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1 Introduction

This report summarizes the results of the second phase of the scientific evaluation of
the Dutch shellfish fishery policy (EVA II) and relates these findings to the results of
other studies on the ecological impacts of shellfish fisheries in the Wadden Sea and
elsewhere. The report begins by sketching the history of the problem, and setting out
the policy and research questions. This is followed by an overview of results and
findings. The most important results are then summarised again in a chapter with
conclusions, followed by a chapter with recommendations. A glossary of terms and
an overview of research reports are given at the end of this document. All reports are
available from the internet site www.eva2.nl.

1.1 History of the problem

Until the start of the nineteen nineties, the mussel and cockle fisheries in the Dutch
Wadden Sea were managed under a de facto open access regime (Steins, 1999).
Regulations existed on the period during which fishing could take place and on the
sizes that could be fished etc., but fishermen who possessed the required licenses
could fish as many seed mussels and cockles as they pleased. This ended when the
conflict between fishermen and conservationists started in the late 1980’s. The
conflict revolved around the question whether shellfish fishery was responsible for
mass mortalities of shellfish-eating birds and the nearly complete disappearance of
the intertidal mussel beds. In 1990 an attempt by the Dutch government to close
large parts of the Wadden Sea for cockle fishery was judged unlawful by the
president of the State Council, because Dutch fisheries legislation only provided for
fisheries conservation measures and not for nature conservation measures (Keus,
1994). In 1991, the law was changed to allow nature values being taken into account.
In 1993 the Dutch government implemented the Sea and Coastal Fisheries Policy
(SCFP) after a period of consultation and heated discussions involving the industry,
nature conservation groups, government authorities and the government’s advisory
boards (LNV, 1993b). This policy document set the direction for the national
fisheries policy until 2003, when the policy was to be evaluated. The policy aimed at
an integration of fishing activities and conserving natural values, where possible, and
a separation of these two activities where necessary.

In retrospect, the development of a conflict between shellfish fishery and nature
conservation can be seen as the natural outcome of two opposing trends. First, in the
second half of the twentieth century, there was an increase in the environmental
awareness of the general public, which culminated in giving the Wadden Sea ‘nature’
as its primary function. This began when the ‘Landelijke Vereniging tot Behoud van de
Waddenzee’ was erected in 1965 to combat plans to build two large dams connecting
the Wadden Sea island Ameland to the mainland. The many plans to embank parts
of the Wadden Sea, including the plan to embank the entire Wadden Sea to grow
potatoes, were abandoned, following the report by Mazure (1974). In 1980, the
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Dutch parliament accepted the ‘PKB-Waddenzee’ (planning decision for the Wadden
Sea), which states that the prime goal is ‘to conserve, to protect and where necessary
to repair the Wadden Sea as a nature area’ (Verbeeten, 1999). Second, the shellfishery
itself also changed dramatically. In the course of the twentieth century sailing boats
were replaced with engine-powered ships with ever-increasing fishing power
(Dijkema, 1997). Cockle boats became so efficient that at the end of the nineteen
eighties, they caught on average 60 tonnes of cockles (fresh weight) per day (Ens,
2003). Demand for shellfish increased due to the discovery of new markets, like the
market for cockles in Spain. At the same time, the fishery remained essentially open
access, as there were no limits on the total catch. It is well known that such open
access fishery has a high risk of overfishing (Iudicello et al., 1999; Hall, 1999; Ostrom,
1990; FAO, 1993), due to the so-called ‘tragedy of the commons’, first described by
Hardin (1968)1. This happened to the European flat oyster (Ostrea edulis) in the
Wadden Sea. The European flat oyster disappeared from the Wadden Sea in the first
half of the twentieth century (Dijkema, 1997; Reise, 1998). In the final demise, other
factors may have played a role of course. For the disappearance of the European flat
oyster from the Dutch Wadden Sea, Dijkema (1997) concludes that ‘in addition to
stock depletion, hydrographical changes caused by the closure of the southern
Zuiderzee in 1932 may have played a role’2. However, this is to be expected. Once
stocks are seriously depleted, they become more vulnerable to environmental
variation (Pauly et al., 2002). Thus, whereas the technological possibilities of the
shellfish fishery to exploit the ecosystem of the Wadden Sea steadily increased, public
opinion and the law evolved towards accepting fewer and fewer negative impacts on
the ecosystem.

As it happened, the conflict finally erupted around 1990 when shellfish stocks were
low after a series of years with poor recruitment of shellfish, in itself a natural feature
of shellfish populations (Beukema, 1982; Beukema et al., 1993; Dare et al., 2004).
Detailed descriptions of the development of the conflict from the point of view of
the social sciences are given by Steins (1999) and Verbeeten (1999). A detailed
ecological documentation for the Balgzand area is provided by Beukema (1993) and
Beukema & Cadée (1996) and for the area around Griend by Piersma & Koolhaas
(1997) and Piersma et al. (2001). Especially the disappearance of the intertidal mussel
beds made an impression on scientists. In the words of Beukema (1993): ‘Large
mussel beds disappeared in areas where they had been present since time
immemorial. Mussels survived only on culture plots, on a few very small banks,
which were apparently overlooked (Dankers & de Vlas, 1992), and locally on dikes
(which were in some places illegally scraped for seed mussels)’. Damage to seagrass
beds was reported by de Jonge & de Jong (1992). In this period there was also a
noticeable increase in the mortality of common eiders, first properly documented by
                                                          
1 The notion that cockles or mussels can be overfished meets with scepticism. However, according to

Dare et al. (2004) overfishing is the most likely explanation for the disappearance of the intertidal
mussel beds in the Wash; see section 4.1.

2 There are also examples of oysters being intensively fished, or even overfished, without going
extinct. Culture of European flat oysters has a long tradition in the Dutch Delta area for instance.
Why some oyster populations are more susceptible to overfishing is not known, but could be related
to the substrate. According to de Vlas (pers. comm.) wild European flat oysters depended in the
Wadden Sea on banks of dead shells.
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Camphuysen et al. (2002), and to a lesser extent of oystercatchers (Camphuysen et al.,
1996). These mass mortalities among birds that depend on large cockles and mussels
gave rise to intense public debate.

In the Oosterschelde, fishermen and nature conservationists initially joined forces to
protect the area. Plans to close of the Oosterschelde estuary from the sea by a dam
for coastal protection and to create fresh water lakes for agriculture provoked
discussions and resistance in society. After large scale concerted protests of
fishermen together with nature conservationists the plan changed dramatically in the
course of the 1970s and eventually the tidal system was maintained by the
construction of a storm surge barrier in the mouth of the Oosterschelde by 1987
(Nienhuis & Smaal, 1994). Conservation of tidal ecosystems for both natural values
and fishery is now the main policy aim of the Oosterschelde.

