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9 Synopsis

9.1 Research questions and answers

In chapter 1 the policy questions were translated into research questions. In this
chapter we first repeat the research question (underlined) and then give our answer.

1a. How and to what extent do the different forms of shellfish fishing impact on the
important benthic biotopes?

Cockle fishery on intertidal flats – direct impacts. Cockle fishery by suction
dredging removes cockles of one or more years old. In the Wadden Sea, a good
spatfall of cockles occurs on average once every six years. During the past ten years,
on average 25% of the surface of the cockle beds in the open areas was touched by a
cockle dredge each year. More than half of the surface of the beds in the open areas
was fished each year, where fished means that at least 2% of the area was actually
touched by the cockle dredge. As a result, a larger proportion of the biomass of
mature cockles was to be found in the areas closed for shellfish fishing. Suction
dredging has a direct negative impact on mussel beds and seagrass beds, when fishing
occurs in these habitats. However, fishing plans effectively exclude mussel beds and
seagrass beds from cockle fishing, except for one newly established seagrass bed
along the Groningen coast, which disappeared after having been fished for several
years. Cockle fishery leads to considerable mortality of non-target benthic fauna in
the top layer of the sediment on the fished bed, running into dozens of percent and
also removes dispersed mussels. Suction dredging also leads to a decrease in the silt
content of the top layer of the sediment in the short term.

Cockle fishery on intertidal flats – indirect effects. There are also indications for
a long-term effect of cockle fishery on the sediment. Since cockles capture silt
through their pseudofaeces, the long-term effect is probably a consequence of the
systematic decrease in cockle stock as a result of cockle fishing. There are no
indications that suction dredging reduces the prospects of re-establishment of
seagrass beds, but systematic research is lacking. At the scale of the Wadden Sea
there is no evidence for a decrease in the recruitment of mussels as a result of cockle
fishing, despite the fact that such evidence does exist at small spatial scales. Less
cockle spat developed in the open areas than in the closed areas. However, the
difference has disappeared since 2000 and recruitment was even slightly higher in the
open areas during the last three years. A possible explanation is a negative effect of
high cockle densities on recruitment and the fact that high densities of cockles
occurred in the areas closed for fishing. In our study on cockle beds throughout the
Wadden Sea, several worm species declined in response to cockle fishery, with the
exception of Nereis diversicolor, which increased in areas that were intensively fished. In
a study in the western Wadden Sea, a more general shift towards worms was
observed.
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Mussel fishery on intertidal flats. Mussel beds enrich the surrounding sediment, so
the biological loss that results from removal of a mussel bed is greater than the loss
of the mussel bed itself. Mussel fishery on stable mussel beds may lead to a long-
term decrease in the coverage of such mussel beds, as was demonstrated in the
Wash. In order to restore mussel bed areas the Sea and Coastal Fisheries Policy does
not allow mussel fishery on stable mussel beds in intertidal areas. Large scale
recruitment of mussels in the intertidal areas occurred on average once every 4 years
over the past 50 years. Successful recruitment is the primary condition for the
formation of new mussel beds area. Once established other factors become relevant.
In the Dutch Wadden Sea relatively unstable seed beds often disappear during winter
storms, and observations in lower Saxony suggest that high bird predation may also
lead to loss of seed beds. The combination of only some good spatfalls since 1990
and  considerable losses of young mussel beds led to a relatively slow recovery of the
mussel stocks. In the nineties, after the disappearance of the intertidal mussel beds, a
good spatfall occurred in part of the area in 1994, but most of these beds
disappeared during the subsequent winter and spring. In 1999 and particularly in
2001 large seed bed areas have established, and about 50% of these new beds
survived. At present, after 12 years almost without fishery, about 2100 ha of relatively
young, but more or less stable beds are present. A controlled fishing experiment on
newly established mussel seed beds showed a decrease in the coverage of such
mussel beds directly after fishing, but no evidence was found for either a positive or
a negative long-term effect on these beds in terms of coverage. The role of mussels
that disappeared naturally during winter was not studied, so it is not possible to make
a comparison with the yield of the mussels that were fished and transported to the
culture lots.

