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3 Ecological impacts of cockle fishery in the Wadden Sea

3.1 Introduction

This chapter describes the results of the EVA II studies aimed at measuring the
ecological impact of cockle fishery on the Wadden Sea ecosystem. We also describe
the results of relevant studies by other scientists in the Wadden Sea, as well as results
of similar studies in intertidal areas elsewhere in Europe. In the discussion we
address the question whether mechanized fishing for cockles has led to large-scale
long-term changes of the Wadden Sea ecosystem.

3.2 Catches and areas fished

From 1993 to 2002 cockle beds were found on around 20% of the flats in the
Wadden Sea. In some areas cockle beds are common, in others they occur only
occasionally. During this period they covered on average a good 7% of the surface of
the flats (Zwarts et al., 2004; Kamermans et al., 2003c).

Cockles stocks are highly dynamic by nature (Figure 23). Over the period 1992 –
2002 natural annual mortality rate in the Wadden Sea was 60% (based on numbers),
with low values (30%) in 2000/2001 and high values (95%) in the severe winter of
1995/1996. Annual average mortality due to fishery was 6.6% of total numbers.
Total harvest was 9.5% of the total stock calculated on the basis of biomass over the
whole period 1992 – 2002 (Kamermans & Smaal, 2002; Kamermans et al., 2003a).

Figure 23: September estimates of cockle biomass (millions of kilos flesh weight) in the littoral areas of the
Wadden Sea, 1971-2001. Landings are shown in black. Stocks prior to 1990 are based on extrapolations from
Balgzand data, except for 1981, when a Wadden Sea wide survey was done. From Kamermans et al. (2003a)
with new information from Kesteloo et al. (2004).
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Figure 24: Causes of cockle mortality between early autumn and the following spring in open areas in the Dutch
Wadden Sea, estimated for different years. From the data on cockle growth and summer survival in Kamermans et
al. (2003b) and the cockle predation and winter mortality estimated in Rappoldt et al. (2003a), the total fresh
weight of cockles present in early autumn can be assigned to the various causes of mortality. (a) Mortality of cockles
expressed as tons fresh weight adding up to the total loss of fresh weight between September and May. (b) Mortality
causes as a fraction of the total loss of fresh weight between September and May.

In the model of the oystercatcher various mortality factors for cockles were
calculated separately. Total mortality in the model did not include juvenile cockles,
hence predation on cockle spat by knots and gulls was not included. Furthermore,
mortality was only calculated for the winter period; this may explain the lower values
than observed in the field on an annual basis. Figure 24 gives a quantitative estimate
of the various causes of mortality for each winter in the period 1990-2003. In the
open areas of the Wadden Sea on average about 27% of the cockle fresh weight
present at the end of September is predated by oystercatchers during the course of
winter, about 11% is fished, about 6% dies in winter by causes other than predation

0

50000

100000

150000

200000

250000

300000

350000

400000

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

C
oc

kl
e 

fre
sh

 w
ei

gh
t (

to
n)

Surviving (+Some Growth)
Frozen in ice winter
Other winter death
Fished
Eaten by Oystercatchers

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

Surviving (+Some Growth)
Frozen in ice winter
Other winter death
Fished
Eaten by Oystercatchers



Alterra-rapport 1011; RIVO-rapport C056/04; RIKZ-rapport RKZ/2004.031 51

and on average about 6% freezes in ice winters. The remaining 49% of the total fresh
weight in September was still alive in May at the end of the winter.

In the closed areas of the Wadden Sea the cockle densities have been relatively large,
and the contribution of predation to cockle mortality is smaller (14%) than in the
open areas. We also calculated 2% mortality from fishery, because it was not possible
to produce a perfect match between the areas on which we did the model
calculations and the areas that were actually open and closed for fishery. As a result
of the lower mortality from bird predation and fishery, a greater proportion of the
stock survived until May: 64%.

When fishing a cockle bed, the fishing gear does not disturb the entire area of the
seabed. The percentage that is actually touched by the fishing gear varies between on
average 30-40% of the fished area (Table 4). For the central parts of a particular
fished cockle bed, the percentage that is actually touched by the dredge may on
occasion exceed 90% (Ens et al., 2004). The tracks are fished in a more or less
random way, overlapping more and more until the density of remaining cockles is so
small that further fishing becomes unprofitable (Figure 25). The sediment that is
sieved out by the fishing gear is partly deposited outside of the tracks, covering the
remaining cockles with an extra layer of sand and bringing them more or less out of
reach of the fishing gear. That is the reason why cockle beds may be fished two or
three times with some days or weeks in between, giving the remaining cockles the
opportunity to re-establish their position in the upper sediment layer.

Table 3 presents information on the absolute areas of cockle beds, the fishing area
(including all quadrants with a fishing intensity exceeding 2%) and the area actually
touched by the dredge. This information is then related to relevant surface areas in
Table 4. The area touched by the dredge relative to the fishing area, for instance,
expresses the intensity of fishing in the areas where fishing took place (average value
31%). The area touched by dredge relative to the mudflat area (average 1.2%) sets an
order of magnitude for possible effects on average Wadden Sea sea bed properties.
The fishing area as a fraction of the cockle bed area was 57% for cockle beds in the
open areas. The data on surface area of cockle beds in Table 3 and Table 4 refer to
mappings of cockle beds by the fishermen (Kamermans et al., 2003a). An alternative
method is to use the RIVO surveys and classify the total area with cockles in
densities over 50/m² as cockle beds (Figure 26). The fished area is shown in black
for the different years. Also shown are the beds in open and closed areas. In 1994 all
beds in open areas have been fished, and in 1995 almost all beds in open areas. In the
other years fished areas varied between 10 and 50% of all open beds. Another source
of information are calculations on the overlap in fishing areas between years. From
1992 to 2001, a cumulative 19% of the mudflat area was fished at least once
(Kamermans et al., 2003c). Most of this area was fished only once (9%), or twice
(5%). The remaining 5% was fished between 3 and 7 times. Together, these different
types of information suggest that most existing cockle beds in open areas will have
been fished at least once since 1993.
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In the part of the Wadden Sea which is permanently under water, cockle fishing gear
annually touched around 0.7% of the area of the seabed (Table 5).

Table 3: The surface area covered by cockle beds, according to surveys by the fishermen, in the littoral zone of the
Dutch Wadden Sea. The fishing area is the area where fishing has occurred. It comprises all quadrants of ca. 2 ha
with an area touched by the dredge exceeding 2%. Based on data from Kamermans et al. (2003c) and Kamermans
et al. (2003b).

Year cockle beds (ha) Beds in open area
(ha)

Fishing area (ha) Touched by dredge
(ha)

1992 2026 852
1993 11514 8588 5387 1630
1994 5294 2447 5220 1688
1995 7927 4258 9174 2424
1996 345 132 0 0
1997 4888 2545 0 0
1998 20834 16030 5629 1616
1999 15282 10464 6191 2183
2000 11537 7023 7499 2137
2001 15610 10963 6136 1704
Average 10359 6939 4726 1423

Table 4 The surface area actually touched by the dredge and the fishing area (Table 3) expressed as a percentage
relative to various relevant reference areas. In the calculation of average values, percentages exceeding 100 were set
to 100.

Touched by dredge as a percentage Fishing area as a percentage
Year of

fishing
area
(%)

of
cockle
bed
area
(%)

of open
cockle
bed
area
(%)

of mudflat
area (%)

of cockle
bed area
(%)

of open
cockle bed
area (%)

of mudflat
area (%)

1992 42 0.7 1.6
1993 30 14 19 1.3 47 63 4.3
1994 32 32 69 1.4 99 (213) 4.2
1995 26 31 57 2.0 (116) (215) 7.4
1996 0 0 0.0 0 0 0.0
1997 0 0 0.0 0 0 0.0
1998 29 8 10 1.3 27 35 4.5
1999 35 14 21 1.8 41 59 5.0
2000 28 14 30 1.7 48 (107) 6.1
2001 28 11 16 1.4 37 56 5.0
Average 31 14 25 1.2 46 57 3.8
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Figure 25: Tracks on the mud flats after suction dredging for cockles. In the centre of the picture is a small mussel
bed. According the fishing plan, no fishing for cockles takes place on mussel beds. Photo Jaap de Vlas.

