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Summary
Introduction

Sustainable development requires the quantification of human impacts, against the seafloor’s
ecological value. Recent impact studies have shown only localised effects, though indications of
a longerterm and broader-scale degradation of the seafloor exist. This is due possibly to
cumulative anthropogenically-induced effects, but the natural evolution and the response of the
seafloor due to sea-level rise are poorly known. Nonetheless, it is likely that changing wave
climate and an increased storminess induce different erosion/sedimentation patterns. Such
evolution needs to be disentangled against the impact of dredging, aggregate extraction, fisheries
and beach replenishment on the ecosystem’s physical functioning.

The Belgian part of the North Sea (BPNS) is targeted for the reconstruction of seabed ecosystem
changes over the past 150 years. Spatially and temporally extensive data sets have been
compiled and allow studying various ecosystem components in the space, time and depth
domain. Particularly, sediments and sediment transport processes have been studied, given their
central role in ecosystem studies. Long-term ecosystem changes have been investigated, starting
from a historical data-set on benthos and sediments, dating back to the first decade of the 20th
century (the “Gilson collection”). Together with long-term datasets in the period 1866-2008,
changes in bathymetry, sediments and macrobenthos were studied. Modelling tools have been
refined with the aim of using them for dedicated case studies in phase 2 of the project. Natural
changes were studied, based on observations and on climate change models. Quantification of
human impact has been performed at sites, where long-term datasets were available.

The research strategy consisted of extensive GIS analyses, state-of-the-art observations/sampling
(RV Belgica), experiments and advanced modelling, within the space, depth and time domain
(4D). A multi-sensor tripod, a.o. measuring turbidity, currents and in-situ particle size is
deployed on a quasi-permanent time-scale. Parameters are measured in function of model
improvement, and observations are made to test hypotheses on seabed nature and dynamics,
often in a multidisciplinary context.

The ecosystem in the space, time and depth domain

Generally, the BPNS is a typical sandbank-swale environment; though the coastal zone
comprises large mud fields, often associated with highly turbid waters. Apart from
hydrodynamics, origin of water masses, waves and bed composition, it has been shown that the
occurrence of mixed sediments and their variability, the effects of waves on the failure of
consolidated mud beds and the erosion effects of sand on top of consolidated mud are main
drivers of sediment transport in the coastal zone. The formation of high concentration mud
suspensions (HCMS), during storm periods has probably a major influence on the transport of
suspended particulate matter (SPM) and on the deposition of mud in (mainly) navigation
channels and harbours; hitherto never investigated.

Human activities are well-spread in the coastal zone (e.g. harbour extension works, dredging
and disposal of dredged material, deepening of navigation channels, aggregate extraction); as
such a good understanding is needed on non-cohesive and cohesive sediment dynamics and
their interaction (deposition and erosion). Flocculation is an important process and still requires
field-based measurements and calibration to improve numerical modelling of sediment
transport. Sediment erodibility is a major issue, since the coastal zone comprises mud with
variable degrees of consolidation that is eroded and deposited according to the prevailing hydro-
meteorological agents. Measurements have shown that the critical shear stress for erosion
increases rapidly with depth; hence mud erosion is mostly a surface phenomenon; however
under storm conditions consolidated mud layers can be eroded.
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The provenance of mud in the coastal zone has always been enigmatic. A turbidity maximum
area extends roughly from the Westerschelde estuary to Ostend. Especially, in this area, several
mud types exist of various ages and often Holocene to older mud layers are outcropping. Mud
provenance was studied using detailed qualitative and quantitative analyses of the bulk and clay
mineralogy of mud and their potential source areas. The results show that the clay mineralogy of
the Holocene, modern and recent mud and SPM is identical. A very similar clay assemblage is
found in the Scheldt river (Estuary and further upstream) and the Rupel river. These results
indicate a close provenance relationship between the BPNS and sediments transported by the
Scheldt. On the other hand, potential source areas that could be excluded as major sources of
BPNS mud include the Dover Strait coasts, the Eocene and Pleistocene glacial deposits,
currently exposed on the BPNS sea floor and suspension from the Atlantic Ocean. A similar to
almost identical clay mineralogy was determined, respectively, for Holocene salt marsh deposits
and Eemian interglacial deposits, sampled near the present-day coastline; this suggests that a
provenance relationship between BPNS mud and the Scheldt river system has existed on and off
since the Late Pleistocene.

