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5 Evaluating the policy of food reservation for the Wadden Sea

5.1 Introduction

Many birds prey on shellfish, but only two species consume the large shellfish that
are also targeted by fishermen: the oystercatcher Haematopus ostralegus and the
common eider Somateria mollissima (Figure 70). Due to their high food demands (as a
result of their large size) in combination with their large numbers, the total biomass
consumption of these two species far exceeds the biomass consumption of other
birds (Smit et al., 1998).

Figure 70: The two major bird predators of large shellfish in the Dutch Wadden Sea. (a) The oystercatcher
Haematopus ostralegus. (b) The common eider Somateria mollissima. Photo Jan van de Kam.

Policy takes the nineteen eighties as the reference point. There were then some
260000 wintering oystercatchers8 and 130000 wintering eider ducks. Since then the
numbers of shellfish-eating birds has declined. Oystercatchers showed a marked
decrease during the severe winter of 1996/97 (Figure 71). Since then, numbers have
remained low at around 175000. The number of eider ducks declined to 100000
birds, tens of thousands of which migrated to the North Sea (Figure 72). During the
years 2000-2002 there were only 40000 eiders in the Wadden Sea, but in 2003 there
were more than 80000.

                                                          
8 At the time of the introduction of the Sea and Coastal Fisheries Policy, the number of oystercatchers

was thought to be lower. These numbers were based on the report by (Zegers & Kwint 1992). The
reported maximum was about 237.000 birds in October, declining during the winter season to about
200.000 in December, 145.000 in February and 65.000 in April. New statistical treatment of the data,
with imputing for missing data, yields a value of 260.000 oystercatchers between September and
March for the reference period 1980-1990 (calculations by SOVON published in (Rappoldt et al.
2003a)).
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Figure 71: Number of oystercatchers wintering in the Dutch Wadden Sea (averaged per year from August until
March) for the winter of 1975/76 to the winter of 2002/03. Missing counts were imputed; see Leopold et al.
(2003b). Recent data added from SOVON (van Roomen  & van Winden, pers. comm.).

Figure 72: Midwinter counts for common eiders (mostly January) in the Wadden Sea (separated in the eastern and
the western part) and the adjacent North Sea coastal zone. Data before 1993 from literature (see Ens  & Kats,
2004)). Data after 1993 from RIKZ and Alterra.

Analysis of the declining numbers requires an evaluation of the availability of
shellfish compared with the reference period, because the policy is based on
reservation of shellfish as food for the birds. In several years there was high mortality
among oystercatchers and eider ducks. For oystercatchers this was largely due to the
harsh winters. If the mud flats freeze, the birds cannot reach the food they contain
(Camphuysen et al., 1996; Hulscher, 1989; Goss-Custard et al., 1996b; Ens, 2003).
The effect of food shortage only becomes apparent, when the strong effect of severe
winter weather is corrected for (Camphuysen et al., 1996; Zwarts et al., 1996c). For
eider ducks, high mortality is associated with a shortage of suitable sublittoral
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mussels (Ens et al., 2002; Ens & Kats, 2004). At times eider ducks suffered from
parasitic infections, but these played a secondary role at most.

To counter the decline in the numbers of shellfish-eating birds, a food reservation
policy has been pursued since 1993 for shellfish-eating birds such as oystercatchers
and eider ducks. Food reservation means that sufficient shellfish must remain for
these birds after fishing. Policy must prevent birds, particularly in lean years, from
suffering extra food shortages because of shellfish fishing. The basis for the food
reservation policy was the numbers of shellfish-eating birds in the Wadden Sea from
1980-1990, combined with the food requirement per bird. The current food
reservation policy was unable to prevent a food shortage for reference numbers of
shellfish-eating birds as far as influenced by fishery. For the purposes of the food
reservation policy, estimates are required of the shellfish stocks available to birds at
the beginning of the winter. Since 1990 a quantitative survey of shellfish stocks has
been carried out in the spring. The results are extrapolated to the autumn. The EVA
II research has shown that the actual quantity was overestimated by an average of
38% (Kamermans et al., 2003b). The greatest overestimates were made in cockle-rich
years, since no account was taken of poorer growth in these years. In lean years the
estimates were nearer to the mark. Since 2003 the original estimates have been
corrected.

