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Abstract 
 

Based on data, collected in 1980–1990, the intertidal benthic macrofauna of the Schelde and Ems estuaries was 
compared. The spatial occurrence of the benthic macrofauna along the salinity gradient, including the freshwater 
tidal area was emphasized. Both estuaries appeared to have a very similar species composition, especially at genus 
level. The higher number of species observed in the Schelde estuary was probably due to a greater habitat diversity. 
In both estuaries species diversity decreased with distance upstream. The total density did not vary along the 
estuarine gradient, whereas biomass is highest in the polyhaline zone. 

In both estuaries distinct intertidal benthic communities were observed along the salinity gradient: a marine 
community in the polyhaline zone, a brackish community in the mesohaline zone, and a third community in the 
oligohaline and freshwater tidal zones of the estuary. These three communities were very similar between both 
estuaries. Their main characteristics were discussed together with the occurrence and distribution of the dominant 
species. 

For the Schelde estuary and to a lesser extent also for the Ems estuary, there was evidence that anthropogenic 
stress had a negative effect on the intertidal macrobenthic communities of the oligohaline/freshwater tidal zone. 
Only Oligochaeta were dominating, whereas the very euryhaline and/or true limnetic species were missing. In 
the mesohaline zone, the Schelde estuary was dominated by large numbers of short-living, opportunistic species, 
whereas in the Ems estuary relatively more stable macrobenthic communities were observed. A comparison with 
some other European estuaries showed in general similar trends as those observed for the Schelde and Ems estuaries. 

 
Introduction 

 
Estuaries are transitional environments between rivers 
and the sea, and are characterized by largely varying 
and often unpredictable hydrological, morphological 
and chemical conditions (Day et al., 1989; McLusky, 
1989, 1993; Costanza et al., 1993). In most of the 
world’s estuaries, this natural stress is intensified by 
human activities. Land reclamation, drainage of waste 
from domestic, industrial and agricultural activities, 
shipping and dredging are mainly responsible for the 
direct and indirect loss of the estuarine environment 
(Davidson et al., 1991; Gray, 1997). This may have 

important negative effects on the biota and thus on the 
ecological structure of the system. Estuarine ecosys- 
tems are not only ecosystems with unique biodiversity 
characteristics, but they are also highly productive sys- 
tems. They perform several vital functions, e.g. as 
nursery areas for fish and shrimp, feeding areas for 
migrating and wintering waterbirds, migration routes 
for anadromous and catadromous fish, etc. (Odum, 
1983; Day et al., 1989; McLusky, 1989). 

Until recently, estuarine management strategies did 
not take into account these important ecosystem func- 
tions, but were mainly based on purely economical 
interests. Nowadays, estuarine management often tries 



 
 

to incorporate the functioning of the ecosystem. This, 
however, requires knowledge of the functional pro- 
cesses and structure of communities and foodwebs in 
estuaries. 

Within the estuarine foodweb, benthos takes a cen- 
tral role, being one of the most important primary con- 
sumers. Macrobenthos, in its turn, is the main food 
item of many estuarine fish and bird species, and may 
also be consumed by man.  Besides its central role 

Schelde estuary 
The Schelde estuary measures 160 km between the 
mouth at Vlissingen (The Netherlands) and Gent (Bel- 
gium), where it is artificially stemmed (Figure 1). The 
mean tidal amplitude varies from 3.8 m at Vlissingen 
to a max. of 5.2 m near the tributary Rupel, and dimin- 
ishes upstream to 2 m near Gent. The river discharge 
varies from 20 m3s 1 during summer to 400 m3s 1 

during winter, with a yearly average of 105 m3s 1. The 
within the estuarine foodweb, benthos is also relat- total volume of the estuary (2 5 

   x  109 m3) is large in 
ively sensitive to anthropogenic influences,  on spe- comparison with the volume of fresh water that enters 
cies, population as well as on community level (e.g., 
Pearson & Rosenberg, 1978; Bayne et al., 1988; Day 

each day from the river (9 
x  

chlorinity decreases from 
106 m3). The mean annual 

16.6 g Cl l 1  (salinity 
et al., 1989). Macrobenthic communities of severely 30 p.s.u.) near Vlissingen to 4.5 g Cl l 1  (salin- 
impacted estuaries (e.g., Schelde estuary) are therefore 
expected to be affected in a certain way. The degree 
of human impact can be estimated by comparing the 
present situation with historical or geographical (e.g., 
a relatively pristine estuary) references. In the absence 
of quantitative historical data to show when the estuary 
was unaffected by human impact, as for the Schelde 
estuary, a comparison with another estuary can be con- 
sidered. 

The purpose of this paper is to examine the inter- 
tidal benthic macrofauna of two estuaries of more or 
less the same latitude but with a different degree of 
anthropogenic stress: the heavily polluted and highly 
stressed Schelde estuary and the relatively moderately 
stressed Ems estuary. The spatial occurrence of the 
macrobenthos along the complete salinity gradient is 
emphasized. The study is based on a compilation of 
datasets, collected from 1980 to 1990. 

 
 

Materials and methods 
 

Study area 
 

The tidal limit was used as the upstream boundary of 
an estuary. The classification of the estuarine divisions 
by McLusky (1993) was followed: 

ity 8.1 p.s.u.) at the Belgian-Dutch border. From the 
tributary Rupel onwards the water becomes fresh. The 
lower and middle estuary, the Westerschelde, between 
the Dutch-Belgian border and Vlissingen (55 km), is 
a well mixed region characterized by a complex mor- 
phology with flood and ebb channels surrounding sev- 
eral large intertidal mud- and sandflats. The surface 
of the Westerschelde is 310 km2, of which tidal flats 
and marshes cover 34%. The average depth is around 
10 m. The water column is moderately to well oxy- 
genated, with oxygen saturation increasing from 20– 
60% at the Dutch-Belgian border to 90–100% at the 
mouth of the estuary. The middle estuary is especially 
subject to extensive dredging and dumping. The inner 
and upper estuary, together with the freshwater tidal 
part, the Zeeschelde, between the Dutch–Belgian bor- 
der and Gent (105 km), is characterized by a single 
channel, bordered with relatively small mudflats and 
marshes (28% of total surface). On an European scale, 
however, these freshwater tidal mudflats and marshes 
are a very rare habitat. The Zeeschelde is heavily pol- 
luted by domestic, industrial and agricultural waste 
loads. The presence of a nearly anoxic water column 
during most of the year is one of the striking features of 
this area. The chemical, physical and biological prop- 
erties of the Schelde estuary have been documented in 
detail by Heip (1988, 1989), Meire et al. (1992), and 

– Freshwater tidal part or limnetic zone (salinity 
p.s.u.). 

