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Female Barnacle Goose on the nest with her 

partner standing guard (Tobseda, July 2003) 
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Foraging choices of Barnacle Geese, from temperate to arctic  

Herbivores and their food resources 

Plants are potentially poor food for herbivores, because of their chemical composition 

(Hartley and Jones 1997): plant material is often low in nutrient content and high in 

structural components (Demment and Van Soest 1985). Herbivores have evolved different 

strategies to deal with the low quality diet that plants provide (Demment and Van Soest 

1985; Illius and Gordon 1992). In general, large herbivores can deal with low quality forage 

better than small herbivores since their energy requirements relative to their body weight 

are lower. Metabolic rate scales with body weight as MR~W0.75 and length of digestive 

tract scales linearly with body weight. Furthermore, large non-ruminant herbivores 

compensate a low quality diet by high intake and a long retention of forage in the gut. In 

contrast, ruminants can handle a lower forage intake on the premise of a more efficient 

digestion, as they profit from gut microbial fermentation. Microbes also degrade structural, 

otherwise indigestible components of the cell. Small herbivores, such as geese, do not have 

these adaptive traits: their digestive tract is short and food passes through rapidly, enabling 

them to digest only a small percentage of the food during its passage (Prop and Vulink 

1992). Since geese are also both physically and time constrained in the amount of food they 

can take up (Sedinger and Raveling 1988; Prop and Vulink 1992), they cannot compensate 

for low quality food by consuming larger amounts. In order to extract sufficient nutrients 

from the forage, therefore, geese have to be very selective and choose only highly nutritious 

forage. 

The extracted nutrients are used for maintenance and locomotion, but in spring the 

geese also need to build up energy reserves for their migration and subsequent breeding. 

They acquire these reserves as a result of a period of intensive foraging in spring. In this 

period they store energy as proteins and fat. Nitrogen is one of the main constituents of 

proteins. In most studies described in this thesis, we use nitrogen content as an indicator of 

plant quality, nitrogen content can be translated to (crude) protein content by multiplying 

with a factor of 6.25 (Robbins 1993). Carbon is present in plant tissue largely as a structural 

component. When grasses mature, the relative amount of structural components increases, 

whereas the amount of proteins declines. Young grass has a low C/N ratio and is therefore a 

high-quality food resource. During the season, however, as the forage matures, the C/N 

ratio increases and digestibility of the plant material decreases. An increase in plant 

biomass usually co-occurs with a decline in shoot nitrogen content (Lepage et al. 1998; Bos 

et al. 2004; Chapter 5).  

Plant forage availability and its quality at foraging sites play a crucial role for geese as 

the amount of body reserves accumulated by individuals prior to migration directly affects 

breeding success (Ankney and Macinnes 1978; Ebbinge and Spaans 1995; Prop and Black 

1998; Madsen 2001). At the breeding sites, food availability and its quality during the 
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gosling rearing period influence final adult body size of the goslings as they affect gosling 

growth rates (Cooch et al. 1991; Sedinger et al. 1995; Loonen et al. 1997; Larsson et al. 
1998), while fledgling weight influences post-fledgling survival (Loonen et al. 1997; Van 

der Jeugd and Larsson 1998) and hence the likelihood of breeding for the individuals that 

survive the post-fledging period (Sedinger et al. 2004). 

 

Foraging choices of Barnacle Geese 

All foraging sites described in this thesis are coastal meadows, with short swards, 

dominated by grasses or sedges (Chapter 2, Box 1, Box 2, Chapter 10). Over 90% of the 

diet of Barnacle Geese in these areas consists of grasses (Van Dinteren 1988; Wolfs and 

Pardijs 2004; unpublished results) . Nitrogen content of grasses, in general, is low; at our 

study sites, the values for unfertilised grasses ranged between 1.5 and 4.5 % of the dry 

weight. Moreover, nitrogen content of grasses peaks at the beginning of the growing season 

but declines rapidly as the season progresses (Van Soest 1994; Hassall et al. 2001; Bos et al. 
2004). It is therefore important that within foraging sites, the geese time their staging period 

to coincide with the peak in sward quality and, within sites, select the most profitable areas 

for resource acquisition. 

Attractiveness of a foraging site can be related to a combination of plant nutrient 

content and plant biomass, a measure of total nitrogen availability for the geese (Chapters 3 

and 5). In very young swards at the beginning of the growing season, total nitrogen in the 

vegetation is low: plant quality in young swards is very high, but biomass is too low to 

provide sufficient high quality forage for the birds. As biomass increases, nitrogen content 

per unit dry weight of the grasses decreases, so that the total nitrogen available in the 

vegetation first increases to a peak level and then decreases. In my thesis, I have shown that 

the total nitrogen available in the vegetation is an important criterion in forage choice and 

habitat selection by migrating geese. Not only do Barnacle Geese actively select areas with 

highest nitrogen per unit weight of biomass at a staging site (Chapter 3), they also appear to 

follow waves of peak nitrogen levels in the biomass all the way from their temperate 

staging sites, to their Baltic stopover sites to the Arctic breeding sites (Chapter 5). The 

geese utilise the staging site in the Wadden Sea and stopover sites in the Baltic at the time 

of peak levels of total nitrogen availability in the vegetation. At the Russian breeding site, 

geese arrive prior to the flush of spring growth of forage plants and profit from the peak in 

nitrogen content in plant shoots during the gosling-rearing period.  

