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Abstract

Seasonal m onitoring of the m eiobenthos in the D utch estuaries revealed an  anom aly in density and 
diversity of harpacticoid copepods in the Westerschelde.

A nother D utch estuary, the Eems D ollard, has com parable hydrodynam ical, physical and sedimen- 
tological, characteristics and a sim ilar fauna, but even in the severely organically polluted oligohaline 
m udflats o f this estuary, annual average density and diversity of endo-epibenthic harpacticoid communities 
are higher than  at sim ilar less enriched meso- to  polyhaline biotopes of the Westerschelde.

Besides the concentrations of inorganic pollutants, such as phosphates and nitrates, the concentrations of 
pesticides, cyanide, detergents, phenoles, oils, polychlorobenzenes, polycyclic arom atic hydrocarbons and 
heavy metals were com pared in both  estuaries and com pared to suggested permissive levels when available. 
From  this it appears tha t these pollu tants are present in the W esterschelde either in too low concentrations to 
be considered dangerous or at concentrations com parable to  those occurring in the Eems D ollard, except for 
heavy metals.

The load of a.o. Zn, Cu and P b  is distinctly and persistently higher in sediments and suspensions of the 
W esterschelde than  in the Eems D ollard  and copper is continuously present in a concentration at which, 
according to  bioassays, egg production and larval developm ent of planktonic copepods are severely affected. 
The rem arkable scarcity of harpacticoid life on nutrient rich m udflats of the W esterschelde is thus probably 
due to  heavy m etal pollution.

Since no other hardbodied meio- and m acrobenthic taxa  nor the p lankton  of this estuary show such a 
m arked im poverishm ent, benthic harpacticoids prove to  be suitable as indicators for the first stages of 
ecosystem -breakdown in estuarine and coastal zones polluted by trace-metals.

Introduction

The adverse effects of pollution on living resour­
ces are an im portan t motive in pollution m onitor­
ing bu t the possibility of looking for these effects in 
the field has not received appropriate  attention 
(M cIntyre & Pearce, 1980). Biological param eters 
are usually discarded in routine m onitoring because 
their intrinsic variability is considered too  large. 
M uch of the research effort in the biological m oni­
toring of pollution is directed tow ards the individu­

al organism  and not to  m easurem ents on popula­
tions or com m unities (Bayne, 1979).

However, changes in entire com m unities due to 
pollution are probably the only cases likely to  se­
riously arouse public concern. M onitoring com ­
munities has the advantage over other m ethods that 
it measures these changes directly. In many estuar­
ies and coastal areas an  early w arning based on 
subtle changes is no longer needed and a set of 
m easures to  evaluate how the situation  evolves be­
comes necessary -  even if the causality of the phen-
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om ena rem ains unknown.
In this study we looked at assemblages of harpac­

ticoid copepods from  two estuaries in the N ether­
lands. T heir possible utility in ecological m onitor­
ing has been discussed by Heip ( 1980), who stressed 
tha t they could be excellent ‘indicator-organism s’, 
as they live associated with the sediments, which are 
the ultim ate sink of m ost pollutants, and as they are 
small and thus more sensitive.

The tw o estuaries which we will com pare are the 
W esterschelde, the m ost southern estuary in the 
N etherlands, and the Eem s-D ollard, which is its 
m ost northern  estuary, on the border with Ger­
many. A lthough situated in the N etherlands, the 
W esterschelde carries a huge load of many different 
kinds of pollutants originating in Belgium and 
F rance and is an  open sewer right to  the Belgian- 
D utch border where the influence of marine waters 
becomes im portant. The Eem s-D ollard, on the o th­
er hand, is only occasionally polluted, but then very 
heavily with organic m atter from  potato-flour 
mills, annually in early autum n. A part from  this 
difference in degree of pollution, both  estuaries 
have m any sim ilar characteristics and harbour sim­
ilar species of harpacticoids. F o r both estuaries,

da ta  concerning water quality have been collected 
over the years by R ijksw aterstaat in the N ether­
lands (M inistry of Public W orks) and by several 
groups connected with the M anagem ent U nit of the 
M athem atical M odel of the N orth  Sea and the 
Schelde estuary in Belgium (M inistry of Public 
Health).

Material and methods

The localisation of the stations is charted in Fig. 
1. In the W esterschelde, 21 stations divided over 
four transects (Vlissingen, Terneuzen, Ossenisse 
and Valkenisse) were sampled from  Septem ber 
1978 till Septem ber 1979 on the following dates: 
27-29 Sept. 1978; 11-13 Dec. 1978; 3-5 Apr. 1979 
and 3-5 Sept. 1979. M ost of the stations are in terti­
dal and situated on shallow sand- or m udflats be­
tween +  1.0 and -3 .0  M TL. Truly subtidal samples 
were taken in the channels at depths of -25 to  -60  m 
M LW S on each transect in Septem ber 1980. In the 
same m onth m acro-algae were collected from  inter­
tidal pools on sandbanks near the m outh of the 
estuary (Vlissingen-transect). M eiofauna at the
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D oei transect was sampled and studied a year ear­
lier (H olvoet, 1978) from  M ay 1977 till M ay 1978 
over six sam pling periods on the following dates: 5 
M ay 1977; 17 Ju n . 1977; 1 Sept. 1977; 18 Oct. 1977; 
26 Jan . 1978 and 9 M ay 1978.

The sam pling technique differed according to 
tidal level, but in all cases a core with a 10.2 cm2 
inner surface was used. O n deep subtidal stations a 
modified Reineck box-corer (Farris & Crezee, 
1976) was used. F rom  undisturbed samples four 
core-subsam ples were taken. Two replicates for 
m eiofauna studies were fixed with warm  form alin 
(70 °C ) to  a final concentration of 4%, the two 
other cores for chemical and sedimentological 
analysis were frozen immediately. In shallow subti­
dal water (-3 .5  m below the water surface) samples 
were collected with a ’meiosticker’, a telescoping 
tube (m ax. length 5.5 m) equiped with a head into 
which the core is screwed (G ovaere & Thielem ans,
1979). On the o ther (intertidal) stations the samples 
were handcollected with the core.

In the Eem s-D ollard estuary benthic harpacti- 
coids were sam pled from  Septem ber 1976 till July 
1977 on six transects. The location of these tran ­
sects is also shown in Fig. 1. At U ithuizerwad, nine 
stations on a transect o f 2 400 m were sampled on 21 
Sept. 1976 and 1 Feb. 1977. At E em shavena 150 m 
transect (8 stations) and  at H oogw atum  a 100 m 
transect (4 stations) were sampled on 23 Sept. 1976 
and 25 M ar. 1977. A t the Reidersplaat the 4 stations 
along a 400 m transect were sam pled on 28 Dec. 
1976 and 29 M ar. 1977. The H eringplaat-stations 
(interdistance 150 m) were sampled on 27 Jul. 1977 
only and 5 stations on the O ost-Friesche P laa t (in­
terdistance 500 m) were sampled on 15 Sept. 1976 
and 16 Nov. 1976. All stations are situated on inter­
tidal sand- or m udflats. All samples were handcol­
lected with a core w ith a 9.1 cm2 inner surface 
except a t the O ost-Friesche P laa t where a 4.5 cm2 
inner surface core was used because of the great 
abundance of m eiofauna (nem atodes) there.

In the laboratory  all samples were processed over 
250 ¿um and 38 p m  sieves. F o r sandy sedim ents, the 
m eiobenthos was elutriated from  both  fractions us­
ing the trough m ethod (B arnett, 1968; Heip, 1976). 
F o r m uddy sedim ents the organism s from  the 
smaller fraction were extracted using a density gra­
dient centrifugation technique (Bowen et al, 1972; 
de Jonge & Bouwm an, 1977). A fter staining with 
rose Bengal all groups of the m eiobenthos were

counted, and the harpacticoids were studied sys­
tematically.

Biomass was m easured using a M ettler M E 22 
m icrobalance, accurate to  0.1 pg. The individual 
adu lt dry weight per species was m easured after 
drying the specimen in an oven at 110 ° C during 2 
hours. Copepodites were assum ed to  have an  eighth 
of adult weight, as there are five copepodite stages 
each approxim ately doubling in weight.

