20 Terra et Aqua | Number 130 | March 2013
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THE MONITORING PROGRAMME FOR
THE MAASVLAKTE 2 CONSTRUCTION
AT THE PORT OF ROTTERDAM – PART II
AB S T RAC T
This is the second article in a series on the
monitoring programme at Maasvlakte 2 in
the Netherlands. The first article appeared in
Terra et Aqua, number 129, December 2012
and described the framework of the
monitoring of Maasvlakte 2 following the
Environmental Impact Assessment and
discussed the juvenile fish survey and the
possible mismatch between cockles and algal
bloom. This second article focuses on the
monitoring aspects of silt (fines or SPM in the
water column) resulting from the construction
of Maasvlakte 2 and the possible effects on
the benthic communities (mid and far field).

I N T R OD UC TI ON
The aspects that will be described are: the silt
in the water column along the Dutch coast;
the monitoring strategy for silt; and the
effects on the food chain.
Silt in the water column is extremely variable
in space and time. High concentrations of
suspended silt as well as high concentrations
in the seabed are found along the coast.
The highest concentrations are in the region
south of Scheveningen, especially in the

“Voordelta”, whereas low concentrations are
found further offshore. Owing to the residual
current along the Dutch coast, silt is mainly
transported in north-north-eastern direction.
Because of the Coriolis force (the deflection of
moving objects caused by the rotation of the
Earth), the silt remains close to the shore.
A heavy storm has a large effect on the
concentration of silt in the water column; the
higher waves cause silt to be released from
the seabed. Only after some time will such silt
return into the seabed, for example as a result
of the activity of benthic fauna, which is more
active in summer than in winter. An increased
flow velocity (during ebb and flood) also brings
silt in suspension from the thin fluffy layer on
the seabed that is present during slack tide.
Because of the expected effects of enhanced silt
concentrations on the food chain, a condition
was included in the permit for the construction
of Maasvlakte 2 that silt should be monitored.

Above: A survey ship with a new silt profiler – designed
and constructed in 2009 and owned by the Port of
Rotterdam – is sailing behind a working trailing suction
hopper dredger to measure active and surface plumes
as part of the extensive monitoring programme at the
Maasvlakte 2 expansion project.

Regarding monitoring strategy for silt: Because
statistical analysis of silt measurements, owing
to the high variability and spatial autocorrelation,
is complicated, a decision was made to
develop a new modelling strategy, model
supported monitoring, which is explained and
discussed further in this article: All of the
measurements gathered are input for the
validation of a numerical model (MoS2).
Concerning the effects on the food chain: The
dredging operations at sea for the construction
of MV2 lead to extra fine particles from the
trailing suction hopper dredger (TSHD) overflow.
Silt, being part of the suspended particulate
matter (SPM) in the water makes it turbid,
with the result that the algae in the water
(phytoplankton) receive less light. This allegedly
slows down the growth of the algae and their
spring bloom (peak) shifts to a later time.
Were this to happen, less food would be
available for small creatures (zooplankton) in the
water and those living on or in the seabed,
such as shells and worms. This zooplankton
and the benthic fauna are, in turn, eaten by
fish. Birds, diving ducks in particular, also feed
on benthic fauna. Other birds, such as gulls,
enjoy fish. Reduced growth in algae may thus
have possible consequences for the whole
food chain. Therefore understanding how the
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Silt survey (2007)
(randomised pattern)

usual statistical methods without knowing
the preceding history would make the
interpretation of the measurements difficult
or impossible. Hence, using only the
measurements as prescribed in the permit
might make it impossible to measure and
distinguish any effect or consequences of the
sand extraction for MV2.

