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Abstract

Meiofauna composition, abundance, biomass, distribution and diversity were investigated for 31 stations
in summer. The sampling covered the whole Oosterschelde and comparisons between the subtidal -
intertidal and between the western-central - eastern compartment were made .

Meiofauna had a community density ranging between 200 and 17500 ind 10 cm -2, corresponding to
a dry weight of 0 .2 and 8 .4 gm-2. Abundance ranged between 130 and 17 200 ind 10 CM-2 for nema-
todes and between 10 and 1600 ind 10 cm -2 for copepods . Dry weight biomass of these taxa was be-
tween 0.5-7.0 gm-2 and 0.008-0.3 gm - 2 for nematodes and copepods respectively .

The meiofauna was strongly dominated by the nematodes (36-99%), who's abundance, biomass and
diversity were significantly higher intertidally than subtidally and significantly higher in the eastern part
than in the western part. High numbers were positively correlated with the percentage silt and negatively
with the median grain size of the sand fraction . The abundance and diversity of the copepods were highest
in the subtidal, but their biomass showed an inverse trend being highest on the tidal flats .

The taxa diversity of the meiofauna community and species diversity of both the nematodes and the
copepods were higher in subtidal stations than on tidal flats . In the subtidal, the meiofauna and cope-
pod diversity decreased from west to east, whereas nematode diversity increased .

The vertical profile clearly reflected the sediment characteristics and could be explained by local hy-
drodynamic conditions .

Seasonal variation was pronounced for the different taxa with peak abundance in spring, summer or
autumn and minimun abundance in winter .

Changes in tidal amplitude and current velocity enhanced by the storm-surge barrier will alter the
meiofauna community structure . As a result meiofauna will become more important in terms of density
and biomass, mainly due to increasing numbers of nematodes, increasing bioturbation, nutrient mine-
ralisation and sustaining bacterial growth . A general decrease in meiofauna diversity is predicted . The
number of copepods is expected to decrease and interstitial species will be replaced by epibenthic spe-
cies, the latter being more important in terms of biomass and as food for the epibenthic macrofauna and
fishes .
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Introduction

Meiofauna is defined here as the benthic Metazoa
that can pass through a sieve with a mesh size of
1 mm and comprises the benthic animals inter-
mediate between the microfaunal organisms
(bacteria, ciliates, foraminiferans etc .) and the
macrofaunal organisms (polychaetes, bivalves,
crustaceans etc .) .

Meiobenthos occur in all types of sediment and
occupy a wide variety of habitats . In general, grain
size of the sediment is a primary factor affecting
the abundance and species composition of
meiobenthic organisms .

Meiofauna has been investigated in different
estuaries : e.g. Blyth, England (Capstick, 1959),
Elbe, Germany (Riemann, 1966), New England,
USA. (Tietjen, 1969), Exe, England (Warwick,
1971), Weser, Germany (Skoolmun & Gerlach,
1971), Grevelingen, the Netherlands (Heip et al.,
1977; Willems & Sandee, 1978, 1979 ; Willems
et al ., 1984), Tigris & Euphrate, Iraq (Saad &
Arlt, 1977; Arlt & Saad, 1977), Swartskop, S .
Africa (Dye & Furstenberg, 1978), Lynher, En-
gland (Warwick & Price, 1979), Westerschelde,
the Netherlands, Belgium (Heip et al., 1979; Van
Damme et al ., 1980 ; Van Damme et al., 1984),
Eems-Dollard, the Netherlands (Heip et al., 1979 ;
Van Es et al ., 1980 ; Bouwman, 1983 ; Van Damme
et al., 1984), the Wadden Sea, the Netherlands
(Witte & Zijlstra, 1984), Wellington, New
Zealand (Coull & Wells, 1981), Ythan, Scotland
(Baird & Milne,1981), Tamar, England (Warwick
& Gee, 1984; Austen & Warwick, 1989), Hunter,
Australia (Hodda & Nicholas, 1985, 1986) .

Meiobenthos of the Oosterschelde was exten-
sively sampled during the period 1976-1985, the
period before and during the construction of the
storm-surge barrier . Due to the construction of
different barriers the estuarine character of the
Oosterschelde is mainly lost and the salinity is
fairly constant : 28-30% . (Wolff, 1973 ; Duursma
et al., 1982). The Oosterschelde is nowadays
characterized as a polyhaline or mixo-euhaline
sea arm or tidal bay (Nienhuis & Smaal, 1994) .

Preliminary results on the Oosterschelde meio-
fauna are given by Heip et al ., 1979 and Smol,

1986. This paper deals with extensive information
on the spatial and seasonal distribution, density,
biomass and diversity of the whole meiofauna
with special focus on the two dominant taxa :
nematodes and copepods .

Material and methods

Sampling

The meiofauna composition of 31 stations was
investigated, covering both the subtidal and the
intertidal habitats of the whole Oosterschelde
area and covering different substrate types
(Fig. 1). Most stations, 01 to 024, were sampled
in August-September 1981 . Station 017 was
sampled in August 1981 ; station 035 in June 1984
and the stations 036a, 036b, 036c, 037a, 037b,
037c, 038a, 038b and 038c were sampled in May,
August, November 1984 and February 1985 to
investigate temporal changes in meiofauna com-
munity. The coordinates and depth at the mo-
ment of sampling of the stations are represented
in Table 1 . The first three samples were located
west of the storm-surge barrier .

Sublittoral samples were collected with a modi-
fied 'Reineck box-corer' (Farris & Crezee, 1976)
of which 5 replicate subsamples were taken with
a 10 cm2 perspex corer of 40 cm length . Stations
36b, 37b and 38b at -1 m depth below low water
level were sampled with a hand held 10 cm2 per-
spex corer using SCUBA-diving ; the same corer
was also used in collecting intertidal samples at
low tide. At each station 4 replicate samples were
analyzed for meiofauna and 1 for sediment . On
some tidal flats (e .g. 017, 024, 028) samples were
taken on 4 different places situated along a
transect perpendicular to the water line ; those
data were pooled together and a mean value of
the 4 samples is taken as representative for that
intertidal station .