As a measure of species diversity the Brillouin 
form ula was used:

N N ,!N 2 . . . N s!

in which N ¿ is the num ber of individuals of the i-th 
species and N is the to ta l num ber of individuals. We 
used this index because each sample was considered 
as a finite collection which was fully censused (Pie- 
lou, 1975), F o r samples containing few specimens 
the value of this index is considerably lower than 
the value of the more com m only used Shannon- 
W iener index but in ‘norm al’ samples the differ­
ences is small.

M edian grain size of the sand fraction  was de­
term ined using the IBP-technique (Buchanan & 
Kain, 1971). 25 g of oven-dried sediment was ana­
lysed. C lassification is according to  the W entw orth 
scale. S tations with a m ud-fraction (silt-clay parti­
cles smaller than  62 pm ) lower than  2% are consid­
ered here as ‘pure sand stations’, whereas stations 
with a mud content in excess of 2% are termed 
‘m uddy sand stations’. The am ount of organic m at­
ter was estim ated by loss of weight on ignition at 
550° C (W ollast, 1976). The am ount of organic 
carbon was determ ined using the m ethod of El 
W akeel&  Riley (1956).

The annual mean salinity of each transect was 
used to  classify the transects in the salinity zones 
defined by the Venice system (R em ane & Schlieper, 
1971). Chem ical analysis of the w ater colum n and 
determ ination of trace metals in water and sedi­
ments of the V erdronken Land van Saaftinge was 
done by D r. M. Vaes a t the ‘Provinciaal Instituut 
voor M ilieuhygiëne, O ost V laanderen’. F o r heavy 
metals X -ray fluorescence and atom ic adsorption 
spectrophotom etry was used, for detergents the 
methylene blue method.
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T able  I. M ain hydrodynam ica! and physical characteristics o f the W esterschelde and E em s-D ollard  estuaries.

W esterschelde Réf. E em s-D ollard Réf.

T ype o f  estuary coasta l plain estuary with  
slight partial stratification  
and vertical m ixing (D

Idem (5)

A verage flood  volum e 1300 IO6 m3 (2) 410 IO6 m-1 (5)
A verage freshwater volum e 89 m 3 sec~1 (3) 83 m3 sec 1 (5)
R ange o f  norm al tidal current velocity 0 .7 -1 .5  m sec 1 (4) 1 .0 -1 .5  m sec 1 (5)
V ertical tidal am plitude 4 -5  m (3) 2 -3  m (5)
T idal w ave sem ilunar M 2 , 12h25 min (3) Idem (5)
L ength o f  sea arm 80 km (3) 33 km^ (5)
W idth at land locked m outh 5 km (2) 9 km (6)
C hannel depth  at low  tide av: 10-18 m m ax. 63 m av: 4 -8  m m ax. 16 m

♦This is the length o f  the land locked sea arm  part o f  the estuary.
R ef.: (1 ) Peters, 1975; (2 ) T heu n s, 1975; (3 ) Peters & Sterlin g, 1976; (4) W ollast & Peters, 1978; (5) D orrestein , 1960; (6) D orrestein  & 
O tto, 1960.

Characteristics o f the two estuaries

The main hydrodynam ical and physical charac­
teristics of the two estuaries are sum m arized in 
Table 1. Differences in these factors and topog­
raphy (the W esterschelde is elongated and narrow, 
the Eem s-D ollard truncated and broad) are corre­
lated with the distance of the respective estuaries to 
the bottle-neck of the English Channel (Van Veen, 
1950). T idal volumes and tidal am plitudes are 
higher in the W esterschelde and hence turbulence is 
higher, which is still m ore pronounced because the 
W estern Scheldt is open to  the prevailing winds and 
not protected by an island chain as the Eem s-Dol­
lard.

L ateral extensions, traces of form er inundations, 
occur in both  estuaries: the V erdronken Land van 
Saaftinge (D row ned Land of Saaftinge) is a high 
saltm arsh (27 km 2) with a Spartina  and Puccinellia- 
dom inated vegetation, crisscrossed by an intricate 
system of tidal creeks connected with the Wester- 
schelde. In the Eem s-D ollard estuary, the D ollard 
is a vast in tertidal m udflat (100 km 2), interlaced 
with creeks. Vegetation is confined to  the edges.

In the W esterschelde, pure sands with a median 
grain size around  200 ¿um and a mud content never 
in excess of 2% are found on the sandflats situated 
near the tidal channels, where tidal currents and 
wave turbulence are strongest. The sedim ent is well 
oxygenated up to  the m axim um  depth sampled (20 
cm) and is displaced in a sawteeth-m ovem ent 
around  the banks (Peters & Sterling, 1976). The 
organic m atter content averages between 1.5 and

T able 2. A verage values o f  m edian grainsize (M d p m ), mud 
percentage (fraction  <  63 pm ) and percentage organic matter 
(O .M .) and organic carbon (O .C .) at each  sta tion  group, divided  
in ‘pure san d ’ sta tion s  (% m ud <  2% over the w h o le  sam pling  
period) and ‘m uddy sand’ sta tion s (% m ud >  2%  during the 
w hole sam plin g period).

Station M d p m

' 
^

 
I 

2
1 

G
 

D
.

% O .M . % O.C.

W esterscheide estuary
D oe i ms (8) 190 9. 1 5.2
V alkenisse ps (2) 183 8.5 1.2 0.04

ms (3) 147 8.8 7.7 1.62
O ssenisse ps (3) 215 0.4 1.4 0.06

ms (1) 155 2.9 4.4 0.29
T erneuzen ps (3) 210 0.5 2.4 0.05

ms (2) 143 5.2 5.4 0.34
V lissingen ps (2) 230 0.7 2.7 0.05

m s(5) 164 12.9 6.3 0.37
Saaftinge ms (4) 104 16.2 1.3 0.18

E em s-D ollard  estuary
O ost-F riesche P laat ms (5) 132 12.7 2.74
H eringplaat ps (5) 122 1.7 - 0.26
R eiderplaat ms (4) 86 14.4 - 1.03
H oogw atu m ms (4) 93 6.2 - 0.87
Eem shaven ps (8) 114 1.1 - 0.11
U ithuizerw ad ms (9) 112 4.7 - -

2.5% and the organic carbon content is around 
0.05% (Table 2). Pure sands occur also in the Eems- 
D ollard in areas with similar hydrodynam ical con­
ditions, but the mean grain size here is smaller (110 
to 125 /um) and the organic carbon content higher 
(0.1-0.3%).

M uddy sands occur over the whole W ester- 
schelde estuary, along the edges, where currents



147

and wave velocity are minim al, allowing fine parti­
cles to  settle. The grain size is on average around 
150 jum and the mud percentage is well above 3% 
throughou t the year. S tations with very soft sedi­
ments (black muds) occur at Doei (W S 14: av. 53% 
m ud) and at the Vlissingen transect (W S 51: av. 
21% mud). The organic m atter content of muddy 
sands in the W esterschelde is around  5 to  7% and 
organic carbon averages between 0.3 and 1.6%, 
except at D oei where it is higher. A t this transect all 
stations, even in tu rbulen t water, contain more than 
3% m ud during at least part of the year due to  their 
localisation in the flocculation zone (see further) 
(Table 2). The top  5 cm of the sediments of the 
Saaftinge salt m arsh also consist of black muds and 
the sands below are anoxic.

The m uddy sands of the Eem s-D ollard have a 
m ud content of 4 to  14% and an organic carbon 
content of 0.8 to  2.7%.

Transport and accum ulation o f  pollu tants

The Westerschelde estuary. A bout 1.52 X IO6 tons 
of suspended solids are discharged into the estuary 
annually  by the Schelde river, highly polluted by 
organic com pounds (20,6001N a 1, 125,0001P a ', 
250,0001 org. mat. a~') and heavy metals (2 0 0 0 1 Zn 
a ', 4 9 5 1 Cu a ',4 5 0 1 P b  a 1 and 1 .521 H g a 1) - In a  
zone with a salinity between l ° /00 and 5°/0o located 
between A nterpen and D oei m ost of the suspended 
m atter flocculates and is sedimented. The seaward 
limit o f this flocculation zone may go as far as 
H answ eert during periodes of increased river dis­
charge (Peters, 1975). A bout 1.2 IO6 1 a 1 of solids 
of continental origin are trapped in this area to ­
gether with 0,8 106t a 1 of solids, mainly coarser 
elastics, of m arine origin. M ost o f the heavy metal 
load is coprecipitated and fixed in the sediments as 
insoluble sulphides (W ollast, 1976; W ollast & 
Peters, 1978). The am ounts of these pollutants in 
the sediments and in the suspended m atter are 
therefore considerable (Table 3). As a result o f the 
activity of heterotrophic bacteria the waters in the 
flocculation zone are frequently anoxic, especially 
in sum m er, and toxics such as H 2S and am m onia 
are released (Billen et al, 1976). N itrogen and 
phosphorus com pounds are also precipitated but 
relatively large am ounts still persist in the seaward 
part of the estuary (H answ eert-V lissingen) and 
even at the m outh  am m onia is still present(Table 4).

