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SUMMARY: Three rivers, the Rhine, the Meuse and the Scheldt enter the North Sea close to each other in the 
Netherlands, where they form the so-called delta region. This area has been under constant human influence since the 
Middle Ages, but especially after a catastrophic flood in 1953, when very important coastal engineering projects 
changed the estuarine character of the area drastically. Freshwater, brackish water and marine lakes were formed and 
in one of the sea arms, the Eastern Scheldt, a storm surge barrier was constructed. Only the Western Scheldt remained 
a true estuary. The consecutive changes in this area have been extensively monitored and an important research effort 
was devoted to evaluate their ecological consequences. A summary and synthesis of some of these results are presented. 
In particular, the stagnant marine lake Grevelingen and the consequences of the storm surge barrier in the Eastern 
Scheldt have received much attention. In lake Grevelingen the principal aim of the study was to develop a nitrogen 
model. After the lake was formed the residence time of the water increased from a few days to several years. Primary 
production increased and the sediments were redistributed but the primary consumers suchs as the blue mussel and 
cockles survived. A remarkable increase of Zostera marina beds and the snail Nassarius reticulatus was observed. The 
storm surge barrier in the Eastern Scheldt was just finished in 1987. Predicted consequences have been modeled and 
include decreased current velocity, smaller amounts of suspended material and less extinction of light and increased 
primary production. The smaller tidal volume will decrease the surface of intertidal flats available to wintering birds. This 
is a special concern since the delta area is of international importance for certain wader species. The Western Scheldt has 
not changed hydrodynamically but is polluted by industrial and organic waste. Bacterial processes involving the consecu­
tive exhaustion of different electron acceptors, from oxygen to sulphate, are dominant in the freshwater river. There are 
several indications that impacts in the estuary exist as well despite the important dilution by the tides.
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IN TROD UCTION

Three main European rivers, the Rhine, the 
Meuse and the Scheldt, enter the North Sea close to 
each other in the so-called Delta area in the south 
west of the Netherlands. The Rhine is by far the 
largest of the three rivers, with a length of 1326 km 
and a drainage area of 224,000 km2. The river origi­
nates in the northwestern part of the Alps and by the 
time it crosses the Swiss-German border near Basel 
its water flow already averages more than 1000 m3 s-1 . 
When it enters the Netherlands this amount has more 
than doubled to 2200 m3 s_1. The Meuse originates on 
the Langres plateau in eastern France and has a total 
length of 925 km and a drainage area of 33,000 km2. 
Its flow is much more erratic than that of the Rhine 
and at the Dutch-Belgian border averages about 270 
m3 s_1. The smallest of the three rivers is the Scheldt

with a total length of 355 km. It originates on the 
Saint Quentin plateau at the southwestern border of 
the North European Plain and drains about 19,500 
km2, mainly Flanders’ low-lying plains. The input 
into the estuary at the Dutch-Belgian border is esti­
mated as 105 m3 s_1 on average.

The intricate pattern of estuarine branches in the 
delta area (Fig. 1) resulted from a series of transgres­
sions of the North Sea creating a rapidly changing 
system in which many islands were surrounded by 
large sea arms maintained by the tides. Since the 
seventeenth century, the general geography of the 
area has changed less, due to human constructions. 
Four large estuaries are recognizable on all maps over 
the past four hundred years: from north to south they 
are what are now called the Haringvliet, the Grevel­
ingen, the Oosterschelde and the Westerschelde.

The last unhindered invasions by the sea of the

•Communication n° 463 of the Delta Institute for Hidrobiological Research

ECOLOGY OF THE RHINE, MEUSE AND SCHELDT ESTUARIES 457



North Sea

f o ,  VOOfiNE ALBlASSERWAARD

stag n an t b rac k ish  or fre sh

Fig . 1. — Map of the Delta area.

area took place from the 3th till the 14th century dur­
ing the Dunkirk II and III transgressions. Only in the 
fourteenth century dyke building, which had already 
started in the tenth and eleventh centuries, became a 
large scale operation but despite of dyke construction 
a long series of catastrophic storm floods is known: 
the Saint Elisabeth flood in 1421, the Saint Felix 
flood in 1530 and the All Saints Day flood in 1570 are 
the best documented. Each of these floods was re­
sponsable for the death of thousands of people and 
the loss of large areas of land, including whole vil­
lages.

