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Michael Fettweis • Jean-Sébastien Houziaux • Isabelle Du Four • Vera Van Lancker •
Cecile Baeteman • Mieke Mathys • Dries Van den Eynde • 
Stanislas Wartel

Received: 6 January 200 9 /Accepted: 29 June 200 9 /Published online: 
(Q Springer-Verlag 2009

Abstract Long-term changes in the cohesive sediment 
distribution o f the Belgian—Dutch nearshore zone (southern 
North Sea) are related to human activities (port construction, 
deepening o f navigation channels, disposal o f dredged 
sediments) and to natural variability, due to tides and 
meteorological effects. Results are based on the combined
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analyses o f recent and historic (100 years ago) sediment 
sample information and bathymetric maps. Data processing 
was based mainly on field descriptions of the samples 
(consolidation, thickness) and on bathymetric maps of 
1866-1911. Results indicate that the distribution o f fresh 
mud and suspended sediment has changed during the last 
100 years, due mainly to maritime access works. Most of 
the present deposition o f thick layers o f fresh mud 
(>30 cm) has anthropogenic causes. The results further 
indicate that erosion o f older Holocene mud has increased 
in recent times and, as a consequence, higher amounts of 
fine-grained sediments are being released into the southern 
North Sea today.

Introduction

Most of the coast o f the southern North Sea has had a long 
history o f human impact, due mainly to coastal defence and 
harbour infra structure works. The latter are associated with 
the deepening o f navigation channels and harbour entran­
ces, and disposal o f dredged material at designated sites. 
Resource and energy demands have led to the establishment 
o f marine aggregate concession zones and offshore wind­
mill farms, as well as the laying of numerous cables and 
pipelines. An increasing number o f studies have dealt with 
this growing influence of human activities on southern 
North Sea dynamics, many focusing on physical impacts 
(e.g. Delafontaine and Flemming 2000; Mai and Bartholomä 
2000; Flemming 2002; Jaffe et al. 2007; Van Lancker et al. 
2007; Du Four and Van Lancker 2008). However, reference 
situations are rarely available in the marine environment and, 
therefore, true impacts are difficult to be assessed unambig-
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uously (e.g. Zviely et al. 2009). In addition, the natural 
variability of, e.g. sediment fluctuations is high in these 
dynamic settings; as such, the human footprint is difficult to 
identify.

When human activities occur in habitats characterised by 
cohesive seabed sediments, resuspension o f material can 
result in high concentrations o f  suspended particulate 
matter (SPM), which can spread over large areas. Alter­
ations o f the cohesive sediment distribution are to be 
expected because infrastructure works, together with 
dredging and the disposal o f sediments, often result in 
hydrodynamic conditions which are not in equilibrium with 
the present-day bathymetry. However, the manner in which 
the system reacts to large engineering works needs to be 
understood to ensure cost-effective operations at sea, to 
better gauge the human footprint, and to develop environ­
mental policies aiming at a more sustainable management 
o f the marine environment.

This paper presents a case study where historic 
(100 years old) and recent sediment and bathymetric data 
have been combined to evaluate the impact o f maritime 
access works on the distribution o f cohesive sediments 
along the Belgian—Dutch coast. The aim of the study is to 
determine to what extent the distribution o f cohesive 
sediments and the transport o f SPM may have changed 
due to increasing anthropogenic activities dining the last 
century. The study area is crucial to the understanding of 
SPM transport in the southern North Sea, since SPM 
entering the North Sea through the Dover Strait is first 
concentrated in front o f the Belgian—Dutch coast, before 
being transported further towards the northeast (Fettweis et 
al. 2007a). In this paper, long-term human-induced effects 
are assessed, based on qualitative sediment descriptions of 
historic and recent samples, in combination with results o f 
morphological evolution. The cohesive sediment distribu­
tion o f 100 years ago has been reconstructed to reflect the 
situation before major human impacts took place. The study 
is one of very few (e.g. Hamilton 1999) where qualitative 
and quantitative sediment descriptions o f historic and recent 
samples have been used to identify differences between the 
actual situation and a previous one.