5.2 Oystercatchers

Before the intertidal mussel beds disappeared in 1990, it was estimated that over half
of the oystercatchers in the Wadden Sea lived on mussels (Smit et al., 1998). In fact,
two independent estimates are involved. Since new insights lead to slight alterations
of the original calculations of Smit et al. (1998), we repeat the calculations here. The
first estimate starts from the distribution map of mussel beds in the Wadden Sea in
1978 (Dijkema et al., 1989). From this map, Ens et al. (1993) estimated the total area
of intertidal mussel beds in the Dutch Wadden Sea at 4120 ha. This figure is within
the estimated range of mussel bed areas in the 1960s and 1970s (Dankers et al., 1989;
Dankers et al., 2003). The low tide feeding density of oystercatchers on mussel beds
can be estimated at 35 oystercatchers per ha (Zwarts & Drent, 1981; Ens & Cayford,
1996). For the 1980s we estimate the population of oystercatchers wintering in the
Dutch Wadden Sea at 260000. From the above we calculate that 55% of the
oystercatchers may have fed on the intertidal mussel beds. The second estimate starts
with the benthos survey of the entire Dutch Wadden Sea by Beukema (1976) in the
1970s, which yielded 6.2 gram AFDM per m² of mussel meat, equivalent to 30
million kg of wet flesh (Dankers, 1993). Oystercatchers annually consume 25% to
40% (Zwarts & Drent, 1981) of this standing stock, amounting to 7.5 to 12.0 million
kg flesh. Smit et al. (1998) estimate the annual consumption of the oystercatcher
population at 15.4 million kg flesh. Considering a mussel consumption of 7.5 to 12.0
million kg, approximately 50-80% of the food must have consisted of mussels. This
range includes the first estimate of 55%.



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

Mussel beds represented a stable source of food for oystercatchers. This applies far
less to cockles, which are the next best alternative (Zwarts et al., 1996a; Zwarts et al.,
1996b). The quantity of successful cockle recruitment in the Wadden Sea region is
after all very unpredictable: cockle stocks fluctuate by a factor of more than ten
between years. Model calculations show that the cockles were by far the most
important prey in the period 1990-2001 (Figure 73). Most years cockles made up 40-
70% of the oystercatchers’ diet. Baltic clams generally took second place, at 20-30%.
During this period, mussels contributed little to the diet. In the majority of years this
was simply due to the scarcity of mussels, but in some years the model may have
underestimated the contribution of mussels to the diet. As described in section 3.8,
we consider the disappearance of the intertidal mussel beds as the primary reason for
the decline in the number of oystercatchers.
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Figure 73: Calculated contribution of cockles and other prey to the diet of oystercatchers in the Wadden Sea in
different years. The year 1990 applies to the winter season 1990/1991. From Rappoldt et al. (2003a).

While it is important to know the cause of the decline in the number of
oystercatchers, the primary aim of this chapter is to evaluate the policy of food
reservation and the underlying calculations. Since 1993 the food reservation policy
has been largely based on the physiological food requirement of the oystercatchers9.
This is the amount of flesh an oystercatcher needs to consume in the course of the
winter in order to stay in good condition: around 65 kilos of flesh per winter. This
approach assumes that every bird will succeed in catching the full hundred percent of
the available quantity of shellfish. In practice, if the shellfish density is too low, the
birds are unable to harvest them. Even at high densities they can only harvest a
limited amount of shellfish since they will at some point get in each other's way.
Some of the shellfish are also too small to count as food. Furthermore, the estimate
of the total quantity of flesh weight is made in September, whereas shellfish actually
lose weight in the course of the winter. Some die off before the birds can eat them.
For all these reasons, the ecological food requirement must be taken as the basis for
                                                          
9 The statement that the food reservation was largely based on the physiological food requirement

relates to the fact that one aspect of the ecological food requirement was in fact taken into account.
In reserving cockles for oystercatchers a minimum density of 50 cockles per m² was used. However,
interference at high oystercatcher densities, limited feeding time, loss of shellfish condition during
the course of winter etc. were not taken into account.
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the food reservation policy to prevent a food shortage for the birds. We have defined
the ecological food requirement as the quantity of food which must be available
within the ecosystem per bird at the start of the winter, so that the bird can provide
for its physiological need for food.