T able  3. T race m etal con cen tration s in  sed im ent and suspended  
m atter ( 1 ) H oen ig  ( 1976) (h eavy  m etal concen tration  in sedim ent 
expressed  in m g kg 1 dw t o f  to ta l sam ple); (2) V aes (pers. 
com m u n .) (idem ); (3) S a lo m o n s  & M o o k (  1977) (h eavy m etals in 
sed im ent expressed  in m g kg 1 o f  a representative sed im ent 
c o n ta in in g  50%  particles <  16 Mm ): (4) D a ta  com m u n icated  by 
Ir. J. A . W . de W it, R ijksw aterstaat R IZ A , L elystad , The  
N etherlands.

Zn Cu Pb n
m g k g  1 m g k g ' mg k g '

W  esterscheide (1 )
F loccu la tion  zon e
( A ntwerpen-H  answ eert) 476 91 138 14

Sedim ent 476 91 138 14
S u spension 1090 215 277 5

S ea w a rd s  zon e 209
( H ans w eert-V lissingen) 209

Sedim ent 209 58 101 12
S u spension 260 107 130 5

G ent-Terneuzen C hannel (1)
S u spension 3314 157 928 2

Saaftin ge  Saltm arsh  (2)
Sed im en t 121 0 41 1

E em s-D ollard
D o lla rd

S ed im en t (3) 150 24 47 18
S u sp en sion  (4) 230 27 57 19

O u ter  E em s
(U ithu izerw ad -
E em shaven)

Sed im en t (3) 153 11 45 18
S u sp en sion  (4) 160 25 47 19

A bout 2.2 105t a-1 of solids of continental origin 
are deposited in the seaward part of the estuary. 
The concentration of heavy metals in the suspended 
m atter decreases as they dissolve or become de­
sorbed, e.g. dissolved Cu increases from  about 10 
p  g 1 1 at Doei to  20 pg  1 ' a t Vlissingen, dissolved Pb 
increases from  7 pg  1 ' a t A ntw erpen to  40 pg  T 1 at 
Doei, then decreases again to  20 pg  1 1 at Vlissingen 
(W ollast, 1976). This increases may be due to  the 
degradation  of the organic m atter precipitated in 
the flocculation zone; on the o ther hand, iron and 
m agnesium  precipitate in the seaward zone as hy­
drous oxides (W ollast & Peters, 1978), and as they 
are know n scavengers of heavy metals in this form  
(D uinker & N olthing, 1976, 1977) this could ex­
plain the still very high concentrations of heavy 
m etals found in the sedim ents of the seaward zone 
Hansweert-V lissingen. H oenig (1978) discovered a 
small but im portan t accum ulation area of heavy 
metals in front of the harbour of Terneuzen. The
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Table 4. A nnu al averages (from  fortn ightly  sam ples) o f  sa lin ity, oxygen , am m on ia , to ta l p h osph ates and total organic carbon in surface  
w aters o f  the W esterschelde estuary (R IZ A , 1978-1979) and E em s-D ollard  estuary (R IZ A , 1976-1977). T ota l organic carbon averages  
for the second  estuary were calculated  from  data from  L aane (1980). T he Saaftinge saltm arsh sam ples were collected  in July  1980.

Sal °/oo 0 2 m g 1 1 N H 4 -N  m gN  1 1 P 0 4 ■ m gP 1 1 O C m g C I  1

Westerschelde 1978-1979

D oei
9.1 1.9 3.46 1.19 14.89

0 .9 -1 4 .8  0 .7 -7 .5  1 .64-5 .96  0 .7 1 -2 .3 5  11 .2-27.8
15.6 6.4 1.69 0.78 10.6

6 .1 -2 1 .0  4 .4 -7 .6  0 .4 5 -3 .2 8  0 .4 5 -1 .3 5  5 .1 -1 9 .8
20.6 8.0  0.93 0.61 9.8

9 .9 -27 .1  5 .6 -9 .2  0 .0 5 -2 .7 8  0 .3 8 -1 .11  6 .7 -1 8 .8
25.3 8.6 0.53 0.43 8.7

18 .7 -28 .6  6 .8 -9 .7  0 .0 3 -1 .3 9  0 .22 -0 .81  5 .4 -1 5 .4
30.2 9.0 0 .30  0.21 9.1

2 4 .3 -3 2 .0  5 .9 -1 1 .3  0 .0 3 -0 .9 4  0 .0 9 -0 .4 3  4 .6 -9 .9
Saaftinge 1980 18.2 6.3 1.60 0.32

V alkenisse

O ssenisse

T erneuzen

V lissingen

Eems-Dollard 1976-1977

O ost-F riesche P laat

H ering +  R eiderplaat 

H oogw atu m

7.7 7.3 1.55 0.70
0 .1 8 -1 5 .8  0 .0 -1 1 .4  0 .0 7 -1 1 .0  0 .1 6 -3 .3 3

13.0 8.7 1.00 0.38 10.7
3 .9 -2 1 .9  5 .8 -1 1 .8  0 .0 3 -2 .0 3  0 .1 3 -0 .6 0  7 .6 -2 0 .0

20.7 9.0  0 .50  0.25 5.6
15 .4 -26 .6  6 .0 -1 1 .2  0 .0 3 -1 .0 6  0 .1 1 -0 .4 6  3 .3 -9 .4

U ithuizerw ad 30.2 9.5 0.19 0 .19  4.4
+  H eem sh aven  2 8 .0 -3 2 .0  8 .0 -11 .1  0 .0 1 -0 .4 6  0 .0 5 -0 .3 7  2 .3 -5 .4

solid m atter deposited in this area (only 2 IO4 t a 1) 
originates from  the Gent-Terneuzen channel which 
has an extrem ely high concentration of heavy me­
tals in the particu late  fraction  of its waters (T a­
blea).

A part from  heavy metals m any other toxic com ­
pounds are m onitored in the W esterschelde. Pesti­
cides and PCB’s occur over the whole estuary in 
extrem ely low concentrations and only lindane is 
sporadically found in the water column. F luoride is 
found in a concentration  of abou t 1.5 mg H  which 
is 2-3 times higher than  in all other D utch waters. 
The concentration  of phenol a t the m outh  is only 
sporadically in excess of 1 jug H . In this region oil 
concentrations are around  0.1 jug 1 1 with a m axi­
m um  of 1.2 jug 1 ' and at Doei polynuclear arom atic 
hydrocarbons were present in concentrations of
0.3-0.7 jug 1 '.  Synthetic anionactive detergents are 
continuously present in concentrations of 0.04-0.05 
mg m annotol OT 1 1 over the whole estuary. Cya­
nide is practically never detectable.

In Septem ber 1980 a water and sediment sample 
was taken  at the m outh  of the main creek draining 
the V erdronken Land van Saaftinge. N utrient con­

centrations in the w ater colum n are low (Table 4) 
and com parable to  concentrations found at the 
m outh  of the W esterschelde. The concentrations of 
heavy metals, especially copper, in the sediments 
are low when com pared to  the W esterschelde. The 
main reason for this is probably the limited ex­
change between the tidal waterm ass tha t moves in 
and out of the creeks and the W esterschelde main 
waters (D e Pauw, 1975).

The Eem s-D ollard estuary. The load of suspended 
solids carried by the river Eems is estim ated at 
65,000 t a '1 (H inrich, 1974), The turbidity maxi­
mum is limited to a narrow  area between Distum 
and E m den(Postm a, 1960). All the particulate m at­
ter originating from  the river is transported by the 
tidal currents to the eastern (Germ an) part of the 
D ollard where it settles. Freshw ater is also carried 
into the D ollard by the W esterwoldse Aa river. This 
river is organically polluted by po ta to  flour mills. 
The input of organic m atter varies from  1 200 ton in 
sum m er to  25 000 ton in late autum n, making up for 
abou t 0.5 10 X IO3 C a~' (Schröder et al, 1976). 
C oncentrations on nutrients and organic m atter
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T able 5. M ean ann ual density  N (in d . 10 cm  ]) b iom ass B (jug dw t. 10 cm  2) and diversity H (b its  in d r 1) o f  benthic harpacticoids o f the 
W estersch eld e estuary, S aa ftin ge  saltm arsh  and E em s-D o llard  estuary, per s ta tion grou p  and accord ing  to  sed im ent co m p o sitio n  (m s =  
m uddy sand; ps =  pure sand) at each station grou p . (st =  num ber o f  stations; n =  num ber o f  sam ples).