Sedimentation/erosion patterns have been studied also, on the basis of time-series of very-high
resolution multibeam bathymetry and sonar imagery. Especially, near the main disposal ground
of dredged material, complex sediment transport processes occur. Important bedload transport
rates and sand dune migration are identified, completely opposite to the residual currents and
suspension transport. These observations are important in view of recirculation of dredged
material, hence will allow future optimisation of dredging/disposal activities. Nearby the
disposal ground, hotspots of biodiversity are found, in the troughs of sand dunes. Aggregations
of the polychaet ‘Owenia fusiformis’ here occur; in these areas bedforms do not migrate, whilst
outside of these patchy areas, a dune migration rate of 20m is observed. It is not clear yet
whether these patches are associated with the disposal ground or with higher nutrient supply
from the Westerschelde estuary.

Long-term ecosystem changes

The Gilson collection (1899-1908) provided a unique opportunity to investigate how physical
and biological processes have changed over the whole 20th century. Sediment and benthos data
were obtained with dedicated sampling gears, operated sequentially within dense sampling
grids. The dataset has been reconstructed enabling investigation of baseline relationships
between benthic communities and seafloor composition. Sampling procedures and data quality
issues were clearly identified, providing robust data for further analysis.

Historic sediment type maps were constructed, based on Gilson’s sediment sample descriptions.
Further to prior digitizations, Gilson’s benthos archive was now completed with bivalves,
polychaetes and amphipods. “Baseline maps” of benthos composition (species richness, total
abundances) were drawn and provide a coherent picture of the former distribution of benthic
biodiversity alongside the Belgian and Dutch coastal zone and in the surroundings of the
Westhinder sand bank. Linking macrobenthic and sediment data will further enable to
determine whether some ecological structure can be found in this century-old “new” sub-
regional species assemblage.

The distribution of bivalves was further explored and compared to the present-day distribution
(1994-2008, UG-ILVO database). Changes were attributed to long-term patterns in the North
Atlantic Oscillation (NAO), since the bulk of both data-set had indeed been collected under
opposite winter NAO conditions. All observed species distribution shifts match the expectations
of altered physiographic conditions, due to NAO. On the BPNS, processes related to turbidity
and sedimentation/re-suspension are important, and the very coastal waters to the West
experience contrasting patterns of salinity, under prolonged episodes of positive or negative
NAO conditions. The latter effect, clearly tracked in euryhaline benthos data, reflects increased
river runoffs (due to NAO-induced increased precipitations over NW Europe). Both effects are
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imposed by highly positive NAO values, especially since the regime shift of 1988. The very
different pattern displayed by the historic data, prior to 1903, seems to mirror 30 years of
sustained negative NAO conditions. Results urge for a re-examination of variations in datasets,
due to NAO cyclicity and their shifts. Especially, the overall turbidity and siltation increase of
Belgian coastal waters needs verification against varying river discharges, resulting from NAO
cyclicity.

Long-term analyses were performed on bathymetry datasets in the period 1866-2007. No
significant movement of the sandbanks could be demonstrated, though some banks had
variable patterns of erosion and deposition, with the Flemish Banks showing accretion along
their SW extremity, and erosion along their NE part. The troughs in-between banks experienced
erosion mainly, resulting in steeper slopes of the banks. In the coastal zone, a sedimentation
trend seems to dominate, with particular accretion of sediments in the Grote Rede swale,
landward of the Wenduine Bank. From the analyses of long-term sediment changes, this would
correspond with mud deposition. Apart from human-induced, localised, sediment changes (e.g.
disposal grounds of dredged material), no wide-spread changes in median grain-size could be
deduced. However, a major change is seen in the sorting of the sandy sediments over the past
100 yrs. All of the Gilson samples that were re-analysed, were well-sorted, whilst recent samples
are predominantly moderate to poorly-sorted. The cause of this worsening in sorting is
associated with enrichment of fine sandy sediments, as shown by the skewness value of the
recent sediments. Their spatial occurrence is mostly linked to harbour areas, disposal grounds,
and aggregate extraction sites; though the trend is also observed in the so-called ‘natural
systems’. A possible link with NAO or other cyclicity should be investigated.