1.2 The sea and coastal fishery policy introduced in 1993

The Ministry of Agriculture, Nature and Fisheries had already closed areas to fishing
on several occasions since the end of the eighties to protect the benthic fauna and
the bird populations. The Sea and Coastal Fisheries Policy Document was published
in 1993 and has since formed the basis for fisheries policy (LNV, 1993b). The policy
applies to the Wadden Sea and the Oosterschelde and rests on three keystones:
closed areas, food reservation and co-management:
1. Permanently closed areas are aimed at nature management and restoration of

important habitats, monitoring and research. When selecting these areas account
was taken of the location of seagrass fields. In the Wadden Sea, where the mussel
beds had disappeared at the start of the 1990s, the aim is to re-establish 2000 to
4000 hectares of stable mussel beds. For this purpose additional areas have been
temporarily closed to fisheries in 1999. The various closed areas are depicted in
Figure 1 for the Oosterschelde and in Figure 2 for the Wadden Sea. For seagrass
beds the aim is not a fixed target, but maximal restoration.

2. The policy of food reservation is aimed at maintaining numbers of birds feeding
on shellfish at the level of the nineteen eighties. Since shellfish fishing is
restricted or suspended when the shellfish stocks are in danger of excessive
decline, this policy must prevent extra food shortages for wild birds in the lean
years.

3. In the case of co-management the government delegates a part of its
responsibility for the implementation of policy to the fisheries sector. For this
purpose the government and the fisheries sector have entered into binding
agreements concerning the management of the shellfish stocks in the open areas.
Under co-management the fisheries sector is self-regulating in terms of
enforcement and penalties. The sector draws up fishing plans, which require
among other things that existing seagrass beds must never be fished, that mussel
beds must never be fished by cockle fishermen and that the intertidal mussel
beds can only be fished by mussel fishermen under very specific conditions.
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The scientific basis for the targets and reference values with regard to shellfish
fishery in the Sea and Coastal Fisheries Policy is not specified in the policy document
itself, or in later policy documents. The calculations underlying the policy of food
reservation are to be found in an unpublished document of the ministry (LNV,
1993a); see Ens (2000). The target of 2000-4000 ha stable intertidal mussel beds for
the Dutch Wadden Sea is derived from the habitat map published by Dijkema et al.
(1989), which is based on aerial pictures taken in the late 1960s and 1970s; see also
(Dankers et al., 2003).

On the basis of an interim report in 1998 (LNV, 1998) and new observations in 1999
and 2000 it was decided to take additional measures in order to enhance the
restoration of mussel beds in the Wadden Sea and to improve the food availability
for eider ducks in the Wadden Sea and for oystercatchers in the Oosterschelde
estuary. Additional closure of 5% of the intertidal Wadden Sea area for cockle fishery
(and 10% for mussel fishery) aimed at the development of mussel beds. The
observation was that mussel bed restoration was slow and on the basis of a habitat
model the areas with a relatively high potential were closed in 1999 for fishery. High
mortality of eider ducks in the winter 1999/2000 provoked discussion and further
analysis of food availability and other possible causes. On the basis of a review of
mortality factors and an evaluation of the policy of food reservation (van den Berk et
al., 2000; Ens, 2000) new measures were taken in order to prevent food shortage.
These included concerted reservation of different prey stocks and reservation of
subtidal food stocks (Table 1). For the Oosterschelde estuary a continuous decline of
oystercatchers provoked an interim analysis that showed potential food limitation,
also because most intertidal mussel stocks have disappeared due to changes in culture
practice (Bult et al., 2000). In 1999 a temporary food reservation measure was taken
by the ministry (threshold 5 million kg flesh), and in 2000 food reservation was set at
4.1 million kg (Table 1).

Apart from fishing for shellfish, the Sea and Coastal Fisheries Policy also applies to
fishing for demersal and pelagic fish and shrimp in Dutch coastal waters and the
North Sea. An evaluation of the entire policy was recently completed by van Geffen
et al. (2002). The following three main conclusions were drawn:
1. Measures to control quota and to prevent illegal landings have proven effective.
2. Management of commercial stocks has been little effective and has hardly

contributed to an improvement of the situation.3
3. Measures to develop nature values in the Wadden Sea were initiated, but the

effectiveness has proven limited.

                                                          
3 Close reading of the document suggests that this conclusion applies specifically to the fish stocks

and not to the shellfish stocks.
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Figure 1: Areas closed to cockle fishery and mussel fishery in the Oosterschelde. Areas that were only closed in
some of the years are not indicated. From Kamermans et al. (2003a).

Figure 2: Areas closed to cockle fishery and mussel fishery in the Wadden Sea. Closure of areas by SBB and
under article 17 took place in 1980. Most of the areas permanently closed in 1993 under the Sea and Coastal
Fisheries Policy (SN93) were last fished in 1990, including the areas closed by Natuurmonumenten. Some of the
areas closed in 1999 under the Sea and Coastal Fisheries Policy (SN99) were fished in 2002. From Kamermans
et al. (2003a)
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Table 1: Food reservation threshold in Wadden Sea and Oosterschelde in million kg flesh. For cockles the amount
applies to cockles aged 1 year or older and in densities of at least 50 cockles per m². Food reservation policy was
changed for the Oosterschelde in 1999 and 2000 and for the Wadden Sea in 2001. Since the last change there is
also food reservation in the subtidal areas of the Wadden Sea, but intertidal stocks of cockles and mussels are
exchangeable (*), as are sublittoral stocks of cockles, mussels and Spisula (**).

