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Dark-bellied Brent Geese are the most numerous geese in the international Wadden Sea

area, together with Barnacle Geese. During the spring staging period, the geese have to

acquire fat reserves for migration and the subsequent breeding season. In this period

almost the complete East Atlantic Flyway population of Brent Geese is accommodated

in the Wadden Sea area. Both goose species forage on pastures and salt marshes along

the coast. As spring proceeds, the majority of birds switches to foraging on the marsh,

but locally large numbers continue grazing on pasture land for a long time. This gives

rise to a potential conflict with the agricultural community. Salt marshes along the

Wadden Sea have been grazed by livestock for more than 2,000 years. However, there

is a tendency to abandon grazing on salt marshes nowadays, and this affects the vege-

tation development in these areas. We presume that the suitability of marshes as a

foraging habitat for geese depends on the vegetation composition, and that the use of

pasture land is related to the foraging conditions on the marsh. The aim of this thesis

is therefore to understand the mechanisms that determine the spatial distribution of

Brent Geese and to determine to what extent this distribution is affected by grazing

with livestock in these coastal grasslands.

Quality and quantity of forage

In chapter 2 we set out to determine the relative importance of forage quality and

quantity for patch choice in Brent Geese. We measured the preference of wild Brent

Geese for experimentally manipulated plots on the low salt marsh, differing in sward

height and nitrogen content of the plants in a full-factorial design. Preference was

determined from direct observation, using behavioural parameters, and by measuring

the realised grazing pressure from dropping counts. Geese defecate very regularly, and

dropping density can, therefore, be used as a measure of the time spent by geese in a

certain area. Both measures of preference agreed very well. Brent Geese were very sen-

sitive to the differences in forage quality, measured as nitrogen content, but forage

quantity also played a role. Using captive animals, we learned that intake rate of food

increased linearly with forage quantity, over the range of biomass values observed in

this experiment. The product of nitrogen content and intake rate, the intake rate of S
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nitrogen, appeared a suitable measure for patch preference. This result strongly sup-

ported previous work, that was done over a different range of biomass values. The

results imply that Brent Geese will sometimes prefer areas with low amounts of forage

of high quality over areas with high biomass but lower forage quality. In the field,

forage quality commonly declines with biomass. Another phenomenon that may lead

to a preference for short swards with low biomass, is the fact that Brent Geese have

difficulties handling long grass leaves. In feeding trials with captive geese we found

that intake rate of food declined at high values of plant standing crop (chapter 5).

Both phenomena may explain a negative relationship between canopy height, as a

measure of forage availability, and goose dropping density, which is often observed in

the field. 

Short grass is preferred

A preference for short grass also relates to our finding that livestock grazing affects the

habitat use of Brent Geese in spring (chapter 4). On the pastures on Ameland, the

geese were observed to concentrate their grazing on four fields that had all been grazed

by sheep during spring. Six control fields, that were livestock-ungrazed during spring,

and two other sheep-grazed fields were abandoned by the geese in May, although they

had been used by geese in early spring. Given these observations, we performed a

choice experiment in the polder of Schiermonnikoog to test preference of captive Brent

Geese for sheep-grazed or ungrazed vegetation. By grazing with sheep, we maintained

a part of the study field at low canopy height, while the remainder of the field was left

ungrazed. A pair of captive Brent Geese, in a pen of 4 m x 4 m placed over the grazing

boundary, was repeatedly offered the choice between the two types of sward during

May. The geese fed most of the time in the sheep-grazed part of the pen. It thus ap-

pears that spring grazing of productive grassland with livestock facilitates foraging by

Brent Geese.

Practical examples, however, show that Brent Geese themselves are also able to

maintain a short sward, provided that they can graze without too much interruption.

On the Brent Goose reserve on Texel, human disturbance is low and every year up to

10,000 Brent Geese forage until the end of spring in pasture habitat. Over the season,

the geese aggregate on an increasingly smaller area, locally maintaining a short canopy.