S ta tio n  group  T ype St n N  B H

W esterschelde
D oe i ms 8 64 0 .10 ±  0.05 0.23 ±  0.10 0.008 ±  0.008
V alkenisse ps 2 10 0 .90 ±  0.71 0.17 ±  0.17 0

ms 3 13 0.77 ±  0.54 2.34 ±  2.21 0.04 ± 0 .0 4
X 0.83 ±  0.42 1.40 ±  1.25 0.02 ± 0 .0 2

O ssenisse ps 3 15 12.0 ±  8.54 3.17 ±  2.21 0.11 ± 0 .0 7
ms 1 5 9 .6  ±  7.31 15.34 ±  15.10 0 .16 ± 0 .1 6
X 10.85 ±  6.58 6.21 ±  3.97 0.12 ± 0 .0 7

T erneuzen ps 3 15 0.64  ±  0.29 1.66 ±  0.80 0
ms 2 10 2 .30 ±  1.10 3.87 ±  1.81 0.24 ± 0 .1 3
X 1.33 ±  0.52 2.58 ±  0.89 0.10 ± 0 .0 6

V lissingen ps 2 10 26.40  ±  10.84 6.67 ±  2.84 1.08 ± 0 .2 1
ms 5 25 1 0 .3 6 +  3.25 20.17 ±  6.81 0.37 ± 0 .0 9
X 14.94 ±  3.97 16.66 ±  5.13 0.57 ± 0 .1 0

Saltm arsh  Saaftinge ms 4 7 69.71 ± 2 4 .6 8 236.16 ±  83.51 1.14 ± 0 .0 9

E em s-D o llard  estuary
O ost-F riesche P laat ms 5 22 17.38 ±  4.15 29.23 ±  7.09 0.41 ± 0 .0 9
H eringplaat ps 4 4 36.07 ± 2 1 .5 7 33.56 ± 2 1 .7 5 0.93 ± 0 .2 0
R eiderplaat ms 4 17 44.57  ±  6.37 55.99 ±  9.41 1.44 ± 0 .1 1
H oogw atu m ms 3 7 46 .10  ± 2 0 .0 3 72.30  ± 3 2 .8 4 1.42 ± 0 .1 3
E em shaven ps 5 17 87.79  ±  7.55 147.95 ±  13.12 2 .20  ± 0 .0 7
U ithuizerw ad ms 9 14 89.98 ±  34.52 127.60 ± 4 5 .8 5 1.47 ± 0 .2 0

reach m axim a in the south-eastern part of the D ol­
lard (O ost-Friesche plaat), where annual averages 
of oxygen, nutrients and organic m atter are similar 
to  the values occurring near the seaward limit o f the 
flocculation zone in the W estern Scheldt (Table 4). 
D uring the peak activity of the po ta to  flour mills, 
m axim um  concentrations are even above the ones 
occurring at Doei. D uring au tum n the water be­
comes anoxic and high am ounts of H 2S and am ­
m onia are found (B ouw m an & Kop, 1979). The 
concentrations of oxygen and nutrients in the rest 
o f the Eem s-D ollard are sim ilar to  the ones occur­
ring in the seaward part o f the W estern Scheldt.

The concentrations of heavy metals are very low 
when com pared to  the W esterschelde, both  in the 
sediments and in the suspended m atter (Table 3). 
The difference is even larger than  indicated in Table 
3 but com parison is difficult because Salom ons & 
M ook (1977) and  Essink(1980) use different units. 
The Eem s-D ollard received several tons of mercury 
annually  from  1960 till 1975. The concentration of 
dissolved m ercury dropped from  0.31 /ugl 1 in 1975 
to  0.10 pg  1 ’ in 1978, while the m ercury content of 
particulate m atter averaged 1.76 fig H  (Essink,

1980). Sim ilar values are cited for the W estern 
Scheldt (R IZA , 1978, 1979).

C oncentrations of the pesticides aldrin, telodrin, 
dieldrin, endrin and D D E  in muscle tissue of M yti­
lus a t Delfzijl are at least 2-3 times higher in the 
Eem s-D ollard than  at the m outh  of the W ester- 
schelde (K oem an, 1971). H exachlorobenzene was 
usually below the detection limit (0.01 pg  1 ') in 
surface waters and with concentrations of 0.05-0.99 
mg kg 1 wwt in Crangon  (Fonds & Greve, 1979) i.e. 
abou t 2-3 higher than  at the m outh of the W estern 
Scheldt (H agel & T uinstra, 1974). C oncentrations 
of PCB’s are sim ilar in Eem s-D ollard shrim ps (0.05 
-0.14 mg kg-1 wwt.) and at the m outh of the W ester- 
schelde (0.07-0.18 mg kg 1 wwt.) (Ten Berge & 
H illebrand, 1974; Essink, 1976). The m axim um  
am ount of anionactive detergents m easured in the 
Eems river was 0.3 mg H .

The Harpacticoid fa u n a

A to ta l of 23 species of harpacticoids was found 
on the intertidal flats of the W esterschelde (Table 
6). They can be divided in two distinct assemblages:
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T a b leó . S p ecies list o f benthic harpacticoid s o f  the W esterschelde estuary and Saaftinge saltm arsh, accord ing  to  the salinity zones (E . P. 
=  E u-polyhaline; P. M . =  p oly-m esoh aline; M =  m esohaline, M .O . =  m eso-o ligoh alin e). Individual biom ass B, (in  jug dw t) per species, 
m ean density  N  (in d . IO cm  2); dom inance in %  and absolu te  frequency (st =  num ber o f  stations; n =  num ber o f  sam ples).

W esterschelde estuary B í E.P.
(st =  12;n =  69)

P .M .
(st — 4 ;n  =  20)

M
(st — 5;n  =  23)

M .O.
(st = 9 ;n  = 63)

N % f N % f N % f N % f

C anuella  perplexa T & A  S cott 3.90 0.06 0.6 3 - - - - - - - - -
H alectin osom a sarsi B oeck 8.40 0.05 0.5 3 - - - - - - - - -
P seudob rad ya beduina M onard 1.50 0.10 1.0 6 - - - - - - - - -
P seudob rad ya m inor (T & A  Scott) 1.50 0.06 0.6 2 0.05 0.4 1 - - - - - -
A ren osetella  germ anica K unz 0.63 0.01 0.1 1 - - - - - - - - -
A ren osetella  tenu issim a ( K.Lie) 0.63 - - - 0 .2 1.7 1 0.04 5.5 1 - - -
Eurterpina acutifrons (D an a) 1.80 0.06 0.6 2 - - - - - - - - -
T ach id iu s d iscipes G iesbrecht 1.90 1.74 18.7 8 1.5 13.2 1 - - - - - -

H arpacticus flexus Brady 1.80 0.01 0.1 1 - - - - - - - - -

H arpacticus littoralis Sars 1.80 0.03 0.3 1 - - - - - - - - -

Sten helia  palustris Brady 3.19 0.88 9.4 12 0.25 2.2 2 0.59 50.0 1 0.06 57.1 4
A m p h iasco id es debilis (G iesbrecht) 0.80 0.25 2.6 4 0.10 0.8 2 - - - - - -

N itocra  typ ica  Boeck 0.20 0.01 14.2 1
Param esoch ra sp. A sensu M ielke 0.20 1.15 12.3 6 - - - - - - - - -

K liopsyllus constrictus (N ich o lls) 0.20 1.28 13.7 7 0.50 4.4 3 - - - - - -

E vansula pygm aea (T. Scott) 0.25 0.40 4.3 7 0.05 0.4 1 - - - - - -

L eptastacus la ticau datusN icholls 0.23 0.01 0.1 1 - - - - - - - - -

Paraleptastacus esp inulatus sensu M oore 0.25 1.50 16.1 9 8.0 70.7 4 0.30 38.8 1 - - -

