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ABSTRACT: The increasing P and N content in the two main tidal basins in the western  Dutch 
Wadden  Sea, the Marsdiep and  the Vliestroom basin, has been  reconstructed from the 50s onwards. 
The area is enriched with nutrients by two sources both originating from the river Rhine, one being 
the discharge from Lake IJssel and the other the exchange with the coastal zone of the North Sea. 
Due to a buffering by Lake IJssel for about  15-20 years, the eutrophication of the western  Wadden 
Sea showed a time lag compared with the continuously increasing nutr ient  concentrations in the 
river Rhine and the coastal zone of the North Sea. At present,  the primary production in part  of the 
area still seems to be nutr ient  limited in summer, while loadings have  already been  decreasing in 
recent  years. So far, no severe, negative effects on the ecosystem have been  reported, Some remarks 
are made  on the eutrophication i n ' o t h e r  parts of the Dutch' Wadden  Sea in relation to the 
hydrographic characteristics of these areas. 

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

D u r i n g  t h e  las t  d e c a d e s  f r e sh  s u r f a c e  w a t e r s  in  w e s t e r n  E u r o p e  h a v e  b e e n  e n r i c h e d  

c o n s i d e r a b l y  w i t h  n u t r i e n t s  f rom l a n d  run -o f f  as  w e l l  as  f rom i n d u s t r i a l  a n d  d o m e s t i c  

w a s t e  w a t e r  d i s c h a r g e s .  In the  N e t h e r l a n d s  th i s  h a s  r e s u l t e d  in  a d r a m a t i c  i n c r e a s e  in 

n u t r i e n t  c o n c e n t r a t i o n s  in  t he  m a i n  s u r f a c e  w a t e r s  (Anon. ,  1980). S e r i o u s  e f fec ts  s u c h  as  

n u i s a n c e - c a u s i n g  b l o o m s  of b l u e - g r e e n  a l g a e  a n d  t r a n s p a r e n c i e s  of l ess  t h a n  30 c m  in 

f o r m e r l y  c l ea r  w a t e r s  h a v e  b e e n  o b s e r v e d  (Anon. ,  1980). 

F r e s h w a t e r  run -o f f s  a re  f ina l ly  d i s c h a r g e d  in  t h e  m a r i n e  e n v i r o n m e n t  a n d  he re ,  

p a r t i c u l a r l y  in  t h e  coas t a l  zone ,  e u t r o p h i c a t i o n  m a y  a l so  b e  e x p e c t e d .  Pa r t  of t h e  D u t c h  

coas t a l  z o n e  cons i s t s  of e s t u a r i n e  a reas ,  t h e  m a i n  o n e  b e i n g  t h e  W a d d e n  Sea ,  w h i c h  is a 

n u r s e r y  a r e a  for a n u m b e r  of c o m m e r c i a l l y  i m p o r t a n t  f i sh  s p e c i e s  s u c h  as  p l a i c e  (Zijlstra,  

1972; Kuipers ,  1978; v a n  de r  Veer ,  1986) a n d  a r e s t i n g  a r e a  for w a d i n g  b i r d s  (for a r e v i e w  

see  Smi t  & Wolff,  1983). 

A l t h o u g h  t h e  n u t r i e n t  c y c h n g  of t h e  D u t c h  W a d d e n  S e a  h a s  b e e n  t h e  s u b j e c t  of 
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extensive studies for a long time akeady  (Postma, 1954, 1966, 1985; Duursma,  19{51; van  
Bennekom et al., 1974; Helder, 1974; de Jonge & Postrna, 1974; Rutgers va n  der Loeff, 
1980), a review of t i le general  t rend in the nut r ient  concentrat ions in the area  has never  
been  compiled. The enormous freshwater discharge by Lake IJsseI in the wes te rn  part  of 
the Wadden  Sea is expected to enrich especially this estuarine area with nutrients.  In 
recent  years an  increasing amount  of information has become available on effects of 
eutrophication on primary as well as on secondary production in this area (Beukema & 
Cad4e, 1986; Cad4e, 1986). 