For common eiders, we estimated the ecological food requirement from a plot of
mortality against food supply (see Figure 79 in section 5.3). Common eiders do not
suffer high mortality in severe winters, but oystercatchers do, making it difficult to
employ the same method for oystercatchers (Ens, 2003; Camphuysen et al., 1996;
Hulscher, 1989; Goss-Custard et al., 1996b).

A second method to estimate the ecological food requirement is to plot the tendency
of the population of oystercatchers to increase or decrease the next year, against the
food supply. As expected, the population tended to increase when the food supply
was high, but the correlation was not significant (Figure 74; see legend for statistical
details). Return rates below 1 indicate a declining population. From this graph, one
would estimate an ecological food requirement of about 250 kg cockle flesh per bird.
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Figure 74: (a) The return of the number of oystercatchers in the next year as function of the non-fished cockle stock
in September (after Rappoldt et al., 2003a), Figure 2.5B). Values below and above 1 indicate a decreasing and
increasing number of birds respectively. The regression line describes the average return after a normal winter
(P=0.10; type-II error of 0.69 for a significance level of 0.05). The curves give the standard confidence interval
(Draper & Smith, 1981) for values read from the regression line. (b) The return of the number of oystercatchers in
the next year as function of the simulated stress index for that winter (after Rappoldt et al., 2003a), Figure 3.26).
Values below and above 1 indicate a decreasing and increasing number of birds respectively. The regression line
describes the average return after a normal winter (P=0.13; type-II error of 0.75 for a significance level of 0.05).
The curves give the standard confidence interval (Draper & Smith, 1981) for values read from the regression line.

The return rate as defined by Rappoldt et al. (2003a) is the combined effect of
immigration (of young birds produced that season and older birds from elsewhere),
emigration and mortality10. The idea is that return rate will be low when the food
                                                          
10 (Rappoldt et al. 2003a) defines the ‘return rate’ Ti as follows:
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where ai and ai+1 are the number of oystercatchers in year i and i+1 respectively
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supply, expressed as amount of food per bird, is poor. Whether or not we will
observe the predicted positive correlation between return rate and amount of food
per bird depends on the time scale over which the local population becomes adjusted
to a lowered or increased food supply. If the population becomes adjusted within a
single winter, we will not observe a significant correlation between return rate and
food supply. In that case, the return rate will not depend on the mismatch between
the number of birds and the food supply in the current year, but on the difference
between the food stock in the current year and the next year. If, on the other hand,
adjustment takes many years, as seems to be the case for the oystercatchers in the
Dutch Wadden Sea, we may not observe a correlation either. The slow response of
the oystercatchers in the Dutch Wadden Sea may be explained by the fact that they
comprise more than half of the continental European population (Goss-Custard et
al., 1996a). Thus, changes in the Wadden Sea population will be largely determined
by natality and mortality, instead of immigration and emigration. Both natality and
mortality are low in the long-lived oystercatcher, so adjustment will be slow, except
when extreme events cause high mortality. Thus, the absence of a significant
correlation cannot be taken as evidence that the population does not respond to
changes in the size of the food stock.

Uncertainty in the estimates of the population size, related to imputing, poses an
additional problem. The estimated trend in the total number of wintering
oystercatchers is quite robust to the precise details of imputing. However, return rate
depends on the difference in numbers between two consecutive years. Since
oystercatchers population numbers generally change slowly over the years, this
difference is generally small. As a result, small differences in the estimated total
number of oystercatchers, which do not matter for the overall trend, can have a big
effect on the estimated return rate. According to recent insights it is better to impute
missing data on the basis of individual counting sites and not first clustering these
counting sites into larger units (Soldaat et al., 2004). Preliminary calculations indicate
that return rate is quite sensitive to the method of imputing and that the new method
adopted by SOVON leads to poorer correlations for the Dutch Wadden Sea than the
correlation depicted in Figure 7411.

