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REGULATION OF NUMBERS OF DARK-BELLIED BRENT GEESE

Branta bernicla bernicla ON SPRING STAGING SITES

BARWOLT S. EBBINGE

ABSTRACT The usage of the Boschplaat salt-marsh on Terschelling over a
30-year period by Brent Geese Brama b. bernic{a, is compared with that on
improved grassland on Texel. Natural salt-marsh turns out to be a preferred
spring staging habitat. Spring feeding on grassland is a new phenomenon.
An exponential model shows that, with the increase in world population size
of this subspecies, on the salt-marsh an asymptotic value in numbers has
been reached, while on the grassland site further growth is still to be expected.
Bird censuses, data on the proportion offirst-winter birds, survival estimates
from colour-ringed birds, and re-sightings of individuals, have been used to
predict the number to return to the same spring staging site next year. The
return rate ofmarked birds in relation to spring body-mass has been compared
for both study sites. Re-sightings ofmarked individuals show that site-tenac
ity is high. However, there are clear differences between the Boschplaat salt
marsh and the Texel grassland site. In springs following a good breeding
season world population size has increased markedly, and competition on
the salt-marsh is high. Particularly males with lower body-mass are less likely
to return to the same salt-marsh in a subsequent spring. On the grassland site
males are equally likely to return, irrespective their body-mass. In years fol
lowing poor breeding this difference is not noticeable. Then, there is immi
gration of new birds to the Boschplaat salt-marshes, while from Texel some
emigration takes place. In late May males predominate on the grassland site,
whereas the reverse is the case on the salt-marsh. In females survival is lower
in the lightest category, but no differences in the rate of return between the
two spring feeding habitats were apparent. Young birds spending their first
spring on the grassland site are more likely to return, whereas those on the
salt-marsh are seen more often elsewhere. This suggests that the salt-marsh
area is filled to capacity in spring, making it hard for young birds to settle.
The carrying capacity of salt-marsh in spring has been estimated by dividing
the mean peak number of geese by the total suitable grazing area.

Institute for Forestry and Nature Research (IBN-DLO), P.O. Box 9201, NL
6800 HB Arnhem, The Netherlands

INTRODUCTION

Estimating carrying capacity
To safeguard the well-being of populations of

migratory birds a chain of sufficiently large re
serves along their migratory route should be estab
lished. In order to predict the necessary size of such
reserves, not only knowledge on the population dy
namics of such populations is required, but also on
the carrying capacity of the feeding habitats they
frequent in the course of their annual movements.
In this respect spring staging areas are ofparticular
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importance since here the birds accumulate the
necessary body reserves, which enable them not
only to migrate to their breeding grounds, but
which also have an impact on their reproductive
output (Drent & Daan 1980, Ebbinge et al.1982, Eb
binge 1989).

One approach to determine the carrying capaci
ty ofnatural habitats for grazing birds, is to measure
the daily food requirements ofthe birds themselves
- in this case during spring fattening -, and the avail
able amount of food per hectare. During spring
growth the density and quality of food is determin-
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ed by temperature, precipitation, and the grazing
pressure exerted by the geese themselves (Prins et
al. 1980, Prop 1991). Moreover, the use made by
geese of certain habitats depends on what options
there are. The geese may leave a still suitable habi
tat in favour of a better one nearby. Thus, Brent
Geese shift from feeding on cultivated grasslands
in the polder area to the salt-marsh in the course of
every spring. This shift could be explained by a se
lection for the more digestible vegetation at any
particular moment in time (Boudewijn 1984), the
early bite in the polder being about one month in
advance of that on the salt-marsh.

These complicating factors make it very hard
to arrive at reliable estimates that can be used in
planning the required size ofnature reserves. In this
paper another approach has been adopted, in which
the well-monitored recovery in numbers of the
Dark-bellied Brent Goose population, wintering in
Western Europe (Ogilvie & StJoseph 1976, Eb
binge et al. 1981, Prokosch 1984), is used as a nat
ural experiment to study the carrying capacity of
preferred Brent Goose spring feeding sites. The as
sumption is that lower quality sites will be occupied
only after high quality sites are utilised to such an
extent that the returns per bird will diminish, and
will have become equal, or even less, than on (less
densely populated) lower quality sites. By increas
ing the total population size (i.c. by the cessation
of shooting) peak numbers ofgeese will rise in pre
ferred high quality sites, to reach a more or less
constant ceiling value equivalent to the carrying
capacity of that site.

The buffer mechanism
Essentially this is the concept of the so-called

'buffer mechanism' originally defined by Kluyver
and Tinbergen (1953) to account for the relatively
high and stable density of breeding Great Tits
Parus major in mixed deciduous woods (rich hab
itat), when compared to the lower and much more
fluctuating density in pine-woods (poor habitat).
Here an over-all increase in numbers of Great Tits
resulted in a much more restricted increase in den
sity in the favoured, but already densely populated
mixed woods, than in the neighbouring pure stands

of Scots pine. This concept of differential settling
was observationally confirmed by Glas (1960), and
has been theoretically and statistically further de
veloped, and extended to territorial situations out
side the breeding period (Fretwell 1972, Parker &
Sutherland 1986).

Salt-marsh vegetation starts to develop rather
late in spring, particularly the highly profitable
food-plants of Brent Geese, like the dicotyledons
Plantago maritima and Trichlogin maritima, that
start to develop fresh leaves just during the time of
spring fattening of Brent Geese. These highly pre
ferred food-items are patchily distributed and indi
vidual geese have to compete to get access to them.
However, grasses like Puccinellia maritima and
Festuca rubra, though less rewarding in terms of
net energy intake (Prop & Deerenberg 1991), as
well as seedlings of a variety of annual salt plants
are eaten as well. Improved grassland is much
poorer in plant species diversity, and consists pre
dominantly of monocotyledons, which through
management by grazing and fertilizing provide
good quality food (tender grass rich in protein) for
geese. However, protein content diminishes as
grass growth accelerates, particularly in May (Bou
dewijn 1984, Ydenberg & Prins 1981).

The salt-marsh of the Boschplaat Nature Re
serve on the island of Terschelling (Fig. 1) was by
far the most important spring feeding site in the
Dutch part of the Wadden Sea when Brent Goose
numbers were still very low in the fifties and sixties
(Marzer Bruyns & Tanis 1955, Marzer Bruyns &
Timmerman 1968). This study has been focused on
this site, and comparisons will be made with the is
land of Texel, where Brent Geese feed predomi
nantly on improved grassland, and larger numbers
of geese only started to occur in a later stage of the
recovery of the Dark-bellied Brent Goose popula
tion (Ebbinge 1979).

Statement of objectives
IfBrent Geese prefer salt-marsh as spring feed

ing area over improved grassland, one would ex
pect with increasing over-all numbers a similar
'buffer effect' as described for the Great Tit (Kluy
ver & Tinbergen 1953). Therefore the absolute in-



Ebbinge: REGULATION IN WINTERING BRENT GEESE 205

crease in numbers of Brent Geese on the two study
sites in relation to the overall population increase
will be analysed.

Secondly one would expect individual birds to
adjust their choice for a particular habitat, depend
ing both on the quality of the food on offer, and on
the actual competition for food with conspecifics.
Particularly lower-ranked birds might be better off
in a lower quality feeding habitat with less compe
tition, than in a high quality feeding habitat where
it is excluded by competitors from the good food.

Thirdly one would expect that being excluded
from the best feeding opportunities, and having to
find an alternative feeding site, would have reper
cussions on survival rate.

Finally one would expect young geese to have
more difficulties to return in later years to the spring
feeding site, which they have visited in the compa
ny of their parents in their first spring, if that spring
feeding site happens to be a preferred habitat, where
competition with conspecifics is more severe.

In order to improve our understanding how
Brent Geese adjust their numbers to the carrying
capacity of a particular feeding site, site-tenacity,
as well as shifts to other spring feeding sites will be
analysed using re-sightings of individually marked
Brent Geese.