This paper  describes the eutrophication of the two main  tidal basins in  the western 
part of the Dutch Wadden  Sea, the Marsdiep and  the Vliestroom basin. Eutrophicat ion 
may be defined according to Postma (1985): "an enr ichment  with nut r ien ts  or organic 
matter." The ecological effects of an increased loading with nutr ients  are left out in this 
definition. Attent ion is paid mainly  to P and  N, because  at least in the past these  nutr ients  
seemed to have limited primary production (Cad4e & Hegeman,  1974) a nd  the concen- 
trations of both of these nutr ients  have increased considerably in in land waters  during 
the last few decades. Besides reviewing the nut r ient  concentrat ions in the area  and  of the 
loadings by the main  sources, an at tempt has b e e n  made to compare the impor tance  of 
the coastal zone of the North Sea and the discharge from Lake IJssel as sources of P and 
N. Finally, some remarks are made on the effects of eutrophication on the ecosystem. 

MATERIAL AND METHODS 

Figure 1 shows the location of the western part of the Dutch Wadden  Sea (henceforth 
called western Wadden  Sea), together with the main  nutr ient  source, the river Rhine, 
feeding the Wadden  Sea via the coastal zone of the North Sea and  via discharge from 
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Fig. 1. The western part of the Wadden Sea (shaded), together with Lake IJssel (3), the coastal zone 
of the North Sea and the two main rivers, Rhine (1) and IJssel (2), feeding the western Wadden Sea 

indirectly 
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Lake  IJssel. The synopsis of the deve lopment  of the eutrophicat ion of the  wes te rn  
W a d d e n  Sea  has  been  based  upon a compilat ion of publ i shed  and  u n p u b h s h e d  data.  In 
the  case of l ack  of data, an a t tempt  has been  made  to reconstruct  the  missing data.  

T h e  r i v e r s  R h i n e  a n d  I J s s e l  

All the information concerning flows and  concentrat ions of N and P componen t s  of 
the rivers Rhine and IJssel was obta ined  from the annual  reports  of the In ternat ional  
Rhine Commission,  Koblenz, and  from the quar ter ly  reports on the wate r  qual i ty  of the 
Dutch waters  as pub l i shed  by  Rijkswaterstaat ,  Rijks Insti tuut voor Zuiver ing van  Afval-  
wa te r  (RIZA), Lelystad.  However ,  before  1972 total-N and  total-P concentrat ions  were  not 
de t e rmined  regular ly  and these  values  had  to be  es t imated  from the ratio 
(NH4 + q- NO3-) / to ta l  N. In river IJssel this ratio was approx imate ly  0.85 during the per iod  
1972-1985 {Fig. 2) and  the same has been  as sumed  in the Rhine and  the IJssel for the 
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Fig. 2. Ratio between the concentration of (NH4  + + NO3-)/total-N (~) and of ortho-P/total-P ([]) in the 
river IJssel from 1955 onwards 

per iod  1954-1972. Total-P has been  es t imated  from the ratio ortho-P/total-P. Around  
1960 (Postma, unpubl .)  and  in the ear ly 70s, this ratio in the IJssel was about  the  same, 
0.40 {Fig. 2). This value  has also been  adop ted  for the in te rvening  years.  The uncer ta in ty  
in t roduced  by  this assumption is roughly es t imated  at 10 %. From the 70s onwards ,  this 
ratio has  inc reased  to values  of approximate ly  0.75. 

D i s c h a r g e  of L a k e  I J s s e l  

Data on the monthly  discharges  of fresh wate r  from Lake IJssel into the W a d d e n  Sea 
were  ob ta ined  from Rijkswaters taat  Directie Zu ide rzeewerken ,  Lelystad. Data  on the 
concentrat ions  of N and P components  near  the  sluices {location Y1 and Y2} were  
pubhshed  in the quar ter ly  reports of RIZA from 1972 onwards.  Ortho-P and total-P were  
measu red  from 1949 to 1951 by  Postma (1954), in 1957 by  Duursma {1961}, in 1958-1959 
by  Postma (1967 and  unpubl.)  and  dur ing 1967 to 1970 by  de Kloet {1971}. Data 
concerning N components  were  de te rmined  in 1957 (NH4 +) by  Duursma {1961}, in 
1960-1962 (NH4 +, NO3-,  total-N} by Postma {1966}, and  in 1971-1972 (NH4 +, NO3-)  by  



504 Henk  W. van der Veer  et al. 

Helder  (1974). Based on the ratio be tween  the concentrat ions at Andi jk  and near  the 
sluices in 1972-1985 (Rijkswaterstaat), data of total-N from near  Andijk (Governmenta l  

Water  Company ,  unpublished) for the period 1966-1972 were  conver ted  into concen- 

trations near  the sluices by multiplying by 0.90. The possible error in this factor is about  

20 %. Missing data of total-N for the period before 1966 were  es t imated by  extrapolat ion 

from measured  ratios b e t w e e n  total-N and total-P in later  years  (Table 1). Overall ,  this 

results in a leve l  of uncertainty in the reconstructed data of approximate ly  35 %. 