A renocaris bifida N ich o lls 0.23 0.06 0.6 3 - - - - - - - - -

H un tem ann ia  sp. 2.80 0.01 0.1 1 - - - - - - - - -

P aronychocam p tus curticaudatus (B oeck ) 2.60 0.40 4.3 3 0.05 0.4 1 - - - - - -

A sellop sis  interm edia (T . Scott) 1.00 1.22 13.1 11 0.10 0.8 1 0.04 5.5 1 0.03 28.5 1
P la ty c h e lip u s  littoralis (Brady) 3.56 0.01 0.1 1 - - - - - - - - -

N um ber o f  ind ividuals 10 cm  2 9.29 10.80 0.79 0.10

T ota l num ber o f species 21 10 4 3

Salt m arsh o f  Saaftinge  
st =  4 n =  7

A lteutha depressa Baird 8.00 0.14 0.2 1
Sten helia  palustris Brady 3.19 13.42 19.2 7
N an n op u s palustris Brady 3.40 44.42 63.7 7
P aronychocam p tus nanus (Sars) 0.60 0.14 0.2 1
P la ty c h e lip u s  littoralis (B rady) 3.56 11.57 16.5 7

N um b er o f  ind ividuals 10 c n r 2 69.69

T ota l num ber o f  species 5

a m esobenthic assemblage, consisting of small, in- 
terstitially living grazers, and an endo-epibenthic 
assemblage consisting of large burrow ing or epi- 
benthic detritus-feeders. C haracteristic species are 
Paramesochra  sp. A, Kliopsyllus constrictus and 
Paraleptastacus espinulatus for the mesobenthic 
assemblage and Canuella perplexa, Pseudobradya  
spp. and Tachidius discipes for the endo-epibenthic 
assemblage. These two distinct assemblages never 
co-occur in the W esterschelde because the two dis­

tinct habitat types are incompatible: in the pure, 
coarser sands the absence of detritus or epibenthic 
diatom s and the high turbulence exclude the pres­
ence of epibenthic copepods. In the low energy zone 
the interstitial habitat is unavailable because of the 
fine texture of the sands (<  200 ^m ) and a mud 
content in excess of the limit of 2-3%  (Govaere et al, 
1980).

The occurrence of a relatively well developed 
in terstitial assemblage is restricted to two very tur-
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bulent stations at the m outh (Vlissingen transect). 
H ere a to ta l o f 7 species was found with dom inant 
form s Paraleptastacus espinulatus (33.8%), K liop­
syllus constrictus (29.2%) and Paramesochra  sp. A 
(26.5%). In the eu-polyhaline zone at Terneuzen 
only one interstitial species was found, Evansula  
pygm aea  (3 specimens), although the sediment is 
suitable for interstitial life at 3 stations (15 sam­
ples). In the poly-m esohaline zone 3 interstitial spe­
cies were found, with P. espinulatus extremely 
dom inant (93%). In the mesohaline zone (Valke­
nisse) only a few specimens of P. espinulatus were 
found, while at Doei the interstitial habitat is absent 
(Table 6).

M ean annual diversity, density and biom ass all 
follow the same trend: highest values are found at 
the m outh, there is a decrease to  very low lfevels at 
Terneuzen, an increase again a t Ossenisse and 
ano ther decrease to  zero at Doei (Fig. 2; Table 5). 
The m axim um  average values found at the Vlissin­
gen transect are H =  1.08 bits ind. 1 N =  26.4 ind. 10 
c n r 2 and B =  6.6/xg dw t 10 c n r 2. M axim um  values 
were H =  1.64 bits ind. (Vlissingen transect in au­
tum n), N =  128 ind. 10 cm-1 (Vlissingen transect) 
and B =  33 pg  dwt 10 c n r 1 (Ossenisse transect). 
D iversity was zero in 80% of the pure sand stations.

The m ost diverse endo-epibenthic assemblage 
again occurs in stations of the Vlissingen transect at 
the m outh  of the estuary w ith a to ta l of 13 species, 
decreasing to  8 at Terneuzen, 7 a t Ossenisse and 3 at 
Valkenisse and Doei. In  the m uddy sand stations 
Tachidius discipes is dom inant in eu-polyhaline 
(35%) and poly-m esohaline zones (66%) whereas 
Stenhelia  palustris  is dom inant in the meso- (81%) 
and m eso-oligohaline zones where T. discipes is 
absent (Table 6). T. discipes, S. palustris and A sel­
lopsis interm edia  represent 80-90%  of the whole 
endoepibenthic fauna in all salinity zones.

M ean annual diversity (Table 5) decreases grad­
ually from  the m outh  (H =  0.37 bits ind. 1 to  Doei 
(H  =0.01 bits ind. ',  but density and biom ass show 
the same low values at the Terneuzen transect as the 
interstitial species, with higher values at Ossenisse 
as well. M axim al diversity noted was 1.24 bits in d r 1 
(Vlissingen transect in w inter), m axim um  density 
was 68 ind. 10 c n r 2 (Vlissingen transect) and m ax­
im um  biom ass 147 /ig dw t 10 c n r 2. D iversity was 
zero in 84% of all m uddy sand stations.

In the Saaftinge salt-m arsh a to ta l of only five 
species was recorded with N annopus palustris domi-
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Fig. 2. L on g itu d in a l profile  o f  average ann ual density  N  (ind. 
10 cm  2) average annual b iom ass B (p g  dw t 10 cm  2) and average  
ann ual diversity  H (b its i n d . 1; B rillouin  ind ex) o f  th e ep ibenthic  
h arp actico id s in th e W esterschelde and E em s-D ollard  estuaries 
(see a lso  T able  5).

nant (63.7%). The Saaftinge epibenthic assemblage 
is totally  different from  the W esterschelde estuary 
in species com position since, except for Stenhelia  
palustris, the o ther species do not occur or are rare 
in the estuary. M ean annual diversity was 1.14 (m ax 
H =  1.39 in sum m er and min H =  0.81 in winter) 
(Table 5; Fig. 2).

In  the Eem s-D ollard estuary a to tal of 24 species 
was recorded (Table 7). They all belong to  the endo- 
epibenthic assemblage and are found in the pure as 
well as in the m uddy sands. T heir presence in pure 
sands is probably made possible by the large 
am ounts of benthic diatom s which cover the sur­
face of the sediment as a film during low tide, and 
which can persist because wave velocity is lower 
here than  in the W estern Scheldt. An interstitial
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Table 7. S p ecies list o f  benthic h arpactacoids o f the E em s-D ollard  estuary, subdivided a ccording to the salinity zones. F or exp lication  o f  
abbreviations see  T ab le  6.

Eem s D ollard  estuary B¡ E .P. P .M . M M .O .
(s t=  17; n = 3 1 )  (st =  6 ;n =  7) (st =  1 1 ; n =  21 ) ( s t =  9 ;n  =  22)

N  % f  N % f N  % f N % f

C anuella  perplexa T & A  S cott 3.9 6.9
H alectin osom a curticorne Boeck 0.8 -

H alectin osom a herdm ani T & A  Scott 2.2 7.8
H alectin osom a goth iceps G iebrecht 1.0 -

H alectin osom a e longatu m  Sars 1.0 0.03
P seudob rad ya m inor (B oeck ) 1.0 14.9
P seudob rad ya beduina M onard 1.0 0.21
E ctin osom atid ae sp. indet 1.0 0.21
A ren osetella  tenu issim a (K lie) 0.2 1.0
Euterpina acutifrons (D an a) 1.8 0.07
T ach idiu s d iscipes G iesbrecht 1.9 11.9
M icroarthrid ion  littorale (P op p e) 1.6 2.3
T h om p son u la  hyaenae (T h om p son ) 2.0 1.7
H arpacticus flexus Brady 1.8 12.9
Sten helia  palustris Brady 1.5 1.0
A m p h iasco id es debilis (G iesbrecht) 0.8 -

A m eira parvula (C lau s) 0.7 0.07
E nhyd rosom a propin quu m  (Brady) 0.7 2.87
E nhyd rosom a longifurcatum  (Sars) 0.7 0.10
N an n op u s palustris Brady 2.1 0.03
Paron ych ocam p tu s curticaudatus (B oeck ) 2.6 4.86
Paron ych ocam p tu s nanus (Sars) 0.6 -
A sellop sis  interm edia (T . Scott) 1.0 12.25
P la ty c h e lip u s  littoralis Brady 2.1 0.42