Regional setting

Hydrography and suspended sediments

The study area is situated in the southern North Sea. Water 
depths vary between 0-20 m below MLLWS (mean lowest 
low water spring tide; Fig. 1). The mean tidal range at 
Zeebrugge (Fig. 1) is 4.3 and 2.8 m at spring and neap tide 
respectively. The tidal current ellipses are elongated in the 
nearshore area and become gradually more semicircular

towards the offshore. This means that maximum current 
velocities are higher and minima lower in the nearshore 
area than further offshore. The current velocities near 
Zeebrugge (nearshore) vary from 0.2-1.5 m s" during 
spring tide and 0.2-0.6 m s"1 during neap tide (see 
operational model results at www.mumm.ac.be). Winds 
blow dominantly from the southwest but the highest waves 
occur during north-westerly winds.

SPM forms a turbidity maximum between Oostende and 
the mouth o f the Westerschelde estuary. English Channel 
water from the southwest, and the Schelde and Rhine rivers 
influence the salinity o f Belgian waters (Lacroix et al. 
2004). The strong tidal currents and the low freshwater 
discharge o f the Schelde (yearly average o f 100 m s" ) 
result in a well-mixed water column. Measurements 
indicate variations in SPM concentration in the nearshore 
area o f 20-70 mg I"1 and reaching 100->1,000 mg I"1; lower 
values (<10 mg I"1) occur in the offshore (Fettweis et al. 
2007a). The most important sources o f SPM are the French 
rivers discharging into the English Channel, coastal erosion 
o f the Cretaceous cliffs at Cap Griz-Nez and Cap Blanc - 
Nez (France), and erosion o f nearshore Holocene mud 
deposits. The Westerschelde estuary is not considered to be 
a significant source o f mud (Van Maldegem et al. 1993 ).

Geology

The cohesive sediments in the nearshore zone o f the study 
area consist o f Eocene clay (Maréchal 1993), Holocene 
consolidated mud, freshly deposited mud and SPM. The 
freshly deposited muds generally occur as thin (<2 cm) 
fluffy layers or, locally, as increasingly more consolidated, 
thicker packages (±0.2-0.5 m thick). The Holocene 
deposits consist o f semi-consolidated mud, intercalated 
with more sandy layers; they are often covered with thin 
(a few cm thick) ephemeral sand layers or fluffy layers. In 
offshore swales, the thickness o f the Quaternary cover is 
locally less than 2.5 m; in these areas, Eocene outcrops 
(clay) are to be expected (Le Bot et al. 2003; see Fig. 2).

This complexity is strongly related to the development 
o f the coastal plain during the Holocene (Fig. 3). The 
thickness o f Holocene deposits (excluding aeolian deposits) 
along the present coastline varies between ±25 m in the 
west to not more than 10 m in the east, except for young 
Holocene sand-filled tidal channels. The thickness and 
width o f these deposits are defined by the morphology of 
the pre-transgressive surface, i.e. the top o f the Pleistocene 
deposits, and the occurrence o f palaeovalleys (Baeteman 
1999; Beets and van der Spek 2000). The Holocene 
sequence in the coastal plain consists mainly o f alternations 
o f intertidal mud and peat beds. The uppermost intercalated 
peat bed developed ca. 6,300-5,500 cal. years b .p. in the 
landward part o f the plain, and ca. 4,700 cal. years b .p. in
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Fig. 1 Modem bathymetric 
map o f the Belgian nearshore 
area between the French border 
(left) and the mouth of the 
Westerschelde, showing the 
three major disposal grounds of 
dredged material (shaded ovals 
B&W-S1, B&W-ZO, B&W-O) 
in Belgium. BC S  Belgian Con­
tinental Shelf
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the more seaward areas. Holocene mud is often found in the 
eastern nearshore area (Fig. 3 ). This is not the case in the 
western coastal plain where the Holocene sequence consists 
o f a ca. 25-m-thick sand body deposited in a coastal barrier 
and tidal inlet. Such a situation, with a transition from 
barrier to back-barrier deposits (peat and mud), is typical. 
The absence o f barrier deposits in the central and eastern 
part o f  the plain indicates shoreface erosion and a 
significant landward shift o f the coastline. The start o f this