Table 1. Ratio between total-N and total-P in the northern part of Lake IJssel for a number of years, 
extrapolated from measurements in the intervening years (for further explanation see text) 

Quarter 

1 2 3 4 

1949-1951 25 35 25 25 
1958-1959 25 
1960-1962 25 35 35 35 
1966-1967 22 22 22 22 
1970-1971 20 23.5 15 18 

T h e  c o a s t a l  z o n e  of t h e  N o r t h  S e a  

Nutrient  data for the coastal zone of the North Sea were  obta ined f rom the quarterly 

reports of RIZA for a location off Calantsoog (C2 and C4) from 1973 onwards .  Ortho-P has 

been  measured  from 1973 onwards. Older data were  only avai lable  for the period 
1949-1951 (Postma, 1954) and 1958-1959 (Duursma, 1961) near  l igh tvesse l  TexeL It was 

assumed that at this location the concentrations were  1.3 t imes lower  t h a n  those at C2 

and C4 (de Wit et al., 1982). The uncertainty in this conversion is approx imate ly  25 %. For 

total-P, data were  avai lable  only for the period 1975-1982. Based on the ratio ortho-P/ 
total-P during this period, the ratio for the other years was es t imated and miss ing  data for 

total-P were  calculated (Table 2). The  ratios for the period 1949-1959 could only be 

calculated very roughly. Data about NH4 + and NO3-  were  avai lable from 1975 onwards 
from the quarterly reports of the RIZA and for the period 1960-1962 (Postrna, 1966) near  

l ightvessel  Texel. For N, the concentrations at this station were  es t imated to be 1.7 times 

lower than those at C2 and C4 (de Wit et al., 1982), with an uncer ta inty  of 25 %. Total-N 

Table 2. Ratio between ortho-P and total-P in the coastal zone of the North Sea (C2 and C4), 
extrapolated from measurements in the intervening years (for further explanation see text) 

Quarter 

1 2 3 4 

1949-1951 0.50 0.25 0.25 0.50 
1958-1959 0.50 0.25 0.25 0.50 
1973 0.30 0.30 0.30 0.50 
1983-1985 0.40 0.25 0.55 0.55 
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was only measured  in 1960-1962 (Postma, 1966) and be tween  1975-1982 (RIZA). Based 

on the ratio (NH4 + + NOa-) / to ta l -N during these years the ratio has been  extrapola ted for 

the years 1983-1985 (Table 3), from which total-N could be estimated. For the period 

before 1960 and b e t w e e n  1962-1973 total-N was est imated in a similar way  (Table 4). 

The final level  of uncertainty in the reconstructed data is in the order of 50 %. 

Table 3. Ratio between (NH~+NO;)/total-N in the coastal zone of the North Sea (C2 and C4), 
extrapolated from measurements in the period 1975-1982 (for further explanation see text) 

Quarter 

I 2 3 4 

1983-1985 0.70 0.35 0.35 0.70 

Table 4. Ratio between total-N and total-P in the coastal zone of the North Sea (C2 and C4), 
extrapolated from measurements in the intervening years (for further explanation see text) 

Quarter 

1 2 3 4 

1949-1951 8 8 5.5 5.5 
1958-1959 8 8 5.5 5.5 
1960-1962 8 8 5.5 5.5 
1973 8 8 5.5 5.5 

T h e  w e s t e r n  W a d d e n  S e a  

Data on nutrient  concentrations in the western  Wadden  Sea are avai lable from 1972 
onwards from the quarterly reports of the RIZA. Older data of P components  are available 

for the period 1970-1971 (ortho-P) by de Jonge  & Postma (1974), and for the period 

1949-1951 (ortho-P and total-P) by Postma (1954). N components  are p resen ted  for 

1970-1971 (NH4 + and NO3-) measured  by Helder  (1974), for 1960-1962 (NH4 +, NO3-  and 
total-N) by Postma (1966). Based on the ratios be tween  total-N and total-P in these years 
(Table 5), missing data on total-N and total-P were  reconstructed, with an es t imated error 

of approximately 40 %. 