Figure 26: Cockle bed surface (defined as areas with cockle densities of at least 50 cockles per m²) in open and
closed areas with fished area (touched by dredge)  in black. From Kamermans et al. (2003c).
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Table 5: Area fished per year in the sublittoral zone of the Dutch Wadden Sea. The fished area is the area
actually touched by the dredge. The fishing area comprises all quadrants of ca. 2 ha with a fished area exceeding
2%. For both fished area and fishing area the absolute values (in ha) are given and the values expressed as a
percentage of the total surface area of the subtidal zone. From Kamermans et al. (2003c).
Year Fished area cockle fishery Fishing area cockle fishery

sublittoral (%) sublittoral (ha) Sublittoral (%) sublittoral (ha)

1992 0.4 493 1.4 1648
1993 1.2 1448 1.9 4731
1994 0.5 549 0.9 2234
1995 0.9 1088 2.0 4895
1996 0.0 0 0.0 0
1997 1.3 1579 1.6 4053
1998 1.9 2194 2.7 6640
1999 0.4 465 0.8 1916
2000 0.5 636 1.3 3138
2001 0.1 116 0.2 616
Average 0.7 857 1.3 2987

3.3 Effects on the sea bed

It is clear that mechanised cockle fishing will lead to a loss of silt in the short term. In
a monitoring area along the Groningen coast the effect of fishing could still be
measured six months later (Figure 27) in an area where silt accumulated in the course
of the years. This trend was only temporarily interrupted. The differences, when
combined for five plots in the same area, were statistically significant until a year after
fishery (Figure 28; Zwarts et al., 2004). Fishery tracks in the same area were detectable
on aerial photographs up to one year after fishing in 2002, which is in accordance
with the sediment data. On a flat near Schiermonnikoog, fishery tracks were still
visible two years after fishing (Figure 29). On other locations, fishery tracks
disappeared within a year, but no systematic study was undertaken of the rate with
which tracks disappeared.

Whether there are still measurable differences in the long term depends among other
things on available quantities of silt, wave action, storms and churning by benthic
fauna. An experiment south of the island of Ameland (Ens et al., 2004) showed silt
losses by cockle fishery of about 15% to about 50%, followed by recovery within half
a year after fishing (Figure 30). Judged by the silt content of the sediment, the
Ameland location represents a more dynamic situation than the tidal flats of the
monitoring location along the Groningen coast (Zwarts et al., 2004).

An example of a stabilizing effect of the benthic fauna is provided by an unfished
part of a cockle bed south of the island of Schiermonnikoog, where tubes of Lanice
conchilega stabilized the sediment during at least 1,5 year, whereas sediment loss was
visible in the water-filled fishing tracks around that plot (Figure 29).
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Figure 27: Silt content of plot 47.0 near the mainland coast. Open dots: silt content in spring; closed dots: silt
content in autumn. The arrows indicate fishery shortly after the autumn observations.

Figure 28: The silt content in March, from 1992 and 2000 at five locations along the mainland coast. The
connecting lines are red if cockle fishery had taken place during the period between two sampling data. From
Zwarts et al. (2004).
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Figure 29: Tracks of cockle fishing that were still visible many months after fishing. The square at the centre of
both pictures was open to hand gatherers, but closed to suction dredges. Lanice survived in the central square and
on the unfished ridges.  The area was fished in autumn 1999. The photo on the left was taken by Jaap de Vlas on
26 May 2000. The photo on the right was taken by Sophie Brasseur in July 2001, almost 2 years after fishing
took place.

Figure 30: The silt content (mean and SE) at a location south of Ameland, separated for the area closed to fishing
(dark grey) and open to fishing (light grey).  The arrows indicate intensive fishery; between 7 September and 7
October 1999 and between 12 July and 26 September 2000. From Zwarts et al. (2004).

According to Dernie et al. (2003) the recovery time of the sediment is closely
correlated to the silt content of the sediment and to the recovery time of the benthic
fauna. As demonstrated by Zwarts et al. (2004) cockle fishery is carried out in sandy
as well as more muddy sediment, with a tendency to more silty areas during the
period after 1990. The benthic fauna in these areas is relatively rich.
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To determine whether there is a large-scale long-term effect, Zwarts et al. (2004)
made an analysis of the sediment development in the whole Wadden Sea since the
first sediment studies started in 1950. In general, the tidal flats became more sandy in
nearly all offshore intertidal areas in the western half of the Dutch Wadden Sea (>2-4
km from the coast). The eastern part remained more or less the same, but the tidal
flats along the mainland borders became more silty. A shown in Figure 31a,
conspicuous accumulation of silt can be observed north of the harbours of Harlingen
and Delfzijl, near to the locations where sediment dredged from these harbours is
disposed. Comparison with the locations where cockle fishery took place during the
period 1993 – 2003 learns that fishery was concentrated in areas with increasing silt
contents (Figure 31b).

Mean values of the silt content before 1990 were compared with data collected in the
period 1997 – 2002 in open and closed areas as a whole. The overall result is an
increase in silt contents in fished areas of 10.5% and an increase in unfished areas of
19.4% (Table 6). However, these increases need a correction because the samples
that have been collected since 1993 were just from the top 5-10 cm of the sediment,
causing outcomes that were about 15-20% higher than during earlier surveys when
sediment samples were taken with a depth of 20 cm. Taking this into account, the silt
content of open areas decreased by 5-10%, whereas the silt content of closed
(unfished) areas was stable or increased a little bit (increase 0-5%). The statistical
analysis of these data indicates a significant difference (p< 0,05). However, the closed
areas are not randomly chosen so the outcome could be influenced by their position.
A new analysis attempting to compensate for this shortcoming yielded the same
trend, but without statistical significance.

Table 6: Changes in silt content of the top layer of the sediment in areas open and closed for fishery. From Zwarts
et al. (2004).

  
Silt content in the
1950s

Silt content
after 1992

Number of
samples

Increase (%)

Open mean 2.49 3.16 2650 10.58
 SD 2.11 3.32 2.38
Closed mean 2.44 3.37 691 18.97
 SD 1.55 2.85 1.99
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Figure 31: (a) Changes in the silt content of the top 5 cm of the sediment, comparing the 1950s with the 1990s
Zwarts et al. (2004), (b) The number of years that a given area was fished for cockles in the years 1992-2001 as
determined from the black box data (Kamermans et al., 2003c; Zwarts et al., 2004) .

3.4 Effects on the cockle stock and cockle distribution

3.4.1 Cockle stock

Cockle stocks in the Wadden Sea are highly dynamic, primarily due to great
variability in spatfall between years and occasional mass mortalities in severe winters
(Figure 23). Large spatfalls occurred in 1979, 1987, 1992, 1996, 1997 and 2003,
amounting to a good spatfall every 5 years (Zwarts et al., 2004; Kesteloo et al. 2004).
The large spatfall of 1996 did not show up in the RIVO surveys, because most
cockles died in the severe winter of 1996/1997. Thus, good recruitment, where the
cockles reach a fishable size, occurred on average every 6 years. Figure 32a shows the
stock of juvenile cockles in open and closed areas and Figure 32b of adult cockles, all
based on spring surveys. The stock of juveniles is always higher in open areas, which
is not surprising, given that the open area covers 69% of the total tidal flat area,
compared to 26% for the areas closed in 1993 and an additional 5% for areas closed
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in 1999. Despite this difference in surface area, the stock of adult cockles was higher
in the closed areas from 1995 onwards.

Figure 32: Stocks of (a) juvenile and (b) adult cockles in the Wadden Sea, separated for areas open to fishery,
areas permanently closed in 1993 and areas closed in 1999, comprising respectively 70%, 25% and 5% of the
tidal flat area. From Kamermans et al. (2003a) with data from recent years added (Kesteloo et al. 2004)..

In areas open for cockle fisheries the biomass densities of cockles was always lower
than in closed areas (Figure 33). This difference was increased after closure, which
can be explained as follows. First, fishery only occurs in the open areas and the
harvest as fraction of the stock in the open areas was estimated on the basis of model
calculations at 11% per year. Second, additional mortality due to fishery will have
contributed to the difference in density of adult cockles through increased mortality
of cockle spat and undersized older cockles in the fished areas. This mortality is
estimated at 10-50% according to de Vlas (1982), Franklin & Pickett (1978) and
references in Dare et al. (2004). Third, according to our model calculations,
oystercatchers exerted a significant predation pressure on cockles. The results suggest
that predation pressure on cockles was considerably higher in the areas open for
fishery. Finally, more cockle spat developed annually per square metre in the closed
areas in the first 8 years after closure (Figure 34).
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Figure 33: Comparison of the biomass density of cockles (all year classes combined) in areas open and closed for
fishing. From Kamermans et al. (2003a) with data from recent years added (Kesteloo et al., 2004). For each year,
the logarithm of the ratio of density in the open areas divided by the density in the closed areas is plotted. The years
indicated with an open dot are before the permanent closure in 1993 (see footnote 5). A t-test allowing for unequal
variances indicated that the difference in biomass density between open and closed areas was higher after closure: t
= -2.7, df=12.7, P=0.02, 2-tailed.