From the seventeenth century onwards, increas­
ing wealth and better social organisation improved 
the protection from the rising sea level and the is­
lands in the area became more or less consolidated. 
More than 60,000 ha of new land were acquired as 
well. Although storm floods continued to occur their 
impact was relatively small. Then came the storm 
flood disaster of 1 February 1953, inundating 150,000 
ha of land and causing the death of 1835 people. It 
had a huge impact on public opinion and politics in 
the Netherlands and as a consequence the delta plan 
was adopted by the Dutch Parliament in 1957. In the 
original plan the complete closure of three of the four 
main estuaries (only the Westerschelde had to remain 
open) and construction of a series of secondary dams

was intended, creating a system of freshwater lakes.
Due to increasing awareness of the environmental 

issues involved the original plan was not carried 
through and instead a rather unique combination of 
new habitats was created. The Haringvliet, as origi­
nally intended, became a freshwater lake, stagnant 
when river flow is low and serving as a “safety valve” 
in cases of large Rhine discharge, when its sluices to 
the North Sea are opened. The Grevelingen was 
completely closed off from the sea in 1971 but a new 
connection was made in 1978 and it became a rather 
unique area in Europe, a saline, marine lake. The 
Oosterschelde was maintained as a tidal marine em- 
bayment but it was protected from storm floods 
through one of the most ambitious coastal engi­
neering projects ever undertaken, the construction 
of the storm surge barrier, finished in 1986. The 
Westerschelde remained the only unchanged estuary 
in the delta area. With the closing of a secondary dam 
in April 1987 the delta project, involving nearly thirty 
years of work and representing probably the most ex­
tensive coastal engineering work ever undertaken, 
was finished.

From the original situation of four comparable 
estuaries many ecologically very different water 
bodies have now been created. The environmental 
impact of the constructions was huge and since the
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beginning of execution of the delta plan this impact 
has been monitored, though the approach has greatly 
changed over the years. As examples of the environ­
mental impact studies in this paper some ecological 
changes are described and the actual main ecological 
features of three former estuaries (the freshwater 
Haringvliet will not be considered) are compared: the 
production of organic m atter and its consumption 
mainly by benthos and bacteria. In such a simple pic­
ture many of the im portant components of real eco­
systems are lost, e.g. Zooplankton, birds and salt 
marshes. A paper of this size cannot possibly be ex­
haustive and the review is mainly intended as an 
introduction to the general features of these estuaries 
and to the large body of (grey and other) literature on 
the delta area.

TH E O RIG IN A L SITUATION

The geomorphology of the delta area has resulted 
from a long series of regressions and transgressions of 
the North Sea. A bout 2000 years ago the area was 
part of a W adden Sea extending from Cap Blanc Nez 
near the Strait of Dover to the mouth of the Elbe 
(V a n  V e e n , 1950). The area was similar to the 
present day W adden Sea between the Frisian Isles 
and the mainland in the Netherlands and Germany.

Tidal currents in the Southern Bight of the North 
Sea are strong and the sea arms in between the is­
lands were large, deep and long. Only a few of them 
caught the mouth of a m ajor river: besides the three 
rivers dealt with, the Ems, the Weser and the Elbe. 
When the mouth of a river was caught, the tidal cur­
rent could penetrate much deeper inland and the 
channels were maintained in spite of the progressive 
silting up of the W adden sea due to sediments 
brought in by the tidal current entering the W adden 
sea and by the rivers.

The main change of the area over the past centu­
ries has been the disappearance of the northern 
Rhine-M euse mouth. Haringvliet and Grevelingen 
received most of the Rhine and Meuse water from 
the eighteenth century until 1868 when the Nieuwe 
Waterweg that connects Rotterdam  with the sea was 
finished. Through the Krammer-Volkerak system 
some of that water reached the Oosterschelde as well 
but since its connection with the Westerschelde was 
closed off in 1867 this estuary was far less influenced 
by fresh water than the others.