Table 5. Ratio between total-N and total-P in the western Wadden Sea, extrapolated from measure- 
ments in the intervening years (for further explanation see text) 

Quarter 

1 2 3 4 

1949-1951 15 15 12.5 12.5 
1960-1962 15 15 12.5 12.5 
1970-1971 15 15 12.5 12.5 
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Fig. 3. Loadings of ortho-P (D) and total-P (A) in kg sec-1; A: the river Rhine near Lobith; B: the river 
IJssel near Kampen 

RESULTS 

T h e  r ive rs  R h i n e  a n d  IJsse l  

The concentrat ions of nutr ients  in the rivers Rhine and IJssel are mult ipl ied by the 
water  flows to calculate the yearly m e a n  loadings. Both total-P {Pig. 3) and  total-N (Fig, 4) 
showed a cont inuous increase from 1954 onwards.  In 1981, the loadings had  increased 
5-7 times for total-P and 2-3 times for total-N, compared with 1954. Ortho-P and  NO3- 
showed an even  stronger increase. From 1981 to 1985, mean  loadings decreased  by about  
20-30 %. This was not caused by differences in river flow but  was merely  due  to reduced 
nutr ient  concentrations. 

D i s c h a r g e  of L a k e  IJsse l  

The discharge from Lake IJssel into the Wadden  Sea is given in Figure 5. From 1950 
until  1981 there was an increase in total-P from 0.03 to 0.16 kg s -1, and  in total-N from 0.8 
to 2.3 kg s - t .  Prom 1981, the discharge of total-N has stabilized, while total-P showed a 
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Fig. 4. Loadings of total-N (O), NO3- (n) and NH4 + (o) in kg sec-t; A: the river Rhine near Lobith; B: 
the river IJssel near Karnpen 

slight decrease, with a similar amount  of fresh water discharged through the sluices 
during that period (1981-1985). The increase in the nutr ient  loadings in the discharges 
mainly took place from 1970 onwards, which is in contradiction with the situation at the 
inflow of the lake, the river IJssel (see Figs 3 and 4). 

T h e  coas ta l  z o n e  of the  N o r t h  Sea  

Figure 6 shows the nutr ient  concentrations in the coastal zone of the North Sea in the 
first and third quarter  of the year. Since only few data were available and most had to be 
reconstructed the overall level of uncer ta inty  is high. It seems most likely that a 
continuous increase in both the concentrations of total-P and total-N took place from 1950 
onwards until  1980 and a stabilization thereafter. From 1950 to 1985 total-P increased by 
approximately a factor of 7 and total-N by approximately a factor of 5. The other quarters 
of the year showed a similar pattern. Based on annua l  mean  concentrations, total-P and 
total-N have increased by approximately a factor of 4 during the period 1950 to 1985. 
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T h e  w e s t e r n  W a d d e n  S e a  

The nutr ient  concentrations in the western Wadden  Sea are presented in Figures 7 
and 8 for the first quarter of the year, and in Figures 9 and 10 for the third quarter. The 
differences in concentrations be tween  the various locations seemed to be rather small 
compared with the Variations in time. In general,  the pat tern proved to be about the same 
in the whole area, with lowest concentrations near  the tidal inlets of the area, especially 
in the Vliestroom. The increase in the concentrat ions of P components  from 1950 onwards 
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Fig. 7. Concentrations of P components (mg 1-1) in the western Dutch Wadden Sea: Marsdiep inlet 
(Q), Vliestroom inlet (•), Blauwe Slenk (+) and Doove Balg (~) during the first quarter of the year; A: 

ortho-P; B: total-P 

seemed to be much larger than that of the N components.  In the third quarter the N 
components  showed hardly any increase at all. A main  part of the increase in nut r ient  
concentrations took place be tween  about  1970 and  1980. During the last few years 
concentrat ions seem to have dropped somewhat.  Between 1950 and 1980, ortho-P and 
total-P increased respectively by a factor of 5-6  and  3-6  in the first and third quarters. For 
N, the increase was much lower and  depended  on the season: in the first quarter  about  2 
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times, in the third quarter  hardly any increase at all. The genera l  trend dur ing  the other 

quarters of the year  is the same: a large increase be tween  1970 and 1980, fo l lowed by a 

small decrease  in the most recent  years. 

