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CHAPTER1
General introduction



Introduction

With increasing human population pressure, and human exploitation of resources, the

existence for many other species than man has become threatened (Meffe & Caroll

1994). All around the globe, natural habitats are put to human use and this is often at

the expense of natural diversity. Especially in densely populated countries such as the

Netherlands, the landscape has been dramatically transformed (van Eerden 1997) and

organisms that were not able to adapt to the new circumstances were forced to the

margin of human society. 

Where man and nature meet, there are often conflicts to be observed. Agricultural

and pastoral activities may suffer from the presence of ‘weed-’ or ‘pest’ species compe-

ting for resources, transferring diseases or trampling crops (Tchamba 1996;

Grootenhuis 2000). On the other hand, natural values and wild organisms are negati-

vely affected by habitat destruction, pollution or poaching, to name a few examples. It

is widely recognised that solutions to these conflicts are to be found, in order to main-

tain what is still left of the natural diversity. Solutions may include setting aside of

essential habitat, sustainable use of natural resources or financial compensation for

incurred costs suffered by individuals. In all of the cases, however, knowledge on the

biology of the species concerned and the nature of the interaction with man is required

to be able to find the right solution. 

This thesis deals with an example of such an interaction between Brent Geese

Branta bernicla bernicla and man in western Europe. The Brent Goose is an arctic bree-

ding goose species, that is still largely dependent upon natural habitat. However, in

winter and spring the geese also forage on improved grassland and agricultural crops,

giving rise to conflicts with farmers (Vickery et al. 1994). Brent goose grazing on agri-

cultural land results in a financial cost that is often only partly compensated for by the

government in the Netherlands and Great Britain. Especially in the past decades this

resulted in a negative attitude of farmers towards the geese. With the improvement of

compensation schemes in the Netherlands towards the end of the 1990s this negative

attitude largely disappeared, but the financial costs remained.

Study species

Brent Geese are strictly coastal and more aquatic than other geese (Cramp & Simmons

1977). They breed at the Taymir peninsula in Siberia and leave there between mid-

August and the 1st week of September. Some stay in Denmark and western Germany

through November, before moving on in colder weather, others go straight to winter

quarters in the Netherlands, southeastern England and western France (Cramp &

Simmons 1977). In spring the birds gather in the Wadden Sea until main departure in

mid-May (Ebbinge et al. 1999). During this period, they have to gain body mass in order

to increase chances of successful reproduction (Boer & Drent 1989; Ebbinge & Spaans

1995). It is this period that we are concerned with. In late winter and early spring the

majority of birds forages on agricultural land (Ebbinge et al. 1999), but in late spring saltC
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marshes become the key feeding areas. Nonetheless, still more than 15% of the Brent

Geese in the Wadden Sea is observed at agricultural grassland by the month of May. 

The population of the Brent Goose has undergone large changes in the last century.

Before the 1930s wintering Brent Geese were numerous on the extensive eelgrass beds

Zostera spp. at the coasts of western Europe. In the 1930s there was a dramatic decline

in numbers (Ebbinge et al. 1999), simultaneously with the die-off of the eelgrass along

the Atlantic coasts (Den Hartog 1994). The population recovered after 1972, when

Denmark followed the Netherlands, United Kingdom and France in providing full pro-

tection from hunting for the Brent Geese (Boudewijn & Ebbinge 1994b). Until 1992

the population increased to about 300,000 birds (Figure 1.1), with large fluctuations

depending upon their breeding success. Currently, however, the population is obser-

ved to decline again (Engelmoer et al. 2001; Ebbinge et al. 2002). 

Conservation management

The management of salt marshes, by livestock grazing and/or drainage, determines to

a large extent which plant communities occur. Heavy livestock grazing and drainage

results in a short homogeneous turf, harbouring the preferred forage species (Aerts et

al. 1996; Kiehl 1997) for Brent Geese. Natural succession, however, results in a dis-

appearance of the preferred food species and a decline in goose numbers (van de

Koppel et al. 1996). By extensive grazing a vegetation mosaic is created, including

short, heavily grazed sward and taller, hardly grazed patches. Most salt marshes, but

especially the artificial mainland marshes have always been exploited for grazing by

domestic livestock (Behre 1985; Bakker et al. 1997). At present, however, a trend is

observed to abandon salt marshes; farmers loose interest (Dijkema 1983b) and autho-

rities in charge of nature management opt for excluding livestock (Kempf et al. 1987;

Stock & Kiehl 2000). This might eventually increase the problems with the farming

community, if this would force geese into inland agricultural areas. 
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Figure 1.1 Change in the total population size of the Brent Goose. Reproduced from Ebbinge et al.
(2002).