erosion coincides with the period o f Roman occupation 
between 1,950-1,750 cal. years b .p. (Baeteman 2008).

Human impact

The construction o f the port o f Zeebrugge (Fig. 1) in the 
20th century, including the dredging or deepening of 
navigation channels and the associated disposal o f sedi­
ments, represents the most conspicuous anthropogenic

Fig. 2 Extension of Holocene 
mud on the Belgian Continental 
Shelf, based on vibrocores, and 
the areas where the Quaternary 
cover is less than 2.5 nr thick. 
Tertiary clays outcrop in the 
navigation channel towards the 
Westerschelde (far right)
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Fig. 3 Map o f Holocene depos­
its on the Belgian coastal plain 
(based on Baeteman 2008), 
complemented with data from 
the nearshore zone. Only the 
Holocene deposits o f  the west­
ern coastal plain are shown in 
detail; no information is avail­
able on the eastern plain
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thickness of Quaternary cover less than  2.5 m. 
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impact in the study area. The construction o f the port was 
carried out between 1899 and 1903; in those times, the 
breakwater had a length of 1.7 km and a maximum distance 
from the coast o f 1.1 km. A navigation channel towards the 
port was dredged in 1903 through a sandbank (Van Mierlo
1908). Since then, many modifications have been carried 
out in order to deepen and widen the access channels and, 
finally, to extend the outer port. Significant expansion 
works were carried out between 1980 and 1985, with the 
construction of two 4-km-long, parallel breakwaters extend­
ing about 3 km out to sea. Today, the outer port has a depth 
o f up to 16 m below MLLWS and a connection towards the 
open sea of 14 m below MLLWS; the port and the channels 
are thus substantially deeper than the nearshore area where 
water depths are generally less than 10 m below MLLWS.

To conserve the maritime access to the coastal harbours 
and to the Schelde estuary, continuous dredging is needed 
(Lauwaert et al. 2008). Maintenance dredging today 
amounts to about 8.6 millions tons o f dry matter yearly 
and capital (major) dredging to 2.8 million tons o f dry 
matter (averages over 1997-2006). More than 70% o f the 
dredged sediment consists o f silt and clay. The main 
disposal grounds of dredged material are sites B&W-S1 
(54%), B&W-ZO (32%) and B&W-O (14%; cf. Fig. 1).

Materials and methods

Mapping of historic and recent cohesive sediments

The distribution o f cohesive sediments in the study area 
have been mapped extensively over the past 100 years or so 
(Stessels 1866; Van Mierlo 1899; Bastin 1974; Missiaen et 
al. 2002; Van Lancker et al. 2007), based on in situ 
sampling and, in recent times, increasingly by remote

geophysical methods (natural radioactivity, seismics, multi­
beam echo-sounder, side scan sonar). To compare historic 
and recent sediment distributions, it was decided to base the 
mapping mainly on detailed field descriptions of sediment 
samples in combination with bathymetric maps. Based on field 
descriptions, four characteristic features of cohesive sediment 
distribution were identified which occur in both the historic 
andrecent datasets: clay pebbles, stiff mud, soft mud and liquid 
mud. These sediment types are related to consolidation and/or 
erosion/deposition processes and can, therefore, provide an 
estimate of the relative age o f the sediments.

