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Abstract
The structure of free-living nematode communities was investigated seasonally at two sandy locations representing typical shallow sublittoral, permeable environments of the North Sea and the Baltic Sea. At the Baltic study site the chlorophyll and organic carbon concentrations
in the sediment were, on average, four times lower than at the North Sea. Highest nematode densities (1674e4100 ind. 10 cm2) and a higher
number of free-living nematode genera (66) were recorded in the North Sea (Baltic: 206e1227 ind. 10 cm2, 30 genera). Despite lower salinity
and lower food availability the less dense and less diverse Baltic nematode community was similar in generic composition to the North Sea
community. At the North Sea site, all trophic groups according to Wieser’s classification were present with omnivores/predators, dominated
by Viscosia, prevailing and followed by epistrate-feeders. In the food-limited Baltic community, non-selective deposit feeders (mainly Ascolaimus, Axonolaimus and Daptonema) and omnivores/predators dominated by Enoplolaimus were the most abundant trophic groups while selective
deposit feeders were absent or their contribution was negligible. An analysis of the vertical generic distribution revealed highest diversity of the
Baltic community in deeper sediment layers, below the sediment surface affected by ripple migration and near the interface of oxic and anoxic
conditions. The diversity pattern in the North Sea sediment was more variable but generally showed high diversity in the upper centimetre of the
sediment. These observations suggest that food supply and sediment oxygenation are the most important factors influencing the vertical pattern
of nematode generic diversity in sublittoral, permeable sands.
Ó 2006 Elsevier Ltd. All rights reserved.
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1. Introduction
Sandy sediments are common in shallow sublittoral environments (Emery, 1968). They are characterized by highly diverse meiofauna communities (Heip et al., 1985; Coull, 1988;
Giere, 1993) with nematodes usually representing one of the
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dominant taxonomic groups. The relatively large open pores
of the sands provide space for foraging and shelter, and biofilms and microalgae growing on the grain surfaces represent
a prolific sedimentary food source. Near the surface of the
sands, the interaction of bottom flow with sediment ripples results in rapid pore water exchange and filters large volumes of
water through the upper layers of the bed. In contrast to the
relatively slow molecular diffusion that dominates solute
transport in fine-grained, muddy sediments, the filtration process in permeable sands, which can reach several hundred liters of seawater per square meter and day (Precht and
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Huettel, 2003), transports effectively oxygen and organic particles into the sand, the latter supplying the interstitial community with diverse food of pelagic origin (e.g. planktonic algae,
microzooplankton, bacteria) (Huettel et al., 1996; Huettel and
Rusch, 2000). Hence, despite generally low organic matter
concentrations and low standing stocks of reactants, sandy
sediments are biogeochemically highly active and may play
an important role in marine carbon cycles (Shum and Sundby,
1996). Nematodes are the most abundant and ubiquitous marine metazoan group. They directly or indirectly influence
many processes associated with the degradation of organic
matter in sediments. It is assumed that nematode communities
increase energy flow, mineralization rates, enhance the recirculation of nutrients and may have an important and direct influence on the productivity of shallow waters (Platt and
Warwick, 1980; Heip et al., 1982, 1985). The nematode community, thus, may play a key role in the sedimentary cycling of
matter and, as phrased by Platt and Warwick (1980) any general assessment of the ecology of a given habitat is incomplete
if the nematode fauna is not taken into consideration. Since
nematodes combine a high diversity (a rich species pool)
with short generation times they are able to respond rapidly
to alterations in food supply. Because of their reproductive
strategies, changes in population structure usually can be related to a change in environmental conditions.
The differences in the structure of nematode assemblages
on large, horizontal scales are mainly related to differences
in sediment composition, hydrodynamic conditions, salinity
and food resource availability (Heip et al., 1985; Giere,
1993; Soetaert et al., 1994, 1995; Li et al., 1997; Steyaert
et al., 1999, 2003; Tita et al., 2002; Somerfield et al., 2003).
On the vertical scale, abiotic and biotic factors cause changes
in nematode community structure over a few centimetres that
are as large as those occurring over hundreds of meters on the
horizontal scale (Heip et al., 1985; Steyaert et al., 2003).
The aim of this study was to compare the structure of the
nematode communities at two comparable sublittoral sites located on the southern Baltic Sea (hereafter referred to as the
Baltic) and the southeastern North Sea coast in order to increase our understanding of the factors that control nematode
abundance, diversity and spatial distribution patterns in sands.
The most prominent environmental differences between the
two sites are salinity and organic matter supply. The Baltic
is one of the largest brackish water areas in the world, and
the associated salinity variations and ensuing osmotic stress
may explain the relatively low number of macro- and meiofauna species that inhabit the sublittoral sands (Elmgren,
1978; Elmgren and Hill, 1997). The North Sea site, in contrast,
is characterized by relatively constant marine salinity and copious food supply provided by the tidal water exchange and
high benthic primary production.
At the Baltic and North Sea site, we analyzed the nematode
communities, their trophic structure and vertical diversity patterns. Our working hypothesis was that due to the brackish
conditions in the Baltic, a reduced diversity would produce
a different representation of the nematodes in ecological
niches equivalent to those at the North Sea site. We related