100 points / 20 lines
(perpendicular to the coast)
(~30 x 150 km2)

Borrow areas

Rotterdam

Figure 3. Set-up of silt measurements based on the scenario calculations (EIA, upper limit approach) The survey extent
includes affected and non-affected (control) areas.

certain place, but long-term deviations which
could possibly be caused by the construction
of Maasvlakte 2 (MV2). Only when these
long-term deviations could not be explained
by, for example, fluctuations in the climate or
incidental peaks, such as heavy storms or high

fluctuations in the volumes of silt brought
from the rivers and from the coastal waters
of Zeeland, Flanders and France, might they
come from the MV2 construction.
Silt measurements at sea are not so easy to
carry out and to interpret. Simply using the

The permit under the Earth Removal Act
states that measurements must be taken every
14 days in three representative transects
(imaginary lines) perpendicular to the coast.
Along those three lines vertical silt profiles
should be taken. The Port of Rotterdam (POR)
and their experts doubted if the effect of the
sand extraction on the Dutch coast could be
measured reliably in this way. More emphasis
on the changes in the spatial distribution of
silt was considered to be necessary. In concert
with the relevant authorities, the permit series
(every fortnight) were substituted by a more
extensive survey over a larger area along the
coast, but limited to three campaigns per year
in which 100 points would be investigated.
The extent of the area was, amongst other
considerations, determined by the initial
mathematical modelling of the Environmental
Impact Assessment (EIA).

Sampling near Terra Nova 2009/7/29

TSM Average

TSM Average

TSM Average

Figure 4. Left, Sailing behind a working TSHD (Ostsee). Right, Example of the measurements (TSM - total suspended matter) following the TSHD Volvox Terra Nova. In the TSM
records the active and the surface plumes are clearly visible. The red line is the path of the Terra Nova, the blue line is the track of the BRA-7, the survey vessel. The diagrams on
the bottom left side indicate the current speed and direction taken from the ADCP.
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The locations were divided over approximately
20 transects with at least four points per
transect, divided over four depth classes. In
the area around the sand extraction pit, the
transects are longer and thus contain more
sampling stations (Figures 2 and 3).
In 2007 three baseline silt survey campaigns
were carried out by POR, i.e., in the same
timeframe and on the same locations as the
juvenile fish survey (April, June and October)
(see Terra et Aqua, nr. 129, December 2012).
The sampling route and the 100 locations were
randomised as much as possible taking into
account the available contract time of the
vessel, the sailing distances, the tidal conditions
(not all shallow samples at low tide) and so on.
The frequency of sampling was changed in 2009
to six times 50 locations (for each campaign a
different subset of the 100 locations) as the
coupling with the juvenile fish monitoring was
no longer necessary. In this way a better spread
in time was obtained and possible problems
with spatial autocorrelation were reduced.

Figure 5. The new silt profiler (designed and constructed in 2009 and owned by POR) is being placed overboard.

In order to obtain more information about
the physical processes in the coastal zone
additional measurements were taken in certain
areas of interest, starting with a 13-hour
measurement (one tidal cycle) along a transect
in Noordwijk in November 2007. In 2009 the
changes during the tidal cycle at the Noordwijk
transect were studied twice (spring tide and slack
tide cycle) during two full tidal cycle (26 hrs).
More 13-hour measurement campaigns at
different locations followed in later years.
Furthermore, measurements were taken
during a storm (ad hoc decision in December
2010 to sail again), as well as following
behind trailing suction hopper dredgers
dredging at the sand borrow area in order to
measure the extent and fate of the plume
generated by the overflow (Figure 4). Also in
2013 silt measurements will be carried out.

EQUIPMENT
In the 2007 survey the measurements were
taken by the silt profiler owned by the Port of
Rotterdam (POR). The observations over the
vertical profile were performed with the
following devices:
-	Two optical backscatter sensors with
different ranges of SPM (suspended
particulate matter) concentrations

Figure 6. New silt profiler with all its sensors.
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After the silt measurement baseline study of
2007 it was decided to improve the
measurements by building a new profiler. MidJuly 2009 the new profiler was tested and put
in operation in the survey of July and thereafter
up until the present (Figure 5). This new profiler
measures, depending on the lowering speed, at
least once in each 10 cm of the vertical profile.

Figure 7. The crew of the Euro cutter Jade/BRA-7, the survey vessel used by the POR from 2007 to the present, were
able to go to sea at wind forces of 8 or 9 on the Beaufort scale (BF). Most ships can only conduct their research at a
maximum of 5 BF.