Policy plans for the Wadden Sea emphasise the diversity and natural development of

salt marshes (de Jong et al. 1999). This includes the presence of habitats for as many

plant and animal species as possible. The objective of the management of salt marshes is

not based on the requirements of a single species and will, therefore, be a trade-off

between maintaining a viable population of Brent Geese and other aspects of biodiver-

sity. This thesis intends to enhance our understanding of the ecology of the Brent Goose

and to provide the relevant information for this species to support such management.

Objective

The objective of the study is to understand the patterns of habitat use by Brent Geese

in spring, and the extent to which these patterns are affected by different scenarios of

grazing management in agricultural grassland and salt marshes. We restrict the scope

to management by livestock grazing, since this is one of the most important manage-

ment activities exerted, and because at large areas of salt marsh along the Wadden Sea

grazing has recently been reduced or even stopped. 

Habitat use by Brent Geese - outline of the thesis

Which factors determine the habitat use by Brent Geese in spring and the number of

birds that can utilise the feeding grounds in the Wadden Sea? What is the effect of

livestock grazing on habitat use by Brent Geese? In figure 1.2, some of the relations

between the factors that will be taken into account are summarised in a schematic

way. Two of the major habitats that are used by geese in spring are the agricultural

land (pastures) and the marsh. The pastures are characterised by high primary pro-

ductivity, but also by many sources of human disturbance. On the marsh there are
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agricultural land high marsh low marsh

Figure 1.2 The choice of feeding habitat by Brent Geese is subject of this thesis. During spring, 
the most important habitats used, at present, are pastures and salt marsh. Vegetation 
composition on the marsh is, amongst other, dependent on management by grazing 
with livestock and soil elevation.



many different plant communities, as a result of gradients in elevation and livestock

grazing, among other things. Answering our questions requires insight in the decision

rules that the geese follow to choose their foraging areas. Moreover, we need to evalu-

ate the relationship between the management of coastal grasslands and relevant vege-

tation parameters, the interactions with other herbivores and potential feedback

mechanisms that are operating.

Forage quality and quantity

Herbivores in general are strongly tied to the quality of their food, but this feature is

especially important for small waterfowl, such as the Brent Goose (Bruinzeel et al.

1997). The ability to fly sets a constraint on the size of the digestive tract and, there-

fore, Brent Geese have to select high quality forage (Sedinger 1997). Many aspects of

their ecology are affected by this specialisation, such as diet composition (Prop &

Deerenberg 1991; van der Wal et al. 2000a), choice of habitat (Prins & Ydenberg 1985)

and timing of migration. Patch and habitat selection by Brent Geese were shown to

correlate highly with forage quality, measured as nitrogen content (Ydenberg & Prins

1981; Teunissen et al. 1985; Riddington et al. 1997) or digestibility (Boudewijn 1984).

For animal species with diets that vary less in nutrient content, such as carnivores,

patch choice is assumed to be strongly dependent on resource density per se (Stephens

& Krebs 1986; Sutherland 1996), but herbivores are assumed to be guided by quality

ánd quantity (Drent et al. 1979; Fryxell 1991; Langvatn & Hanley 1993; Hassall et al.

2001). We tested the basic hypothesis that patch choice in Brent Geese is affected by

quality as well as by quantity in an experiment and assessed the relative importance of

each in chapter 2.

The quantity of food determines to a large extent the rate at which forage biomass

can be ingested. The relationship between them is called the Functional Response.

Forage quality, however, is often negatively related to forage quantity (Crawley 1983;

Van Soest 1994), and the feeding areas with the highest biomass may, therefore, not

yield the highest intake rate in terms of nutrients or energy. This effect may be even

stronger when the functional response itself declines at high values of biomass, as has

been observed in other species of wildfowl such as Wigeon Anas penelope (Durant

2001) and Barnacle Goose Branta leucopsis (van der Wal et al. 1998). We examined the

hypotheses that the intake rate of nitrogen by Brent Geese is declining at high levels of

biomass, and that this phenomenon may explain preference of Brent Geese for swards

with low values of biomass (chapter 5). 