1993-
1998 1999 2000

2001-
2003

Wadden Sea tidal flats cockles 7.6 7.6 7.6 *
mussels 2.5 2.5 2.5 *
total 10.1 10.1 10.1 10.0

subtidal cockles 0 0 0 **
mussels 0 0 0 **
Spisula 0 0 0 **
total 0 0 0 8.6

Oosterschelde tidal flats cockles 2.04 5.0 4.1 4.1

1.3 Protection of the Wadden Sea and Oosterschelde

The political, management and legal context within which shellfish fishery has to be
weighed against nature conservation values is quite complex (LNV, 1998). Many
international treaties have been signed, like the Ramsar convention and the African
Eurasian Waterbird Agreement. Yet, there seems little doubt that the EU Birds
Directive and the EU Habitats Directive are legally the most binding. The areas that
fall under these directives are called Special Protection Areas (SPA's) and are
depicted in Figure 3. According to the directives, member states should take care that
the quality of the natural habitats and the habitats of species in the SPA should not
deteriorate and there should be no disturbing factors for the species for which the
SPA was designated. Human usage is allowed, but should not have significant
negative impacts on the habitats or the species. The problem is that there exists no
clear and simple operational definition of what constitutes a significant negative
impact. Furthermore, it appears that Dutch laws have not sufficiently incorporated
the legal framework of the directives (Goedhart, 1998). Recently, the Dutch Raad van
State has asked the European Court to clarify a number of issues with regard to the
EU Habitats Directive. The European Court has not made a final decision yet.
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Special Protection Areas

Source: EC-LNV

Bird Directive
Habitat Directive
Bird + Habitat
Directive

Figure 3: Areas in the Netherlands that fall under the EU-Birds directive, the EU-Habitats directive, or both.
Source: EC-LNV.

1.4 Translation of policy questions into research questions

From the outset, the new shellfish fisheries policy has been supported by research.
The evaluation research is intended to provide clarity concerning the nature and scale
of the impact of shellfish fishing on the nature values in the Wadden Sea and
Oosterschelde. It must take place against the background of ‘natural’ developments,
independent of shellfish fishery.

An initial evaluation was carried out in 1998 (LNV, 1998). The results provided
sufficient grounds for adjusting policy, but many questions remained unanswered. A
plan for further research was therefore drawn up in the same year: EVA II. The
policy questions formulated in the project plan (LNV & VW, 1999) were translated
into research questions (Ens et al., 2000a; Ens et al., 2000b). The development of this
plan involved not only the Ministry of Agriculture, Nature and Food Quality, but
also the Ministry of Transport, Public Works and Water Management and the main
nature conservation and fisheries organisations

The second evaluation research process began in 1999 and ran until 2004. The
scientific research under EVA II is intended to produce adequate data on the impact
of recent policy. This is required for decision-making on future shellfish fisheries
policy. Attention has been given not only to the objectives and measures of the
Structure Document and the impact of shellfish fishing, but also to the development
of the carrying capacity of the Oosterschelde and the Wadden Sea for shellfish and
shellfish-eating birds.
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The main policy questions for EVA II were:

1. What are acceptable effects of shellfish fishing on the benthic biotopes of
stable mussel beds, intertidal flats, cockle beds and seagrass fields? What are
acceptable effects on birds which feed on the shellfish and are dependent on
the biotope in the coastal waters?

This policy question gives rise to two concrete research questions:
a) How and to what extent do the different forms of shellfish fishing impact on the

important benthic biotopes?
b) How and to what extent does shellfish fishing affect the food supply of

oystercatchers and eider ducks, which feed on large shellfish, and other wild birds
which are dependent on these biotopes?

2. One measure currently in use is the closure of areas to fishing. The main
aim of this is to restore the most important benthic biotopes, specifically the
intertidal mussel beds and seagrass fields. Another existing policy measure is
that of food reservation. Have these measures produced the desired effect?

This gives rise to the following research questions:
a) Has the area of intertidal mussel beds been restored to the desired level? If not, is

that due to shellfish fishing, other human impact or natural factors?
b) Have the seagrass fields recovered to the maximum possible extent? If not, is

that due to shellfish fishing, other human impact or natural factors?
c) Are the methods previously used to calculate the food requirements of shellfish-

eating birds correct?
d) How do the observed numbers of birds compare with the target or reference

numbers?
e) How can any discrepancies in these numbers be explained?

3. Is the result of effects and measures such that the Netherlands meets its
international obligations under the EU Birds Directive and the EU Habitats
Directive? What can we learn from the evaluation of current policy and what
possible guarantees are there for the future?

Research questions:
a) Is the current food reservation policy sufficient to prevent shellfish fishing in the

long term having a detrimental effect on populations of shellfish-eating birds?
b) Are there indications that numbers of wading birds which do not feed on large

shellfish have increased or declined? And are any such developments the result of
shellfish fishing, of other human factors or of natural factors?

c) Are the effects of shellfish fishing ‘significant’ in terms of the Habitats Directive?
During the course of the investigations, the ministry of LNV decided that this
last question will be addressed in the follow-up to EVA II: experts will be asked
to judge if the new shellfishing policy complies with the EU directives.
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4. If it is established that shellfish fishing has had any adverse effects, what
additional measures could be taken to counter these effects?

It was decided by the ministry of LNV that this question should be addressed in the
follow-up to EVA II.

1.5 Research program and methods employed

The research program developed at the start of the project, provided only a rough
outline of the individual projects (Ens et al., 2000b). As it proved difficult, especially
at the start of the project, to find sufficient financial resources to carry out the entire
program, individual projects were prioritized and described in more detail, keeping in
mind the available budget. Project proposals of individual projects were submitted to
the steering committee EVA II for comments. Prioritization of individual projects
was also discussed in the steering committee.

Ideally, the effects of shellfish fishery should have been investigated on a strictly
experimental basis (Hall, 1999). It is well known how such impact studies should be
designed, e.g. Underwood (1996). For various reasons this proved impossible. It was
very clear that (1) fishermen have no interest in accepting closure of open areas as
part of an experiment4, (2) conservationists have no interest in accepting
experimental fishing in closed areas and (3) policy makers did not have the legal
means, or the political will, to close or open areas, just for the sake of science. Two
EVA II projects where it was nonetheless attempted to apply an experimental setup
attest to this. A detailed comparison of areas open and closed to cockle fishing
proved only possible on one location south of Ameland (Ens et al., 2004).
Furthermore, the selection of the closed area was not random, but based on the
suitability for the development of intertidal mussel beds. The only true experiment
was a test of the so-called ‘Jan-Louw hypothesis’, which states that fishing of
unstable beds of seed mussels may help to stabilize these beds (Smaal et al., 2003).
Conservation organizations fought the permit for the experiment, thereby delaying
the onset of the experiment by a week, but lost the case in court.