-	Transmission probe for the highest SPM
concentrations
Conductivity sensor, from which the salinity is
-	
computed after correction for temperature
and press

- Chlorophyll sensor (fluorescence)
- Pressure sensor
- Temperature sensor
Three Niskin water samplers, volume 1.8 litre
-	
each

The new profiler (Figure 6) has the following
extra equipment:
A Wetlab ACS spectrophotometer, measuring
-	
a continuous spectrum in the range of
visible light to estimate the concentrations
of dissolved substances and SPM.
A LISST - 1000 probe, measuring particle size
-	
distributions and SPM concentrations in the
vertical profile including the concentration
of the SPM.
-	An altimeter (echo sounder) to measure the
height of the profiler above the seabed and
to be able to close the bottom Niskin water
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Figure 8. High SPM values measured during stormy conditions. The various simultaneously measured values are presented, i.e. alongshore and cross-shore velocity by ADV,
temperature and salinity, Chlorophyll, SBS (sound backscatter) of the ADV (counts) and OBS (optical backscatter, FTU), LISST Extinction and particle sizes during up- and downcast.
Please note that, when the OBS is going in overload (too much TSM, red and blue line in the lower left graph), the ADV (same graph) still records and so does the LISST, hence
high values of TSM can still be evaluated correctly.
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Figure 9. Part of a series of measurements under ”normal” weather conditions showing the influence of the tidal current on the distribution of the TSM in the water column. Recordings
taken from a 13-hour cycle near Noordwijk. The strength and direction of the current, the direction and the position with respect to the tide is also given as well as the tidal cycle.

sampler precisely on a pre-determined
height close to the seabed.
-	An ADV probe to measure current speed
and direction.
Part of the equipment is also a dedicated dGPS
system, a detachable Acoustic Doppler Current
Profiler (ADCP) and, in 2007 only, a portable

TRIOS sensor (watercolour, incoming and
reflected spectra of sunlight). The validation,
elaboration and further analysis of the
gathered data are done by POR staff in concert
with external specialists.

Bad weather and silt
The crew of the Jade/BRA7 (the fishing vessel

used as a survey vessel for the silt measurements)
(Figure 7) and the POR’s staff who carry out
the silt measurements even go to sea at wind
forces of 8 or 9 on the Beaufort scale (BF) and
conduct their research under these difficult
conditions. Most survey ships in the past, as far
as available data is concerned, return to port
at wind force in excess of 5 BF. Because of the
BRA7’s ability to endure wind forces of 8 or 9 BF,
researchers were able to get a much better
understanding of the effects of storms at sea
and the sediment that is brought up from the
seabed as a result of wind and wave action.
The data appears to indicate that the silt
concentrations during a storm can increase by
a factor of between 10 and 100, because the
fine particles from the bottom are turned up
and over by the energy exerted by the waves
and end up in the water column as a result
(Figures 8 and 9). As a contrast, the variation
of the average amount of fines over the
vertical caused by the tide is a factor 2 (for this
location the range is between 10 and 20 mg/l).

New insights in the Rhine ROFI`

Figure 10. The ROFI in front of the Dutch coast. The figure shows an overview of the results of the scenarios studied.
In all figures (during high water) the salinity structure in the top layer by the 28, 30 and 32 PSU isohalines is indicated.

One of the striking things noted during the
silt monitoring along the Dutch coast is the
great influence exerted by the hugely variable
volume of fresh water that flows into the sea.
Fresh water continuously enters the North Sea
coming from the River Rhine through de
Nieuwe Waterweg and the Haringvliet, creating
a Region of Freshwater Influence (ROFI). The
Dutch call this phenomenon the “Coastal
River” which in the USA is a called a “River
Plume”. The ROFI interacts directly with the
transport of SPM along the coast (Figure 10).

Furthermore the size and the location of the stratification by phi (ø), the potential energy anomaly of the water
column (0 = completely mixed), and the total amount of energy required to mix the water column in the Dutch
coastal zone. The direction and speed of the wind are indicated in the figures. From Masters thesis, Joost van Wiechen.