Habitat switch

The choice for a particular habitat by Brent Geese is depending on the season. In the

Dutch Wadden Sea, Brent Geese predominantly feed on fertilised grassland in embanked

polders until April. Then most of them shift their foraging activities to the newly emerg-

ing vegetation on the salt marsh (Boudewijn 1984). Barnacle Geese show a similar I N
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switch between habitats (Prins & Ydenberg 1985), and several hypotheses have been

put forward as to the causes of this switch. These hypotheses are related to forage

quality (Boudewijn 1984; Prins & Ydenberg 1985), forage quantity (Vickery et al.

1995; Rowcliffe et al. 2001) and disturbance (Prins & Ydenberg 1985). Circumstan-

tial evidence suggests that the geese prefer feeding on the marsh. In years with high

world population numbers specific social categories of geese, especially young birds,

that could be identified to belong to the Terschelling population, were observed on

the inland feeding areas on Texel, rather than the marsh on Terschelling (Ebbinge

1992). But does that imply that inland pastures are inferior habitat? Moving from

inland pasture to salt marsh implies exchanging a habitat with high levels of primary

production for one with lower production. By the end of spring, the average values of
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Bird's-eye view of Schiermonnikoog looking south-east. The eastern part of the Bancks' polder is
visible in front, while the cattle-grazed salt marsh and the intertidal flats can be seen in the back.
(photo P. Paris).



could exert sufficient grazing pressure at the Brent Goose reserve on Texel to maintain

a suitable grass sward in spring, since they are not disturbed there. 

A proper understanding of the processes that determine the habitat switch would

allow us to evaluate the value of polder habitat better and to identify the constraints

that act upon the Brent Geese in spring. Why do Brent Geese move to the salt marsh,

and under what conditions can polder pastures be used? What is the role of human

disturbance? Do different social classes of birds make different decisions? These

questions will be studied in chapter 3. Particular emphasis is laid upon the effect of

scaring by farmers and the choice of individually recognisable animals. The role of the

timing of livestock grazing in facilitating goose grazing in polder areas is the subject of

chapter 4. In that study we test the hypothesis that livestock grazing in spring enhan-

ces the subsequent utilisation by geese. In chapter 5 we used a model simulation in

combination with a field experiment to examine to what extent the geese are able to

facilitate for themselves by repeatedly grazing productive agricultural grassland.

Vegetation succession and livestock grazing on salt marshes

On the natural salt marsh of the island of Schiermonnikoog, Brent Geese concentrate

their grazing at the early successional stages of vegetation succession (van de Koppel et

al. 1996). The young salt marsh is characterised by low plant cover and low-statured

palatable plant species such as Plantago maritima, Triglochin maritima, Puccinellia maritima

and Festuca rubra (van der Wal et al. 2000a). With ongoing natural succession, plant

cover increases, but gradually the low statured species are outcompeted by tall unpala-

table plant species, such as Elymus athericus and Atriplex portulacoides (Roozen & West-

hoff 1985; Olff et al. 1997; van Wijnen & Bakker 1997). The highest densities of geese

are thus found where forage quantity is sufficient but high quality plants are not yet

outcompeted by plants with less digestible components (Olff et al. 1997). Similar

observations were made on artificial salt marshes along the mainland coast, where

Barnacle Goose grazing pressure declined due to a change in the salt-marsh vegetation

after the cessation of grazing with livestock (Aerts et al. 1996; Stock & Hofeditz 2000).

Theories on vegetation succession, plant competition (Grime 1979; Tilman 1985) and

plant-animal interactions (Crawley 1983) provide the theoretical frame of reference.

Terrestrial plant succession refers to the dynamics of plant populations on an initially

bare substrate (Tilman 1988). It is a stochastic process, but nevertheless locally often

repeatable. Vegetation succession is a very important process in a dynamic environ-

ment such as the Wadden Sea, as land continually gets eroded and is formed anew due

to sedimentation (Dijkema 1983a).