Sediment granulometry was determined using
a graded series of standard sieves suited to the
intervals of the Wenthworth scale (Buchanan &
Kain, 1971). The degree of sorting was classified
according to Wolff (1973) . The silt fraction was
determined as the amount of sediment passing
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through the 62 pin sieves and the gravel fraction
as the amount of material retained on the 1 mm
sieve.

Copepods and nematodes were elutriated from
the sand on a 38 ,um sieve using a combination of
the trough-method (Barnett, 1968) and a density
gradient centrifugation technique with ludox HS
40% (Bowen et al., 1972). All copepods were
identified. Because of the high numbers of nema-
todes, only 100 chosen at random were identified
to species level .

For the stations 036a, 036b, 036c, 037a, 037b,
037c, 038a, 038b, 038c mean individual dry weight
of the nematodes and copepods was determined
by means of a Mettler microbalance (accuracy
0.1 pg). Two hundred nematodes or twenty cope-
pods, randomly picked out and rinsed with dis-
tilled water, were transferred to an aluminium vial
and weighed after two hours of drying and 30
minutes of cooling .

For the other stations a value of 0.38 pg (mean

Fig . 1 . Location of the stations in Oosterschelde estuary .
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individual dry weight in summer) was used for the
nematodes and individual dry weight of the cope-
pods was determined by the method of Willems
(1989). The individual dry weight of the other
meiofauna taxa was based on values presented by
Faubel (1982) and Van Damme et al. (1980); a
mean value of the different size classes was used .

The following individual dry weight values were
used to calculate the total biomass of the differ-
ent groups: Turbellaria: 3.7 pg, Ostracoda : 7 .8 jug,
Gastrotricha: 0.43 pg, Archiannelida : 4.6 pg, Hy-
drozoa: 3.0 pg, Halacarida : 1 .8 pg, Tardigrada :
0 .7 pg, Kinorhyncha : 2.1 pg, Polychaeta : 4.6 jig,
Oligochaeta : 3.6 pg, Nemertini: 14 .1 pg, Cuma-
cea: 10 pg, Tanaidacea: 10 pg and Bivalvia :
5 .4 pg .

Statistics

For statistical analysis only the values of the sta-
tions sampled in August and early September
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Table 1 . Geographic coordinates, depth and sediment characteristics of the stations .

were used . Diversity of the taxonomical units was
measured using the Hill's diversity numbers (Hill,
1973), the evenness indices of Heip (1974) and
Alatalo (1981) and the formerly used H, H', J and
SI to allow comparison with literature. The whole
set of biological data, sediment characteristics,
geographic position and depth were submitted to
correlation analysis using the non parametric
Spearman rank correlation coefficient . Abun-
dance, biomass and diversity of the total meio-
fauna, the nematodes and the copepods were
analyzed either by the non parametric Kruskal-
Wallis or the parametric 1-way ANOVA (for

homogenous data). A detailed list of the data are
given by Smol (1986) .

Results

Sediment characteristics

Sediment characteristics of the investigated sta-
tions are represented in Table 1 and the mean
value of the main characteristics is plotted for the
subtidal and intertidal zone and the 3 parts of the
Oosterschelde in Fig. 2 .

Station Latitude
North

Longitude
East

Depth
m

Sediment characteristics

Grain size (µm)

	

Sorting % silt % gravel

01 51 0 37'42" 3°19'02" - 10 308 0.350 0.15 0 .00
02 51 0 40'13" 3°31'14" -5 275 0.340 0.20 0 .00
02 51°37'58" 3°26'33" - 11 394 0.410 0.28 0.00
04 51°38'28" 3°43'16" - 23 202 0.360 0.24 0 .00
05 51°36'25" 3°45'45" - 24 257 0.310 0.00 0.00
06 51°37'02" 3°49'48" - 10 180 0.320 0.96 0.00
07 51°38'47" 3°51'37" - 16 260 0.350 0.15 0 .00
08 51°37'29" 3°52'33" - 6 210 0.360 0.39 0 .00
09 51°37'51" 3°53'32" - 55 240 0.360 0.33 0 .00
010 51°36'62" 3°56'32" -21 246 0.340 0.12 0 .00
011 51°35'29" 3°54'59" - 11 251 0.520 1 .43 0 .00
012 51°34'17" 3°54'05" -36 333 0 .390 0 .48 4 .51
013 51°34'09" 3°55'04" - 11 219 0.330 0 .57 0.00
014 51°36'13" 4°00'01" - 16 242 0.340 0 .00 2 .93
015 51°36'56" 4°03'09" - 20 278 0.320 0 .19 0.56
016 51°36'28" 4°07'26" - 6 161 0.450 8 .65 1 .91
017 51°34'49" 4°00'25" 0 159 0.355 1 .80 0.00
018 51°33'15" 4°00'00" - 3 157 0.240 0 .28 0.00
019 51°33'25" 4°02'02" - 10 127 0.300 16 .94 0.00
020 51°32'22" 4°02'43" - 8 116 0.360 16 .38 2.24
021 51°31'20" 4°04'36" -41 278 0.400 0 .21 0.00
022 51°29'12" 4°09'02" - 18 151 0.400 2 .05 0.00
023 51°29'01" 4°13'27" -6 186 0.760 20.52 0.00
024 51°27'29" 4°16'07" 0 111 0.550 29.25 0.00
035 51°26'22" 4°10'06" 0 125 0.375 5 .40 0.00
036a 51°33'24" 3°58'28" 0 137 0.270 3 .20
036b 51°33'24" 3°58'28" - 1 131 0.300 2.90
037a 51°40'24" 3°50'14" 0 147 0.330 6 .00
037b 51°40'24" 3°50'14" - 1 129 0.460 16 .10
038a 51°28'52" 4°11'15" 0 139 0.390 24.20
038b 51°28'52" 4°11'15" - 1 131 0.270 7.40



Table 2 . Mean density and biomass of the total meiofauna, the nematodes and the copepods for the subtidal and intertidal
(per 10 cm 2 )

Median grain size . The sand fraction of the sedi-
ment consisted of very fine to medium sand, the
median grain size ranging between 111 µm-
394 jim . These minimum and maximum scores
were found in station 024 and 03 respectively, the
latter being located outside the Oosterschelde .