0.5 
< in several papers in Meire & Vincx (1993) and Heip & 

Herman (1995). 
– Upper part or oligohaline zone (salinity 0.5 - 5 p.s.u.). 
– Inner part or mesohaline zone (salinity 5 - 18 p.s.u.). 
– Middle/lower part or polyhaline zone (salinity 18 - 
30 p.s.u.). 

 
Ems estuary 
The Ems estuary is situated in the northeast of The 
Netherlands on the border with Germany. The total 
length between Papenburg and Eemshaven amounts to 
80 km (Figure 1). Mean tidal amplitude amounts to 
2.2 m near Delfzijl and reaches a maximum of 3.2 m 



 

 
 
 

 
 

Figure 1. The Ems (1) and Schelde (2) estuary subdivided into 10 and 15 sub-areas respectively. 



 
 

near Emden. It diminishes upstream to about 1.8 m 
where tidal propagation is stopped by a weir. On a 
yearly basis, the average freshwater input amounts to 
115 m3s 1. The major source of freshwater inflow is 

Most of the studies except for Rhode (1982) 
sampled macrobenthos quantitatively, using a corer 
(several diameters) and sieving with a 1.0 mm mesh 
aperture, except for Böhme (1989) who used 0.6 mm 

the river Ems, with a mean discharge of 100 m3 and Rhode (1982) who used 0.125 mm.  However, 
s 1, ranging from 25 to 390 m3 s 1. The Westerwold- 
sche Aa, a small canalized river discharging into the 
Dollard, has a mean river runoff of 12.5 m3 s 1. The 

the laboratory procedures differed substantially among 
different studies, especially among those of the Ems 
estuary. Often not all species were quantified (e.g., Spi- 

mean annual chlorinity decreases from 16 g Cl l 1 onids, Heteromastus filiformis, Hydrobia ulvae, Mar- 
(salinity 28.5 p.s.u.) near Eemshaven to 8 g Cl l 1 enzelleria viridis), and biomass was not always deter- 
(salinity 14.5 p.s.u.) at the mouth of the Dollard, and 
near Nüttermoor the water becomes fresh. The lower 
estuary downstream of the Dollard has a funnel shape. 
This region extends to Eemshaven where the estuary 
joins the Wadden Sea. Most flats lie along the shore, but 
a large tidal flat (the Hondpaap) divides the estuary into 
two parts creating two channels. The total surface of 
the lower estuary is 155 km2 of which 36% comprises 
tidal flats. The average water depth is 3.5 m, the chan- 
nel being 9–10 m deep. The inner part of the estuary 
consists of a shallow bay, the Dollard (100 km2). Tidal 
flats cover 85% and the mean water depth in the Dollard 
is shallow (1.2 m). The upper estuary is characterized 
by a single channel, bordered with very small mudflats. 
The Ems estuary suffers less from pollution compared 
with the Schelde estuary. Nutrient concentrations in the 
water are dominated by discharges from the river Ems 
and the small river Westerwoldsche Aa. In the early 
1980s conditions improved, especially in the Dollard, 
due to a reduction of waste discharge by a developing 
sanitation scheme (Esselink et al., 1989). Dissolved 
oxygen concentrations rarely drop below 70% of the 
saturation value, even in the maximum turbidity zone. 
The chemical, physical and biological properties of 
the Ems estuary have been documented by Anonymus 
(1985), Baretta & Ruardij (1988), De Jonge (1992), 
De Jonge & Essink (1992). 

 
Sampling methods and laboratory procedures 

 
Most of the faunistic data were derived from earlier 
reports of our own institutes (Ems estuary: Eppinga, 
1991; Eppinga & Essink, 1990; Kleef, 1991; Visser 
et al., 1987; Schelde estuary: e.g., Meire et al., 1991; 
Ysebaert & Meire, 1991; Ysebaert et al., 1993) or from 
reports of other Institutes (Ems estuary: Rhode, 1982; 
Steuwer & Kö ritz, 1986; Böhme, 1989; Schelde estu- 
ary: Heip et al., 1986; Janssen et al., 1988). Although 
Rhode (1982) provided data older than 1980, it was 
also used because it is the only one available on the 
freshwater tidal part of the Ems estuary. 

mined to species level. In most studies Oligochaeta 
were either not considered or considered as one group. 
Only a few studies included sediment characteristics 
(e.g., grain size distribution, median grain size, mud 
content). So the observed range in mud content (frac- 
tion 53 m) was not considered in detail. For more 
details on the sampling methods and laboratory pro- 
cedures see Ysebaert & Meire (1993). 

 
Data analysis 

 
Based on salinity gradient and morphological charac- 
teristics (e.g. occurrence of tidal flats) the Ems and 
Schelde estuaries were divided into 10 and 15 sub- 
areas, respectively (Figure 1, Table 1). 

Because sampling methods and laboratory proce- 
dures differed, analysis had to be limited to 65 taxa 
(or less) from the 84 taxa recorded. Epibenthic spe- 
cies like Mysids, Crangon crangon, Carcinus maenas 
and Gammarus spp., that were not always identified, 
were excluded from the analyses. Species that could 
not be identified to species level, or species with dif- 
ficult identification keys, were considered as genus: 
Corophium spp., Bathyporeia spp., Hydrobia spp., Tel- 
lina spp., Harmothoe spp., Urothoe spp. Oligochaeta 
were considered as one group. Analysis was performed 
on presence/absence and % occurrence (65 species; 
all samples), and on density and biomass (35 and 24 
species respectively; no Oligochaeta; polyhaline and 
mesohaline zone only; only autumn samples to reduce 
seasonal variability). 