Most of the research carried out as part of EVA II consisted of analysing and
combining data series collected for other reasons. Comparison of areas open and
closed for fishing served as a quasi experiment. Apart from statistical analysis of the
data, mathematical models were developed and employed to investigate causal
relationships. In several studies additional data were collected for the specific
purpose of EVA II. This included analysis of historical records of mussel beds from
fishermen and fishery inspectors (van Stralen, 2002), analysis of historical
photographs for the occurrence of mussel beds (Dankers et al., 2003), sampling the
sediment to obtain recent estimates of silt content (Zwarts et al., 2004), sampling
                                                          
4 When Hiddink discovered that his study plots were on a cockle bed that was about to be fished, he

asked the fishermen not to fish his study plots, which they did. This then became an unintended
experiment, giving (Hiddink 2003) the opportunity to study the effect of cockle fishing in a more or
less experimental setup.
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benthic invertebrates on fished and unfished cockle beds (Leopold et al., 2003a),
measuring sediment, benthic fauna and bird densities in a fished and unfished
control site (Ens et al., 2004), measuring cockle abundance in autumn to check the
extrapolation procedure from the spring survey (Kamermans et al., 2003b) and
experiments on the food choice of common eiders (Ens & Kats, 2004). Below, we
will provide a short description of the various data sets and models and give the
references to more detailed accounts.

1.5.1 Abiotic information

Data for weather variables were obtained from the KNMI. Data on height, average
exposure time, orbital speed at a given wind direction etc, including daily
measurements of high tide and low tide at various stations, were obtained from the
RIKZ. Most of these data were provided as GIS maps, where some interpolation
procedure was used to arrive at a map covering the entire area. For the sediment
composition of the top layer of the intertidal flats in the Wadden Sea, Zwarts
digitized a huge number of sample data and requested additional samples from areas
poorly covered. He subsequently constructed calibration curves to correct for the
many different ways in which these sediment samples had been analyzed (Zwarts et
al., 2004).

1.5.2 Black box data and shellfish landings

Shellfish landings were obtained from Productschap Vis. Data for landings of
consumption sized mussels are available from 1936 onwards (Dijkema, 1997; Smaal
& Lucas, 2000). Catches of mussel seed must be registered since 1991 (Bult et al.,
2003a). For the years 1984-1990 Dankers obtained estimates of the mussel seed
catches from questionnaires filled in by the fishermen (Dankers & Zuidema, 1995;
Dankers et al., 2003). No systematic data are available on the transport of mussels
between culture lots, but civil servants from the ministry of LNV have monitored the
mussels stocks on culture lots on a regular basis since 1982. These data were digitized
(Bult et al., 2003b).

Data for cockle landings are available from 1949 onwards, although for some early
years data are missing (Dijkema, 1997). Detailed catch statistics of cockles harvested
by suction dredges are available from 1977 onwards (Kamermans et al., 2003c).
Information on cockles fished by hand gatherers is incomplete, but the landings are
small, compared to the landings of cockles obtained by suction dredging
(Kamermans et al., 2003c). Detailed information on the location of cockle catches is
obtained from questionnaires since 1992 (Kamermans et al., 2003c).

Since the early 1990s, cockle boats have been equipped with black boxes, which
monitor the location of the boats. During fishing, when the pumps are on, the exact
location of the boat is registered every minute. An independent organization, DCI
electronics, processes the data. Individual registrations were used in some projects,
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but more commonly, the area fished was calculated for squares of 2.11 ha. Details on
calculation procedures and data selection (so-called ‘false’ registrations were
excluded) are given by Kamermans et al. (2003c). A fished location consists of areas
touched one or more times by the dredge, and areas not touched at all (Figure 4).
Assuming that within an area fishing is randomly distributed the area actually
touched can be calculated from the black box data (Kamermans et al., 2003c). On the
one hand, pictures like Figure 4 suggest the assumption of fishing being randomly
distributed may well be true. On the other hand it is clear that the size of the area
matters (Kamermans et al., 2003c). When the area is large, only part of it may be
covered by cockle beds. As a result, fishing will be aggregated and not randomly
distributed, because only the cockle bed will be fished. Similarly, areas may become
so small that a single black box recording may represent an area that is larger than the
area under investigation. Despite these problems, the one case where the calculations
were validated with measurements on the number of cockles that disappeared due to
fishing, we observed a good fit (Figure 5).

touched

not touched

Figure 4: Aerial photograph of tracks left on the mud flats directly after suction dredging for cockles. Two humans
are visible at the top left. Arrows indicate an area touched several times by the dredge and an area not touched at
all. Photo by Jaap de Vlas.

On mussel boats, black boxes have been installed since 1996 (Kamermans et al.,
2003c). Contrary to cockle boats, mussel boats do not have a device whose activity
can be used to determine unambiguously whether the boat is fishing or not.
Consequently, the activity of the boat is determined from the sailing speed. It is
assumed that speeds between 1.3 and 7 miles per hour represent fishing. During
fishing the location of the boat is registered every 6 seconds. As yet, it has not been
attempted to gauge the area fished from these registrations.
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Figure 5: The measured decrease in cockle density (%) plotted against the decrease predicted (%) from the surface
fished as calculated from the black box data. Each dot relates to a study square of 50 by 50 m². From Ens et al.
(2004).

Some illegal fishing occurred during the study period, but it was assumed that the
magnitude was so small compared to the legal fishing for which data was available,
that it could be ignored in the analysis of the data.

1.5.3 Shellfish surveys

Since the early 1980s, the cockle fishermen have mapped the location of cockle beds
in early spring. These maps were digitized (Zwarts et al., 2004). The cockle bed areas
estimated from these maps compared favourably to the areas estimated on the basis
of the RIVO surveys, but small differences existed (Kamermans et al., 2003b). The
fishermen tended to underestimate the surface of cockle beds in permanently closed
areas by on average 25%.

RIVO has started extensive surveys of shellfish stocks since 1990 in Wadden Sea and
Oosterschelde and since 1992 in the Western Scheldt. A detailed description of the
methodology and an estimate of the precision of each of the sampling programs is
provided by Bult et al. (2003a) and Kamermans et al. (2003b). The results are
summarized in Figure 6. Precise estimates may still be biased. The cockle stocks in
September were extrapolated from the survey in May using a procedure developed by
van Stralen (1990). Whether this estimation procedure provided an unbiased estimate
of the September stock was tested by resampling selected areas in 1996, 1997, 2000,
2001 and 2002. It appears that the estimates were biased in some years, because
growth was overestimated, especially when the stock was high (Kamermans et al.,
2003b). As a result, the total stock was overestimated. On the basis of these findings,
a new extrapolation procedure was developed.
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To arrive at estimates of shellfish stocks before 1990, several methods were adopted.
Stocks of sublittoral mussels in the Wadden Sea were estimated from the landings of
consumption-sized mussels at the auction in Yerseke (Bult et al., 2003b). Stocks of
cockles in the Wadden Sea were estimated from an extrapolation of the stocks
measured on the Balgzand since the 1970s by Beukema (Beukema, 1974; Beukema,
1982; Beukema et al., 1993). The extrapolations before 1990 have been compared
with three surveys in the whole Wadden Sea during 1970 – 1974 and in 1977
(Beukema, 1976; Beukema et al., 1978), and in 1980 (de Vlas, 1982). During these
years, an extrapolation of the Balgzand data fitted rather well with the cockle stocks
in the western Wadden Sea and the whole Wadden Sea. When the extrapolation data
during the period 1990 – 2002 were compared to the comprehensive RIVO surveys
for the 1990s, there was a marked discrepancy during the years 1990-1995, so the
procedure before 1990 may have caused inaccuracies (Kamermans et al., 2003b).
Stocks of cockles for the Oosterschelde before 1990 were estimated from a variety of
sources, which could not be validated (Bult et al., 2000; Bult & Kesteloo, 2001; Kater
& Baars, 2002).