the structure of the nematode communities at the two sites
to the respective environmental conditions and analyzed the
differences in these conditions between the sites in order to
find factors explaining best the nematode diversity patterns.
This study is a part of the EU project COSA ‘‘Coastal Sediments as a Biocatalytical Filters’’.
2. Materials and methods
2.1. Study sites
The sampling station in the North Sea was located near the
Island of Sylt (Germany) (Fig. 1) in the Wadden Sea, a shallow
coastal sea with tidal flats covering about 50% of the area at
low tide (Gätje and Reise, 1998). The study site is on the
lee side of the island and protected from direct wave impact
from the North Sea. Tides are semi-diurnal and the tidal amplitude is ca. 2 m. Seawater salinity ranges between 28 and
32 (Gätje and Reise, 1998). Samples were taken from the shallow sublittoral sand bottom situated south of List Harbour. The
distance between the low water and the high water lines was
app. 100 m. The Baltic sampling station was located at the
tip and landward side of the Hel Peninsula separating
the open sea from Puck Bay (Poland) (Fig. 1). In contrast to
the North Sea site, tidal influence is minimal with a maximum
tidal range of 10 cm and water level fluctuations are primarily
controlled by wind induced seiches. Salinity at the study site
ranged from 3 to 8. Both sites selected for this study were
located at a mean water depth of 1.5 m.
2.2. Sediment characteristics
Sediment granulometry was determined on each of three
replicate samples, taken with Perspex cores with an inner