Modelling of processes

For predictions and more integral impact assessments, modelling is a prerequisite. However, the
complexity of the BPNS seabed nature and dynamics requires refined modelling, ideally
calibrated and validated with observations and measurements. Improved bed models are being
designed to account for erosion of old sediments (Holocene and outcropping Tertiary clays)
distinguishing between active layers and more passive buffer or parent layers. It has been shown
that classical flocculation models, based on an empirical approach, are not able to satisfactorilly
reproduce measurement data and required a better understanding of SPM dynamics. To study its
implications in coastal morphodynamics, both the mineral, as well as the microbial fraction
needs consideration. Since, these are strongly site-specific, this information should be acquired
at the same moment.

A major issue remains the influence of the Westerschelde estuary on the sediment- and
morphodynamics of the BPNS and vice versa. Especially, cross-border mud transport is highly
sensitive internationally and has led to numerous studies. Mud balances, computed by
modelling, result in a yearly net export of 2 Mton from the Scheldt estuary, being still one order
of magnitude larger than the net import, following from mud balances, based on observations.
Exact numbers from observations remain associated with large uncertainties and are not well
known; estimates range from 0.05 to 0.35 Mton yearly net import. Since it appears that the
model’s concentration gradient between the inner and outer estuary of the Scheldt is realistic,
the computed export might be due to an underestimation of the estuarine circulation and the
observed phase error of the M4 tidal component. The latter influences the tidal asymmetry and
thus also the residual sediment transport. Further verifications are needed.

Finally, wave turbulence and wave energy dissipation, and their importance in the turbulence
part of hydrodynamic models are being modelled. Therefore a coupled wave-current model has
been implemented and tested on High Performance Computer facilities. This will enable a more
sound modelling and interpretation of current field (including turbulence) measurements and its
consequences for SPM modelling. The model suite will later be used for specific case studies.
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Natural evolution and climate change

To interpret changes in the marine environment or to assess human impacts
adequately, knowledge on the natural variability of seabed processes is needed.
Especially sandbank areas are prone to variation and storms can have major
impacts on sediment volume changes. This was investigated for a sandbank area,
without human impact, where a series of bathymetric data were available. From a correlation of
sediment volume changes with the directionality and strength of winds, waves and currents, it
was shown that prolonged northeastern conditions are associated with the lowest sediment
budgets, whilst those from the southwest are clearly associated with a sediment input. The
spatial validity of these findings needs further investigation, though useful repetitive bathymetric
time series are generally very scarce.

The influence of storms on SPM concentration has been studied also. Here, the direction of
wind, wave height and availability of erodible cohesive sediments are crucial. It is argued that
local mud sources, such as mud in sandy beds or consolidated mud layers, have to exist, besides
the well-known and generally accepted English Channel, as major source of SPM.

For the study of the influence of climate change on seabed processes, a dedicated investigation
was set-up. It has been shown that high sea surges along the Belgian coast occur when a low
pressure system remains stationary over the Baltic Sea and is associated with a reinforced Azores
high. This sea-level pressure (SLP) pattern shows a strong Southwest-Northeast pressure gradient
leading to onshore winds along the Belgian coast. Wintertime highest sea surges (99th
percentile) at Ostend have increased at a rate of + 1 mm/yr from 1925 to 2000. This increase is
associated with the SLP rise over the Azores leading to an increase of the frequency of strong
surge-related pressure gradient. A statistical downscaling method is used to set-up a model to
relate SLP to sea surge at Ostend. A multiple linear regression is designed to relate the daily
surge height at Ostend with (i) the daily SLP over the Baltic Sea; and (ii) the daily value of the
pressure gradient between the Baltic Sea and the Azores. This regression robustly reproduces the
interannual to long-term variability of high surges at Ostend. The regression is then used with
SLP time series simulated until 2100 under climate change scenarios. High surges are expected
to stay stationary during the 21st century, associated with no significant changes in SLP
conditions over the Baltic Sea and over the Azores. It is not expected that climate change for the
21" century would significantly modify surge and wave-related atmospheric circulation.
Nevertheless, the mean sea-level rise, associated thermal dilatation and ice melting, will
ineluctably increase the amplitude of sea level peaks during storm events. Possible links
between hydro-meteorological parameters (storm-surges, waves) and beach and foreshore
sediment volumes for the Belgian coast will be investigated.

