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Abstract : The structure of nematode communities (species composition and abundance) of twenty stations in the 
Voordelta (Southern Bight of the North Se a) was investigated in relation to the sediment composition, the bOIlOm 
morphology, the hydrodynamical forces, the sa linity and the chlorophyll-a content. Similarities between stations 
were determined using classification (TWINSPAN) and ordination (DCA) techniques. 

Changes in the structure and the composition of the nematode communities are mainly corre lated to the sed i­
mentological gradient. Apart l'rom the sediment composition, the salinity also derennines the species composition 
of these communities. Finally, a correlation between the ecophysiological characteristics of the species present, 
the environmental stability and the food supply is hypothesized. However, further investigations are required to 
support these resulls. 

Résumé: La structure des communautés de nématodes (composition et abondance des espèces) de vingt stations 
du Woordelta (Mer du Nord) est étudiée en relation avec la composition du sédiment, la morphologie du fond, les 
forces hydrodynamiques, la salinité et la teneur en chlorophylle-a. Des similarités entre les stations ont été établies 
à partir des techniques de classification (TWINSPAN et DCA). 

Des changements dans la structure et la composition des communautés de nématodes sont essentiellement liés au 
gradient sédimentologique. 

En dehors de la composition du sédiment, la salinité détermine également la composition spécifique des com­
munautés de nématodes. Finalement, une relation entre les caractéristiques écophysiologiques des espèces ex is­
tantes , la stabilité de l'environnement et l'apport nutritif est hypothétique. Des recherches ultérieures sont néces­
saires pour compléter les résultats. 

INTRODUCTION 

The Voordelta is the sublittoral region along the coast of The Netherlands, from the 
Belgian border in the south to the Hoek van Holland in the north. Offshore, the area is arbi­

trarily limited by the 15 meter water depth line. From north to south, the NieuV(e Waterweg, 
the Haringvliet, the lake Grevelingen, the Eastern Scheldt and the Western Scheldt open 
into this part of the Southern Bight of the North Sea (Fig. 1). As a result of the tidal cunents 
and the transport of sediments, a heterogeneous pattern of banks and channels is present. 
Moreover the hydrodynamical regime and the bottom morphology have been (and still are) 
changing drastically since the start of the Delta project (1970) (Elgershllizen, 1981 ; Van 
den Bergh, 1984). The Delta project reslllted in the clos ure of the lake Grevelingen (1971) 

and the Haringvliet (1970), and the construction of a storm surge barrier in the Eastern 
Scheldt (1986) (Fig. 1). Correlated with the changes of the environment, a1terations in the 
biota of the Voordelta are expected. 
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This study is part of a general research program, which aims to evaluate the effect of the 

Delta project on the ecosystem of the YOOI·delta region. Before any changes in biotic para­

meters are evaluated, a base line study of the biological environment is required. In several 

projects (Huys et al, 1986 ; Yanreusel et al., 1986, & Seip & Brand, 1987) the benthos is 

examined. This study deals with an important component of the marine benthic ecosystem : 

the free-living nematodes, which have not previously been studied in this area. 

The relationship between the structure of the nematode communities (especially the spe­

cies composition and the species abundance distributions) and the present environmental 

gradients is also investigated. The YOOI·delta region is characterized by several physical and 

chemical gradients (i.e. depth , hydrodynamics, sediment composition, chlorophyll-a con­

tent) which might be important for the detennination of the structure of the nematode com­

munities. 

MATERIAL AND METHODS 

SampliJ1g 

Based on the geographic position of the estuarine mouths and the information on the 

abiotic characteristics of the study area, twenty sampling stations were selected (Fig. 1). 

Sampling was pelionned within three periods (i.e. Autumn 1984, Spring 1985 and Autumn 

1985) by means of a box corer (0.07 m2 sampling surface). 

Each sample was subsampled by taking four cores of 10 cm2 to a depth of minimum 

15 cm into the sediment. For one or two subsamples (see further), 200 nematodes were ran­

domly picked out and determined to species level. The mean individual biomass was deter­

mined on the third subsample. Two hundred nematodes were transferred to an aluminium 

vial , after rinsing them several times with distilled water. Following two hours of drying 

and 30 minutes of cooling, the nematodes were weighed on a Mettler ME22/BA22 micro­

balance (with an accuracy of 0.1 flg). From the fourth subsample, a sedimentological anal y­

sis (median of the sand fraction (mm), silt fraction (%), gravel fraction (%) and sorting (0) 

was carried out. Ali the subsamples used for the study of the nematodes were fixed in 4 % 

fOI·malin (for a detailed description of the extraction procedure of the nematodes see Heip~ 

et al., 1985). 
Measurements of the cUITent velocities (Ymin. and Ymax.), the ch10rophyll-a content of 

the water column and the salinity (in % fresh water) were obtained from Rijkswaterstaat 

DGW Middelburg (The Netherlands). 

Sfafisfics 

Two multivariate analysis were applied to show the affinities between the stations and/or 

the species : Twinspan and Detrended correspondance analysis. 
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The Twinspan (Hill, 1979) or Two-Way INdicator SPecies ANalysis is an hierarchical , 

polythetic, divisive technique of classification. Not only the samples, but also the species 

are c1assified with the result that the similarities between the stations are immediately 

shown through the selection of several characteristic (or differential) species, and the spe­

cies are selected on the basis of their ecological preferences. 

Ninty nine subsamples have been investigated of which 40 (two subsamples per station) 

come l'rom the first sampling period (Autumn 1984), 36 (for four of the 20 stations no 

second subsample was studied) from the second sampling period (Spring 1985) and the 

remaining 23 (only for three stations a second subsample was studied) from the third sam­

pling period (Autumn 1985). During the two sampling periods of 1985 the number of sub­

samples, studied on species level, have been often reduced to one (instead of 2), because of 

the high similarity between the two subsamples of each station during the first sampling 

period (1984). Ail species are considered. The Twinspan was carried out on the basis of the 

relative abundances of the species. As pseudo-species cut levels, the Braun-Blanquet scale 

(0 %, 5 %,26 %, 5.1 % and 76 %) is used (Mueller-Dombois & Ellenberg, 1974; Westhoff 

& Yan der Maarel, 1973 : in Hill 1979). 