To distinguish between three alternative hypotheses for the observed pattern, we expe-

rimentally excluded patches of 16 m2 for 0, 1, 3, 5, and 8 weeks, on a part of the

reserve that was heavily grazed by Brent Geese (chapter 5). The exclosures were

removed simultaneously at the beginning of May. Goose grazing pressure was higher

in the plots that had been excluded for one or three weeks, in comparison to plots that

had been ungrazed for five to eight weeks. This result is in line with the hypothesis

that the observed aggregation is caused by a preference for short grass, leading to spa-

tial heterogeneity, and not primarily as a result of previously existing spatial heteroge-

neity in, for example, forage quality or predation risk. Still, these latter factors may

play a role in determining at which spatial location in the pasture grazing will be inten-S
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sified towards the end of spring. The pattern of aggregation was simulated in a model

and also studied analytically. These models indicate that, once a particular sward has

grown towards a high biomass state, this patch is unlikely to be grazed down again to

a state with low biomass by the geese themselves. As a result, a situation may arise in

which depletion occurs within patches that are maintained and in which the geese

have lower intake rates of nitrogen or other nutrients than potentially possible. 

An experiment with human disturbance

Our insight in the potential use of pasture habitat was further increased by a large

scale experiment with human disturbance on Schiermonnikoog (chapter 3). In spring

2000, a new arrangement between the farmers on the island and the government led to

a ban on scaring geese from the polder. In three previous years scaring with flares had

been very effective in protecting the spring harvest of grass from geese, and only a few

geese could be observed in May on the pastures. However, in May of the years 2000

and 2001 the number of geese on the pastures was high, and on average 2,000 animals

were present daily. As on the Brent Goose reserve on Texel, the geese at first grazed all

fields in the polder, but aggregated on a smaller area as primary production increased.

Presumably, there had not been sufficient undisturbed goose grazing to keep up with

production in years with scaring, allowing the vegetation to ‘escape’ to levels of bio-

mass that are less attractive for Brent Geese. This must have contributed to the effecti-

veness of scaring. The numbers and the identity of geese visiting the undisturbed salt

marsh on Schiermonnikoog was not different between years with and without scaring.

There were thus more geese on the island in the absence of scaring, some of which had

been observed in other parts of the Dutch Wadden Sea in previous years. Although

many geese can indeed forage on pasture habitat until the end of May, there are indica-

tions that foraging on the marsh is more attractive towards the end of spring for the

majority of birds. 

Geese on the marsh and the role of livestock grazing

The marsh is not as homogeneous as the pasture habitat. There is a variety of plant

communities and we investigated the use of these communities by geese and the con-

ditions under which these communities occur. A lot of variation on salt marshes is

caused by differences in soil elevation while, in addition to that, thickness of the clay

layer is very important on salt marshes with a sandy soil. Higher parts of the marsh are

inundated less frequently, and have different vegetation composition. On Schiermonnik-

oog we observed that Brent Geese use the lower parts of the marsh more intensively

than the higher parts, while this is the opposite for Barnacle Geese (chapter 3). With

increasing age of a salt marsh, more sedimentation has taken place, and the clay layer

is thicker. Nitrogen, an important nutrient limiting primary production, is attached to

the clay. Young salt marshes with a sandy soil have little clay and low levels of primary

production, and many of the plant species that occur there, such as Common salt- S
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marsh grass Puccinellia maritima, Red fescue Festuca rubra, Sea plantain Plantago maritima

and Sea arrow grass Triglochin maritima, are short and palatable for geese. A thick layer

of clay coincides with tall vegetation, with species such as Sea couch grass Elymus athe-

ricus and Sea purslane Atriplex portulacoides, under undisturbed succession. Such a vege-

tation is not attractive for geese. On artificial mainland marshes, the soil contains

more clay and succession is expected to proceed faster. There are, however, exceptions,

for example where rates of sedimentation are low.

As mentioned above, salt marshes have been grazed with livestock throughout his-

toric time and still some 60% of the total marsh area in the entire Wadden Sea is gra-

zed. We studied the effects of livestock grazing on vegetation composition of salt

marshes by comparing areas that differed in grazing regime (chapters 4, 6, 7). An

important part of the available information was derived from exclosures and control

areas on the barrier islands of Terschelling (NL), Schiermonnikoog (NL) and

Skallingen (DK), at which the vegetation development had been monitored for more

than 25 years (chapter 6). The results for these three study sites agreed very well, in

that plant species that are palatable for geese continue to occur in areas that are grazed

by livestock, while they decline strongly in abundance without livestock grazing.

Presumably, this is caused by an increased competition for light with taller plant spe-

cies. By the removal of aboveground biomass and by trampling, livestock grazing pre-

vents these species from dominating the vegetation. The density of plant species was

also higher under livestock-grazed than under ungrazed conditions. 