Impact of human activities

Finally, case studies were selected where the impact of human activities is known,
however now attempting to quantify changes on the long-term.

A good example is the long-term effect of the harbour extension works of Zeebrugge, which has
impacted the area just east of it, the ‘Bay of Heist’. A strong sedimentation trend (in the form of a
sandbank) was revealed in the bay itself, but also in a zone parallel to and some 100m away
from the eastern groyne of the harbour. The former results from low flow velocities, due to the
sheltering effect of the eastern groyne; whilst the latter sedimentation pattern is due possibly to
the wave attenuation effect of the eastern groyne. Sedimentation trends are predicted aiding
future management of the area.

Natural from anthropogenically-induced sedimentation was studied on the main disposal
ground of dredged material (Vlakte van de Raan, B&W S1). A clear difference is observed in
sedimentation patterns between the old and present disposal site of dredged material,
respectively on a sand shoal and in a gully. This shows the importance of morphological setting
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for the final estimation of impacts; however, also the type of disposed material will determine
recovery rates after cessation of activities. Sediment transport processes in this area are complex,
and need further investigation to get a better insight in the consequences of the long-term
disposal of dredged material in near coastal areas.

On a larger scale, long-term changes in the cohesive sediment distribution of the Belgian—
Dutch nearshore zone have been correlated with the increase of maritime access works.
Conclusions were made on the basis of changes in the distribution of fresh mud and increase of
suspended sediment during the last 100 years. The possible fingerprint of NAO cyclicity needs
further investigation.

Finally, the need emerged o quantify the extent of beam frawling activities on the
BPNS. Fisheries activities remain the most frequent disturbers of the seafloor, yet
hitherto their spatial extent is never investigated. Generally, fishing activities occur in the
swales of sandbanks mainly, with highest concentration towards the foot of the steep slope of
the sandbanks. For the first time, this disturbance is quantified and demonstrated along two
sandbank areas. A methodology is now in place to evaluate the impact of beam trawling on a
large-scale; this can be applied whenever new high-resolution and good quality multibeam
backscatter data are available. These data are crucial in the evaluation of long-term changes in
soft-substrata habitats.

SSD - Science for a Sustainable Development — North Sea 8
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1. INTRODUCTION

1.1 Context

Seabed, living and non-living resources are exploited increasingly: sand and gravel is needed for
beach nourishment and for construction purposes, the accessibility of harbours requires regular
dredging and disposal operations, offshore windmills contribute to our future energy supply and
pipelines and cables transport gas and electricity to the mainland. The interaction of these
activities with the seabed nature and processes needs careful consideration. However, present-
day impact studies remain often inconclusive because of: the lack of a ‘non-disturbed’ reference
situation, the interference of both naturally and anthropogenically-induced changes and, the
hitherto unknown, role of climate change on seabed processes. Moreover, the range of human
activities may result in cumulative effects affecting the magnitude and extent of the impact on
the seabed. A sustainable management, based on an overall marine environmental status and its
possible degradation, is therefore needed. Setting-up environmental targets and well-balanced
monitoring programs have become timely. These will help in protecting and preserving the
marine environment and safeguard our seas for future generations.

1.2  Objectives and expected outcomes

Quest4D targets the Belgian part of the North Sea (BPNS) to reconstruct seabed ecosystem
changes in the past 100 years. This becomes feasible since extensive data have become
available on the seabed nature and processes. The datasets are unique in Europe and allow
going beyond traditional research. Throughout the reconstruction, case studies will be built and
impacts will be modelled, relating seabed changes to both naturally and anthropogenically-
induced sediment dynamics. Furthermore, climate change scenarios will be modelled and their
consequences on the management of the seabed will be estimated. A significant increase in
knowledge on the sediment and sediment transport system is thus expected, which is key to any
ecosystem or impact study. Final results will contribute to the development of more sustainable
exploitation strategies of non-living seabed resources.