Fig. 1. Map of the investigation area. Study sites marked with black dots
(Sylt e North Sea, Hel e Baltic).
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diameter of 3.6 cm and a cross-sectional area of 10 cm2. In
Hel, the sediment cores were divided according to the same
scheme as for meiofauna; in Sylt the cores were sliced according to the scheme: 0e5, 5e10, 10e15 cm. Granulometric
analysis was done by standard dry sieving after rinsing the
sediment twice with freshwater. The sediment fractions were
defined according to the Wentworth scale (Buchanan, 1984).
Sediment parameters (medium grain size, sorting coefficient,
skewness and kurtosis) were calculated according to Boggs
(1987), by means of software package GRADISTAT.
At Hel, three sediment cores of an inner diameter of 3.6 cm
were taken at random for chlorophyll a, organic carbon and total nitrogen content determination, whereas on Sylt eight cores
were taken. Cores were sliced in 1 cm steps down to a depth of
15 cm. The slices from different cores were homogenized and
three subsamples of a volume of 3 cm3 were taken for analyses
of Chl a and C and N content. All subsamples were frozen at
20  C and freeze dried before further analysis.
Chl a content was determined according to the method described by Lorenzen (1967). In Sylt, one gram of sediment of
each depth centimeter was extracted with 7.5 ml acetone
(90%), whereas in Hel 10 cm3 of sediment was extracted
with 20 ml acetone (90%). Samples were incubated for 24 h
at 4  C in the dark and were shaken in between to maximize
extraction efficiency. Samples were centrifuged at 3600 rpm
for 10 min and extinction of the fluid overlying the sediment
was measured in a spectrophotometer (UVIKON XL in Sylt
and BECKMAN DU-62 in Hel) at 665 and 750 nm before
and after acidification with 2 drops of HCl (10%).
At Sylt, organic carbon (TOC) and nitrogen content were
measured with a Thermo-Finnigan Flash EA 1112 CHN analyzer. For these measurements, 60 mg of homogenized sand
was weighted into silvercups. 30 ml Millipore water and at
least two times 10 ml of 6 N HCl were added to remove the
carbonates. Then samples were dried for at least 4 h at
60  C prior to the measurement.
At Hel, organic carbon and nitrogen content were measured
with a Perkin Elmer CHNS/O analyzer. For the measurements
100 mg of sand was weighted and 1 ml 1 N HCL was added to
remove the carbonates. Then samples were dried for 24 h at
60  C. Prior to the measurement 50 mg homogenized sediment
were put into zinc cups, 1 ml of Millipore water was added
and again samples were dried at 60  C till the constant weight.
For pore water nutrients analysis, eight cores with an inner
diameter of 3.6 cm were sliced in 1 cm intervals to a depth of
15 cm. Replicate sediment slices were pooled together and the
pore water blown out with nitrogen (Billerbeck et al., 2006).
The pore water was filtered through 0.45 mm nylon filters and
frozen until further analysis. Ammonium, phosphate, nitrate
and nitrite concentrations in the pore water were measured
with an autoanalyzer (AA3, Bran & Lübbe) in on-line diluted
samples.
2.3. Nematode sampling and treatment
Sampling took place in August and November 2003 and in
February and May 2004. Three replicate sediment samples
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were taken using Perspex cores with an inner diameter of
3.6 cm and a cross-sectional area of 10 cm2. The sediment
cores were sliced into seven depth layers: 0e1, 1e2, 2e3,
3e4, 4e5, 5e10, 10e15 cm and the slices were preserved
with a neutral 4% formaldehyde solution. In the laboratory,
samples were rinsed through a 1 mm mesh to remove macrofauna and shells, and subsequently the water overlying the
sample was decanted onto a 32 mm mesh sieve. After resuspending the sediment and decanting the overlying water 10
times, the fraction retained on the 32 mm sieve was stained
with Rose Bengal and meiofauna in the sample was counted
and identified to higher taxon levels under a stereomicroscope.
The first 100 nematodes from each sample were sorted out
at random by hand, mounted on permanent glycerin slides following the procedure described by Vincx (1996), and identified to genus level using the pictorial keys by Platt and
Warwick (1983, 1988), Warwick et al. (1998), and relevant
taxonomic literature (Blome, 1974, 1982). Classification into
feeding groups used Wieser’s (1953) scheme, which distinguishes four ‘guilds’ on the basis of mouth morphology:
(1A) selective and (1B) non-selective deposit-feeders, (2A)
epistrate-feeders, and (2B) predators/omnivores.
Most indices of species diversity are dependant on the sample-size and on the number of analysed specimens (Sanders,
1968; Hill, 1973; Soetaert and Heip, 1990). As a fixed number
of individuals within each sample was identified, several different diversity indices were calculated in order to compare
species richness and diversity between samples. Diversity
was expressed as the N1 diversity index (Hill, 1973), which
is a normalization of the ShannoneWiener index H and is
recommended by Heip et al. (1988) for meiofaunal assemblages. The rarefaction index ES (x) (Expected number of
Species), which provides an estimated number of species/
genera present in a population of x individuals, was used as
recommended by Sanders (1968) and Hurlbert (1971). This
diversity measure is independent on sample size (the number
of genera identified). Two knots, 30 and 100, were used because in Sylt all samples were 100 or more (hence ES(100)),
but in Hel many samples were of smaller size, requiring
a cut of 30 to allow comparisons between sediment layers.
Moreover, Margalef’s species-richness diversity index (d),
which is a measure of the number of species present for a given
number of individuals (Clarke and Warwick, 1994) was calculated. All diversity indices were calculated with the software
package PRIMER (version 5).
KruskaleWallis test was applied to test the null hypothesis
that there were no significant differences of diversity indices
between different sediment layers. These analyses were performed using the software package Statistica (StatSoft, version
6). Furthermore, non-parametric multivariate techniques included in PRIMER (version 5) were used for statistical analyses of the communities. To cope with varying sample size data
were standardized prior to multivariate analyses. Hierarchical
cluster analysis was performed on the abundance data in the
integrated sediment column. Analyses were performed on untransformed, square- and fourth-root transformed nematode
abundance data (in the integrated sediment column) in order
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to detect the effects of the study site on the dominant and rarer
genera, respectively and on presence/absence data to detect the
effect on species composition. Similarities between samples
were calculated using the Bray-Curtis similarity coefficient.
Group average linking was applied. Two-way crossed ANOSIM (Clarke, 1993) was used to test for differences between
study sites and seasons. The relationship between multivariate
assemblage structure and environmental variables were analysed using the BIO-ENV procedure, which aimed to select
variables explaining best the structure of the nematode community. Data plots were analysed prior the BIO-ENV procedure in order to exclude highly correlated environmental
variables. Analysis was performed using normalised abiotic
data (values for each variable had their mean subtracted and
were divided by their standard deviation) and the Spearman
rank correlation method.
3. Results
3.1. Sediment characteristics
Median particle size ranged between 305e348 mm in Sylt
and 268e387 mm at Hel (Table 1, Fig. 2). Medium sand was
the dominant sediment fraction at both study sites (74e85%
in Sylt and 53e79% in Hel). The silt content of the sediment
was higher in Sylt (up to 0.1e0.7% vs. 0.0e0.3%, respectively). Sediments were moderately well sorted at both
locations.
Concentrations of organic carbon in the Sylt sediment varied from 0.18e0.28% in the upper one sediment centimeter to
0.06e0.11% in the deepest sediment layer (10e15 cm)
(Fig. 3). These values were much higher than the organic carbon content measured in Hel: 0.03e0.06% (Table 2). Organic
nitrogen concentrations in Sylt ranged from 0.04% in surface
layer to 0.01% in the deeper layer while the nitrogen concentrations in Hel were below the detection limits of the analyzer
(<0.005%).
Chl a content in the upper 1 cm was, on average, five times
higher in the North Sea (256.4  27.3 mg m2) than in the
Baltic sediment (52.1  22.5 mg m2). The highest concentrations in Sylt were noted in May (up to 283.5 mg m2 in the
Table 1
Median grain size (mm) at both study sites (arithmetic means)
Month

VIII

XI

II

V

MODEL

Sediment depth
(cm)