Figure 6: Estimated precision of the various shellfish stock estimates derived from the RIVO surveys. Depicted are
the average 95% confidence limits based on a permutation test with the original sampling data. From Bult et al.
(2003a).

1.5.4 Bird numbers and bird mortality

Common eiders are most efficiently counted from an airplane. The first count
covering the entire Wadden Sea, where most common eiders winter as a rule, dates
from 1967. Data on counts between 1967 and 1992 were taken from the literature
(Ens & Kats, 2004). Since 1993 midwinter counts are performed on an annual basis
by the RIKZ (Berrevoets & Arts, 2003). In recent years, additional counts have been
performed by Alterra (de Jong et al., 2002; de Jong et al., 2003).

Oystercatchers (and other waterbirds) are counted during high tide on a monthly
basis in the Delta area, including the Oosterschelde, since 1989 as part of MWTL by
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the RIKZ (Berrevoets et al., 2003). Older counts, which are available from 1978
onwards, have been analyzed as part of EVA II, after correcting for missing counts
through imputing (Rappoldt et al., 2003b). Compared to the Delta area, the frequency
of counts in the Wadden Sea covering the entire area has been decidedly lower, on
average three times a year (Meltofte et al., 1994; van Roomen et al., 2003).

The longest uninterrupted counting series for the Wadden Sea (from 1973/1974
onwards) is available for the month of January. A logical choice is therefore to
restrict analyses of bird numbers to this month (Leopold et al., 2003b; Verhulst et al.,
2004). However, January counts have a problem due to ice winters. When the mud
flats become covered with ice during a sufficiently long period of frost, a large
number of oystercatchers may leave the Wadden Sea to winter elsewhere (Hulscher,
1989; Hulscher et al., 1996; Camphuysen et al., 1996). During the past century, such
hard-weather movements from the Dutch Wadden Sea have occurred in at least 10
of 92 years (Hulscher et al., 1996). Very low counts of oystercatchers in the winters of
1986/87 and 1996/97 are due to hard-weather movement and not to a change in the
number of oystercatchers that arrived in autumn to spend the winter in the area. One
solution is to include integral counts for other months in the imputing exercise. To
the 29 integral counts for January, 33 counts during other months in the period
August-December can be included (Leopold et al., 2003b). This provides only a
partial solution. For the winter of 1996/97 there were additional counts in August
and December, so the new estimate is clearly higher. However, for the winter of
1986/87 only the January count is available, so the procedure makes no difference.

Apart from integral counts of the whole Dutch Wadden Sea, there are many sites
throughout the Wadden Sea that are counted on a much more regular basis. These
counts can also be included in the imputing to yield an estimate of the number of
oystercatchers in each site in each month. For the studies of Leopold et al. (2003b)
and Rappoldt et al. (2003a) counting data of individual counting sites were first
clustered into larger areas and then imputing was done for these larger cluster areas.
More recently, SOVON has performed imputing directly on the individual counting
sites, without first clustering these sites into larger areas (van Roomen & van
Winden, pers. comm.). Including the counts of sites counted more regularly leads to
estimated numbers that vary smoothly over the years. Such gradual changes in
numbers are what one would expect for a long-lived species like the oystercatcher.
We therefore conclude that imputing using all counts offers the best estimate of the
number of oystercatchers deciding to spend the winter in the Dutch Wadden Sea.
The precise estimate of the total number depends on the details of the imputing and
this requires further study.

A distinction was made between areas open for fishing, areas closed for shellfish
fishing and areas that could not be classified (Figure 7). Since bird counts take place
during high tide, the assignment to the low tide feeding areas had to be based on
expert judgement and is open to further improvement. Especially for species that
travel long distances to reach the feeding grounds, errors are likely.
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Mortality of common eiders and oystercatchers was inferred from beached bird
surveys (Camphuysen et al., 2002). Imputing was employed to estimate the total
number of dead birds per month per subarea; see Rappoldt et al. (2003a) for
oystercatchers and Ens & Kats (2004) for common eiders. For the Oosterschelde the
extensive ringing data on oystercatchers were analysed to estimate annual local
survival (Rappoldt et al., 2003c).

Closed in 1993

Mixed

Open

Not relevant

Sub-areas
Closed ‘99
Closed ’93

Figure 7: Intertidal areas corresponding to the main counting transects of SOVON. Indicated with a red dot are
areas that have largely been permanently closed since 1993 (most of these areas were last fished in 1990). Indicated
with a green dot are areas which have largely been open to shellfish fishery during the entire period. Indicated with a
blue dot are mixed areas: some contain areas that were closed to fishing in 1999, while others contain a few patches
permanently closed since 1993. Areas without a dot and indicated with a contour only, were not considered in the
analysis. From Leopold et al. (2003b).

1.5.5 Prey choice of birds

The literature was surveyed to arrive at a classification of the prey choice of the birds
feeding on the intertidal flats (Leopold et al., 2003b). This allowed birds to be
classified as mainly feeding on bivalves, worms or ‘other prey’, i.e. fish, crustaceans,
gastropods etc. (Figure 8). Birds feeding on a combination of bivalves, worms and
other prey were classified as having a mixed diet.

For the two species feeding on large bivalves, the common eider and the
oystercatcher, the literature was also surveyed for information on factors affecting
the profitability of the prey, like shell size, shell thickness etc. (Bult et al., 2003a). The
prey choice of oystercatchers has often been studied; see e.g. the review by Zwarts et
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al. (1996b) and relevant chapters in Goss-Custard (1996), but much less is known for
the common eider (Leopold et al., 2001). Studies of captive common eiders were
undertaken to improve the knowledge of the prey choice of this species (Ens & Kats,
2004).