Expected outcome:

A Geographic Information System and databases containing multidisciplinary information on
the seabed of the Belgian Continental Shelf, including various human impacts of the last 100
years and a historic reference situation of 1900.

Models, in which the nearshore-shelf is coupled to the coast and Scheldt-estuary to address the
sand and mud balance and idealised models to be used in impact assessments;

Parameters to be used in climate change studies;

Case studies on the effect of fisheries, aggregate extraction and long-term disposal of dredged
material on the seabed;

Management tools (e.g. indicators) for a sustainable development / exploitation, including
recommendations.

Publication of the main results in peer-reviewed journals and presentations at dedicated fora; for
the public at large, leaflets, a set of animations and posters will be produced.

SSD - Science for a Sustainable Development — North Sea 9
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2.  THE ECOSYSTEM IN THE SPACE, TIME, DEPTH DOMAIN

2.1  Sediments and sediment transport
2.1.1 Cohesive, non-cohesive and mixed sediments on the BPNS

Assessing the effects of anthropogenic impacts, such as harbour extension, dredging and
disposal works, deepening of navigation channels and aggregate extraction, is becoming
important increasingly and more accurate means of predicting the consequences are needed. An
important aspect is the influence of mud content on the transition between cohesive and non-
cohesive behaviour of sediments and thus on the erosion and transport of them. The mutual
interaction of cohesive and non-cohesive sediments on the erosion behaviour occurs in different
ways: sand movement on top of a cohesive substrate; failure of cohesive sediment bed due to
wave action, this may result in the formation of mud pebbles (Jacinto & Le Hir, 2001),; and
erosion of mixed sediments. Fine sediments (mud, clay) are found frequently in the Belgian
nearshore zone. They are of different age and have thus a different consolidation, ranging from
fluid mud to Tertiary clays. Mixed sediments, mud pebbles and thin layers of sand on top of
consolidated mud occur frequently (Fettweis et al., 2007b, Fettweis et al., 2009). This, together
with the observation of high concentration mud suspensions (HCMS, see long-term
measurements below), indicates that these three types of erosion of mixed sediments are of
importance on the BPNS. Up to now only few transport models have been set-up which have
implemented sand-mud processes, using separate equations for sand and mud and include
mutual interactions between both sediment types, see Van Ledden (2002) and Waeles et al.
(2007). Both models treat mixed sediments, but they do not include erosion processes, induced
by sand on consolidated mud or massive failure of consolidated beds, due to wave erosion. The
latter processes could possibly explain the very high suspended sediment concentration, which
have been measured during storm conditions.

Figure 1 gives an overview of site-specific measurements.
2.1.2 Erodibility measurements

Measurements of the critical shear stress for erosion tecit were carried out with the SETEG-
system, a unique erosion flume developed at the University of Stuttgart and with a CSM
(cohesive strength meter).

A typical result from the SETEG measurements is shown in Figure 2. From the variation of the

wet bulk density and of te«it with depth, mostly a similar pattern can be derived: at the surface,
tearit is rather low (typical values between 0.3-1.0 Pa), but increases rapidly after a few cm, up to
values of several Pa (max of 13 Pa); suggesting that the underlying layers are more consolidated.
For comparison: a typical value of te«i for mud, used in numerical models of the BPNS, is 0.5
Pa. Some cores also exhibit a large variation of both te«it and bulk density, indicating the
presence of different layers in the sample. Some samples seem to indicate a positive correlation
between the bulk density and teci, although some show no correlation at all, indicating that
other parameters (e.g. grain-size, POC) might influence the results. When only recent mud is
considered (categorization was made on a visually and on a density value below 1.5 g/cm3
(Fettweis et al., 2007b), an average bulk density of 1.3 + 0.1 g/cm3 is found, and an average
Teoit Of 1.9 + 0.9 Pa, showing that recent mud can be resuspended easiliy. The SETEG flume is
capable also of measuring the erosion rateM (kg/m?/s): a system of laser lines monitors the

volume of the eroding sediment, out of which mass erosion rates can be calculated, in
combination with the density profile.