The Detrended Correspondance Analysis (DCA) is an improved version of the corres­

pondance analysis (Hill & Gauch, 1980). As rare species may distort the analysis (they 

often have an extreme position over the first two axes), their weight was reduced. If Cmax 

is the frequency of the commonest species , Fj the frequency of species j, and Aij the abun­

dance of species j in sample i, and if Fj is sm aller th an Cmax/5, th en Aij is replaced by Aij 

* Fj / Cmax/5. Ail 99 subsamples are considered. 

The non-parametric Kruskall Wallis one-way analysis of variance was used to test the 

mutual independency of samples (or twingroups). An a posteriori test (Conover, 1971) was 

used to detect which stations or twingroups had significantly different characteristics. 

Correlations were calculated by means of the non-parametric Spearrnan rank correlation 

coefficient. 

Species diversity is expressed by NI (Hill, 1973), representing the reciprocal of the 

Shannon Wiener index. NI fonTIs part of a set of 'diversity numbers' of different order (Na 

with a = 0 -> + w) . Heip et al. (1988) preferred the use of indices of different orders, 

which probe different aspects of the community. 

RESULTS 

Abiotic factors 

Depth and hydrodynamics 

The YOOl·delta is characterized by an heterogeneous bottom pattern of banks and chan-
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nels (Fig. !). Eight of the twenty se!ected stations are located in the channels (the stations 1, 

26, 32, 43, 46, 55, 65 and 67 : 12 - 30 m), twelve are situated on, or on the border of the 
banks. This bottom profile is associated with strong tidal currents. The highest (Ymax.> = 
! 00 cm/s) as weil as the lowest velocities (Ymin.= < 5 cm/s) are measured in the Western 
Scheldt (stations 65 and 67 ; Table 1). Station 43, situated near the storm surge barrier in the 
mouth of the Eastern Scheldt, is also characterized by a high maximum current velocity (91 

cm/s) and by a large difference between the minimum and the maximum current velocity 
(85 cm/s). In the remaining stations the maximum current velocity amounts only 42 ta 66 
cm/s (Table 1). 

TABLE 1 

The maximum and minimum CUITent velocities and the difference between the two (Vmax. , Wmin. and t; V : in 
cm/s), the depht (in ml, the chlorophyll-a content (in ~g/l 01) and the percentage fresh water in the 20 stations of 
the Dutch Delta region. Ali values are measured during Spring '85, with exception of the depth, determ ined for the 
three sampling periods. 

Vmax. Vmin. t;V depth Chi a 
% fresh 

st 
water 

camp 1 camp 2 camp 3 

1 55 6 49 12.8 12.7 14.2 65.3 16.2 
3 - - - 1.8 3.0 3.0 90.3 33 .2 
Il 42 7 35 2.6 3.4 5.8 134.5 26.0 
18 45 16 29 3.0 14.7 4.6 106.2 12.4 
24 63 14 49 12.0 14.7 18.2 84.3 Il.4 
25 58 17 41 10.0 10.2 10.8 71.8 9.6 
26 49 20 29 11.5 13.0 10.5 91.7 11.0 
28 63 4 59 - 8.9 3.0 122.1 12.4 
31 49 15 34 5.0 5.5 4.0 92.4 10.2 
32 58 30 28 15.4 16.6 14.4 71.8 9.5 
37 59 18 41 Il .2 6.2 10.4 72.3 9.3 
39 52 28 24 6.5 6.3 5.2 96.1 9.7 
43 91 6 85 12.0 16.2 12.5 90.0 11.5 
45 62 22 40 6.5 8.2 6.4 61.8 9.5 
46 66 Il 55 11.5 12.0 Il.7 64.0 9.7 
54 57 29 28 6.5 6.0 8.4 106.4 Il.4 
55 63 26 37 17 .5 17.2 16.4 51.2 ." 8.0 
63 59 13 46 10.4 10.0 5.0 126.6 11.0 
65 102 4 98 18.1 17.8 16.5 86.8 13.0 
67 120 5 115 30.2 28.2 29.9 69.7 15.9 

Sediment composition 
The sand fraction of the sediment always consists of fine to medium sand (Table 11). The 

finest sediments are present in the northern part of the study area, from the mouth of the 
Grevelingen up to the Nieuwe Waterweg (the stations l, 3, Il, 18 and 26), and in station 32, 



TABLE li 

The median grain size of the sand fraction , the sorting of the sediment, the silt fract ion and the gravel fraction in the 20 stations of the Dutch Delta region. 

median grain size (mm) sorting - ph i si lt(%) gravel (%) 

st. camp 1 camp 2 camp 3 mean camp 1 camp 2 camp 3 mean camp \ camp 2 camp 3 mean camp 1 camp 2 camp 3 