The faunal change along the estuarine gradient was 
analysed by means of the coenocline similarity projec- 
tion (CSP) (after Boesch, 1977), using the qualitative 
Sørensen similarity coefficient. The similarity indices 
between the different sub-areas were then projected 
along the salinity gradient, the so-called coenocline 
similarity projections (Boesch, 1977). This simple 
graphical technique projects a between-site similar- 
ity matrix as a series of curves plotted for sites/areas 
ordered along an environmental gradient. The average 
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Table 1. Mean salinity (yearly average), number of locations and number of samplings (sampling times) per sub-area in the Schelde and 
Ems estuary. For the position of the sub-areas: see Figure 1 

 
 

Sub-areas 
Schelde estuary 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

 Polyhaline   Mesohaline   Oligohaline   Limnetic  
Salinity p.s.u. 28 25 22 20 17 13 12 9 5 2.4 1.6 0.7 0.5 <..0.5 <..0.5 
No. locations 23 31 13 18 27 39 16 21 2 1 2 2 2 4 3 
No. samplings 27 31 13 18 47 78 16 21 2 1 2 2 2 4 3 

 
 

Sub-areas 
Ems estuary 1 2 3 4 5 6 7 8 9 10     

 Polyhaline   Mesohaline   Oligohaline/limnetic     
Salinity p.s.u. 28 25 22 20 17 14 9 5 1.8 <..0.5      
No. locations 33 51 25 10 23 96 52 10 15 22      
No. samplings 104 62 42 21 26 97 52 10 15 22      

 
 

slopes of all projected similarity curves were com- 
puted for each between-site interval to get a better 
presentation of the rate of coenocline change. The 
derived index, called index of faunal change, indicates 
in which zone large or small faunal changes occurred. 
The following multivariate analyses were applied: clas- 
sification by TWINSPAN cluster analysis (Hill, 1979) 
and by an agglomerative clustering method (group 
average sorting (GAS) of Bray-Curtis dissimilarities) 
and ordination by non-metric multi-dimensional scal- 
ing (MDS), using the Bray-Curtis similarity measure. 
MDS stress values 

< 0.05 means excellent presenta- 
tion (Clarke, 1993). Plotting of the TWINSPAN/GAS 
clusters on 2-D ordination planes aided in evaluat- 
ing the divisions imposed. GAS and MDS were per- 
formed using the statistical package PRIMER (Carr 
et al., 1993; Clarke, 1993). Density and biomass data 
were subjected to transformation prior to analysis. 
Mean values are presented with standard errors. 

 
 

Results 

Figure 2. Frequency of occurrence (%) of different sediment types in 
the polyhaline and mesohaline zone of the Schelde and Ems estuaries 
respectively. Sediments were divided in six classes based on the mud 
content (<.. 53   m) of the sampling locations. 

 
 

estuary was dominated by very fine sediments, in the 
Schelde estuary a wide range of sediment types was 
observed within this zone. For the freshwater tidal part 
the few data generally revealed very fine sediments 

 
Sediment characteristics 

with a mud content 25%. 
> 

A wide variety of sediment types was observed in both 
the poly- and mesohaline zones of the Schelde and Ems 
estuaries (Figure 2). In the Schelde estuary     10% of 

General trends in diversity, density, and biomass 
 

In general,  the total number of species was higher 
in the Schelde than in the Ems estuary (Table 2). In 

the locations had a mud content 
< 1%. These very the Schelde estuary a lot of species were, however, 

coarse sediments were not observed in the Ems estuary. 
In general, the polyhaline zones of both estuaries were 
characterized by relatively coarser sediments than the 
mesohaline zones. The mesohaline zone of the Ems 

observed only a few times. In both estuaries the com- 
mon species and genera occurred. A gradual decrease 
in the total number of species in each sub-area was 
observed from the mouth towards the freshwater tidal 



 
 

part (Figure 3); more species disappeared than were 
replaced by new species upstream. This is most pro- 
nounced in the Schelde estuary, where in the oligo- 
haline and freshwater tidal parts no new species were 
observed. Only Oligochaeta were found (Ysebaert et 
al., 1993) and no freshwater organims. On the oth- 
er hand, in the Ems estuary freshwater species like 
freshwater gastropods and gammarids and insect lar- 
vae were observed (Rhode, 1982). The mean num- 
ber of species of the sampling locations per zone also 
decreased upstream with high numbers in the poly- 
haline zone and lower numbers towards the mesohaline 
and oligohaline zone. In the Schelde estuary, 12.8 
0.5 and 7.2 

  
0.3 species were observed in the poly- 

haline and mesohaline zone, respectively. In the Ems 
estuary the same trend was observed with 10.4 0.2 
species in the polyhaline zone and 5.5 0.2 species in 
the mesohaline zone. In the oligohaline and freshwa- 
ter tidal zone of the Ems estuary, the mean number of 
species decreased further to 3.6 or less. In both estuar- 
ies, total density (without Oligochaeta) did not show a 
clear trend along the salinity gradient except for a slight 
decrease towards the mesohaline zone and towards the 
mouth (Figure 3). Density was significantly higher in 
the Schelde estuary than in the Ems estuary. Oligo- 
chaeta were more abundant in the mesohaline zone 
than in the polyhaline zone. Biomass was highest in 
the polyhaline zone, and decreased towards the meso- 
haline and freshwater tidal part (Figure 3). In the poly- 
haline zone, the outermost area (mouth) had a lower 
biomass than the inner areas. The scarce information 
on the oligohaline and freshwater tidal parts indicated a 
relatively low biomass in these regions. Rhode (1982) 
gave biomass values of 0.6–3.1 g AFDWm 2 for this 
section of the Ems. Similar data were found in the 
Schelde estuary, except for one location in the fresh- 
water tidal zone where a biomass of 45 g AFDWm 2 

was observed. 
In the polyhaline zone, many species were present 

with no one species really dominating. In the meso- 
haline zone, fewer species occurred, but in relatively 
higher numbers, indicating only a few really dominant 
species occurred here. This was even more pronounced 
in the oligohaline and freshwater tidal part of both estu- 
aries where Oligochaeta dominated. 

 
Estuarine zonation and characterisation of benthic 
communities 

 
The index of faunal change, based on the coenocline 
similarity projections,  did  not change significantly 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Total number of species (Oligochaeta considered as one 
group) and total density (Nm 2) and total biomass (g AFDW m 2, 
Oligochaeta and M. viridis not included) observed along the salinity 
gradient of the Schelde and Ems estuaries. 

