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CHAPTER9

Daan Bos

Synthesis: Habitat use by Brent Geese

in the Wadden Sea under different scenarios

of livestock-grazing management



Introduction

In the previous chapters I summarised the information collected to evaluate our main

research questions, and the majority of the component sub-questions have already

been addressed in the thesis. This chapter is meant to combine that information, to

put it into the perspective of current ecological theory and to explore consequences for

applied questions. I start with reviewing the relevant processes, and address the follo-

wing questions when appropriate:

1. Which vegetation parameters and/or other factors determine the spring habitat use

by Brent Geese ?

2. To what extent is the number of Brent Geese that can be accommodated on salt 

marshes, affected by livestock grazing?

Review of relevant processes

Determinants of patch and habitat choice in Brent Geese

Many factors are likely to play a role in determining patch and habitat choice in Brent

Geese. In our study we found strong relationships with aspects of forage availability

and with human disturbance. The geese spend most of their daylight time foraging,

and hence it is obvious that factors related to forage availability are vital and correlate

well with observed utilisation patterns. Availability of food can be related to aspects of

quantity and quality, and we dissected the relative importance of these two aspects in

chapter 2. We hypothesised that the relative importance of food quality should be

high, as geese have a relatively simple digestive system (Owen 1980). The short diges-

tive tract is viewed as a constraint in the selection of forage as it restricts the geese to

high quality food. Our manipulations have indeed shown that Brent Geese are very

sensitive to forage quality ( measured as nitrogen content, a proxy for protein), prefer-

ring plots with high nitrogen content over patches with high intake rate of biomass.

This experimental work supported earlier results of Hassall et al. (2001) by generali-

sing their finding that nitrogen intake rates are a suitable predictor of patch preference.

The degrees to which forage quality and quantity vary in space and time are reviewed

below.

Habitat use by Brent Geese is directly related to human disturbance. In chapter 3

we report on the results of an experiment that was provided fortuitously by the far-

mers on the island of Schiermonnikoog, our main study area. Under the conditions of

a new financial arrangement with the management authority, the farmers agreed to

refrain from scaring the geese from their fields in the polder in spring. After consis-

tent scaring for decades, this new situation provided an experimental setting for stu-

dying the effect of this harassment. In two experimental seasons we observed a spec-

tacular increase in Brent Geese, the polder accommodating 2,000 geese on average inC
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late spring, while this number had been negligible in previous “control” years. Human

disturbance acts to constrain the use of feeding areas, especially concerning the highly

productive pastures in late spring (see below).

Although it is clear from field observations that Brent Geese drink fresh water

when it is available, we found no evidence that its absence severely constrains their

use of salt marshes. Many of the study areas with high densities of Brent Geese lack a

source of fresh or brackish drinking water nearby (chapter 8; chapter 7). This finding

can be related to the well-developed nasal glands in this species, allowing salt water

utilisation (Stahl et al. 2001a).

Gradients in productivity affect forage quality and quantity

Both quality and quantity are important determinants of patch choice, varying in space and

time. In this study we usually refer to forage quality in terms of nitrogen content.

Following McKay et al. (1994) and Hassall et al. (2001) who stressed the importance of

protein acquisition for Brent Geese However, nitrogen content is often correlated to

other forage quality parameters that are relevant to geese, such as digestibility and

energy content, and it is not exactly known which parameter is limiting the geese

under which circumstances. 

There are two important processes that lead to a decline in forage quality at a given

site over time (Figure 9.1A) and that result in a negative relationship between forage

biomass and quality. The first process occurs within the growing season and is referred

to as forage maturation (the ageing of above-ground plant parts, during which process

the fibre content generally increases and nitrogen content declines (van Soest 1994;

Wright & Illius 1995)). A second process is important at time scales of years or even

decades, and is called succession (the process whereby one plant community changes

into another). Due to natural succession on salt marshes, plant species that are palata-

ble for geese, such as Puccinellia maritima, Festuca rubra, Triglochin maritima and Plantago

maritima (Prop & Deerenberg 1991; van der Wal et al. 2000a) are replaced by unpalata-

ble ones, in particular Elymus athericus and Atriplex portulacoides, and concomitantly

standing biomass increases (van de Koppel et al. 1996; Olff et al. 1997). Because palata-

ble plant species are replaced by unpalatable ones, the average forage quality declines

over the years, requiring increased foraging selectivity by the geese. Succession is driven

by changing abiotic circumstances and competition between plants, but mediated by

herbivory and dispersal (van Andel et al. 1993). 