North Sea

Baltic Sea

0e5
5e10
10e15
0e5
5e10
10e15
0e5
5e10
10e15
0e5
5e10
10e15

335.8
321.5
348.3
319.6
324.1
339.6
318.2
335.0
331.0
305.8
323.0
322.9

285.1
268.0
293.8
321.4
329.0
289.4
283.4
281.4
386.6
324.8
284.9
279.8

upper one centimeter; Fig. 3). In the Baltic, Chl a content
was measured only on a few occasions (Table 2).
Pore water nutrients concentrations were measured in all
months studied apart from August in Hel. Diagrams presenting
the vertical changes of nutrients concentrations in the sediment
at both study sites are shown in Figs. 3 and 4.
Water temperatures at the time of study at Hel were
19.3  C, 8.6  C, 1.8  C, 9.9  C in August, November, February
and May respectively, whereas at Sylt 15.5  C, 6.0  C, 4.0  C
and 11.0  C, respectively. Measurements performed at Sylt
showed that interstitial temperatures at the sediment surface
were equal to overlying water temperatures.
3.2. Nematode communities
The highest total nematode densities, integrated over the
upper 15 cm of the sediment, were recorded in the North
Sea, with maximum average abundances of 4104 ind.
10 cm2 in May and minimum abundances (1674 ind.
10 cm2) in August. In contrast, the highest nematode densities in the Baltic site (1227 ind. 10 cm2) were noted in August and the lowest in February and May (206 and 311 ind.
10 cm2, respectively) (Table 3).
A total of 73 nematode genera were recorded at the two
study sites (66 and 30 nematode genera in Sylt and Hel, respectively), 23 genera were common to both sites. Four genera
recorded in Hel and 18 genera recorded in Sylt were rare
(found only in 1e2 samples).
Viscosia was the dominant genus of the North Sea assemblage (Table 4). Percentage contribution of Viscosia was relatively uniform seasonally and constituted 32 to 43% of the
total nematode community. Monoposthia was the second
most abundant genus; its peak density was noted in August
when this genus constituted 14.7% of the community. In
Hel, Ascolaimus, Enoplolaimus, Daptonema and Dichromadora were the dominant genera. Together these four genera
constituted 69% to 78% of the community, but the dominance
structure within this group changed seasonally. Nematodes
belonging to the terrestrial order Dorylaimida were recorded
in Hel on one occasion in May.
In Sylt, predators/omnivores (2B) and epistrate feeders
(2A) were the most abundant feeding strategies (73e88% of
the community; Fig. 5). At the Baltic location, non-selective
deposit-feeders (1B) and predators/omnivorous nematodes
(2B) were the dominant nematode trophic groups (together
60e86% of the community). Selective deposit feeders (1A)
were more important in the North Sea than at the Baltic,
both in terms of abundance (3e7% vs. 0.3e0.5% of the
community, respectively) and diversity (12 vs. 2 genera, respectively). Epistrate feeders constituted the most diverse
trophic group at both sites (11 and 26 genera in Hel and
Sylt, respectively). The trophic structure of the North Sea
community did not change significantly over the year, whereas
in the Baltic the contribution of deposit feeders gradually
increased towards May.
Two-way crossed ANOSIM showed significant differences
in nematode community structure between Hel and Sylt (study
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Fig. 2. Percentage contribution of dominating sediment fractions (coarse, medium and fine sand) in the vertical sediment profile at both study sites.

site: R ¼ 1, p ¼ 0.1% at all transformations; season: R ¼ 0.7,
p ¼ 0.1% on non-transformed, square- and fourth-root transformed data, R ¼ 0.5, p ¼ 0.1% on presence/absence data).
Hierarchical cluster analysis clearly separated both study sites,
however the similarity on the Bray-Curtis similarity scale was
increasing with an increase of the effect of the study site on the
rarer genera (similarity of 15% on untransformed data, 30% e
square-root, 40% on fourth-root transformed data). The highest similarity between Hel and Sylt nematode communities
(45%) was noted on presence/absence data (Fig. 6).

3.2.1. Vertical profiles
The vertical distribution of nematodes in the North Sea
changed seasonally. In spring and summer, the highest nematode density was found in the upper one sediment centimetre
(a maximum of 1800 ind. 10 cm2 noted in May) and densities
decreased towards the deeper layers (Fig. 7). In the colder
months (November, February) the highest nematode concentrations were recorded in deeper layers. An opposite pattern
was observed at the Baltic location, where the highest nematode abundances in colder months were noted in the upper

2e3 centimetres. In August and May the vertical distribution
of nematodes was more uniform (Fig. 7).
In general, the highest nematode diversity in the North Sea
occurred in the upper one centimetre of the sediment (Fig. 8).
An exception was the vertical pattern observed in May with
the highest diversity indices noted in the deepest sediment
layers. Diversity decreased with depth in colder months,
whereas an opposite pattern was noted in August and May.
Apart from August, KruskaleWallis test showed significant
differences ( p < 0.05) with respect to the variation in diversity
with sediment depth. According to the results of BIO-ENV
(Table 5) the best correlations were found with organic carbon
content and ammonium concentrations, an exception was February when C/N ratio and ammonium concentration made the
best combination explaining the vertical structure of the
community.
The diversity pattern observed in the Baltic was characterised by an increase of diversity indices from the surface of the
sediment to a depth of 3e5 cm followed by a decrease towards
deeper sediment layers. Apart from May, the differences in diversity measures along the sediment depth in the Baltic were
statistically significant in all months studied (KruskaleWallis
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Fig. 3. Vertical distribution of organic carbon, nitrogen, chlorophyll a, phaeopigments and pore water nutrient concentrations in sublittoral sediments near the
Island of Sylt (North Sea) (different scales on X axes).
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Table 2
Organic carbon and chlorophyll a content in the vertical sediment profile in the
Baltic site
Month

