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Abstract

We investigated short-term changes (two years) in nematode communities (density,
diversity, biomass and community composition) in an area on the Kwintebank (Belgian
Continental Shelf) that was closed for sand extraction activities and compared these
patterns to nematode community characteristics from another area on the Kwintebank
were sand extraction was still ongoing. Six stations were sampled in 2003 and 2004 and
nematode community composition and univariate measures of diversity were compared
with values obtained during the extraction period and with a “pre-impact situation”
sampled in 1978.

Although nematode density, diversity and biomass did not change two years after
cessation of the exploitation, nematode community composition did and was more stable
than in the extracted site. This is attributed to the absence of continuous disturbances
associated with the extraction activities such as the creation and filling up of dredge
furrows. As a consequence of the typical life history traits of nematodes, recovery seems
to follow different pathways when compared to macrobenthic recovery from the same

impact.

Key words: benthos, nematodes, community composition, dredging, recovery,

Kwintebank
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1. Introduction

Marine sand and gravel extraction has recently become a growing industry due to the
increasing demand for these resources in combination with the closing of land-based
extraction sites. Since these activities directly impact the seabed, many studies have been
conducted investigating the effect of mineral extraction on the benthos inhabiting the
seafloor. Most studies so far focused on the eventual changes in bottom topography,
sediment composition and macrobenthos (see reviews by Newell et al., 1998; Boyd, et
al., 2004). The effects on the macrobenthos seem to be site-specific and dependent on
local sedimentological and topographical characteristics of the extraction site in
combination with the ability of the local macrobenthic communities to cope with the
induced disturbance (Kenny and Rees, 1994; Desprez 2000, van Dalfsen et al., 2000;
Sarda et al., 2000; van Dalfsen and Essink, 2001; Guerra-Garcia et al., 2003; Newell et
al., 2004; Robinson et al., 2005; Simonini et al., 2005). Many studies also investigated the
possible recovery of extraction sites after cessation of the activities (Desprez 2000, Sarda
et al., 2000, Van Dalfsen et al., 2000, Van Dalfsen and Essink, 2001). Their results
suggest that substantial progress towards full restoration of the macrobenthic
communities can be expected within 2-4 years following cessation of the extraction
activities. However, their studies concerned cases were dredging operations lasted only
over a relatively short time scale (up to one year: Kenny et al., 1998, Sarda et al., 2000,
Van Dalfsen et al., 2000, Van Dalfsen and Essink, 2001). In a long-term (1971-1995)
extraction site (UK, Area 222) differences between macrobenthic assemblages from
reference sites and sites exposed to high and low levels of extraction persisted after a
period of 6 years (Boyd et al., 2005). Smith et al. (2006), investigating the epifaunal
communities (macrobenthos sampled with a dredge or trawl) of the same area, reached
the same conclusions. All this suggests that besides local characteristics and extraction
intensity, duration of the activities and associated disturbances and environmental

changes are important in determining restoration processes and timing.
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In this paper, we report on the short-term (2 years) changes in nematode communities in
an abandoned extraction site on the Kwintebank on the Belgian Continental Shelf (BCS)
and we compare these communities with nematode communities from a site on the
Kwintebank where extraction is still ongoing. At the Kwintebank, extraction activities
started in 1976. Total amounts of sand extracted from the BCS increased from 29000 m3
y"!in 1976 to 1700000 m? y™' in the mid 90’s. Maximum exploitation was recorded in
2001 (1900000 m?3 y'l). Extraction activities were concentrated in the central and northern
part of the Kwintebank. Degrendele et al. (in press) observed the formation of a
depression in the central Kwintebank since 1992, which reached a depth of 5 m after 7
years. Since federal legislation prohibits further exploitation when a deepening of > Sm
with respect to the most recent hydrographical charts occurs, this area had to be closed
for extraction activities in February 2003. Nematode community composition at the
sandbank changed considerably since the start of the extraction activities, which was
attributed to long-term changes in sediment characteristics in combination with additional
short term disturbances by the creation and the filling of dredge furrows (Vanaverbeke et
al., 2007). Since nematode communities are generally accepted to be a good monitoring
tool for assessing changes in the benthic environment (Kennedy and Jacoby, 1999), we
sampled these communities to assess a possible restoration of the community
characteristics after cessation of the activities by comparing the post-extraction data with
(1) data obtained at the start of the extraction period (Vincx, 1986); (2) data obtained
from within the extraction period (Vanaverbeke et al., 2002) and (3) data obtained from
the northern part of the Kwintebank where high intensity sand extraction was still
ongoing. We investigated the hypotheses of no changes in nematode communities
(density diversity and community composition) between sampling events within the
different areas on the sandbank. In addition, we compared nematode biomass spectra
(Vanaverbeke et al., 2003) from the abandoned sites and the extraction sites in order to
further increase our understanding of the effects of sand extraction on nematode

communities.
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2. Material and Methods

2.1. Collection and treatment of samples

Analyses in this paper are based on historical data from sampling campaigns conducted in
June — September 1978 (Vincx, 1986), February 1997 (Vanaverbeke et al., 2002),
December 2001 (Vanaverbeke et al., 2007), and new sampling campaigns in the central
and northern area of the Kwintebank in October 2003 and February 2004. The central
area was closed for extraction activities in February 2003, while extraction activies
continued in the northern part. Samples collected in 1978 are considered as samples from
the period before the intense sand extraction activities, while the samples obtained in
1997 and 2001 reflect the situation during intense extraction activities. Detailed
information about the location of the Kwintebank is given in Vanaverbeke et al. (2000)
and Vanaverbeke et al. (2002).