METHODS

Study sites
The nature reserve the Boschplaat on the island

Terschelling (Fig. 1) is the largest 'natural' salt
marsh in the entire Wadden Sea. Mean high tide
still leaves an area of almost 3000 ha exposed, but
during low tide the area encompasses 4400 ha.
Until 1930 salt-marsh vegetation in this area was
restricted to small fringes around the five small
dune areas, the remainder being a bare sand-flat.
As in virtually all natural areas in Europe, here too
human influences have played a role. From 1931
1937 a successful attempt was made to construct a
sand dam, the so-called Derk Hoekstra Stuifdijk,
sheltering the Boschplaat from the North Sea side.
This shelter, plus regular flooding by the Wadden

Sea from the south, accompanied by deposition of
clay, gradually changed both the soil structure and
the vegetation of the sandy plain between the al
ready mentioned dune areas. As the vegetation de
veloped, gullies made their ways through this vege
tation between the dune areas. This development
has been extensively reviewed by Westhoff (1987).
The flora is native and spontaneous, and the vegeta
tion has developed without further interference of
human activity, except for an already existing salt
marsh of about 300 ha, in the western part of the
reserve, the so-called Groede, which is grazed by
cattle in summer. Within this reserve, a total of780
ha is suitable grazing for Brent Geese in spring:
190 ha of open vegetation dominated by Limoni
um vulgare, Plantago maritima and Puccinellia
maritima, 90 ha of denser vegetation of both the
previously mentioned species and Festuca rubra,
50 ha of a dense vegetation of Halimione portul
acoides, 90 ha of predominantly Festuca rubra
with many annual halophytes like Suaeda mari
tima and Salicornia europea, 170 ha of Festuca
rubra and Juncus gerardii, and finally 190 ha of
the cattle-grazed salt-marsh consisting predomi
nantly of Festuca rubra and Plantago maritima
(Leeuw & Vuijk 1977). Droppings of Brent Geese
indicate that within these vegetation types almost
every m2 has been visited in spring by Brent Geese,
but the grazing pressure varies between vegetation
types. On the 590 ha of natural salt-marsh on aver
age 16 goose droppings per m2 accumulated (Eb
binge & Boudewijn 1984), predominantly in April
and May. On the 190 ha ofcattle-grazed part higher
grazing pressures occur, and grazing already starts
in March. Here, on average 50 goose droppings m-2

accumulate in spring (50 droppings m-2 in 1977,
and 51 droppings m-2 in 1979). Goose visitation is
markedly reduced in dry springs (only 36 drop
pings m-2 in 1976), and peak values occur in an
extremely wet spring (67 droppings m-2 in 1983).
Spring weather data, as recorded in Hoorn, Ter
schelling, for the period 1981-1991 are presented in
Table 1. These weather data are representative for
both study sites. Adjacent to the salt-marsh lies the
Terschellinger polder, a cultivated grassland area,
that harbours all Brent Geese remaining on Ter-
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Fig. 1. Map of study areas on Texel and Terschelling. Top left shows how Texel and Terschelling are situated within
The Netherlands. Then the three Wadden Sea islands Texel, Vlieland, and Terschelling are shown with the tidal sand
and mudflats in the Wadden Sea. On the final maps (A and B) the Brent Goose spring feeding sites are stippled.



Ebbinge: REGULATION IN WINTERING BRENT GEESE 207

Table 1. Spring weather data Hoom, Terschelling. Temperature in DC, mean of daily mean temperatures. Sunshine
in cumulative number of hours per month. Precipitation in cumulative number of mm per month (Data collected
from 1981-1991 by J. Pals).

Temperature (0C) Sunshine (h) Precipitation (mm)
------- ~-----~ --- ------ -

Mean Range Mean Range Mean Range

March 4.8 0.7- 7.8 124 88-162 64 41-116
April 7.3 5.4- 8.5 180 121-220 29 7- 69
May 11.4 9.3-13.6 220 117-341 52 4-130

Fig. 2. Number of Brent Goose-days spent in spring
in the Terschellinger polder. Missing years (see Table 3)
indicated by question mark.

Field observations
Censuses On two islands in the Dutch part of the
Wadden Sea, Terschelling and Texel, comprehen
sive censuses of Brent Geese have been made dur
ing the entire staging period, which starts in late
September, and ends in late May (Ebbinge et al.
1981). In the period 1975-1991 in spring, from early
March till late May, the birds have been counted
every fortnight. On Texel a team of 2-3 people and
on Terschelling a team of3-4 people was necessary
for a complete census. In the course of the years at
least 50 different people helped counting. Numbers
always peak in late April/early May. For both study

On the island of Texel the majority of the Brent
Geese forage on a 110 ha farm, 'Zeeburg', purchas
ed as a nature reserve by the government in 1976
(Fig. I). The farm is situated in the polder 'De Een
dracht', separated by a dike from the Wadden Sea.
This reserve consists of intensively managed
swards, grazed with sheep and cattle in summer,
situated around a fresh water pond. The vegetation
consists mainly of Paa annua, Paa trivialis and
some Lalium perenne, though originally only
Latium perenne has been sown. Here up to 8000
Brent Geese can graze at one time, but additional
foraging takes place on the adjacent mud-flats
(mainly on Enteromarpha spec.), on some adjacent
farms and some fairly small nature reserves. On
Zeeburg grazing pressures in spring (March-May)
range from 32 to 79 goose droppings m-2, but lo
cally extremely high grazing pressures of 89 drop
pings m-2 accumulated in the month of May alone,
have been registered here, as well (Spaans 1987b).
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schelling in mid-winter. In March peak numbers
are reached in this polder (Fig. 2), when other Brent
Geese return from their wintering quarters in
France, England and the south-western part of The
Netherlands. In the course of April the majority of
the Brent Geese on Terschelling shift to the salt
marsh, but part of the Brent Geese continue to feed
in the polder. When spring growth on the salt
marsh is seriously retarded due to cold and dry
easterly winds, appreciable numbers of geese may
temporarily shift to the polder again.
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Table 2. Simple correlations between the spring peak
count and goose-visitation (expressed in goose-days) in
April and May.

site corr. P-value n
coeff.

Boschplaat .83 <0.0001 16
Texel .94 <0.0001 15

P-values refer to overall F-test of linear regression of
goose-visitation on peak numbers.
n = number of seasons

sites the spring peak count is highly correlated with
the total number of goose-days spent in April and
May (Table 2), as calculated from the regular cen
suses. Since single censuses from late April/early
May are available for a much longer time span,
starting in 1958 (Table 3), these have been used as
a measure for goose abundance over the entire
spring period. For the same long time span full cen
suses were available for the entire world popula
tion of this subspecies, made every year in Janu
ary and May by the IWRB-Brent Goose Research
Group.

Age-ratio estimates The age ratio (proportion of
first-winter birds) has been assessed annually over
the entire wintering range by scanning flocks with
40-50 x telescopes.

Observations of colour-ringed birds Brent Geese
have been caught and marked with two engraved col
oured leg-rings on both study sites. The engravings
on the rings are legible at 200-300m distance through
a telescope. The probability to identify a marked
bird, present in a particular site, will vary from year
to year and from site to site, dependent on the pre
sence of observers, weather conditions, vegetation
height, and local facilities like dikes, hides, and cars
from which observers can operate. It is much easier
to identify the marked birds on the heavily grazed
grassland reserve 'Zeeburg' on Texel, than in the
higher natural vegetation on the extensive Bosch
plaat. To avoid biases arising from the above men
tioned sources, only comparisons will be made be-

tween birds ringed at different sites, or at different
times, but observed at only one site during one
season. However, the proportion of such misidentifi
cations is extremely small «0.3% in a similarly
marked population of Barnacle Geese, Ebbinge et
ai. 1991), and will therefore be ignored in this study.
Table 3 shows what data have been collected for this
study, and when they have been collected.

Models
To examine whether regulatory mechanisms

are operating on a local scale, different models have
been used:

- an exponential model assuming an upper limit
(asymptotic value) for the number ofgeese on each
spring staging site. This model was fitted to the
data using the statistical program Genstat with or
dinary least squares fitting.

- a deterministic model to predict the number
of geese trying to return to a spring staging site
from the number visiting that site in the previous
year,adjusted for the change in world population
size, as estimated from mean adult annual survival
rate, and the proportion of first-winter birds. This
model assumes strict site-tenacity.

- a logistic regression model (McCullagh &
NeIder 1989) modelling the probability of returning
of marked adult birds, in relation to spring staging
site and body-mass in the end of May. This model
has been fitted to the data using the generalised linear
model facilities of the statistical program Genstat.

RESULTS

Testing the butTer concept using censuses
Data on population size and breeding success

for the period 1975-1990 are given in Table 4. In
Figs 3 & 4 the regular censuses for the two study
sites are presented as goose-days per month (aver
age number of geese times the number of days per
month). Figure 5 presents the number of goose
days spent in the Terschellinger polder, the diked
in grassland area, adjacent to the Boschplaat. The
years with many first-winter birds have been in
dicated, and particularly in such years goose-visita-
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On the Boschplaat (Fig. 3), including the cattle
grazed Groede, the overall increasing trend of the
world population is reflected in an increased goose
visitation in March, but no effects are discemable
in April. In May even a downward trend in the num
ber of goose-days is noticeable in the 1980-s, main
ly because the birds tended to leave earlier.

For Texel only a few complete censuses are
available prior to 1975, but since then, complete
censuses have been carried out on a regular basis
(Fig. 4 ). Both in April and Mayan increasing trend
in goose-visitation is noticeable on this island.

Fig. 4. Number of Brent Goose-days spent in spring on
Texel.
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The marked reduction in numbers in April 1982 re
sulted from an intensive scaring campaign to re
duce agricultural damage.

Fig. 3. Number of Brent Goose-days spent in spring on
the Boschp1aat, Terschelling. Missing years (see Table 3)
indicated by question mark.
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Fig. 5. Number of Brent Goose-days spent in spring
in the Terschellinger polder. Years with more than 30%
first-winter birds indicated by *. Missing years are indi
cated by question mark.

Table 4. Population size and breeding success ofDark-
bellied Brent Geese.