Given the uncertainties surrounding the estimate of return rate for the Dutch
Wadden Sea, it was necessary to invest most effort in developing a model describing
how oystercatchers deplete a given food stock and whether they are stressed for food
in the process. A short description of the model, including the most important
parameters and assumptions is provided in section 1.5.7. For a detailed account we
refer to (Rappoldt et al., 2003d). The amount of food stress calculated with the model
increases with a decreasing food supply. In addition, and as expected, the return rate
                                                          
11 The problems with estimating return rate in the Dutch Wadden Sea do not apply to the

Oosterschelde. First, the entire Oosterschelde is counted every month, so the extent of imputing
needed is small compared to the Wadden Sea. Second, the Oosterschelde is much smaller, so
changes in numbers between years may depend more on immigration and emigration than
mortality and reproduction. Thus, adjustment to a changed food supply may occur on a shorter
time scale compared to the Wadden Sea. This may explain why the relationship between return
rate on the one hand and food supply and food stress on the other hand is much tighter for the
Oosterschelde than for the Wadden Sea.
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is high when of the food stress is low (Figure 74; see legend for statistical details). On
the whole, the model calculations are consistent with the correlational analysis in
Figure 74. The correlations in Figure 74 are not significant, but the statistical power
is low as well. Similar correlations for the Oosterschelde are significant (see Figure
100 and Rappoldt et al., 2003b), providing additional support for our estimate of the
critical level of food stress, which, if exceeded, will lead to a declining population.
For each combination of oystercatcher numbers, food supply and weather
conditions, the model predicts the extent to which the oystercatchers are stressed for
food. In combination with the critical stress level, the ecological food requirement
can be calculated. The model calculations indicate that, in the absence of mussel
beds, 200 kilos of cockle flesh would have to be available per oystercatcher in
September. This corresponds to around 3.1 times the physiological food requirement
of the birds from September to March inclusive. The error in this estimate of the
ecological food requirement is difficult to determine accurately, but could amount to
some dozens of kilos. For more details on the derivation of the ecological food
supply and the associated margin of error from the model calculations, we refer to
Rappoldt et al. (2003a).

A possible source of error in the derivation of the ecological food supply is that the
decline in the oystercatcher population, manifested in the low return rate in some
years, is not due to the poor food supply in winter, but to a deterioration of the
conditions on the breeding grounds. Reproduction of oystercatchers has declined
(Hulscher & Verhulst, 2003; Ens et al., 2003a). While poor reproduction may be due
to poor conditions in the breeding area, there could also be a link to the wintering
areas, through the condition with which the birds arrive from the wintering area on
the breeding grounds. Thus, food shortage in the Wadden Sea in winter may lead to
poor reproduction in summer. In line with this suggestion is the sharp decline
observed in oystercatcher populations which depend on the Wadden Sea and other
tidal areas throughout the year, such as the breeding populations on Texel and
Schiermonnikoog (Ens et al., 2003a). These populations are not affected by changes
in agricultural practices, increases in the number of foxes etc., but only by the
situation in the Wadden Sea. Interestingly, on Schiermonnikoog the decline in
reproductive success coincided with a decline in the proportion of breeders with a
pure diet of shellfish (Verhulst, pers. comm.).

Our study has focussed on the relationship between birds and shellfish stocks and no
attempt was made to construct a comprehensive population model of the
oystercatcher, including the many other factors that may influence the population
dynamics of this species. Such a population model is needed for quantitative
predictions on the effect of changes in shellfish stock and other factors on the
observed and future trends in the oystercatcher population (Goss-Custard et al.,
1996a).

Our analysis is supported by research findings in France and Great Britain,
summarized by (Goss-Custard et al., 2003). Table 8 lists the estimates of the
physiological and ecological food requirement that are now available. Goss-Custard et
al. (2003) employ a different model, which predicts mortality instead of food stress
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(Stillman et al., 2000). They arrive at an estimate for the ecological food requirement
by plotting mortality against food supply. According to their definitions, the
ecological food requirement is the food supply at which the mortality is 0.5% above
the background mortality rate. When food supply is reduced, mortality increases.
Despite these differences, the estimates agree well. The physiological food
requirement of oystercatchers wintering in France and Britain is somewhat lower,
because temperatures are higher and oystercatchers put on less fat as insurance
against periods of frost. This does not necessarily translate into lower ecological food
requirements: for oystercatchers feeding on cockles, our estimates fall within the
range of 105 to 232 kg cockle flesh per bird per winter estimated by Goss-Custard et
al. (2003).

Table 8: Estimates of the physiological food requirement and the ecological food requirement of oystercatchers (in kg
wet flesh per bird) for different study locations with either mussels, or cockles as the main winter food. Also
indicated the ratio between the ecological food requirement and the physiological food requirement. The kg AFDM
estimates of Goss-Custard et al. (2003) were transformed to kg wet flesh, assuming that 1 kg wet flesh
corresponded to 1 kg AFDM (Beukema & Cadée, 1997).