Collection and treatment of meiobenthic samples was identical during all sampling
campaigns. The long-term sampling stations Kw1 and Kw?2 in the northern area and Kw5
and Kwo6 in the central depression were visited in 2003 and 2004. In both areas, an
additional station was sampled as well: Kwl4 in the northern area and Kwl18 in the
central depression (Fig. 1). Samples collected in 2003 and 2004 in the central area are
considered to reflect post-extraction situations. All stations were sampled with a Reineck
box corer. The box corer was deployed three times at all stations, and from each box
corer, subsamples for meiobenthic and sediment analysis were obtained using a perspex
core (10cm?). Meiobenthic samples were fixed with a hot (70°C) neutral formaldehyde
tap-water solution (final concentration: 4%). Metazoan meiobenthic organisms were
extracted from the sediment by centrifugation with Ludox (Heip et al., 1985).
Macrofauna was excluded by means of a 1 mm sieve and all animals retained on a 38um
sieve were stained with Rose Bengal, counted and classified to the taxon level. 200
nematodes (or all individuals if less then 200 were present) were picked at random,
transferred to glycerin and mounted on slides for species identification using the pictorial

keys of Platt & Warwick (1983, 1988), Warwick et al. (1998) and the NeMys online
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identification key (Steyaert et al. 2005). Nematodes from two replicates were identified
for the 1997 and 2001 sampling campaigns; in 1978 nematodes from only one replicate
were identified to species level. Nematode length and width from all nematodes from one
replicate per station were measured for the sampling campaign in 2004. Measurements
were done using the Quantimet 500+ image analyser. Nematode biomass was calculated
from Andrassy’s formula (Andrassy 1956) and a dry-to-wet-weight ratio of 0.25 was
assumed. Nematode biomass spectra (NBS) were constructed following Vanaverbeke et
al. (2003). Kolmogorov-Smirnov two sample tests were used to compare NBS for 2004
with NBS from 1997 for the same area, recalculated from Vanaverbeke et al. (2003).

Grain size analyses were performed using the Coulter LS 100 Particle Size Analyser. For
the latter method, sediment fractions up to 1000 um are expressed as volume percentages,
while the fraction between 1000 and 2000 pum and > 2000 pm are mass percentages. For
all sampling years, sediment fractions are defined according to the Wenthworth scale

(Buchanan, 1984).

2.2 Data analysis

Grain size variables per area were compared by Principal Component Analysis using
normalised Euclidean distance. Differences between stations and treatment (extraction vs.
no extraction) in the central depression were analysed using 2-Way crossed ANOSIM
Since sand extraction was ongoing in the northern area, differences between stations and
subsequent years were analysed using the same procedure.

Nematode densities from different years were compared using one-way ANOVA. When
assumptions for ANOVA were not met, data were root-root transformed. The non-
parametric Kruskal-Wallis Analysis by Ranks was used when transformation did not
result in suitable data for ANOVA. Data from October 2003 were excluded from this
analysis, since Vanaverbeke et al. (2000) described higher densities in October as a
consequence of seasonal dynamics. December and February are here considered as winter
months.

Multivariate patterns in nematode communities from the periods 1997-2001 and 2003-

2004 per area were investigated using non-metric multidimensional scaling (MDS) on
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non-transformed species densities (all species from all replicates) based on the Bray-
Curtis similarity measure. This was followed by a 2-way crossed ANOSIM allowing to
test for differences between years while allowing for differences between stations and
vice versa. Species accounting for the similarity between samples within the different
years were identified using the SIMPER routine within the Primer package (Clarke and
Gorley 2001). A cut-off of 50% was applied. This allows for investigating short-term
changes in nematode community composition after cessation of the activities or further
changes when extraction is ongoing.

Temporal trends for Stations Kw5 and Kw6 in the central depression, and Kw1 and Kw2
in the northern area for the period 1997-2004, were evaluated using MDS based on non-
transformed species densities and the Bray-Curtis similarity measure. Spearman rank
correlations between these similarity matrices underlying their temporal development
were used as input for a 2™ stage MDS. This technique removes the site factor (site
differences at one time) and concentrates on the consistency of temporal patterns across
sites (Clarke et al., 2006).

In order to evaluate a possible recovery of the nematode communities in the central area,
MDS was applied on all available data from the central depression (including 1978). All
multivariate analyses were conducted using the Primer 5 package.

Nematode diversity was analysed by calculating a wide array of diversity indices
available in Primer 5, including total species (S), Margalef species richness (d), Pielou’s
eveness (J), Shannon Wiener (H’, log e based), Simpson Index (1-A’) and Hill numbers
N1, N; and N,.. In addition, Average Taxonomic Distinctness (AvTD A4%) and Variation
in Taxonomic Distinctness (VarTD A") based on presence/absence data were calculated
following Warwick and Clarke (2001). These indices differ from the previously
mentioned indices since they are not based on species richness but on taxonomic
relatedness of species in the samples. For the calculation of the taxonomic indices equal
step-lengths between each taxonomic level were assumed. In total 7 taxonomic levels
were used. All indices were calculated using Primer 5 (Clarke and Gorley, 2001)
Differences between years were analysed using 1-way ANOVA after testing for the
assumptions for ANOVA. Values were subjected to a double square root transformation

when needed to meet the assumptions. When the assumptions were not met, the non-
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parametric Kruskal Wallis analysis by ranks was applied. When significant differences
were observed in the ANOVA approach, Tukey’s HSD for unequal N was used to test for
pairwise differences between years. All ANOVA and Kruskal Wallis analysis were

performed using the Statistica 6 software package.