Year Population Breeding Spring peak numbers
Size success

(%) Boschplaat Texel
----- _._-~--------

1975 71300 46 15420 2400
1976 119700 12 12466 7800
1977 109900 2 11195 7200
1978 103400 35 12650 6555
1979 140000 33 11280 7275
1980 170000 0 8160 8350
1981 147000 4 10700 8100
1982 130000 50 8500 5100
1983 205000 3 17263 11200
1984 170000 2 13525 9480
1985 140000 35 11947 6655
1986 184000 1 11670 10760
1987 164000 2 9600 6520
1988 165000 40 11600 8000
1989 237000 0 11165 11220
1990 219000 20 10162 9000

Population size in January, breeding success as percent-
age offirst-winterbirds in autumn. (source: IWRB-Brent
Goose Research Group)

*>30% first-winter birds
During the initial recovery phase of the world

population ofDark-bellied BrentGeese, peak num
bers in spring on the Boschplaat Reserve, Terschel
ling, increased as the world population grew (Fig.
6a). However, since 1975-76, after the world popu
lation surpassed 100000 individuals, no further in
crease on the Boschplaat was noticeable. I interpret
this to indicate that the carrying capacity of the
Boschplaat has been reached (see also Ebbinge
1979). This implies that the Boschplaat is a pre
ferred spring area for Brent Geese.

On Texel, however, spring peak numbers con
tinued to increase as the entire world population
continued to grow (Fig. 6b). So apparently on Texel
the carrying capacity has not been reached yet.

To test this difference between the two islands
an exponential model has been chosen to describe
the development of goose numbers on a specific
staging area, and this model has been fitted to data
from 1958-1990 (31 counts available for the Bosch
plaat, 20 for Texel). The following models specify
a saturation effect, that is a maximum local count
is approached asymptotically if the world popula
tion increases:

where N is the world population in any year, nTex

and nBosch are the corresponding maximum spring
counts on Texel and the Boschplaat, respectively,
and PIoPZ < 1. In these models a is the asymptotic
value for the local count, Brelates to the magnitude
of the difference between the curve and the asymp
tote, and P relates to the relative velocity with
which the asymptote is approached. A suitable
model for the null hypothesis that the carrying ca
pacity is approached equally rapidly on both is
lands is therefore to suppose that PI = pz in the
equations above. Under the alternative hypothesis
pz would be smaller than PI corresponding to a
faster approach to the asymptote on the Boschplaat.
The statistical program Genstat with ordinary least
squares fitting was used to fit the model to the data.
There was a tendency for residual variance to in-

E(nTeJ = al + .f3IPIN
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E(nBosch) = az +.f3zpzN,
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Fig. 6. Spring peak numbers ofBrent Geese on the Boschplaat (upper panel), and Texel (lower panel) as a function
of world population size. Figures indicate years.

crease with the fitted values, but for a first analysis
this has been ignored. The curves fitted under the
null hypothesis are shown in Fig. 7a, those under
the alternative model in Fig. 7b. The estimated
parameters are shown in Table 5. By dropping the
constraint PI = pz the residual variance was reduced
from 4. 17 (dj=46)t03.13 (dj=45), which is highly

significant (P <0.001) by the usual analysis ofvari
ance F -test. It is therefore concluded that the carry
ing capacity is approached faster on the Boschplaat
than on Texel. The asymptote is estimated quite
closely at 11 886 (SE = 471) for the Boschplaat,
and, only very roughly, at 20800 (SE = 19 200!)
for Texel.
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Table 5. Parameters estimated by the exponential model.

null model alternative model

parameter Texel Boschplaat Texel Boschplaat

a
B

P

8211
-19300

0.967

12230
-18380

20800 (19200)
-21700 (17900)

0.997 (0.004)

11886
-25040

0.957

(471)
(6380)
(0.010)

in parentheses standard errors are given.
The null model refers to Fig. 7a, the alternative model to Fig. 7b.

As a further test to see whether the Boschplaat
had really reached its carrying capacity, the results
of an intensive scaring campaign in April and May
1982 in the polder area of Terschelling can be used
(Thissen & Bruggeman 1982). The aim of this scar
ing campaign was to drive all Brent Geese out of
the polder area onto the Boschplaat, where most of
the Brent Geese were already concentrated any
way. The scaring campaign was very effective, so
that almost all Brent were driven out of the polder
area (Fig. 5). However, contrary to the expectation
of the scaring committee, numbers of Brent Geese
on the adjacent Boschplaat did not increase con
comitantly, and in the end even lower numbers than
on average were counted on the Boschplaat. In
creased numbers were found on the next island,
Ameland, and on the salt-marshes along the main
land coast opposite Terschelling.

Site-tenacity
In the spring of 1976 59 adult birds were marked

near the Vierde Slenk on the Boschplaat (Fig. 1). The
next spring we tried to identify as many ringed birds
as possible near the catching site, but also on the
Groede, a cattle-grazed part of the salt-marsh, almost
5 km west of the Vierde Slenk. On the Groede we
identified 20 different ringed birds, of which 1 was
marked near the Vierde Slenk. Near the catching site
itself we could, despite the high vegetation, identify
37 different ringed ones, ofwhich 24 were ringed there
the year before. All other marked birds were mainly
ringed in Britain and a few on the adjacent island
Vlieland. The difference in return rate between the two
sites on the Boschplaat is highly significant (2x2 table,

x2 = 18.9, P < 0.0001) and illustrates that even within
one and the same island most birds return to the same
fairly restricted area. In winter the same phenomenon
has been described for HamfordWater, one ofthe estu
aries along the coast of East Anglia (UK) (StJoseph
1979), and in spring for the island ofFohr in Schleswig
Holstein, Germany (Prokosch 1984).

Of all 3805 Brent Geese colour-ringed in west
ern Europe and the (former) USSR, 615 (16%) have
been ringed on the Boschplaat. Of the 405 different
individuals observed at least once on the Boschplaat,
no less than 287 (71 %) have also been ringed there.
This, too, testifies to the high degree of site-fidelity.
For Texel, 392 (48%) of the 819 different birds
observed at least once, have also been ringed on
Texel, whereas only 397 (10%) of all 3805 ringed
birds have been ringed on Texel.

The Texel spring population consists for 40
50% of birds that also spend the winter on Texel,
supplemented by birds that have spent the winter
further south, in France, England, and the SW
Netherlands (Spaans 1987a).

Virtually no Brent Geese actually winter on the
Boschplaat. Therefore the spring population of this
salt-marsh consists almost entirely of new immi
grants. Only about 20% winters nearby, in the Ter
schellinger polder (calculated from Ebbinge &
Boudewijn 1984). The majority consists of birds
that have spent the winter further south.

Predicting next spring's number of geese per
site

From the re-sightings of colour-ringed birds a
mean annual survival rate of 84% has been calcu-
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Table 6. Annual survival rates in adult Brent Geese. estimated from re-sightings of colour-ringed birds from 1973
74 till 1990-91. For methods see Ebbinge et al. (1991)

Am A IO All Aoo n season s var(s)
- ----------------

2 2 11 0.3 18 73/74 0.85 0.0013
70 64 306 14.6 506 74/75 0.90 0.0001
83 70 306 18.9 559 75/76 0.86 0.0001

156 101 256 61.3 625 76/77 0.92 0.0003
168 51 183 46.6 544 77/78 0.82 0.0004
195 19 117 31.4 424 78/79 0.85 0.0005
107 20 155 13.7 334 79/80 0.89 0.0002
87 38 241 13.7 429 80/81 0.89 0.0001

115 85 356 27.4 690 81/82 0.85 0.0001
127 47 367 16.2 712 82/83 0.78 0.0000
191 82 501 31.2 898 83/84 0.90 0.0001
124 90 486 22.9 835 84/85 0.87 0.0000
136 111 498 30.3 936 85/86 0.83 0.0001
132 124 545 30.0 1040 86/87 0.80 0.0000
128 166 467 45.4 980 87/88 0.82 0.0001
48 164 397 19.8 919 88/89 0.68 1 0.0000

mean: 0.84

n: total number observed in season x
Am: number of n not observed during the next season, but at least once later on.
A 10: number of n only observed during the next season, but never during a later season.
A 11: number of n observed during the next season, and also later on.
Aoo:number of n estimated to be alive during the next season, but never observed, neither during the next season,
nor later on.
s : estimated survival rate till next season, of birds observed at least once in the season referred to.
var(s) : variance of s

IThe survival estimate for the last season, 88/89, is probably an underestimation since correction for later years is
not yet complete, because only information up to the season 90/91 was available. With more years to come the cate
gory AOl is likely to increase, resulting in an increase of the estimated survival rate.

lated (for methods see Ebbinge et al. 1991, data in
Table 6). Ifwe assume that all birds are strictly site
faithful, and that all young birds stay with their par
ents during their first-winter (see Lambeck 1990a),
problems will arise in years with over 16% young
in sites, where the carrying capacity has been
reached. To estimate the number of birds that have
to leave for other sites in such situations a model
has been developed.

Since spring peak counts are well correlated to
the total number of goose-days spent in April and
May (Table 2), in this model spring peak-counts
have been used, because no regular counts were

available for the Boschplaat in 1978 and 1980 (Table
3). To predict the number of birds that will try to
return the next spring (t+ I) to a particular staging
site, I have taken the peak count in year t, multiplied
by the mean annual survival rate, and divided by the
proportion of adult birds (over 1 year old) (which is
I - proportion of first-winter birds born in year t).