1 0. \ 29 0.14\ 0.148 0.139 0.326 0.441 0.252 0.339 14.43 20. 10 9.2 1 14.58 0.39 0. 14 0. 15 
3 0.168 0. \57 0.143 0. 156 0.280 0.332 0.180 0.264 3.27 1.30 3.49 2.68 0.36 1.52 0.81 
I I 0. 170 0. 170 0.178 0.173 0.405 0.432 0.315 0.384 1.08 4.06 2.02 2.38 0.18 6.58 0. 16 
18 0.183 0.205 0.186 0.19 1 0.220 0.278 0. 191 0.229 0.65 3.70 1.60 1.98 0.00 0.22 0.84 
24 0.26 1 0.278 0.274 0.271 0.382 0.36 1 0.306 0.346 1.54 2.89 3.43 2.62 0.1 6 0.00 0.4 1 
25 0.233 0.246 0.261 0.246 0.335 0.3\2 0.270 0.305 1. 16 1.74 2.04 1.64 0.04 0. 10 0.02 
26 0.163 0.158 0.156 0.159 0.303 0.306 0.204 0.272 4.91 3.02 7.96 5.29 0.39 0.26 1.09 
28 0.193 0.230 0.202 0.208 0.286 0.386 0.28 1 0.317 1.75 0.88 1.34 1.32 0.00 0.98 0.46 
3 1 0.238 0.254 0.204 0.232 0.314 0.325 0.264 0.30 1 0.66 1.77 1.59 1.34 0.30 0.00 0.09 
32 0. 164 0.164 0.154 0.160 0.320 0.347 0.231 0.299 1.87 3.29 17.8 1 7.65 0.03 0.00 0.35 
37 0.263 0.313 0.266 0.280 0.407 0.740 0.329 0.492 2.48 1.20 4.39 2.69 1.47 4.06 5.78 
39 0.218 0.199 0.205 0.207 0.286 0.334 0.278 0.299 1.85 2.57 1.80 2.07 0.00 0.01 0.00 
43 0.310 0.221 0.237 0.256 0.254 0.327 0.279 0.286 5.06 0.67 2.82 2.85 0.30 0.00 0.03 
45 0.357 0.24 1 0.367 0.32 1 0.548 0.336 0.3 13 0.399 0.77 1.90 0.92 1. 19 5.1 6 0.66 2.37 
46 0.233 0.243 0.210 0.228 0.340 0.508 0. \61 0.336 6.3 1 2.64 3.95 4.30 1.70 1.1 9 1.25 
54 0. 19 1 0.196 0.3 14 0.233 0.334 0.326 0.565 0.408 2.71 1.15 2.64 2.16 0.00 0.67 10.89 
55 0.33 1 0.308 0.343 0.327 0.889 0.61 1 0.377 0.625 3.36 5.06 3.53 3.00 1.24 2.07 1.87 
63 0.203 0.180 0.182 0.188 0.240 0.205 0.1 53 0.199 0.76 1.93 2.11 1.60 0.00 0.00 0.00 
65 0.327 0.348 0.336 0.337 0.472 0.834 0.375 0.560 1.68 9.93 1.28 4.29 0.69 4.55 2.12 
67 0.284 0.2 10 0.18 1 0.225 0.400 0.26 1 0.285 0.315 1.05 2 1.40 66.20 29.55 2.44 0.14 0.04 

- - - - - -~ -

mean 

0.22 
0.89 
2.30 
0.35 
0. 19 
0.05 
0.58 
0.48 
0.13 
0.12 
3.77 
0.00 
0. 11 
2.73 
1.38 
3.85 
1.72 
0.00 
2.45 
0.87 
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situated off the mouth of the Eastern Scheldt (Md> 0.200 mm). The coarsest sediments are 

found in sorne other stations near the mouth of the Eastern Scheldt (stations 37, 45 and 55) 

and in station 65 off the Western Scheldt (Md >= 0.280 mm). 

In most of the stations the percentage of silt is very low « 3 % ; Table 11). The largest 

silt fractions (3 - 30 % mean) are found in the channels (the stations l, 26, 32, 46, 55, 65 

and 67) . Only station 1 is characterized by a silt fraction which amounts more than 5 % 

(max. 20 %) during ail sampling periods. The stations of the Western Scheldt are characteri­

zed by temporal accumulations of silt (respectively from 1 % up to 9 %, and even up to 

66 % (in Autumn 1985) ; Table II). 

In general the sediment is very weil sorted (sort 0 < 0.35 ; Table II). In the stations 37, 

45, 55 and 65, and to a lesser extent in the stations 46 and 54, the sorting is only good or 

moderate (0.35 > sort 0 < 0.850). 

Most of the granulometric parameters are mutually correlated. Fine sand is often charac­

terized by a very good sOlting, a small percentage of gravel and a high silt fraction. 

Medium sand is often associated with a high percentage of gravel and a moderate sorting of 

the sediment (Table III). 

TABLE III 

Significant (P = < 0.05) Speannan rank correlation coefficients between the sedimentological factors. 

Md(~) - Sorting 
- Gravel 
- Sil! 
- Depth 

Sorting - Gravel 
- Depth 

Silt - Depth 
Grave l - Depth 

Autumn '84 
(n = 20) 

rs p 

- 0.534 0.008 
- 0.487 0.015 

- -
- -

0.670 0.001 
0.429 0.029 

- -
0.424 0.031 

Chlorophy li-a content 

Spring '85 
(n = 20) 

rs p 

- 0.388 0.045 
- -

- -

- -

0.606 0.002 
- -

0.416 0.034 
- -

Alltllmn '84 
.( n = 20) 

rs p 

- 0.696 0.001 
- 0.520 0.009 

0.500 0.012 
- -

0.476 0.017 
- -
- -
- -

3 periods 
(n = 20) 

rs p 

- 0.492 0.001 
- 0.413 0.001 

0.275 0.017 
- 0.284 0.014 

0.488 0.00\ 
0.290 0.012 
0.362 0.002 

- -

The highest chlorophyll-a values (> 106 /lg/lO 1) are found at the level of the shallow 

banks (the stations Il , 18, 28, 54 and 63 ; Table 1). Low values « 65 /lg/IO 1) are associated 

with sorne of the deeper stations mainly those in the seaward offshoots of the Eastern 

Scheldt (the stations 45, 46 and 55). Ali chlorophyll-a values are measured at the surface of 

the water column, and not near the bottom as usually done for the determination of the ph y­

toplanktonic and phytobenthic biomass available to the benthic organisms. However, in the 
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Voordelta region no stratification occurs due to the high water turbulence. Besides, a high 

chlorophyll-a content in the water column is often correlated with high chlorophyll-a values 

in the bottom (especially in shallow waters with a high turbidity) because the production 

depends on the light penetration and on the nutrient supply. For that reason it is assumed 

that the chlorophyll-a content on the surface of the water column is representative for that 

near the bottom. 

Salinity 

The fresh-water input in the Delta region influences the salinity only to a low degree 

(Table 1). Only station 3, and to a lesser extent station 11, both situated off the Haringvliet 

sluices, are characterized by a fresh-water fraction, which amounts respectively 33.2 and 

26 %. This is high in comparison to the 13 to 16 % off the Western Scheldt mouth and the 

Nieuwe Waterweg, and to the 8 to 12 % fresh water in the remaining stations. 