Depth
(cm)

Corg
(%)

Chl a
(mg m2)

VIII

0e1
1e2
0e1
1e2
0e1
2e3
3e4
4e5
5e10
10e15
0e1
1e2
2e3
3e4
4e5
5e10
10e15

0.05
0.03
0.04
0.05

69.77

XI
II

V

59.61
99.03
26.78
25.26
28.87
26.06
85.40
12.96

0.05
0.05
0.06
0.06
0.05
0.04
0.03

test, p < 0.05). Due to very low nematode densities in Hel in
February (minimum density of 3 ind. 10 cm2), diversity indices based on this data cannot be compared with diversity measures from other seasons.
Analyses of the vertical genera distribution and vertical
community structure will be presented in a separate paper
by Urban-Malinga et al. (in prep.).
4. Discussion
4.1. Nematode densities and diversity
In general, nematode densities recorded in Hel (206e
1227 ind. 10 cm2) agree with results of Haque et al. (1997)
who found on average 473e1089 nematodes 10 cm2 in sandy
littoral sediments of the Gulf of Gdańsk. Also the number of
nematode genera (30) lies within the range of results reported
from other sandy areas of the Baltic Sea: 35 genera in the
Pomeranian Bay (Rokicka-Praxmajer and Radziejewska,
2002), 24 genera in the Gulf of Riga (Pallo et al., 1998),
and 27 genera in the Gulf of Gdansk (Drgas, pers. comm.).
Only a few studies address the nematode community structure in shallow sublittoral sands of the North Sea. Most studies
were related to deeper sediments. Nematode densities recorded by Gheskiere et al. (2004) in coastal sands at the low
water level of a sandy beach (2784 ind. 10 cm2) corresponds
to our counts in Sylt (1674e4104 ind. 10 cm2). Abundances
in deeper subtidal sediments are usually lower, e.g. 1000 ind.
10 cm2 (Vincx et al., 1990), 141e622 ind. 10 cm2 (Steyaert
et al., 1999), 187e785 ind. 10 cm2 (Vanaverbeke et al.,
2000), 200e600 ind. 10 cm2 (Vanaverbeke et al., 2004).
Nematode abundances in the Hel and Sylt sublittoral sands
were lower than those reported from muddy sediments, but the
number of nematode genera was higher. This agrees with general trends discussed in Platt and Warwick (1980) and Heip
et al. (1982, 1985). Abundances noted by Jensen (1984) in
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coastal Baltic mud ranged between 1200 and 1500 ind.
10 cm2, but the number of nematode genera (12) was lower
than the record of 30 genera in our study. Hendelberg and
Jensen (1993) found very high nematode densities (1700e
8900 ind. 10 cm2) and only 23 species. Juario (1975) recorded in very fine subtidal sand of the North Sea 47 nematode
genera (v. 66 genera in our study) and densities in the range
3047e5261 ind. 10 cm2. Steyaert et al. (1999) noted 56 nematode species in muddy subtidal of the North Sea.
Hitherto, the coexistence of closely related species and
higher nematode diversity in sandy sediments was attributed
to higher heterogeneity and the availability of more microhabitats in sand as compared to mud (Heip and Decraemer, 1974;
Platt and Warwick, 1980; Heip et al., 1982). This heterogeneity sensu Heip and Decreamer can be explained by the open,
porous structure of sandy sediments and the three-dimensional
biogeochemical zonation resulting from advective pore water
flows. These flows increase the interfacial area between oxic
and anoxic zones, accumulate particles of similar size and surface characteristics in confined layers and pump nutrients to
the surface and oxygen into deeper sediment zones (Huettel
et al., 1996; Huettel and Webster, 2000; Huettel and Rusch,
2000). The ensuing complex spatial distribution pattern of oxygen, organic matter, bacteria, benthic microalgae and sulfide
(Huettel et al., 2003; Franke et al., 2006) provides a multitude
of microniches with different biogeochemical characteristics
that support more diverse nematode communities in permeable
sands than in mud. In turn, nematodes affect the heterogeneity
and microniches in the sediment through their grazing activities, movement through the pore space, mucus production and
nutrient release.
A total of 100 nematode genera were found by Blome
(1982, 1983) in a transect extending from the supralittoral to
the sublittoral at a sandy beach about 400 m north from our
sampling site at the island of Sylt. Monoposthia, Viscosia, Spirinia and Paracanthonchus e the dominant genera at the deepest station studied by Blome e also were among the dominant
genera at our sublittoral site. Likewise, the generic composition of the nematode community at Hel is typical for the
brackish areas (Heip et al., 1985). Thorson (1957) defined
‘isocommunities’ or ‘parallel-level bottom communities’ as
those that use the niches provided by similar habitats by the
same genera, thus representing ecological parallels or parallel
animal communities. According to Gheskiere et al. (2005) the
27% genus similarity (Bray-Curtis similarity scale) fully supports the existence of isocommunities for the upper sandy
beaches of the Baltic and Mediterranean. Although, the differences in community structure between Baltic and the North
Sea observed in the present study were significant as showed
by ANOSIM, the relatively high similarities in genus composition (up to 45%) must be emphasized. The Baltic community
is impoverished in terms of the number of nematode genera
when compared to the North Sea but the generic composition
suggest that, despite lower salinity and poorer food conditions,
these communities remain parallel systems.
Due to its brackish nature, the Baltic has relatively simple
benthic ecosystems (has fewer plant and animal species than
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Fig. 4. Vertical distribution of pore water nutrients concentrations in sublittoral sediments at Hel (Baltic).