On salt marshes, the continual input of sediments is believed to be the main engine

of succession. Sedimentation leads to an increase in soil elevation and an increase in

the thickness of the clay layer. Elevation of the marsh plays an important role in struc-

turing salt-marsh ecosystems, as it is directly related to inundation frequency and

hence to sediment deposition, evaporation, aeration, nutrient status, temperature and

salinity (Adam 1990). The change in clay layer thickness is relevant, because Olff et al.

(1997) showed that the pool of nitrogen is positively related to the thickness of the

clay layer on barrier marshes. Van Wijnen et al. (1999) showed a positive relation B
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between thickness of the clay layer and nitrogen availability. Note that both processes

(forage maturation and succession) result in changes in sward structure and can thus

be confounded in the field with other factors important for geese, such as costs of loco-

motion, predator detection or instantaneous intake rate.

Natural succession and forage maturation depend on primary productivity, which

not only varies in time, but also in space. Primary productivity varies within, as well as

between habitats and among staging sites. Examples of such gradients in salt-marsh

habitat are the vegetation zonation along the elevational gradient (Beeftink 1977), or

the chronosequence of plant successional stages on the ungrazed salt marsh of Schier-

monnikoog in relation to the age of the marsh (van der Wal et al. 2000a). Staging sites

along the migratory flyway differ in the same respect in that productivity at more north-C
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Figure 9.1 The relationships of time with A) plant standing crop, plant forage quality (nitrogen con-
tent) and B) intake rate of nutrients by geese. Time on the x-axis refers to succes-
sional age of salt marshes (years), but also to the date within a growing season (weeks). 
The bar with different intensities of grey illustrates the balance between competition and 
facilitation for the small herbivores. Competition is important when forage is in low supply,
whereas facilitative effects become more and more apparent when forage is abundant. 



erly latitudes is lower due to lower temperature ranges. Primary productivity also varies

in time, as it increases over spring. Finally, the salt marsh has a lower level of primary

production than the fertilised and drained agricultural fields (chapter 3).

A declining intake rate of nutrients

The phenomenon discussed above, that forage quality declines with increasing standing

crop, has important consequences for the foraging efficiency of herbivores at higher

levels of standing crop. It is a common assumption in foraging theory (Stephens &

Krebs 1986) that the intake rate of food is a continuously rising function of resource

density, following a so-called type II functional response (Holling 1959). This function

is found to decelerate to a plateau, as handling time of the food becomes limiting at

high resource density for many herbivores (Spalinger & Hobbs 1992; Gross et al. 1993;

Ginnett & Demment 1995) (more references in Jeschke et al. (2002)). However, as

pointed out by Fryxell (1991), intake of energy or nutrients may actually decline at

high levels of standing crop due to declining forage quality. For ruminants (Wilms-

hurst et al. 1995; Wilmshurst & Fryxell 1995), this effect is mediated by a reduced

digestive efficiency. For Brent Geese, Riddington et al. (1997) and Hassall et al. (2001)

suggest that instantaneous intake rate of nitrogen is lower at high levels of standing

crop, due to the widespread negative relationship between biomass and nitrogen con-

tent. The fact that digestibility of protein also declines with standing crop (Prop &

Vulink 1992), causes an even stronger effect in terms of nitrogen assimilation. Our

experiment with captive animals indicated that for Brent Geese the instantaneous

intake rate of food itself may decline at high levels of biomass (chapter 5), as was also

found for the Wigeon (Durant 2001). Additional factors may lead to a decline in

instantaneous intake rate at high levels of standing crop, such as a change in vegeta-

tion structure (Ungar & Noy-Meir 1988) or declining ratios of live to dead biomass, as

was found for Barnacle Geese on our study marsh (van der Wal et al. 1998b).