(1)

pnt+l = predicted maximum number in the next
spring
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nt = maximum number in spring t

s = mean annual survival rate (= 0.84, see Table 6)
jt = proportion ofjuveniles (first-winter birds) born
in year t.

The difference between the actually observed
peak number nt = 1 and the predicted number pnt+1

is an estimate for the number of geese that, al
though still alive, do not return to last year's spring
staging site.

In Fig. 8 for the Boschplaat the difference be
tween the number of expected birds (pnt+1) and the
actually observed spring peak count, has been plot
ted as a function of the proportion of first-winter
birds. Clearly in the springs of 1976, 1979, 1980,
1986 and 1989, following good breeding seasons
with over 30% of first-winter birds in the popula
tion, between 4000 and 12 000 birds had to go
somewhere else. The spring of 1983 is an exception
to this rule, for which there are two possible expla
nations:

(l) in 1982 an experimental scaring campaign
in April/May in the adjacent Terschellmger polder

resulted even in a reduction of the number of geese
on the Boschplaat (Thissen & Bruggeman 1982),
and consequently the modelpredicted too few birds
for 1983 resulting in an overestimation for the dif
ference between actually observed and expected
birds in 1983 (as plotted in Fig. 8). Had the 1982
spring peak count instead of the observed value of
8500, reached the mean peak value of 11 700 (over
1975-1990), then the model would have predicted
an efflux of 2393 birds instead of the now plotted
influx of 2983 birds.

(2) Primary production ofsalt-marsh vegetation
in the Dutch Wadden Sea area in the extremely wet
spring of 1983 (278 mrn rainfall, against 145 mm
on average, Table 1) was extremely high (De Leeuw
et al. 1990), and this could account for an exception
ally high number of Brent Geese in this particular
season. Indeed the 1983 peak count of 17 250 Brent
Geese on the Boschplaat, is the highest count ever
(Fig. 6a). These explanations do not exclude one
another, and are probably both valid.

After poor breeding seasons «5% first-winter
birds), however, there appear on average an extra
1400birds on the Boschplaat. Ofthe 7 seasons after

Fig. 9. Difference between observed and expected (ac
cording to the model, see text) peak number of Brent
Geese, as afunction ofthe proportion offirst-winterbirds
('measure for competition') on Texel. The positive val
ues on the Y-axis reflect the magnitude of immigration,
the negative values emigration. Figures indicate years.
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Fig. 8. Difference between observed and expected (ac
cording to the model, see text) peak number of Brent
Geese, as afunction ofthe proportion offirst-winterbirds
('measure for competition') on the Boschplaat, Terschel
ling. The positive values on the Y-axis reflect the mag
nitude of immigration, the negative values emigration.
Figures indicate years. The reasons for the 1983 outlier
are discussed in the text.
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Fig. 11. Observation intensity in spring (Apr-May).
Total number of individually colour-ringed Brent Geese
observed on Texel, the Boschplaat, and elsewhere.
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1975 till 1990 have been given. In terms of total num
ber of sightings (Fig. 10) the observations on the
Boschplaat seem negligible, but the absolute number
of marked individuals (Fig. 11) shows quite a differ
ent picture. In the period 1986-1989, when we were
studying the rate of return of recently marked birds
a sufficient number of marked individuals were 00
served on the Boschplaat. Both figures also show that
more than half of the total number of all individuals
observed in spring, is seen outside the two study sites.

Fig. 10. Observation intensity in spring (Apr-May).
Total number of sightings of marked Brent Geese on
Texel, the Boschplaat, and elsewhere.

Effect of body-mass and staging site quality on
the probability to return

More or less simultaneous catches of adult birds
have been made at the end of the spring staging
period (between 16-24 May) in 1984, 1985 and 1986,
both on Texel, and on the Boschplaat. Body-mass
has been taken as a measurement of condition at the
time of departure from the spring staging grounds.
The caught birds have all been colour-ringed and
observations ofthese marked birds in April and May
1986,1987,1988, and 1989 on both study sites have
been analysed. In this analysis it has been assumed
that the individual birds acquire the same condition
(when compared to conspecifics) each spring. So, a
relatively heavy bird in the 1984 catches is assumed
to be relatively heavy in all springs up to 1989.

The effort put into observation, both in the study
sites and elsewhere, is reflected in Figs 10 and 11,
where all Brent Goose sightings in April! May from

a poor breeding season - again the spring of 1982
had to be excluded for the reason mentioned above
under (l) -the mean proportion offirst-winter birds
was only 1.5% . Since the mean annual mortality
rate is 16%, there will be room for an extra 14.5%
birds, which is in the same order of magnitude as
the above calculated 1400 (14.5% of the mean
spring peak of 11 700 = 1700) birds.

For Texel, the expected number of Brent Geese
in spring has been calculated in the same way, and
again the annual differences between observed and
expected have been plotted against the proportion
of first-winter birds (Fig. 9). In this case carrying
capacity is not known (since there is no apparent
levelling off in numbers, see Fig. 6b), but this is
certainly not below 11 000 birds (the absolute max
imum counted twice so far). In the 8 springs follow
ing poor breeding years there were on average 350
birds less than expected, which means certainly no
significant influx, may be even a slight efflux of
adult birds. Following good breeding seasons (n
= 6) there is on average an influx of 1150 extra
birds, most markedly so in 1976, an extremely dry
spring with very little growth on the salt-marsh
(Ebbinge 1979), when more than twice the number
of expected birds appeared on Texel.
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The probability of returning (1t) has been mod
elled by the following logistic regression model:

In {1t/(l-1t)} =c+Yt +Si +b·w

+YSti
+ YWt'w
+ SWi'W

where c is a constant, Yt is the main effect ofringing
year t (t= 84, 85, 86), Si is the main effect ofringing
site i (i =I for Texel, and i =2 for the Boschplaat),
b·w is the linearly modelled main effect of body
mass w, and YSti, YWt and SWi represent the two
factor interactions. This model has been fitted to
the available data for each year of observation and
for each sex separately, because the observed re
turns cannot be assumed to be independent over
the years of observation, and for individual part
ners in paired birds. Birds of one sex are assumed
to behave independently, except when competing

for available space when the carrying capacity has
been reached. Hence, under the null hypothesis (no
competition for space on both sites) the returns of
birds of one sex in one specific year of observation
are independent. Note that this assumption is not
valid under the alternative hypothesis (competition
on the Boschplaat, no competition on Texel).
Therefore no inference can be made about the pre
cision of any difference between observed rates of
return.

The model has been fitted to the data (I for each
bird observed returning to the same spring staging
site, 0 for each bird that was not observed to return)
using the generalised linear model facilities of the
statistical program Genstat. Analysis of deviance
tables have been computed and likelihood ratio
tests were used to test main effects and interactions
hierarchically in the order indicated above. In prac
tical terms the likelihood ratio test can be perform
ed by comparing the deviance for each term in the

Table 7. Accumulated analysis of deviance to test the effects of ringing year, body-mass, ringing site, as well as
two-factor interactions on the probability to retum to the same spring staging site for birds marked in late May on
Texel and on the Boschp1aat. Statistically significant values bold.

1986 1987 1988 1989
change df dev P dev P dev P dev P

Males:
+ ring year 2 61.15 <0.001 4.28 .118 1.70 .427 0.26 .879
+ ring site 1 7.24 .007 30.84 <0.001 27.21 <0.001 2.51 .113
+ body-mass 1 1.23 .268 1.68 .195 3.31 .069 1.34 .247
+ ring site.ring year 2 0.65 .724 6.16 .046 3.01 .222 2.30 .317
+ body-mass.ring year 2 0.67 .717 1.30 .523 0.56 .757 2.29 .318
+ body-mass.ring site 1 5.61 .018 1.08 .298 0.02 .893 4.38 .036

Residual 133 93.0 .997 139.8 .327 151.7 .128 167.6 .098

females:
+ ring year 2 51.32 <0.001 0.57 .751 8.23 .016 4.09 .130
+ ring site 1 5.34 .021 23.09 <0.001 26.16 <0.001 3.87 .049
+ body-mass 1 4.79 .029 10.26 .001 3.66 .056 5.39 .020
+ ring site.ring year 2 2.13 .345 1.03 .598 3.15 .207 0.25 .881
+ body-mass.ring year 2 0.05 .975 0.92 .632 1.54 .462 8.30 .016
+ body-mass.ring site 1 0.62 .432 0.36 .549 0.02 .876 0.00 .966

Residual 140 103.3 .991 151.8 .233 131.2 .690 131.0 .696
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Fig. 12a. Predicted proportion of adult male Brent
Geese returning in subsequent springs to the same spring
staging site, as a function of spring body-mass, following
successful breeding (+) (increase in population size,
and hence increased competition). Bosch = Boschplaat,
Tex = Texel. For model see text and Table 7.