Intake rate, the amount of food a bird can consume in a given time, interacts with peak 

nitrogen levels in the biomass in the selection of preferred foraging sites. A site might have 

plants with a high nitrogen content, but if intake rates are low, nutrient intake can be 

insufficient for migration and reproduction. I have shown that intake rates when feeding on 

low swards of Festuca rubra are mainly dependent on canopy height (Chapter 4). With 

increasing canopy height, geese can achieve a larger bite size and therefore a higher intake 
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rate (Prop et al. 1998; Lang and Black 2001; Durant et al. 2003). However, when tall 

swards are present, intake rate decreases because the geese encounter handling problems 

with long leaves (Van der Wal et al. 1998; Hassall et al. 2001; Durant et al. 2003), 

increased costs of locomotion and increased vigilance due to changes in the perception of 

predation risk (Van de Koppel et al. 1996). 

The critical factor determining site choice will thus be a combination of the nitrogen 

content of the forage and intake rate, i.e. nitrogen intake rate (Durant et al. 2003). This 

might explain why most studies show that geese prefer much lower canopy heights than 

those on which they could maximise intake rates. Experimental results indicate that 

Barnacle Geese can obtain a maximum intake rate at sward height of about 8 cm (Lang and 

Black 2001; Chapter 4). However, a study by Durant et al. (2003) reveals that Barnacle 

Geese prefer foraging on swards of 2-3 cm, rather than on 5-6 cm or 10-12 cm. 

Concurrently, field studies indicate a preference of wild geese for swards lower than 8 cm 

(Summers and Critchley 1990; Hassall et al. 2001; own data). Since forage quality 

decreases with increasing biomass and canopy height (Summers and Critchley 1990; 

Hassall et al. 2001; Durant et al. 2004; Bos et al. 2005a) maximum nitrogen intake rates 

will be reached at a lower level of biomass or canopy height than maximum intake rates of 

biomass (Figure 11.1).  

 

 
Figure 11.1: Schematic overview of 

the effects of maturing sward with 

increasing biomass and height on 

sward quality (in percentage Nitrogen), 

the intake rate geese can achieve (in 

mg s-1) and the nitrogen intake rate (in 

mg Nitrogen s-1)  
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Facilitation and competition between herbivores  

Food resources along the flyway are scattered in space as well as in time. The timing of 

maximum utilisation is different for each area, depending in the first place on local abiotic 

and climatic factors that determine the onset and rate of plant growth (Chapters 5 and 9). 

Furthermore, the availability and the nutritional quality of the forage plants are influenced 

by the geese themselves and by other herbivores. The grazing optimisation hypothesis, 

postulated in the 1970’s by Dyer (1975) and McNaughton (1979), describes the reaction of 

plants to increasing herbivory. It predicts that grazing at intermediate intensities stimulates 

plant production and enhances the net primary production of grazed plants above that of 

ungrazed plants. McNaughton (1979) developed the theoretical framework of grazing 

optimisation in view of the large-scale movements of herbivores in the Serengeti. 

McNaughton (1976) describes how dense concentrations of migratory Wildebeest 

(Connochaets taurinus) deplete plant biomass in the Serengeti Plains, while at the same 

time grazing stimulated net primary production and Thomson’s Gazelles (Gazella 
thomsonii), which arrived in the area a month later and profited from the low dense biomass 

created by the preceding Wildebeest grazing.  Several other studies also demonstrated a 

positive response of plant production to grazing (Cargill and Jefferies 1984; Pandey and 

Singh 1992; Frank and McNaughton 1993; Nolet 2004), but evidence is limited to certain 

ecosystems and remains controversial (Belsky 1986; Belsky et al. 1993). Many more 

studies in various ecosystems have reported an increase in nutrient concentration of 

previously grazed tissue (Ydenberg and Prins 1981; Gauthier et al. 1995; Ruess et al. 1997; 

Fox et al. 1998; Green and Detling 2000). Finally, some studies also report on changes in 

shoot densities or live/dead ratios as side-effects of grazing (Coughenour 1991; Van de 

Koppel et al. 1996; Loonen and Solheim 1998; Zacheis et al. 2001). Sites which are grazed 

repeatedly by herbivores are characterised by a low, dense and highly nutritious sward; 

these sites are often referred to as grazing lawns (McNaughton 1984; Drent and Van der 

Wal 1999). We use the term herbivore facilitation when the foraging opportunities of one 

species are enhanced indirectly by the feeding activities of another. In contrast, depletion of 

resources and direct competition negatively affect resource acquisition by a particular 

herbivore species, and potentially influences foraging choices and induces strategies of 

resource partitioning by different herbivores (Belovsky 1984; Gordon and Illius 1989; 

Edwards et al. 1996; Murray and Illius 2000). 