The subtidal stations had a mean median grain
size of 220 µm . Most of them were characterized
by fine and medium sands . Very fine sand was
restricted to station 020 only . The coarsest sedi-

Nm
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ments were found in the western region with a
mean value of 246 µm . Towards the inner basin
the mean value decreased, being 214 tim and
117 pm in the central and eastern region respec-
tively .

In the intertidal most stations were character-
ized by fine sands . No medium sands were found .
The overall mean is 116 µm, with mean values of
147 pm in the western area, 148 itm in the middle
area and 83 pm in the inner basin .
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Fig. 2 . Mean value of the main sediment characteristics for the subtidal and the intertidal habitat and for the 3 regions of the
Oosterschelde .

Meiofauna Nematoda Copepoda

Density Biomass Density Biomass Density Biomass

Subtidal 2000 ind . 0 .9 g 1600 ind . 0 .6 g 303 ind . 0 .09 g
Intertidal 5400 ind . 2 .7 g 5000 ind . 2 .0 g 126 ind . 0 .2 g
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The mean median grain size of all the subtidal
stations was 220 µm. The coarsest sediments
were found in the western region : a mean value
of 246 µm, and the finest in the eastern region :
117 µm; the middle region had an intermediate
position : 214 µm .

Degree of sorting. The sediments were mostly very
well (n = 15) or well (n = 13) sorted . The sorting
coefficients were fairly constant throughout the
Oosterschelde, except for several intertidal sta-
tions, located in the inner basin .

Silt-clay. In the subtidal most stations consisted
of clean sand whereas most intertidal stations
were characterized by muddy sands . Increased
amounts of silt-clay were found in sheltered zones
of the northern area (016), the middle region (019,
020) and the inner basin .

Gravel. Occasionally small amounts of gravel
were found, all of it being of biogenic origin
(= shell debris) .

Finally the Oosterschelde was dominated by
clean, fine to medium sands which are well to very
well sorted . In the shallow sheltered zones such
as the inner basin the median grain size decreased
paralleled by an increase of the silt-clay content .

Statistically significant differences were found
between the subtidal and intertidal for both me-
dian grain size (p < 0 .011) and silt-clay content
(p < 0.002). However the west-east gradient could
not be confirmed by statistical analysis .

The stations could be classified into following
sediment types : clean fine sand, very well sorted ;
clean fine sand, well sorted ; slightly mixed fine
sand, well sorted; clean medium sand, well sorted ;
slightly mixed fine sand, very well sorted . All other
sediment types were less important and scored
less than 5 % of all samples .

Meiofaunal composition and abundance

The meiobenthos community of the Ooster-
schelde was very diverse: 12 higher taxa were
identified: Nematoda (176 species), Copepoda

Harpacticoida (97 species), Turbellaria (95 spe-
cies), Ostracoda (17 species), Gastrotricha (10
species), Archiannelida (8 species), Oligochaeta,
Hydrozoa (4 species), Halacarida, Tardigrada,
Kinorhyncha (1 nov. species), and Rotifera (9
species). A species list for each taxon is provided
by Smol (1986) .
The meiofauna community was dominated by

nematodes throughout the Oosterschelde, fol-
lowed by copepods, gastrotrichs and turbellar-
ians . Nematodes and copepods together com-
prised about 90% of the meiofauna (Fig . 3). The
average relative abundance of the nematodes was
88% for the intertidal and 64% for the subtidal .
Although copepods were ranked second, they
were particularly important in the subtidal where
they represented almost one fourth (24%) of the
total meiofauna density . The other taxa made up
only 3 % and 1 % in the sub- and intertidal habi-
tats respectively .

The density of the total meiofauna community
ranged between 200 and 17 500 ind 10 cm - 2 . On
tidal flats the mean total density was much higher
(5400 ind 10 cm - 2) than in the subtidal (2000 ind
10 cm - 2 ) (Fig. 4). This figure shows the over-
whelming abundance of nematodes in both habi-
tats. The copepods and gastrotrichs ranked sec-
ond depending on the community . Differences
between the intertidal and subtidal were signifi-
cant (p<0 .002) .

Nematode density fluctuated between 100 ind
10 cm - 2 (012) and 7100 ind 10 cm - 2 (037a). A
mean density of 1500 ind 10 cm -2 and 5000 ind
10 cm -2 was representative for the sub- and in-
tertidal respectively, these scores were statistically
different (p<0 .002). In 10 out of 24 subtidal sta-
tions the importance of the nematode group was
< 50% of the meiofauna, but on tidal flats they
represented mostly > 90 % of the meiobenthos,
occasionally decreasing to 70% .

An inverse trend was observed for the copep-
ods, their relative abundance became important
in subtidal stations, usually exceeding 50 % of the
total meiofauna, and with minimal scores (< 1 % )
in the intertidal .
The mean copepod density was 300 ind

10 cm - 2 and 120 ind 10 cm - 2 for the sub- and
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Fig . 3 . Relative abundance (upper circles) and biomass (lower circles) partitioning of the meiofauna : comparison between subtidal
and intertidal .

intertidal area respectively . No significant differ-
ences were observed . Station densities ranged be-
tween 10 ind 10 cm -2 (035b) and 1500 ind
10 cm -2 (015) with a mean density of 214 ind
10 cm -2 . Only clean medium sands showed den-
sities > 500 ind 10 cm -2 due to the presence of
interstitial fauna .