A remarkable feature of Figure 34 is that the 4 years with higher recruitment in the
open areas are the last 4 years of the study period. The shift from higher recruitment
in the closed areas to higher recruitment in the open areas is statistically significant.

We hypothesize that this pattern in cockle recruitment is the result of two processes.
Better spatfall in closed areas may be due to better local conditions in comparison
with open areas and this can be a direct or an indirect effect of fishery, as put
forward by Piersma et al. (2001). This spatfall contributes to higher cockle stocks in
closed areas. Fishery does not harvest adults or damages undersized cockles in closed
areas, so abundance increases and differences between open and closed areas
increase. Eventually, spatfall is hampered by high adult densities, through compe-
tition for space or by filtration of larvae by adults (Andre et al., 1993). Beukema &
Cadée (1999) also observed a significant negative effect of high cockle stocks on
subsequent recruitment on the Balgzand, as did Dare et al. (2004) in the Wash.

We tested the fishery impact hypothesis by analysing the magnitude of the difference
in recruitment in relation to fishery effort (Kamermans et al., 2003a). The impact of
fishery was tested on spatfall as estimated in autumn, i.e. 1 year after fishery, and we
observed a significant negative effect in the Wadden Sea (and no effect in the
Oosterschelde estuary, see chapter 8). If we included a larger dataset based on spring
surveys there was no relation between the density of juvenile cockles and fishery
effort in one year or two years before spatfall. Also accumulative effects could not be
demonstrated. We conclude that fishery impact alone cannot explain the difference
in juvenile densities as observed in the first period after closure and it remains
unclear what other factors may have played a role. As described in section 1.5.9.2, we
have no evidence for structural differences between open en closed areas before
closure but the data are scarce.
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Figure 34 Comparison of the density of cockles in areas open and closed for fishing for (a) adult cockles and (b)
juvenile cockles. For each year, the logarithm of the ratio of density in the open areas divided by the density in the
closed areas is plotted. From Kamermans et al. (2003a) with recent data added (Kesteloo et al. 2004).

To test the hypothesis that cockle stocks have a negative influence on recruitment,
we plotted the stock of cockles of nearly 1 year old (our best estimate of the spatfall)
against the total cockle stock in the previous year, for both open and closed areas
(Figure 35). We excluded the spatfall of 1996, because we know that nearly all
cockles of this large spatfall were killed in the severe winter of 1996/97, so they did
not show up in the spring survey of 1997. In both open and closed areas, recruitment
was reduced when cockle stocks were high.

In conclusion, during the years of our study, cockle fishery resulted in on average
smaller and younger stocks of cockles in the areas open to cockle fishery.
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Figure 35: (a) Density of 1-year old cockles plotted against the stock of cockles in the previous year, separated for
areas open and closed for cockle fishery. (b) Same plot as in (a) except that the logarithms are taken to allow
statistical analysis. Closed areas (SN93): r=-0.43, N=13, P=0.07, 1-tailed. Open areas: r=-0.52, N=13,
P<0.05, 1-tailed. Data from Kamermans et al. (2003a), complemented with recent data from the RIVO-surveys
(Kesteloo et al. 2004).

3.4.2 Cockle distribution

Apart from influencing the abundance of cockles, cockle fishery may also affect the
distribution of cockles. We expect fishery to concentrate on beds with high densities
of large cockles low in the tidal zone. This is because (1) high cockle densities yield
many cockles per unit fishing effort, (2) large cockles are more valuable and (3) areas
low in the tidal zone are easiest to fish and most often available to the boats. Cockles
grow well on low-lying sandy tidal flats and grow relatively slowly on higher muddy
areas near the mainland coast (Jensen, 1992). Thus, the expectation is that after a
good spatfall cockles will be fished first from low-lying more sandy areas and only
later from high-lying muddy areas. For the good spatfall of 1997, the prediction is
borne out with respect to the silt content of the sediment of the beds, because in
open areas, remaining cockle beds were increasingly found in muddy areas, in
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contrast to the beds in closed areas (Zwarts et al., 2004; Figure 36). However, the
prediction is not borne out with respect to the height of the remaining cockle beds,
because in both open and closed areas remaining cockle beds were increasingly
found high in the tidal zone (Zwarts et al., 2004; Figure 37).

How can this be explained? It should be kept in mind that some new beds will have
developed from the relative small spatfalls after 1997. Thus, the changing distribution
of cockle beds following the large spatfall of 1997 will not only depend on the
depletion of this large spatfall, but also on the location of new spatfalls, although to a
lesser extent. If new and small spatfalls primarily occurred high in the tidal zone, this
may explain the (unexpected) upward trend for the closed areas in the graph relating
height of the beds to the number of years after the large spatfall of 1997 (Figure 37).
In fact, when recruitment of cockles is poor, it occurs primarily high in the tidal zone
(Beukema & Dekker, 2004).

Figure 36: Silt content (%) of top layer in areas where cockle beds were found, plotted against the number of years
since the strong year class of 1997, for areas open and closed for fishing. From Zwarts et al. (2004).

Selective mortality, due to predation or fishery, may cause changes in the distribution
of a single year class of cockles as it grows older. Over a longer time scale, the
distribution of cockles may change as a result of changes in recruitment with respect
to height and silt content. There is clear evidence for such a change in distribution on
a longer time scale. In the 1980s, many beds were present in the middle of the
Wadden Sea, somewhere between the mainland coast and the islands (Figure 38). In
the 1990s, most beds were present along the boundaries of the Wadden Sea, mainly
near the mainland coast but near the Wadden Sea islands as well. The distribution
maps are from the fishermen and it is possible that cockle beds in less profitable
muddy areas were not mapped as well in the 1980s, compared to the 1990s.
However, the absence (or disappearance) of beds in the centre of the Wadden Sea in
the 1990s cannot be caused by changes in monitoring because in the 1990s all
relevant concentrations have been mapped by thorough monitoring. The shift in
location of spatfall to higher positions in the tidal zone is demonstrated in Figure 39,
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for the main recruitment years 1979, 1987, 1992 and 1997 (Zwarts et al., 2004). The
change in the position of the beds after each of the large spatfalls is due to the
processes of selective mortality (and some new recruitment) described previously. As
expected, the beds from the recruitments in 1987, 1992 and 1997 showed a shift to
higher elevations. Remarkably, the beds of the large recruitment of 1979 stayed more
or less in place.

Figure 37: Height of cockle beds in the tidal zone against the number of years since the strong year class of 1997,
separated between cockles in areas open and closed for fishing. From Zwarts et al. (2004).

The distribution maps in Figure 38 suggest that the shift of cockle beds to higher
elevations was not as pronounced in the large closed areas of the Balgzand and
Terschelling, both closed from 1990 onwards, and the Rottumeroog-Rottumerplaat
area, which was closed in 1988, 1989, partly in 1990 and from 1990 onwards.
Frequency diagrams support the observation that the shift to higher elevations was
more pronounced in the open areas than in the closed areas (Figure 40; Zwarts et al.,
2004). However, this shift was not equally strong in the closed areas in comparison
with the open areas. As can be seen in Figure 38, the beds mainly disappeared from
the middle of the Wadden Sea in the entire area between Texel and
Schiermonnikoog. These flats were open for fishery, except the small enclave of the
Piet Scheveplaat between Ameland and the mainland coast. The large closed area
south of the islands Rottumeroog and Rottumerplaat showed no systematic shift.
The distribution mainly changed in respect to the tidal height of the flats; the lower,
generally more sandy central areas, which were open to fishery, lost their cockle beds.
The change in distribution with respect to height, summarized for all closed and
open areas, is given in Figure 40. The distribution also changed in the closed areas,
but less pronounced compared to the open areas. This change in the closed areas was
taken into account when the difference between open and closed areas was analysed.
The additional, fishery-related change was significant (P<0.001).
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Figure 38: Location of cockle beds in the Wadden Sea in different periods. Based on maps drawn in the field by
the fishermen in spring each year. From Zwarts et al. (2004).