Fig. 12b. Predicted proportion of adult male Brent
Geese returning in subsequent springs to the same spring
staging site, as a function ofspring body-mass, following
failed breeding (-) (reduced population size, and reduced
competition). Bosch = Boschplaat, Tex = Texel. For
model see text and Table 7.

model with a X2 distribution with the same df(de
grees of freedom) as the tested term (McCullagh
& Neider 1989). It should be noted that the results
are dependent on the order of inclusion of terms in
the model. This order has been chosen in such a
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Fig. 13. Predicted proportion of adult female Brent
Geese returning in subsequent springs to the same spring
staging site, as a function of spring body-mass. The sets
marked by + refer to years following successful breed
ing, those marked by - the years following breeding fail
ure (and concomitant decrease of population size).

way that expected artefacts are tested first, so that
in testing biologically important issues due correc
tion is made forthese artefacts. One artefact is caus
ed by the fact that in 1986 observations ofthe birds
caught that season have been excluded. Another
problem is posed by the difference between the two
islands in probability of detecting and identifying
a marked bird.

Table 7 presents the accumulated analysis of
deviance, separately for each of the two sexes. De
viances for each of the factors included in this mod
el are given for each year of observation. Since the
residual deviance is highly insignificant, it can be
concluded that the model fits well to the data. Start
ing with the three main effects, there is a highly
significant effect of ringing year for both sexes in
1986, but this is an artefact (see above). Biological
ly more interesting is the effect of body-mass for
females, which is almost significant (P = .056) in
1988 and significant in all other years. This can be
interpreted as follows: generally females achieving
higher body-masses in the end of May, are more
likely to return in following springs. In the males
this effect is not significant in any year, so body
mass does not seem to be important for males in
this respect. The highly significant contribution of
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the third main effect, ringing site, can be explained
by a much higher intensity of observation on Texel
in 1986,1987, and 1988 (see Table 3). In 1989ringing
site does not contribute significantly at all, but then
observation intensity on Texel was about as low as
on the Boschplaat (Table 3).

Now turning to the interactions, those between
ringing site and ringing year are only significant for
males in 1987. This is due to the fact that in 1987 on
the Boschplaat only males from the cohort ringed
in 1986 were seen, whereas in later years also males
that had been ringed earlier re-appeared. The
second interaction factor between body-mass and
ringing year is only significant for females in 1989.

Biologically really interesting in our context, is
the last interaction between body-mass (condition)
and ringing site. If there would be a difference be
tween the two study sites in the probability to re
turn, and the probability to return in itself would
also depend on body-condition, then, this effect
should be noticeable particularly after good breed
ing seasons (i.c. 1986 and 1989), when on the Bosch
plaat not all birds can be accommodated (Figs 8 &
9), while on Texel there are no restrictions on the
total numbers. In the females there is no significant
contribution of this interaction between body-mass
and ringing site at all, but in the males it is signif
icant both in 1986, and in 1989.

The predictions of the model for years follow
ing successful breeding seasons with a high level

of competition (1986 and 1989), and for years fol
lowing failed breeding seasons with a lower level
of competition (1987 and 1988) have been depicted
in Figs 12a & 12b for males and in Fig. 13 for fe
males. Clearly it can be seen that in 1986 and in
1989 for males there is no body-mass effect at all
on Texel, but a marked effect on the Boschplaat.
Following poor breeding seasons there is on both
islands a trend for heavier males to have a higher
probability to return, but this is not significant. Also
in such years there is no significant difference be
tween the two islands. For females there are no sig
nificant differences between the two islands but on
both there is a significant effect of body-mass on
the probability to return. Relatively more birds of
the two lower classes of body-mass return.

Impact of spring body-mass on survival
To analyse whether body-mass has an impact

on future survival I analysed the re-sightings of
adult birds, caught in spring on Texel and the
Boschplaat. The adult birds have been caught in
the springs of 1984,1985, and 1986, and thus all be
long to the same age category born in 1982 or ear
lier, since breeding was extremely poor in 1983,
and 1984. The young born in 1985 were still recog
nizable by their plumage in the spring of 1986, and
could thus be excluded from this analysis. Survival
was analysed until 1988/89, by assuming that birds
seen neither in 1988/89, nor in the two seasons

Table 8. Survival up to 88/89 per class of body-mass in adult Brent Geese, ringed in the springs of 1984, 1985
and 1986 on two sites.

body-mass (g)

sex ringing site <1450 1450-1600 1600-1750 >1750
n s n s n s n s

Q Boschplaat 7/21 .33 24/36 .67 14/28 .50 0/0
Q Texel 5/10 .50 14/34 Al 11/16 .69 4/5 .80

d' Boschplaat 4n .57 8/16 .50 27/34 .79 10/12 .83
d' Texel 4/9 044 8/14 .57 24/33 .73 12/18 .67

n: actual number of birds observed at least once in 1988/89, 1989/90 or 1990/91, over the total number ringed.
s: proportion surviving.
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Table 9. Number of surviving Brent Geese that return at least once in a subsequent spring (March-May) to the
island where caught. The denominator indicates the total number of surviving birds (see text).

caught as adult caught as first-winter
ringing site

99

---------

aa 99

Boschplaat
Texel

58/84
58/70

69%
83%

67/93
56/61

72%
92%

6/31
20/37

19%
54%

12/30
22/35

40%
63%

Table 10. Number of Brent Geese that are observed at
least once in a subsequent spring in Schleswig-Holstein,
that were caught during their first-winter on Texel or the
Boschp1aat, Terschelling. The denominator indicates the
total number ringed.

Competition in young birds for preferred spring
staging sites

The return by young birds to the same staging
area frequented with their parents during their first
spring, has been studied by marking first-winter
birds in spring both on Texel and on the Boschplaat
in 1984, 1985 and 1986. Since hardly any young
were raised in 1983 and 1984, the majority of the
caught first-winter birds were born in 1985, and
caught in the spring of 1986. Observations of these

thereafter, were dead. In this way survival until
reaching an age of at least 7 years, has been com
pared for the different classes of body-mass.

For the same catches analysed above, the num
ber ofbirds surviving until at least 1988-89 has been
tabulated in Table 8. Only in the females caught on
the Boschplaat the lowest class of body-mass has
a significantly lower survival (X2 =4.30, P =0.04)
than the higher class of body-mass. In the females
of Texel and the males of both islands survival
seems to be higher, too, in the higher classes of
body-mass, but this difference is not significant.

ringing site

Boschplaat
Texel

aa

8/37
1/38

99

8/33
1/43

birds in later springs from the general ring-reading
scheme have been analysed to find out whether
here, too, differences between the 'full' Boschplaat
and Texel could be found.

For both adults and first-winter birds ringed in
the springs of 1984, 1985 or 1986 on the Boschplaat,
I analysed how many of the surviving birds (de
fined as being seen somewhere in a subsequent
year) were seen again on Terschelling in spring
(March-May). I have included all ringed birds of
which there was at least one sighting in 1985-1991,
excluding all observations made in the season of
ringing. Of the surviving adults 71 % was seen
again on Terschelling, whereas of the surviving
first-winter birds only 30% was seen again on Ter
schelling (Table 9, X2 = 32.0,P <0.0001). For Texel
87% of the surviving adults was -seen again on
Texel, against 58% of the surviving first-winter
birds (Table 9, X2 = 21.49, P < 0.0001). Clearly
first-winter birds have not yet established the same
degree of site-faithfulness to spring staging sites as
adults.

In Table 9 the future fate ofbirds caught as first
winter-birds is shown separately for the two sexes.
In subsequent years, males seem to be even less
site-faithful to the spring staging site they were
taken to by their parents in their first winter, than
first-winter females. However, this difference is
not significant. For Texel X2 = 0.57, P = 0.44; for
Terschelling: X2 = 3.12, P = 0.0771.

Young birds are less likely to return to Terschel
ling, than to return to Texel. To test whether this is
simply an artefact resulting from the higher proba
bility to be spotted on Texel, I compared re-sight
ings from the spring staging sites in Schleswig-
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Holstein of birds caught in their first spring on
either Texel or on the Boschplaat, Terschelling
(Table 10). Both males (X2 = 6.40,P = 0.0114), and
females (X2 = 8.59, P = 0.0034) ringed in their first
spring on the Boschplaat are more likely to tum up
elsewhere (i.c. in Schleswig-Holstein), than those
ringed in their first spring on Texel.

DISCUSSION

Origin of spring migrants
Only about 10% of all Brent Geese actually winter
in the Dutch part of the Wadden Sea, and virtually
none do so in Schleswig-Holstein (Ebbinge et al.
1981, Prokosch 1984). The majority winters in
France and England, and apart from those returning
in March to stay in the Dutch part of the Wadden
Sea, many make short stops there on their way up
to Schleswig-Holstein. Likewise Brent spending
the spring in the Dutch part of the Wadden Sea may
have spent the autumn on the Zostera beds in
Schleswig-Holstein. So all Brent have knowledge
about both areas.

The spring population in Schleswig-Holstein
consists almost exclusively ofbirds wintering else
where, whereas in the Dutch part of the Wadden
Sea the spring population is a mixture of birds re
turning from more southerly winter quarters, and
of locally wintering birds. Particularly on Texel a
high proportion of the spring birds has also spent
the winter on Texel (Spaans 1987a). The Boschplaat
on Terschelling, like the salt-marshes in Schles
wig-Holstein, has virtually no Brent in winter.