Turbellarians did occur in all but one station
(absent in the intertidal 017) . The population den-
sity reached a maximum of 114 ind 10 cm -2 (05,
situated near the storm-surge barrier) . Mean den-
sities in the sub- and the intertidal were 34 and 25
ind 10 CM-2 respectively, although this difference
seemed less obvious it was significant (p < 0 .000) .
The relative abundance of the turbellarians was at
most 12% (04) .

Gastrotrichs only occured in 20 out of 31 sta-
tions and showed great variability : 1-1100 ind
10 cm -2 . Their mean density was significantly

nematoda 78%

intertidal

other taxa 1
gastrotricha 4%
turbellaria 1

copepoda 4%

other taxa 1 %

ostracoda 10%

turbellaria 4%
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(p < 0.000) higher on tidal flats (288 ind 10 cm -2)
than in the sublittoral zone (109 ind 10 cm -2) .
Their excessive numbers at particular stations re-
sulted in a relative important ranking within the
meiofauna community .

The other taxa were less important or even rare
in terms of abundance although significant differ-
ences in density were observed for hydroids
(p<0 .000) and tardigrades (p<0 .012), being
more abundant in the subtidal and for the ostra-
cods (p<0.000) and oligochaetes (p<0 .000)
being more abundant on tidal flats .

In Fig. 4 mean density of the most important
meiofauna groups are given . From west to east
mean subtidal densities of the 3 main regions
showed an increasing trend for nematodes and a
decreasing trend for copepods and gastrotrichs .
In the intertidal an increasing trend was only
found for copepods . In general the total meio-.
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fauna and nematode density were significantly
higher in the eastern part than in the western part
(p < 0 .000) .

The Nematode/Copepod-ratio

The mean nematode/copepod-ratio (N/C-ratio)
per station varied between 0 .3 (015) and 184
(016) ; both these extreme values occurred in the
sublittoral region . The mean N/C-ratio for this
zone is 21 .4, whereas the mean N/C-ratio for the
intertidal is 56 .1, this difference was significant
(p < 0.000) .

In the subtidal the N/C-ratio showed an in-
creasing trend from west to east (Fig . 5), which
was not found in the intertidal due to an extreme
value (147) in station 037a on the Roggeplaat,
located in the western region . This station was
characterized by a median grain size of 147 µm
and 6 %s silt and was located at the sheltered side
of the sand flat. In summer dense algal mats,
diverse macrofauna species and many egg co-
coons of Scoloplos armiger occurred, which made
this site quite unique in offering heterogeneous
micro habitats . However, the algal mats reduced
the oxygen in the underlying sediment, as is noted
for station 037b, although not affecting the N/C-
ratio .

Biomass

The standing stock dry weight biomass of the
meiofauna community ranged between 200-
8300 pg dwt 10 cm -2 . Within the subtidal the
biomass was increasing from west to east, but on
the intertidal flats this trend was reversed (Fig . 4) .
A significant difference in the mean biomass be-
tween the sub- and intertidal was found, being
900 and 2600 tg dwt 10 cm 2 respectively .

Mean individual dry weight of the nematodes
in the Oosterschelde as determined by direct
measurements was 0 .38 pg in summer (August) .
Variation in time and depth occurred (Table 3),
reflecting differences in species composition and
population structure . The summer values were
slightly lower than those in autumn and winter,
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Fig . 5 . The N/C-ratio per station for the subtidal and inter-
tidal and a comparison between the mean values per habitat
and region (stations are ranked from west (left) to east (right)) .

probably due to an important number of juve-
niles . The individual dry weight of nematodes in
the top 5 cm was about double as high as that of
the nematodes in the deeper layers . Most species
inhabiting the lower parts of the sediment were
indeed characterized as long and thin species .
Although the overall mean individual dry

weight of the nematodes (0 .38 µg) was about 3
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Table 3 . Seasonal and depth variation of the mean individual
dry weight (jig DW ind -1 ) of nematodes and copepods (value
between brackets = standard error, n = number of weighings) .

times lower than that of the copepods (1.36 pg),
this taxon again was the dominant component of
the total meiofauna biomass (Fig . 3) . In the sub-
tidal station they reached 60%, followed by the
turbellarians (14%) and the copepods (10%) .
Hydroids as well as gastrotrichs made up 4%
each of the total biomass . On tidal flats the domi-
nance of the nematodes was even more pro-
nounced (78 %). Subdominant were the ostracods
(10%), followed by the copepods (7%) and the
turbellarians (4%) .

Nematode biomass per station ranged in sum-
mer between 49 µg dwt 10 cm - 2 (012) and
7044 jag dwt 10 CM- 2 (037a). The subtidal envi-
ronment was characterized by a mean biomass of
575 µg dwt 10 cm -2 differing significantly
(p<0.000) from the intertidal by 1999 pg dwt
10 cm -2 (Fig. 4) .
Copepod biomass ranged between 8 .4 jig dwt

10 cm -2 (012) and 282.9 pg dwt 10 cm -2 (038b)
per station .

The overall mean was 114 .8 jug dwt 10 cm -2
with a mean value of 92 ,vg dwt 10 cm -2 and
166 pg dwt 10 cm -2 for the sub- and intertidal
respectively, this difference was not significant .
The biomass followed to a certain extend the pat-
tern of abundance but this pattern was distorted
by extreme differences in body size and thus in-
dividual dry weights of the species .

Both Paramesochridae and Cylindropsyllidae
were the most abundant but as typical interstitial
types their importance was strongly reduced as
far as biomass goes . The same held for the me-
sopsammic component of the fauna . This was
explained by the fact that these families only con-
sisted of mesopsammic species i.e . small, vermi-
form copepods with an extremely low individual
dry weight (range : 0.1-0 .5 jug ind - ') .