3. Results

3.1 Sediment characteristics

No clear patterns in sedimentological characteristics in the central depression could be
discerned (Fig 2A). The first two axes of the PCA explained 67.8% of the variation of the
dataset. 2-way crossed ANOSIM revealed no significant differences between stations
(R=0.104; p=0.08), but a significant difference between the sedimentological
characteristics before and after the cessation was observed (R=0.208; p=0.047). In the
northern area (Fig. 2B), significant differences between the different years (R=0.256;
p=0.024) and stations (R=0.31; p=0.01) were observed.

3.2 Nematode densities and community composition

Nematode densities ranged between 84 + 14 ind. 10 cm  and 228.3 + 3.2SE ind. 10 cm
in the central depression and between 76 + 14.8 ind. 10 cm 2 and 1208 + 460 ind. 10 cm -
? in the northern area. There were no significant differences between densities observed
in the different years for both areas (central depression: ANOVA: F; ;5= 0.483; p>0.05 —
northern area: Kruskal-Wallis Analysis by Ranks: H= 3.21; p>0.05).

There were no differences (2-way crossed ANOSIM: R=0.927; p=0.08) in nematode
community composition from the different stations in the central area (Fig.3A). However,
differences between years were obvious (global R=0.7019; p=0.001). Pairwise

comparisons revealed that strongest differences occurred between communities sampled
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in 1997 and all other years (all pairwise R=1) and between the communities encountered
in 2001 and 2003 (pairwise R=0.875). Smallest differences were found between the
nematode communities from 2003 and 2004 (R= 0.25). SIMPER analysis revealed that a
large part (>40%) of the within-group similarity is mainly due to different species during
the extraction era (Neochromadora munita and Metadesmolaimus pandus in 1997; Onyx
perfectus and Viscosia franzii in 2001), while after the cessation of the activities, the
contribution of Onyx perfectus and Mesacanthion hirsitum made up the bulk of the
within-group similarity (>40%) in both 2003 and 2004 (Table 1).

In the northern area (Fig. 3B), significant differences in nematode community
composition were observed between stations (2-way crossed ANOSIM: global R=0.78;
p=0.02) and years (global R=0.67; p=0.001). Pairwise comparisons between the
nematode communities sampled in subsequent years all showed strong differences (All
pairwise R > 0.625). A SIMPER analysis (Table 2) revealed that within group similarity
was due to different species in the different years. Only Theristus bastiani was found
among the species contributing to 50% within group similarity in three years, while Onyx
perfectus was important for within-group similarity in both 2003 and 2004.

The nematode communities from the individual stations of the central depression and the
northern area revealed temporal differences since 1997 (Fig. 4) which was confirmed by
the respective ANOSIM analyses (all p<0.02). The 2nd stage MDS (Fig. 4) indicates that
the temporal patterns in the stations of the central depression were similar and very

different from the evolution of the communities at the stations at the northern area.

3.3 Nematode diversity

From the wide array of diversity indices calculated (Table 3), none were found to be
significantly different between years in the central depression (I-way ANOVA or
Kruskal-Wallis analysis by ranks, all p>0.05). Only in the northern part, significant
differences between years were observed for J” ((Fs,14= 3.93; p<0.05) and 4" (F3,14= 3.96;
p<0.05) (Table 3). Tukey HSD for unequal N showed that significantly (p<0.05) higher

values were observed in 2004 in comparison with 1997. All other pairwise comparisons
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showed no significant differences. Concerning A", no significant differences were

detected in the pairwise comparisons.

3.4 Nematode Biomass Spectra

Nematode biomass spectra in both the central depression and the northern area showed
the same irregular pattern already described by Vanaverbeke et al. (2003). In 2004, a
more traditional pattern is visible, with peak biomass values located in size class 0 (Fig.
5). In the lower size classes, highest biomass values are found in the northern part of the
Kwintebank, while in the higher ranges the opposite trend emerges. However, differences
between spectra were not statistically different (Kolmogorov-Smirnov two sample test,

all p>0.05).

4. Discussion

4.1 Environmental changes

Although a detailed discussion of the sedimentological and morphological changes on the
Kwintebank is beyond the scope of this paper, some trends merit attention. Our results
indicate a change in sedimentological variables in the central depression after cessation of
the extraction activities. In a more detailed study, using a sampling grid of 100 m during
4 sampling campaigns between September 2003 and February 2005, Béllec et al.
(unpublished) reached the same conclusions. However, this does not indicate a
morphological and sedimentological recovery of the central depression (Degrendele et al.
in press) since a general filling up of the depression or a restoration of the height of the
large sand waves in the depression was not observed in the two years after the closing of
this area for extraction activities. On a smaller scale, the dredge furrows created by the

suction hoppers have disappeared in the central depression (Degrendele et al. in press).

10
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Since the closing of the central area for exploitation, extraction was very concentrated in
the northern area of the sandbank where a new depression is being formed (Degrendele et
al. in press). Our results indeed indicate a continuous change in the sedimentological
environment which can be caused by long-term changes associated with sand extraction
in combination with additional short-term disturbances by the creation and the filling of

dredge furrows.