fully marine areas) (Elmgren, 1978; Elmgren and Hill, 1997).
However, comparisons of benthic and pelagic carbon flow
models of Baltic and North Sea ecosystems showed unexpectedly high similarities between the two systems (Elmgren and
Hill, 1997 and references therein). Elmgren and Hill concluded that as long as major functional groups are present,

Table 3
Mean total nematode densities (ind. 10 cm2) in the integrated sediment column (0e15 cm)
Month

North Sea N  SD

Baltic Sea N  SD

VIII
XI
II
V

1674  136
3204  1120
2235  1333
4104  483

1227  409
1144  141
206  181
311  96

a simple, low-diversity ecosystem may be, in terms of flows
of organic carbon, functionally almost equivalent to a high-diversity ecosystem, although the rates are lower. Measurements
performed during this project showed that the pathways of carbon flow were similar at both study sites, but the magnitude of
the fluxes was about 3 to 4 times lower in the Baltic than in the
North Sea (Cook, pers. comm.). This is in line with about 4fold lower phytobenthos biomass and carbon content of the
sediment at the Hel site. The relationship between biodiversity
and ecosystem functioning is currently the focus of a debate
and research effort. A number of manipulative experiments
have been performed in terrestrial ecosystems (Hector et al.,
1999; Kinzig et al., 2001; Loreau et al., 2001) and only a limited number of studies addressed marine systems (Gessner
et al., 2004 and references therein). As stated by Elmgren
and Hill (1997) the ‘‘simple’’ ecosystems of the Baltic Sea
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Table 4
List of the nematode genera at both study sites and their proportions (%). The most abundant genera (>2% of the community) are in bold
Genus

Trophic group

Adoncholaimus
Ascolaimus
Axonolaimus
Bathylaimus
Bolbolaimus
Calomicrolaimus
Camacolaimus
Choniolaimus
Chromadora
Chromadorella
Chromadorina
Chromadorita
Chromaspirina
Cobbia
Comesa
Cyartonema
Daptonema
Dichromadora
Ditlevsenella
Dorylaimoidea
Echinodesmodora
Eleutherolaimus
Euchromadora
Enoploides
Enoplolaimus
Eumorpholaimus
Eurystomina
Filitonchus
Gammanema
Gonionchus
Karkinochromadora
Leptolaimus
Leptonemella
Metachromadora
Microlaimus
Molgolaimus
Monoposthia
Monhystera
Morlaixia
Namanema
Nannolaimus
Neochromadora
Neotonchus
Odontophora
Oncholaimus
Onyx
Oxystomina
Paracanthonchus
Parachromadorita
Paradesmodora
Paralinhomoneus
Paramesacanthion
Pareurystomina
Pontonema
Polygastrophora
Prochromadora
Prochromadorella
Promonhystera
Pseudonchus
Ptycholaimellus
Rhabdocoma

2B
1B
1B
1B
2B
2A
2A
2A
2A
2A
2A
2A
2A
2A
2A
1A
1B
2A
2B

North Sea
August

Baltic Sea
November

February

1.3
1.5

1.9
1.5
5.0

3.8
2.2
11.6

0.4
0.5

0.1
1.0

0.4
1.7
6.2
0.5

0.4
0.2
0.1
0.6
0.9
1.0

0.6
0.8
1.0
1.2
0.6
0.6
0.5
4.9
0.2

May
2.5
2.7
9.5
0.2
0.9
0.2
0.2
0.5
0.5
0.5
0.2
5.3

August

November

February

May

2.3
32.9
4.9
2.8

3.5
19.8
8.9
1.2

3.3
25.8
8.6
1.0

1.1
14.8
7.9
0.4

0.8

0.1

0.3

0.1

3.4

5.4

8.9

1.8
3.5

2.7
18.7

12.0
9.4

14.8
8.7

54.5
5.5

0.5

0.3
0.1
5.3
5.8

3.4
3.9

3.5
3.3
0.2

1.3
1.3
0.5

0.4
2A
1B
2A
2B
2B
1B
2B
1A
2B
2A
2A
1A
1A
2B
2A
1A
2A
1B
1A
1A
1A
2A
2A
1B
2B
2B
1A
2A
2A
2A
1B
2B
2B
2B
2B
2A
2A
1B
2B
2A
1A