Aggregative response

As mentioned above, Brent Geese are confronted with several gradients of productivity

in space and time, along which the standing biomass increases and average forage

quality declines (Figure 9.1A, B). It appears that the geese focus their grazing on these

gradients based on available quality ánd quantity of forage (chapter 2). Within the

non-livestock grazed salt marsh on Schiermonnikoog, the highest goose grazing pres-

sure is found in areas of intermediate age (van de Koppel et al. 1996; van der Wal et al.

2000a), where the cover of preferred food plant species is highest. Along the eleva-

tional gradient in the marsh, the Brent Geese are specialised on the lower parts of the

zonation, where standing biomass is low, but forage quality is high (Olff et al. 1997;

chapter 3). When the birds migrate from their wintering range to the breeding

grounds, they are again hypothesised to strike a balance between forage quality and

quantity. While moving north to areas with lower primary productivity and later start B
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of spring growth, they are able to escape from the effects of forage maturation in tem-

perate regions, and maintain a high quality diet. This is the so-called ‘green wave

hypothesis’ (Drent et al. 1979). Increased daylength in the Arctic furthermore allows

them to process their foods more efficiently (Prop & Vulink 1992).

Over spring, the majority of Brent Geese traditionally move from the highly pro-

ductive agricultural fields to the marsh. However, the cause of this habitat switch

between agricultural fields and marsh is not only a matter of forage quality and quan-

tity, but also of human disturbance. Over spring, the nitrogen content and digestibility

of polder grassland decline (Boudewijn 1984; chapter 3), as is the case for marsh habi-

tat. Our data indicate that forage quality in terms of nitrogen content is nonetheless

relatively high on the fertilised agricultural fields, even in tall swards that are not

maintained by grazing (chapter 3), and of comparable nitrogen content to Puccinellia

maritima at the salt marsh. Successful reserves elsewhere show that, when human dis-

turbance levels are low, the polder habitat can be used until the end of spring (Spaans

& Postma 2001), and high levels of human disturbance in the pasture areas must be a

very important reason for the fact that pastures are generally used less towards the end

of spring (chapter 3). But there are also indications that marsh habitat is the preferred

habitat for other reasons, at the end of spring. The accumulation of body reserves by

geese on inland pastures, for example, results in a protein/fat mix different from that

on salt marshes, and the food on the pastures seems inadequate in providing all

nutrients required for balanced body reserves (Prop & Black 1997). Ebbinge (1992)

earlier demonstrated that fluctuations of the world population were clearly expressed

in the local number of Brent Geese utilising the polder areas on Texel, while the num-

bers utilising the salt marsh on the near island of Terschelling remained more or less

constant. Using marked individuals he could show that young birds originally belonging

to the local population of Terschelling made use of the polder areas on Texel in the

years with high population size. The polder area thus appears to function as a ‘buffer’

accepting subdominant individuals in years when the capacity at the preferred marsh

habitat is reached.

Facilitation

As we have seen, forage maturation and succession both negatively affect the foraging

efficiency (nutrient intake rate) of small herbivores, such as geese. However, both pro-

cesses are counteracted when grazing pressure is sufficiently intense to remove the

major part of the primary production. In line with the ‘Forage Maturation Hypothesis’

proposed by McNaughton (1984), we were able to experimentally show that previous

grazing positively affected patch preference, under conditions of high primary produc-

tivity. Towards the end of spring, Brent Geese in the polder of Ameland selected fields

where sheep were also grazing, and captive geese in the polder of Schiermonnikoog

preferred sheep-grazed grassland over ungrazed swards in May (chapter 4). On the salt

marsh a similar phenomenon was observed, where Brent Geese preferred grazing in

plots that had previously been grazed by Barnacle Geese (Stahl et al. 2001b). This pro-C
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cess, where the conditions for one herbivore are improved by another, is called ‘gra-

zing facilitation’. Repeated grazing within the growing season maintains the sward in a

young actively growing stage. These short swards yield higher instantaneous intake

rates as well as higher nutrient content and thus higher nutrient intake rates, as com-

pared to tall ungrazed swards (chapter 5). Finally, Brent Geese flocks facilitate for

themselves, as was illustrated in a study by Spaans & Postma (2001) and in chapter 5.