The mixing of the freshwater inflow from the 
rivers and North Sea water entering the estuary with 
the tides created a salinity gradient which was re­
sponsable for many of the ecological features of the 
estuarine system. Such a system still exists in the 
W esterschelde and some of these features will be 
discussed there. This original situation has been de­

scribed extensively by W o l f f  (1967), N ie n h u is  
(1975), P e e l e n  (1967) and others. Most of the huge 
water influx in the delta area is derived from the 
Rhine, with an average flow of over 2000 m3 s” 1 and 
maximum water flows of sometimes over 13,000 m3 
s " 1. Since the Nieuwe Waterweg was constructed it 
receives about half of the average flow through the 
Lek (400 m3 s-1 ) and Merwede (700 m3 s-1). About 
900 m3 s_1 of Rhine water, through the Waal and 
Nieuwe Merwede, and about 300 m3 s“ 1 of Meuse 
water reached the North Sea either through the H ar­
ingvliet (1150 m3 s-1) or via the Volkerak through the 
Grevelingen (65-70 m3 s-1). The average inflow from 
the Scheldt is about 100 m3 s_1, reaching the sea ex­
clusively through the Westerschelde estuary.

LAKE G REV ELING EN

In 1964 the connection between the Grevelingen 
estuary and the rivers was cut off through the con­
struction of the Grevelingen-dam and a semi-en­
closed estuary was left. In 1971 the mouth was closed 
off as well by the Brouwersdam and Lake Grevel­
ingen was created. The tideless lake has a surface 
area of 108 km2 and a mean depth of 5.3 m. It was 
nearly completely isolated and through evaporation 
and inflow of rainwater and polderwater discharges a 
slow but persistent decrease of salinity occurred over 
the years. To counteract this decrease the connection 
with the North Sea was restored in 1978 by the con­
struction of a underwater sluice through the 
Brouwersdam with a capacity of 100-140 m3 s_1. At 
the same time a siphon under the Grevelingendam 
was constructed.

The immediate results of the disappearance of the 
tides in 1971 were, of course, dramatic. On the 29 
km2 of intertidal area it is estimated that about 400 
million lugworms (Arenicola), 500 million cockles 
(Cerastoderma), 30 billion Lanice and 100 billion 
mud snails (Hydrobia) perished over a few weeks 
(L a m b e c k , 1985).

The long-term changes in the lake are however of 
more interest. The residence time of the water 
increased from a few days in the estuary to 3-6 years 
in the completely enclosed lake, then decreased again 
to several months after 1978. Currents became wind 
driven and much weaker. In consequence, the 
amount of suspended m atter in the water decreased 
from more than 100 mg T 1 to less than 10 mg I-1 in 
the lake. Light penetration thus became much deeper 
and primary production increased.

Phytoplankton development starts in spring. Af­
ter the enclosure the dominance of diatoms de­
creased and cryptomonad flagellates, growing rapidly 
in non-turbulent water, took over in early spring 
since light conditions became favourable earlier in
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the year. In 1979 when the lake was flushed again 
with North Sea water and salinity increased to 17 %o 
C l- , diatoms became relatively more im portant again 
(B a k k e r  &  D e  V r ie s , 1984).

Primary production by phytoplankton was studied 
from 1976 onwards and showed a remarkable 
increase from 80 g C m -2 y-1 in 1976 to 225 g 
C m -2 y-1 in 1981 (V e g t e r  & D e  V is s c h e r , 
1984). Benthic primary production increased as well. 
The increased light penetration made an increased 
primary production possible by microphytobenthos, 
mainly diatoms, that in the estuary would mainly 
fotosynthesize in intertidal areas at low tide. This pri­
mary production was estimated variably as between 
35 g C m -2 y-1 (NiENHUis & D e  B r e e , 1984) and 
70 g C m -2 y-1 (L in d e b o o m  et al., 1984). 
Increasing siltation through the absence of strong 
currents additionally induced the considerable exten­
sion of the sea grass Zostera marina in the system, 
which became an im portant primary producer of 
about 50 g C m -2 y-1 .

The long residence time of the water increased the 
‘memory' of the system. Orthophosphate concent­
rations increased strongly immediately after the 
closure and showed a persistent long term  increase 
till 1978 (B a n n in k  et al., 1984). During May and 
August phosphate is mobilized from the sediments 
where it accumulates during the rest of the year 
(KELDERMAN, 1984). However, phosphate is always 
present in excess and primary production in the lake 
is nitrogen (and probably silicon, not discussed here) 
limited.

The sediments are predominant in the nitrogen 
cycle. Interstitial nitrate values are highest in the top 
layer, whereas ammonium has minimum values 
there, probably due to nitrification in the top layer 
and denitrification deeper down (K e l d e r m a n , 
1984). Seasonal variations in ammonium concent­
ration are due to mineralisation in the deeper areas 
and by primary production in the shallow sediments. 
The benthic primary producers are therefore prob­
ably direct competitors with the phytoplankton for 
nutrients.