0.5
1.0

0.7

0.4
0.5

0.2

0.2
0.3
0.5

1.0

23.9
1.2

29.8
0.7

2.1
0.5

3.7
1.1

0.2

0.5
0.2
1.8

4.9

4.7

0.1
2.2
1.6

4.8
1.3

2.7
4.1

14.7

9.5

8.1

0.6
2.0
0.1
0.9
8.6
4.3
0.5
6.5

0.7
0.6

1.0
0.1

0.4

0.2
0.6
0.5

0.4
0.5
0.2
0.7
2.0
0.6
0.2
2.3

0.2

0.2

0.1
1.2

0.3
0.6
0.5

0.5
3.1
0.5

2.3
0.5

0.6
0.4

0.3
0.5
0.8
0.5
0.4
0.9
0.6
7.9
0.2
0.2
0.7

0.2
0.3

1.3

5.0

1.5

2.2

1.4

0.5

1.3

0.1

1.4

0.4
0.7

0.5
2.6

0.3
0.1

0.5
0.7
2.9
1.9
0.6
0.6

0.6
6.8
1.7
0.5

3.7
0.9

0.6
0.2
0.7
0.8
0.2

0.1
0.3

0.3
0.2

0.1
0.5
(continued on next page)
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Table 4 (continued )
Genus

Trophic group

North Sea
August

Rhynchonema
Sabatieria
Siphonolaimus
Sigmophoranema
Sphareolaimus
Spirinia
Stephanolaimus
Thalassolaimus
Theristus
Tripyloides
Tubolaimoides
Viscosia

1B
1B
2B
2B
2B
2A
1A
1A
1B
1B
1A
2B

Baltic Sea
November

0.3
0.6
0.1

0.6
0.5

0.2
0.6

3.2
0.2
0.5
0.5
0.5

2.7
0.4

0.4
0.6
2.7
0.3

0.5

0.5
0.1

43.3

44.8

34.8

would seem to be well suited for similar experiments in the
aquatic environment.
4.2. Trophic structure
The relative proportions of each of the four nematode feeding guilds in a community depend on the nature of the available food, which in turn is reflected by the nature of the
sediment (Platt and Warwick, 1980). Although, Wieser’s
scheme suffers from many shortcomings and restrictions as
it confines nematode species to a single trophic status, the absence of experimental evidence on feeding habits of most freeliving aquatic nematodes prohibits a better functional
North Sea

100%
80%
60%

2B

40%

2A
1B

20%

1A

0%
August

November

February

May

Baltic Sea

100%
80%
60%

2B

40%

2A
1B

20%

1A

0%
August

November

February

February

May

Fig. 5. Contribution of different trophic groups (integrated sediment column,
0e15 cm) at both study sites. 1A e selective deposit feeders, 1B e non-selective deposit feeders, 2A e epistrate feeders, 2B e omnivore/predators.

May

August

November

February

May

0.8
0.2
0.7
6.3
0.4
0.6
0.2

0.2
0.6
0.2

0.2
2.8
0.1

0.9
0.1

0.2
0.5

32.2

classification (Moens et al., 2004), thus Wieser’s scheme is
still accepted as a valuable analytical tool.
The non-selective deposit feeders were the dominant trophic group in Hel, confirming previous findings of RokickaPraxmajer and Radziejewska (2002) and Drgas (1993) in the
Southern Baltic. Non-selective and selective deposit feeders
both have no teeth and exploit the same food source, however
non-selective feeders with larger buccal cavities swallow
whole organic particles (including diatoms and bacteria),
whereas selective feeders having smaller buccal cavities consume smaller particles (detritus and bacteria; Heip et al.,
1985). Vanaverbeke et al. (2004) observed in subtidal sediments a substantial increase of the importance of selective deposit feeders as a response to the sedimentation of
a phytoplankton bloom. In the study performed by Vanhove
et al. (1999), selective deposit feeding was positively correlated with decomposing, older material, whereas non-selective
deposit feeding was associated with sites where fresh organic
matter was abundant. Thus, selective deposit feeding was
dominating in environments, where the nematodes had to distinguish between particles in different stages of decomposition
in order to maximize energy yield. These correlations are supported by our study. The relatively low organic carbon, nitrogen and Chl a concentrations at the Baltic site indicate that the
benthic system is food limited. Fresh organic matter entering
the benthic system at the Hel site likely is rapidly utilized preventing the accumulation of detrital material that would provide a food source for selective deposit feeders. Indeed, very
low abundances (0.5% of the community at maximum) and diversity of selective deposit feeders may indicate rather small
importance of decomposed material and bacteria (reduced
bacterial quantity and/or reduced bacteria diversity) as
a food source in the Baltic when compared with the North
Sea study site.
The high proportion and diversity of epistrate feeders in the
North Sea points towards the importance of diatoms and other
microalgae as a food source. Microphytobenthic biomass was
about four times higher at the North Sea site, primary production was on average three times higher than in the Baltic
(Cook and Huettel personal communication), explaining the
finding that both the abundances and number of genera
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representing epistratum feeders were on average 2-times
higher in Sylt than in Hel.
Although predators and omnivores constituted an important
trophic group both at Sylt and at Hel, there were substantial
differences between these two sites with respect to the feeding
habits of the dominant genera. Viscosia, which dominated the
nematode community in Sylt can be classified as a facultative
predator, as scavenging and uptake of dissolved organic material are, next to predation, typical feeding strategies of oncholaimids. There is evidence that oncholaimid nematodes are
attracted to decaying plant or animal material, and these nematodes are known to aggregate in organically enriched sites
(Jensen, 1987; Lorenzen et al., 1987; Prein, 1988; Moens
et al., 1999, 2004). Jensen (1987) called all Oncholaimidae
‘‘garbage collectors’’ among nematodes, thus high abundances
of Viscosia in Sylt may reflect availability and importance of
decaying organic material at this site. In contrast, oncholaimids were much less abundant at Hel, where a predator Enoplolaimus, which feeds on living prey, dominated the
nematode community.
Analyses of the seasonal patterns in trophic structure of the
communities show that good food conditions all over the year
at Sylt are resulted in relatively stable trophic structure of the
community what is in contrast to the results from the food-limited environment at Hel and from deeper sandy subtidal of the
North Sea (20 m water depth) (Vanaverbeke et al., 2004),
where significant temporal changes in the relative contribution
of feeding types were observed.
4.3. Vertical pattern
At both study sites, nematode diversity within the sediment
column changed over depth and showed different distribution
patterns. The observed patterns are very similar to those reported by Steyaert et al. (2003). The decrease of diversity
over sediment depth found at Sylt is very similar to the typical
diversity pattern in muddy sediments, whereas the vertical pattern at Hel, with a maximum diversity in 3 to 5 cm sediment
depth is similar to that observed in sandy sediment by Steyaert
et al. (2003). These authors related the relatively low diversities in the uppermost layers to the strong hydrodynamic regime and tidal disturbance, which influenced sediment
granulometry. This is in contrast to our results. The vertical
patterns of sediment grain size are not explaining the diversity
patterns of nematodes. Furthermore, despite the fact that due
to tidal currents the surface sediment transport at Sylt was
more intensive than at Hel (Janssen, pers. comm.) the diversity
in the uppermost layers was high at Sylt and low at Hel. Surprisingly, pore-water flow velocity measurements performed
by Janssen (pers. comm.) showed that despite much higher
flow velocities at Sylt, water flushing was more intensive at