In his PhD thesis Gerben de Boer described
the importance of changes in stratification of
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the ROFI on a theoretical basis. During slack
tide, there are currents perpendicular to the
coast, which cause downwelling or upwelling.
His only proof of the existence of upwelling
was one remote sensing image in which
cooler water was visible in a zone along the
coast. The measurements made by the POR,
particularly the 13- and 26-hour measurements
were used to study the ROFI and the
movement of SPM in the ROFI. The behaviour
of the ROFI is extremely variable in terms of
time and space (both location and size).

to set up a new monitoring method to provide
much greater insight into the distribution of
the (extra) silt off the Dutch coast. The basis
for determining the amounts of SPM is an
innovative method based on a combination
of numerical models and measurements:
MoS2 (which stands for Model-Supported
Monitoring) of SPM in the North Sea. The
decision was based on an earlier pilot project,
TnulTSM (Baseline Total Suspended Matter) in
which the POR participated in the review of
the results and the funding.

In one of the POR’s 26-hr measurements
the upwelling was clearly visible in the
measurements. The measurements and the
analysis of the results have provided a better
understanding of this phenomenon. Also
turbulence in the water, particular in the ROFI
dominated areas, is a source of uncertainty in
the numerical models. A number of TU Delft
students cooperated with the POR and Deltares,
in their master thesis research, to see if they
could explain, analyse and measure the
upwelling and the water turbulence.

Using the Deltares numerical models (DELFT-3D)
at ten-minute intervals, the water movement
is calculated with input of real weather data
and information on river outflows. Next the
sediment transport model (DELWAQ) calculates
how much silt is released from the seabed
and how the silt rises and falls in the water
column. Both models are huge: The amounts
of grid cells in the model are approximately
300,000 and 160,000 for the hydrodynamic
and silt model, respectively. All computations
for one year, after investing in new Linux
clusters, take a week computing time.

MODEL SUPPORTED MONITORING
OF SPM, A NEW METHOD
In consultation with and following approval
from the authorities, the decision was made
(in 2008, before the start of the sand extraction)

However good the numerical models might be,
they always deviate from reality. The models
can be adjusted on the basis of observations
(data assimilation). Data from remote sensing

(but not necessarily limited to observations
using satellites) is used for these adjustments.
The surface of the sea is observed regularly
from satellites, amongst which MERIS, the
satellite that passes over once a day and that
supplied the images that are used in the MV2
model. The MERIS satellite stopped working in
April 2012, many years after its predicted life
time. The MODIS satellite images are a proper
replacement. The pictures encompass the
whole of the North Sea in the (visible) light
spectrum. Hence data is only available when
there is no cloud coverage, although partly
clouded pictures are still useful (Figure 11).
Based on the colour of the water, an estimate
can be made of the quantity of SPM (silt and
algae) present in the topmost metres of the
water column.
The combination of data with model results is
referred to as data assimilation. The technique
used by Deltares is ensemble Kalman filtering.
This Kalman ensemble filtering is also used for
weather forecasts. In addition to or instead of
data-assimilation, the team at Deltares also
applies parameter assimilation: Using the
same principles, parameters of the model are
adjusted in the ensemble Kalman filtering,
leading to different parameter values in space
(differences between regions) and in time
(seasonal differences).
This ultimately leads to increasingly better
models, which produce the most reliable
results. This method must lead to a smaller
margin of error and provide more insight into
the different SPM flows. The procedure has
been tested and it proved that the new
monitoring model, the satellite observations
and the measurements at sea provide a
reliable picture and that it is possible to
produce SPM maps and silt atlases. Finally, the
uncertainty is still present regarding what
happens deeper in the water column. For this
reason, the model results are validated using
the POR’s in-situ measurements at sea (2007,
2009-2013).

A

B

Figure 11. a) Result of the optical analysis of a satellite image partially covered with clouds projected on the schematisation
of the Southern North Sea of the MoS2 model; b) Part of a satellite image (on a different date) showing the variation
of colours in the surface waters from which (amongst others) the amount of SPM in the top layer can be estimated.