N um b er o f  ind ividuals 10 cm  2 81.25

T ota l num ber o f species 21

7.8 27 1.10 2.4 3 - - - - - -
- - - - - 16.5 42.2 20 0.2 1.4 2

10.3 26 0.62 1.4 3 - - - - - -
- - 0.62 1.4 4 - - - - - -
0.05 1 1.88 4.2 1 - - - - - -

18.1 22 5.61 13.0 5 0.79 2.0 5 - - -
0.3 2 0.47 1.0 4 0.05 0.1 1 - - -
0.3 2 - - - 0.15 0.4 1 - - -
1.1 11 - - - - - - - - -
0.1 1 - - - - - - - - -

15.1 18 5.34 11.8 4 3.77 8.6 14 0.20 1.2 2
3.1 5 26.11 57.4 4 4.55 10.7 16 0.30 1.7 2
2.3 3 0.47 1.0 3 - - - - - -

16.2 24 1.57 3.5 3 - - - - - -

1.2 11 - - - 2.51 5.7 10 8.54 49.1 16
- - 0.31 0.7 1 0.41 1.0 4 - -

0.1 1 0.15 0.3 1 - - - - - - ■

3.7 10 0.15 0.3 1 - - - - - -

0.1 1 - - - - - - - - -

0.05 1 - - - 4.72 10.7 10 6.93 39.9 11
6.2 21 0.47 1.0 3 - - - - - -

- - 0.31 0.7 2 7.44 16.9 20 1.0 0.0 2
12.3 28 0.94 2.1 4 - - - - - -

0.5

00.0
3 0.31

45.54

17

0.7

100.0

2 0.57  

43.93  

11

1.3

100.0

9

17.37 100.0

harpacticoid fauna is absent due to  the small grain 
size (<  200 /um).

In the eu-polyhaline zone (U ithuizerwad, Eems- 
haven) a to tal of 21 species was recorded with a 
dom inance of Harpacticus f le x u s  (16.2%), Asellop­
sis interm edia  (12.3%), T. discipes (15.1%) and 
Pseudobradya m inor  (18.1%). In the m esohaline 
zone (R eidersplaat, H eringplaat) at the m outh of 
the D ollard itself, the num ber of species decreases 
to  11 with dom inance of Halectinosom a curticorne 
(42.2%), Paronychocam ptus nanus (16.9%) and M. 
littorale  (10.7%). In the meso-oligohaline zone 
(O ost-Friesche plaat) in the organically polluted 
south-eastern corner of the D ollard, the to tal 
num ber of species is reduced to 6 and only 2 
species, Stenhelia palustris  (49.1%) and N annopus  
palustris  (39.9%) are still relatively abundant. Both 
are typical for intertidal black muds (Lang, 1948; 
N oodt, 1957) and N annopus palustris  can survive

prolongedperiods(96 h)inanoxicconditions(C oull 
etal, 1979). However, during the period of maximal 
sewage output of the po tatoflour mills, only S ten­
helia palustris survived.

Highest annual average diversities occur a t the 
m outh  of the estuary w ith H =  2.20 in pure sands 
(Eem shaven) and H =  1.47 in muddy sands (U ithui­
zerwad). Diversity does not decrease significantly 
upstream  since values of H =  1.42 (H oogw atum ) 
and H =  1.44 (Reidersplaat) were recorded. The 
low diversity found at Heringplaat, H =  0.93, also 
situated at the m outh of the D ollard, is based on 
only one sampling date. The lowest annual average 
was noted at the O ost-Friesche P laa t H =  0.41 
(Table 5; Fig. 2). M axim um  value found was H = 
2.68 in M arch at Eemshaven. Diversity was zero in 
7% of all samples, which corresponds to 22% of the 
O ost-Friesche P laat samples and one of the U ithui­
zerwad samples (with a low density).
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Discussion

In both  estuaries, mean annual density and bio­
mass decline inland from  the station group closest 
to  the m outh  (Fig. 2). W hile in the Eem s-D ollard 
this decrease is gradual, this is not true in the Wes- 
terschelde where an inverse peak occurs a t the T er­
neuzen station  group. W hereas there is some re­
sem blance in pattern  between the two estuaries, 
absolute values of all com m unity param eters are 
completely different. The highest annual averages 
of density and biom ass in the W esterschelde are 
even lower than  the lowest annual averages occur­
ring at the O ost-Friesche P laa t group in the Eems- 
D ollard (Fig. 2). O n the o ther hand, density re­
corded in the Saaftinge saltm arsh approaches the 
highest ones found in the Eem s-D ollard estuary, 
while the biom ass recorded in this saltm arsh ex­
ceeds all values recorded from  this latter estuary.

Sum m er averages recorded in the adjoining estu­
aries O osterschelde and Grevelingen are about 4-7 
times higher than  the peak sum m er densities (23 
ind. 10 cm 2) noted in the W esterschelde. Surkyn 
(1977) found averages of 119 ind. 10 c n r 2 on inter­
tidal m udflats of the Oosterschelde (n =  7) and 200 
ind. 10 cm 2 on perm anently flooded m udflats in 
Lake Grevelingen (n =  7).

L iterature values are also substantially higher, 
both  for organically polluted and for unpolluted 
environm ents. Arlt (1975) records densities of 88 
ind. 10 cm 2 in fron t o f a sewage outlet on a small 
tow n, 165 ind. 10 cm-2 30 meters further off and 96 
ind. 10 cm 2 at an unpolluted station on m uddy 
sand and sandy sedim ents of the oligohaline Greifs 
W älder Bodden. W arwick et al (1979) record an 
average of 279 ind. 10 cm 2 on an in tertidal m udflat 
in the Lynher estuary and C oull et al (1979) and 
Fleeger (1980) give a range of average m onthly 
densities of resp. 73-262 ind. 10 cm 2 and 75-620 
ind. cm 2 for S. C arolina salt m arshes. In  a long 
term  study (9 years; 205 samples) Heip ( 1980) found 
a harpacticoid  density of on average 211 ind. 
10 cm 2 in a shallow brackish-w ater pond.

A lthough W esterschelde and Eem s-D ollard are 
closely related in species com position, the qualita­
tive param eters reflect an im poverishm ent of the 
fauna in the former. There is an  overwhelming 
dom inance of the species Asellopsis intermedia, 
Tachidius discipes and Stenhelia palustris along the 
salinity gradient in the W esterschelde, but dom i­

nance shifts to  different com binations of species in 
the Eem s-D ollard at each station group, and the 
above-m entioned species are unim portant, except 
a t the O ost-Friesche Plaat. Also interesting is the 
presence of M icroarthridion littorale in all interti­
dal sta tion  groups of the Eem s-D ollard and its con­
finem ent to  the eu-polyhaline sublittoral in the 
W esterschelde, although it is extremely plastic phy­
siologically (C oull et al, 1979). M . littorale is dom i­
nant and often the only species occurring in the 
polluted subtidal muds in fron t of the Belgian coast 
(Van D am m e & Heip, 1977; Govaere et al, 1980).

In sum m er samples of an intertidal m udflat of the 
O osterschelde an average diversity of H =  1.8 was 
recorded; dom inant were Asellopsis intermedia  
(37.4%), Harpacticus fle xu s  (36.1%) and A renose­
tella tenuissim a  (15%). In a subtidal m udflat in the 
Grevelingen the average diversity was H =  1.9 and 
the dom inant species were Canuella spp. (C. fu rc i­
gera SA R S -  C. perplexa: 56.3%), A m eira  parvula  
(CLA U S) (20.8%) and Harpacticus fle xu s  (7.1%) 
(Surkyn 1977).

Fleeger ( 1980) records m onthly m ean averages of 
H =  1.44-1.69 for two subtidal stations and H = 
1.50 for an  intertidal site at N orth  Inlet, South  
C arolina. The highest annual average diversity for 
the epibenthic com m unity recorded at the W ester- 
schelde (H =  0.59) is beneath the lowest average 
found at the D ollard and is about 3-4 times lower 
than  tha t of the saltm arsh of Saaftinge and adjacent 
estuaries or than  the m ontly averages recorded by 
Fleeger (1980). Heip (1980) recorded in his long­
term  study a mean annual diversity of H =  1.06.

The low average values of all param eters in the 
W esterschelde are due to  a complete absence of 
H arpacticoids in most samples (65%). W hen they 
occur, their density and diversity are low, and the 
average num ber of species per sample is usually low 
as well (H  =  0 in 80% of all samples). This im pover­
ishm ent is not confined to  the intertidal flats since 
epiphytic and subtidal epibenthic populations are 
also present in small num bers and confined to  the 
seaward part o f the estuary.