The sediments in lake Grevelingen have been 
redistributed after the closure of the estuary, with 
transportation of the fine particles towards the 
deeper gullies (K e l d e r m a n  et al., 1984a). In 1977 
the main suspension feeder in the benthos of Lake 
Grevelingen was the blue mussel Mytilus edulis. In 
natural mussel beds an average biomass of 240 g dwt 
m -2 has been found, representing 6 g C m -2 for the 
entire lake. The cockle, Cerastoderma edule, 
still occurs in water depths of about 1-2 m and also 
the lugworm Arenicola, also normally an intertidal 
species, is found in those strata with an average bio­
mass of 2.3 g C m -2 . For the whole lake the macro- 
benthic biomass has been estimated as 8 g C m -2

for suspension feeders and 6 g C m -2 for deposit 
feeders ( D e  V r ie s , 1984). The impact of these 
suspension feeders on the lake is important: on 
average the entire water column of the lake is filtered 
every 4-5 days by benthic suspension feeders. This 
induces high mortality of phytoplankton and trans­
port of suspended particles towards the sediments by 
production of pseudofaeces and faeces. On the other 
hand, the growth of mussels and other suspension 
feeders is limited by primary production. There 
seems to have been no recruitment at all of mussels 
between 1977 and 1981. Both cockles (Cerastoderma 
edule and C. lamarcki) and oysters (Ostrea edulis) 
maintained important populations in the lake. Of 
particular interest is the explosion of the snail Nassa­
rius reticulatus who from 1977 onwards reached 
densities of more than 100 per m2.

T H E O O STERSCH ELD E

The Oosterschelde is a nearly marine embayment 
(28.6-32.2 salinity) with a low freshwater influx of 55 
m3 s-1 , which has become even lower after closure of 
the Krammer. It is the center of the Dutch shellfish 
industry. Until 1986 it had a volume of 417 million 
m 3, an intertidal surface of 158 km2 and a subtidal 
surface of 330 km2. Its average depth is 8.1 m. The 
Oosterschelde is clearly structured along its main lon­
gitudinal axis where a gradient in physical and 
chemical characteristics exists. The average water 
depth in the eastern, sheltered part of the em ­
bayment is 4 m and half of the total surface area is 
exposed at low tide. The average depth in the 
western, more exposed part is 12 m and only 20 % of 
the shoals are exposed at low tide. The resident time 
of the water is 47 days inland, decreasing to 16 days 
towards the sea. The turbidity also decreases 
eastward, with 20-30 mg I-1 to 15-20 mg I-1 of seston. 
The average concentration of seston (25 mg I-1) is 
very low.

Primary production in the water column follows 
the east-west gradient. The values found are lowest in 
the east (195 g C m -2 y-1 ), intermediate in the 
centre (280 g C m -2 y-1) and highest in the west 
(336 g C m -2 y-1). The phytoplankton is diatom- 
dominated but in May a predominant species is the 
flagellate Phaeocystis pouchetii, entering the O oster­
schelde from the North Sea and moving landinward. 
Nitrogen is high in winter and early spring (1.5 
mg I-1) and low after the spring-bloom and in 
summer (0.1 mg I-1). As in the Grevelingen, 
benthic primary production, mainly through diatoms, 
is important: average values range between 103 
(west) and 195 (east) g C m -2 y-1 . In extremely 
sheltered, shallow parts of the embayment seagrasses 
and macroalgae dominate with a locally important
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primary production estimated at 116 g C m -2 y-1 
and 56 g C m -2 y-1 respectively.

Zooplankton, mainly consisting of copepods but 
with a considerable component of meroplankton at 
times, grazes up to 25 % of the primary production in 
the water column. Since grazing is selective, the 
availability of material with the highest nutritional 
value for benthic filter feeders is restricted. Nev­
ertheless, as in the Grevelingen, most of the organic 
m atter is eventually grazed by the benthos. Two spe­
cies are of param ount importance in the system: M y­
tilus edulis, mainly in subtidal areas, and Cerastoder­
ma edule, mainly in intertidal areas. The impact of 
the commercially exploited mussel beds on the ecolo­
gy of the Oosterschelde is important and enonomic 
and marketing constraints on the shellfish exploi­
tation are to be taken into account when describing 
the ecology of the Oosterschelde.