Figure 39: Location of cockle beds with respect to height as a function of the number of years since a good spatfall.
From Zwarts et al. (2004).
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Figure 40: Height of cockle beds as percentage of the total area of beds in the years 1980-1991 and 1993-2002,
based on the data in Zwarts et al. (2004).

3.5 Short-term and medium-term effects on non-target benthic
species

A direct effect of mechanised cockle fishing is that all benthic fauna which live just
beneath the surface is washed out at sites where the cockle dredge disturbs the
seabed. The knife at the front of the dredge is set at a depth of 3 cm. Apparently, the
sediment is washed out to a depth of at least 4-5 cm, corresponding to the underside
of mature cockles in the sediment. The fishing tracks overlap and cross each other,
but each track will be filled partly with the washed-out sediment that escapes through
the bottom bars of the fishing gear. A next crossing (Figure 41) will increase the total
depth. Evidence for increased depth is that these extra crossings cause increased
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bycatch of benthic fauna, as demonstrated by (de Vlas, 1982), like mature Macoma
individuals that live in this sediment zone. Consequently, the mortality of benthic
animals is mainly restricted to species that dwell in the upper layer, or are present
with body parts that cannot regenerate. Mortality figures, as measured over fished
cockle beds as-a-whole, for fishing intensities that removed some tens of percents up
to more than 90% of the cockles are given in Table 7. There is no indication from
this table that new fishing gear and fishing techniques have reduced mortality of non-
target benthic fauna. Comparable mortality figures have been observed in other
studies on suction dredging for cockles, both in the Netherlands (Hiddink, 2003) and
in the United Kingdom (Hall & Harding, 1997; Ferns et al., 2000). The losses
observed in Table 7 were followed by recovery during the year after fishing, due to
new generations of small organisms. The effect will last until immigrants and/or new
generations have taken over completely and will be especially marked for long-lived
sedentary species.

Figure 41: Schematic representation of the benthic fauna living in and on the sediment and the depth to which
suction dredge penetrates the sediment. The dotted lines indicate the approximate fishing depths in initial (not
overlapping) tracks and in tracks that overlap with others. Adapted from de Vlas (1985).

Several authors have advanced the hypothesis that disturbance of the bottom, as
happens in mechanised cockle fishing, could cause an increase in the numbers of
worms in the fished sites, at the expense of the numbers of shellfish (Reise, 1982;
DAYTON et al., 1995). Examination of the benthic fauna on fished and unfished
locations with cockles (Leopold et al., 2003a) provided no evidence for a general
increase of worms. Two shellfish species were clearly negatively affected by cockle
fishery, apart from the cockles themselves: (scattered) mussels and Macoma
disappeared from the fished sites, although for Macoma a decline due to fishery could
not always be established for all years (Figure 42, Figure 43). At higher densities of
cockles and fishing effort, the fished areas showed similar or lower population levels
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of the large worms Lanice and Arenicola, instead of the predicted increase. No effect
was observed on the smaller Scoloplos armiger (a bristleworm). In the case of the still
smaller worms, such as spionidae and nematodes, more fishing actually equated to
fewer worms. Yet, one large worm species, the ragworm Nereis diversicolor was more
abundant on medium to intensively fished cockle beds than in unfished conditions.
As it happens, ragworms are probably the most important source of food for many
worm-feeding bird species (Leopold et al., 2003a). In a geographically more restricted
study in the western Wadden Sea Kraan et al. (2004) found evidence that shellfish
decreased in the fished sites, whereas worms increased, compared to nearby unfished
sites.
Table 7: Mortality of benthic organisms on cockle beds, observed within some weeks after fishery on a number of
fished cockle beds in the Wadden Sea and the Oosterschelde in 1979 and 1980 (de Vlas, 1982) and one cockle
bed south of Ameland fished in 1999 and 2000 (Ens et al., 2004). In the study of Ens et al. (2004) no
distinction was made between spat and adults of Macoma; in one year an increase of 25% was calculated for
Heteromastus directly after fishing.

Study de Vlas (1982) Study Ens et al. (2004)
Cerastoderma, spat 10%-50% No data
Macoma, spat 5%-30%
Macoma, adult 0%-25% }45%-50%

Mya, spat 0%-60% No data
Mya, adult 0% No data
Hydrobia 0%-1% No data
Corophium Some No data
Nereis 0%-20% 30%-55%
Nephtys 5%-40% No data
Scoloplos 5%-30% 60%-100%
Heteromastus ??-50% ?? – 25%
Lanice 0%-5% 55-70%
Arenicola 0% No data

Cockle shells can serve as a substratum for mussel spat. For this reason a reduction
in subsequent spatfall of mussels was anticipated on cockle beds where cockle fishing
had taken place. Several observations exist of a negative impact of cockle fishing on
mussel spat on a small scale (Hiddink, 2003; de Vlas, 1982) and photograph in
Brinkman et al. (2003c), in addition to one observation of mussel spatfall on both the
fished and the unfished part of a cockle bed (Ens et al., 2004). However, in the
extensive EVA II study of Brinkman et al. (2003c) covering the entire Wadden Sea,
no clear pattern emerged when the spatfall of mussels was related to cockle fishery in
the previous autumn at the scale of the Wadden Sea.
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Figure 42: The effect of cockle fishery as determined from the sampling in 2000. For various benthic species the
logged density is plotted against the cockle density (number on the right in number of cockles per 0.25 m²)  in the
closed areas (continuous line) and against the fishing effort (number on the left in number of registrations by the
black box in a square measuring 50 by 50 m around the sampling location) in the open areas (interrupted line).
The analysis assumes that cockle density can be matched with fishing effort. The numbers near the line indicate the
year of fishing – separate lines were drawn when the statistical analysis indicated that the result depended on the
year of fishing. From Leopold et al. (2003a).



70 Alterra-rapport 1011; RIVO-rapport C056/04; RIKZ-rapport RKZ/2004.031

Figure 43: The effect of cockle fishery as determined from the sampling in 2001. For various benthic species the
logged density is plotted against the cockle density (number on the right in number of cockles per 0.25 m²) in the
closed areas (continuous line) and against the fishing effort (number on the left in number of registrations by the
black box in a square measuring 50 by 50 m around the sampling location) in the open areas (interrupted line).
The analysis assumes that cockle density can be matched with fishing effort. The numbers near the line indicate the
year of fishing – separate lines were drawn when the statistical analysis indicated that the result depended on the
year of fishing. From(Leopold et al. (2003a).
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3.6 Effects on benthic fauna in a subtidal area

The EVA II studies on the effects of cockle fishery have focused on cockle fishing
on the tidal flats, both in the Wadden Sea and in the Oosterschelde. The reason
being that sublittoral stocks of cockles are minor compared to the littoral stocks.
However, in 2002, the effects of hydraulic dredging for cockles on the sediment
structure, the non-target species and the under-sized cockles associated with a
subtidal cockle bed have been experimentally investigated in the northern part of the
Voordelta (SW Netherlands) (Craeymeersch & Hummel, 2004).

Changes in sediment particle size composition and infaunal community were
examined. Sediment composition was not significantly different among control and
treatment plots before and 7 months after fishing. At most of the stations there was
an increase in silt content, up to more than 30%. There were large temporal and
spatial differences in the benthic community structure and densities of the
numerically dominant species. The temporal changes in the density of cockles, tellins
and sand gapers were not different in the treatment and control plots, both 2 weeks
and 7 months after fishing. At a few sampling locations characterized by a high silt
content (>46.5%) the diversity appeared to be lower than statistically expected. There
was a significant negative relationship between total number of polychaetes and
fishing activities. There is no evidence that fishing activities affected species’
interactions. Further statistical analysis showed that the amount of variation in the
species data purely related to fishing activities was lower than 6%. The authors
therefore concluded that there were no substantial effects of fishing activities on the
sediment structure and the infaunal community (Craeymeersch & Hummel, 2004).