Site tenacity and limits set by carrying capacity
Both in winter and in spring, the majority of

Brent Geese return to the same staging area, and
often even to a fairly limited site within such an
area (StJoseph 1979, Prokosch 1984). In autumn,
when the geese return from their Siberian summer
grounds, food stocks are abundant, particularly on
the Zostera-covered mud-flats. Large scale Zoste
ra resources are located in the Wadden Sea (Wat
tenmeer) of Schleswig-Holstein (Germany), along
the coast of Essex (England), and in the Golfe du

Morbihan (France). Here large concentrations of
Brent Geese can be found, that rapidly deplete the
standing stock of this highly preferred food-plant.
As the world population of Brent Geese increased,
the occurrence of peak numbers in the Golfe du
Morbihan, France, was advanced in the season
from January to early November (Maheo & Denis
1987). Since in the autumn hardly any re-growth
takes place, the area is rapidly eaten out, and it pays
to be first. Some birds may even go to this area be
fore spending the actual winter much further north
again on Texel (Ebbinge & StJoseph 1992). In
spring staging areas, however, the geese meet a
completely different situation, as continuous re
growth of the vegetation allows rapid regeneration
ofthe food stock, and the geese's own grazing ac
tivity may even improve the quality of the food
(Prins et al. 1980, Madsen 1989, Prop 1991, Prop &
Deerenberg 1991). In such a situation detailed local
knowledge ofa staging site is essential, and itthere
fore pays to be site-faithful. In a detailed analysis
of colour-ringed Brent Geese in spring on Fohr,
Schleswig-Holstein, Prokosch (1984) showed that,
of birds spending over 5 days (n = 59) in spring on
this island, 78% returned the next spring, whereas
of those birds spending only 1-5 days (n = 52) in
spring only 14% returned. On this spring staging
site 61 % of the birds proved to be traditional visi
tors returning every year when still alive, and 39%
were wanderers. The actual number of birds visit
ing Fohr-Vorland were calculated to be twice the
maximum number present during the four most in
tensive study years from 1976-1979. While the
world population increased from 71 300 in 1974
75 to 170 000 in 1979-80, peak numbers on Fohr
increased only slightly from 4000 to 4500. So just
like the Boschplaat, here is another example of a
site that has apparently reached its carrying capac
ity for Brent Geese. Thus, just like breeding popu
lations ofGreat Tits in rich mixed deciduous woods
(Kluyver & Tinbergen 1953), numbers of spring
staging Brent Geese on salt-marshes are fairly
stable despite further increases in size of the world
population. This brings up the question of where
do the extra birds go, and secondly the question of
which birds leave.
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Fig. 14. Percentage of world population of Dark-bel
lied Brent Geese in Schleswig-Holstein during spring
peak count.

The two main spring staging areas: the Wadden
Sea (Wattenmeer) in Schleswig-Holstein, and the
Dutch part of the Wadden Sea, have been very well
studied recently and neither area shows any trend in
the proportion of the entire world population they
harbour in spring (Figs 14 & 15). So within each of
these large areas there has apparently been room to
accommodate the increased number of geese, despite
localloss ofhabitat (Prokosch 1991). This could mean
that the extra birds can be accommodated in the close
vicinity of such sites that are filled to capacity. How
ever, observations of colour-ringed birds prove that
individual birds may even switchbetween Schleswig
Holstein and the Dutch part of the Wadden Sea.

Within the Dutch part of the Wadden Sea,
changes in relative distribution in spring have oc
curred in the 1980-s, with marked increases along
the mainland coast of Groningen, Ameland, and
Texel (Ganzenwerkgroep 1991).

Variability in food supply
Since the local food abundance varies between

years (De Leeuw et al. 1990) the carrying capacity
will also vary, and Brent have to redistribute them
selves accordingly. This could explain the sudden
increase on Texel in the extremely dry spring of
1976 (Fig. 6a), and relatively high proportion ofthe
entire world population concentrated in Schles
wig-Holstein in 1982,1986 and 1987 (Fig. 14). The

Fig. 15. Percentage of world population of Dark-bel
lied Brent Geese in Dutch part of the Wadden Sea during
spring peak count.

variability in peak numbers on the Boschplaat be
tween 1973-1990 (Fig. 6a) probably also reflects
differences in food supply. A temporary shortage
of food, like in the extremely cold month of March
1987 (mean daily temperature 0.7°C against 4.8°C
on average, Table 1), leads within Terschelling to
a shift from the salt-marsh to the polder area (Figs
2 & 3), and even forces some birds to return to Eng
land (Ebbinge & St. Joseph 1992).

Is the Boschplaat salt-marsh a preferred habitat?
If the assumption that the Boschplaat is a pre

ferred site, is true, one would expect again an influx
of adult birds after a failed breeding season, be
cause then there should be room for about 16% new
settlers taking up the vacancies caused by death of
former Boschplaat birds. In Fig. 8 it can be seen
that such an influx occurs, while on Texel on aver
age this does not occur (Fig. 9). If one plots these
immigrants as a proportion of the observed spring
peak population (Fig. 16) it is clear that on average
a net immigration of 10% takes place on the Bosch
plaat, while on Texel under the same conditions 7%
of the expected birds do not return (negative immi
gration = emigration). This difference is significant
(paired t-test, P = 0.0172). It is also clear from Fig.
16 that other factors playa role as well, since there
is a positive correlation between the two islands
(r = 0.79). This could be due to differences in sur-
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bers on the Boschplaat after this scaring campaign
in the adjacent polder were actually lower than
usual, can be explained as follows: It is likely that
during temporary shortages offood in MarchiApril
the polder area is an important alternative for geese
eventually using the Boschplaat for fattening up in
the end ofApril and May. Denying the geese access
to this polder in April forces them to leave the
island of Terschelling altogether during periods
when food availability on the Boschplaat is re
duced by dry and cold weather. Thus, they probably
end up in places from where it is no longer profit
able to return to the Boschplaat at a later stage,
when vegetation growth on the Boschplaat would
no longer be restrictive.

Food abundance as such is certainly not what
makes the Boschplaat so attractive, because exert
ed grazing pressures per unit area on the'Zeeburg'
grassland reserve on Texel are higher than on the
Boschplaat salt-marsh. The features making the
Boschplaat so attractive to Brent Geese are proba
bly the high quality of the salt-marsh vegetation
(Prop & Deerenberg 1991), and presumably also
physical geographical features, like the many
creeks intersecting the salt-marsh (Fig. 1). Here the
geese seek refuge when aerial predators or other
disturbing agents like aircraft, or people show up.
In the early morning, after roosting on the Wadden
Sea, Brent Geese typically follow the courses of
such creeks, when flying to the feeding grounds.

Carrying capacity
With the present number of Brent Geese in

spring, the carrying capacity of the Boschplaat has
been reached. Food abundance as governed by
weather conditions will cause annual deviations
from the mean annual peak value of 11 700 Brent
Geese. For this salt-marsh, including a cattle
grazed part of 190 ha, this means that the carrying
capacity in spring is 11 700/780 = 15 Brent Geese
ha-1 of suitable grazing. To accommodate the entire
world population of about 250 000 Brent Geese on
such natural vegetation, one would need almost
17 000 ha, or 21 sites like the Boschplaat. On the
Groede, the cattle-grazed part of the Boschplaat,
goose-grazing intensity is about three times as high
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vival rates between years, whereas the model uses
a constant average value to calculate the expected
number of birds. Another explanation could be an
nual differences in spring distribution on a much
wider scale over the entire Danish-German-Dutch
Wadden area. E.g. the high proportion of Brent in
Schleswig-Holstein in 1982 and 1987 (Fig. 14),
both coincide with emigration from the Boschplaat
(-10% resp. -3%), and from Texel (-39% in both
years). In other years more birds may be trying to
settle in the western part of the Wadden Sea, coin
ciding with a relative decline in Schleswig-Hol
stein.

That extra birds try to settle on the Boschplaat
in early spring is also clear from Fig. 3, where the
increasing trend in the world population is reflect
ed in the number of goose-days spent in March. In
April/May, when peak numbers have been reached,
no increase over the years is noticeable.

Further proof for the assumption that the
Boschplaatis a preferred site, is given by the exper
imental scaring campaign in the Terschellinger
polder, which failed to increase the number of
Brent Geese on the Boschplaat. The fact that num-
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Fig. 16. Relative immigration after poor breeding sea-
sons. Texel versus Boschplaat. Difference between ob
served and expected peak number (see caption under
Figs. 8 & 9), expressed as percentage of observed peak
number. Overall mean percentage of emi-/immigration
per site shown by heavy bar.
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Table 11. Cumulative number of Brent Goose droppings m-2 per spring (Mar-May) on improved grassland (i.g.)
and on salt-marsh vegetation: natural (nat.s.) or cattle-grazed (eg.s.).

Site

Bosehplaat
Oosterkwelder
Groede
Stideroog
Oland
Stidfall
F6hr-Vorland
Langli1

Zeeburg

Dropping
density
(n m-2)

16
15-23
50
80
50
44
57
31-65
50-90

Type

nat.s.
nat.s.
eg.s.
eg.s.
eg.s.
eg.s.
eg.s.
eg.s.
i.g.