Study location prey
species

Physiological
food

requirement

Ecological
food

requirement

Ratio Source

Exe estuary mussel 41 321 7.7 (Goss-Custard et al., 2003)
Bangor flats mussel 41 263 6.4 (Goss-Custard et al., 2003)
Burry Inlet cockle 41 232 5.6 (Goss-Custard et al., 2003)
Wash cockle 42 105 2.5 (Goss-Custard et al., 2003)
Baie de Somme cockle 35 174 5.0 (Goss-Custard et al., 2003)
Wadden Sea cockle 65 200 3.1 (Rappoldt et al., 2003a)
Oosterschelde cockle 60 150 2.5 (Rappoldt et al., 2003b)

If the target figure of 260000 oystercatchers remains the same, around 52 million
kilos of cockle flesh would have to be available in the absence of mussel beds. If
there were 4000 hectares of mussel beds, around 25 to 30 million kilos of cockle
flesh would have to be reserved for the oystercatchers (Figure 75). The said 52
million kilos rarely occurred in the Wadden Sea during the research period.
Continuation of the current food reservation policy might lead to a further decline in
the numbers of oystercatchers - assuming that the cockle stocks and the absence of
intertidal mussel beds in the nineties are representative of the future.

In order to assess options for achieving the reference numbers of birds, it is
important to estimate how carrying capacity will develop. An estimate of carrying
capacity with a large margin for error indicates that the current number of 170000
oystercatchers could fall to around 130000 if there were no mussel beds. Without the
restoration of intertidal mussel beds in the Wadden Sea the target figures for
oystercatchers will not be reached.

Without cockle fishing, the estimated carrying capacity for oystercatchers would be in
the order of 15000 higher (Rappoldt et al. 2003a).
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Figure 75: Amount of cockle flesh (million kg) that has to be present in autumn for a given area of mature mussel
beds (ha) so that the reference number of oystercatchers (260000) will not suffer from food shortage. From
Rappoldt et al. (2003a).

Our model calculations evaluating the policy of food reservation apply to a single
winter season. However, cockle fishing reduces cockle stocks in subsequent years.
This even applies to years in which there were still sufficient stocks after fishing for
oystercatchers, eider ducks and other shellfish-eaters such as gulls. Tentative
calculations for the Wadden Sea indicate that the decline in stocks due to fishing
does not equate 1:1 with the reduction in stock in subsequent years (Rappoldt et al.,
2003a). If ten kilos of cockles are removed by fishing, this translates in the following
year into a reduction of about seven kilos. The reduction is not ten kilos, as one
might expect, because natural die-off and growth influence the ultimate effect. This
percentage (70%) only applies if the fishing is not followed by a harsh winter. A
harsh winter leads to high mortality among cockles, but this is generally followed by a
good spat fall (Beukema, 1982; Beukema et al., 1993). If fishing continues for several
successive years and at the same time there is no new spat fall of cockles, the
reduction of the stocks by fishing leads to food shortages for the shellfish eaters at
an earlier date than would otherwise have occurred. The results of the model
calculations are presented in Figure 76. The effect is clear for the strong year class of
1997. It should be noticed though that reduction of the adult stock by fishery seems
to have a positive effect on recruitment. The overall cumulative impact of fishery
therefore requires more extensive model calculations than presently available.
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Figure 76 The cockle stock in September for open areas in the Wadden Sea calculated from the amounts of one
year old cockles in May (without using the information on older cockles) in combination with 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), for the older year classes. For September each year the sum of the various
year classes, presented both with and without fishery, is compared with the September stock derived from the
complete spring survey.

5.3 Common eiders

The food reservation policy implemented in 1993 assumed that the cultivation of
mussels and associated seed fishing would not entail great changes for eider ducks
(LNV, 1993a). The assumption was that the mussels were transplanted largely within
the system. For this reason there was no food reservation policy for the sublittoral
areas. Since 2000, following the high eider duck mortality in 1999 (Camphuysen et al.,
2002) and a subsequent evaluation of the policy of food reservation by Ens (2000),
8.6 million kilos of flesh have been reserved in the sublittoral areas of the Wadden
Sea and the North Sea coastal zone (LNV, 2000). This quantity is based on the
physiological rather than the ecological food requirement. Even after the
introduction of this new policy, there was still mass mortality among eider ducks in
2000 and 2001 (Figure 77; Ens et al., 2002).