Fig. 6. Dendrograms (group-average clustering, Bray-Curtis similarities) on
untransformed and transformed nematode genera abundances in integrated
sediment column. H-Hel, S-Sylt; VIII e August, XI e November, II e February, Ve May; a, b, c e replicates.
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Fig. 7. Nematode densities (means and standard deviations) in vertical sediment profile at both study sites (different scales on X axes).

Hel, what was mainly attributed to different sediment topography at both study sites (flat ripple surfaces at Sylt and more
pronounced ripples at Hel). It must be emphasized that 3e
5 cm where maximum nematode diversity at Hel was recorded, refers to the depth affected by ripple migration
(Cook, pers. comm.) what coincides with the oxygenation of
the sediment.
Oxygen penetration into the sediment was measured on
several occasions during this project and revealed that at the
Baltic site oxygen penetrated at maximum to the depth of
32e43 mm (April 2004 and August 2003, respectively)
whereas at the North Sea site penetration to 13 mm (July
2004) was measured (Wenzhöfer et al., in prep). It was shown
by the BIO-ENV analysis performed on the data from the
North Sea that food quality/quantity and ammonium concentration were the factors explaining best the vertical community
structure. The upper-most sediment centimetre at Sylt, well
oxygenated and rich in food, supported the most diverse nematode community. An increase of diversity with sediment
depth observed in warmer months can be related to intensive
microbial and biochemical processes in deeper sediment
layers. Furthermore, bioturbation by macrofauna consisting
in Sylt mainly of polychaetes (Weslawski et al., in prep.)

may be responsible for sediment oxygenation and stimulating
microbial activity in deeper sediment layers.
In contrast, in Hel, despite good oxygen conditions at the
sediment surface, the diversity of the nematode fauna was
low in the uppermost layers, probably due to poor food conditions and sediment disturbance caused by ripple migration. Increased microbial abundances at the boundary between oxic
and anoxic sediment layers may have resulted in diversity
peaks at 3 to 5 cm depth. The fact that selective deposit
feeders found occasionally at the Hel site occurred in that
depth interval supports our hypothesis. The peak of nematode
diversity observed in the Baltic at the border between oxic and
anoxic conditions underlines that this biogeochemically active
transition zone is attractive for many groups of nematodes under conditions of limited food resources. At the North Sea site,
where many specialized species successfully exploit the abundant food in the uppermost sediment layers, the redox discontinuity layer looses relative importance as feeding site and
supports a less diverse nematode community. These results
demonstrate that generalizations, presented quite often in the
literature, stressing the key importance of single factors e.g.
sediment grain size, in structuring nematode diversity patterns,
should be treated with caution. These patterns are resultant of
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Fig. 8. Vertical patterns of nematode diversity indices (d-Margalef’s index; ES(30), ES(100)-expected number of species; N1-Hill’s diversity index) at both study sites.
Table 5
Summary of BIOENV results. Environmental variables (x) contributing to subset providing the five best matches (r ¼ Spearman’s rank correlation) with
nematode abundances in different sediment layers in the North Sea
r
August
0.871
0.871
0.864
0.864
0.821
November
0.769
0.768
0.748
0.74
0.738
February
0.926
0.904
0.903
0.888
0.883
May
0.86
0.858
0.858
0.851
0.851
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