Figure 8: The diet of bird species studied is summarized in this triangle. For each species the diet is indicated as a
single dot in the plane. The distance to each of the corners of the triangle indicates the relative importance in the diet
of respectively bivalves (top), worms (bottom left) and other prey, like crustaceans, fish etc. (bottom right). The
smaller the distance, i.e. the closer the dot is to the corner, the greater the relative importance of the particular group
of prey. From Leopold et al. (2003b).

1.5.6 Modelling the prey choice and energy budget of common eiders

To gain a better understanding of the prey choice and energy budget of common
eiders, a model was developed which integrated the published information on this
species (Brinkman et al., 2003b). The model constructs for a diving cycle the heat
budget and the energy budget, including all relevant processes: food processing,
diving, heating the prey, crushing the shell, heat losses during diving and resting and
heat production as a result of muscular activity. The model calculates how many
dives are needed to maintain energy balance. The model assumes that only a single
prey item is taken during a dive. This assumption is probably wrong, but due to the
high costs of crushing the shells (Nehls, 1995), compared to the cost of diving, it is
assumed that the effect on the energy budget calculated by the model is small (Ens &
Kats, 2004). The model was not validated with new measurements on the energy
budget of the common eiders, as such measurements were not part of the EVA II
research program. We used the model to calculate the profitability in terms of energy
of different prey species and prey sizes and the associated daily energy budget.
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In the absence of any quantitative information on the relationship between intake
rate and prey density, nor for that matter on interference among feeding eiders, the
generalized functional response (van der Meer & Ens, 1997) could not be modelled.
Thus, it was not possible to construct a model predicting how a given number of
eider ducks would distribute themselves over a given food supply and how they
would subsequently deplete the prey.

1.5.7 Modelling the distribution and energy stress of oystercatchers

The Wader Energy Balance and Tidal Cycle Simulator WEBTICS model simulates
the food uptake of oystercatchers and a distribution of the birds over exposed parts
of tidal areas (Rappoldt et al., 2003d). The mud flats are described on input as a
number of spots which have a position, height and surface area. Spots may contain
prey items characterized by type, weight and density. The program simulates tidal
cycles and calculates the fraction of time the average and ideal bird has to spend
feeding in order to meet its energy requirements (Figure 9). These foraging intensities
are combined into a stress index for the winter. Besides historical data on weather,
prey distribution, tides and fishing, there are bird and prey parameters on foraging,
prey growth and energy conversion.
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Figure 9: The foraging intensity is the fraction of available foraging time which the birds need to meet their food
requirements. The graph shows simulated foraging intensities for area AMS (The Wadden Sea south of Ameland
and Schiermonnikoog) in the course of the season. The intensities for the winter 1990-1991 are summarized by a
stress index value of 0.42. The intensities calculated for the winter 1993-1994 lead to a stress index value of
0.25. After Rappoldt et al. (2003a).

Parameter estimates for the model were obtained from the extensive literature on the
feeding ecology of the oystercatcher, e.g. Goss-Custard (1996) and Blomert et al.
(1996). We included explicit equations of the functional response for cockles,
mussels and Baltic tellins. Mussels and cockles are the two most important prey items
during winter (Zwarts et al., 1996b) and Baltic tellin is the only non-commercial
shellfish species for which the RIVO surveys deliver a complete data set (Bult et al.,
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2003a). The survey data on cockles and Baltic tellins could be matched easily to our
equations on the functional response. This was not the case for mussels, where data
were provided in a different format . In addition, the format for the Wadden Sea
differed from the format for the Oosterschelde. As a result, our formulation in
WEBTICS of the functional response of oystercatchers feeding on mussels leaves
much to be desired. Since littoral mussels stocks were low in both the Oosterschelde
and the Wadden Sea during the years for which we ran model simulations (1990-
2001), the resulting error in the estimate of the ecological food requirement (see
chapter 5) for oystercatchers feeding on cockles, will have been small. However, we
could not use the model to estimate the ecological food requirement of
oystercatchers feeding on mussels in a situation without cockles.

A small fraction of the diet during low tide was assumed to consist of other prey, like
Mya arenaria and spat of cockles. It is known that cockle spat are marginal prey and
intake rate of oystercatchers feeding on cockle spat is low, even when densities are
very high (Zwarts et al., 1996b); see also Figure 2.8 in Bult et al. (2003a).
Oystercatchers are most likely to feed on marginal prey like cockle spat, when they
are stressed for food. Furthermore, the RIVO surveys are in May when settlement of
spat has not occurred yet. Thus, the policy of food reservation does not include
cockle spat. For these reasons we did not attempt to estimate the density of cockle
spat in year t from the density of first-year cockles in year t+1. This is not to say that
efforts attempting to estimate the contribution of cockle spat to the diet are futile.
On the contrary, gaining such estimates might increase our understanding of how
oystercatchers survive (or do not survive) in years of food scarcity. Other marginal
prey oystercatchers can feed on are earthworms and tipulids in the fields. This was
included in the model as a fixed low intake rate the birds could achieve during high
tide, except when the fields were frozen during a frost period.

The model was partially validated by comparing the cockle stocks calculated to
remain at the end of winter, to the cockle stocks actually observed during the survey
the next season for both the Oosterschelde (Rappoldt et al., 2003b) and the Wadden
Sea (Rappoldt et al., 2003a). The results of these validations were encouraging as can
be seen from Figure 10.
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Figure 10: Cockle stock in spring (ton fresh weight) according to the RIVO-surveys, plotted against the cockle
stock remaining at the end of winter according to the calculations with WEBTICS for (a) the Oosterschelde
(Rappoldt et al., 2003b) and (b) the Wadden Sea (Rappoldt et al., 2003a).

1.5.8 Modelling cycling of nutrients in the western Wadden Sea

An exhaustive description of the EcoWasp model is provided by Brinkman & Smit
(1993) and Brinkman (1993). The application for the EVA-II project is reported by
Brinkman & Smaal (2003). Here we provide a brief outline. In EcoWasp, the western
part of the Dutch Wadden Sea is divided into a number of compartments. Each
compartment has a littoral, a sublittoral and a deep water part, each including
sediment. External input from Lake IJssel, internal exchange between compartments
and exchange with the open North Sea is described, all in terms of flows and
concentrations of matter. In each compartment primary and secondary production,
and degradation of organic mater is described, as is the exchange of matter between
air and water and between water and sediment.