SSD - Science for a Sustainable Development — North Sea 10
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derived from the current study is the determination of spatial patterns, present in the clay
mineral distribution. Therefore all potential major source areas were extensively sampled
(overview in Fontaine, 2004). For the Scheldt river, 18 bottom and suspension samples were
taken between the harbour of Antwerp and its mouth. Further upstream, up to St. Amands, and
from the Rupel tributary, 16 riverbank mud samples were taken. For the Dover Strait coasts, the
sampling of beach sediments was deemed more important than outcrop sampling; the beach
sediments representing the mixing of all locally available eroded sediments. A total of 28 beach
and outcrop sediments were sampled along the French coast (between Dunkirk and the Somme
Estuary) and along the English Coast (between Folkestone and Portsmouth). One suspension
sample taken near the English coast (Thames Estuary) was analyzed. To evaluate the clay
minerals transported to the BPNS from the Atlantic Ocean, four suspension samples from the
Gulf of Biscay and The Channel were analyzed. To estimate the variation in clay mineralogical
composition of marine bottom and suspension samples, also 6 samples from more distant
locations (up to Norway and Portugal) were collected.

As detrital clay mineral associations can be expected to vary with changing palaeogeography
and even because of human-induced changes in historical times (Brockamp & Zuther, 2004),
clay mineral associations were determined for some major palaecogeographic situations during
the Quaternary evolution of the North Sea and the Scheldt river system. This analysis allows for
framing the mineralogy of the most recent BPNS sediments in a better perspective and for the
evaluation of eventual reworking of older deposits as a source for the present-day BPNS mud.
For the Holocene, 14 samples from salt marshes and intertidal flats were taken from cores,
drilled in the present-day coastal area. Equivalents for Pleistocene deposits, outcropping on the
BPNS seafloor, were taken in the Campine Basin (13 samples), the Roer Valley in the
Netherlands (18 samples) and from various cover sands in Flanders (five samples). Also eight
samples from intertidal flats from the Eemian interglacial were sampled in the near coastal area.
Below the Quaternary seafloor cover, also Eocene and some Oligocene strata can be eroded;
their clay mineralogy was evaluated, based on 95 samples taken from drill cores and quarries on
land. In total 265 samples were analyzed.

The analyses are based on state-of-the-art standardized techniques and allow for the detection of
mineralogical differences well below the resolution of other techniques. (Srodon et al, 2001;
Omotoso et al, 2006). Bulk mineralogical analyses, combined with Cation Exchange Capacity
(CEC) analyses, were carried out to determine absolute quantities of clay mineral groups. To
determine the detailed clay mineralogy of the samples, the fractions <2ym and <0.2ym were
extracted by high speed centrifugation after extensive pre-treatments (Jackson, 1975), removing
cementing agents, such as carbonates, organic matter and Fe-(hydrjoxides. Oriented slides were
made of these fractions in Ca-form and recorded by X-Ray Diffraction (XRD) in air-dry,
glycolated and heated (550°“/1h) state. Oriented slides were also made of K, Mg and Li
saturated fractions and recorded under specific states (300°“/1h and glycerol solvated). XRD
powder scans were used to evaluate the clay mineral polytypes, using diagnostic peaks of their
three dimensional diffraction patterns and the Al versus Fe content, using the 060 reflections
(Moore & Reynolds, 1997). This set of analyses provides a detailed mineralogical (bulk and clay)
‘fingerprint” of the analyzed samples. More details about the samples, the analysis techniques
and the qualitative and quantitative results can be found in Annex | and the PhD of Zeelmaekers
(available end of 2009).

The results show that the clay mineralogy of Holocene and recent mud is identical and consists
of randomly interstratified (RO) mixed-layered illite-smectite, discrete illite, discrete smectite,
kaolinite and minor amounts of chlorite and vermiculite. The clay mineralogy of suspension
samples taken at or near the location of BPNS mud is identical. A very similar clay assemblage is
found in the Scheldt river (Estuary and further upstream) and the Rupel river. These results
indicate a close provenance relationship between the BPNS and Scheldt transported sediments.
On the other hand, several potential sources areas could be excluded as major sources of BPNS
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measured along the westernmost part of the coastal waters. To the East, some high values of
species richness are also found along the Dutch coast of Walcheren (Deurloo and West-Kappelle
channels).