 
 

within the polyhaline zone of both estuaries (Figure 4), 
but became more pronounced in the mesohaline zone; 
the largest faunal change was observed in the transition 
between the mesohaline and oligohaline zone. In the 
Schelde estuary, from sub-area 10 on the index became 
zero, implying no further changes in faunal compo- 
sition (only Oligochaeta). On the other hand, in the 
upstream areas of the Ems estuary the index remained 
relatively high implying a further faunal change in the 
freshwater tidal part of this estuary, as indicated by the 
appearance of some freshwater species. 

Multivariate analyses with presence/absence, % 
occurrence and density and biomass data all gave sim- 
ilar results. The general pattern was illustrated with 
the group average sorting of Bray-Curtis similarities 
and the MDS (Figures 5 and 6) on presence/absence 



 
 

Table 2.  Species observed in the Schelde and Ems estuaries (presence indicated by x; rare species ( 
 

10 times observed) 
-<  

indicated with number of observations). Feeding types: DF, Deposit Feeder; FF, Filter/suspension feeder; O, Omnivor; P, 
Predator 

 

Species Feeding 
type 

Schelde Ems Species Feeding 
type 

Schelde Ems 

Annelida, Polychaeta    Mollusca, Bivalva    
Alkmaria romijni DF 1  Abra alba FF 1  
Anaitides mucosa P x x Cerastoderma edule FF x x 
Arenicola marina DF x x Ensis directus FF  1 
Atylus swammerdami P 1  Ensis sp. FF 6  
Autolytus prolifer P 1  Macoma balthica DF x x 
Boccardia redeki FF 1  Mya arenaria FF x x 
Capitella capitata DF x x Mysella bidentata FF x 2 
Eteone longa P x x Mytilus edulis FF x x 
Eumida sanguinea P 2  Scrobicularia plana DF x x 
Harmothoe spec. DF  x Spisula sp. FF x  
Harmothoe sarsi DF 2  Tellina fabula DF 2  
Heteromastus filiformis DF x x Tellina sp. DF 1  
Lanice conchilega DF 6  Tellina tenuis DF 1  
Lepidonotus squamatus P  1 Mollusca, Gastropoda    
Magelona papillicornis DF 4 x Assiminea grayana DF 4  
Manayunkia aestuarina FF x  Gastropod fresh water DF  x 
Marenzelleria viridis P  x Hydrobia ulvae DF x x 
Nephtys caeca P 1  Hydrobia ventrosa DF  3 
Nephtys hombergii P x x Littorina littorea DF 2 3 
Nereis diversicolor O x x Potamopyrgus jenkinsi DF  4 
Nereis succinea DF x x Retusa obtusa P x x 
Nereis spec. DF x x Crustacea, Amphipoda    
Ophelia limacina DF 2  Bathyporeia pelagica DF x  
Ophelia rathkei DF 3  Bathyporeia pilosa/sarsi DF x x 
Polydora spec. DF x 1 Bathyporeia sp. DF x x 
Pygospio elegans DF x x Corophium arenarium DF x x 
Scoloplos armiger DF x x Corophium volutator DF x x 
Scolelepis foliosa P/DF  9 Corophium sp. DF x x 
Scolelepis squamata DF x  Gammarus locusta O  3 
Spiophanes bombyx DF x  Gammarus salinus O x  
Spio spec. DF 2 5 Gammarus sp. O x 5 
Streblospio shrubsolii DF  8 Gammarus fresh water O  2 
Tharyx marioni DF x x Haustorius arenarius FF x  

Annelida, Oligochaeta    Urothoe poseidonis DF 3  
Oligochaeta DF x x Urothoe sp. DF  1 
Limnodrilus hoffmeisteri DF x x Crustacea, Isopoda    
Monopylephorus irroratus DF  x Eurydice pulchra P x  
Paranais litoralis DF  x Idotea chelipes -  1 
Paranais spec. DF  2 Cyathura carinata - x  
Tubificoides benedeni DF x x Sphaeroma rugicauda – 1 1 
Tubifex costatus DF x x Crustacea, Decapoda    
Tubifex tubifex DF  1 Carcinus maenas O x x 

Hirudinea    Crangon crangon P x x 
Theromyzon tessulatum P  1 Crustacea, Mysidacea    

Nemertinae    Mysidacea O x x 
Nemertini P x x Insecta    

Ceratopogonidae larvae - x 
 

 



 

 

 
 

Figure 4. Index of faunal change based on coenocline similarity projections (qualitative data). For explanation: see text. 

 
data and biomass data respectively. The analyses on 
presence/absence data, which included the freshwa- 
ter tidal and oligohaline zones, resulted in three geo- 
graphically separated communities in each estuary. 
The first division separated the oligohaline and fresh- 
water zones of both estuaries from the higher salinity 
zones. In a further division the high salinity zones were 
divided into a polyhaline and a mesohaline zone. In 
the Schelde, some of the mesohaline sub-areas (5–6) 
grouped together with the polyhaline sub-areas. Within 
each zone, the Schelde sub-areas were clearly separ- 
ated from the Ems sub-areas. The biomass, exclud- 
ing the freshwater and oligohaline zones, was similar. 
Within the high salinity zones, the mouth of both estu- 
aries was separated from the more upstream situated 
sub-areas. In the mesohaline zone, the upper sub-areas 
were clearly separated. 

In each estuary three communities could be distin- 
guished: a marine community in the polyhaline zone, 
a brackish community in the mesohaline zone and a 
third community in the oligohaline and freshwater tid- 
al zones. The community in the polyhaline zone of 
both estuaries was characterized by a relatively high 
diversity due to the occurrence of several species that 
were restricted to this zone (e.g., Magelona papillic- 
ornis, Scoloplos armiger, Mysella bidentata, Anaitides 
mucosa) or species that rarely penetrated the estuary 
up to the middle reaches (e.g., Nephthys hombergii, 
A. marina). The most common species (both in terms 
of occurrence and density) within the polyhaline com- 
munity were however typically euryhaline species like 
H. filiformis, N. diversicolor, M. balthica, Hydro- 
bia ulvae, Eteone longa, Corophium sp. (Ems estu- 

 

 
 

Figure 5. Hierarchical agglomerative clustering of macrobenthic 
communities based on presence/absence data of 65 species (all sub- 
areas) and on fourth root transformed biomass data of 24 species 
(poly-and mesohaline zone only) respectively, using group-average 
linking on Bray-Curtis similarities (Schelde: 15 sub-areas S1-S15 
and Ems: 10 sub-areas E1-E10). 