Except for the Ectinosomatidae, the other
families showed a reverse trend, since many
members had a relatively high individual dry
weight (range: 2-5 pg ind -1) . Thus, many more
families shared dominance . Among the ecological
groups only the psammophilous and euryoecious
faunas were of any importance . Dominance in
biomass was evenly shared by the mesopsammic,
epi-endopsammic and euryoecious species .

Turbellarian total biomass ranged between
0.9 pg 10 cm - 2 (018) and 421 .8 pg 10 CM- 2 . The
mean value of 125 jug 10 cm -2 for the subtidal
stations was somewhat higher than that of the
intertidal : 94 µg 10 cm - 2 , which made them sub-
tidally more important in terms of energy flux
than the copepods (Fig . 3). However it must be
reminded that turbellarians are predators and one
cannot compare their importance in the system
on the basis of weight alone .

The total biomass of the gastrotrichs varied
between 0.4 jig 10 cm -2 (016) and 488.4µg
10 cm -2 (036a). High biomass values for the
other taxa were noted in station 014 : 303 pg
10 CM-2 (hydroids), 06: 135 µg 10 CM-2 (hy-
droids), 038b : 196 µg 10 cm -2 (polychaetes) . On
the tidal flats ostracods became an important
component of the biomass : 360 pg 10 cm - 2 (017),
140µg 10 cm -2 (035), 636µg 10 cm -2 (037a)
and 400 pg 10 cm -2 (038a) .

Variation in time and space

Vertical distribution
The depth distribution of the meiofauna accord-
ing to the geographic location is given in Fig . 6,
both for the intertidal and subtidal environment
(-1 mm below low water level and > 10 m deep) .

Time

May Aug Nov Feb

Nematoda 0.45 (0 .03) 0 .38 (0 .02)
n= 14

1 .36 (0 .24)
n=9

0.46 (0.02)
n=11

1 .58 (0 .17)
n=7

0.41 (0 .03)
n=11

1 .65 (0 .12)
n=3

Copepoda

n=45

1.59 (0 .16)
n= 17

Depth

0-5 cm 5-10 cm 10-15 cm 15-20 cm

Nematoda 0.54 (0 .04) 0 .26 (0 .04) 0 .24 (0 .04) 0 .28
n=30 n=11 n=3 n=1
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Meiofauna occurred to a depth of 25 cm (maxi-
mum sampling depth) into the sediment . In all
stations the bulk of the meiofauna (>70%) in-
habited the upper 10 cm, on tidal flats more than
90% were restricted to that layer. Towards the
east the decreasing median grain size superim-
posed by an increasing silt-clay content resulted
in a concentration of more than 80 % of the meio-
fauna in the top 5 cm of the sediment . This clearly
reflected a response of the meiofauna to two main
sediment characteristics i.e . the amount of silt-
clay and the median grain size .

Seasonal changes: Fig. 7
A pronounced seasonality was found to exist for
most meiofauna groups, generally with a maxi-
mum abundance in the warm seasons and a mini-
mum in winter. Highest total meiofauna densities
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Fig . 6 . Vertical distribution of the meiofauna according to the geographic location : 9 stations distributed over the subtidal and
intertidal habitat and the 3 regions (W = west; C = central ; E = east) of the Oosterschelde (m = median grain size, s = silt-clay
fraction) .

were observed in summer: 18 000 ind 10 CM -2

(037a) and lowest in winter: 744 ind 10 cm -2
(037b) .

Nematodes, being the dominant taxon, fluctu-
ated according to the same pattern . In the inter-
tidal the density sometimes increased up to 20
times the winter values (037a) .

In the western part the density of the nema-
todes at the subtidal station was lower in summer
than in spring . The presence of dark granules in
the intestine of more than 50% of the nematodes
indicated a detoxification system for sulphide ions
(and oxygen depletion, cfr . Nuss, 1984). This was
confirmed by a strong H 2S-smell. Most probably
this H2S-stress had its repercussion on the den-
sity of the nematodes, the copepods and other
groups .

The copepod population reached its highest
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density in spring at the subtidal station 038b . The
stations situated in the western and central part
had a peak in autumn and in summer respec-
tively . A peak abundance for the turbellarians, the
ostracods and the tardigrades was noted either in
spring, summer or autumn ; their minimum was
always observed in winter .

The total biomass of the meiofauna was high-
est in summer with values of 8 .4 mg 10 cm -2
(037a), 2 .4 mg 10 cm -2 (036a), 2.9 mg 10 cm -2
(038a) for the intertidal and 2 .21 mg 10 cm -2

(037b), 3.1 mg 10 cm -2 (036b), 3 .8 mg 10 cm -2
(038b) for the subtidal . The seasonal pattern was
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nematoda

most pronounced in station 037a, the summer
value being 10 times higher than in winter, due to
the dramatic increase in numbers (x 20) and in
biomass (x 10) of the nematodes . The variation
of the biomass of the nematode population was
in accordance with the fluctuations in density .
Minimum biomass values for the copepods as
well as for the other groups were observed in
winter and maximum peaks occurred in the other
seasons, often reaching 15 times the winter val-
ues .

The abundance and biomass of the ostracods
sometimes exceeded that of the turbellarians and
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in the central region the biomass of the latter
exceeded that of the copepods in spring and sum-
mer .

Diversity

The number of meiofauna taxa was lowest in sta-
tion 017: 4 and highest in 037a and 038b : 11 taxa
(Fig. 8). One could expect a mean of 7 taxa in the
subtidal stations and a mean of 8 on the tidal
flats, although the mean diversity measured by the
set of indices as indicated in Table 4 was higher
in the subtidal stations than in the intertidal sta-
tions .
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The number of nematode species varied be-
tween 20 and 33 per station . In the intertidal there
was a clear increase in number of species from
west to east and the diversity and evenness were
higher intertidally than subtidally .