Brent Geese increase their grazing intensity per unit area over the course of the spring

season, in response to increasing primary production. With the experiment described in

chapter 5, we provide support for the interpretation that this phenomenon reflects a

preference for swards with intermediate values of biomass leading to spatial hete-

rogeinity in the sward, rather than a response to predation risk or previously existing

spatial heterogeneity in forage quality. So, within a growing season, foraging conditions

are enhanced by continuous grazing with livestock or geese.

However, geese are not present throughout the entire growing season, and thus their

ability to affect long-term vegetation development is limited (Adam 1990). Agricultural

activities such as mowing (Bakker 1989) or grazing with larger herbivores remove large

amounts of biomass during and after the growing season, and strongly affect vegetation

composition. We were able to demonstrate these long-term grazing effects on salt-marsh

vegetation by comparing vegetation composition in plots that had been experimentally

grazed or left ungrazed for more than 25 years (Bos et al. 2002). When salt marshes are

not grazed with livestock, succession leads to the dominance of a few tall plant species

that are unpalatable for geese, as was already mentioned. Livestock grazing continuously

resets the successional clock and maintains the vegetation in a young successional stage

(Olff et al. 1997; van Wijnen et al. 1997; Bos et al. 2002; chapter 8; chapter 7). Salt-marsh

vegetation that is livestock grazed, differs from the ungrazed condition in many parame-

ters of forage availability (including the cover of plant species that are preferred by

geese, canopy height and the cover of plants that are unpalatable and that may hinder

the geese while feeding (chapter 4; Bos et al. 2002; chapter 8; chapter 7). In chapters 4

and 7 we showed that Brent Goose distribution is related to these parameters of vegeta-

tion composition, with generally higher numbers of geese in livestock-grazed marshes.

Thus, livestock grazing facilitates goose grazing via its impact on long-term vegetation

development. Hare Lepus europaeus grazing was shown to retard vegetation development

(van der Wal et al. 2000b), but eventually hares themselves are also the victim of succes-

sion when marshes become too productive (van de Koppel et al. 1996).

Competition

Forage of high quality is not available in unlimited amounts, and thus the birds are

likely to compete for it.

INTRA-SPECIFIC COMPETITION

Limits to the amount of forage available have been suggested as the explanation for the

habitat switch of Brent Geese from algal beds to marshes and inland feeding areas in B
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winter (Vickery et al. 1995; Rowcliffe et al. 2001). Although algae are one of the prefer-

red food sources due to their high digestibility (Hassall unpubl. data), the stock dimi-

nishes due to goose grazing and wave action. With higher numbers of geese present,

depletion is more rapid and the birds have to switch to alternative feeding areas at an

earlier stage (Rowcliffe et al. 2001). Vickery et al. (1995) were able to show that the

timing of a habitat switch from marsh to inland feeding areas was related to the local

population size, and that the number of goose days spent on the marsh habitat was

constant. The gradual switch from inland feeding areas back to the marshes and inter-

tidal flats during spring is related to increasing levels of primary production in these

habitats at that time (Vickery et al. 1995; chapter 3). Another indication that there are

limits to the food supply is put forward by Ebbinge (1992), who found that local num-

bers on the salt marsh on Terschelling remained constant in spite of strongly fluctu-

ating population numbers, and that individual geese were affected by the increased

abundance of competitors (see above). Within the salt-marsh habitat, diet choice is

affected by food availability. Salt marshes are heterogeneous with respect to forage

quality and quantity, enabling the birds to be selective. With a lower availability of

high quality material within a habitat, the birds have to include more material of lower

quality. Brent Geese for example vary the amount of Festuca rubra in their diet accor-

ding to the amounts of Puccinellia maritima available (Prop & Deerenberg 1991). 