 
 
 

ary only), P. elegans (Schelde estuary only). In the 
Schelde estuary Cerastoderma edule, Tharyx marioni 
and C. capitata were also common. The polyhaline 
communities were dominated numerically by deposit 
feeders (Figure 7). In terms of biomass a filter feed- 
er dominated: C. edule in the Schelde estuary and M. 
arenaria in the Ems estuary, respectively (Figure 7). 

The mesohaline community of both estuaries was 
characterized by a low diversity. The most common 
species were C. volutator,  H. filiformis,  N. diver- 



 

 

 
 

Figure 6.  MDS ordination based on presence/absence data of 65 species (all sub-areas) and on fourth root transformed biomass data of 24 
species (poly-and mesohaline zone only) respectively. Communities as identified by GAS and TWINSPAN are circled. 

 
sicolor, and Macoma balthica. Towards the oligo- 
haline zone, only C. volutator and N. diversicolor 
appeared, together with Oligochaeta. In terms of feed- 
ing strategies, the mesohaline community was numer- 
ically dominated by deposit feeders in both estuar- 
ies (Figure 7). The biomass of the mesohaline com- 
munity of the Schelde estuary was dominated mainly 

on the occurrence, density and biomass is summarized 
in Table 3 and Figures 8 and 9. 

 
Annelids 
H. filiformis was the most common polychaete in the 
Schelde estuary, but the second most common in the 
Ems estuary. In both estuaries H. filiformis became less 

by deposit feeders (M. balthica, P. elegans, H. fili- common below a salinity of 12 p.s.u. In the Schelde 
formis, Corophium sp.), while in the Ems estuary a 
more diverse community with equal numbers of depos- 
it feeders, omnivores (N. diversicolor) and filter feeders 
(M. arenaria) was found (Figure 7). 

The freshwater tidal and oligohaline zones of 
both estuaries were characterized by an impoverished 
benthic community, dominated by Oligochaeta. In the 
Ems estuary some typical freshwater organisms (e.g. 
insect larvae (Ceratopogonidae), freshwater gastro- 
pods), and some euryhaline species, penetrating the 
estuary up to the oligohaline (e.g., Corophium voluta- 
tor) or up to the freshwater tidal zone (e.g., Nere- 
is diversicolor) were also observed. Deposit feeders 
dominated the oligohaline and freshwater tidal zones 
of both estuaries. 

 
The dominant species 

 
Annelids dominated the intertidal macrobenthos of the 
Ems and Schelde estuaries, molluscs (bivalves) and 
crustaceans (amphipods) to a lesser extent. Information 

estuary, high densities occurred both in the polyhaline 
and mesohaline zone, whereas in the Ems estuary much 
lower densities were observed in the mesohaline zone. 
Total densities were much higher in the Schelde estu- 
ary as compared to the Ems estuary. In the Schelde 
and to a lesser extent also in the Ems estuary, this spe- 
cies represented an important part of the total biomass. 
It was the most important deposit feeding polychaete. 
N. diversicolor was another very common species, and 
the most common omnivore, up to the very low salinity 
zones in both estuaries. It penetrated more upstream 
in the Ems estuary (up to the limnetic region) than 
observed in the Schelde estuary, where the species was 
absent in the oligohaline zone. N. diversicolor had a 
relatively large contribution to the total biomass, espe- 
cially in the mesohaline zone of both estuaries. The 
spionid P. elegans was a very common polychaete in 
the Schelde estuary, reaching very high densities in 
both the poly- and mesohaline zone, but only occurred 
occasionally in the Ems estuary in very low densities. 
This difference could partly be attributed to method- 
ological differences (see above), but later studies also 



 

 

 
 

Figure 7.  Feeding strategies – based on density and biomass respectively – of the intertidal macrobenthos in the polyhaline and mesohaline 
zone of the Schelde and Ems estuary. 

 
observed low densities of P. elegans in three stations in 
the Dollard region (Dekker, 1992, 1993). The contribu- 
tion of P. elegans to the total biomass was minimal. E. 
longa was a common species in both estuaries, espe- 

cially in the polyhaline zone, but its contribution to 
the total density and biomass was low. Marenzelleria 
viridis, a North American brackish water spionid, was 
observed in the Ems estuary first in 1983, but had not 



 

 
 
 
 
 
 
 

 
 

Figure 8. Density (Nm 2 SE) of some important macrobenthic species along the salinity gradient of the Schelde and Ems estuary (full line: Schelde estuary; dotted line: Ems estuary).  



 

 
 
 
 
 
 
 
 
 
 

 
 

Figure 9.  Biomass (g AFDWm 2 
estuary). 

SE) of some important macrobenthic species along the salinity gradient of the Schelde and Ems estuary (full line: Schelde estuary; dotted line: Ems 

 



 
 

Table 3. Mean occurrence (O,%), density (D, Nm 2 
 

SE, (maximum density)), and biomass (B, g AFDWm 2 
 

SE, (maximum 
biomass)) of the most dominant species in the polyhaline and mesohaline zone of Schelde and Ems estuaries (D and B, autumn 
samples only). ? insufficient data 

 

Species  Schelde polyhaline 
Subarea 1–4 
O: 89 

n - 

D: 58 
n - 

B: 50 
n - 

Schelde mesohaline 
Subarea 5–8 
O: 162 

n - 

D: 123 
n - 

B: 89 
n - 

Ems polyhaline 
Subarea 1–4 
O: 229 

n - 

D: 199 
n - 

B: 141 
n - 

Ems mesohaline 
Subarea 5–7 
O: 175 

n - 

D: 172 
n - 

B: 158 
n - 

 O 87 81 98 94 
Macoma balthica D 855 151 (5217) 578 82 (5869) 332 49 (7048) 177 20 (3332) 

 B   
2.9 0.4 (15.9) 
  

  
1.0 0.1 (4.22) 
  

  
2.5 0.2 (13.9) 
  

  
0.1 (8.8) 

  

 O 69 60 86 97 
Nereis diversicolor D 466 107 (3928)   447 89 (6983)   117 10 (838)   607 33 (2719)   

 B 1.7 0.4 (13.7) 
  

1.5 0.6 (49.6) 
  

1.0 0.1 (8.2) 
  

2.5 0.2 (10.7) 
  

Heteromastus O 83 81 78 62 
filiformis D 4072 758 (21668) 

  
3816 588 (32570) 

  
1700 165 (9000) 