Model calculations show that the net energy yield of different types of prey decreases
with increasing shell thickness, decreasing flesh content and increasing diving depth
(Brinkman et al., 2003b). This means that sublittoral mussels are the most attractive
prey for the eider ducks (Figure 78). Experiments with eider ducks in captivity
confirm this preference (Bustnes & Erikstad, 1990; Bustnes, 1998; Ens & Kats,
2004). The mussels which are permanently underwater have a far thinner shell and a
higher flesh weight than the mussels on the flats. After mussels, in decreasing order
of preference, eider ducks will eat the following shellfish: littoral cockles, sublittoral
cockles and Spisula (Ens & Kats, 2004).
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Figure 77: Estimated number of common eiders found dead on the Dutch coasts north of IJmuiden per winter,

separated for three periods (November-December, January-April, May-July). From Ens & Kats (2004).

Figure 78: Daily energy need of a common eider (expressed as multiple of BMR), calculated with the model of
(Brinkman et al., 2003b) as a function of the condition of various shellfish species (maximum condition in an
average year is set to 1). From Ens  & Kats (2004).

For eider ducks the ecological food requirement can only be derived from the
relationship between food supply and mortality (Figure 79). In this graph, mortality is
expressed as the number of dead eiders per km beach. This choice was made, to
maximize both the number of data points as well as the reliability of each individual
data point (Ens & Kats, 2004). The current reference number for eider ducks is
130000. To prevent an increased risk of mortality at this population level there would
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have to be around 60 million kilos fresh weight of half-grown and mature sublittoral
mussels available on 1 January (Figure 79). Estimates show that such stocks were
generally available between 1970 and 1990, but in the last ten years these levels have
only been reached five times. It must be admitted that this estimate of the ecological
food requirement contains several arbitrary choices. Instead of looking when the
probability of a mass mortality starts to increase, one could decide which risk of a
mass mortality occurring is acceptable. Table 9 lists the values one gets when this risk
is chosen as 50%. Even more important is the fact that what one considers a mass
mortality is arbitrary. When more eiders must die before we speak of a mass
mortality, it is clear that the food stocks at which this mortality will occur, will be
lower. Finally, it is clear that the relationship between mortality and mussel stock,
although significant, is not very tight. Thus, other factors also play an important role
in the mortality of the common eiders.

We lack the knowledge to infer the population consequences of a particular mortality
level. What we know is that the common eiders breeding and wintering in the
Netherlands are part of the Baltic/Wadden Sea flyway population (Rose & Scott,
1994). The status of this population has recently been described by Desholm et al.
(2002). Between 1940 and 1991 this flyway population showed a strong increase, but
between 1991 and 2002 there appears to have been a sharp decline from an estimated
1200000 to 760000 animals. The majority of these birds winter in Denmark and
complete counts of Denmark are infrequent. The estimated decline is due to a single
low count in 2000. However, scientists attached to NERI are convinced that the
count can be trusted (Fox, pers. comm.). The total number of ducks wintering in the
international Wadden Sea varied between 200000 and 300000, which is about 25% of
the Baltic/Wadden Sea population. More than half of the birds wintering in the
Wadden Sea, winter in the Dutch part, but we have no quantitative information on
the extent of exchange over large distances within the Wadden Sea, or on the extent
of exchange between the Wadden Sea and the Baltic Sea during winter.  Hunting of
common eiders is not allowed in the Netherlands, but permitted in Finland and
Sweden, where most eiders of the flyway population breed. Hunting pressure is
especially high in Denmark, where the annual hunting bag declined from 160000 in
the 1980s to 90000 at the end of the 1990s (Desholm et al., 2002). In recent years,
bird cholera has caused high mortality in some Danish breeding colonies, but it is not
known if birds from Danish colonies regularly spend the winter in the Dutch
Wadden Sea. Nothing is known of the presence of absence of site fidelity between
years of common eiders wintering in the Dutch Wadden Sea. Our only information
on site fidelity is from females ringed on the nest in the Netherlands. Such females
are found dead close to their ringing site, both in summer and winter (Swennen,
1991).