The geese share the marsh habitat with other herbivores, such as Barnacle Geese,

European brown hare Lepus europaeus and livestock (cattle, sheep and sometimes horses)

and Olff et al. (1997), van der Wal et al. (2000a; 2000b) and Stahl (2001) reported on the

existence of facilitative and competitive effects between them. Especially livestock gra-

zing influences the course of succession (Olff et al. 1997), positively affecting feeding

conditions for geese (Cadwalladr et al. 1972; Boudewijn & Ebbinge 1994a; Stock &C
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standing crop are much higher on inland pastures than on marsh habitat, and

Boudewijn (1984) illustrated that this is reflected in a lower quality of the forage in

the pasture. However, at some of the Wadden Sea islands, many of the Brent Geese do

not switch to the salt marsh and continue grazing in the polder, until departure for the

breeding grounds. At one of these islands, Ameland, sheep are grazing some of the

fields in spring, while on the island of Texel, Brent Geese are almost free from human

disturbance owing to the creation of a special Brent Goose reserve (Spaans & Postma

2001). We hypothesised that the spring grazing by sheep on Ameland would improve

the suitability of the grass sward, enabling the geese to make use of it for a prolonged

period. This process is called ‘facilitation’: the improvement of conditions for one orga-

nism by the other. Spaans & Postma (2001) suggested that Brent Geese themselves
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Hofeditz 2000). Livestock-grazing effects are caused by the removal of biomass, tramp-

ling, defecating and urinating, and all of these mechanisms affect plant survival and

recruitment (Olff & Ritchie 1998). Some plant species tolerate grazing better than

others. Heavy grazing by cattle or sheep promotes a short sward of Puccinellia maritima

and Festuca rubra (Dijkema 1983a; Kiehl et al. 1996). Brent Geese prefer short swards with

a high percentage of live grass (Summers & Critchley 1990) and thus they benefit from

all grazers that keep a short sward (Bakker et al. 1993). Livestock grazing is also predicted

to affect plant species diversity (Bakker 1989; Adam 1990), and since this is one of the

parameters relevant for the management of marshes it is given some attention here.

We quantified the effect of livestock grazing on vegetation composition, plant spe-

cies diversity and individual forage species of geese for three barrier salt marsh sys-

tems using long term data from exclosure experiments (chapter 6). We tested the

hypothesis that livestock grazing promotes the occurrence of short swards, dominated

by plant species that are palatable for geese, in a transect survey along the Wadden

Sea, and quantified the effect of livestock grazing on accumulated goose grazing pres-

sure (chapter 7). In chapter 4, the use of salt marshes with different livestock-grazing

regimes is compared over the entire spring, for a few sites along the Dutch Wadden

Sea coast. Finally, we quantified vegetation composition of salt marshes in relation to

grazing regime and soil type in chapter 8 using vegetation maps. 

Competition and potential goose numbers

Competitive effects can occur when organisms have to share limited resources. With

increasing densities of competitors, competition for food leads to an impoverishment

of the conditions and this may affect population parameters such as recruitment and

mortality. Such ‘density-dependent’ effects (Sinclair 1989) form the feedback mecha-

nism by which numbers of organisms are regulated (Sutherland 1996). Thus, the num-

ber of Brent Geese that can be sustained on feeding grounds along the Wadden Sea is

determined by the nature of these density-dependent effects, in the long run. The

potential number of birds that can graze at a particular unit of marsh in a particular

period, is a function of the resource availability and the primary productivity. In chap-

ter 8 we reviewed independent estimates of goose grazing density per plant commu-

nity, grazing regime and soil type in spring. These estimates, in combination with

information on the vegetation composition, were then applied to predict the mean

potential numbers of geese that could forage in a particular area in May, under diffe-

rent scenarios of livestock grazing. These predictions were compared to observed

goose numbers and distribution, to evaluate the validity of the approach and to quan-

tify the effect of livestock grazing at the scale of the entire Wadden Sea. 
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Study areas, setting the scene

All of the data were collected in agricultural grasslands and salt marshes along the

international Wadden Sea (53°05’N, 4°50’E to 55°30’N, 8°20’E). The international

Wadden Sea (Figure 1.3) consists of a large body of shallow salt water and intertidal

flats, separated from the North Sea by a chain of 42 barrier islands, while the boundary

with the mainland is almost entirely formed by coastal protection works, such as artifi-

cial marsh, barrages and different types of seawall. Important natural habitats in addi-

tion to the intertidal flats are salt marshes and dunes. The total area is 9,000 km2,

including the islands, while the area of intertidal flats varies according to the tides with

a maximum of 490,000 ha. The tidal amplitude ranges from 1.5 m in the West to over

4 m in the German Bight. 
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Major natural habitats