Mussel fishery and mussel culture in subtidal areas. The Sea and Coastal
Fisheries Policy does allow fishery on all mussel beds in the subtidal and this could
potentially explain why there are hardly any old mussel beds in the subtidal areas of
the Wadden Sea and Oosterschelde at present. By transporting mussels from areas
with high recruitment but poor growth, to areas with poor recruitment but high
growth, mussel culture increases the average standing stock of mussels, despite
subsequent harvest. A first attempt to calculate the overall effect of mussel culture on
the subtidal mussel stocks during the 1990s points to an increase of the total subtidal
stock in Dutch coastal waters by a factor 2. As a considerable part of seed mussels
and half-grown mussels is transplanted to the Oosterschelde, the net increase in the
Wadden Sea was tentatively estimated as ca. 15%. We did not observe effects of
sublittoral mussel fishing on mussel seed production and fishing for mussel seed
does occur in roughly the same areas year after year. However, fishery effects on
spatfall in subtidal areas cannot be excluded because available data for analyses of
fishery effects on spatfall are limited, and comparison with reference areas is not
possible. We did not study effects of sublittoral mussel fishing on epibenthic species.
A more detailed and quantitative assessment of the total effect of mussel farming and
fishing on biodiversity in the Dutch Wadden Sea is difficult to make because
comparative information from untouched mussel beds, fished beds and culture
locations are missing.
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1b. 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?

Cockle fishery. Cockle fishery reduces the food stock of oystercatchers. On the
basis of model calculations, it is estimated that this direct effect of cockle fishery
amounts to a decrease of the carrying capacity of Wadden Sea and Oosterschelde for
oystercatchers with a number in the order 15000 and 3300 birds respectively, during
the evaluation period. These model calculations do not take cumulative effects of
cockle fishery on stock sizes, recruitment and age distribution of cockles into
account. At present, there is no evidence that cockle fishery has had a negative
impact on common eiders, which may be due to the fact that cockles are not a
preferred prey for common eiders as a result of their thick shells. Cockle fishery may
influence the food supply of knots through its influence on stocks of small shellfish.
There are indications that the quality of cockles in fished areas is reduced. It is
possible that cockle fishery favours some worm species that are an important food
source for birds feeding on worms.

Mussel fishery. The primary reason for the decline in the number of oystercatchers
wintering in the Wadden Sea from 260000 to 175000 is the disappearance of the
intertidal mussel beds. This disappearance was caused by mussel fishery in
combination with recruitment failure and possibly winter storms. The number of
common eiders which winter in and around the Wadden Sea have also decreased.
Under the assumption that mussel fishery does not impact recruitment of mussels in
the subtidal, mussel culture has, on average, improved the food supply of common
eiders during the evaluation period. However, scarcity of sublittoral mussel seed and
the lack of mussel seed fishery from intertidal seed stocks resulted in low stocks of
mussels on culture plots in a number of years. As a consequence, common eiders
have experienced several years with mass mortality related to low stocks of sublittoral
mussels. Fluctuations in shellfish stocks are a natural phenomenon. However, due to
lack of data, it cannot be excluded that during years of scarcity, transport of mussels
from culture lots in the Wadden Sea to culture lots in the Oosterschelde was
increased, thereby increasing the food shortage for the common eiders.

2a. 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?
The policy aim is 2000-4000 ha of stable intertidal mussel beds. If ‘stable’ is equated
to ‘having survived at least one winter’ it can be concluded that the area has been
restored to the desired level at the end of the evaluation period. From 1990 to 1994
there were practically no mussel beds in the Wadden Sea. Since 1995, there has been
a recovery to 2500 ha in 2002. This recovery was mainly due to natural
circumstances, because almost no fishery was carried out since 1992.
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2b. Have the seagrass fields recovered to the maximum possible extent? If not, is that
due to shellfish fishing, other human impact or natural factors?
Recovery of seagrass fields has occurred, but it was not maximal, since one new
establishment disappeared again due to cockle fishery in the period 1999-2002.
About 30% of this fished area showed recovery in 2003.

2c. Are the methods previously used to calculate the food requirements of shellfish-
eating birds correct?
The method previously used was not correct. The amount of food that must be
present per bird at the start of winter (the ecological food requirement) is around 2.5
to 3 times higher than the physiological food requirement, depending on factors like
emersion time, distribution of the prey and the efficiency with which the birds can
harvest the food. The ecological food requirement for oystercatchers in the Wadden
Sea was estimated at around 200 kilos of cockle flesh per bird in the absence of
mussel beds. For the Oosterschelde the figure is 150 kilos. There is a margin for
error in this ecological food requirement which is difficult to determine accurately,
but which could amount to some dozens of kilos. The margin of error in the
estimate of the ecological food requirements of the common eider is greater than for
oystercatchers, since our knowledge of the feeding ecology of common eiders is
crude compared to the details of our knowledge on the feeding ecology of
oystercatchers. The risk of increased mortality among eider ducks rises as the stocks
of half-grown and mature sublittoral mussels in the Wadden Sea in December fall
below the level of 60 million kilos net fresh weight. Food shortage can also have
natural causes, like long periods with poor shellfish recruitment, so food reservation
policy does not account for periods of natural food shortage.

