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ABSTRACT A storm-surge barrier and secondary dams were built m the Oosterschelde estuary (The 
Netherlands) resulting in a 30% decrease of intertidal area Total numbers of Oystercatchers in the un
affected parts of the Oosterschelde did not increase after the loss of feeding grounds in the Krammer-
Volkerak Up to 10 000 Oystercatchers failed to establish themselves m the remaining intertidal area 
On the Slikken van Vianen, a small mudflat within the Oosterschelde, total numbers and densities at 
low water did increase due to an increase in available biomass On the mudflats densities of Oyster
catchers feeding on cockles were within the range predicted by prey biomass - bird density relation
ships as measured before the environmental changes On musselbeds densities of Oystercatchers 
have been much higher since 1987/88. This is caused by a different availability of mussels and cockles 
It IS concluded that the number of Oystercatchers in the Oosterschelde is linked very closely to their 
food supply 
Keywords Waders, Oystercatcher, Haematopus ostralegus, habitat loss, carrying capacity, numeri
cal response. 

INTRODUCTION 

Understanding the effects of habitat loss has become an essential theme in applied 
ecology. Ultimately one should be able to forecast the effects of the removal of part 
of the habitat on tine total population size of the species that use it. 

Birds, and especially waders, offer very good subjects for study of this problem. Sev
eral species are restricted to intertidal areas during the non-breeding season and, 
unlike many other organisms, it is possible to get estimates, through internationally 
organized counts, of their total population size. Intertidal areas are very threatened 
with destruction all over the world. Hence much attention is being paid, mainly in the 
Netherlands and the UK, to studying the influence of loss of intertidal area on wad
ers (e.g. Goss-Custard & Durell 1990). 

When assessing the impact of loss of intertidal areas on wader populations, three 
mam issues must be resolved. First, can birds, displaced from one area, establish 
themselves somewhere else? Second, does an increase in density of birds affect their 
rates of survival and reproduction because of changes m the intensity of prédation, 
disease or competition for food? Finally, what effect do these changed rates have on 
population size, from the local to the species level (Goss-Custard & Durell 1990)? The 
first two questions have received by far the most attention. The evidence at present 
indicates that bird densities reach plateaux values m preferred feeding areas (e.g. 
Hicklin & Smith 1984, Goss-Custard 1977a,b, Meire & Kuijken 1984, Zwarts 1974, 
Zwarts & Drent 1981) and that interference cause the birds to disperse over the avail
able feeding sites (e.g. Ens & Goss-Custard 1984, Goss-Custard & Durell 1987). Few 
studies are available however, where both the occurence of waders and their food 
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supply were studied before, during and after the removal of intertidal area (e g Evans 
etal 1979) 

The Delta area m the southwestern part of the Netherlands consists of the estuaries 
of the nvers Rijn, Maas and Schelde The execution of the "Delta Plan" resulted m the 
closure of most estuaries In the Oosterschelde a storm-surge barrier was built as a 
compromise between safety and environmental considerations Its construction re
sulted, however, in a substantial reduction in intertidal area First results of the effects 
of this large-scale engineering project on waders, especially the Oystercatcher 
Haematopus ostralegus are presented in this paper, which also discusses some as
pects of carrying capacity 

MATERIAL AND METHODS 

Study area 
The Oosterschelde is a major estuary in the southwestern part of the Netherlands A 
storm-surge barrier was built m the mouth of the estuary and two secondary dams 
inland These works resulted m a strongly reduced tidal amplitude in 1986 and 1987 
On completion of the secondary dams m April 1987 the total intertidal area was re
duced by some 30% from 16 239 to 11 365 ha and the tidal amplitude increased again 
to 3 25 m compared with 3 7 m before works started The reduction m tidal area is 
caused mainly by the closure of the Krammer-Volkerak, the northern branch of the 
estuary (for details see Smaal et al m press) Detailed observations on the occur
rence of waders m relation to their food supply were carried out at the Slikken van 
Vianen, a small intertidal flat m the middle of the estuary A description of this site is 
given by Meire & Kuijken (1987) 