As our observations have shown, direct competition between pairs or families of

Brent Geese is very apparent. Aggressive behaviour enabled particular families and

pairs to profit from the best patches in our patch choice experiment far more than

others (Bos et al. 2002). This result is in line with observations by Teunissen et al.

(1985), Prop & Loonen (1989) and Stahl et al. (2001c), that there is a social dominance

hierarchy. The females of dominant pairs are able to forage in patches that yield higher

nutrient intake rates, and thus enhance their rate of fattening (Teunissen et al. 1985).

As a result, individuals are found to differ strongly in the amounts of fat they accumu-

late (Ebbinge & Spaans 1995) and their subsequent chances of successful breeding.

The observation that birds spend time and energy on defending patches with high

resource density is evidence for food competition and strongly suggests that high

quality forage is relatively scarce. This is furthermore supported by the observation

that short-term exclosure or fertilisation enhances subsequent use (Ydenberg & Prins

1981; Stahl et al. 2001b; chapter 2; chapter 5).

INTER-SPECIFIC COMPETITION

Brent Geese overlap in habitat use with Barnacle Geese and hare during spring. They

forage on the same plant species and the same plant parts, and thus there is potential

for food competition between them, though direct evidence for competition is lacking.

Food competition on the marsh between geese and Brown Hare was demonstrated in

experiments by Stahl et al. (2001b) and by van der Wal et al. (1998a). Increasing num-

bers of Barnacle Geese thus potentially affect the numbers of Brent Geese that can be

sustained. At Westerhever (DE), Stock et al. (1995) observed that the spatial distribu-

tion of Brent Geese was different in the presence of Barnacle Geese, and Engelmoer etC
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al. (2001) found indications for competition between the two species at the coast of

Friesland. However, facilitation also plays a role during early spring on Schiermonnik-

oog (Stahl et al. 2001b). Continuous grazing was shown to enhance forage quality, and

thus there is a subtle balance between competition and facilitation. These processes

are two sides of the same coin (van der Wal et al. 2000b). Besides indirect competition

for food via depletion (scramble competition), there is circumstantial evidence for

direct interference between Brent Goose and hare (van der Wal et al. 1998a). The

importance of food competition with hares is unlikely to be as important as that with

Barnacle Geese, as the geese are migrant and temporarily reach high numbers on the

study island. On Schiermonnikoog for example, the Barnacle Geese are assumed to

remove 7 - 15 times as much food in spring as hares (unpublished data). 

During the spring staging season, there is hardly any overlap in habitat use between

large herbivores and geese in the time when food quantity is most limiting. However,

autumn grazing by cattle and sheep affects the amounts of standing crop available

during winter, and the capacity of specific wintering areas will be limited when swards

have been grazed too short. On the other hand, pastures are unattractive to geese when

the canopy is too tall (Riddington et al. 1997). The latter authors thus advise to manage

swards in set-aside areas (specifically managed to host geese) to achieve an interme-

diate sward height in the beginning of winter. Their advice to aim at an intermediate

sward height helps us to visualise the boundary between facilitation and competition

(Figure 9.1 A, B). Very short sward heights at the beginning of winter have little value

for the geese because of low food quantity, whereas tall swards are unattractive due to

lower forage quality (Riddington et al. 1997) and reduced intake rates (chapter 5). 

Density dependence and carrying capacity

Food scarcity in spring may affect recruitment, as recruitment in Brent Geese was

shown to be critically dependent upon the accumulated fat reserves during spring

(Ebbinge & Spaans 1995). Sufficient reserves are a prerequisite for successful bree-

ding, but not a guarantee, as circumstances further along during migration and in the

breeding areas ultimately define the breeding output. Feeding conditions in the spring

staging areas can thus theoretically affect the population levels of Brent Geese

(Ebbinge & Spaans 1995). Sutherland (1996) illustrates this by assuming density-

dependent relationships between mortality or recruitment and population size (Figure

9.2). The equilibrium population size is defined as the point where mortality and

recruitment are equal, and in this example there is one stable equilibrium point. The

shape of the curves in figure 9.2 is purely hypothetical. Different shapes of the curves

could lead to multiple equilibria, and one should thus be careful in deriving simple

rules of thumb from this graph regarding population management (Ebbinge et al.