The recent sediment samples were collected from 
onboard the R/V Belgica between 2000 and 2004 using a 
van Veen grab and a Reineck box corer. The samples were 
analysed after removal o f the organic and carbonate 
fractions. Grain-size analysis was carried out by means of 
wet sieving and a Sedigraph for the fraction <75 pm. The 
data were used to map the mud content (fraction <63 pm) 
o f the Belgian nearshore area. Bulk density measurements 
based on gamma ray densitometry were carried out on 
selected box-core samples (see Fettweis et al. 2007b). 
Following the Coastal Engineering Manual (2002) termi­
nology, these measurements enabled classifying the cohe­
sive sediment samples as “soft to semi-consolidated” (wet 
bulk density pb= 1,500-1,800 kg m"3), “freshly deposited to 
very soft consolidated” (pb= 1,300-1,500 kg m"3) and “fluid 
mud” (pb= ± l ,  100-1,200 kg m '3).

The historical sediment distribution was mapped based 
on sediment samples collected by G. Gilson in the first 
decade o f the 20th century. In order to understand the 
environmental parameters influencing the distribution of 
marine invertebrates, Gilson, a marine biologist, carried out 
extensive standardised sediment sampling campaigns (Gilson 
1900; Houziaux et al. 2008). The archived inventory of 
Gilson’s sediment samples contains a list of 2,979 sampling
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events between 1899 and 1939, o f which 90% occurred 
before 1911. Gilson’s cup-shaped instrument (ground collec­
tor) was able to sample the upper 10-20 cm o f soft bottoms, 
and enabled a good conservation of sediment layers in the 
samples (Gilson 1901; Van Loen et al. 2002). Unfortunately, 
most o f the samples have been lost. However, detailed field 
descriptions o f the sediment samples are still available. 
These include sediment parameters such as mud content, 
sand grain size, shell content and gravel content. For the 
nearshore area, 1,956 o f these historic sediment samples are 
considered valid in terms o f sedimentological information 
content and geo-referencing accuracy. The level o f detail of 
the sample descriptions is high and enabled construction o f a 
relative mud content scale in which ‘‘‘pure mud” is 
considered to correspond to 100% mud content. Gilson 
often indicated additional information on mud appearance, 
such as ‘‘in pieces” or “in lumps”, “hard”, “liquid”, “grey”, 
“black” or “superficial”, providing clues to relative age, 
consolidation and origin. Occasionally, additional indications 
on bottom hardness, as recorded with a depth sounding 
weight, are given. This information has been taken into 
account to identify areas with soft to semi-consolidated 
cohesive sediments and to perform comparisons with 
contemporary mud samples. Only positive indications are 
considered as valid data because it is not certain that such 
features were always appropriately recorded and, thus, their 
absence could also be due to misreporting.

The bathymetric maps o f Stessels (1866) and Urbain 
(1909) were used to link the occurrence o f cohesive 
sediments to morphological changes. If  the historic cohe­
sive sediment sample was located in an area where depths 
decreased, then the mud was considered to have been 
deposited recently (maximum 35 years). If the sample was 
located in an eroded or stable area, then the mud was 
considered to be old (Eocene, Holocene or subrecent). 
However, fresh mud may occur in all areas as a thin surface 
layer related to tidally induced deposition (e.g. spring-neap 
variation), such as described in the metadata.

Results

Historical cohesive sediment distribution

The approach described above enabled construction of a 
coherent historic map o f relative mud distribution along the 
Belgian coast and the mouth o f the Westerschelde estuary 
(Fig. 4a). The results show high relative mud contents 
between Oostende and Zeebrugge. This area became 
shallower between 1866 and 1911 (Stessels 1866; Urbain
1909), indicating sediment accumulation during that period. 
Accumulation is observed in a 5-km-wide, coast-parallel 
mud belt (Fig. 5). The highest accumulation (±3 m)

occurred between Oostende and Zeebrugge, an area 
corresponding to high relative mud contents at that time 
(Fig. 4a). Areas where the seafloor has deepened (>1 m) are 
often artificial and situated in navigation channels. These 
areas are sinks for fine-grained sediments. Further offshore, 
deepening is probably natural and must be related to 
erosional processes. Thus, the offshore muds most probably 
coincide with outcrops o f older mud (Holocene or Tertiary ).