Furthermore, all other relevant available data
from the Dutch Ministry of Infrastructure and
the Environment, Rijkswaterstaat (RWS) and
other parties, e.g., temperature, salinity (CTD
series, Ferry box measurements, Tow fish and so
on) are used to validate the model (Figure 12).
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Figure 12. This schematic representation shows the three
pillars on which the MoS2 model is based. Model results
are in this case Delft3D combined with Earth Observations
and calibrated and validated by in situ measurements.
The validation is on independent in-situ data (gathered by
POR), not used for the calibration of the model outcome.

After combining and assimilating a year’s data,
the SPM distribution maps can be made, for
example as weekly or monthly averages of the
silt concentrations. These maps are put into a
silt atlas and can be used when deducing
possible ecological effects of the sand
extraction. Apart from that the POR receives
all generated data on each grid point of the
models on a hard disk in which a whole year’s
output (at one hour intervals) is available.
These can be looked at as time series in either
2 or 3-dimensional space. The silt atlases can
subsequently be used to check the predictions
of the EIA (Figure 13).
The first concept silt atlas for 2007 has been
published in early 2012. The experience
gained when creating this atlas will be
incorporated into an updated version of the
MoS2 method. In the new setup atlases for
the years 2003 through 2008, becoming
available in the second quarter of 2013, will
be prepared.

Results so far
At the end of 2012 a new model setup of
MoS2 was ordered from Deltares in which all
the previous lessons learnt were incorporated.
The new results of the improved MoS2-II
model will start with all available data from
2003 continuing until 2008.

Figure 13. Example page from the SPM Atlas for 2007.
On the top row the MERIS surface layer SPM values
(averaged over the time period of one week) that are
used as input, the deterministic values of SPM in the
surface layer and the resulting assimilated SPM surface
values just after the assimilation. The second row: the
Root Mean Squared differences (standard deviations)
between MERIS and the assimilated model results, the
deterministic SPM at the bottom and the resulting SPM
at the bottom layer after assimilation. Furthermore the
tide at Noordwijk 10 and the Significant wave height at
the Europlatform are shown. The period for which the
pictures are shown is the light pink band shown in the
lower two figures.
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Figure 14. Examples of some worms found in the box core samples.

A provisional analysis shows that there
appears to be no evidence of significant
increases in the SPM concentrations outside
the borrow area on the basis of the in-situ
filed measurements of 2009, 2010, 2011 and
2012. This means that, in accordance with the
EIA and the Appropriate Evaluation, only
minor effects, if any, can be expected on the
Natura 2000 areas of the North Sea coastal
zone and the Wadden Sea. The expected
proof of this will be available in 2013 when
the new MoS2-II model results will be available
and can be compared with the in-situ
measurements.

BENTHOS AND SEABED COMPOSITION
Monitoring benthos
More than 300 species of benthic organisms
live in and on the bottom of the North Sea.
Most of these are invertebrate organisms.
Within the benthos, a distinction is made
between two groups. First of all the creatures
living in the seabed: the infauna. The infauna
includes many species of worms, such as
clam worms, tube worms and bristle worms.
The worms vary in size from 1 millimetre to
10 centimetres (Figure 14). Many shellfish also
live in the seabed, such as cockles, otter shells
and razor shells.

BACI (Before After Control Impact) study

The second group are the creatures that live
on or just above the seabed: the epifauna.
Well-known examples include shrimp, hermit
crabs, crabs and starfish. The spatial variation
and the variation between years are large.
Within just a few metres, the composition of
the marine benthos can be completely
different. A species can decrease in an area of
several km2 and at the same time increase in a
nearby area. This variation in space and time,
especially the spatial autocorrelation in
changes, is a complicating factor in the
analysis of the effects of the sand mining.
In order to determine the effects of the extra
silt released as a result of the sand extraction,
baseline measurements were made in the spring
of 2006 and 2008 for the whole area, including
the reference areas. During and after the peak
of sand mining the benthic fauna was sampled
again in 2010, 2011 and 2012. In 2009 a
baseline survey in the borrow area, with a finer
mesh, was carried out. This only concerned the
area that will be investigated after the sand
extraction is finished (2013) in order to find out
if the benthos is recovering well, how recolonisation is taking place and on what time scale.