Table 9: Critical values derived from Figure 79 on the stock of littoral mussels present on 31 December (in million
kg fresh weight) at which the probability of a mass mortality among common eiders steeply increases, or reaches
50%. Critical values are derived for the stock of mature sublittoral  mussels as well as all sublittoral mussels.

Strong increase in the risk of
a mass mortality

Probability of a mass
mortality exceeds 50%

Stock of mature sublittoral mussels about 60 33
Total stock sublittoral mussels about 90 64
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Figure 79: (a) Relationship between the mortality of common eiders (expressed in number of dead eiders per km
beach) and the stock of immature sublittoral mussels in the Wadden Sea, estimated via back-calculation from the
landings. The correlation is r=-0.57, N=25, P=0.003. (b) Relationship between the mortality of common eiders
(expressed as dead eiders per km beach) and the constructed stock of half-grown + older sublittoral mussels (Bult
et al., 2003b). Also indicated the regression line, the criterion of mass mortality and the probability of mass
mortality. From Ens  & Kats (2004).
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It is important to consider what effect the cultivation of mussels may have had since
the start of the 1950s on the food supply of the eider ducks.  After a long period of
absence, common eiders started breeding again in the Netherlands somewhere
around 1900. At the time that mussel culture was introduced around 1950, the
breeding population was already quite large and the rate of increase did not change.
Thus, there is no evidence that the introduction of mussel culture affected the
breeding population (Ens & Kats, 2004). However, during winter the local breeding
birds are nowadays heavily outnumbered by birds breeding elsewhere and the strong
increase in the wintering population occurred after mussel culture was introduced.
The dependency of the wintering population on the stock of sublittoral mussels is
clear from the increased mortality when this stock is low. Additional support comes
from (1) the positive correlation between the number wintering in the western
Wadden Sea and the stock of sublittoral mussels, and (2) the negative correlation
between the number counted on the North Sea and the stock of sublittoral mussels,
suggesting that the ducks moved to the North Sea when food was scarce in the
Wadden Sea (Figure 80). The important question though is how mussel culture
affects the stock of sublittoral mussels in the western Wadden Sea.  On the basis of
the study of Bult et al. (2003b) and chapter 4 of this report, the following can be said.
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, where very few eiders spend the winter,
the net increase in the Wadden Sea was tentatively estimated as ca. 15%. 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. Before 1990,
more mussels were landed from the Wadden Sea instead of the Oosterschelde, but
the efficiency with which seed mussels were grown into consumption-sized mussels
was less. Summarizing, our current knowledge does not allow us to draw firm
conclusions on the relationship between mussel culture and the food stocks for
common eiders.



Alterra-rapport 1011; RIVO-rapport C056/04; RIKZ-rapport RKZ/2004.031 123

Figure 80: (a) The number of common eiders counted in the western part of the Dutch Wadden Sea as a function
of the total stock of sublittoral mussels as estimated from landings. (b) The number of common eiders counted on
the North Sea as a function of the total stock of sublittoral mussels in the Dutch Wadden Sea as estimated from
landings. The data for these graphs were taken from Tables 2.1 and 5.2 in Ens & Kats (2004), and it was
assumed that missing counts of the North Sea could be taken as 0 for the years before 1990.

5.4 Conclusions

• The food reservation policy was unable to prevent food shortages for the
reference numbers of shellfish-eating birds in years with fishery-induced food
shortage.

• The numbers of oystercatchers wintering in Wadden Sea have declined from
260000 to 175000.

• The food shortage for oystercatchers in the Wadden Sea is probably largely the
result of the absence of intertidal mussel beds in the 1990s.

• In the Wadden Sea, the ecological food requirement for oystercatchers is around 3
times higher than the physiological food requirement.

• 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. 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. Every hectare of stable mussel bed represents a relative reliable food source
for 30 to 40 oystercatchers for which then no cockles need to be reserved.

• As a result of cockle fishing the carrying capacity for oystercatchers in the
Wadden sea has declined in recent years in the order of 15000 birds.

• The numbers of eider ducks which winter in and around the Wadden Sea have
decreased. In several years mass mortality occurred due to food shortage,
particularly due to a shortage of sublittoral mussels.

• 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. The margin of error in this estimate
is large, but cannot be estimated due to lack of knowledge.
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