DISCUSSION 

Recently, Postma (1985) r ev iewed  the eutrophication of Dutch inshore  and some 

coastal waters (Eros-estuary). However ,  he did not present  a detai led analysis  of the 
increase in nutr ient  loadings and concentrations. Due to the strong inf luence  of the river 

Rhine in the western  Wadden  Sea, it was expec ted  that this area  would  be  more  affected 

by an increased loading with nutrients than the eastern part of the Wadden  Sea.  Inflow of 

fresh water  from the Rhine takes place in two ways, but it does not occur directly. One 
source is the discharge of Lake IJssel, which to a great  extent  is fed by fresh wate r  from 

the river IJssel, a branch of the Rhine. The other source is the import of sa l ine  coastal 

water  through the tidal inlets which also consists partly of fresh water  from the Rhine 

transported along the coastal zone (van Bennekom et al., 1974; Z immerman,  1976). 
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The reconstruction of the.nutrient  concentrat ions in the area and the loadings of the 
main  sources is hampered  by lack of data especially from the past. Therefore, a partial 
reconstruction has been  made by interpolation and extrapolation of the missing observa- 
tions. This procedure results in uncertainties in the order of 30 to 50 %. Particularly the 
data of the period before 1970 should be treated with some reservation. A comparison of 
the nutr ient  loadings from the sources with the resulting concentrat ions in the western 
Wadden  Sea reveals some striking facts. Although rather strong year-to-year fluctuations 
in nutr ient  concentrations and loadings occurred, clear trends can be observed. 

The increase in the nutr ient  content of the river Rhine seemed to be a rather 
continuous process during the period 1950-1980, followed by  a slight decrease in recent  
years. The same pattern could be observed in the coastal zone of the North Sea, which is 
directly enriched by inflow from the Rhine. The river IJssel, feeding Lake IJssel, showed a 
similar increase in nutr ient  loading in the course of time. However, in the discharge of 
Lake IJssel there seemed to be a time lag. Until about 1970, loadings remained  the same, 
and an increase could only be observed be tween  1970 and 1980. This suggests that for at 
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least  15-20 years, Lake IJssel acted as a trap for the nutrient  loadings from the river 

IJssel. This pat tern of nutrient concentrat ions in the discharge of Lake IJssel  was also 
found in the western  Wadden Sea. A similar t ime lag of at least 15 years  could be 

observed  before an increase in concentrations started around 1970. Dur ing  the past 5 

years  even  a decrease  in nutrient concentrations occurred. The co r respondence  b e t w e e n  

the deve lopment  of the nutrient  levels  in the western  Wadden  Sea a n d  the nutr ient  
discharges of Lake IJssel suggests  that these loadings from Lake IJssel are the main 

nutr ient  source of the western  Wadden  Sea, rather than import  from the coastal  zone of 

the North Sea. This conclusion is in contradiction with the suggest ions m a d e  by Postma 

(1954) and de Jonge  & Postma (1974), who stressed the importance of impor t  from the 
coastal zone as a source of organic matter  and associated P components.  Reappra isa l  of 

their  figures by Cad6e (1980) and de Wilde & Beukema (1984) resulted in abou t  an equal  

impor tance  of Lake IJssel and the coastal zone as sources of organic ma t t e r  for the 

wes te rn  Wadden  Sea in the 80s. However ,  all these conclusions are b a s e d  on budge t  
calculations made  for only a few years. Due to the strong year- to-year  fluctuations,  their  
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conclusions might  be  true for these years, but  considering the long-term trends, it seems 
most likely that, in general,  Lake IJssel is the main  source of nutr ients  for the western 
Wadden  Sea. 

Hardly any measurements  on nutr ients  and primary production were performed 
before 1965. This means  that for most Dutch inshore and coastai waters the effect of 
increased nutr ient  levels on primary production cannot  be followed over the whole period 
of eutrophication, as already stated by Postma (1985). However, because  of the buffering 
of Lake IJssel, this situation does not hold for the western Wadden  Sea. Here, eutrophica- 
tion essentially started from about 1970 onwards, while the first measurements  of primary 
production were already made during the period 1963-1966 (Postma & Rommets, 1970) 
and  1972-1973 (Cad~e & Hegeman,  1974). So, apart from methodical  problems related to 
the measurements  of production, the figures from Postma & Rommets (1970) and  Cadde & 
Hegeman  (1974) may be considered as basel ine levels. On the basis of their measure-  
ments  of pelagic primary production, Cad6e & Hegeman  (1974) concluded that in spite of 
the high turbidity of the Wadden  Sea, a nutr ient  limitation in summer  could not be 
excluded in part of the area. In winter, nutr ient  limitation did not seem to occur in these 
years. 