Modem cohesive sediment distribution

Figure 4b shows the mud content and the distribution o f the 
four major cohesive sediment facies emerging from the 
sample descriptions, wet bulk density measurements and 
grain-size analyses. The classification is based on the bulk 
densities of pure cohesive sediments. This should be used 
as a first indicator only because small amounts of sand, 
which often occur in the mud, may increase the bulk 
density. The four main facies are:

-  mud pebbles (Fig. 6) occurring in a sand matrix or on 
top o f mud layers, indicating erosion (naturally or due 
to capital dredging works) and transport o f clays and 
consolidated mud layers;

-  soft to semi-consolidated cohesive sediments, consid­
ered to be largely o f Holocene age and possibly 
including very recent sediments. Based solely on the 
degree o f consolidation, it was not always possible to 
clearly identify the relative age o f the sediment. 
Generally, the Holocene mud has an irregular density 
profile, reflecting an alternation o f mud and thin sand 
layers. This layered structure is typical for alternations 
o f storm and calm weather periods and/or spring-neap 
tidal cycles. Other types o f consolidated mud are 
sticky, without any clear layering visible; these are 
here called “modem mud”. Radiometric measurements 
indicate an age o f more than 50 years (Fettweis et al. 
2007b).

-  freshly deposited to very soft cohesive sediments, 
possibly indicating very recent deposits o f thicker 
mud layers or rewetted older and more consolidated 
mud. Freshly deposited muds are considered as 
recent mud deposits related to human activities; they 
occur in ports, navigation channels and other human- 
impact areas such as the old disposal ground of 
dredged material near Oostende (B&W-O; Fig. 1). 
The deposits have a layered structure, resulting from 
alternating storm and calm weather deposition and/or 
spring-neap tidal cycles. Erosion o f these sediments is 
probably only possible during storm events with large 
wave heights.

-  fluid mud, flowing through fingers and occurring as 
thin surface layers (fluffy layers a few cm thick) or
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Fie. 4 Cohesive sediment fa- ?Scies, mud content in the 
Belgian-Dutch nearshore zone: 
a historic (Gilson 1900) and b 
recent. Recent mud content is 
obtained from grain-size analy­
ses, whereas historic mud con­
tent is derived from Gilson’s (̂N
detailed field descriptions and is SU
reported in temrs o f a relative 
scale. The bathymetry in both 
figures is from 2003
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thicker layers in ports and navigation channels. Fluffy 
layers are continuously being resuspended and newly 
formed during spring-neap tidal cycles.

D iscu ssio n

The construction and extension of the port o f Zeebrugge 
and its connections to the open sea, the disposal o f dredge 
spoil, and the morphological evolution induced by these 
operations have had, and still are having, a substantial 
influence on the distribution o f fine-grained sediment in the 
study area. Generally, the historic relative mud content 
corresponds well to the modem quantitative mud content 
(Fig. 4a, b). However, some striking differences are noted, 
in particular higher present-day (relative) mud contents in 
the nearshore area between Oostende and Zeebrugge. The 
comparison between the historic and recent data also shows
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that the distributions of freshly deposited to very soft 
consolidated mud and o f clay pebbles have changed. 
Possible explanations are discussed below in terms of 
natural or human-induced morphological changes, dredging 
and sediment disposal, increased erosion o f clayey sedi­
ments, and changes in storminess and sea level.