In the model, among other components, phosphate, nitrate, ammonium and silicate
are described as dissolved components. For algae, a distinction is made between
pelagic diatoms, non-diatoms and benthic diatoms. Detritus consists of several
components, defined through their composition and breakdown rates. As fauna
species, filter feeders (mussels) are implemented to represent all filter feeding
shellfish (thus including cockles). Mussels thus serve as model organism in this case,
and all results have to be seen in terms of mussel equivalents. Four age classes are
distinguished, from the larval phase to the adult phase. Animals grow as a result of
food uptake, and their numbers decrease as a result of mortality. The description of
mortality is kept simple. The mortality rate constant is an allometric function of
individual mussel mass in such a way that small mussels show a higher mortality rate
constant than large mussels. Under poor food conditions, mussel numbers decrease
faster than under rich conditions. Mortality is independent of other processes like
fishery and reflects average conditions. In addition, mortality lumps ‘normal’
predatory activities of other animals with ‘normal’ weather conditions.
Implementation of special predation mechanisms in the model, like birds for
instance, would require additional mortality parameters.
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In the sediment, several layers are distinguished, and exchange with the overlying
water of dissolved components is computed following a zero- or first-order
diffusion-reaction equation. Adsorption of phosphate and silicate onto sediment is
part of the description. Sedimentation and biogenic deposition is steering the
downward flow of solids, and resuspension of solids is wind-driven. An overview is
given in Figure 11. The implementation of mussel sizes and numbers is crucial for
the simulation.
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Figure 11: Overview of the EcoWasp ecosystem model. ‘P’ stands for all kinds of nutrients. All processes run in
every compartment, and also in the sediment, if relevant. From Brinkman  & Smaal (2003).

As a result of its construction, EcoWasp neither assumes a priori limitation of
nutrients nor of light on primary production. Instead, the model uses Monod-
equations to test each time step which nutrient is most limiting, and also what the
light-limitation factor is according to a Smith-equation. For more details see
Brinkman & Smaal (2003).

In order to assure that the model response indeed was a result of the external
conditions, the model was run 14 years using the conditions for the first simulation
year (1976) only. The results at the end have been used as starting conditions for the
whole simulation, and by this, unsteady state problems at the start of the simulation
were avoided as much as possible.

Since neither mechanisms leading to a very weak recruitment, nor processes causing
high mortality of shellfish, like fisheries, storms, or ice winters, were an integral part
of the model, the model computed maximum possible shellfish stocks. In order to
simulate some sort of extraction, the model was also run with artificially low levels of
shellfish. At a chosen date in each year, the shellfish stock in the model was reduced
to a predetermined level. By doing this, grazing on phytoplankton was reduced, and
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higher phytoplankton biomasses were found. According to the model, this may result
in a 2 to 3 fold increase in phytoplankton content.

1.5.9 Comparing areas open and closed for fishing

1.5.9.1 Selection and size of closed areas in the Wadden Sea

Most of the areas that were permanently closed in 1993 under the Sea and Coastal
Fisheries Policy, were last fished for cockles and mussels in 1990, when nearly the
entire Wadden Sea was open for fishery. The areas were selected on the basis of the
following criteria:
1. The use of tidal flats for long-term research and monitoring. This criterion led to

the closure of the Balgzand-Breehorn area, the Piet Scheveplaat and a proposal to
close the east part of the Andelbulten.

2. The presence of seagrasses (Zostera marina and/or Zostera noltii). This led to the
closure of the flats south of Terschelling, the Hond and Paap and to the proposal
to close the east part of the Andelbulten.

3. The point of view that at least one complete tidal basin or one complete
watershed area between two tidal inlets should be protected, as an undisturbed
reference area for nature protection.

4. A relatively virgin state of this larger area, as is should serve as reference area in
the sense of the international Wadden Sea cooperation, as agreed upon in one of
the preceding trilateral Minister’s conferences on the Wadden Sea. In combination
with criterion 3, this lead to the selection of the tidal flats between the islands
Rottumeroog and Rottumerplaat and the mainland coast. That area was
considered as the most natural and untouched part of the whole Dutch Wadden
Sea. A seagrass location was included in this area.

5. The closed areas should be bordered, as far as possible, by shipping lanes or larger
gullies for easy recognition and control.

6. The closed areas should have a good distribution over the Wadden Sea.
7. The closed areas should contain a percentage of the potential shellfish stock that

was proportional to the surface. For cockles, maps with cockle beds present in the
preceding years were used. About 23% of the cockle beds had been present in the
selected areas, which was judged a satisfactory match with a closure of 26%.
About 28% of the mussel beds, as marked on the habitat maps for the Wadden
Sea (Dijkema et al., 1989) was present in the closed areas, which was also
considered a satisfactory match.

It proved difficult to combine criterion 6 with the others. Selection of the tidal flats
south of Schiermonnikoog and Simonszand (instead of Rottumerplaat / Rottumer-
oog) could have given a more even distribution over the total area, but the
Schiermonnikoog area showed a very poor cockle stock in the preceding years,
contained no seagrass and was far from untouched after the closure of the bordering
Lauwerszee in 1970. But this part of the Wadden Sea was considered suitable for an
extra closure in 1998 or 2003 (LNV, 1993b).
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The total size of the closed areas was a political choice between the nature protection
goals for the Wadden Sea on the one side and the social and economic benefits on
the other. Another 14% was designated as potential additional closure area after 5
years (LNV, 1993b).

Earlier proposals exceeding 26%, were not put forward because they were
considered unrealistic by the Ministry of Agriculture, Nature Conservation and
Fishery. This taxation proved to be correct: the proposed 26% got barely enough
support from the Dutch parliament.

As it happened, the intended 26% was not realised because the eastern half of the
Andelbulten (criteria 1 and 2) was forgotten on the map with closed areas, but two
very small areas near Texel and Griend, together less than 1% of the tidal flats in the
Dutch Wadden Sea, owned by a nature conservation body (‘Natuurmonumenten’),
were closed as well. The end result was that 26% was permanently closed.

The additional closure of 14% of the tidal flats, south of Schiermonnikoog and
Simonszand (LNV, 1993b), has never been carried out. Instead, in 1999, an
additional surface of 5% of the Wadden Sea, spread over several locations, was
closed for the cockle fishery (and 10% for the mussel fishery). These locations were
chosen because of their high potential for the development of mussel beds, and were
part of the measures that were taken to restore 2000 to 4000 ha of mussel beds. In
2002 part of the 5% area was opened for cockle fishery.