Maximum amounts of benthic specimens were gathered at large, distinct patches at some 8-12
km off the coast from Ostend to the Dutch coast of Walcheren. At 2 stations, more than 10,000
living animals were found, being exceptional cases indicative of larger high density patches for
the bivalves Abra alba (Off Zeebrugge) or Donax vittatus (off Ostend). The A. alba patch was
located in an area that is nowadays regularly dredged, ensuring passage for large ships
(navigation channel “Scheur”). However, these much higher values can be induced by e.g. a
particularly high recruitment during one year. This phenomenon is likely to explain the
exceptional value obtained for D. vittatus at one station off Ostend. On the contrary, the A. alba
patch is widespread, with decreasing abundances along its border. This area is thus particularly
favourable for this species. Given its position along the northern border of the turbidity
maximum area of the BPNS (Fettweis et al, 2006), its low species richness, and the fact that this
deposit-feeding species is tolerant to siltation and high mud contents, the historical data point to
an area where higher siltation rates occurred, compared to the rest of the sampling grid.
However, the morphological analysis of Fettweis et al (2009) did reveal accumulation of muddy
sediments between 1866 and 1911 only landward and, to a lesser extent, seawards of the
Wenduyne bank.

To the West of Ostend, only few coastal stations contain more than hundred individuals, among
which the areas of highest species richness along the Westhinder sand bank. By contrast,
extremely low amounts of animals were found in the coastal waters between Ostend and
Blankenberge, landward of the Wenduyne bank, i.e. the Grote Rede. The quasi absence of
macrobenthic species (apart from Diastylis rathkei) is in agreement with the determined
accretional trend of this area (see Annex 1), result section: mud content). To the East of
Blankenberge, abundance values remain low, but locally increase to more than 10 specimens of
very few species.

Overview figures of frequency of occurrence and total abundance in Gilson’s dredge data-set
provide a first indicator on the relative importance of species within the considered area (see
Annex Il). Shallow infaunal bivalves clearly dominate the samples, with D. vittatus, S.
subtruncata, A. alba and M. bidentata recorded at more than 100 stations. A. alba is the most
abundantly collected species, immediately followed by D. vitattus, but at a much lower number
of stations. This is explained by the very patchy distribution of A. alba, as compared to the
widespread D. vittatus (Figure 9). S. subtruncata was always gathered in low abundances. The
numerically dominant polychaete species (Nephtys spp, Ophelia limacina) are much under-
represented, as compared to contemporary relative abundances (see Van Hoey et al, 2004). The
soft bottom macrobenthos, sampled by Gilson, was dominated by bivalves.
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in the sign of the NAO, which is expected to have impacts on temperature and salinity sensitive
species; and (2) influence of average NAO conditions over longer periods, since the expected
effects on increased turbidity and river runoffs act with a time-lag of probably a year.

Given the regime shift established since 1988, the measured amplitude of change is most
probably larger than formerly. The long-term trends in macrobenthic bivalves do not enable us
to support the view that navigation channel dredging is the primary agent responsible for larger
SPM concentrations in the BPNS. Contrary, riverine inputs (Schelde and other continental rivers;
see Lacroix et al, 2004), linked to high NAO conditions seem to provide a better candidate, as
demonstrated by the recent extension of the euryhaline, estuarine (and thus siltation-resistant) M.
balthica. Increased southwesterly winds thus paradoxically co-occur with increased river runoffs,
which are indeed good candidates to explain the recent increase of SPM concentrations. The
“smothering effect” of benthos, resulting from sustained onset of high positive NAO values, does
not occur off the Flemish banks, off the Western coast, and it is deduced that NAO alters the
Hinderbanken area more slightly through slight eastward extension of Channel waters off the
Belgian coast.