3.7 Protection of seagrass beds

Communities of common seagrass (Zostera marina) and dwarf seagrass (Zostera noltii)
in the Dutch Wadden Sea were reduced to a few scattered remnants around the
1930s (den Hartog & Polderman, 1975; Philippart et al., 2003; Philippart, 1994) and
showed little recovery since. Like mussel beds, seagrass beds (Figure 44) harbour a
rich community of life. Policy is aimed at restoration of the seagrass beds
(Anonymous, 1990). For this reason most of the areas in which seagrass grew in 1993
are included in the closed areas for mechanical shellfish fishery. The fishing plans of
the shellfish sector (Productschap Vis, 2000) ensure that new seagrass beds known to
the sector will not be fished. Habitat maps (de Jonge & de Jong, 1999) indicate that
there are also other areas along the edges of the Wadden Sea which could be suitable
for seagrass (Figure 45).
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Figure 44: The two species of seagrass that occur in the Wadden Sea: (a) Common seagrass Zostera marina
(Photo www.zeegras.nl), (b) Dwarf seagrass Zostera noltii. Photo Jaap de Vlas.

During the evaluation period, common seagrass gained ground in 2000 in the closed
area west of the Eemshaven and south of Rottumerplaat, as well as in the open area
south of Schiermonnikoog. In the Terschelling harbour basin, however, common
seagrass further declined. Dwarf seagrass increased slightly during the evaluation
period in both closed and open areas (Essink et al., 2003).

Regarding common seagrass, too little data are available to allow any conclusion on
cockle fishing preventing establishment of seagrass beds after 1993. Along the North
Groningen coast, however, dwarf seagrass managed to colonise a single fairly large
area of intertidal flats between 1996 and 1999 when there was absence of fishing for
cockles (Essink et al., 2003). After this area was fished again since 1999, distribution
of dwarf seagrass showed a gradual retreat, coinciding with progressing coverage of
cockle fishing. In 2002, hardly any dwarf seagrass was left in the area open for cockle
fishery, i.e. outside the brushwood groyne lined sedimentation fields, where cockle
fishery is not allowed. The total area lost was about 60 ha, mostly consisting of small
separate patches of dwarf seagrass (Figure 46). This loss confirms observations in
other areas that cockle fishery is detrimental to seagrass beds (de Jonge & de Jong,
1992; de Jong & Meulstee, 1989; Groeneweg, 2002b; Philippart, 1994). Results of
professional surveys, e.g. (Groeneweg, 2002a; Groeneweg, 2002b; Groeneweg, 2001),
coming available later, have not been communicated well in time before the fishing
season. Some recovery was observed during the summer of 2003, when about one
third of the damaged area contained sea grass plants again (Groeneweg, 2003).

Fishing for cockles in the area shown in Figure 46 occurred because the presence of
dwarf seagrass was not well known to the fishermen. Moreover, young plants and
small separate patches are difficult to discern at the time of surveys on foot carried
out by the fishermen themselves. Thus there is a risk that newly established beds in
the open areas will not be discovered in time.
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Figure 45: Map of potential seagrass habitat. From de Jonge  & de Jong (1999).
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Figure 46: Recording of the position of a cockle boat during fishing (red) and of dwarf seagrass (Zostera noltii;
green) on the mud flats outside the land reclamation near the Linthorst Homanpolder, Noord Groningen. (a)
1999, (b) 2000, (c) 2001 en (d) 2002). Source: black box data P.O. Kokkels; seagrass data from (Groeneweg,
2002a; Groeneweg, 2002b; Groeneweg, 2003; Groeneweg, 2001). Drawing from Essink et al. (2003).

Figure 47: Index of the average number of birds counted in the Wadden Sea against season, for birds feeding on
bivalve shellfish. Also shown the spline function for the entire period and for the periods before and after the
disappearance of the intertidal mussel beds. A change in trend is significant for oystercatcher and knot. The eider
duck is included for comparison, but the data apply to January counts only and the trend is distorted because
available counts before 1975 are not included (see text). From Leopold et al. (2003b).
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3.8 Effects on birds

A first indication of the effect of cockle fisheries on birds was obtained through
comparison of the development of their usage (measured as the number of bird days
per year) of areas open and closed for shellfish fishery (Leopold et al., 2003b). These
trends must be studied within the trends observed for the Wadden Sea as a whole.
For many bird species that feed on the intertidal flats of the Wadden Sea, a change in
trend in the annual usage of the flats occurs somewhere at the end of the 1980s,
beginning of the 1990s (Figure 47, Figure 48, Figure 49, Figure 50). This corresponds
to the disappearance of the intertidal mussel beds. In the graphs we fitted a trend line
using splines (Hastie & Tibshirani, 1990) for the entire period, and for the periods
before and after the disappearance of the intertidal mussel beds. We subsequently
tested whether the change in trend was statistically significant. Changes from a
negative trend towards a positive trend outnumber changes from a positive trend
towards a negative trend. For species feeding either primarily on worms or shellfish,
the greater the percentage shellfish in the diet, the larger the decline during the last
ten years (van Roomen et al., 2004). The only species not fitting the trend is the
avocet, which feeds on worms, yet showed a decline in recent years. For species that
feed primarily on prey other than bivalves or worms (Figure 50), and for species
whose diet is a mixture of shellfish, worms and other prey (Figure 49), no simple
patterns emerge.

Four species of birds were identified as shellfish eaters: common eider, oystercatcher,
herring gull and knot. All these species have declined in recent years, although the
onset of the decline varies between the species (Figure 47). Of these, the common
eider and the oystercatcher feed on large shellfish, whereas knot and herring gull feed
on small shellfish. Since common eiders depend primarily on the subtidal areas for
their food supply, we did not investigate the effect of closing intertidal areas. In
contrast to waders, several counts of eiders covering the entire Wadden Sea are
available for the period before 1975. We did not include these counts in (Figure 47)
to facilitate comparison with the other bird species. However, including these counts
makes clear that the suggestion that eiders have continually decreased from 1975
onwards is an artefact of this selection of the data. Eiders have increased during the
1960s, fluctuated in numbers during the 1970s and 1980s, and declined during the
1990s. The recent decline in the Wadden Sea was accompanied by an increase in the
number of eiders using the North Sea coastal zone (see Figure 72 in chapter 5), but
this increase did not fully compensate for the decline in the Wadden Sea (Ens &
Kats, 2004). The interpretation of these changes is discussed in chapter 5, where the
policy of food reservation for common eiders is evaluated.

The numbers of oystercatchers declined after about 1990 (Figure 47). The decline in
the number of oystercatchers started in the first half of the 1990s. Since the strong
and sudden decline due to the severe winter of 1996/1997, no further decline has
occurred, nor have numbers recovered. The lowered numbers are largely due to the
disappearance of the intertidal mussel beds in 1990 (Smit et al., 1998; Rappoldt et al.,
2003a), see also chapter 5. The fact that we did not see a sudden decline in the
number of oystercatchers following the rather sudden disappearance of the intertidal
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mussel beds is due to the fact that oystercatchers can feed on alternative, less
profitable prey. This does lead to a slightly higher mortality rate (Stillman et al., 2000),
and perhaps reduced reproduction in summer. Since oystercatchers are long-lived, a
slight increase in mortality rate may cause an increasing population to decline (Goss-
Custard, 1996). In addition, severe winters may lead to strongly increased mortality
and a sudden drop in numbers, as happened in the winter of 1996/97. If feeding
conditions during winter are good during subsequent years, the population may
recover. If not, the population will remain low. In this respect it is striking that the
population did not suffer long from the three severe winters in the period 1984-1987,
when mussel beds were present, but has not yet recovered from the two severe
winters during the period 1995-1997, when there were few mussel beds.

Figure 48: Index of the average number of birds counted in the Wadden Sea against season, for birds feeding on
worms. Also shown the spline function for the entire period and for the periods before and after the disappearance of
the intertidal mussel beds. The change in trend is significant for avocet, ringed plover, sanderling, dunlin and bar-
tailed godwit. From Leopold et al. (2003b).

dunlin
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Figure 49: Index of the average number of birds counted in the Wadden Sea against season, for birds feeding on a
mixed diet of worms, bivalve shellfish and other prey. Also shown the spline function for the entire period and for
the periods before and after the disappearance of the intertidal mussel beds. The change in trend is significant for
redshank. From Leopold et al. (2003b).

Figure 50: Index of the average number of birds counted in the Wadden Sea against season, for birds feeding
primarily on ‘other’ prey like crustaceans and fish. Also shown the spline function for the entire period and for the
periods before and after the disappearance of the intertidal mussel beds. The change in trend is significant for
spotted redshank, greenshank and turnstone. From Leopold et al. (2003b).