2002). According to the framework by Sutherland, one can illustrate the effect of habi-

tat change by assuming that the nature of the density-dependent relationship is alte-

red. In our case it would be likely that a deterioration of feeding conditions in the

spring staging areas would lead to a lower level of recruitment at the same population B
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size (dotted line in Figure 9.2), unless there is a completely independent constraint

operating that limits recruitment. An example of such a constraint could be found in

the number of nesting sites that are available in the breeding area. Results from stu-

dies on the breeding grounds indicate that the area of suitable breeding habitat is limi-

ting (Ebbinge & Spaans 2002), severely constraining further population growth

(Ebbinge et al. 2002). However, it is unlikely that this constraint is entirely indepen-

dent of the accumulation of fat reserves in spring, and thus we assume that there is

still a density-dependent effect relating the feeding conditions in spring to the equili-

brium population size. A reduction in the area of required habitat in spring, or in any

of the essential habitat characteristics (levels of primary production, forage quality and

disturbance), would in this view lead to a reduction in the amounts of body fat or

other stores accumulated for part of the population, due to competition. This could

affect the breeding output. An increase in the total number of Brent Geese, or other

herbivores that compete for the same food, would lead to the same effect. 

A calculation of the number of individuals that a site will contain in the equili-

brium situation, the carrying capacity, requires knowledge of the density-dependent

and density-independent mortality and recruitment in the breeding sites and in the

non-breeding sites (Sutherland 1996). A lack of knowledge on the shape of most of

these relationships made us focus at a more short-term estimate of capacity. Following

McLeod (1997), we defined local capacity to be the potential grazing density, as a func-

tion of resource availability, over a time period of interest. In the next paragraph we

will discuss the factors that are most important in determining the local capacity for

Brent Geese at the time the geese leave for the breeding sites. 
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The capacity of Wadden Sea coastal grasslands

Empirical estimates of the number of geese utilising marshes in the Wadden Sea indi-

cate a clear decline in grazing intensity under undisturbed vegetation succession (van

de Koppel et al. 1996; van der Wal et al. 2000a). Especially under productive circum-

stances, such as at the mainland marshes on the Dollard and the Leybucht, vegetation

succession in the absence of grazing rapidly proceeds to communities dominated by

tall unpalatable plants, unsuitable for geese (Aerts et al. 1996; Bergmann & Borbach-

Jaene 2001). Management measures, such as mowing and grazing-enhance the poten-

tial number of geese that can utilise an area, compared to long-term ungrazed marshes

(Aerts et al. 1996; Stock & Hofeditz 2000; Bergmann & Borbach-Jaene 2001; chapter 4;

chapter 7). Fertilisation of marshes and grasslands positively affects the productivity as

well as the nitrogen content of forage plants (Riddington et al. 1997; chapter 2). Thus,

as long as vegetation composition is suitable, fertiliser application enhances the num-

ber of geese that can be accommodated.

In chapter 8 we ventured to make a prediction of the potential numbers of geese

that could forage on different marshes along the Wadden Sea. For this, we derived a

Mean Potential Grazing Density for geese that could be realised in the month of May

by extrapolation from dropping counts, for different plant communities, soil types and

livestock grazing regimes. The prediction was subsequently compared to independent

estimates of observed average grazing density as derived from goose counts in May of

four different years. The analysis helped us to evaluate the reliability of our estimates

for the different marsh types and to identify marshes that do not fit the pattern for one

reason or the other. Although there is a large scatter in our estimates, there is an

unmistakable trend, when current usage is compared to the theoretical capacity of

marshes along the Wadden Sea. The predictions only reflect the potential grazing den-

sity of geese in May, while constraints on the amounts of forage may be more preva-

lent during the month of April, when primary production is lower and Barnacle Geese

are present in higher numbers. Moreover, we feel that the role of several factors, such

as salinity, the presence of suitable roosts, but especially that of disturbance, requires

more quantitative examination. Therefore, it would be unwise to draw heavily on the

absolute values of the predictions. The analysis assists in an objective comparison

between areas. Whereas the main spring staging sites in the Netherlands and

Schleswig-Holstein currently appear to be filled to capacity, there is a trend towards

more unused buffer capacity in Niedersachsen and especially the Danish sites (see