Source

Ebbinge & Boudewijn 1984
Drent pers.eomm.
Ebbinge & Boudewijn 1984
Prokoseh 1979
Prokoseh 1979
Prokoseh 1979
Prokoseh 1979
Madsen 1989
Spaans 1987b

leattle-grazed until 5-7 years before goose-grazing intensity was measured.

(Table 11), as on the natural un-managed part of
this salt-marsh. Since the Groede covers 190 of the
780 ha, one can work out that the carrying capacity
in spring on this cattle-grazed part is about 30 Brent
Geese per ha. Similar vegetation occurs on the
Halligen in Schleswig-Holstein, and in the Danish
part of the Wadden Sea (Prokosch 1979, Madsen
1989) and grazing pressures expressed as cumula
tive number of goose droppings m-2 per spring are
close to the values found on the Groede (Table 11).
Thus to accommodate the entire population in
spring on such cattle-grazed salt-marshes about
8500 ha would be needed.

Competition in adult birds
Detailed research on marked individual Brent

Geese has shown that most individuals have a fair
ly stable position within a grazing flock, and that
particularly those individuals in the trailing end of
the flock, hardly contribute to the reproduction of
the population. Aggressive encounters between
males in grazing flocks are numerous, and females
of dOminant males are able to spend more time
feeding (Teunissen et ai. 1985, Spaans 1987a). Such
encounters have an impact on the decision of cer
tain birds whether to stay or to try settle somewhere
else. Assuming that dominant birds will be those
in the best condition, I looked at the effect of con-

dition on the probability to return the next spring
to the same spring staging area. As a measure of
condition I have taken the body-mass the birds
finally achieve in the end of May. Since it was not
feasible to re-trap the same birds every year, I have
assumed that adult heavy birds are consistently
heavy for several consecutive years. In this way
catches from different years have been compared.
Due to almost complete breeding failures in 1983
and 1984, all adult birds caught in 1984, 1985 and
1986 belong on average to the same age-class, all
being born in 1982 (50% first-winter birds), or ear
lier. The critical question now is whether the birds
from Texel are more likely to return, than those
from the Boschplaat. From Table 7 and Figs 12a &
12b it will be clear that the situation is rather com
plex. For females, there is a general effect on both
sites that body-mass has a significant effect on the
probability to return. Birds that do not return have
either died, or they have gone elsewhere. Table 8
suggests that a higher probability to die for the
lightest ones is the main reason for this effect of
body-mass on the probability to return in females.

For males a completely different situation
emerges. In years following a good breeding sea
son there is a striking effect of spring body-mass
on the probability to return on the Boschplaat: par
ticularly heavier males return. On Texel, however,
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there is no effect of spring body-mass at all in such
years. Light males are just as likely to return as
heavy ones. Since most first-winter birds stay with
their parents till the end of spring (Lambeck 1990
a&b), competition will be most severe in springs
following such good breeding seasons, i.c. in 1986
and 1989. Males have a prominent role in the ag
gressive interactions (Teunissen et ai. 1985), and
therefore their condition is then of paramount im
portance. In years following failed breeding sea
sons there is no difference in male return rate be
tween the two sites. Apparently then competition
is much less severe.

The difference in competitive pressure on
males on the two sites, is also reflected in the sex
ratio of the caught birds. The total catches show
slight differences in sex ratio, which are consistent
over the years. On the Boschplaat on average 45%
ofthe adult birds caught were males, while on Texel
53% were males (derived from Table 8). Since the
majority of the adult birds are paired (own obs.),
this means that single females have a better chance
to return to the Boschplaat, than single males. It is,
however, unlikely that they will have access to the
best feeding sites on the Boschplaat, since within
the flock marked differences in individual diets oc
cur (Prop & Deerenberg 1991).

Though competition is evidently more severe
on the Boschplaat, from which it can be inferred
that this is a preferred spring staging site, this does
not necessarily mean that the birds managing to
spend the spring on the Boschplaat are also better
birds in terms of reproductive success. As Spaans
showed, reproductive success in 1985 of birds
spending the previous spring on salt-marsh was
equal to those spending the previous spring on
Texel (Spaans 1987a).

Occupation of spring staging sites by young
birds

Young birds spending their first spring on Ter
schelling show a higher tendency to emigrate in
future springs, than those spending their first spring
on Texel. On the spring staging areas in Schleswig
Holstein significantly more of the birds ringed in
their first spring on the Boschplaat, turned up, than

of those ringed on Texel. This is in line with the
hypothesis that the Boschplaat has reached its
carrying capacity, and that particularly young birds
have difficulties to find a place on this preferred,
but crowded spring staging site.

On every spring staging site a flock of Brent
Geese will consist of a mixture of regular staging
birds and 'transit-passengers'. The latter category
will also contain birds trying to become a regular
staging bird, ifnot ousted by stronger conspecifics.

ACKNOWLEDGEMENTS

This study has been carried out in the nature reserves the
'Boschp1aat' and 'Zeeburg' ofthe Dutch State Forestry
Service ('Staatsbosbeheer'). People from this Service
not only permitted us to work in their reserves, but more
over actively helped us in the field: practical assistance
during catching operations, as well as observing the col
our-ringed birds in the field. In particular I would like to
mention: Harry Horn, M. Mantje, Piet Postma, Roel
Klaassen, Jaap Starrenburg, Oene de Jong, Jan Vis, Leo
Bot, Piet Zumkehr, Jan Bunnik, Jan Ellens, Hessel Wieg
man, and Jan Piet Rijf.

The catching and observation program on Texel has
been carried out skilfully by Bernard Spaans and Gerard
van Gool partly funded by a special BION/STW-grant
nr GBI26.0368.

On Terschelling many different people helped to
catch the birds with canon-nets. Particularly Piet Zegers
has been of great help in the early years of this study.

Many people also assisted with the counts on Texel
and Terschelling. Here, I will only mention those that
regularly participated: Piet Postma, Kees Boot, Gerrit
Boot, Bernard Spaans, Gerard van Gool, Jenny Cremer,
Ben Koks, Eduard Koopman, Harry Blijleven, Eric
Quene, Monique Pas, Jan van der Kamp, Arend van Dijk,
Freek Zwart, Leo van den Bergh, Dick Jonkers, Jan
Rooth, Albert Beintema, Arie Spaans, Gerard Miiskens,
Thorn Renssen, Bernard Schaffner, Ruurd Noordhuis,
AIle de Wit, Tejo Boudewijn, Ray Teixeira, Johan This
sen, Hans de Molenaar, and Piet Zegers. Weather data
for Terschelling were obtained from J. Pals.

The critical comments by Joost Tinbergen, Rudi
Drent, Bernard Spaans, and Hilko van der Voet have
greatly improved this paper. The latter has been partic
ularly helpful with statistical advice, and modelling. The
figures have been carefully prepared by Arjan Griffioen.



Ebbinge: REGULATION IN WINTERING BRENT GEESE 227

I am extremely grateful to all these people as well
as to the many that, though not mentioned by name, still
contributed to this long-term project.

REFERENCES

Boudewijn, T. 1984. The role ofdigestibility in the selec
tion of spring feeding sites by Brent Geese. Wild
fowl 35:97-105.

De Leeuw, J., H. Olff & J.P. Bakker 1990. Year-to-year
variation in peak above-ground biomass of six salt
marsh angiosperm communities as related to rain
fall deficit and inundation frequency. Aquatic Bota
ny 36: 139-151.

Drent, R.ll. & S. Daan 1980. The prudent parent: ener
getic adjustments in avian breeding. Ardea 68:225
252.

Ebbinge, B. 1979. The significance of the Dutch part of
the Wadden Sea for Branta bernicla bernicla. Proc.
Tech. Meeting on Western Palaearctic Migratory
Bird Management, Paris 1977:77-87. IWRB, Slim
bridge (UK).

Ebbinge, B.S. 1989. A multifactorial explanation for
variation in breeding performance of Brent Geese
Branta bernicla. Ibis 131:196-204.

Ebbinge, B.S. & T. Boudewijn 1984. Richtlijnen voor
het beheer van Rotganzen in het Nederlandse Wad
dengebied. Report 84/4 Research Institute for Na
ture Management, Leersum (in Dutch).

Ebbinge, B.S., J.B. van Biezen & H. van der Voet 1991.
Estimation of annual adult survival rates ofBamac
Ie Geese Branta leucopsis using multiple re-sight
ings of marked individuals. Ardea 79:73-112.

Ebbinge, B., M. Fog & P. Prokosch 1981. Brent Goose
(Branta bernicla L.).ln: Smit, C.J. & W.J. Wolff 1981
Birds ofthe Wadden Sea, Report No.6 of the Wadden
Sea Working Group, Balkema, Rotterdam. pp.28-37.

Ebbinge, B., A. StJoseph, P. Prokosch & B. Spaans 1982.
The importance of spring staging areas for arctic
breeding geese, wintering in western Europe. Aqui
la 89:249-258.

Ebbinge, B.S. & A.K.M. StJoseph 1992. The Brent
Goose Colour-ringing Scheme: unraveling annual
migratory movements from high arctic Siberia to the
coasts of western Europe. In: Ebbinge, B.S. 1992.
Population limitation in arctic-breeding geese.
Ph.D. thesis, University of Groningen, Neth.