2d. How do the observed numbers of birds compare with the target or reference
numbers?
The numbers of oystercatchers in Wadden Sea and Oosterschelde have declined as a
result of food shortages. In the Wadden Sea from 260000 to 175000. In the
Oosterschelde from 64000 (of which an estimated 54400 did not feed on mussels) to
35000. In recent years there are indications of a slight recovery in the Oosterschelde
and a stabilization of numbers in the Wadden Sea. The number of eider ducks which
winter in and around the Wadden Sea have decreased from 130000 to 100000, partly
due to several years of mass mortality.

2e. How can any discrepancies in these numbers be explained?
The decrease in the number of common eiders wintering in Dutch coastal waters is
most likely due to several years with high mortality as a result of food shortages. The
main food stock in short supply were sublittoral mussels, but other food stocks
probably also played a role. The decrease in the number of oystercatchers wintering
in the Dutch Wadden Sea is primarily due to the disappearance and subsequent slow
recovery of the intertidal mussel beds, and to a lesser extent due to the continuing
cockle fishery. The decrease in the number of oystercatchers wintering in the
Oosterschelde is primarily due to the lowered stocks of cockles to which cockle
fishery has contributed.
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3a. 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?
The policy of food reservation was unable to prevent a food shortage due to fisheries
for the reference number of shellfish-eating birds. The current food reservation
policy is insufficient, because it is not based on the ecological food requirements of
the birds. It should be noticed that the food reservation policy does not account for
periods of natural food shortage. In addition, the implicit assumption that the
ecosystems of the Wadden Sea and Oosterschelde can return to the state they had
during the reference period, may be questioned.

3b. Are there indications that numbers of wading birds which do not feed on large
shellfish have improved or declined? And are any such developments the result of
shellfish fishing, of other human factors or of natural factors?
In the Wadden Sea, the number of knots has increased during the early 1990s. More
recently, numbers have decreased. Both increase and decrease seemed primarily to
occur in the open areas, but it is difficult to assign knots counted during high tide to
low tide feeding areas. The number of several species of waders feeding primarily on
worms has increased during the evaluation period. For most of these species, the
increase occurred primarily in the areas open to cockle fishery. It cannot be excluded
that the increase of worm-feeding waders is related to an increased density of some
worm species as a result of cockle fishery.

9.2 Additional conclusions

Apart from conclusions that were drawn to answer the research questions phrased at
the start of the study, a number of important insights emerged during the study:

Permanently closed areas were an important tool in our investigations of the effects
of shellfish fishery. Safe-guarding the closed areas from fishery also resulted in
demonstrably more ‘natural’ conditions for most parameters. It should be noted that
in the case of worm-feeding birds, it is possible that ‘more natural’ means ‘fewer
birds’.

The disappearance of the mussel beds from the tidal flats of the Wadden Sea at the
end of the 1980s had a significant impact on the entire ecosystem. Generally, birds
feeding on shellfish showed a decline following the disappearance of the mussel
beds, whereas birds feeding on worms tended to increase. For the oystercatcher the
role of mussel beds seems prominent. The decrease since 1990 is mainly caused by
the absence of mussel beds. The fact that oystercatchers primarily decreased in
closed areas with relatively high cockle stocks can be partly explained by mussels
being slightly more common in the closed areas during the 1980s and the fact that
mussel beds initially returned in the open areas.

It seems likely that autonomous developments in the Wadden Sea and Oosterschelde
will lead to a decline in the carrying capacity for shellfish in these coastal ecosystems.
The question therefore arises as to whether the situation prevailing some years prior
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to the publication of the Sea and Coastal Fisheries Policy Document can continue to
serve as a reference point for bird populations and fisheries. This point is further
elaborated in section 9.3.

Mussel stocks, and to a lesser extent cockle stocks, can compensate in part for the
declining carrying capacity, because they accumulate organic matter. This gives rise to
extra localised mineralization, which stimulates the productivity of the area.

Spat fall of cockles is less frequent than in the past in the low-lying and sandy parts
of the Wadden Sea. This has important consequences for the functioning of the
ecosystem. Several hypotheses to explain this phenomenon exist: (1) an increased
predation of spat in the low lying areas as a result of an increased density of shrimp,
(2) a shift of silt from low-lying areas to areas higher in the intertidal zone, possibly
due to cockle fishery, (3) selective fishery on cockles in low lying areas creating a
selection pressure on cockles to settle high in the intertidal zone.