The species richness of the copepod commu-
nity varied between 6-21 species per station . The
highest scores were found in subtidal clean me-
dium sands and subtidal muddy fine sands of the
outer area and the inner basin respectively. The
lowest number of species was observed in clean
fine sands in the intertidal zone of the middle
area .

A mean of 9 and 7 species was calculated for
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subtidal and intertidal respectively . For each of
the diversity indices the copepod community was
more diverse in the subtidal than in the intertidal .

Comparing the diversity of the copepods be-
tween the subtidal-intertidal stations on the one
hand and the 3 main regions of the Oosterschelde
on the other hand, significant differences for dif-
ferent indices were observed as shown in Table 4 .
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Fig. 7 . Seasonal changes in density (ind 10 cm - ') and biomass (µg DW 10 cm- 2) of the meiofauna taxa (S = spring ; S' = summer ;
A = autumn ; W = winter; W = west; C = central ; E = east).
7a: Total meiofauna and Nematoda
7b: Copepoda, Turbellaria, Gastrotricha
7c: Ostracoda, Tardigrada, Polychaeta, Oligochaeta

S

subtidal

In both cases the number of species was signifi-
cantly different . The discrepancy between the sub-
and intertidal was mainly caused by differences in
evenness (or abundance) of the species and the
difference between the western and eastern region
of the Oosterschelde was mainly due to the di-
versity (or number of species) . A classical 1-way
ANOVA had the same results .
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Nematode community

A total of 176 species belonging to 97 genera and
20 families were identified. The number of species
per station ranged between 15 to 48 . Dominant
families (>_ 10%) were in descending order Xy-
alidae, Comesomatidae, Oncholaimidae, Desmo-
doridae, Axonolaimidae, Enoplidae and Chroma-
doridae .

The subtidal stations were dominated by Dap-
tonema riemanni, Sabatieria vulgaris, S . breviseta,
Viscosia viscosa, Enoplolaimus propinquus, Ascolai-
mus elongates, Daptonema fallax, and Metadesmo-
laimus varians .

The tidal flats were mainly occupied by
Metachromadora vivipara, Spirinia parasitifera,

Table 4 . Diversity of the meiofauna, the nematodes and the
copepods : comparison of the diversity of the copepods be-
tween subtidal-intertidal (=habitat) and between the 3 re-
gions of the oosterschelde (= area) ; probabilities of the
Kruskall-Wallis analysis are given (H' = Shannon-Wiener-
index, H = Brillouin-index, SI = Simpson-index, J = Pielou's
index, N I, N2, E l,0, E2,1 = Hill's numbers, E'1,0 = Heip-
index, E'2,1 = Alatalo-index, N oc = dominance index).

2 1 1

Oncholaimellus sp ., Sabatieria vulgaris, Ascolaimus
elongatus, Daptonema riemanni .

Particularly the genera Sabatieria and Dap-

tonema were represented by several species .
Among the ecological feeding groups the nema-

tode community was dominated in terms of abun-
dance by non-selective deposit feeders . The
predators/omnivores ranked second, followed by
the epistratum feeders and the selective deposit
feeders .

Copepod community

A total of 1 cyclopoid and 70 harpacticoid cope-
pod species were found, the latter belonging to 14
families and 47 genera .

Seven families represented 56 species (78 .8%) ;

these were in order of their importance : Ectino-
somatidae, Diosaccidae, Laophontidae, Cylin-
dropsyllidae, Cletodidae, Tachidiidae and
Paramesochridae. Only 2 species could be char-
acterized as very common (> 50 %) based on their
occurrence in the total data-set : Asellopsis inter-

media and Harpacticus flexus . Twenty species
were common (25-49%) ; these were in order of

Habitat Area

H' 0.650 0.006**
H 0.750 0 .008 **
SI 0.391 0 .03
J 0.001 *** 0 .169
N 1 0.545 0 .007 **
N2 0.356 0 .032
E 1,0 0.000*** 0 .334
E'1,0 0 .001 ** 0 .249
E2,1 0 .099 0 .359
E'2,1 0.039* 0 .609
S 0 .021 * . 0.048
N oc 0 .237 0 .362
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their frequency : Pseudobradya beduina, Tachidius
discipes, Euterpina acutifrons, Arenosetella tenuis-
sima, Canuella perplexa, Paraleptastacus espinula-
tus, Enhydrosoma propinquum, Pseudobradya
minor, Evansula pygmaea, Klyopsillus constrictus
s.str., Halectinosoma herdmani, Leptastacus lati-
caudatus, Kliopsyllus paraholsaticus, Canuella fur-
cigera, Arenosetella germanica, Arenocaris bra,
Paronychocamptus nanus, P. curticaudatus, Sten-
helia palustris, Halectinosoma gothiceps . Rare (5-
24%) and very rare (<5%) species constituted
together 49 species (23 and 26 respectively) .

In terms of their relative abundance the family
Paramesochridae strongly dominated . Sub-domi-
nance was shared between the Cylindropsillidae
and Ectinosomatidae . The dominance of the
Paramesochridae and Cylindropsillidae was re-
flected in the dominance of the psammophilous,
particularly the mesopsammic species . Only the
epi-endopsammic and euryoecious groups were
subdominant and of equal importance .
Among the ecological groups only psammo-

philous and euryoecious groups were of any im-
portance followed by the limicolous and phyto-
philous groups .

The groups of psammophilous and euryoecious
species together comprised 51 species, 71 .9% of
the total number. Twenty of these species ac-
counted for 91 .0 % of the very common and com-
mon species groups . Within the psammophilous
fauna 20 species (62.5%) were mesopsammic, 8
of which made up 36.4 % of the very common and
common species . Epi-endopsammon (6 species)
and euryoecious (6 species) each accounted for
27.3% .