On the mud flats, algae (Ulva spp. and Enteromorpha spp.) and eelgrasses occur, plant

species that are exploited by Brent Geese and Wigeon. Eelgrasses have never recovered

since the decline in the 1930s and still the stocks are reported to diminish (Landesamt

für den Nationalpark Schleswig-Holsteinisches Wattenmeer 1998). Salt-marsh vegeta-

tion is defined as vegetation above the low water line, that is regularly inundated by

salt water. The salt marshes in the Wadden Sea can be classified in several types,

according to their origin, soil composition and salinity (de Jong et al. 1999). The most

important types considered here are barrier marshes (8,400 ha), mainland marshes

(19,000 ha), Halligen (890 ha) and estuarine marshes (1,990 ha). Barrier marshes,

have originated on top of a sandy substrate and have soils with a thinner layer of clay

than more sheltered, artificial mainland salt marshes (Dijkema 1983a). The latter are a

product of land reclamation works and feature a regular pattern of sedimentation fields

and ditches. In the majority of mainland salt marshes the artificial drainage system is

still maintained. Estuarine salt marshes are found at the mouth of rivers discharging

into the Wadden Sea and feature plants that are less salt-tolerant, such as Phragmites

australis and Scirpus maritimus (Esselink et al. 2000), in addition to plant species found

at the other salt marshes. The Halligen are isolated pockets of salt marsh with a clayey

soil in the middle of the Wadden Sea in Schleswig-Holstein (Germany). Originally they

were the higher, inhabited, parts of the mainland (so-called warften), but they became

islands in a period of coastal regression. The vegetation of Wadden Sea salt marshes is

extensively described in Dijkema (1983a), Westhoff & van Oosten (1991) and Diers-

sen & Dierssen (1996). Inundation is one of the most important variables structuring

the vegetation composition on salt marshes, as it is related to salinity and nutrient sta-

tus of the soil (Adam 1990). 

The dune systems are found on the large barrier islands in the West and North of

the Wadden Sea. Large islands with dunes are lacking in the German Bight because of

the higher tidal range in that area (van de Kam 1990). The vegetation ecology of

Wadden Sea dune systems is, among others, given by Grootjans (1995) and Petersen

(2000). Dune and salt-marsh systems are interconnected, for example by resident her-

bivores, such as the rabbit Oryctolagus cuniculus and hare, that use both habitats and

locally by the flow of fresh water from reservoirs that accumulate under the dunes.

Predators

The Wadden Sea serves as a habitat for many species of birds (Smit & Wolff 1981; van

de Kam et al. 1999), mammals (van Laar 1981), fish (Dankers et al. 1979), insects

(Dankers & Wolff 1981; Meyer et al. 1997), benthic invertebrate fauna (Dankers &

Wolff 1981) and plants (Dijkema & Wolff 1983), some of which have already been

mentioned above. However, some important vertebrates that might interact with the

Brent Geese in the Wadden Sea have not been mentioned yet, and these are predatory

birds such as the Goshawk Accipiter gentilis (Madsen 1988), or mammals such as the I N
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fox Vulpes vulpes and feral cat Felis catus. Only three out of the 42 Wadden Sea islands

are known to be occupied by foxes, while foxes are present along the entire mainland

coast (van Laar 1981). Small populations of feral cat occur on some of the islands in

the Wadden Sea, according to Lange et al. (1994).

Human use

Many aspects of the Wadden Sea ecosystem are protected under international conven-

tions and national regulations (de Jong et al. 1999; van de Kam et al. 1999), but human

impact is clearly present in the form of tourism, shell- and shrimp fishery, gas extrac-

tion, military training and hunting (de Jong et al. 1999). Agricultural use is concentrated

in the embanked areas, but livestock grazing is common at 60% of the salt marshes. In a

few places there is mowing of grass, or even commercial goose farming out-side the

dikes. In the embanked areas on the barrier islands, livestock farming is the most

important agricultural activity. Large areas of land have been converted to artificial

grassland, which is regularly mown and fertilised. Inside the seawalls on the mainland,

soils have a high clay content, and these are often used for growing potatoes, sugar

beets, cereals and other crops.

Climate

Climatological circumstances do not vary extremely within the Wadden Sea (de Jong et

al. 1999), as the geographical distance is less than 2.5 degrees in northerly direction.

Still there are some regional differences as temperature in the coldest month is about 3

degrees lower in the north and the number of frost days doubles from 36 in Den Helder

to 72 at Fanø (Bakker 1976). The average temperature in spring increases from 3°C at

the beginning of March to 13.5°C by the end of May (data for Schiermonnikoog, courtesy

of Free University Amsterdam). Rainfall ranges between 600 and 800 mm.yr-1 (Bakker

1976) and wind speed amounts to 6 m.sec-1 on average, mainly blowing from south-

west and westerly directions.
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