The nematode communities 

Species composition 

In total 242 species, belonging to 90 genera and 29 families are found. A detailed spe­

cies list is available on request. The amount of species is relatively large considering the 

limited study area. Ali species are known : most of them are also present along the Belgian 

coast (Heip et al., 1983; Vincx, 1986). Two species (MOllOposthia mirabilis and Terschel­
lingia longicaudata) have been redescribed (Vanreusel & Vincx, 1989, & Vincx & Van­

reusel, 1989). 

Multivariate analysis of the species composition of the stations 

Twinspan classification. 

Fig. 2 shows the twinspan classification of the 20 stations. As soon as subsamples of the 

same station and the same sampling period are subdivided into different twinspan-groups 

(or twingroups), this dichotomy is no longer considered. As the separation of these subsam­

pies takes place on different hierarchical levels, the twingroups finally considered are also 

formed on different levels. Subsamples of the same station, but sampled during different 

periods, are also characterized by a relatively high affinity for each other. Only the subsam­

pies of the stations 37, 45, 46 and 67 become separated from each other before the fourth 

dichotomy. For further discussion these four stations are linked to these twingr.pups which 

contain at least the samples of two sampling periods. The reliability of this simplification is 

supported by the results of the DCA (see further). 

The differential species, causing the important dichotomies, are selected. One of the two 

sample groups (TWIN 1 +2), discerned after the first dichotomy (ail stations indicated with 

a black symbol : see Fig. 1), is characterized by the presence of Enoplolaimus propinquus, 
GoniolZchus longicaudatus, Bathylaimus capacosus, Daptonel11a stylosum, Tubolaimoides 

tenuicaudatus, Microlail11llS ostraôon and Xyala striata. In the second group (TWIN 3+4 : 

ail stations with an open symbol, Fig. 1), the dominant species belong to the genera 

Sabatieria and Daptonel11a. 
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After a second and a third dichotomy the first group is split up in three twingroups (Figs. 
1 and 2), with following species being characteristic : 

TWIN lA (. ) : According to the station, one of the following species is more or less 
dominant : Daptonema stylosum (Xyalidae), Bathylaimus capacosus (Tripyloididae), 
Metadesl1701aimus aduncus (Xyalidae), Microlaimus ostraCÎon (Microlaimidae) and Onyx 

pelfectus (Desmodoridae). 
TWIN lB ( ... ) : Dichromadora hyalocheile (Chromadoridae) is dominant, while Sipho­

J10laimus ewensis (Siphonolaimidae), Sigmophoranel17a rL!timl (Desmodoridae) and Pro­

chromadorella attenuata (Chromadoridae) are the subdominant species. 
TWIN 2 (e ) : These communities are dominated by Hypodontolaimus setosus (Chro­

madoridae), Metadesmolaimus pandus (Xyalidae) and Theristus pertenuis (Xyalidae). 
Eleutherolaimus stenosoma (Linhomoeidae) and Leptolail17us elegans (Leptolaimidae) are 
the subdominant species. 

1 

1 2 3 4 
3 65 

67. 

a b a 0 .1:l 
~o 

b 
11 43 
18 37. 

1 55 
26 46. 

24 45. 32 67(1) 
25 4611) 
28 

~~ 31 
39 
54 

~D §]L 
..... 

63 
37(1) 
45 (2) 

~. 
Fig. 2 : The twinspan-c1assification of the 20 stations; (1) and (2) indicate the replicates of a station sampled res­

pectively during the first and the second sampling period ; '" indicates the remaining replicates of the same 
station (the symbols, by wich each twingroup is indicated, are the same as in the figures 1,3 and 4). 
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Within the second group of stations three types of Sabatieria assemblages can be distin­

gui shed : 

TWIN 3 (0) : Daptonema tenuispiculum is the dominant species, while Sabatieria pUI1C­

tata, Ascolaimus elongatus and Sigmophoranema ruji.un are subdominant. 

TWIN 4A (0) : Beside the dominance of several Sabatiera (S. celtica and S. pUl1ctata), 

and Daptonema species (D. k01ï1oeense , D. riemanni and D. _\yaliforme), these stations are 
characterized by the subdominance of Odontophora rectangula, Prochromadorella atte­

nuata and P. longicaudata. 

TWIN 4B (Ll) : Sabatieria pUl1ctata, Metoncholaimus scanicus, Spirinia parasitifera and 

Microlaimus cOl1othelis are the dominant species. 

Detrended Correspondance Analysis 
Fig. 3. shows the results of the DCA with indication of the different twinqroups . The 

twingroups are easy to distinguish in the two- dimensional DCA space. However, in some 

cases the distance is smaller between twingroups than within (= between subsamples belon­
ging to the same group). This is mainly so for subsamples which are separated early in the 
hierarchy of the twinspan classification from the other subsamples of the same station (for 
example sorne of the subsamples of the stations 37, 45, 67 and 46 (respectively indicated 
with A, B, C and D in Fig. 3). 

Correlation with the environmental factors 
The two twingroups 1 + 2 and 3 + 4 differ significantly (p < 0.05) for the silt fraction , 

the depth, and the chlorophyll-a content (Tables IV and V). 
The four twingroups 1,2,3 and 4, formed after the second dichotomy, are significantly 

different for the silt fraction , the depth and the median grain size (Tables IV and V). 

TABLE IV 

Kruskal Wallis test between the twingroups (for different hierarchical levels) ont he basis of environmental factors 
and on the basis of the diversity index (n = 60 or n = 20 ("') ; K = the Kruskal Wallis coefficient; p = significance). 