Bird counts 
At high water, wader counts, organised by Rijkswaterstaat Tidal Waters Division, were 
carried out monthly over the whole Oosterschelde estuary Data from 1975 to 1987 
have been published (tvlemmger et al 1984, 1985 and 1988) Data from 1987 until 
1990 were kindly supplied by P L Meinmger Only data for that part of the estuary that 
remained tidal are used At the Slikken van Vianen counts were carried out both at 
low and high water At low water, numbers in permanent plots ( 0 5 - 1 ha) were 
counted during an entire tidal cycle on 220 days between 1979 and 1990 On each 
day the average density of foraging birds per plot was calculated Six plots were fol
lowed through the entire study period and for this paper additional data from 11 plots 
counted in 1984 are also used Days with very short exposure time are omitted from 
the analysis, as also are data from 1986/87 when the storm-surge barrier was used 
to manipulate the tide For relating bird densities with prey biomass only data from 
December counts were used At this time bird numbers are at their maximum 

Benthic invertebrates 
At the Slikken van Vianen the benthic invertebrates m all study plots were sampled 
annually in September or October (see Meire & Dereu 1989 for details) In this paper 
the total biomass (expressed in g ash free dry weight, AFDW) of cockles and mus
sels IS used This includes all size-classes 

To measure the visibility of mussels, 40 cores (15 cm diameter) were taken on two 
musselbeds The cores were brought to the laboratory where all mussels visible at the 
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surface were painted After sieving they could easily be separated from the ones not 
visible All mussels were measured (maximum length). 

RESULTS 

Total numbers of Oystercatchers 
Before and after the completion of the storm-surge barrier and the closure of the sec
ondary dams m 1987, total numbers of Oystercatchers using the remaining mtertidal 
area were very similar (Figure 1) This means that the Oystercatcher population which 
had wintered previously in the Krammer Volkerak (up to 10 000 birds) is not ac
counted for In smaller areas the situation was very different The number of Oyster
catchers at high tide on the Slikken van Vianen increased during the study period, 
especially after 1987, indicating local changes in the distribution of Oystercatchers 
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FIGURE 1 - Total number of Oystercatchers m the parts of the Oosterschelde unaffected 
by loss of mtertidal area Monthly totals for the seasons 1979/80 - 1989/90 are given The 
arrow indicates the closure of the Philips dam, causing the loss of mtertidal area 

Densities at low water: pre-barrier 
As the tide falls birds spread out over the mudflats so that with low water they are 
distributed very unevenly Their distribution is closely related to the available prey 
densities both in space and time For Oystercatchers a clear relation between aver
age bird density and combined biomass of cockles Cerastoderma edule and mussels 
Mytilus edulis was found (r̂  = 0 81, N = 17, P<0 001 ) (Figure 2) Prey density not only 
influences the density of birds, it also determines the sequence in which different ar
eas are used in the course of the season Plots with high prey biomass are used first, 
as bird numbers increase, more and more feed in plots with less prey biomass (Meire 
& Kuijken 1984). 
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FIGURE 2 - Relation between the average density of foraging Oystercatchers and the 
biomass of cockles and mussel m 17 study plots of the Slikken van Vianen The data from 
December 1984 are plotted 
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FIGURE 3 - Density of foraging Oystercatchers in one study plot (PQ 6) between July 1979 
and June 1990 The arrow indicates the closure of the Philips dam, causing the loss of 
intertidal area. 
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FIGURE 4 - Relation between prey biomass and density of foraging Oystercatfiers m (A) 
non-mussel and (B) mussel plots. Data from all plots in December 1984 (17) and all De
cember values from plots 6, 10, 13, 22, 32 and 39 were used Values are the averages of 
all December counts. (Filled circle: data from 1979/80 to 1986/87; open triangle, data from 
1987/88 to 1988/89; filled triangle: plot 22) 
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Densities at low water: post-barrier 
The average density of foraging Oystercatchers per month in one study plot (PQ 6) 
IS given in Figure 3 Between 1979 and 1986 maximum densities varied around 50 
Oystercatchers per hectare and seemed quite stable Densities increased, however, 
rather suddenly in the season 1987/88, and stabilized around 80 birds per hectare 
after a short penod of extremely high densities A similar increase m density was seen 
m other study plots as well The increased densities coincided with the closure of the 
Krammer-Volkerak, but the question arises whether this loss of mtertidal areas or 
another change, e g the available prey biomass, was the cause In Figure 4 the re
lation between foraging density and prey biomass density is given for plots on 
musselbeds and other plots separately, based on all available data from the six plots 
followed during the whole study period and from all the plots studied in 1984 Before 
the closure of the Krammer-Volkerak a very clear relation between cockle biomass 
densities and Oystercatcher densities was found (r^=0 95, N=18, P<0 001) (Figure 
4a) After the closure, with one exception, the densities of Oystercatchers are com
parable to those before closure at similar prey biomass On musselbeds, however, 
with the exception of the data from plot PQ 22 (December 1988) bird densities cor
responding to a given cockle plus mussel biomass density were much higher after 
barrier closure than before Two different numerical responses one before the winter 
of 1987/88 and one thereafter are suggested by Figure 4b 
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FIGURE 5 - Availability of mussels to Oystercatchers For each length class the percent
age of mussels visible at the surface and percentage of mussels with a shell thickness 
within the range taken by Oystercatchers are shown 
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Prey availability 
The differences in the relationships between Oystercatcher densities and prey den
sities on the musselbeds between the two study periods might be due to differences 
in prey availability On musselbeds Oystercatchers feed on cockles and mussels 
Cockles contributed only 19 and 15% of the total biomass in two study plots on mus
selbeds between 1979/80 and 1986/87, but 68 and 77% respectively between 1987/ 
88 and 1988/89 This change was due to an enormous spatfall in spring 1985, after 
the severe winter of 1984/85 How did this change prey availability"? In Figure 5 the 
proportion of mussels visible at the surface and with a shell thickness within the range 
normally taken by Oystercatchers (see Meire & Ervynck 1986), is plotted by length-
class Larger mussels visible at the surface are mostly too thick for Oystercatchers 
The total amount of biomass, as measured in the normal sampling procedure, is 
therefore not a good indicator of mussel availability for Oystercatchers, whereas it 
probably is for cockles They all occur in the top few centimetres of the sediment, 
never one on top of the other, and thus are all available Birds do not seem to select 
them by shell thickness The very low bird densities m Plot 22 (see filled triangle and 
adjacent dot m Figure 4b) compared to a rather high biomass density can also be 
explained by low prey availability All mussels m this plot were larger than 40 mm 
hence only a small fraction could have been taken by Oystercatcher. 