4.2 Changes in the nematode communities

Our results indicate changes in the nematode communities both in the central depression
of the Kwintebank and in the northern area were extraction is still ongoing. However, the
nature of change in both areas is different. In the northern area, nematode community
composition seems to be unstable and changing even on a short term scale: pairwise
ANOSIM showed large R-values when comparing the nematode communities sampled in
October 2003 and February 2004.

The observed changes in the nematode communities in both areas can have several
causes: (1) seasonal changes and/or (2) cessation or continuation of the extraction
activities and/or (3) changes due to unmeasured non-seasonal, non-cessation factors.
Although seasonal changes and changes due to unmeasured factors cannot be ruled out
completely, we believe that this has a minor impact on the composition of the nematode
communities. A first reason is given by Vanaverbeke et al. (2002) who found no
differences in nematode communities from sandbanks on the BCS when sampled in
different seasons. In addition, seasonal differences should be visible both in the northern
part of the Kwintebank and in the central depression of the Kwintebank. This is clearly
not the case: nematode communities in the central depression change from 1997 to 2001
and from 2001 to 2003, while differences between 2003 and 2004 were the smallest
observed between subsequent years, which is confirmed by the SIMPER analyses for
both areas.

The 2™ stage MDS confirms that the temporal development of the stations in the central
depression is different from the stations in the northern area. This again suggests that

seasonal changes and changes due to unmeasured factors had a minor impact on the

11
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observed differences between the central area and the northern area after cessation of the
extraction activities. In the northern area, the temporal evolution of stations Kwl and
Kw?2 is different as well, which reflects the local impact of sand extraction activities on
the nematode communities (Vanaverbeke et al., 2007).

From this, we conclude that the continuous alteration of the nematode communities in the
northern area is caused by the extraction activities whereas the establishment of a more
stable community in the central depression is possible as a consequence of the absence of
the exploitation.

Long-term changes (1978 — 2001) in the nematode communities from the Kwintebank
were attributed to long-term changes in the sedimentological environment in combination
with the extra dynamics imposed by the creation and filling up of dredge furrows
(Vanaverbeke et al., 2007). Our results show that on a relatively short time scale, the
absence of the creation and filling of dredge furrows can lead to the establishment of a
more stable nematode community. Dredge furrows at the edge of the depression of the
Kwintebank remained visible for 6 months (Degrendele et al., in press). There are no data
available for the central parts of the depression, but we assume that regeneration of
dredge furrows in the absence of sand extraction was completed before our sampling in
October 2003. Hence, two major changes occurred in benthic environment of the central
depression within the first year after closing: the daily creation of the furrows by the
suction hoppers and the slow filling up of the furrows. This leads to a new and more
stable nematode community which is able to cope with the daily ebb-flood related
dynamics of the area.

Nematode diversity did not change, both in the depression and the northern area during
our sampling period. These results are based on a low number of replicates and should be
interpreted with care. However, our results are in accordance with Vanaverbeke et al.
(2007) who did not observe a decrease in diversity during the long-term extraction period
at the Kwintebank. Nematodes are indeed highly diverse, and there is a wide range of
species, from those that are very sensitive to disturbances to very tolerant species
(Kennedy and Jacoby, 1999). Therefore, nematode community composition can be

different while diversity remains unaffected (Bolam et al., 2006). In our case, we suggest

12
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that sensitive species are replaced by tolerant species without a significant loss/gain of

species in the presence/absence of disturbance.

4.3 Recovery of nematode communities

Boyd et al. (2003) described ‘recovery’ as a two-step process. In a first step,
recolonisation (the settlement of new recruits from the plankton or immigration of adults
from outside the area) occurs, followed by restoration (the return of the community
structure). An indication of the restoration can then be gained by comparing the attributes
of the community (eg. species richness, abundance, biomass) with a reference community
obtained from a reference site or pre-dredging communities (see Boyd et al., 2003 and
references therein). These definitions are commonly applied in studies focusing on
macrobenthos. Nematodes do not have planktonic life stages but in intertidal areas, adults
do disperse through the water column after passive resuspension (Schratzberger et al.,
2006). Passive resuspension should be no problem in a hydrodynamically stressed
sandbank environment (Palmer and Brandt, 1981; Palmer and Gust, 1985; Thistle and
Levin, 1998) and is most probably the main reason for the introduction of new nematode
species in the central depression. However, introduction of new species should be
considered a continuous process and ongoing while the exploitation still occurred.
Therefore, the emergence of different communities after the cessation of sand extraction
are most probably due to the fact that certain nematode species (already present in low
numbers or introduced through pelagic dispersal) have better survival chances in the
absence of the disturbances (eg. extra dynamics as a consequence of creating and filling
up dredge furrows).

In order to assess the full recovery (return of community structure) we performed a MDS
analysis (Fig. 6) in which the communities sampled in 1978 (Vincx, 1986) were included
as well. Although the exploitation of the Kwintebank started already in 1976, extraction
intensity was low in that period and therefore we are comparing the recently sampled
communities with communities subjected to a very limited disturbance rather than
comparing with a reference situation sensu strictu. However, it is very obvious that there

is no return to the community structure of 1978, which is confirmed by ANOSIM

13
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(R=0.595; p=0.001). All pairwise comparisons, except 2003-2004 were significantly
different in the pairwise comparison.