1.5.9.2 Comparability of open and closed areas in the Wadden Sea.

The selection of closed areas depended partly on the presence of seagrass. That
criterion led to the choice of the area south of Terschelling, instead of one of the
other islands, and of incorporation of the Hond en Paap in the Ems estuary. The
area south of Terschelling fitted well in another criterion: the good distribution of the
closed areas over the Dutch Wadden Sea. The incorporation of the monitoring plots,
which were chosen to represent different parts of the Wadden Sea, was favourable
for the selection of more or less ‘normal’ and representative areas. The check on the
presence of cockle and mussel beds was important for the stakeholders involved, but
at the same time indicated a good representativeness of the closed areas.

Although the selection process assured that shellfish stocks did not differ between
areas that were permanently closed in 1993 and areas that remained open, a proper
experimental treatment would have required a random allocation to the treatment
‘open’ or ‘closed’. Lacking a truly experimental design, treating the open and closed
areas as an experiment was the next best option. Leopold et al. (2003a) reviewed the
evidence for systematic differences between open and closed areas. No such
evidence was found, leading Leopold et al. (2003a) to the conclusion that comparing
open and closed areas was justified. Table 2 summarizes the quantitative information
that is available. The most important comparison is that between the areas
permanently closed since 1993 (many of which were last fished in 1990) and the
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other areas. Before closure, there were no differences in the silt content and the
benthic biomass density. Cockle beds were slightly less common, whereas mussel
beds were slightly more common than expected on the basis of relative area. There
was no difference in the presence of habitat suitable for the development of mussel
beds. However, according to Zwarts et al. (2004), the areas permanently closed in
1993 were on average 14 cm higher than the rest. This difference is related to the
locations of the closed areas. Tidal flats near mainland and island coasts (the closed
areas Balgzand, Terschelling, Texel) are higher than most flats in the middle of the
Wadden Sea. Tidal flats in areas with larger tidal ranges in the eastern part of the
Dutch Wadden Sea (the closed areas between Rottumeroog and Rottumerplaat and
the Hond-Paap area) have higher levels too (Hoeksema et al., 2004). Also, during the
1980s, the density of oystercatchers was higher in the areas that were closed in 1993,
compared to the rest (Table 2). Perhaps, oystercatcher densities were higher due to
the longer exposure time and/or the slightly greater presence of mussel beds. Other
factors that might play a role are the presence of safe roosting sites, distance to the
roost and possibilities to feed in the fields during high tide. Such factors can make
mud flat areas that are similar with regard to food supply, dissimilar from the point
of view of the oystercatcher.

Thus, on most accounts, the open and closed areas were comparable before closure.
Various means were adopted to correct for specific habitat differences. Zwarts et al.
(2004) made a pairwise comparison of closed areas adjacent to comparable open
areas. In many other studies, sediment composition and height were included as
variables correcting for habitat differences in comparisons of open and closed areas,
e.g. Kamermans et al. (2003a) and Leopold et al. (2003a).

In 1999, an extra set of closed areas was chosen in an attempt to speed up the slow
recovery of the stable mussel beds. The selected areas had the right combination of
abiotic conditions to make them especially suitable for the establishment of mussel
beds (Brinkman & van Stralen, 1999). Indeed, they contained a disproportionate
amount of mussel bed area in the 1970s (Table 2). Although their share of cockle
beds was as expected in the 1980s, they proved to be very rich in cockles in the
1990s (Kamermans et al., 2003a), and were probably relatively rich in other benthic
fauna as well. So these newly closed areas were clearly different from other areas in
the Wadden Sea. As such, they presented a problem in our analyses comparing open
and closed areas, e.g. Leopold et al. (2003a).

The overall conclusion is that open and closed areas that were selected in 1993 can
be used for comparisons for most parameters in order to evaluate fishery impacts5.
                                                          
5 The exact timing of the closure is important for statistical analyses. Maps of the closures in each year

are provided by Kamermans et al. (2003a). The closed area around Rottumeroog, Rottumerplaat and
Hond/Paap was already closed in the years 1988 and 1989. In 1990 LNV attempted to close the
western part of the Wadden Sea, but was overruled by the Raad van State. Thus, the entire Wadden
Sea was open to fishery in 1990. In 1991 the entire Wadden Sea was closed. In 1992 nearly all of the
areas permanently closed in 1993 were closed, as well as some additional areas. Since the RIVO
survey takes place in spring and fishery in autumn, the years 1990, 1991 and 1992 are our best
estimates of the situation before closure. The estimates are not perfect, because a sizable part of the
areas permanently closed in 1993, was already closed in 1988 and 1989.
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Additional corrections for sediment and height enable comparisons in case of more
specific questions. The closed areas that were selected in 1999 are not suitable for
comparisons.
Table 2: Quantitative information on areas that were closed to shellfish fishery in 1993 (SN93), 1999 (SN99)
and remained open, prior to the closure period in the 1990s. Areas closed by Staatsbosbeheer (SBB) and
Natuurmonumenten (NM) before 1993 are lumped with the areas closed in 1993 and labelled SN93. For areas
of intertidal flats, cockle beds, mussel beds and good mussel habitat (top 10%), the percentage area in each category
is indicated. For oystercatchers calculated densities for closed areas are listed under SN93 and calculated densities
for mix and open areas are listed under SN99+open.

period SN93
SN99
+open SN99 open Source

area intertidal flats 26% 74% 5% 69% This study
cockle bed area 1980s 23% 77% 6% 71% (Kamermans et al., 2003a)
mussel bed area 1970s 28% 72% 12% 58% (Dijkema et al., 1989)

area good mussel habitat 25% 75%
(Leopold et al., 2003a) using
(Brinkman & Bult, 2003)

silt content (%) 1950s 2.44 2.49 (Zwarts et al., 2004)
Benthic biomass (gram
AFDW/m²) 1970s 13.1 13.4

(Leopold et al., 2003a) using
(Beukema, 1976)

Density oystercatchers
(birds/ha) 1980s 2.5 1.6 This study

1.5.9.3 Closed areas in the Oosterschelde

The aim of the closed areas in the Oosterschelde was nature protection, but cockle
fishery should not be disadvantaged too much. Two areas were selected for
permanent closure, together covering about 15% of the Oosterschelde tidal flat
surface. It was considered that at least one of these areas should contain marketable
cockles. For this purpose, a small area on the west side of the Roggenplaat tidal flat
in the mouth of the Oosterschelde was selected. The other closed area (the
Noordtak) is relatively large, with gullies and tidal flats but with relatively slow cockle
growth. The presence of sea grass was not used as argument for the permanently
closed areas; known seagrass sites were inspected each year before the fishing season
and closed for fishery when seagrass was present. Apart from these permanently
closed areas, there were also areas that were closed in some years, but not in other
years (Kamermans et al., 2003a).