2 twingroups 4 twingroups 6 twmgroups 

K p K P K P 

Sorting 1.805 0.170 2.939 0.401 5.001 0.174 
Median (mm) 0.691 0.400 Il .882 0.008 35.676 0.000 
Silt 16.188 0.000 16.886 0.001 18.478 0.002 
Gravel 3.290 0.070 5.108 0.164 14.542 0.013 
Depth 30.203 0.000 35 .213 0.000 37.568 0.000 
Chi a * 6.440 0.011 6.666 0.080 10.901 0.053 
% freshwater '" 0.014 0.900 5.016 0.170 8.008 0.156 
Vmax. '" 2.162 0.140 7.202 0.066 12.282 0.030 

NI 9.705 0.002 20.723 0.000 22.865 0.000 
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Fig. 3 : The DCA ordination of the replicates of the 20 stations, with indication of the six twingroups of Fig. 1. A, 
B, C and D indicates the replicates of respectively the stations 37, 45 , 67 and 46, which are separated rela­
tively early in the hierarchy of the twinspan classification of the remaining replicates of those stations. 
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The six twingroups la, 1 b, 2, 3, 4a and 4b, which are finally cons idered for further ana­
lysis, differ significantly for the median grain size, the depth, the silt and the graver frac­
tion , and the maximum CUITent velocity (Tables IV and V). 

TABLE Y 

Mean and standard error of the environmental factors which differ signifïcantly between the different twingroups. 

twin 1+2 3+4 1 2 3 4 la lb 2 3 4a 4b 

Silt mean 2.00 9.80 3.00 3.50 20.00 6.00 2.00 2.00 2.50 20.00 8.50 2.50 
S.E. 0.25 3.25 0.40 0.90 14.00 2.00 0.50 0.70 0.70 13.00 2.50 0.50 

depth mean 7.00 16.50 7.50 2.50 23.00 13.50 7.50 10.00 3.00 22.50 13.00 17.50 
S.E. 1.15 2.30 1.50 - 5.00 1.00 1.00 1.70 0.50 2.50 0.70 3.00 

chia me an 88.00 73.00 - - - - - - - - - -

S.E. 6.60 4.75 - - - - - - - - - -
Md. mean - - 0.23 0.17 0.28 0.21 0.22 0.29 0.16 0.27 0.16 0.27 

S.E. ; - - 0.01 0.0 1 0.04 0.02 0.0 1 0.02 0.01 0.05 0.01 0.04 
Ymax me an - - - - - - 54.00 71.00 - 111.00 53.00 62.00 

S.E. - - - - - - 2.50 9.50 - 9.00 3.00 1.50 

The DCA graph in Fig. 4 shows the similarities between the stations on the basis of sedi­
mentological and bottom morphological factors (Median (0), sorting (0), silt (%), gravel 

(%) and depth (m». 
Especially a silt-gravel gradient is important along axis 1 (Eigen value of axis 1 = 

0.335 ; E.V of axis 2 = 0.041). Although each twingroup (indicated on the graph) is charac­
teri zed by a more or less pronounced tendency, they are not unequivocally separated along 

one of the two fi rst axes, or both axes together. 
In summary, it is found that the six twingroups are mostly distinguished on the basis of 

the median grain size, the silt fraction and the water depth (which is cOITelated with the silt 
fraction and the chlorophyll-a content). However the discrimination is not unequivocal on 
the basis of only sedimentological and bottom morphological characteristics (see DCA 

graph Fig. 4). Therefore the impact of others factors must not be neglected. 

Diversity 
The mean diversity index NI for each station varies between 5 and 36 (Fig. 5) The NI 

indices differ significantly for the six twingroups (Table IV). 

Biomass 
The me an biomass per individual and per station varies between 0.085 and 2.460 Ilg dry 

weight (dwt) . The mean individu al biomass over the 20 stations amounts 0.402 Ilg dwt 
(Table VI). 
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Fig. 4 : The DCA ordination of the 60 replicates (20 stations over three sampling periods) based upon the sedi­
mentological and bottom morphological characteristics (with indication of the six twingroups). 
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TABLE VI 

The mean biomass (in fig dwt) per individual in the 20 stations du ring the three sampling periods. 

biomass per individual 

st. Autumn'84 Spring'85 Autumn'85 

1 0.248 0.409 0.229 
3 0.291 0.249 0.085 
Il 0.162 0.435 0.156 
18 0.176 0.353 0.183 
24 0.348 0.528 0.284 
25 0.184 0.204 0.1 84 
26 0.185 0.37 1 0.167 
28 0.190 0.555 0.291 
31 0.248 0.328 0.340 
32 0.192 0.329 0.350 
37 0.275 0.700 0.154 
39 0.251 0.282 0.205 
43 0.383 0.804 0 .387 
45 0.297 1.400 0.347 
46 0.541 2.459 0.600 
54 0.260 0.176 0.385 
55 0.81 6 0.443 0.5 88 
63 0.157 0.410 0.541 
65 0.261 0.500 1.349 
67 0.354 0.543 0.251 

DISCUSSION 

The structure of a biological community is charactelized by a temporal and spatial varia­
bility, which results from several biotic and abiotic structuring factors. A primary objective 
of community ecology is gaining insight in these causal relationships as weil as in the rela­
tive importance of the different structuring factors. 

The Voordelta region is rather a unique study area due to its position off."t,he different 
estuary mouths. In this heterogeneous and uns table area, there are many physical and che­
mical gradients, which could be important for the structure of the present nematode com­
munities. These gradients are mainly formed by the sediment composition, the salinity, the 
chlorophylJ-a content and the hydrodynamical forces. Ali these factors may contribute to 
the presence of different types of nematode communities. Nothwithstanding the fact that the 
different twingroups do not differ significantly on the basis of salinity, this factor is still 
considered in the discussion, as the only station with a low salinity (in comparison to the 
other stations) fonns a twingroup on its own on the basis of its species composition (= sta­
tion 3 or TWIN 2). 
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Sediment composition 

The different nematode assemblages of the YOOI'delta region are distinguished by the 
median grain size of the sand fraction and the silt content of the sediment. 

The sand communities 
From the literature it is known that medium sand and/or less sorted sediments with a 

high gravel fraction (> 1 %) are often characterized by the dominance of Chromadoridae 
and the subdominance of Desmodoridae (Wieser, 1960 ; Tietjen, 1969 ; 1977 ; 1980 ; Ward 
1975). In weil sorted, fine sandy sediments Desmodoridae and also Linhomoeidae, 
Comesomatidae, Xyalidae and Tripyloididae are dominant (Wieser, 1960 ; Tietjen, 1969 & 
Ward, 1975). 