A second way of assessing the rate of recovery was indirectly through comparing the
biomass spectra of the extracted sites with the abandoned sites. Vanaverbeke et al. (2003)
showed peak biomass values in size classes -3 to 0 in the intensely extracted areas on the
Kwintebank, while in unexploited sandbanks on the BCS and areas on the Kwintebank
with low sand extraction intensity, highest biomass values were observed in size class -1
or 0. This indicates that nematode communities shift towards smaller individuals in areas
with high physical disturbance. In the long term, Vanaverbeke et al. (2007) reported a
loss of large species in the heavily exploited areas on the Kwintebank. Similar
observations were made by Lampadariou et al. (2005) in the Aegean Sea where larger
nematodes disappeared as a consequence of intense trawling. Although reference size
distribution data of nematode populations on the Kwintebank are not available, we
expected that nematode size spectra would reveal higher biomass in the larger size classes
in the absence of extraction activities, which was clearly not the case. This can have two
reasons: either the larger nematodes have not colonized the depression yet, or the
environment is not suitable for these organisms and colonizing large nematodes will not
survive. At the moment, there is no evidence underpinning a preference for one of the
possible explanations.

Using the definition of Boyd et al. (2003), no recovery of the nematode communities
occurred. However, there is no evidence that the original community would not have
changed in the course of 26 years due to naturally occurring processes. Since even small
differences in the median grain size and the fractions of medium sand and fine sand
content are reflected in differences in the nematode communities (Vanaverbeke et al.,
2002), it seems unlikely that nematode communities would remain unchanged during
such a long period in this very dynamic environment. Bolam et al. (2006) summarised
earlier discussions (see Bolam and Whomersley 2003, 2005 and Schratzberger et al.,
2006) on reference sites, defined as pre-impact situations or a non-impacted reference
site. Although they studied the recolonisation of dredged material deposited in intertidal
systems, their remarks are valid for the central depression as well: pre-impact situations

are very different from the impacted situations (eg. the creation of a depression of more
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than 5 m depth) and this imposed difficulties when comparing impact and reference sites
which will always show small differences in physical properties. Especially in the case of
nematodes, which are very dependent on grain size characteristics (Vanaverbeke et al.,
2002), finding a suitable reference site for sandbanks systems is very problematic.
Therefore, we suggest to use the rate of change in nematode communities as a measure of
recovery of the benthic system. In the central depression, nematode communities were
not changing significantly anymore after 1.5 -2 years of cessation of exploitation, while

there was an ongoing change in areas were extraction still occurred.

4.4 Trends in nematode communities versus macrobenthic

communities

Boyd et al. (2005) summarise the observed patterns in recovery of the macrobenthic
communities in sites subjected to sand and gravel extraction. In a first phase, abundance
and species numbers increase as a consequence of the colonisation of the area by larvae
and adults of opportunistic species from surrounding areas. In a second phase,
community biomass will be reduced since colonizers have to grow on to maturity
comparable with the pre-dredging situation. In gravelly areas, abrasive effects of
increased sediments can limit growth and survivorship of epifauna, which is an extra
factor inhibiting the re-establishment of the original communities. However, there is no
clear picture if the latter holds for sandy areas as well. When bedload transport eventually
returns to pre-dredging levels, there is the possibility for the communities to fully return
to the original state. In sandy muds, Hily (1983) adds a third phase, during which
opportunistic species are replaced by a greater number of species as a consequence of
interspecific competition.

Our results indicate that recovery of nematode communities follows a different path. We
have no evidence of increased densities in the year following cessation of dredging.
Moreover, densities in the abandoned area were not higher than densities in the exploited
area. This can be explained by the life history traits of nematodes and their ability to cope
with physical disturbance. Nematodes reproduce constantly, hence there is a constant

presence of juveniles facilitating the recolonisation of the impacted area (Vanaverbeke et
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al., 2002) even during the exploitation period. Macrobenthic reproduction on the other
hand is limited to certain periods in the year. A disturbance event during the recruitment
period therefore can destroy the population until the next recruitment. These mechanisms
also explain the absence of a shift in species diversity in the nematode communities after
cessation of extraction activities. The constant reproduction, in combination with the high
diversity, ensures the presence of community with a constant level of diversity, consisting
of species well adapted to the extra disturbance induced by the exploitation of the seabed.
These species are then gradually replaced by species preferring a more stable
environment who can outcompete the species present during the extraction period.

However, it is still unclear how the different phases of the recolonisation/restoration
processes of the macrobenthic and meiobenthic communities match in time. More
studies, incorporating both meiobenthic and macrobenthic data are needed to fully
understand this process. This will most probably increase our understanding of
recolonisation processes by fine-tuning the different phases in the very early (based on
the nematode communities) and later (based on the macrobenthic communities) phases of

these processes.

5. Conclusions

We showed that nematode communities in sites closed for sand extraction activities
evolved differently from nematode communities inhabiting area that are still exploited.
Diversity and density did not change, however nematode community composition was
more stable due to the absence of the creation and filling of dredge furrows. In addition,
we hypothesise that recovery of nematode communities follows different pathways than

marcrobenthic recovery as a consequence of the typical nematode life history traits.