As will be discussed more fully in chapter 5 on food reservation, the carrying capacity
for oystercatchers was calculated to be lowered by a number in the order of 15000
birds in the 1990s due to cockle fishery (Rappoldt et al., 2003a). Thus, cockle fishery
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also played a role in the decline. However, according to the analysis of Leopold et al.
(2003b), the decline in oystercatcher numbers was sharper in closed areas for several
of the time series that they analysed. In their analysis, they distinguished not only
areas that were open or closed to fishery, but also a mixed category, mainly including
areas with patches that were closed in 1999. It is clear from Figure 51a that the
overall change in numbers described above, is repeated in each of these areas. The
data depicted in Figure 51 apply to more years than analyzed by Leopold et al.
(2003b) and a steeper decline in the closed areas is not obvious. According to the
bottom panel of Figure 51, the distribution over the three areas remained roughly the
same during the period of decline. How can we explain that oystercatchers did not
increasingly utilize the closed areas, despite the fact that cockle fishery did affect the
stock of mature cockles in the open areas as predicted (Kamermans et al., 2003a)?
Part of the explanation is that the decrease in the number of oystercatchers is
primarily due to the disappearance of the intertidal mussel beds (Smit et al., 1998;
Rappoldt et al., 2003a). The number of oystercatchers decreased from more than
260.000 in the 1980s to approximately 175.000 at the end of the study period, i.e. a
decline of 85.000 birds. The decline in the carrying capacity as a result of cockle
fishery is estimated at a number in the order of 15.000 birds (Rappoldt et al., 2003a),
which is less than 20% of the overall decline. Before the mussel beds disappeared in
1990, the distribution of oystercatchers in the Wadden Sea was positively correlated
with the distribution of mussel beds (Ens et al., 1993). The little evidence that we
have suggests that mussel beds were slightly more common in the closed areas
before they disappeared (Table 2). Subsequently, the mussel beds returned first in the
open areas (Figure 52). Both effects obscure the effect of the decrease in cockle
stocks in the closed areas due to fishery. A similar type of argument applies to
another prey item, the Baltic tellin. Before the mussel beds disappeared, these clams
were probably of little importance as food for oystercatchers during winter, due to
their low profitability as a result of high burying depth at that time of year (Zwarts et
al., 1996b). During the 1990s, the oystercatchers primarily relied on cockles and
Baltic clams according to the model calculations of Rappoldt et al. (2003); see also
Figure 73 in section 5.2. During the years in this period that Baltic tellins comprised
more than 20% of the diet, these shellfish were more common in the open areas
(Kamermans et al., 2003a). Finally, feeding in fields during high tide, which
oystercatchers do in periods of food shortage (Goss-Custard et al., 1996b), was
probably more important in the 1990s than in the 1980s. It is possible that the closed
areas offered fewer possibilities to feed in fields during high tide, than the open areas.
Whether these explanations suffice, requires calculations with WEBTICS to
determine the development of the feeding stress in different subareas of the Wadden
Sea.
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Figure 51: (a) The number of oystercatchers (imputed using integral as well as partial high-tide counts in the period
August-January) in areas that were assigned to low-tide feeding areas on the basis of expert judgement (see
methods) and classified as open, closed or mix. The data analyzed by Leopold et al. (2003b) were updated with
more recent information from SOVON (van Roomen & van Winden, pers. comm.) (b) The same data as in
panel a, but now expressed as feeding density by dividing the number counted during high tide by the surface of the
assumed feeding area. (c) The same data as in panel a, but expressed as a proportion.
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Additional insights were obtained by Verhulst et al. (2004). These authors caught
oystercatchers in both open and closed areas to investigate the effect of cockle
fishing on the condition of oystercatchers. The oystercatchers in the closed areas
proved to be in better condition. The authors attribute this to the failure of the
oystercatchers to redistribute in response to the changes in the food supply brought
about by the cockle fishery. Their argument is supported by the well known site
fidelity of oystercatchers (Ens & Cayford, 1996; Verhulst et al., 2003). This does not
mean that oystercatchers do not respond to changes in the food supply within their
home range. After having been fished for cockles, a study site under Ameland was
used less by oystercatchers, compared to a neighbouring control site (Ens et al.,
2004). Similarly, when an experimental mussel bed was created, the number of
oystercatchers frequenting the area increased (Ens & Alting, 1996). However, in both
cases all that probably happened was that individual oystercatchers shifted their use
of space within their home range in response to the changes in food supply. In
contrast, when the stocks of both mussels and cockles were very low in the Wash,
the largest intertidal area in the United Kingdom, the oystercatchers did not move
away (i.e. did not choose a new home range), but stayed and experienced high
mortality (Atkinson et al., 2003). Verhulst et al. (2004) estimate that mortality was
increased by 43% in the areas open to cockle fishery. A limitation to the study of
Verhulst et al. (2004) is that no attempt was made to control for confounding factors.
The study had to be treated as an experiment, because for logistical reasons, sample
sizes were too small to control for confounding factors.

A final feature of Figure 51 that must be discussed is that the feeding densities that
we calculated differed consistently between areas. To obtain the feeding densities, we
divided the number counted during high tide by the surface of the presumed feeding
areas and it is certain that there are errors in the linking of high tide counts to the low
tide feeding areas. Especially in the central part of the western Wadden Sea, the
distinguished boundaries are quite arbitrary. Furthermore, birds using a particular
feeding area can use different roosts. There are two locations where it is conceivable
that considerable numbers of oystercatchers assumed to feed in a closed area on the
basis of the location of their roost, do in fact feed in an open area: the eastern part of
the Balgzand and the eastern part of Terschelling. Similarly, there are two places
where it is conceivable that considerable numbers of birds assumed to feed in an
open area, do in fact feed in a closed area: Griend and the Frisian coast south of the
Piet Scheveplaat. Given these errors, the safest comparison is between the calculated
densities in the closed areas and the rest (i.e. mixed plus open). A possible
explanation for the consistently higher calculated feeding densities in the closed areas
are the higher height (see section 1.5.9.2), which will allow the oystercatchers to feed
for longer. Alternative explanations that need to be investigated are the presence of
safe roosts, the distance between these safe roosts and the feeding grounds and the
presence of fields where the oystercatchers can feed during high tide.
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Figure 52: Distribution of mussel beds over areas open and permanently closed for shellfish fishery: (a) total area
in ha, (b) percentage area.

According to Figure 47 the annual number of bird days of knots in the Wadden Sea
has increased until the early 1990s and subsequently decreased again. Knots roost in
only a few very large flocks so that counting errors are not averaged out (Rappoldt et
al., 1985). Furthermore, it is possible that in the early days of counting flocks were
sometimes missed (Leopold et al., 2003b). Since home ranges of individual knots are
very large (800 km² according to Piersma et al. (1993)) and individual knot may even
switch between the western part and the eastern part of the Dutch Wadden Sea
within the same season (Spaans, unpublished), it is difficult to allocate birds counted
during high tide to specific feeding areas. Analysis of changes in numbers with
respect to area type (open or closed to fishing) suggest that the increase and
subsequent decrease predominantly occurred in the open areas Leopold et al.
(2003b). Given the uncertainties in the data, it is not possible to draw clear
conclusions on the effect of shellfish fishery from these data.

0

10

20

30

40

50

60

70

80

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04B

io
m

as
s 

(m
ill

io
n 

kg
 fr

es
h 

w
ei

gh
t)

closed 1999
open
closed 1993

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

19
90

19
92

19
94

19
96

19
98

20
00

20
02

20
04

%
 B

io
m

as
s

closed 1999
open
closed 1993



82 Alterra-rapport 1011; RIVO-rapport C056/04; RIKZ-rapport RKZ/2004.031

Another approach is to study the effect of cockle fishery on the food supply of the
knot. Knot depend on shellfish which are sufficiently small to be swallowed whole
and sufficiently large to be profitable in terms of energy gain per unit handling time.
Furthermore, the prey must be within reach (the length of the bill is 35 mm) and the
ratio of flesh to shell weight must be high (Zwarts & Blomert, 1992). According to
the last criterion, the four common bivalves in the Wadden Sea are ranked as follows:
Baltic tellin > soft-shelled clam (Mya arenaria) > mussel > cockle. While Baltic tellin
are the preferred prey, cockles are also often taken, because more profitable prey are
not always available (Piersma et al., 1993; van Gils et al., 2004). In some years, we
found evidence for a negative effect of cockle fishery on the density of Macoma in
fished areas (chapter 3). Hence, cockle fishery may have a negative impact on the
food supply of knots. For cockles, (van Gils et al., 2004) present evidence that cockle
fishery not only affects the quantity of cockles available, but also the quality of the
prey. The more often an area is fished, the lower the quality of cockles in that area,
measured as the ratio of flesh weight to shell weight. Local survival of knots whose
stomach is of insufficient size to effectively digest thick-shelled cockles is reduced
and was estimated to vary between 30% and 60%. This is much lower than the
estimates of survival of adults in Britain, which varied between 75% and 85% in the
period 1969-1995 (Boyd & Piersma, 2001). The important question is whether the
knots with a stomach of insufficient size to digest poor quality cockles moved away
from the Wadden Sea, or died.