9.3 Fixed targets in a changed and changing ecosystem

The choice of targets and reference values in the Sea and Coastal Fisheries Policy of
1993 appears rather practical. For the birds in the Wadden Sea, the numbers in the
1980s serve as the reference. For the intertidal mussel beds, the areas in the 1970s
serve as the reference. This differs from the AMOEBE approach for the Wadden
Sea, where the reference period is 1930 and the reference values for benthic
organisms are taken from measurements in the 1980s Baptist et al. (1997). To arrive
at the value for 1930, it is attempted to correct for anthropogenic influences that
have occurred in the meantime. Neither choice addresses the shifting baseline
problem, namely that marine ecosystems may have changed considerably in historical
times due to fishery (Jackson et al. 2001; Jackson, 2001). Wolff (2000a)concludes that
at least 42 species have gone extinct from the Dutch Wadden Sea during the past
2000 years. Habitat destruction (like the closure of the Zuiderzee) played a part in at
least 26 cases, overexploitation in at least 17, and pollution in at least 3. Species that
went extinct many centuries ago include the gray whale (Eschrichtius robustus), the grey
seal (Halichoerus gryphus), the white-tailed eagle (Haliaeetus albicilla), the dalmatian
pelican (Pelecanus crispus) and the common eider (Somateria mollissima). Species that
went extinct less than a century ago are the harbour porpoise (Phocoena phocoena), the
sturgeon (Acipenser sturio), the sting ray (Dasyatis pastinaca), the European flat oyster
(Ostrea edulis), the whelk (Buccinum undatum) and the worm Sabellaria spinulosa. Losing
the oyster and Sabellaria led to the demise of fauna that depended on the reefs these
species built. Following decreased exploitation in the remnants of their former
distribution area, some species have successfully recolonized the Wadden Sea. The
common eider breeds again in the Wadden Sea since about 1900 and an increasing
number of grey seals inhabits the Wadden Sea since about 1960. The white-tailed
eagle may well follow suit this century. Some species will never return, unless helped
by man, leading Wolff (2000b) to advocate reintroduction programs for the gray
whale and the Dalmatian pelican. From this perspective, the targets in the Sea and
Coastal Fisheries Policy are extremely modest. If ‘being nature’ is the primary goal of
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the Wadden Sea, then there is no logical reason to take the ‘present’ state of the
Wadden Sea ecosystem, from which a number of characteristic species are lacking, as
the baseline.

At the same time it must be realized that to all intents and purposes, it is impossible
to return the Wadden Sea to a historical ‘pristine’ wilderness state. Due to both
intended and unintended human intervention, a large number of new species has
invaded the area and become a permanent part of the ecosystem. So far, none of
these introduced species appears to have caused the extinction of indigenous species
(Wolff, 2000a). However, some newcomers have a dramatic impact on the
ecosystem. A notable example is the Pacific oyster, which builds extensive and
massive reefs, which are quite different from mussel beds or the reefs of the now
extinct European flat oyster, i.e. a new habitat has become part of the Wadden Sea
ecosystem. For the spring of 2004, the total surface covered by beds of Pacific
oysters was estimated at 4 km² (Smaal et al., 2004), but the species is now present
throughout the Wadden Sea and spreading rapidly (Dankers et al., 2004). Pacific
oysters directly compete with mussels for space and several mussel beds have already
turned into oyster beds. Apart from such irreversible internal changes to the
ecosystem, the Wadden Sea is also subject to many external forces, which have an
important impact on the ecosystem. These include decreasing nutrient loads as a
result of policies to decrease the level of eutrophication of Dutch waters, dredging
activities in the coastal zone and man-induced global climate change (see chapter 7).

Thus, the Wadden Sea is a changed ecosystem that will continue to change. Yet,
stakeholders tend to maintain fixed targets. Conservation organizations typically fight
for fixed areas of intertidal mussel beds and fixed numbers of birds. The mussel
farmers aim for an annual production of 100 million kg fresh weight of mussels (PO
Mosselcultuur, 2004). The cockle fishermen aim for an average annual yield from
Dutch coastal waters of 4-6 million kg cockle flesh (ODUS, 2004). These mussel bed
areas, bird numbers and shellfish catches apply to the 1970s and the 1980s, but the
above makes clear there is no guarantee that the internal changes and external
influences will allow these values in the future. In fact, it seems rather unlikely as
argued in chapter 7.

While it may seem so, this is not a plea to simply abandon clear targets, since the
evaluation of policies requires targets. What we want to say is that the current targets
and reference values should be reconsidered in the light of the knowledge that has
become available as part of the EVA II investigations.