In the Yoordelta region the same tendency is noticed for the three types of sand commu­
nities : 

TWIN lA : The dominant species belong to one of the following families : Xyalidae, 
Tripyloididae, Microlaimidae and Desmodoridae. This twingroup consists of almost ail the 
shallow stati~ns of the study area (the stations II, 18,24,25,28,31,39,54 and 63). These 
stations are characterized by a silt poor, weil sorted, fine sandy and stable substrate. 

TWIN 1 B : Species belonging to the families of the Chromadoridae and Siphonolaimidae 
are dominant, while the subdominant species belong to the Desmodoridae and the 
Chromadoridae. These stations are not explicitly characterized by the same sediment 
composition. The stations 37 and 45, both shallow stations, situated near the mouth of the 
Eastern Scheldt, have a less sorted, medium sandy sediment with a higher gravel fraction, 
while the substrate of station 43, situated near the stonn surge barrier, consists of very weil 
sorted, medium sand. 

TWIN 2 : These communities are dominated by species of the Chromadoridae and the 
Xyalidae. The Linhomoeidae and the Leptolaimidae contain the subdominant species. Only 
station 3, situated off the sluices of the Haringvliet, belongs to this twingroup. Nevertheless, 
the fine sandy sediment of this station is not unique in the Yoordelta region. 

The silt and silty sand communities 
The communities which are common in silt and silty sand of brackish as weil as marine 

environments are the most striking example of parallellism within marine nematode com­
munities (see review Heip et al , 1985). According to Ward (1975) the relarive abundance 
of the genus Sabatieria is positively correlated with the amount of silt. Jumio (1975) cornes 
to the same conclusions for S. pulchra. According to this author, S. celtica is a subdominant 
species in silty sand, while it is less abundant in pure silt or sand. Comparing the known 
data on dominant species of the silt and the silty sand substrates, it is concluded that along a 
gradient of pure silt to silty sand different species assemblages are found, for which the 
dominance of the genus Sabatieria is often the most common characteristic. 

TWIN 3 : These stations are characterized by an unstable sediment composition, especial­
Iy concerning the silt fraction. This twingroup is formed by the two stations, situated in the 
mouth of the Western Scheldt (the stations 65 and 67). 
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TWIN 4A : Concerning their habitat, these stations are discriminated by their relatively 

large and (especially) stable silt fraction (5 - 15 %) and by fine sandy sediments (0.14 mm < 
Md. < 0.16 mm) : the stations off the Nieuwe Waterweg (station l, the mouth of the lake 

Grevelingen (station 26) and a part of the mouth of the Eastern Scheldt (station 32). 
TWIN 4B : These stations have, in comparison to the stations of TWIN 4A, a higher percen­

tage of gravel and a smaller silt fraction. Their substrate consists of medium sand. This 
twingroup is fOI'med by two stations situated in the seaward offshoots of the Eastern 
Scheldt (the stations 46 and 55). 

A community, similar to that of TWIN 3, is present more downstream of the Western 

Scheldt (Heip et al., 1984). Here this community is also associated with the very unstable 
(or flocculent), superficial silt layers. On one hand probably good swimming species, like 

Dapfonel17a tenuispiculul17, survive in these uns table sediments. On the other hand euryto­
pic, non-selective detritus feeders are more tolerant to the pollution in this estuary (Heip et 
al., 1984). 

The communities of TWIN 4A are characterized by the dominance of species with an affi­
nit y to silt and silty sand (= Sabatieria spp .. However, the subdominance of species belon­

ging to the Xyalidae is rather characteristic for fine sand (Tietjen, 1977 ; 1980). In accor­
dance with the sediment composition, these assemblages represent a transition situation bet­

ween silt and sand communities. A similar community (with besides Dorylaimopsis meta­
typicus , as most important subdominant species Sabatieria pu/chra, Odontophora setosa, 
Theristus problematicus, Daptonema norl11andicum and Daptonel11a rusticum) was found in 

fine sand off the Long Island sound by Tietjen (1977). 
Concerning TWIN 4B, parallel communities are found elsewhere, but in more silty sedi­

ments in comparison to our study area : silty sand off the Dutch Bight is characterized by a 

Microlaimus - Sabatieria community (Lorenzen, 1974; Juario, 1975). In silty sand off the 

intertidal zone of Strangford Lough (N. Ireland) Spirinia parasiti:(era is dominant, while 
Microlail11us zosterae is subdominant (Platt, 1977). In the silty surface sediments of a sub­

tropical seagrass community Daptonema /ïstulatul11 is dominant, while Metoncho/aimus 
scissus and S. parasiflfera are the subdominant species (Hopper and Meyers, 1967). Wieser 

and Kanwisher (1961), found a similar community in Penzance Marsh (Woods Hole), cha­
racterized by the dominance of Spirinia parasit((era and Metoncho/aimus pristiuris. 

Salinity 

Almost 50 % of the differential species of TWIN 2 (= station 3) is euryhaline with a distri­

bution extending to the mesohaline zone (Theristus pertenuis, Paralinhomoeus lepfurus, 
Oncholaimus brachycercus, Enoploides labiatus and E. spiculoha/11atus), and for some spe­

ci es even to the oligohaline zone. (Eleutherolail11us stenosoma, Hypodontolaimus setosus, 
Ascolaimus elongatus, Sphaerolaimus gracilis, Viscosia viscosa, Dichrol11adora cephalata , 
Oncholaimus m.yuris and Calomicrolail11us honestus) (Heip et al., 1985). Only three diffe­
rential species of TWIN 1 (to which station II belongs) are euryhaline (Odontophora rec­
tangula, Sigl11ophoranema rL!titl17 and Tubolail11oides tenuicaudatus), with a distribution 

which is limited up to the pol y- or mesohaline zone. 
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Chlorophyll-a content 

According to several authors (Warwick, 1971 ; Brenning, 1973 ; Elmgren, 1976 ; Platt, 

1977 ; Willems et al., 1982 ; Bouwman, 1983 & Jensen, 1984) meiobenthic communities 

are structurally, numerically as weil as functionally organised in relation to the food rich­

ness of their habitat, and more specifically to the amount of available organic matter and 

microphytobenthos. 