The longitudinal profile o f annual average stand­
ing stock of the planktonic copepods shows charac­
teristics sim ilar to  those observed for the param e­
ters studied here (D e Pauw , 1975). The most typical 
species, Eurytem ora affinis P O P P E , is m ost abun­
dant in the area of the Saaftinge saltm arsh. The 
percentage of egg carrying females and nauplii is
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highest here, while the relative num ber of males 
increases with increasing distance from  this area. 
De Pauw  (1975) considers the area in and around 
the saltm arsh as a d istribution  and reproduction 
centre.

C om pared to  the epibenthic isocom m unities oc­
curring in o ther estuarine systems and in the Eems- 
D ollard  estuary, the poverty of the W esterschelde 
fauna is striking. W hile a large num ber of abiotic 
factors are similar in both  estuaries (Tables 1,2, 4), 
there exist three basic differences (i): The W ester- 
schelde estuary is m ore turbulent, (ii) the am ount of 
solids of continental origin tha t is sedim ented is 
much higher and (iii) water and sediments are more 
polluted. One of these factors, or a com bination, is 
hence the cause of a scarcity of harpacticoids in this 
estuary.

1. The possible influence o f  turbulence, dredge spoil 
dum ping  and  increasing load o f  fin e  grained solids

T he Eem s-D ollard and the saltm arsh of Saaf­
tinge are protected from  extrem e physical condi­
tions, while the W esterschelde is not. Giere (1968) 
and De Pauw  (1975) consider high turbulence, and 
stream -velocity as m ore im portan t for the produc­
tion  of the p lanktonic fauna than  the nutrient sup­
ply. However, turbulence in the W esterschelde is 
beneficial to  diversification of m eiobenthic fauna, 
since areas of coarse-grained sands, where intersti­
tial life can develop, are m aintained on the sandflats 
between the tidal channels. M oreover, at the m outh 
where turbulence and stream  velocities are highest 
(som etim es rem oving the layer of sand during 
storm s) a well-developed interstitial fauna exists. 
Thus, high turbulence alone can not be the limiting 
factor a t the m outh.

U pstream , however, the areas of coarse grained 
sands are confined and can be considered as islands. 
The continuous dum ping of dredge spoil and the 
increasing am ounts of solids brought in by the 
Schelde could hence affect the interstitial fauna 
drastically by filling up the interstitial spaces peri­
odically.

As interstitial copepods have no free-swimming 
larvae, recolonization of the ‘islands’ would be dif­
ficult. This could theoretically explain the near-ab- 
sence of interstitial fauna in such areas as the sand­
flats a t the Terneuzen station  group. However, 
clogging was not observed during our campaigns

and the sand rem ained very pure. Further, clogging 
cannot explain the poverty of the epibenthos of 
in tertidal m udflats in low energy zones where con­
tinuous sedim entation of finer elastics is a norm al 
process and where occasional physical disturbances 
have no or little effect on the m eiofauna (Sherm an 
& Coull, 1980).

2. The possible influence o f  high am ounts o f  organ­
ic m atter and nutrients.

The drastic decrease in the copepod fauna at the 
O ost-Friesche P laat (Eem s-Dollard) during late au­
tum n coincides with the m axim um  outpout of or­
ganic m aterial from  the po tato  flour mills. Organic 
pollution can hence be considered detrim ental at 
the concentrations recorded.

Since at the Doei transect extreme conditions 
persist alm ost th roughou t the year, this type of 
pollu tion can explain the poverty of the benthic 
copepod fauna found here. Conversely, at the re­
m aining station-groups of the W esterschelde the 
nu trien t load and oxygen depletion are much lower 
than  at the O ost-Friesche P laa t and the poverty of 
the epibenthic populations on the mudflats, espe­
cially in the seaward part of the W esterschelde estu­
ary, can not be explained by this type of pollution 
here.

3. The possible influence o f  heavy m etal pollu tion

Concentrations of heavy metals in sediments, 
particulate m atter, and water, of the W esterschelde 
are higher than  in the Eem s-D ollard and in the salt 
m arsh of Saaftinge. Very high concentrations occur 
in the flocculation zone and in front of the harbour 
of Terneuzen, where an inverse peak occurs in all 
param eters. The absence of interstitial life in pure 
sands a t the Terneuzen station  group may be due to 
a periodical sedim entation mixing of small am ounts 
(no t enough to  fill up the interstitial pores) of par­
ticulate m atter from  the G ent-Terneuzen channel 
w ith its extrem e high load of heavy metals. Break­
dow n of organic m atter in the sediment forms or- 
gano-metallic complexes which increase significant­
ly the am ounts of heavy metals in the interstitial 
waters of the oxigenized layer (Bryan, 1976).

Little is known about the effect of heavy metal 
pollution on copepods. They may take up trace 
metals, concentrated in detritus, diatom s and bac-
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teria, via the digestive tract or in solution via the 
body surface (absorption) Pérès, 1976), A dsorption 
of heavy metals to  the exoskeleton of copepods 
(a.o. Euterpina acutifrons) has also been dem on­
strated (M artin , 1970).

Bioassays on the effects o f heavy metals on co­
pepods are scarce and mainly limited to  epiphytic 
and planktonic forms. C orner & Sparrow  (1956) 
determ ined the lethal concentration  of a num ber of 
mercury and copper com pounds, generally consid­
ered the most toxic elements together with silver 
(Bryan, 1971), for Acartia clausi G IESB R EC H T 
and H oppenheid & Sperling (1977) determ ined the 
lethal concentration of cadm ium  for Tisbe holothu­
riae H U M E. Reeve et al (1976) cite 24 h L.C. 50- 
values for 3 pg  1 1 of mercury for nauplii of Acartia  
tonsa  D ANA. These lethal concentrations are an 
order of m agnitude above these found in the Wes- 
terschelde. However, drastic sublethal effects, espe­
cially on feeding and egg production, have been 
observed at concentrations lower or similar to  those 
occurring in the W esterschelde. Reeve et al (1976) 
found a dow nw ard trend in these activities for 
Acartia tonsa  a t concentrations of 10 to  20 pg  1 1 Cu 
and alm ost no egg production  at 50 pg  H  Cu (24 h 
L.C. 50 for A. tonsa  was 104-311 pg  L ' Cu). For 
Calanus p lum chrus  M ARUK.AW A Reeve et al 
(1977) found a 6-fold reduction of egg production  
at 5 /¿g Cu 1 1 and no production at all at 10 pg  Cu T 1 
(24 h L.C. 50 for C. plum chrus  was 2778 pg  1 ').

The only bioassay on a benthic harpacticoid 
shows sim ilar results: grow th and larval develop­
m ent of Tigriopus japonicus  M O R I are inhibited at 
concentrations of 6.4 pg  1 1 Cu in association with 
4.4 pg  1 1 Cd (d’A gostino & Finney, 1974).

The mean annual concentration of dissolved 
copper in the W esterschelde lies a round  10 pg  1 1 at 
D oei, increasing to  20 pg  H  tow ards the sea (W ol­
last, 1976). C oncentrations of dissolved mercury 
are sim ilar in the W esterschelde (R IZA , 1978-1979) 
and in the Eem s-D ollard (Essink, 1980) (0.50-0.01 
pg  Hg L 1), but as C orner & Sparrow  (1956) found 
th a t copper increases the perm eability of Acartia  
clausi to  m ercury poisons, the toxicity of mercury 
com pounds may be different in the two estuaries.

4. Possible influence o f  chronic oil pollution.

A ccording to  M ironov (1969) a concentration of 
0.001 ml 1 1 of crude oil is sufficient to  shorten the

life span of Acartia  clausi while U stach (1979) 
found tha t the water-soluble fraction of 200 p\ 
Louisiana crude oil per liter seawater and 1 ¡2 and 
3 /4  dilutions thereoff halved egg production in Ni- 
trocra affinis G URNEY. O tt et al (1978) found a 
significant reduction of broodsize, life span and 
num ber of naupli of Eurytem ora affinis after chron­
ic exposure to  naphtalene and m ethylated dérivâtes 
a t concentrations of abou t 10 pg  1 '.  At the seaward 
part of the W esterschelde the concentration of un­
soluble oil (which is, however, not toxic) in the 
surface waters was around 1.0 pg  g 1 in fall and 
winter, and below the detectable level in spring and 
sum m er during our survey (R IZA , 1978-1979). The 
concentrations of polycyclic arom atic hydrocar­
bons a t D oei are a t least one order of m agnitude 
below the values cited by O tt et al (1978). In the 
seaward part of the estuary their concentration is 
still lower. N o m ajor oil spill occurred in the Wes- 
terschelde in the years previous to  our investiga­
tion.