Study design

Figure 15. The basic principle of a BACI (Before After Control Impact) design. The control area is used to estimate the
autonomous development. The impact area is assumed to follow the same development. The difference between the
expected end situation in the impact area and the real situation is the effect.

The study of the effects of extra silt on the
benthic fauna was designed like a so-called
Before After Control Impact (BACI) design
The basic principle of such a BACI design is
shown in Figure 15.
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about 50 kilometres wide, at right angles to
the coast (Figure 16, left).
The second baseline measurement of the
benthos took place in 2008 and had a more
elongated shape (Figure 16, right). This
modification was based on new additional
impact scenario study result that indicated
that the fines from the sand extraction would
be transported more towards the coast over a
longer stretch.

Figure 16. The extent of survey area in 2006 (first baseline survey, left) and in 2008 and thereafter (right).

The autonomous development in a so-called
control area is estimated as the difference
between the situation before sand mining
and the situation during and after the sand
mining (brown). In the impact area the
same amount of autonomous change is
expected.
Apart from the autonomous development
there is also an effect of the sand mining in
the impact area. This effect can be estimated
from the change in the impact area and the
change in the control area. The extent and
the shape of the impact area were not known

very well before, so a more complicated
analysis of the changes in spatial pattern of
the species was also planned and carried out
by POR in 2012.
In order to be able to demonstrate relatively
small changes, given the great natural
variation in the benthos, the number of
samples has to be large.
The first baseline measurement of the benthos
was carried out in 2006 (Figure 16, left).
The area sampled was between IJmuiden and
Schouwen-Duiveland (~100 km) and was

The boundaries were at Petten and Westkapelle
(Walcheren) approximately a length of 200 km
and the width of the survey area was reduced
to a maximum 35 km. Thus the area under
consideration is now similar to the area of the
silt survey, which started in 2007 and was
based on the new impact scenario study.
The T1, T2 and other surveys were repeated
during the sand extraction in 2010, 2011 and
2012 in the same area as the 2008 survey.

Field and laboratory methods
The samples from the seabed are taken using
a box corer (infauna) and a benthic sledge
(infauna, and epifauna in particular larger
species). These two surveys are carried out
independently from each other with different
survey vessels; the MS Arca (2006), MS Luctor
(2008, 2009 and 2010) and the BRA7 (2011 and
2012) for the box core sampling by NIOO and
the MS Isis for the benthic sledge by IMARES.
A Reinecke box corer of 32 cm diameter and
added weight of 200 kg was used (Figure 17).
After taking small sediment samples, the
benthos samples are sieved over a onemillimetre mesh. The residue is collected in a
bottle and fixated by adding pH-neutralised
formaldehyde (formalin).
In the laboratory, the organisms are sorted
under a stereomicroscope and counted and
weighed per species. Species composition per
sample, spatial distribution of species and
groups of species, density (numbers per m²)
and biomass (ash-free dry weight per m²) are
derived from the collected data.

Figure 17. Reinecke box corer on the left and the
first version of the benthic sledge on the right. Both
photographed onboard the survey vessel MS Arca
(2006 baseline study).
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Figure 18. Discussions on identification of
a particular species from the box core sample.
This sequence of photos was taken during the
ringtest ordained by POR (2012).
The particular species lying in the petri dish
are shown enlarged when viewed under the
microsope and on the screen. Also shown are
various text book pictures of the same species
that form the reference of the determination.

The box corer surveys and laboratory work
were carried out by the Netherlands Institute
for Ecological Research (NIOO-KNAW).
The 2011 samples have been processed by
two other laboratories (IECS from the UK and
Koeman & Bijkerk, the Netherlands) (Figure 18).
Sampling with the aid of the benthic sledge
focuses mainly on the epifauna and the larger

and rarer infaunal species which have a lower
density. In this way, information is obtained to
supplement that from the box corer samples.
A benthic sledge is less standard than a box
core. The benthic sledge used consists of a
metal mesh cage fixed to a sledge. The base
plate of the sledge is fitted with two vertical
blades and a horizontal, sloping blade forming
the knife (Figure 19).