The results match some recent short-term observations on brief and sudden NAO reversal (e.g.
BPNS: Van Hoey, 2007; German bight: Kroncke et al, 2001) and suggest that most “regime
shifts”, observed so far, coincide with a reversal or significant change in NAO winter conditions.
However, the effects might vary locally; since the German bight changes were ascribed mainly
to SST and food availability to suspension- and deposit-feeders, while in the turbid BPNS a
strong smothering effect dominates.

The findings are potentially important for the understanding of long-term trends in coastal
marine biodiversity. They call for sound revision of previous data, paying attention to yearly
NAO evolution. We predict that data mining for the period 1930-1973, dominated by negative
NAO values, will result in findings of a situation comparable to that of Gilson, with however a
less marked influence of yearly variation, inducing more pronounced negative physiographic
effects. Consequently, SPM concentrations and benthic species smothering can be expected to
have been much lower during that period.

If our interpretation is confirmed, the historical data of Gilson thus represent a baseline situation
for median- to low NAO conditions. Obviously (Figure 11), the 1935-1973 period is
characterized by a much lower NAO average value. Data from this period need investigation to
check agreement with expectation that more marked NAO effects occur during that period, as
compared to Gilson’s sampling period (changes in physiographic conditions should be even
more dramatic between 1935-1973 and 1994-2003).

The lower variability displayed by the offshore communities, suggests less variable
environmental conditions there, with more prominent impact of sea surface temperatures,
because these areas are hardly influenced by the increased riverine discharges, due to
concomitant eastward move of Atlantic waters into the Eastern Channel and through the Straight
of Dover.
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Project SD/NS/06A — QUantification of Erosion/Sedimentation patterns to Trace the natural versus anthropogenic
sediment dynamics “QUEST4D”

seawards side of the Stroombank (Grote Rede). The sandbanks of the Hinderbanks (located
further in sea, not shown in Figure 14) could not be studied, since the errors on the position of
the data points in that area was too large, mainly due to erroneous positioning of the lightship
Noordhinder on the older charts.

2.2.4 Long-term sediment changes

Mud

Detailed investigation of Figure 8 (see also Annex 1), combined with an analysis of bathymetric
changes in the former 40 years (1866-1911), revealed interesting historical patterns in the
coastal plain between Ostend and Heist (nowadays Zeebrugge harbour area). Even then, the
whole area was subject to high siltation rates and an overall depth shallowing. Gilson’s “soft”
muds (interpreted as freshly deposited) were reported in the western part, while “hard” muds
(interpreted as consolidated ancient mud) were reported in the eastern part, probably indicating
different sediment dynamics. Comparing nautical charts, much less shallowing was noticed for
the western Westdiep and the Zeebrugge muddy areas, whilst no change was detected at the
mud patches of the western West Diep and seawards of the Wenduyne sand bank. The area
where Zeebrugge harbour was built, was already undergoing siltation, before harbour
construction. This is likely the reason of constant siltation in recent navigation channels,
implying regular dredging to maintain navigable fairways.

Gilson’s field descriptions (consolidation, thickness), together with bathymetric maps of 1866—
1911, indicate further that the distribution of fresh mud and suspended sediment have changed
during the last 100 years. Nowadays, thick layers of fresh mud (>30 cm) are attributed to
anthropogenic causes and indicate that erosion of older Holocene mud has increased in recent
times. Further readings see Fettweis et al. (in press).

Sand

The SediCURVE@SEA database (1899-2008, Van Lancker, Annex IV) was used to compare
sediment changes in the sand fraction in the period ~ 1900-2009. For the median grain-size
(d50), no major or consistent changes were found over large areas. However, striking differences
were found when evaluating the sorting and skewness of the sediments. Figure 16a shows the
sorting of all sediments of the Gilson collection: except for some locations where gravel or shell
hash prevails (e.g. Westhinder area or areas with bedforms), all sediments are well-sorted. This is
not the case for the recent sediment samples, now showing an overall worsening in sorting over
vast areas. For clarity, Figure 16b shows only the distribution of the moderate to poorly sorted
sediments. Noteworthy, is the observation that this trend only occurs in the coastal zone; though
also along the newly implanted windmills, offshore. To explain the cause of the wide-spread
worsening of sorting, the skewness was evaluated for these locations. Figure 16c shows that the
poorer sorting seems solely due to an enrichment of (very) fine sands.
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