Deposition o f fine-grained sediments

From a combination o f the relative mud contents derived 
from Gilson’s meta-information (Fig. 4a) and morpholog­
ical changes between 1866 and 1911 (Fig. 5), it can be seen 
that mud deposits formerly occupied a narrow belt aligned 
parallel to the coastline. Comparing the bathymetric maps 
o f 1866/1911 with the observations o f Van Mierlo (1908) 
suggests that these changes started before the construction 
o f the port o f Zeebrugge and, thus, are most probably the 
result o f natural morphological evolution. The effect o f the
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Fig. 5 Combined long-term 
trends in mud deposition and 
seafloor morphology, inferred to
from detailed visual inspection £
o f bathymetric changes for the 
period 1866-1911, and from 
historical sediment sample 
descriptions (see Fig. 4). The 
depth isolines are digitised from Ç
the bathymetrical map g
o f Stessels (1866)

z
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first infrastructure works (1899-1903) has potentially 
reinforced the natural accretional trends, as predicted by 
Van Mierlo (1897). At those times, the mud deposits most 
probably corresponded to the category ‘‘freshly deposited to 
very soft consolidated cohesive sediments” defined in this 
paper. No information is available on the thickness o f these 
layers, but the fact that Gilson sampled the area on several 
occasions and found mostly muddy sediments and ‘‘very 
soft” bottoms supports the conclusion that the deposits were 
prevalent during the considered time interval. If these

Fig. 6 Box-core sample with mud pebbles on the surface (19 
February 2003, 51°26.919’N, 3°1.564,E); the core was taken near 
the disposal ground o f dredged material B&W-S1; the pebbles 
possibly result from major dredging works

2°48‘E 3°0'E 3°12,E 3“24'E

sediments still exist today, then they should fit the category 
‘‘soft to semi-consolidated mud” and, thus, correspond to 
modem mud. Deposits o f modem mud exist in the vicinity 
o f the port o f Zeebrugge (Fettweis et al. 2007b).

Today, freshly deposited to very soft consolidated thick 
mud layers (>30 cm) are less frequent and concentrated 
mainly near the old disposal ground of dredged material 
near Oostende (B&W-O), in navigation channels, in 
harbours, and north o f Zeebrugge (Fig. 4b). In some 
samples, this mud is deposited on top of soft to semi­
consolidated mud, the latter possibly corresponding to the 
freshly deposited mud layers at the beginning o f the 20th 
century. The deposition o f fresh to very soft consolidated 
mud near the old disposal ground for dredged material 
(B&W-O) started after the 1950s, as revealed by radiomet­
ric measurements (Fettweis et al. 2007b). It was probably 
induced by the morphological changes caused by the 
disposal o f dredged material (Van Lancker et al. 2007).

Increased erosion o f Holocene mud and Tertiary clay

Clay and mud pebbles, a few cm up to 10 cm in size and of 
different rounded shapes, have regularly been found in 
sandy sediments during the last 100 years (Fig. 4a, b). The 
rounded shapes indicate that these pebbles have been 
transported by rolling. Flattened shapes may indicate that 
they have been eroded from layered Holocene mud. Such 
pebbles are recorded more frequently today, despite the 
lower sampling resolution. The higher frequency o f clay 
and mud pebble occurrence in the vicinity of the disposal 
grounds is most probably linked to the disposal of 
sediments from capital dredging works (Du Four and Van

Oostende

Nieuwpoort

geographic coordinates 
- WGS84

Zeebrugge 

Belgium

mud deposition, but no long-term 
accumulation

seafloor rising and mud accumulation

seafloor deepening

high mud accumulation rates
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Lancker 2008). Tertiary clays and Holocene muds outcrop 
in the navigation channels towards the Westerschelde and 
the port o f Zeebrugge (Fig. 2). Elsewhere, mud pebbles 
have been observed regularly in sandy matrices; these could 
indicate erosion of Holocene mud. The freshly deposited to 
soft consolidated mud layers recorded in the nearshore area 
at the beginning of the 20th century have in many cases 
disappeared in recent times, except for specific locations 
related to human activities. Due to the deepening works, 
Holocene mud deposits more frequently outcrop today. 
Erosion o f soft to semi-consolidated cohesive sediments 
can occur when sand moves over the top of the cohesive 
substrate, and through failure o f cohesive sediment beds 
along sandy layers due to wave action (Silva-Jacinto and Le 
Hir 2001).