5. Possible influence o f  other toxicants.

O f the rem aining toxicants, only anionactive syn­
thetic detergents and fluoride are continually pres­
ent in the W esterschelde. Anionactive detergents, 
the only ones still in use in Belgium and the N ether­
lands, are the least toxic, but according to  Bellan 
(1976), all tensioactive substances are dangerous, 
even at low concentrations. A rnoux & Bellan-San- 
tini (1972) found alterations in com position of a 
m editerranean Cystoseira stricta  com m unity start­
ing at concentrations of 20 to  50 pg  m anoxol OT L 1.

W hile the concentration of detergents in the Wes- 
terschelde could affect qualitative aspects of the 
com m unities, it is unlikely tha t it would alter quan­
titative param eters, since all concentrations for 
which short-term  effects are cited are of the order of 
1-100 mg 1 ', while for chronic exposure effects a 
concentration of 0.1 mg 1 1 seems necessary 
(D uursm a&  M archand, 1974). Using 2 and 4 mg 1 1 
of dom estic detergent and 0.8 mg H  LAS, Fava & 
C rotti (1979) found that the mean num ber of nau­
plii of the copepod Tisbe holothuriae  either de­
creased or increased according to the num ber of 
adults present. No increase of m ortality in the 
adults was noted. However, an  earlier study (Fava 
& D alla Venezia, 1976) showed a 30% increase in 
cum ulative m ortality  after 6 days at 4 mg 1 1 It must
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also be pointed out that detergents are present in 
the saltm arsh of Saaftinge in sim ilar concentrations 
as in the W esterschelde and tha t A rlt (1975) found 
high densities of harpacticoids in front of an urban 
sewage outlet.

F luoride is considered a pollu tant because ma­
rine organism s can store it in large quantities (Pé­
rès, 1976; Perkins, 1976) and it is hazardous to  man. 
There exists no literature on toxic concentrations 
for m arine organisms.

O ther pollu tan ts are only interm ittently  present 
in the W esterschelde. Pesticides are either absent or 
occur in very low concentrations (lindane: 0.01 pg  
T 1) and conform  to  the permissive level suggested 
by Perkins (1976).

Sporadically, concentrations of 1.0 to  5.0 jug 1 1 
of phenoles occur at the m outh of the W ester- 
schelde. Welch (1980) recommends an allowable 
m axim um  concentration  of 0.1 mg 1 ' freshw ater 
and aberran t behaviour in m arine organism s (m ol­
luscs) is only noted above 10 m g T 1 (Perkins, 1976).

6. Possible influence o f  other biota

Sm all d iatom s, an  im portan t food source for 
epibenthic copepods, were counted from  three 
W esterschelde and two Saaftinge samples. They 
were present in sim ilar quantities and food in the 
form  of diatom s or organic m atter may be excluded 
as a lim iting factor. M eiobenthic predators such as 
Protohydra  do not occur in the W esterschelde but 
are abundan t in the saltm arsh. There exist, howev­
er, im portan t populations of the shrim p Crangon 
and of predatory polychaetes in the estuary (Ver­
meulen, 1980).

Conclusions

Average annual density and diversity of the ben- 
thic harpacticoids in the W esterschelde estuary, 
when com pared to  those of similar estuaries, are 
abnorm ally low. This is due to  the fact that in most 
w inter, spring and au tum n samples no harpacti­
coids are found, with the exception of some stations 
situated at the estuary m outh  (Vlissingen station 
group). M ost im poverished are intertidal, organi­
cally enriched, m uddy stations, especially before 
the harb o u r of Terneuzen, and in the flocculation 
zone where the param eters studied tend to  decline

tow ards zero.
The com parison with the Eems D ollard excludes 

hydrodynam ical, physical and sedimentological 
characteristics, and even heavy organic enrichment, 
as possible causes for the near-absence of harpacti­
coid life over vast stretches of the W esterschelde.

Through elim ination, a correlation between an­
organic pollution and near-extinction of harpacti­
coid com m unities seems to  be an inevitable conclu­
sion. Since the W esterschelde contains a vast array 
of such pollutants, and since synergistic and antag­
onistic effects o f such chemicals exist, it is impossi­
ble to  indicate with absolute certainty the pollutant 
o r group of pollutants that affects the harpacticoids 
in particular.

However, when com paring data  from  the Eems 
D ollard, from  the V erdronken Land van Saaftinge 
and from  the W esterschelde, it is clear tha t the 
W esterschelde differs from  the o ther two estuarine 
ecosystems in its higher load of heavy metals in 
solution, in suspension, and in the sediments. T hat 
these pollutants are the main cause of the scarcity of 
benthic harpacticoids is corroborated  by bioassays 
on (planktonic) copepods which indicate that at 
least copper is present the whole year th rough in 
concentrations more than  sufficient to severely af­
fect egg production and larval development.

In com parison with the harpacticoids, the other 
taxa  in the W esterschelde show considerably less or 
practically no stress (except in the highly polluted 
oligohaline flocculation zone): nem atodes are well 
represented th roughout the W esterschelde, with 
annual average densities in excess of 1000 ind. c n r 2; 
only at 3 stations in the flocculation zone do diversi­
ty and density occasionally reach zero (Van Dam m e 
et al, 1980). The m acrobenthic fauna shows a sim­
ilar resistance to  pollution: a diversity study of the 
estuaries of the Schelde-Rhine delta by W olff 
(1973), a decade ago, showed no significant differ­
ence of this param eter in the W esterschelde when 
com pared to  the o ther estuaries, and a recent fol­
low-up study in this estuary (Vermeulen, 1980) in­
dicated that the m acrofauna had not deteriorated 
since then. Only locally are abnorm ally low values 
found. This is the case for the flocculation zone, 
where diversity declines tow ard zero, but such a 
phenom enon is observed in other less polluted es­
tuaries as well (W olff, 1973). M acrobenthos is also 
scarce at 3 stations of the Terneuzen group, but 
these lie close to  the m ain navigation channel, and
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the scarcity was hence considered to  be the result of 
physical disturbances such as dredging and wave 
actions by ships (Vermeulen, 1980).

The p lankton  also shows a decline in density in 
front of Terneuzen harbour and in the flocculation 
zone, but this decrease is relatively small and densi­
ties rem ain at ‘norm al’ levels com pared to  other 
estuaries, probably because stocks are regularly re­
newed by the currents (D e Pauw , 1975; Bakker & 
De Pauw , 1975).

O ther m eiobenthic taxa, such as hydrozoans, 
turbellarians, gastrotrichs, tardigrades, ostracodes, 
apparently  occur th roughou t the estuary except 
in the flocculation zone, but rarely in high den­
sities. P rotohydra leuckarti G R E E FF, e.g., was 
only found in tw o sam ples (V an D am m e et al,
1980). Since we do not possess com parative data 
from  other D utch estuaries and since it is difficult to 
obtain  reliable counts o f soft-bodied organisms 
from  fixed samples, little can be concluded from 
these low densities. N o other estuarine taxon  seems 
thus so clearly affected than  the benthic harpacti­
coids.

A sim ilar sensitivity of harpacticoids was ob­
served by G ovaere e ta l(  1981 ) in the polluted Belgi­
an  coastal w aters, where diversity of this group is 
negatively affected over a much vaster area than  all 
other meio- and m acrobenthic taxa studied.

D ue to  their sensitivity to  pollution, which seems 
specific to  heavy metals, benthic harpacticoids ap­
pear to  be a m ost useful indicator of this type of 
pollution in the field and in experim ental condi­
tions. This sensitivity has ecological consequences 
for their predators, littoral and estuarine fish spe­
cies and shrim ps, and especially the younger stages 
of these.

Im portantly , harpacticoids could be used as eco­
logical early w arning indicators. They are easily 
identified as a group, even by technicians, and de­
term ination  to  the species level is not necessary. The 
num ber of samples needed to  evaluate annual aver­
ages of com m unity param eters such as density and 
biom ass is small. A routine procedure involving 
sam pling of harpacticoids is thus simple and cheap.
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