  
355 62 (10057) 

  

 B 8.0 1.4 (43.3)   3.6 0.7 (26.5)   5.2 0.6 (15.9)   0.5 0.1 (6.1)   

Corophium sp. O 58 70 76 97 

 D 590 272 (13026) 
  

5561 1082 (51350) 
  

2734 583 (45126) 
  

1278 189 (18066) 
  

 B 0.13 0.07 (2.9)   1.0 0.2 (9.1)   2.0 0.4 (16.7)   0.4 0.1 (3.1)   

Cerastoderma O 65 19 51 0 
edule D 1311 221 (7448)   211 75 (5240)   65 22 (3507)   0 

 B 19.7 5.2 (199.9) 
  

0.6 0.2 (9.1) 
  

1.5 0.4 (30.3) 
  0 

Mya arenaria O 14 22 77 59 

 D 50 39 (2247)   142 61 (4352)   286 51 (5345)   89 16 (2098)   

 B 0.2 0.1 (5.0)   0.3 0.2 (12.7)   29.6 5.9 (457.0)   1.9 0.2 (15.2)   

Pygospio elegans O 89 78 18 6 

 D 5374 1220 (56630)   3953 774 (52564)   ? 69 36 (4879)   

 B 0.4 0.1 (5.0) 
  

0.3 0.2 (2.6) 
  ? ? 

 
been observed in the Schelde estuary. Since then, this 
species has become more and more dominant, espe- 
cially in the Dollard region of the Ems estuary (Essink 
& Kleef, 1988; 1993). Due to the lack of quantitative 
data the contribution of M. viridis to the total density 
and biomass was not considered in this study. To date, 
this species however makes up to 50–75% of the total 
biomass of the intertidal mudflats of the Dollard (De 
Jonge & Essink, 1992; Essink & Kleef, 1993; Essink 
et al., in prep.). 

 
Molluscs 

biomass from the marine reaches up to the oligohaline 
zone. Total density was higher in the Schelde estu- 
ary than in the Ems estuary, but biomass was similar, 
implying smaller individuals (spat) in the Schelde estu- 
ary. Indeed, in the Dollard region populations consisted 
of different year classes, whereas in the Schelde estu- 
ary only spat was found in areas with similar salinities. 
Probably additional stress factors such as pollution or 
increased hydrodynamics caused decreased survival of 
these animals in the Schelde estuary. M. balthica had 
a large contribution to the total biomass. C. edule was 
a very common species in the polyhaline part of the 

M. balthica was the most common mollusc species Schelde estuary, contributing 
> 50% to the total bio- 

in both estuaries, occurring in decreasing density and mass. In the mesohaline part of this estuary, C. edule 

- 



 
 

was much less common and most of the individuals 
found were young spat. On the other hand, in the Ems 
estuary C. edule was observed only occasionally in 
low densities and biomasses. In the mesohaline part 
the species was absent. M. arenaria showed a reverse 
pattern, being common in the Ems estuary and rather 
rare in the Schelde estuary. In the polyhaline zone of 

the Schelde estuary both the polyhaline and mesohaline 
zones contain areas with coarse sediment. Beside the 
low dynamic habitats (e.g. mudflats) typical for both 
estuaries, the intertidal zone of the Schelde estuary is 
therefore also characterized by the occurrence of high 
dynamic habitats (e.g., 2D- and 3D- megaripples). The 
associated typical mobile benthic infauna (e.g., amphi- 

the Ems estuary M. arenaria contributed for 65% pods (Bathyporeia spp., H. arenarius) and isopods (E. 
to the total biomass, in the mesohaline zone for 26%. 
Other bivalves were much less common and included 
Scrobicularia plana and Mytilus edulis. No intertidal 
mussel beds were observed in either estuaries, except 
for a few small areas on the German side of the Ems 
estuary (Böhme, 1989). The only common gastropod 

pulchra)) is regularly observed in the intertidal zone 
of the Schelde estuary (see also Ysebaert et al., 1993). 
In the intertidal zone of the Ems estuary mainly uni- 
form low dynamic areas are observed, especially in the 
mesohaline zone (Dollard region). The common spe- 
cies M. balthica, C. volutator and N. diversicolor are 

of both estuaries was H. ulvae, being most common in observed in 90% of all locations considered, indi- > 

the polyhaline zone. Mean densities were comparable 
with locally very high peak densities. 

 
Crustaceans 
By far the most important crustaceans in both estuar- 
ies were amphipods of which Corophium is the most 
common. Corophium sp. was observed along the whole 
estuarine gradient. In the Schelde estuary density was 
much higher in the mesohaline zone, whereas in the 
Ems estuary the reverse was observed. In the meso- 
haline part of the Schelde estuary Corophium sp. was 
one of the most dominating species. The amphipods 
Bathyporeia sp. and H. arenarius, and the isopod E. 
pulchra were regularly observed in the Schelde estu- 
ary, especially in the mesohaline zone. In the Ems 
estuary, Bathyporeia sp. was much less common, and 
H. arenarius and E. pulchra were totally absent. In the 
Schelde estuary, these species were typically found in 
relatively coarse sediments, situated in highly dynam- 
ic areas (e.g., megaripples) (see also Ysebaert et al., 
1993). 

 
 

Discussion 
 

Species composition and distribution 
 

The Schelde and Ems estuaries show a very similar spe- 
cies composition, especially at the genus level. Most 
of the common species are the same in both estuaries. 
More species are however observed in the Schelde estu- 
ary. The observed difference in number of species is 
most likely related with the different available habitat 
(sediment) types in both estuaries. Very coarse sedi- 
ments rarely occur along the Ems estuary, whereas in 

cating a relatively uniform occurrence along the whole 
estuary (polyhaline and mesohaline zone). 

Since more sampling locations are considered in the 
Ems estuary than in the Schelde estuary, the observed 
difference in number of species cannot be due to 
sampling intensity. To some extent this difference can 
however be explained by methodological differences in 
both field and laboratory techniques used (see Materi- 
als and methods). E.g., species like Manayunkia aestu- 
arina, Spiophanes bombyx, Polydora sp. are observed 
regularly in the Schelde estuary, and not in the Ems 
estuary. Studies like Steuwer & Köritz (1986) and 
Böhme (1989) which determine Spionids up to spe- 
cies level, however, also do not mention the presence 
of Polydora sp. 