To generalise these findings, and to relate them to habitat use by geese, we perfor-

med a survey along 38 marshes in the entire Wadden Sea in April and May 1999

(chapter 7). We preferentially selected sites at which different grazing regimes occur-

red nearby to each other. At each study site and grazing regime, we placed a transect

with 20 plots of 4 m2 each, from the seawall to the intertidal flats. At these plots we

measured canopy height, vegetation composition and accumulated goose dropping

densities. The study showed again that the proportion of tall vegetation increases,

while the cover of plant species that are palatable for geese declines, when salt mars-

hes are ungrazed for more than ten years. On sandy salt marshes, this effect was less

clear-cut, because our sample included young ungrazed sandy marshes with a short

canopy. We found considerably more goose droppings on intensively grazed marshes

as compared to long-term ungrazed salt marshes. The plant communities characterised

by Creeping bent Agrostis stolonifera, Festuca rubra and Puccinellia maritima, that are com-

mon on livestock-grazed salt marshes had higher goose grazing pressure than vegeta-

tion dominated by Sea wormsword Artemisia maritima, Elymus athericus and Atriplex por-

tulacoides, that especially occur under livestock-ungrazed conditions. But even within

plant communities that are suitable for geese, we found an effect of livestock grazing.

Livestock-grazed versions of the plant communities characterised by Festuca rubra and

Puccinellia maritima had lower canopy height and higher goose grazing pressure than

livestock-ungrazed versions, especially on the clayey mainland marshes. This is in line

with results of a more local, but more intensive comparison between plant communities

under different grazing regimes within the Dutch Wadden Sea area. In this comparisonS
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(chapter 4), four study areas were involved. On Ameland and Schiermonnikoog, we

compared ‘livestock-ungrazed’ with ‘grazed’ sandy marsh, while on the coast of

Northern Friesland and Groningen ‘intensively grazed’ was compared to ‘extensively

grazed’ clayey marsh. At all these study sites minimally five transects were located per

plant community where droppings were counted weekly over the entire spring. Most

of the pairwise comparisons indicated that geese prefer those versions of the plant

communities that are grazed, or grazed more intensively, by livestock. This difference

often coincides with lower canopy height and higher cover of plant species palatable

for geese.

Capacity of salt marshes

Given this detailed information on the effects of soil type and livestock grazing regime

on habitat use by geese, we ventured to predict the number of geese that could poten-

tially forage in a particular marsh in May (chapter 8). The prediction was founded

upon an estimate of the potential number of geese per plant community, depending on

soil type and grazing regime, which was derived from dropping counts. To express the

idea that potential goose density varies between years, due to climatic fluctuations,

and between areas, due to differences in vegetation composition in space, we also indi-

cated upper and lower estimates. For a number of goose count areas, of which we

think that they had been used intensively by geese and for which we had a complete

vegetation map, we compared the prediction with the observed average numbers of

geese in May, for the years 1995-1998. For sandy salt marshes there was a systematic

discrepancy between observed and predicted values. The latter appeared ‘too high’. For

other types of marsh, however, there was a reasonable correlation between observed

and predicted values. In a next step, we extrapolated our estimates to all marshes along

the Wadden Sea, given an average vegetation composition per soil type and per grazing

regime, and compared them to observed numbers. With this method, areas could be

identified objectively that have relatively high or low goose numbers. By gathering

additional information on these areas and comparing them amongst each other, our

insight in the habitat use of Brent Geese will further be enhanced. Finally, with this set

of assumptions, we also predicted that about four times as many geese can forage in

the Wadden Sea in May, provided all salt marshes would be grazed with livestock, in

comparison to a situation in which no marsh at all would be livestock grazed. 

Summary in short

The main theme of the thesis is that the foraging conditions of geese deteriorate under

undisturbed plant growth, as time goes by. Within a season, the potential intake rate

of nitrogen on pasture habitat declines with increased sward height. This is caused by

a decline in nitrogen content and a decline in instantaneous intake rate of biomass. On

salt marshes, the potential intake rate of nitrogen declines over the years due to chan-

ges in vegetation composition. Continuous grazing counteracts these processes and we S
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found facilitative effects of livestock for Brent Geese on both time scales. Within a

season, Brent Geese may facilitate for themselves, when they are allowed to intensify

grazing pressure locally, to cope with increasing levels of primary production. This

requires low levels of human disturbance. On productive salt marsh geese cannot halt

vegetation succession, in part because they are absent during an important part of the

plant growing season. The role of livestock in facilitating geese on salt marshes is thus

very important, allowing managers to influence the capacity of salt marshes for Brent

Geese.
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Close-up of two of the captive Brent Geese that had an important role in the project (photo J. Stahl).