Fretwell, S.D. 1972. Theory of habitat distribution. In:
S.D. Fretwell (ed.): Populations in a seasonal envi
ronment; 79-114. Princeton University Press.

Ganzenwerkgroep Nederland/Belgie 1991. Ganzentel
lingen in Nederland en Belgie in 1988/89. Limosa
64:7-15.

Glas, P. 1960. Factors governing density in the Chaffinch
Fringilla coelebs in different types of wood. Arch.
Neerl. Zoo!. 13:466-472

Kluyver, H.N. & L. Tinbergen 1953. Territory and the
regulation of density in titmice. Arch. Neerl. Zoo!.
10:265-289.

Lambeck, R.H.D. 1990a. The applicability of age ratio
and brood size counts in population dynamic studies
of the Brent Goose Branta b. bernicla. Ardea 78:
414-425.

Lambeck, R.H.D. 1990b. Differences in migratory pat
tern and habitat choice between social classes of the
Brent Goose Bmnta b. bernicla. Ardea 78:426-440.

Leeuw, G. & D. Vuyk 1977. Vegetatiekartering de Bosch
plaat Terschelling. Mimeogr. report (in Dutch) Agri
cultural University Wageningen/ Research Institute
for Nature Management Leersum.

Madsen, J. 1989. Spring feeding ecology of Brent Geese
Branta bernicla: annual variation in salt marsh food
supplies and effects of grazing on growth ofvegeta
tion. Dan. Rev. Game Bio!. 13(7):1-16.

MaMo, R. & P. Denis 1987. Les Bernaches hivernant
dans Ie Golfe du Morbihan (Sud Bretagne) et leur
impact sur les herbiers de Zosteres: premiers re
sultats. Rev. Ecol. Terre Vie, Suppl. 4:35-45. (in
french, english summary).

McCullagh, P. & J.A. Neider 1989. Generalized linear
models. Chapman & Hall, London.

MOIZer Bruyns, M.E & J. Tanis 1955. De Rotganzen,
Bmnta bernicla (L.), op Terschelling (The Brent
Geese on Terschelling; in Dutch). Ardea43:261-271.

Morzer Bruyns, M.E & A. Timmerman 1968. Over het
voorkomen van de Rotgans (Branta bernicla ber
nicla) in Nederland (On the occurrence of the Dark
bellied Brent Goose in The Netherlands; in Dutch).
Limosa 41 :90-106.

Ogilvie, M.A. & A.K.M. StJoseph 1976. Dark-bellied
Brent Geese in Britain and Europe, 1955-76. British
Birds 69:422-439.

Parker, G.A. & w.J. Sutherland 1986. Ideal free distri
butions when individuals differ in competitive abili
ty: phenotype-limited ideal free models. Anim. Be
hav.34: 1222-1242.

Prins, H.H.T., R.C. Ydenberg & R.H. Drent 1980. The
interaction of Brent Geese Bmnta bernicla and sea
plantain Plantago maritima during spring staging:
field observations and experiments. Acta Bot.
Neerl. 29:585-596.

Prokosch, P. 1979. Zur Bedeutung der Salzwiesen der
Halligen und Vorlander im nordfriesischen Watten
meer ftir die Ringelgans (Branta bernicla). Report
Landesamt flir Naturschutz und Landschaftsplege
Schleswig-Holstein. (in German) 90 pp.

Prokosch, P. 1984. Population, Jahresrhythmus und tra
ditionelle Nahrungsplatzbindungen der Dunkel-



228 ARDEA 80 (2),1992

bauchigen Ringelgans (Branta b. bernicla L. 1758)
imNordfriesischenWattenmeer. Okologie derVogel
6:1-99. (in German)

Prokosch, P. 1991. Present status and recent changes in
numbers and feeding sites of Branta species on the
coasts of the Federal Republic of Germany during
the 1980s. Ardea 79:135-140.

Prop. J. 1991. Food exploitation patterns by Brent Geese
Branta bernicla during spring staging. Ardea 79:
331-342.

Prop, J. & C. Deerenberg 1991. Spring staging in Brent
Geese Branta bernicla: feeding constraints and the
impact ofdiet on the accumulation ofbody reserves.
Oecologia 87:19-28.

Spaans, B. 1987a. Met de Texelse Rotganzen op reis.
(Following the Texel Brent Geese on their itinera
ries through Europe, in Dutch with English summa
ry). Levende Nat. 88:194-199.

Spaans, B. 1987b. Aanbevelingen voor het beheer van
het cu1tuurgrasland van Zeeburg (Texel) om de op
vangcapaciteit voor Rotganzen te maxirnaliseren.
Internal report 87/1 Research Institute for Nature
Management, Arnhem.

StJoseph, A.K.M. 1979. The seasonal distribution and
movements of Branta b. bernicla in Western Euro
pe. Proc. Tech. Meeting on Western Palaearctic Mi
gratory Bird Management, Paris 1977:45-59.
IWRB, Slimbridge (UK).

Teunissen, w., B. Spaans & R. Drent 1985. Breeding
success in relation to individual feeding opportuni
ties during spring staging in the Wadden Sea. Ardea
73:109-119.

Thissen, J.B.M. & J.H. Bruggeman 1982. Effecten van
verjaging van Rotganzen uit de Terschellinger pol
der in het voorjaar van 1982. Report 82/10Research
Institute for Nature Management, Arnhem.

Westhoff, V. 1987. Saltmarsh communities ofthree West
Frisian Islands, with some notes on their long-term
succession during half a century. In: A.H.L.Huis
kens et al. (eds) Vegetation between land and sea.
Junk, Dordrecht:16-41.

Ydenberg,R.C. &H.H.T. Prins 1981.Springgrazingand
the manipulation offood quality by Barnacle Geese.
J. appl.Ecol. 18:443-453.

SAMENVATTING

Door gebruik te maken van de recente aantalstoename van
de wereldpopulatie van de Zwartbuikrotgans Branta b.
bernicla als een 'natuurlijk' experiment, kon aangetoond
worden dat bij het bezetten van voorjaarspleisterplaatsen

sprake is van het zgn. 'buffer-effect' (K1uyver & Tinberg
en 1953). Dithoudtindatdemeestaantrekkelijke voedsel
terreinen eerst bezet worden (i.c. een natuurlijke kwelder
als de Boschplaat op Terschelling), totdat doorintra-speci
fieke concurrentie de aantrekkelijkheid afneemt. Dit wil
zeggen dat qua voedselaanbod en veiligheid iets minder
aantrekkelijke terreintypen even aantrekkelijk worden,
omdat de onderlinge concurrentie daar geringer is. Het re
servaat 'Zeeburg' op Texel is een voorbeeld van een derge
1ijk terreintype. Bij het toenemen van de wereldpopulatie
'loopt' eerstde Boschplaat 'vol'; vanaf 1974 bezoekeneen
min of meer constant aantal Rotganzen dit gebied, zoals
blijkt uit tellingen van het aantal in het voorjaar pleiste
rende Rotganzen over de een periode van 30jaar. Op Texel
daarentegen werden voor het eerst in het extreem droge
voorjaar van 1976 grotere aantallen Rotganzen waargeno
men; daar is nog steeds sprake van een verdere groei van
het aantal pleisterende Rotganzen.

Na een daling van de wereldpopulatie (bij volledig
mislukte broedjaren; zoals die regelmatig bij de Rotgans
voorkomen) is er sprake van immigratie op de Bosch
plaat, en van emigratie van Texel. Bij stijgingvan de we
reldpopulatie (na goede broedjaren met 30-50% eerste
jaars), nemen de aantallen op de Boschp1aat in vergelij
king met het voorafgaande voorjaar niet toe, maar is er
op Texel sprake van een duidelijke toename. Waarne
mingen van individueel herkenbare Rotganzen (gemerkt
met kleurringen), die in het voorjaar zowel op de Bosch
plaat, als op Texel waren geringd, laten zien dat veel Rot
ganzen elk voorjaar naar dezelfde pleisterplaats terug
keren. Maar, vooral in jaren dat de wereldpopulatie is
toegenomen blijkt dat Rotganzen ook naar andere plaat
sen uitwijken. Op de Boschplaat wijken vooral (in ge
wicht) lichtere mannetjes uit naar elders. Op Texel daar
entegen hebben zowellichtere als zwaardere mannetjes
dezelfde kans om opnieuw terug te keren. Voor de jonge
re generatie blijkt het moeilijker te zijn om zich op een
voorkeurspleisterplaats als de Boschp1aat te vestigen dan
op Texel. Eerstejaars vogels, die in het voorjaar op de
Boschplaat zijn geringd duiken in volgende voorjaren
vaker elders (i.c. in Sleeswijk-Hoistein) op. De eerste
jaars die in het voorjaar op Texe1 zijn geringd doen dit
minder frequent; zij keren vaker terug op het eiland waar
ze als eerstejaars vogel zijn geringd.

De draagkracht van kweldervegetaties als voorjaars
pleisterplaats voor Rotganzen is geschat door het aantal
Rotganzen bij hethuidige 'verzadigings-niveau' te delen
door de totale oppervlakte van door Rotganzen bezochte
kweldervegetatie.