A compilation of the large amount of historical 
data of the intertidal macrofauna of the Ems estuary 
from 1950 to 1980 is discussed in Michaelis (1983). In 
general, the species commonly observed in our study 
are similar to those also observed earlier. M. aestuar- 
ina and Polydora sp., mentioned by Michaelis (1983) 
as less common, are not observed in this study. The 
absence of H. arenarius and E. pulchra (Michaelis, 
1983) is consistent with our findings. 

For the Schelde estuary, less historical data are 
available. Data of the Westerschelde from 1965 to 1973 
(Wolff, 1973) indicate a similar distribution and simi- 
lar dominant species. N. diversicolor no longer appears 
up to the freshwater tidal zone, as compared to earlier 
in the Schelde estuary and to the present situation in 
the Ems estuary. 

The macrobenthic fauna observed in the Schelde 
and Ems estuaries is very similar with observations 
from other European estuaries. Davidson et al. (1991) 
classifies British aquatic estuarine communities into 
seventeen hard shore communities and 16 soft shore 



 
 

communities. Within the soft shore communities five 
communities are found on more than 20% of 102 estu- 
aries. The most common of these are a muddy sand 
community in areas of variable or normal salinity, and 
a mud community in more sheltered areas of vari- 
able and reduced salinity. These two communities also 
dominate in the Schelde and Ems estuaries, with the 
same dominating species, being in the muddy sand 
community the polychaetes A. marina, P. elegans, N. 
hombergii, S. armiger and S. bombyx and the molluscs 
M., C. edule and H. ulvae, and in the variable/reduced 
salinity mud community the polychaetes N. diversicol- 
or and Ampharete grubei and the bivalves S. plana and 
M. arenaria, in addition to those of the normal/variable 
salinity muddy sand community. The exposed sand 
community (Davidson et al., 1991) is also found in 
the Schelde estuary, being dominated by crustaceans, 
mainly small amphipod species such as H. arenarius, 
and polychaete worm species such as N. cirrosa. Two 
soft shore communities, mussel beds and beds of mar- 
ine grasses (Davidson et al., 1991), are not found in 
the Schelde and Ems estuaries. 

Several studies describe the distribution and abun- 
dance of macrofauna along an estuarine salinity gradi- 
ent. In the Forth estuary (Scotland) McLusky (1987) 
observes in the upper estuary a Oligochaeta population 
to dominate. In the inner/middle estuary the number of 
species increases with typical representatives being N. 
diversicolor, M. balthica, C. volutator and H. ulvae. 
The absence of the last three species further upstream 
is attributed to the high organic enrichment and severe 
oxygen depletion in that upper part of the Forth estu- 
ary (McLusky, 1987). At some places of the middle 
Forth estuary, also C. edule and M. arenaria appear. In 
the lower Forth estuary diversity increases further and 
typical representatives are the molluscs M. balthica, C. 
edule, M. arenaria and H. ulvae and the annelids Neph- 
tys hombergii and Arenicola marina. In the Shannon 
estuary, Ireland’s largest estuary and one of the very 
few major European estuaries with little antropogenic 
influence, the few available data indicate that the main 
macrofaunal species found in the inner/middle estuary 
appear to be M. balthica, N. diversicolor, N. homber- 
gii and C. volutator (Wilson et al., 1993), and also H. 
ulvae and S. plana. (Merne, 1985). The most upstream 
sites appear to contain only N. diversicolor. The low 
diversity in the Shannon estuary is probably explained 
by the very high mud and silt content of the sediments. 
A more detailed investigation of one intertidal mud- 
flat in the poly/mesohaline zone of the Shannon estu- 
ary shows 26 species of which oligochaetes, the poly- 

chaetes T. marioni, P. elegans, N. diversicolor and C. 
capitata, the bivalves M. balthica and S. plana, and the 
amphipod C. volutator are the most abundant (O’Sul- 
livan, 1980). In the Loire estuary (France) diversity 
is decreasing upstream (Robineau, 1987). The poly- 
haline zone is characterized by C. edule, M. arenaria, 
and N. caeca, the mesohaline zone by oligochaetes, C. 
volutator, M. balthica, H. ulvae and N. diversicolor. 
In the Weser estuary (Germany), the middle and upper 
reaches are characterized by oligochaetes, C. volutator, 
N. diversicolor, H. filiformis, M. balthica, S. shrub- 
solii (Kolbe, 1992). From 1986, M. viridis invades 
the Weser estuary and becomes one of the dominating 
species here. This successful invasion is very similar 
to that observed in the Ems estuary (Essink & Kleef, 
1988). 

 
Community structure 

 
Both estuaries are characterized by the occurrence of 
three benthic communities along the salinity gradient: 
a marine community in the polyhaline zone, a brackish 
community in the mesohaline zone, and a third com- 
munity in the oligohaline and freshwater tidal zones. 
These three communities are very similar in both estu- 
aries, but differ within each estuary. 

Most of the dominating species of the marine com- 
munity are typically euryhaline species, that also domi- 
nate in the brackish community. The marine com- 
munity in the Schelde estuary tends to penetrate fur- 
ther into the estuary as compared to the Ems. In the 
Schelde, several ‘marine’ species are indeed observed 
in the mesohaline zone as well. Often these species 
only occur there temporarily, not being able to repro- 
duce (e.g., successfull spatfall of C. edule not surviving 
the winter because of lower salinities; pers. observ.). 
This confirms earlier findings that macrobenthic com- 
munities are not static, but that the boundaries of the 
estuarine zones are continuously fluctuating in space 
and time, especially in the mesohaline and oligohaline 
zones (Remane, 1958; Den Hartog, 1964, 1971; Wolff, 
1973; McLusky, 1989; Riedel-Lorje et al., 1995). 