Pearson and Rosenberg (1987) postulated a general hypothesis on the structuring of ben­

thic communities in relation to the food supply : in the case of a sufficient food supply, 

communities are dominated by species with a maximal turnover, or r-strategists with a fast 

growth and a high reproductive activity. In the case of a continuous or predictable lack of 

food, especially species with a small growth rate and a minimal turnover survive. 

According to Schiemer (1983, 1985) r-strategists prefer a high food supply because their 

high growth rate and assimilation coefficient are associated with high costs of maintenance. 

Species with a low metabolic activity however, are competitively inferior in the case of a 

large food supply. 

Consideration of the life cycle and the biomass of the dominant species of the 20 stations 

in the Voordelta region in relation to the chlorophyll-a content confinns the hypothesis of 

Pearson and Rosenberg (1987). For instance, the me an individual biomass per station is 

negatively correlated with the chlorophyll-a content (rs = -0.440 ; n = 20). The stations of 

TWIN 4B (station 55 and 46), situated in the seaward offshoots of the mouth of the Eastern 

Scheldt and characterized by a very low chlorophyll-a content « 65 f-lg/lO 1) in comparison 

to the remaining stations (see Table 1), are qualitatively as weil as quantitatively dominated 

by bigger species belonging to the Thoracostomopsidae and the Oncholaimidae (Meton­

cholaimus scanicus, Enoploides spiculohamatus, Enoplolaimus propinquus E. denticula­
tus, Oncholaimellus calvadosicus and Oxyonchus dentatus, by large predators (Onyx 
peJfectus and Sigmophoranema rL(fum) or by Sabatieria spp. (Comesomatidae). Experi­

mental and field studies have shown that species, belonging to the Enoplidae, the Oncho­

laimidae and the Comesomatidae, have often a conservative reproductive strategy (Wieser 

& Kanwisher, 1960 ; Hopper & Meyers, 1966 a and b ; von Thun, 1968 : in Bouwman, 

1983; Smol et al, 1980; Vincx, 1989). Their life cycle varies between a few months up to 

more than one year, while their production often amounts only 25 eggs per female. In gene­

rai, larger species should have a lower reproduction potential than small Sp,ecies (Heip et 
al., 1985). 

In the stations of TWIN lA, 50 % of the differential species belong to the Xyalidae or the 

Cyatholaimidae. Only three differential species are large predators. With the exception of 

the Autumn-samples of station 25, 28 and 39, the Xyalidae and or the Cyatholaimidae are 

always dominant in the stations belonging to this twingroup. These stations are characteri­

zed by the highest chlorophyll-a values for the Voordelta region (Table 1). The life cycle of 

the Chromadoridae, Cyatholaimidae and Xyalidae is , in comparison to that of the preceding 

families, much shorter (1 to 2 months), while their reproduction potential is higher 

(Vranken et al., 1981 ; Romeyn et al., 1983). 
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However, observations of mass aggregations especially from Pontonema vulgare, but also 
from several other Oncholaimidae species in organically enriched areas, seem not to be in 
accordance with the above hypothesis (Gerlach, 1958 ; Moore, 1971 ; Meyers and Hopper, 
1967 ; Lorenzen et al., 1987 ; Prein, 1988). But, according to Pearson and Rosenberg (1987), 
to cOITelate the distribution of a species with the food supply, not only the size of this supply, 
but also the fluctuations, and the predictability of these fluctuations has to be taken into 
account. Therefore wh en the food supply is unpredictable, again the slow growing species, 
but also the species which can maximize their biomass, are favoured (Pearson & Rosenberg, 
1987). These species are more able to survive starvation periods (Schiemer, 1987). 

Pontonema vu/gare for examp1e is a common species on shallow water soft bottoms of 
protected coastal areas, containing high amounts of organic substances. In such enclosed 
areas upwelling of oxygen depleted water may create sudden anoxia throughout the water 
column and causes mass mortalities of benthic and pelagic organisms. According to Prein 
(1988), P. vulgare survives these situations and takes advantages of the sharp increase of 
food . The author also suggest that the wide range of feeding strategies and possible food 
types permits P. vulgare to react flexibly to changes in quality and quantity of food. The 
sudden availability of considerable amounts of food can support large populations of this 
species (Prein, 1988). However, this example also shows that oncholaimid species not 
always have a conservative reproductive strategy. Notwithstanding that the hypothesis of 
Pearson and Rosenberg is not contradicted by the present results, definite conclusions can­
not be drawn as only !ittle information on the reproductive strategy of particular species is 
available. 

Physical disturbance and stability of the envÎronment 

In sub!ittoral areas with a heterogeneous bottom morphology, like the Voordelta, a dis­
tinction has to be made between the shallow banks, influenced by the wave action, and the 
deeper channels , often characterized by unpredictable minimum and maximum current 
velocities. 

In the Western Scheldt the fluctuating CUITent velocities give rise to temporal accumula­
tions of silt. Once the CUITent velocity decreases to a certain critical value, the silt particles 
can be deposited (Creutzberg, 1984; Wollast, 1976). These unstable silt layers are characte­
rized by the extremely high dominance (> 75 %) of three very tolerant species, (Sabatieria 
punctata, Daptonema tenuispiculum and Ascolaimus elongatus), which seem to be adapted 
to such unstable environments. 