In contrast to the shellfish-eating birds, the numbers of most species of worm-eating
birds increased during the period 1990-2002 (Figure 48). The increase was largely
seen in the open areas and to a lesser extent in the closed areas (Leopold et al.,
2003b). A possible explanation is that this is linked to the differential presence of
mussel beds. The mussel beds initially developed well in the open areas off Ameland
and Schiermonnikoog (Figure 52). Many worm-eating birds, such as dunlins, prefer
to forage around mussel beds, e.g. Ens et al. (2004). An alternative explanation for
the increase of the worm-eating birds in the open areas is that as a result of the
cockle fishery, worm species became more common in these areas. According to
Kraan et al. (2004) worms generally increased following cockle fishery. This was not
observed by Leopold et al. (2003b), except for Nereis diversicolor, which is an important
prey item for birds feeding on worms.

3.9 Discussion

3.9.1 Hand raking

Nowadays, most cockles are fished with suction dredges, but gathering by hand still
occurs. The effects of hand gathering have not been studied. The direct loss of silt by
hand raking is probably small, as the sediment is not washed through. Side-effects
can be expected due the reduction of cockle biomass and damage to other
organisms. In our studies, we have ignored the effects of hand gathering cockles,
assuming them to be small in comparison with the effects of mechanical fishery,
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because of the less radical intervention with the sediment and the small capacity of
the hand gatherers (estimated at about 6% of that of the mechanical cockle fishery).

3.9.2 Recovery after disturbance due to suction dredging

The immediate effects of cockle fishery are undisputed and consist of extraction of
marketable cockles, mortality of non-target benthic fauna and washing out of fine
sediments. The important question is how quickly the sediment and biota recover
from this disturbance. With recovery, we do not mean that the fished area returns to
its original state, because unfished areas also continually change in a dynamic and
variable ecosystem like the Wadden Sea. Rather, there should no longer be a
difference between the affected area and a properly chosen undisturbed control area
(Dernie et al., 2003).

A qualitative review of the many possible ways in which dredging and trawling may
impact benthic communities is provided by Dayton et al. (1995) and Watling & Norse
(1998). More recently, Collie et al. (2000) undertook a meta-analysis of 39 published
studies on the effects of towed bottom-fishing gear on benthic communities. They
reached the following conclusions:
1. Intertidal dredging and scallop dredging have the greatest initial effects on benthic

biota, while trawling has less effect.
2. Fauna in stable gravel, mud and biogenic habitats are more adversely affected than

those in less consolidated coarse sediments.
3. Recovery rate appears most rapid in less physically stable habitats, which are

generally inhabited by more opportunistic species.
In general, the results mirror biological intuition, but major gaps in knowledge were
also identified. Very recently, Kaiser et al. (2004) repeated the meta-analysis with a
much larger data-set. Intertidal dredging again comes out as one of the more
detrimental fishing activities and recovery rate is estimated at several years.

An alternative approach has been taken by Kaiser in Lenihan & Micheli (2001). The
idea is to relate the spatial scale of the disturbance to the temporal scale of recovery:
the greater the spatial scale of the disturbance, the longer it takes to recover. Building
on this approach Versteegh et al. (2004) conclude that the intensity of current cockle
fishing in the Wadden Sea may be so high that the system cannot recover. The
authors estimate the spatial scale of cockle fishing as the total surface fished in the
Dutch Wadden Sea. When they had chosen to estimate the spatial scale as the
average size of a cockle bed, they would have obtained a much lower number.

Cockle fishery extracts cockles, leads to mortality among non-target fauna and may
have indirect effects. The time of recovery from the direct effects depends on the life
span, recruitment and immigration capacity of the benthic organisms. For cockles,
which are characterized by an average life span of approximately 5 years (which is
less than for Mya and Macoma, but longer than for most worms), variable recruitment
with on average one highly successful recruitment per 6 years and limited mobility,
fishery could result in a prolonged effect. The environment in which cockles live is
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not very stable, due to the absence of a solid or quiet substrate and due to the non-
cushioned influence of air temperatures and storms. But even effects that last for 5
years before they get masked or overruled by natural events are long enough to bring
the cockle habitat in a constantly affected state when cockle fishery is continued. Our
investigations indicate that this constantly affected state will include years where the
recruitment of cockles is higher in the areas open to fishery compared to the areas
closed to fishery. When this happens in a year with high recruitment (as was the case
in 2003), it is likely that in a number of years the total stock of cockles will be higher
in the open areas.

The rate at which fishing tracks disappear may also offer a clue to recovery. Fishing
tracks may disappear within some months, as in the experiment described in Ens et
al. (2004), but remained detectable during more than a year on other places (along
the mainland coast and on a location in the middle of other tidal flats, e.g. Figure 29).
According to Dernie et al. (2003) the recovery time of the sediment is closely
correlated to the recovery time of the benthic fauna. They also found that muddy
sand takes longer to recover than either sandy or muddy substrates. However, their
study applies to small, hand-dug study plots surrounded by large areas of undisturbed
mud flats so do not necessarily apply to entire cockle beds fished by cockle boats.
The opportunity to study in the Wadden Sea if these relationships also applied to
disturbances at a larger spatial scale was not taken.

Cockle fishery leads to a loss of fine sediments directly after dredging. The
comparison between areas open to cockle fishery with closed areas suggested a
longterm difference, the silt content of the sediment being about 10% lower in the
open areas. We hypothesize that the indications we found on the effect of cockle
fishery on sediment composition result from two processes:
(1) Resuspension and tidal transport of silt during fishing. This will initially result in

a lower silt content of the fished area. Eventually, silt deposition will restore the
old situation

(2) Removal of cockles will lead to a reduction of the biodeposition capacity,
leading to a lower flow of silt towards the bottom. Benthic filter feeders produce
a lot of biodeposits as they sieve out silt and other particles from the water
column. The non-edible fraction is rejected as pseudofaeces and deposited on
the surface of the sediment. The edible fraction is ingested, and the non-
digestible part is rejected as faeces that settles on the sediment as well  (Smaal et
al., 1986; Smaal & Prins, 1993; Dame, 1996). Biodeposits can accumulate on the
sediment or through bioturbation be reworked within the sediment, or they can
erode and flush away. The fraction that remains in or on the sediment depends
on the local hydrographical conditions, and in general mussels create more
biodeposits due to their bed structure than cockles. Still cockle beds can also
accumulate biodeposits, and it is therefore likely that removal of cockles reduces
the capacity to accumulate silt. Restoration of this potential requires new spatfall
i.e. restoration of the cockle bed.

The most obvious difference between areas open and closed to cockle fishery in the
benthic fauna was the cockle stock itself. Lower cockle stocks in open areas were
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primarily caused by the removal of the marketable cockles, but the difference was
enhanced by some extra mortality in juvenile cockles as a result of fishing (de Vlas,
1982), increased predation by oystercatchers, and a lower cockle recruitment during
the initial period 1993-2000. Other organisms showed changes as well. Leopold et al.
(2003a) found lower densities of mussels and Macoma, as well as Lanice and other
worms, with Nereis as the exception with increased densities on moderately to
intensively fished locations. For shellfish, the results of Leopold et al. (2003a) agree
with the results of Kraan et al. (2004). For worms, the results of Leopold et al. (2003a)
do not agree with the results of Kraan et al. (2004), who found that, compared to
unfished control areas, worms in general tended to increase following fishery6. The
research of Leopold et al. (2003a) was carried out in the whole Wadden Sea, and was
confined to locations with cockle beds, whereas the study of Kraan et al. (2004) was
executed in the western part of the Wadden Sea, on cockle beds as well as in
surrounding areas without cockles. For the time being, we conclude that there is
some evidence from the EVA II project that cockle fishery favours ragworms Nereis
diversicolor at the expense of shellfish, and that there is evidence from other research
that worms increase in fished areas. The results from the EVA II project do not
support the original suggestion of Reise (1982), but the results of Kraan et al. (2004)
do. Ragworms are an important prey for worm-feeding birds, so both studies can
potentially explain why worm-feeding bird species increased, especially in the areas
open to shellfish fishery.