Effects o f dredging and disposal o f sediments

The port o f Zeebrugge and its connection to the open sea, 
as well as the navigation channels towards the West- 
erschelde estuary, are efficient sinks for cohesive sediments. 
Comparison between the SPM transport entering and 
leaving the Belgian Continental Shelf and the quantities 
dredged and disposed at sea shows that an important part o f 
the SPM is involved in the dredging/disposal cycle 
(Fettweis and Van den Eynde 2003 ). The disposal o f fine­
grained sediment temporarily increases SPM concentrations 
in the water column (Van den Eynde and Fettweis 2006). 
As a consequence, the high turbidity area has shifted further 
offshore because SPM concentration near the dredging sites 
has decreased due to deposition, whereas it has increased in 
the vicinity of the disposal grounds.

Storminess and sea-level rise

Variations in the frequency o f storms and in sea level are 
important controlling factors in the distribution o f cohesive 
sediments and SPM. The WASA Group (1998) reported 
that the storm and wave climate in most o f the North Sea 
has undergone changes on a decadal timescale, probably 
related to variations in the North Atlantic Oscillation Index 
with periods o f  17, 7.7 and 2.4 years (Loewe and 
Koslowski 1994). Smits et al. (2005) and Weisse et al. 
(2005) report that variations in storminess have occurred 
during the last 50 years in the southern North Sea. The 
intensity o f the storm and wave climate in the 1990s seems 
comparable to that observed at the beginning o f the 20th 
century (WASA Group 1998; Dawson et al. 2002). 
However, regardless o f the decadal change in storminess, 
no statistical long-term trends (>100 years) have been 
found for the German Bight (de Jong et al. 1999) or the 
Belgian part o f the North Sea (Van den Eynde et al. 2008 ). 
The variation o f meteorological conditions can therefore

not explain the observed historical changes in cohesive 
sediment distribution.

Until the 1990s, a mean sea-level rise o f  about 
1.4 mm year" has been observed in Oostende (Van 
Cauwenberghe 1999). From tide-gauge data at Oostende, 
Ozer et al. (2008) surmised that an increase in the rate of 
sea-level rise can be observed since 1992, reaching a value 
o f about 4.4 mm year"1. The latter value is close to the 
global average rate o f 4.0 mm year"1 for the period January 
1993 to December 2002, as extracted from the data of 
several tide gauges by Holgate and Woodworth (2004), and 
the value o f 3 mm year"1 recorded since 1993 in satellite 
altimetry data (Bindoff et al. 2007). Based on these findings 
it is argued that, in 1900 in our study area, the sea level was 
about 18 cm lower than in 2003, a value which is too low to 
expect a significant influence on cohesive sediment or SPM 
distribution by sea-level rise.

Conclusions

This paper shows that historical data can provide reliable 
baseline information for the assessment o f long-term 
human-induced changes in the marine environment. In the 
Belgian nearshore area (southern North Sea), layers o f fresh 
to softly consolidated mud (>30 cm) reconstructed for the 
beginning o f the 20th century were the result o f natural 
morphological processes. Today, layers o f fresh mud are 
concentrated in areas with high human impact and are not 
found in the remainder of the nearshore area. The data also 
indicate that more Holocene mud probably outcrops today 
than at the beginning o f the 20th century and that, as a 
consequence, erosion o f these layers is more prominent 
today. The Zeebrugge port extension and associated works 
have thus in all likelihood increased the amount o f fine­
grained sediment released into the North Sea, a process 
ongoing today.
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