Nothwithstanding the fact that the CUITent velocities at station 43 are similar to the 
Western Scheldt, this station is not characterized by temporal accumulations of silt. It is 
remarkable that this station shows the largest affinity for two near-by situated, but shallow 
and thus silt poor stations (the stations 37 and 45). The sorting of the sediment at these two 
stations is variable in comparison to the remaining shallow stations. The most similar cha­
racteristic for the stations 37, 43 and 45 is probably the hydrodynamical stress, which is 
evident in station 43 by the direct measurements of the fluctuating current velocities, and 
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which is indicated by the variability over time of the sorting of the sediment at the stations 

37 and 45. 
Mechanical disturbance, associated with predictable or unpredictable environmental 

fluctuations, is one of the most important factors, which determines the structure of a nema­
tode community (Warwick, 1971 ; Brenning, 1973 ; Platt, 1977 ; Govaere et al. , 1980 ; 
Bouwman et al., 1983 ; Alongi, 1986). According to Warwick and Gee (1984), com­
munities, which are disturbed by the activity of macrobenthic organisms and by fluctuations 
In the abiotical environment, are dominated by opportunistic species (with a short genera­
tion time and a high respiration rate). In the absence of such population reducing mecha­
nisms, conservative species (with a low respiration rate and a long generation time : = cli­
max community) are more favoured. An example of such a climax community is, still 
according to Warwick and Gee (1984), the Terschellingia spec. -Sabatieria pulchra com­
munit y, often associated with silty sediments and characterized by a low species diversity. 
A disturbed community is more diverse and is, for example in Clifton, dominated by three 
Chromadoridae species among which Ptycholaimellus ponticus (Warwick & Gee, 1984). 

According to these authoFs, these results support the stability-diversity hypothesis of 
Huston: "The apparent anomaly of a higher diversity at Clifton than Neal point is consis­
tent with Huston (1979) dynamic equilibrium hypothesis ... Under stable conditions, where 
population reductions are infrequent, competive equilibrium is approached and diversity 
decreased". According to Platt and Lambshead (1983), who suggested to combine the pre­
ceding hypothesis with that of Connel (1979), one has to distinguish different gradations of 
disturbance : diversity is higher in the case of disturbance, unless the impact of the distur­
bance is so catastrophic that species disappear. 

Examples of such 'catastrophic' communities in the Voordelta are probably the 
Daptonema-Sabatieria-Ascolaimlls communities of the hydrodynamically disturbed and 
heavily polluted stations in the mouth of the Western Scheldt. An example of an interme­
diary disturbed community, comparable to the opportunistic community of Clifton, is pro­
bably present in the hydrodynamically disturbed stations off the mouth of the Eastern 
Scheldt (TWIN 1 B). These communities are dominated by Dichromadora hyalocheile. 

Besides, the above mentioned presence or absence of opportunistic and conservative 
species is also connected to the food supply in the Voordelta. The hypothesis of Pearson 
and Rosenberg (1987) can ev en be connected with the one of Warwick and Gee (1984) : 
Elmgren (1978) showed that predation and disturbance caused by macrobenthic organisms • 
is more important in the case of a higher food supply. 

However, if the Sabatieria-Terschellingia community on the one hand, and the 
Chromadoridae community on the other hand are indeed specifie ex amples of respectively 
a climax and a pioneer community, one has to take care not to generalize the hypothesis of 
Warwick and Gee (1984) to ail forms of population-reducing mechanisms. For instance, the 
chromadorid Dichromadora hyalocheile is indeed very abundant in the hydrodynamically 
disturbed stations of TWIN 1 B. But the dominant species of the opportunistic community in 

Clifton (Warwick & Gee, 1984), Ptycholaimellus ponticus, is in the Forth estuary limited to 
the clean, unpolluted and undisturbed, sandy sediments (Moore, 1987). In an experimental 
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study on the effect of Pentachlorophenol on the structure of marine nematode communities 

by Cantelmo and Rao (1978), tïrst of ail a reduction of the Chromadoridae and the 

Desmodoridae was observed. 

Moreover, Sabatieria pulchra, the dominant species of the so called climax community, 

is often very abundant in disturbed environments, independent of the sediment composi­

tion. lt is suggested by several authors that Sabatieria pulchra is extremely physiologically 

adapted to stressed life conditions (Heip & Decraemer, 1974; Tietjen, 1980 & Heip et al., 

1984). This species even survives as a facultatively anaerobic species in deoxygenated sedi­

ments (Jensen , 1984). 

CONCLUSIONS 

The nematode communities of the banks poor in silt, and those of the silty channels are 

clearly distinguished on the basis of the dominance of Sabatieria spp. Three types of com­

munities, typically for silty sand sediments are present: (1) a Sabatieria spp . - Daptone171a 

spp. community, at the level of the Nieuwe Waterweg, the lake Grevelingen, and in the 

channel of the Eastern Scheldt ; (2) Communities with higher abundances of Im'ger, mostly 

conservative species, are typical for the chlorophyll-a poor regions of the channel of the 

Eastern Scheldt ; and (3) a species poor community, containing eurytope and tolerant spe­

cies is typical for the uns table silty bottom layer of the Western Scheldt. 

For the silt poor, sandy stations, three types of communities may be discerned as weil. 

Two of them are typical for weil sorted fine sands, in which mainly Xyalidae, Tripyloididae 

and Desmodoridae are abundant. The two fine sandy station groups can be discerned from 

each other on the base of the higher input of fresh water at the level of the sluices of the 

Haringvliet. The third community is found in dynamically disturbed habitats, characterized 

by poorly sOlted medium sands, in which the chromadorids are the dominant, and the des­

modorids the subdominant group. 

It is remarkable that, notwithstanding the fact that the Voordelta region is a heteroge­

neous and unstable area, characterized by several large environmental gradients, the relati­

vely small sedimentological gradient is most strongly correlated with changes in the struc­

ture and the composition of the nematode communities. In the past ecologicaLJield studies 

of sublittoral nematode communities were often limited to the evaluation of correlations 

with the sediment composition, assuming that such infOlmation was sufficient to gain 

insight in the ecology of this group (see review Heip et al., 1985). However, recently more 

authors have found, on an experimental basis as weil as in the field, both a relationship bet­

ween the ecophysiology of species and the structure of the nematode communities, and a 

relationship with environmental factors other than sedimentological. In this paper some evi­

dence for similar con'elations are suggested : e.g. the relation between the species composi­

tion and the me an individual biomass of the nematodes, and the chlorophyll-a content, the 

hydrodynamical forces and the stability of the environment. 
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