Figure 9.3). There may be climatic reasons behind this that are ignored in our invariate

capacity measure, but the northern sites would certainly repay more intensive scrutiny.

On a more general level, our data confirm the contention that grazed marshes can sup-

port far more geese than ungrazed ones, and a reduction in grazing thus leads to an

overall reduction in goose foraging opportunities. We hypothesize that the numbers of

Brent Geese in the entire Wadden Sea in May can be a factor four higher when all salt

marshes are grazed by livestock than in the absence of grazing. 
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Agricultural grasslands appear to yield virtually unlimited capacity for Brent Geese

towards the end of spring. When left undisturbed, Brent Geese are able to maintain a

suitable sward themselves in these highly productive areas by intensifying the fre-

quency of grazing with increasing primary productivity (Spaans & Postma 2001; chap-

ter 3; chapter 5). However, there is insufficient critical information bearing on the

question whether foraging on polder grassland alone may yield the same fitness per-

spectives for the geese. Prop & Black (1997) have shown that Barnacle Geese stagingC
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Figure 9.3 The predicted potential number of geese on salt marshes in May, per region in the 
Wadden Sea, as indicated with dots of different size. The observed average numbers 
in May 1995-1998 are indicated as a proportion of the predicted values. In four 
regions more birds were observed than predicted, and this is indicated using an extra 
dot, connected to the dot indicating the predicted value. Over 90 % of the observed 
birds are Brent Geese. Regions are defined by Meltofte et al. (1994), with their boun-
daries and numbering given in the inset. The term ‘missing’ refers to presumed unused
buffer capacity, but we emphasise that the analysis aims at comparison amongst areas
rather than a prediction of absolute potential numbers. Calculations are based on 
observed relations between vegetation composition with soil type and livestock grazing
regime, in combination with independent estimates of grazing density per plant com-
munity. Details of the extrapolation are given in chapter 8. A summary of predicted 
and observed numbers of geese is given per country (province) on the right-hand side 
of the diagram. In this summary, the estuarine areas are not included.



in agricultural habitat in late spring may suffer negative consequences in their repro-

ductive performance, as the food on the pastures seems inadequate in providing all

nutrients required for balanced body stores. Long-term data on individual Brent Geese

spending most of their time on pasture land on Texel in spring do not indicate reduced

reproductive success (Spaans & Postma 2001), but it cannot be excluded that the birds

in that study compensated for this by gathering additional forage on the intertidal flats

or on neighbouring salt marshes for some of the time. 

Future perspectives for geese in coastal habitats

In the past, the available amounts of natural habitat for Brent Geese have been larger

than at present, due to reclamation of land by man (Dijkema 1987; van Eerden 1997). On

the basis of paleogeographical maps, van Eerden (1997) reconstructed the changes in

waterbird numbers. They concluded that, given the estimated available amount of habi-

tat, Brent Geese generally must have been abundant in the Netherlands throughout the

period they studied (from 7000 BP onwards). However, given the large scale reclamation

and embankment of natural habitats, peak numbers of Brent Geese are assumed to be

only one-third nowadays of the number in 1350 AD. In the current situation, coastal pro-

tection works interrupt the natural sequence of landscape types from the North Sea to

the higher inland areas, from salt marshes to brackish and freshwater marshes, swamps

and peat moors (Wolff 1992). With a rising sea level, these belts of different landscapes

moved inland in the past, and they would still do so if man had not interfered. For this

reason, Wolff (1992) refers to the current situation as being an ‘amputated landscape’.