6. Acknowledgements

16



457
458
459
460
461
462
463
464
465
466
467
468
469
470

We would like to thank the master and crew of the RV Zeeleeuw and Belgica for their
patient and skillful help during sampling. Annick Van Kenhove and Bart Beuselinck
made many nematode slides. Nematode measurements were done by Annick Van
Kenhove, while Danielle Schram was responsible for sediment analysis. Two anonymous
reviewers greatly improved the quality of this work. This research was funded by the
Belspo project SPEEK in the framework of the Scientific Support Plan for a Sustainable
Development Policy (SPSD II — contract nr. EV/38) and GENT-BOF project 01GZ0705
Biodiversity and Biogeography of the Sea (BBSea) (2005-2010). The authors
acknowledge the support by the MarBEF Network of Excellence 'Marine Biodiversity
and Ecosystem Functioning' which is funded by the Sustainable Development, Global
Change and Ecosystems Programme of the European Community's Sixth Framework
Programme (contract no. GOCE-CT-2003-505446). This publication is contribution
number MPS 08009 of MarBEF.

17



471

472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500

References

Andrassy, I. 1956. The determination of volume and weight of nematodes. Acta

Zoologica (Hungarian Academy of Science),2, 1-15

Bolam, S.G, Whomersley, P., 2003. Invertebrate recolonization of the fine-grained
beneficial use schemes: an example from the southeast coast of England. Journal of

Coastal Conservation 9, 159-169.

Bolam, S.G, Whomersley, P., 2005. Development of macrofaunal communities on
dredged material used for mudflat enhancement: a comparison of beneficial use schemes

after one year. Marine Pollution Bulletin 50, 40-47

Bolam, S.G., Schratzberger, M., Whomersley, P., 2006. Macro-and meiofaunal
recolonisation of dredged materials used for habitat enhancement: temporal patterns in

community development. Marine Pollution Bulletin 52, 1746-1755.

Boyd, S.E., Limpenny, D., Rees, H.L., Cooper, K.M., Campbell S., 2003. Preliminary
observations of the effects of dredging intensity on the re-colonisation of dredged
sediments off the southeast coast of England (Area 222). Estuarine, Coastal Shelf
Science, 57, 209-223.

Boyd, S.E., Cooper, K.M., Limpenny, D.S., Kilbride, R., Rees, H.L., Dearnaley, M.P.,
Stevenson, J., Meadows, W.J., Morris, C.D., 2004. Assessment of the rehabilitation of the
seabed following marine aggregate dredging. Scientific Series Technical Report, CEFAS
Lowestoft, 121.

Boyd, S.E., Limpenny, D.S., Rees, H.L.., Cooper, K.C., 2005. The effects of marine sand

and gravel extraction on the macrobenthos at a commercial dredging site (results 6 years

post-dredging). ICES Journal of Marine Science 62 (2), 145-162.

18



501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531

Buchanan, J.B., 1984. Sediment analysis. In: Holme N.A., McIntyre A.D., (Eds).:
Methods for the study of marine benthos (pp 41-65). Blackwell Scientific Publications,
Oxford and Edinburgh

Clarke, K.R., Gorley, R.N., 2001. Primer v5: User Manueal/Tutorial. PRIMER-E:
Plymouth,

Clarke, K.R, Somerfield P.J., Airoldi, L., Warwick, R.M., 2006. Exploring interactions
by second-stage community analyses. Journal of Experimental Marine Biology and

Ecology 338, 179-192

Degrendele, K., Roche, M., Schotte, P., Van Lancker, V.; Bellec, V., Bonne, W., in
press. Morphological evolution of the Kwinte Bank central depression before and after

cessation of aggregate extraction. Journal of Coastal Research.

Desprez, M., 2000. Physical and biological impact of marine aggregate extraction along
the French coast of the Eastern English Channel: short- and long-term post-dredging
restoration. ICES Journal of Marine Science 57, 1428-1438.

Guerra-Garcia, J.M., Corzo, J., Garcia-Gomez, J.C., 2003. Short-term benthic re-
colonisation after dredging in the harbor of Ceuta, North Africa. P.S.Z.N.: Marine
Ecology 24(3), 217-22.

Heip, C., Vincx, M., Vranken, G., 1985. The ecology of free-living nematodes.
Oceanography and Marine Biology Annual Review 23, 399-489.

Hily, C., 1983. Marcrozoobenthic recolonisiation after dredging in a sandy mud area of
the Bay of Brest enriched by organic matter. Oceanologica Acta. Proceedings of the 17"
European Marine Biology Symposium, Brest, France, 27 September to 1 October 1982:
113-120.

19



532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561

Kennedy, A.D., Jacoby, C.A., 1999. Biological indicators of marine environmental
health: meiofauna-a neglected benthic component. Environmental Monitoring an

Assessment 54: 47-68.

Kenny, A.J., Rees, H.L., 1994. The effects of marine gravel extraction on the
macrobenthos: early post dredging re-colonisation. Marine Pollution Bulletin 28, 442-
447.

Lampadariou, N., Hatziyanni, E., Tselepides, A., 2005. Meiofaunal community structure
in Thermaikos Gulf: Reponse to intense trawling pressure. Continental Shelf Research

25, 2254-2569.

Newell, R.C., Seiderer, L.J., Hitchcock, D.R., 1998. The impact of dredging works in
coastal waters: a review of the sensitivity to disturbance and subsequent recovery of
biological resources on the sea bed. Oceanography and Marine Biology Annual Review

36, 127-178.

Newell, R.C., Seiderer, L.J., Simpson, N.M., Robinson, J.E., 2004. Impacts of marine
aggregate dredging on benthic macrofauna off the south coast of the U.K. Journal of

Coastal Research 20, 115-125.

Palmer, M.A., Brandt, R.R., 1981. Tidal variation in sediment densities of marine

benthic copepods. Marine Ecology Progress Series 4, 207-212.