Turbellarian community

The density of the turbellarians and their species
diversity was much higher in the Oosterschelde
than in lake Grevelingen or in the Westerschelde
(Martens & Schockaert, 1981) . The same authors
found that in the Delta as a whole, Proseriata and
Acoela were about equally well represented and
approximately one fifth of the turbellarian fauna
consisted of Neorhabdocoela and 90% of these
were Kalyptorhynchia .

A list of species determined at the stations 013
and 018 in 1979 is represented in Martens and
Schockaert (1981).

Abundance and environmental parameters

In the Oosterschelde the variation in space of
meiofaunal abundance was significantly corre-
lated with environmental parameters such as : me-
dian grain size of the sand fraction, amount of
silt-clay, amount of gravel, sorting, depth, and
longitude. Significant correlation coefficients are
presented in Table 5 (p < 0 .01 for n = 29, rs = 463) .

The density and relative abundance of the
nematodes and to a lesser extent the density of
the ostracods and oligochaetes increased signifi-
cantly with decreasing median grain size and in-
creasing silt content .

Turbellarian density increased with a higher
degree of sorting and the same holds for the tar-
digrades .

The number of gastrotrichs was negatively cor-
related with the silt content and their importance
in the meiofauna composition responded to a
coarser sand and lesser mud .

Highest hydroid abundance was found in the
clean coarser sands, their numbers decreasing to
the east.

For the copepods only the relative importance
was highly significant being positively correlated
with the median grain size and negatively with the
silt-clay fraction .

The N/C-ratio exhibited a similar correlation
with grain size and silt-clay content as the nema-
todes and increased with increasing sorting and
decreased with depth .

The relative abundance of nematodes was sig-
nificantly correlated with longitude, becoming
more important to the east . Both the percentage
of nematodes and oligochaetes increased with in-
creasing silt-clay content and decreasing median
grain size and depth .

Copepods, turbellarians, gastrotrichs and hy-
droids became more important with increasing
median grain size and decreasing silt-clay con-
tent .

Among the environmental factors the median
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Table 5 . Significant correlations (p<0 .001) between different biotic and abiotic parameters : Spearman rank correlation coefficients .

grain size showed a positive relation with depth
and a negative relation with longitude and silt-
clay content, the latter increasing from west to
east and decreasing with depth .

The diversity of the meiofauna community in-
creased in coarser sand and lower amount of silt-
clay and is positively correlated with depth (below
approximately known sea level). No relation was
detected between the diversity of the copepods
and the sediment characteristics .

Discussion

The Oosterschelde was strongly influenced by
tidal currents causing a heterogeneous and un-
stable biotope characterized by environmental
gradients. Especially the tidal flats were daily sub-
jected to greater fluctuations of temperature and
salinity, and different faunal assemblages in the

subtidal and intertidal habitat are therefore ex-
pected .

The sediment composition, was primarily de-
termined by the hydrodynamical forces and of-
fered a variety of different biotopes within the
Oosterschelde .

The meiofauna was very diverse with 12 per-
manent meiofauna taxa. In the nearby Wester-
schelde Van Damme etal. (1980) recorded 10
taxa in subtidal transects . In the Dutch Wadden
Sea only 4 and 5 taxa were noted by Witte &
Zijlstra (1984) and Bouwman (1981) respectively,
but not all meiofauna groups were taken into ac-
count .

The abundance of the meiofauna was very high
in both sub- and intertidal habitats, which was
partly due to the sampling season (summer) .
Similar high densities in subtidal areas were ob-
served by Faubel et al. (1983) in the Fladen

Grain size Sorting Silt-clay Gravel Depth Longitude

Density meiofauna -0.609 0 .534 -0.486
Density nematoda -0.824 0 .704 -0.629
Density turbellaria -0.554
Density gastrotricha -0.496
Density tardigrada -0.492
Density ostracoda -0.574 0.527 -0.538 -0.691
Density hydrozoa 0.678 -0.721 0.647 -0.472
Density oligochaeta -0.617 0.592
N/C-ratio -0.824 -0.049 0.823 -0.575
/o nernatoda -0.837 0.845 -0.589 0.476

copepoda 0.809 -0.792 0 .548
/o turbellaria 0.587 -0.644 0 .661
°o gastrotricha 0.544 -0.566 0 .491
;o ostracoda -0.528 -0.628

hydrozoa 0.759 -0.733 0.718 -0.475
°o polychaeta 0.540
°o oligochaeta -0.533 0.527
Biomass meiofauna -0.657 0,505 -0.522
Biomass nematoda -0.817 0.700 -0.635
Biomass copepoda -0.509
Biomass ostracoda -0.576 0.540 -0.529 -0 .655
Biomass turbellaria -0.549
Diversity taxa 0.700 -0.700 0 .600
Depth 0.651
Longitude -0.495 0.483
Silt-clay -0.844
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Ground, Bodin (1984) in the bay of Douarnenez,
Herman et al . (1984) in the Belgian coastal zone,
Ansari et al. (1980) in Goa, India; and in tidal
areas by Ellison (1984) in Plymouth and Dye
(1983) in South Africa.

Meiofauna abundance on the tidal flats of the
Wadden Sea and the Westerschelde was gener-
ally lower .
The subtidal abundance and biomass were

considerably lower and were consistent with the
density of the subtidal populations in the North
Sea (Heip et al., 1979), of the fine sand popula-
tions in the Bay of Morlaix, France (Boucher,
1980) and of Firemore Bay, Scotland (McIntyre
& Murison, 1973) .

In the Oosterschelde nematode abundance and
biomass differed significantly between the sub-
tidal and intertidal. No such difference was noted
in the literature, since all studies are restricted to
one of these habitats only.