Biomass of the mussels is determ ined by the 
mussel farmers (Sm aal  et al., 1986). The western 
part of the embayment is used as a culture area where 
mussels are grown to commercial size. In these areas 
the biomass reaches 116 g adwt m -2 (juveniles) and 
340 g adwt m -2 (adults). In the middle part the spat is 
seeded, with 12 g m -2 (juveniles) and 230 g m -2 
(adults). The inner area is used for stocking autoch­
tonous and im ported (from the W addensea) mussels 
during several weeks before consumption and for 
stocking mussels when the m arket price is unfavoura­
ble. Here the biomass is about 211 g adwt m -2 (adults 
only).

The cockle Cerastoderma edule occupies mainly 
the intertidal flats and their subtidal slopes. Their 
average biomass on the flats decreases from 63 g adwt 
m -2 in the west over 35 g adwt m -2 in the middle to 
20 g adwt m -2 in the east, subtidal biomass on the 
slopes of the sandbanks being about three times low­
er (Sm a a l  et al., 1986).

W hereas filter feeders predominate in the western 
part, the benthic deposit feeders, mainly polychaetes 
such as Arenicola marina and Heteromastus filifor­
mis, and grazers such as Hydrobia have their highest 
biomass in the eastern intertidal areas.

Much of the intertidal biomass is consumed by 
birds and the Oosterschelde, supporting a large 
quantity of benthic animals, is an im portant wintering 
area for palearctic birds. Oystercatcher (Haematopus 
ostralegus) and dunlins (Calidris alpina) are the most 
im portant species and birds consume about 20 % of 
the m acrobenthos each year.

Transport processes play a m ajor role in the Oos­
terschelde ecosystem, in contrast to the Grevelingen 
that can be modeled as a single, depth zonated 
system. The transport of dissolved substances may be 
modelled in estuarine environments taking the salini­
ty distribution as a lead. The situation is more diffi­
cult for the transport of particulate m atter, since par­

ticles settle and are resuspended according to the 
tide, resulting in a residual movement that is very dif­
ferent from the water movement. Modeling efforts 
for processes in the Oosterschelde make use of five 
compartments, three of which encompass the main 
embayment.

A large part of the observed sediment transport 
can be attributed to sand, which makes up more than 
96 % of the bottom sediment. Sand transport is 
mainly due to movement of sand waves along the 
bottom of the tidal channels. The sedimentation and 
erosion of fine particles has been calculated by T e n  
B r in k e  (1987) and show a remarkable constant 
export of clay towards the sea.

The construction of the storm surge barrier has 
been done with the intention of maintaining as much 
of the original marine character of the Oosterschelde 
as possible. The dam is made up of 65 concrete piers 
that support steel gates which can be dropped like 
portcullises to close off the estuary in case of danger. 
Each pier is 53 m high and weighs 18,000 tonnes. The 
piers are joined together with beams to make a single 
construction. More than 60 gates, each 42 m long, 
can be raised and lowered independently.

However, some im portant changes in the hy­
drological regime of the Oosterschelde will result: the 
volume of water entering with each tide decreases, 
and with it the current speed, the tidal amplitude and 
the surface of intertidal areas. The delta works also 
entrain an important loss of salt marshes.

The possible effects of the storm surge barrier 
have been the subject of much research, mainly on 
macrobenthic animals and salt marshes. Most of the 
salt marsh plants withstand an inundation of 4-8 days 
but immersion tolerance decreases with tem perature 
( G r o e n e n d ij k , 1985). Permanent submersion dur­
ing 14 days did not affect intertidal benthic animals 
but permanent emersion caused mortality after 1-2 
days at either high or very low tem peratures (H u m ­
m e l  et al., 1986). Small polychaetes were more 
susceptible to desiccation than larger worms.

TH E W ESTERSCHELDE

The Westerschelde is the last true estuary re­
maining in the delta region, with an important salini­
ty gradient. Between the mouth at Vlissingen 
(Flushing) and Walsoorden the estuary has a multiple 
channel system and is completely mixed; between 
Walsoorden and G ent, where the tidal regime stops, 
there is only a single channel and only partial mixing 
with small horizontal and vertical salinity gradients. 
Although the differences are small they have im­
portant consequences for the transport of material 
upstream.

P e t e r s  &  St ir l in g  (1976) divide the Scheldt
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river in three zones: the maritime zone is 70 km long, 
including the part permanently submerged in the 
North Sea. In this zone a complex sediment transport 
exists through deep and large channels separated by 
large sand banks. The central part of the estuary, be­
tween Walsoorden and the mouth of the river Rupel, 
is about 50 km long. Mixing is less strong and a floc­
culation zone exists close to Antwerpen. The fluvial 
part of the tidal river is upstream from the Rupel 
mouth and is characterized by a rapid and large pene­
tration of the tides.