The question that has aroused heated debate is whether the impoverishment of the
sediment and benthic shellfish fauna after fishing is self-sustaining, causing longer
recovery times than expected from the life span of the organisms involved, as
suggested by Piersma & Koolhaas (1997), who called it the negative biodeposition
spiral. There is certainly evidence that supports this view. Piersma et al. (2001) and
Hiddink (2003) showed a reduction in recruitment and survival of cockles and
Macoma respectively. Kamermans et al. (2003a) observed reduced recruitment of
cockles in fished areas a year after fishing and between 1993 and 2000, recruitment of
cockles was decidedly better in the areas closed for shellfish fishery. The sandy
western and central parts of the Wadden Sea remained poor in cockles, so the
‘negative biodeposition spiral’ proposed by Piersma et al. (2001) could hold for the
sandy parts of the Wadden Sea. However, the ‘negative biodeposition spiral’ does not
apply everywhere in the Wadden Sea. The difference in recruitment of cockles
between areas open and closed for fishery gradually disappeared and at the end of
the study period, recruitment was even higher in the open areas. The improved
recruitment mainly took place high in the tidal zone: in silty areas along the mainland
coast and in the shelter of the Wadden Sea islands. A possible explanation for this
shift is that initially, effects as suggested by Piersma et al. (2001) led to a reduced
recruitment in the open areas. With a build-up of the cockle density in the closed
area, negative effects of high cockle stocks on recruitment (see e.g. Dare et al., 2004)

                                                          
6 The results of Kraan et al. (2004) would be fully comparable to the results of Leopold et al. (2003a),

if the worms in the study of Kraan et al. (2004) had a negative correlation with cockle density and if,
instead of an increase of worms in the fished areas, there was actually a decline of worms in the
unfished control areas. According to Piersma (pers. comm.), this was not case.
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then pushed the system towards less recruitment in the closed areas and more
recruitment in the open areas.

3.9.3 Changes in the distribution of cockles

Cockles have shifted their distribution upwards in the tidal zone, but this shift was
more obvious in areas open to cockle fishery if compared to areas closed to fishery
(Zwarts et al., 2004). We will first discuss the hypotheses that have been advanced for
the general shift of cockles upwards in the tidal zone and then we will discuss why
the trend may have been more pronounced in the open areas.

First, the predation hypothesis proposed by Beukema & Dekker (2004). These
authors observed in their study on the Balgzand that the centres of distribution not
only of cockles, but also of gaper clams and Baltic tellins have shifted into a
shoreward direction to higher tidal levels. Superimposed on this general trend they
found that in all three species, the infrequent strong cohorts were characterised by
distribution centres further offshore than those of weak cohorts. In years with strong
cohorts (large spatfall) the animals are found everywhere including the lower areas,
while in years with weak cohorts, they are found mainly in higher areas. Both
phenomena can be explained by variation in the presence of predators, in this case
brown shrimp (Crangon crangon). Juvenile shrimp have been very numerous in the
Wadden Sea during the last 10 years (Beukema & Dekker, 2004), and they belong to
the most effective predators on the lower tidal flats, consuming any edible organism
that is small enough to handle. Beukema & Dekker (2004) conclude that ‘the
declining trends of bivalve recruitment in the Wadden Sea are governed primarily by
natural changes, in particular increases in predation pressure on early benthic stages
which in turn appear to be largely governed by the warming climate’.

Second, as a result of large scale geomorphological processes low-lying flats may
have become more sandy, making the habitat less suitable for recruitment (Beukema
& Dekker, 2004). This phenomenon occurs at a large scale in the western part of the
Wadden Sea. Large quantities of fine sediments have been trapped since the closure
of the Zuiderzee in 1932 in the subtidal areas north of the Afsluitdijk, at least partly
at the expense of the silt contents of the tidal flats. At the same time, there is a
tendency of increased silt contents in coastal areas, and not in the middle of the
Wadden Sea.

Third, low-lying flats may have become more sandy as a result of the disappearance
of the mussel beds in 1990. Mussel beds accumulate a lot of silt, thereby enriching
the surrounding sediment (Zwarts et al. 2004). If this hypothesis holds true, the
return of the mussel beds should lead to a return of recruitment of cockles in low-
lying sandy areas.

A final possibility is a genetic shift towards cockles that tend to settle higher in the
tidal zone, due to selective fishing of low-lying fast-growing cockles (Piersma &
Koolhaas, 1997). Testing of this last hypothesis requires genetic information, which
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is not collected as part of the monitoring programs. Thus, there are effectively no
data available.
The shift of cockles to the higher intertidal was less obvious in areas that were closed
for cockle fishery. A possible explanation for this difference between open and
closed areas is the effect of cockle fishery on the sediment composition, either
directly, or by the enrichment of the sediment by faeces and pseudofaeces produced
by the cockles in the unfished areas. Beukema & Dekker (2004) suggested that
especially low-lying parts of the intertidal flats, already poor in fine sediments, may be
vulnerable to the loss of fine sediments through suction dredging.

The change in cockle distribution has important consequences for the ecosystem
(Bakker, 2003). Cockles grow more slowly in high-lying muddy areas
(deMontaudouin & Bachelet, 1996; Wanink & Zwarts, 1993; Kamermans, 1993;
Kristensen, 1957; Jensen, 1992), and are more susceptible to frost (Kristensen, 1957;
Beukema, 1989; Ens, unpublished). Cockles high in the tidal zone will be less
accessible to common eiders, but available for longer for oystercatchers, which may
be important in periods of heightened tidal levels during period with westerly winds.
However, from the point of view of the oystercatcher these poor-growing cockles
will be less profitable compared to large cockles with a high flesh content (Zwarts et
al., 1996b).

3.10 Conclusions

Effects on seagrass
• Cockle fishing causes damage to existing seagrass beds. Newly settled individual

plants cannot easily be detected so the risk of damage on newly developing beds is
difficult to avoid in areas open for fishery. There is no evidence that cockle
fishing affects the chances of new seagrass beds being established.

Direct effects on sediment and benthos
• Mechanised cockle fishing depletes the silt in the sediment of the mud flat

immediately after fishing. Recovery takes some months to more than a year.
• Fishing for cockles leads to a lower cockle stock and, on the sites which are

fished, leads to mortality among the benthic fauna running into dozens of
percent.

Long-term effects on sediment and benthos
• There are indications for a lowered silt content on tidal flats that had been open

to cockle fishery during a longer period. This lower silt content of the fished area
can be explained by the low cockle stocks and consequently a reduced production
of faeces and pseudofaeces in the open areas. There are other large-scale changes
in the silt content which cannot be attributed to fisheries.

• Following closure, a higher proportion of the biomass of adult cockles was to be
found in the areas closed to shellfish fishing.
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• Less cockle spat developed in the open areas than in the closed areas until 2000.
The difference has steadily decreased and spat fall is now slightly higher in the
open areas.

• Successful recruitment of cockles occurs to a lesser extent than in the past in the
low-lying and sandy parts of the Wadden Sea, especially in areas open to fishery.

• A study by Piersma and co-workers found a reduction of shellfish recruitment, a
reduced condition of cockles and a general increase of worm densities after cockle
fishery. Their study was carried out in the predominantly sandy parts of the
western Dutch Wadden Sea

• Our study of fished and unfished cockle beds throughout the Dutch Wadden Sea
observed a reduction of a number of benthic organisms on fished cockle beds,
with the exception of the worm Nereis diversicolor, which increased after fishery.

Effects on birds
• Over the last ten years the numbers of worm-eating birds have increased more

sharply in the open areas than in the closed areas.
• Oystercatchers started to slowly decline in numbers after the disappearance of the

intertidal mussel beds around 1990. A sudden reduction in numbers occurred
during the severe winter of 1996/97.

• No redistribution occurred, i.e. oystercatchers did not become more numerous in
the areas that were closed for cockle fishery.

• These patterns in bird numbers may be partly explained by the presence of mussel
beds, which initially returned in the open areas.

• The oystercatchers caught in a number of closed areas were in better condition
than those caught in a number of open areas, which may be related to high cockle
stocks in the closed areas.