Thus, there is little scope nowadays for rejuvenation of marshes by coastal regression. 

The ongoing processes of climate change, sea-level rise and sedimentation will lead

to new challenges for the Brent Goose. Sedimentation in overgrown salt marshes will

more than compensate for the present sea-level rise according to de Jong et al. (1999),

and it is even the trilateral policy (Denmark, Germany and the Netherlands) to incre-

ase the area of natural marsh in the Wadden Sea (de Jong et al. 1999). However, it is

not only the area of marsh that is relevant to Brent Geese, but also the quality of this

habitat in terms of vegetation composition. Within existing marsh along the mainland

coast in the Netherlands, the relative abundance of older stages of vegetation succes-

sion increased at the expense of pioneer vegetation (Esselink 2000), in the absence of

land reclamation. This ageing of marshes can be counteracted by grazing with live-

stock, but the extent of livestock grazing in the Wadden Sea has diminished in the past

decades. Relatively large areas in the Wadden Sea have been taken out of grazing

during the 1990s and the vegetation in these areas still appears to be in transition

(Landesamt für den Nationalpark Schleswig-Holsteinisches Wattenmeer 1998). 

Another challenge to the Brent Goose is posed by the observed increase in numbers

of Barnacle Geese, but a better insight in the importance of potential competitive inter-

actions between these two species is highly desirable. In spite of their traditional

nature, the geese have in the past proven to be opportunistic, and capable of detecting B
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alternative resources and new staging areas. We should, therefore, not be too surpri-

sed if Brent Geese once again are observed to exploit new habitat, with the caveat of

non-disturbance. Currently, Brent Geese are restricted to coastal areas, but there is no

reason to assume that they could not adapt to feeding more inland as well (Prins pers.

comm.). Maybe the use of winter cereals will increase, as was suggested by van Eerden

(1996), when levels of fertiliser application decrease in agricultural grassland.

However, it would be most appropriate to manage salt marshes, seagrass beds and

intertidal flats in the Wadden Sea in such a way, that a viable population of Brent

Geese can be accommodated on their natural habitats.

Conclusions

Patch choice by Brent Geese in spring was found to be consistent with the hypothesis

of maximisation of nutrient intake rate. In line with this, we found that spring habitat

use was, to a large extent, governed by the process of primary production. With increa-

sing levels of standing biomass due to primary production, the nutrient intake rate

increases initially but declines again when levels of biomass become too high (see

Figure 9.1). This happens within a season and within a plant community due to decli-

ning forage quality caused by forage maturation. Another reason is that instantaneous

rates of intake decline, due to changes in sward structure. Over the years, the geese are

confronted with a reduced abundance of the preferred forage species and a change in

sward structure that depresses the instantaneous rate of intake. The repeated removal

of biomass by herbivores (or farmers) maintains the sward in a more suitable stage,

both within a season and over the years. By virtue of this process of facilitation, Brent

Geese are enabled to utilise highly productive agricultural grassland until the end of

their spring staging period and livestock-grazed marshes in spite of old marsh age.

Disturbance and scaring of geese strongly affects habitat use, especially because it

allows vegetation to ‘escape’ the grazing cycle. Continuous grazing is essential when

the vegetation is in a productive growth phase, otherwise it will loose its value as a fee-

ding habitat for geese.

Livestock grazing enhances the feeding conditions for small vertebrate herbivores,

such as Brent Geese. The difference in observed grazing intensity by geese between

marshes grazed by livestock and those left ungrazed is especially noticeable in the pro-

ductive, well-drained mainland marshes. Here, vegetation succession leads to the

dominance of tall unpalatable vegetation and an almost complete absence of geese.

Ungrazed barrier marshes require many decades before vegetation succession has pro-

ceeded to a point where feeding conditions for small vertebrate herbivores start to

deteriorate, but experience shows that succession is relentless.
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Low salt marsh near "Willemsduin" on Schiermonnikoog, looking into the direction of the higher
marsh (photo J. Stahl).