The total volume of the estuary between Vliss- 
ingen and Zandvliet is 2.5 billion m3; from the 
Scheldt river only 9 million m3 enters the estuary 
each day. The residence time of the water between 
the Belgian-Dutch border and the mouth at Vliss- 
ingen is consequently rather large, about 75 days or 
150 tidal cycles. For this reason the dilution of 
seawater is gradual and stable. Salinity zones in the 
estuary are relatively stable as well and are main­
tained in more or less the same position throughout a 
tidal cycle, though more important shifts may occur 
over a year according to the freshwater inflow.

Fine particles are a highly characteristic feature of 
estuaries and they are derived both from the sea and 
from land. Their deposition is controlled by current 
speed and by salinity: since clay particles tend to ad­
here to each other in salt water settlement speed is 
increased in the brackish water zone of a river, creat­
ing the flocculation zone and turbidity maximum 
(POSTMA, 1967) where the inward flow of marine 
water along the bottom stops and the sediments rise 
to mix with the surface fresh water. According to 
WOLLAST (1976) more than 1 million tons of fine ma­
terial from continental origin settle in the middle part 
of the river, a further 200,000 tonnes are deposited in 
the seaward zone where a further 800,000 tonnes of 
marine sediments are deposited. With the suspended 
m atter a high load of pollutants is deposited as well: 
deposition within the estuary thus limits the export of 
these substances to the sea but has im portant conse­
quences for the estuary itself since these substances 
may be incorporated into the estuarine food web.

Im portant modifications of the physical and 
chemical characteristics of the water are due to the 
mixing of fresh and salt water. These modifications 
entrain a whole series of transformations of the 
chemical species present in the water which affects 
their distribution. These chemical changes are en­
hanced further by the long residence times in the 
Scheldt. The important load of organic m atter in the 
Scheldt river catalyses an intense heterotrophic 
bacterial activity which rapidly exhausts the oxygen 
in the river. O ther oxydants are then used for anaer­
obic respiration: manganese, nitrate, iron and ulti­
mately sulphate. W hen all electron acceptors are ex­
hausted sulphate reduction thus may become the

dominant process in the river. Due to flocculation the 
organic m atter content decreases and with it the 
bacterial activity. Only when mixing with sea water 
becomes important the oxygen content of the water 
rises again and a system based on autotrophic pro­
duction instead of allochtonous import of organic 
m atter takes over: this happens about at the Dutch- 
Belgian border (but see H u m m e l  et al., 1988).

The Westerschelde has been less studied that the 
other delta waters (H u m m e l  etal., 1988). The valua­
ble studies of DE P a u w  (1975) are mainly qualitative 
in nature and describe the water column of the estua­
ry as it was twenty years ago (1967-1969). Primary 
production in the estuary was studied in 1983 by 
B il l e n  et al. (1985). Highest production was obser­
ved in the freshwater and oligohaline parts. A t Doei 
and at Hansweert, as elsewhere, a maximum primary 
production of about 1 g C m -2 d _1 was observed 
in July, with very low values for the rest of the year. 
Total primary production at Doei was estimated as 
85 g C m -2 y-1 , at Hansweert probably somewhat 
higher. This low value is due to the high amount of 
suspended m atter and the high extinction of light in 
the water.

Nitrogen is probably never limiting in the W ester- 
schelde. Due to nitrification in the presence of ox­
ygen the amounts of nitrate are always elevated. In 
fact, due to the importance of denitrification in the 
anaerobic part of the river, this amount would actual­
ly increase when water quality would improve to such 
a point that the river would be aerobic around A nt­
werpen (B illen et al., 1985) and would be a m ajor 
exporter of nitrogen to the North Sea.

Little is known on the importance of other 
processes in the estuary. The benthos in the seaward 
part seems to be rather typical for the N. W. 
European area, with only the remarkable scarcity of 
harpacticoid copepods (V a n  D a m m e  et al., 1984) 
and the polychaete Scoloplos armiger ( H e ip  et al., 
1986) as possible consequences of pollution. Benthic 
biomass is certainly much lower than in the Oosters­
chelde and has been estimated as 2-3 g C m '2 by 
H u m m e l  et al. (1988).
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