DISCUSSION 

Significantly more birds colour-ringed in the Krammer-Volkerak disappeared after dam 
closure than birds ringed in the remaining part of the estuary (Lambeck, this volume), 
strengthening the view that birds from the Krammer-Volkerak did not fit into the re
maining Oosterschelde Although total numbers using the remaining mtertidal areas 
stayed quite constant, changes in distribution within the estuary occurred At the 
Slikken van Vianen numbers did increase from the season 1987/88 onwards, coinci
dent with, and possibly related to, the loss of mtertidal area in the nearby Krammer-
Volkerak The data show, however, that on non-musselbed plots the relationship be
tween bird and prey density was similar before and after the closure of the Krammer-
Volkerak The opposite was true for the musselbeds From the present and earlier 
data (Meire & Kuijken 1984) we believed that densities had reached a plateau value 
on the musselbeds The data from 1987/88 onwards, however, show that bird densi
ties can reach much higher values As the measured and available biomass differ in 
mussels, the plateau value could well be an artefact of the measure of prey biomass 
used Above a certain density only a fixed amount of mussels will be visible at the 
surface, hence available biomass does not increase further with total mussel biomass 
and could explain the plateau found in the data As the biomass became dominated 
by cockles in 1987/88 the total available biomass increased substantially, as did the 
bird densities The data suggest a new plateau but at much higher bird densities, 
another artefact' At present we do not know what regulates the density of birds 
Contrary to expectations (e g Goss-Custard 1980) their aggressiveness did not in
crease with bird density (unpublished data) 

From this information we can conclude that the increase in bird numbers and densi
ties on the Slikken van Vianen after the closure of the Krammer-Volkerak was entirely 
caused by an increased food supply Why then did total numbers m the whole estu
ary not increase, as the important spatfall in spring 1985 was not restricted to the 
Slikken van Vianen"? This was probably due to the cockle fisheries Normally around 
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1 000 000 kg fish-meat of cockles are taken annually from the Oosterschelde Be
cause of small stocks m the Wadden Sea and the high biomass in the Oosterschelde 
all cockle fishermen came in September 1987 to the Oosterschelde and removed 
nearly 7 000 000 kg fish-meat of cockles from the estuary. On the Slikken van Vianen 
no cockles were fished. This probably explains why Oystercatcher numbers increased 
here, contrary to the rest of the Oosterschelde Had cockles not been fished, it is most 
probable that birds displaced from the Krammer-Volkerak after the dam closure could 
have established themselves in the Oosterschelde, indicating that Oystercatcher num
bers are now tightly linked to the available prey biomass or the estuary is at carrying 
capacity. 
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