The benthic sledge is dragged over the
seabed and, in this way, cuts a strip about
10 centi-metres wide, 7-10 centimetres deep
over a “controlled” length of approximately
150 metres, thus sampling ~15 m2 of seabed.
The material ends up in the cage and the
water that flows through it ensures that sand
and other small particles, including the tiniest
worms and juvenile molluscs, are rinsed out of

Figure 19. This series of pictures shows the benthic sledge, with equipment and catch unsorted and sorted, onboard one of the survey vessels.
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Figure 20. Benthic sledge with extra equipment.
The changes include extra weight at the bottom,
removal of the spoiler, restriction on the free
movement of the arm of the counting wheel,
echo sounders (altimeters) on both sides plus
the attachment of a motion sensor on top of
the sledge (heave, pitch and roll recording).
The drawback of this operation is that the sledge
now has to be employed using an umbilical cord
for powering the equipment and storage of the
recorded data on a PC onboard the survey vessel.

the sample. The result is a sample that contains
the larger species of infauna and epifauna.
From this sample, that contains a large
amount of dead shells and other by-catches,
the live organisms are taken and processed.
Onboard the survey ship Isis, density, biomass,
distribution and size category are determined.
Afterwards, in the laboratory, the ash-free dry
weight is determined. The benthic sledge
provides information on, for example, the
numbers of cockles, nuns, beach shells, mussels,
lesser sand eels and gobies. This research was
contracted out to IMARES (Yerseke, the
Netherlands). During the first survey (2006)
with the benthic sledge concern arose about
its efficiency to cut sufficiently deep (10 cm)
over the full length accounted for by the

mechanic counting wheel. Consequently, an
extensive research programme was initiated
by the POR and resulted in adaptations to the
regular benthic sledge of IMARES as well as
mounting sensors to register the underwater
movements of the sledge while being towed.
This has increased the accuracy of the actual
calculated (cutting) length of the knife
through the seabed (Figure 20).
However, one of the lessons learnt so far is
that the spatio-temporal variation appeared
to be so large, that the sampling error is of
minor importance.

Results so far
After statistical analysis of the box core data
with CANOCO (ter Braak) the interpretation

was rather straightforward, although the
patterns looked complicated at first sight.
Canonical Correspondence Analysis (CCA)
revealed that most of the changes in the
control and impact area were not related to
silt. Only a rather low percentage (ca. 10%)
of the spatial and temporal variation could be
attributed to explanatory variables.
Time accounted for ca. 3.5% of the variation
in the species data (not related to silt) and the
percentage of the variation in space and time
that could be attributed to silt was only 1.1%.
However, a clear and significant, although
small, effect of the increase of the silt
contents in the impact area is present:
Mussels, Baltic clam, dog whelks, some bristle
worms and polychaetes increased in the high
impact area. Many other changes, as well in
the control area as in the impact area, could
not be related to silt. These relatively small
changes can be explained by considering the
conceptual model explained in Figure 21.
The silt concentration in the bed and the SPM
in the water column increase towards the
shore (black line). The underlying assumption
is that during and after the sand mining the
silt increases (dashed line). Each species is

Figure 21. Conceptual model of a few of the
species abundant along the silt gradient
perpendicular to the Dutch coast. Offshore, on the
left-hand side, the coast is on the right. In reality
over 300 species are present along this gradient.
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represented as a bell-shaped curve and its
abundance, although definitely influenced by
other environmental variables too, is assumed
to depend on the silt concentration along the
gradient. Changes in silt content (SPM and
sediment, black dashed line) lead to a shift in
the optimum location and the spatial range
over which the species occur.
Apart from temporal changes not related to
silt, species in the control area are not
affected. Species in the low impact area are
restricted to a narrower zone and move in
offshore direction. In the high impact area
some species (for example, the red one)
disappear, but they still can move to the low
impact area. Only near to the coast the
increase in silt concentrations leads to an
increase or the appearance of species that
were rare or absent before the sand mining.
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