  i n  p r e s e n t - d a y  p r a c t i c e  is t h a t  h u m a n  a c t i v i t i e s  i n  t h e  a r e a  o f t e n  

c a u s e  i r r e v e r s i b l e  c h a n g e s .  T h i s  is o b v i o u s  i n  t h e  c a s e  of m a j o r  e n c l o s u r e s  of s e a  a r e a s  

( L e y b u c h t ,  L a u w e r s z e e ,  Z u i d e r z e e  etc.),  b u t  is a l so  t r u e  for  t h e  d e v e I o p m e n t  of l a r g e  

h a r b o u r  a n d  i n d u s t r i a l  fac i l i t i es .  T h e r e f o r e ,  e v e n  w h e n  ou t  of e v e r y  t e n  p r o p o s a l s  for  

a c t i v i t i e s  o n l y  o n e  is g r a n t e d ,  t h e  a r e a  w i l l  s l o w l y  d e g r a d e  a n d  t h e  o n l y  a c h i e v e m e n t  of 

t h e  p r o p o s e d  p r a c t i c e  w i l l  b e  t h a t  t h e  d e g r a d a t i o n  of t h e  a r e a  w i l l  h a v e  b e e n  r e t a r d e d ,  

b u t  n o t  p r e v e n t e d .  
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