On the tidal flats nematodes predominated as
in most estuaries . The observed abundance and
standing stock were high and similar to those of
the salt marsh Saaftinghe in the Westerschelde
estuary (Van Damme et al ., 1980), of the Lynher
estuary (Warwick & Price, 1979), estuaries of
Georgia, USA (Teal & Wieser, 1966) and the
Eems estuary, although nematode density was
slightly lower there (40-10000 ind 10 cm - 2,
Bouwman, 1983). These high scores are typical
for intertidal muddy sands .

Contradictory to our data very high numbers of
copepods were found in other intertidal environ-
ments e.g. at the Galapagos a peak value of 6000
ind 10 cm -2 (Schmidt, 1978) and of 3400 ind
10 cm -2 at South Africa (McLachlan, 1977) .
The number of turbellarians were in good

agreement with those observed by McIntyre
(1968) for an Indian estuary, but were lower than
the values presented by Reise (1983) for a sand-
flat in Sylt and by McIntyre & Murison (1973) for
a sublittoral habitat in Firemore Bay, Scotland .

From these data it is obvious that the N/C-
ratio as a monitor of pollution has to be used with
precaution . Within the unpolluted Oosterschelde
the N/C-ratio exhibited an important variation
and reached peak values (184), which according

to Raffaelli & Mason (1981) are characteristic for
polluted situations. In the Oosterschelde the
N/C-ratio rather reflected more the sediment
characteristics as was demonstrated by its corre-
lation with median grain size and silt-clay frac-
tion. This implies that the use of the N/C-ratio in
monitoring pollution is only valid when compar-
ing similar sediment types, if having any value at
all. This was well illustrated by station 037a,
where extremely high values of nematodes dis-
torted the N/C-ratio without any obvious relation
to perturbation . Furthermore as a ratio it is very
sensitive to the aggregated pattern of both its con-
stituent elements i.e . copepods and nematodes .
One could expect large variation in the N/C-ratio
as both the nematode and copepod populations
displayed an aggregated distribution pattern .

In temperate regions intertidal and shallow
subtidal meiobenthos are known to vary season-
ally . In the Oosterschelde all taxa reached maxi-
mum abundance and biomass in the warmer
months of the year . Whereas peak values occurred
in spring, summer or autumn, according to the
taxa, minimum scores were consistently found in
winter. A similar seasonal pattern was observed
by Little (1986), who noted maxima for the tar-
digrades, ostracods and some oligochaetes in
spring .

In the intertidal of the Oosterschelde season-
ality was more pronounced, which could be ex-
plained by the response of the meiofauna com-
munity to increased temperature (Heip & Smol,
1976) .
The nematode community closely resembled

that of other north-west European estuaries . At
the genus level resemblance was very close with
the Lynher estuary (Warwick & Price, 1979 and
the Eems-Dollard (Bouwman, 1983) . Although to
species level the similarity was only half. Differ-
ences in microhabitat, biological interactions,
food supply, structural heterogeneity of the sedi-
ment caused by macrofauna, predation etc . de-
termined the species composition and the pecu-
liarity of each estuary .

Although sorting has been suggested by Jans-
son (1967) as a relevant factor to the distribution
of the meiofauna, in the Oosterschelde grain size



was the primary factor controlling the meiofauna
abundance pattern (next to temperature). Only
the abundance of turbellarians and tardigrades
responded positively to a higher degree of sorting.

Among the meiofauna taxa, the distribution of
nematodes, gastrotrichs and oligochaetes demon-
strated a similar affinity to high silt content and
small particle size, nematodes scoring the best .

Interstitial groups e.g. gastrotrichs, tardigrades
and hydroids prefered clean sand with coarser
grain size .

Conclusions

It is clear that in the Oosterschelde both the grain
size and the silt content were co-controlling the
distribution and diversity of the meiofauna . Con-
sequently, changes in tidal amplitude and current
velocity enhanced by the storm-surge barrier, will
alter the distribution and accumulation of the
sediment particles . Clean sands will be most af-
fected . As a result meiofauna will become more
important in terms of abundance and biomass,
mainly due to increasing numbers of nematodes .
One can predict a general decrease in meiofauna
diversity .

The number of copepods is expected to de-
crease and interstitial species will be replaced by
burrowing and epibenthic species . The latter are
more important in terms of biomass and thus as
food for the epibenthos . Among the meiofauna
taxa, differences in activity and availability result
in harpacticoids as the preferred food for the
epibenthos, with ostracods making up the rest
(Pihl, 1985; Gee, 1987). This is more evident in
muddy intertidal sediments, where almost the
total population of the prey species is concen-
trated in the top 3 mm (Gee, 1987) .

Recently it has been shown that epibenthic
crustacea, particular shrimps (Crangon crangon),
are the most important epibenthic consumers of
meiofauna from intertidal and shallow subtidal
habitats (review in Hicks & Coull, 1983 ; Pihl,
1985; Gee, 1987). According to Hostens & Ha-
merlynck (1993) in the Oosterschelde Crangon
crangon belongs to the top 5 epibenthos species in

terms of density as well as biomass . The crab
Carcinus maenas, also a dominant species in the
Oosterschelde is known to feed on meiofauna
(Sherer & Reise, 1981) . Gee (1989) reviewed the
importance of fish as predators on meiofauna
taxa, and notes that flatfish and gobies appear to
be the main groups of fish feeding on meiofauna ;
the former dominating in sandy habitats and the
latter being more prevalent in muddy habitats . In
the Oosterschelde flatfish such as Pleuronectes
platessa, Limanda limanda and the goby Poma-
toschistus minutus score within the top 5 dominant
epibenthic species . Both flatfishes also dominate
the biomass of the epibenthos (Hostens & Ha-
merlynck, 1993). An increase in the numbers of
nematodes will increase bioturbation (Cullen,
1973), nutrient remineralization (Warwick &
Price, 1979, Platt & Warwick, 1980) and sustain
bacterial growth (Gerlach, 1978) . As the abun-
dance of the meiofauna might increase, its role in
the `small foodweb' will become more important .
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