Palmer, M.A., Gust, G., 1985. Dispersal of meiofauna in a turbulent creek. Journal of

Marine Research 43: 179-210
Platt, HM., Warwick, R.M., 1983. Free-living marine nematodes. Part. 1. British

Enoplids. Synopses of the British fauna (new series), No. 28. Cambridge University
Press, Cambridge.

20



562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591

Platt, HM., Warwick, R.M., 1988. Free-living marine nematodes. Part. II. British
Chromadorids. Synopses of the British fauna (new series), No. 38. E J Brill/Dr W
Backhuys, Leiden.

Robinson, J.E., Newell, R.C., Seiderer, L.J., Simpson, N.M., 2005. Impacts of aggregate
dredging on sediment composition and associated benthic fauna at an offshore dredge site

in the southern North Sea. Marine Environmental Research 60, 51-68.

Sardd, R., Pinedo, S., Gremare, A., Taboada, S., 2000. Changes in the dynamics of
shallow sandy-bottom assemblages due to sand extraction in the Catalan Western

Mediterranean Sea. ICES Journal of Marine Science 57, 1446-1453.

Schratzberger M., Bolam, S., Whomersley, P., Warr K, 2006. Differential response of
nematode colonist communities to the intertidal placement of dredged material. Journal

of Experimental Marine Biology and Ecology 334, 244-255.

Simonini, R., Ansaloni, I., Bonvicini Pagliai, A.M., Cavallini, F., Iotti, M., Mauri, M.,
Montanari, G., Preti, M., Rinaldi, A., Prevedelli, D., 2005. The effects of sand extraction
on the macrobenthos of a relict sands area (northern Adriatic Sea): results 12 months

post-extraction. Marine Pollution Bulletin 50, 768-777.

Smith, R., Boyd, S.E., Rees, H.L., Dearnaley, M.P., Stevenson, J.R (2006. Effects of
dredging activity on epifaunal communities — Surveys following cessation of dredging.

Estuarine, Coastal and Shelf Science 70, 207-223.

Steyaert, M.; Deprez, T., Raes, M., Bezerra, T., I. Demesel, 1., Derycke, S., Desmet, G.,
Fonseca, G., de Assuncdo Franco M., Gheskiere, T., Hoste E., Ingels, J., Moens, T.,
Vanaverbeke, J., Van Gaever, S., Vanhove, S., Vanreusel, A., Verschelde, D., Vincx, M.,

2005. Electronic Key to the free-living marine Nematodes. Http://nemys.ugent.be/

21



592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622

Thistle, D., Levin, L.A., 1998) The effect of experimentally increased near-bottom flow
on metazoan meiofauna at a deep-sea site, with comparison data on macrofauna. Deep

Sea Research I 45, 625-638.

Vanaverbeke, J., Gheskiere, T., Vincx, M., 2000. The meiobenthos of subtidal sandbanks
on the Belgian Continental Shelf (Southern Bight of the North Sea). Estuarine Coastal
Shelf Science 51, 637-649.

Vanaverbeke, J., Desprez, T., Vincx, M., 2007. Changes in nematode communities at the
long-term sand extraction site of the Kwintebank (Southern Bight of the North Sea).
Marine Pollution Bulletin 54, 1351-1360

Vanaverbeke, J., Gheskiere, T., Steyaert, M., Vincx, M., 2002. Nematode assemblages
from subtidal sandbanks in the Southern Bight of the North Sea: effect of small

sedimentological differences. Journal of Sea Research 48, 197-207.

Vanaverbeke, J., Steyaert, M., Vanreusel, A., Vincx, M., 2003. Nematode biomass
spectra as descriptors of functional changes due to human and natural impact. Marine

Ecology Progress Series 249, 157-170.

van Dalfsen, J.A., Essink, K. 2001. Benthic community response to sand dredging and

shore face nourishment in Dutch coastal waters. Senckenbergia Maritima 31, 329-332.

van Dalfsen, J.A., Essink, K., Toxvig Madsen, H., Birklund, J., Romero, J., Manzanera,
M., 2000. Differential response of macrozoobenthos to marine sand extraction in the
North Sea and the Western Mediterranean. ICES Journal of Marine Science 57, 1439-
1445.

Vincx, M., 1986. Free-living marine nematodes from the Southern Bight of the North
Sea. PhD tesis, University of Gent.

22



623  Warwick, R.M., Clarke, K.R., 2001. Practical measures of marine biodiversity based on
624  relatedness of species. Oceanpgraphy and Marine Biology Annual Review 39, 207-231.
625

626  Warwick, R.M., Platt, HM., Somerfield, P.J., 1998. Free-living marine nematodes. Part.
627  III. Monhysterids. Synopses of the British fauna (new series), No. 53. E J Brill/Dr W
628  Backhuys, Leiden: pp 296.

629
630
631

632

23



633
634

635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663

Figure Captions

Figure 1. Map of the Belgian Continental Shelf and detailed location of the sampling
stations on the Kwintebank (Maps redrawn from UGent — RCMG and Federal Public
Service Economy, SMEs, Self employed and energy — Fund for Sand Extraction). Full

circle: area with ongoing sand extraction; Dotted circle: area closed for sand extraction.