In these parts of the Wadden  Sea an increased nutr ient  loading may have resul ted in 
a l eng then ing  of the period of non-nu t r ien t  limitation and probably in an increased 
production. Although there are not enough monthly production figures, the above 
suggestion is strongly supported by annua l  production figures measured  over a number  
of years (Table 6). Not only the data for the Marsdiep tidal inlet  area (as reviewed by 

Table 6. Pelagic primary production in the western Dutch Wadden Sea (gC.m-2.y -1) as calculated 
from data of different authors from 1963 onwards. All measureroents were done in deep gullies; 

1 Marsdiep tidal inlet; 2 inner part of the area 

Year Production Reference 

1964-1966 1202 -1701 
92.52-151.51 

1972-1973 1502 -2001 

1974-1975 1352 -1451 
1981-1982 3401 
1986 1652 -3031 

Postma & Rommets (1970) 
Cadde & Hegeman (1974) 
Cadde & Hegeman (1974) 
Cadde & Hegeman (1979) 
Cad4e & Hegeman (1979) 
Cad4e (1986) 
Veldhuis et al. (1988) 

Cadde, 1986) but  also the production in other parts of the western Wadden  Sea have 
increased from 100-150 gC.m-2.y -1 in 1970 to 165-300 in 1986. However, Cadde (1986) 
ment ioned  a discrepancy be tween  eutrophication and  the t iming in increase of primary 
production, but  he considered ortho-P as indicator for the state of eutrophicat ion instead 
of total-P. Although ortho-P did show an increase from 1950 onwards, total-P remained  
approximately constant. The increase in ortho-P therefore illustrated a shift be tween  P 
components  and a shift from P-limitation to most likely N-limitation at least dur ing  parts 
of the year (Veldhuis et al., 1988). The increase of ortho-P in the period 1950-1970 as 
observed by de Jonge & Postma (1974) and ment ioned  by Cadde (1986) therefore does 
not necessarily mean  a severe increase in the amount  of nutr ients  available for primary 
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production. According to the present  data such an increase most likely s tar ted after 1970, 

approximately  at the same time as the increase in primary product ion as observed  by 

Cad6e (1986). The increased annua lp roduc t i on  indicates a narrowing of the period of 
nutrient  hmitat ion during the year, but  still in the present  situation Veldhuis  et al. (1988) 

suggest  a nutr ient  limitation during the summer  period. So a l though the a rea  has become  

more eutrophic over  the years, the western  Wadden  Sea seems to be nutr ient  l imited 
during part  of the year. 

The increase  in annual  primary production may have  resul ted in an en la rged  food 

supply for the consumers over  the year  and may also have an impact  on the funct ioning of 
the ecosystem as far as this increased food supply is not expor ted  towards the North Sea. 

Cad6e & H e g e m a n  (1986) suggest  an increase in the Phaeocystis abundance  and 

Beukema  & Cad4e  (1986) found a doubhng of both biomass and annual  product ion  of the 

macrozoobenthos  living on the tidal flats in the western  W a d d e n  Sea dur ing 1970-1984. 

An impact  on the functioning of the ecosystem is difficult to detect. So far, severe 

nega t ive  effects of eutrophication have not b e e n  reported, and low oxygen  conditions 

over  longer  periods seem to occur only locally (Tijssen & van  Bennekom,  1976; van der 

Veer  & Bergman,  1986). 

Eutrophicat ion of the western  Wadden  Sea seems to be  de te rmined  by  the loadings 

of Lake IJssel and because  of the buffering of nutrients by the lake, eutrophicat ion of the 
wes te rn  W a d d e n  Sea has been  delayed for quite a long time, i .e.  some 15 years 

compared  to the sources of the nutrients, the river Rhine. It might  be s ta ted that other 

parts of the Dutch Wadden  Sea with a freshwater  run-off directly into the estuary, such as 

the Ems-Dollard estuary, may show a more continuous increase in nutr ient  concen- 

trations from the 50s onwards. Areas without  any significant input  of fresh wa te r  will only 
be inf luenced by exchange  with the coastal zone of the North Sea. These  areas  will also 

show a pat tern  of a continuous increase, though on a rather  low level, because  of the 
relat ively low loadings coming from the North Sea. To confirm these hypotheses  a more 

detai led analysis of the nutrient concentrations in these areas is necessary.  
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