Our findings that in both estuaries the macrobenthic 
trophic structure is dominated to a large extent by sus- 
pension feeders in the polyhaline zone and by deposit 
feeders in the mesohaline zone is supported by the 
general findings of Hummel et al. (1988) and Hamer- 
lynck et al. (1993). These authors describe two separate 
food chains in the Westerschelde: a photo-autotrophic 
coastal food chain in the polyhaline zone and a het- 
erotrophic chain in the mesohaline zone. Thus, in the 



 
 

Schelde and Ems estuaries, the high biomass values of 
suspension feeders (C. edule and M. arenaria) can be 
explained by a high primary production in the poly- 
haline zone (e.g., Kromkamp et al., 1995). In the 
mesohaline zone deposit feeders are favoured by the 
riverine input of large amounts of suspended matter 
(detritus). In the Schelde estuary this is reflected in the 
presence of mainly opportunistic, short-living, smaller 
species, occurring in very high densities (e.g. P. ele- 
gans, C. volutator, H. filiformis). Besides food availa- 
bility, also the dynamic environment probably favours 
these opportunistic species and inhibits the presence of 
stable populations of longer living animals. The mac- 
robenthic trophic structure in the meso- and oligohaline 
zones of the Ems estuary (Dollard region) appears, 
however, more diverse than in the Schelde estuary, also 
containing a substantial portion of suspension feeders 
(M. arenaria). Besides the less dynamic environment, 
large amounts of microphytobenthos, which are resus- 
pended in the watercolumn by wind or tidal driven 
fluxes, may here provide a source of primary produc- 
tion to be consumed by suspension feeders (De Jonge, 
1992). The contribution of resuspended microphyto- 
benthos to the total primary production in the Schelde 
estuary is as yet unknown, but it may be significant (De 
Jong & De Jonge, 1995). In addition, high concentra- 
tions of suspended matter, may hamper the occurrence 
of suspension feeders in the mesohaline zone of the 
Schelde estuary. 

Data on European freshwater tidal habitats are very 
scarce, not only for the benthic compartment, but for 
the whole ecosystem (Odum, 1988). Based on Caspers 
(1948) and Wolff (1973) for the Elbe estuary (Ger- 
many) and the former Biesbosch (The Netherlands), 
respectively, the benthic community of the freshwater 
tidal area is expected to contain more than 30 species, 
eight of which belong to Oligochaeta, ten to Chiro- 
nomidae, eight to molluscs and four to crustaceans. 
The benthic community of the oligohaline and fresh- 
water tidal zones of both Schelde and Ems estuaries 
can therefore be characterized as impoverished com- 
munities dominated by Oligochaeta, which are more 
pronounced in the Schelde estuary. Elevated concen- 
trations of pollutants observed in the Schelde estuary 
(Van Eck et al., 1991; Van Zoest & Van Eck, 1993; 
Zwolsman & Van Eck, 1993), and the fact that large 
parts of the system are often completely anoxic, espe- 
cially during summer time (Van Damme et al., 1995), 
may account for this. The almost exclusive dominance 
of Oligochaeta often observed in the upper parts of 
other estuaries can also be attributed mostly to organ- 

ic enrichment associated with severe oxygen depletion 
(McLusky et al., 1980; McLusky, 1987; Shillabeer & 
Tapp, 1989). 

Mees et al. (1995), who report on the hyperbenthos 
in the Schelde, Ems and Gironde estuaries, find that 
the low salinity hyperbenthic community is completely 
absent in the Schelde estuary, but present in the other 
two estuaries. These authors attribute this absence in 
the Schelde estuary to oxygen deficiency. They also 
mention a shift towards higher salinity zones for sever- 
al brackish species like Neomysis integer, Mesopodop- 
sis slabberi, Pomatoschistus microps and Gammarus 
salinus. 

An improvement in water and sediment quality in 
the Schelde estuary will re-establish a more diverse 
freshwater community and will allow euryhaline spe- 
cies to penetrate further upstream in the estuary. This is 
already observed in the upper Forth estuary (Scotland) 
where a reduction in the organic inflow has resulted in 
a reduction in oligochaete numbers and a further pen- 
etration intertidally of some euryhaline and brackish 
water species like N. diversicolor, C. volutator and M. 
aestuarina (McLusky et al., 1993). Also in the Tees 
estuary (north east England) an increase in diversity 
and abundance with a penetration of marine fauna into 
the estuary is observed after water quality improve- 
ments (Shillabeer & Tapp, 1989). It must be stressed 
that a recovery of benthic and fish communities in 
these reaches of the estuary not only depends on a 
good water quality but also on the presence of suffi- 
cient natural habitats. Due to the direct loss of habitats 
by channelization and reclamation, this is hampered in 
several estuaries (e.g. Weser estuary, Schuchardt et al., 
1993). 

 
Conclusions 

 
Both in the Schelde estuary and to a lesser extent also in 
the Ems estuary, antropogenic stress appears to affect 
the intertidal macrobenthic communities in a negat- 
ive way in the oligohaline/freshwater tidal zone. In 
the mesohaline zone, the Schelde estuary is dominated 
by high numbers of short-living, opportunistic species, 
whereas in the Ems estuary relatively more stable mac- 
robenthic communities are observed. This is probably 
more related with higher physical stress (both natural 
and antropogenic) in this zone of the Schelde estuary 
than with pollution effects. Genuine brackish water 
species are not common in both estuaries, which can 
also be attributed to the environmental deterioration 
due to human impacts (Michaelis et al., 1992). 



 
 

In comparison with other European estuaries, 
diversity, density and biomass are often higher in 
the poly- and mesohaline reaches of the Schelde and 
Ems estuary. The dominating macrobenthic species 
in most of the European estuaries are very similar 
and all showed a high tolerance towards the high- 
frequency/high-amplitude variations of the estuarine 
environment, inhabited a wide range of habitats and 
showed, in certain life stages, a high degree of mobil- 
ity (dispersion). These possible ’keystone’ organisms 
can contribute to the estuarine ecosystem resilience by 
modifying the impact on the ecosystem structure res- 
ulting from environmental changes (Costanza et al., 
1993) and their role in the functioning of the estuar- 
ine ecosystem should be studied in more detail in the 
future. The limited amount of present data on the oli- 
gohaline and freshwater tidal zones of European estu- 
aries, show in most cases an impoverished fauna, suf- 
fering mainly from a high organic enrichment in this 
part of the estuary. Pollution effects are however not 
always directly visible. More research should be under- 
taken on chronic effects (e.g. hampered reproduction 
or decreased growth rate) of pollution. Estuarine man- 
agement should also pay special attention to the mor- 
phological structure of the estuarine system. Changes 
in the physical nature of the estuary (e.g. reclamation, 
canalization, dredging) will certainly affect the surviv- 
al of the estuarine ecosystem, directly and indirectly. A 
thorough understanding of both the natural and antro- 
pogenic stress acting on macrobenthic communities in 
estuaries is therefore necessary. 
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