Figure 2. PCA ordination plots of grain size variables. A: Central depression. B: northern
area of the Kwintebank. Grain size variables included % clay, % silt, % very fine sand, %
fine sand, % medium sand, % coarse sand; % between 1000-2000um, %>2000 pum,

median grain size

Figure 3. Results of MDS analyses on non-transformed nematode species densities. A:

Central depression. B: northern area of the Kwintebank

Figure 4: Temporal development of nematode communities from Sts Kwl (panel A),
Kw2 (panel B), Kw5 (panel C) and Kw6 (panel D).. Panel E: ond stage ordination based
on the Spearman Rank Correlations between similarity matrices of original MDS
analyses. Each symbol represents the patterns of community change at a site through

time.

Figure 5. Nematode biomass spectra of the central depression and northern area of the

Kwintebank per year.

Figure 6. Result of MDS plot on non-transformed nematode species densities from the

central depression. All sampling years combined
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664 Tables
665

666  Table 1. Results of SIMPER analysis of the nematode data from the central depression,
667 listing the main discriminating species and their abundance (Ab, ind 10 cm?) and

668  contribution (Contr) to within group similarity (Av. Sim.).

669

670  Table 2. Results of SIMPER analysis of the nematode data from the northern area of the
671  Kwintebank, listing the main discriminating species and their abundance (Ab, ind 10 cm’
672 2) and contribution (Contr) to within group similarity (Av. Sim.).

673

674  Table 3: Average univariate diversity values per year in the Northern and Central Area of
675  the Kwintebank and results of the statistical tests for difference between years. Bold p
676  values indicate statistical differences at p<0.05. For abbreviations of diversity indices: see
677  Material and Methods Section.

678

679
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Table 1

1997 (Av. Sim.: 39.22

2001 (Av. Sim.: 35.12)

2003 (Av. Sim.: 41.40)

2004 (Av. Sim.: 39.59)

Species Ab. Contr Species Ab. Contr Species Ab. Contr Species Ab. Contr
(%) (%) (%) (%)

Neochromadora 42.36 29.84 Onyx perfectus 19.79 | 23.49 Onyx perfectus 62.69 | 35.84 Onyx perfectus | 48.15 | 35.05

munita

Metadesmolaimus 18.95 11.43 Viscosia franzii 11.70 | 13.22 Mesacanthion 14.98 | 6.36 Mesacanthion 8.49 5.71

pandus hirsitum hirsitum

Enoploides 6.93 7.49 Xyala striata 5.10 8.05 Enoploides 10.80 | 5.25 Xyala striata 7.42 5.59

spiculohamatus spiculohamatus

Viscosia franzii 5.56 6.09 Neochromadora 5.19 6.11 Chromaspirina 8.51 4.54 Dichromadora | 4.53 4.26

munita pellita cucculata




Table 2

1997 (Av. Sim.: 37.63)

2001 (Av. Sim.: 8.33)

2003 (Av. Sim.: 19.66)

2004 (Av. Sim.: 26.07)

Species Ab. Contr | Species Ab. Contr | Species Ab. Contr | Species Ab. Contr
(%0) (%) (%) (%)
Neochromadora 49.10 27.88 | Sabatieria 50.49 | 25.72 | Onyx perfectus 41.81 17.11 | Onyx perfectus 18.06 | 16.84
munita celtica
Theristus maior 27.93 11.45 | Microlaimus 99.95 | 10.05 | Microlaimus 10521 | 13.03 | Theristus bastiani 9.33 10.59
arenicola marinus
Theristus bastiani | 55.22 7.37 | Actinonema 12.65 | 9.44 Theristus bastiani | 31.02 12.53 | Dichromadora 5.28 6.19
celtica cucullata
Onyx perfectus 16.30 6.45 | Leptonemella | 15.8 9.41 Theristus 6.14 4.20 | Richtersia inaequalis 3.06 4.96
aphanothecae longicollis
Dichromadora 23.19 3.67 Daptonema 2.92 4.78
cucullata stylosum
Odontophora 2.68 3.76
sp. 3
Prochromadorella 1.65 3.37
ditlevensi




Table

Northern Area of the Kwintebank

1997 2001 2003 2004 F p H (Kruskal Wallis) p
S 37 39.25 41.83 50.25 1.1 0.78
D 6.26 7.14 7.17 9.35 0.32 0.81
J' 0.81 0.89 0.86 0.90 3.93 0.03
H'(log,) 291 3.12 3.167 341 3.42 0.33
1-4' 0.97 0.94 0.94 0.95 2.62 0.09
N; 18.75 25.40 24.06 33.54 3.47 0.33
N, 11.46 16.78 14.59 20.38 2.69 0.44
N 5.16 6.58 6.09 6.46 1.76 0.63
A" 39.08 39.79 38.76 39.27 5.18 0.16
A 64.86 67.77 53.87 60.97 3.96 0.03
Central Area of the Kwintebank

1997 2001 2003 2004 F p H (Kruskal Wallis) p
S 34.5 42 40.33 4533 2.20 0.53
D 6.80 8.37 7.30 8.76 2.06 0.14
J’ 0.82 0.85 0.83 0.83 0.068 0.97
H'(log,) 2.92 3.14 3.06 3.17 0.60 0.62
1-4' 0.90 0.92 0.91 091 0.12 0.95
N; 19.08 24.22 22.17 24.88 0.62 0.6
N, 11.31 14.77 13.45 13.74 0.2 0.89
N, 426 5.87 5.42 4.85 0.34 0.79
A" 39.24 39.07 39.54 38.35 4.15 0.25
A" 63.02 67.36 61.70 60.07 2.28