In ecosystems that are periodically visited by many different migratory herbivores, 

such as the Serengeti and our own study system, grazing facilitation as well as competition 

are likely to occur.  In the following paragraphs I will describe the interactions between 

other herbivores present on foraging sites along the flyway of the Barnacle Goose, namely 

livestock and hares, and forage resources as well as the effects of geese on their own forage 

supply (Figure 11.2). 
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Figure 11.2: Overview of the short- and long-term effects of grazing on sward properties during 

spring and the consequences for subsequent use by wild herbivores. Dashed lines represent the 

ungrazed swards, solid lines grazed swards. 
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Livestock 

Most coastal meadows and salt marshes in temperate areas are traditionally grazed by 

livestock. Grazing by livestock promotes a short dense sward, in which the shoots have a 

high nitrogen content (Van de Koppel et al. 1996; Hassall et al. 2001; Van der Graaf et al. 
2002; Bos et al. 2005b). This thesis (Box 2; Chapter 10), as well as other studies, show that 

geese prefer these swards (Summers and Critchley 1990; Vickery et al. 1994; Prop et al. 
1998; Hassall et al. 2001; Van der Graaf et al. 2002; Bos et al. 2005b). Moreover, grazing 

favours a high cover of grasses and prevents the encroachment of reeds, shrubs and tall 

plants such as Elytrigia atherica into the coastal meadows (Andresen et al. 1990; Olff et al. 
1997; Jutila 1999; Bakker et al. 2003; Kuijper and Bakker 2004). In my study, I found a 

preference of geese for short grazed swards, in particular during the gosling-rearing period 

(Chapter 10). In those highly productive marshes in temperate areas, such as our study sites 

in the Wadden and Baltic Sea, grazing is of prime importance for the maintenance of good 

foraging sites for geese (Box 2). 

 

Hares 

The European Brown Hare (Lepus europaeus) is a wild herbivore that co-occurs with geese 

in temperate salt marshes. Similar to the geese, hares prefer to graze in areas with a low 

canopy height (Kuijper and Bakker 2003). However, studies on the temperate salt marsh of 

Schiermonnikoog have shown that hares themselves can retard vegetation succession for at 

least 20 years by preventing woody or fibrous plants becoming dominant, such as the 

woody forb, Atriplex portulacoides, in the low marsh and the tall grass Elytrigia atherica in 

the higher marsh (Van der Wal et al. 2000; Kuijper and Bakker 2003; Kuijper and Bakker 

2004; Box 1). However, hares cannot stop succession in the long term. By preventing the 

dominance of tall species, hares enhance feeding conditions for geese (Van der Wal et al. 
2000). Geese do not have similar effects on the vegetation: when only geese were excluded 

experimentally there were no significant changes in species composition of the vegetation 

(Kuijper and Bakker 2004). Geese profit from the presence of hares on salt-marsh sites. 

Besides this facilitative interaction, I show in this thesis that there is also indirect 

competition between geese and hares, forcing hares to forage on less preferred sites 

(Chapter 6). 
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Geese 

Though geese cannot retard succession or influence vegetation composition, similar to 

livestock and hares, they can potentially impact forage quantity and quality. Geese can 

facilitate future grazing of a patch in two ways: by the mechanical removal of plant material 

as a result of grazing and by the fertilisation effect of their droppings on the vegetation. In 

Chapter 6, I show evidence for within-species facilitation: utilisation of foraging sites by 

geese is positively correlated with previous grazing by either hares or geese. At my study 

site in the Wadden Sea, I found positive effects of Barnacle Goose grazing on the 

vegetation. In grazed sites the nitrogen content of shoots of Festuca rubra was significantly 

higher than that in ungrazed sites (Chapter 6). Moreover, grazing had significant effects on 

sward characteristics; the proportion of dead material in the vegetation was reduced and 

production of additional axillary tillers increased as compared to that in ungrazed swards 

(Chapter 7). When extrapolating these experimental findings to foraging opportunities for 

staging geese, I calculated that under the current grazing pressure of the geese, potential 

harvest and carrying capacity of the marsh is maximised.  

Besides the effects of tissue removal by grazing, many studies report a fertilising effect 

of herbivore faeces on grazed vegetation. The best-known example is the salt-marsh of La 

Pérouse Bay, where goose-grazed sites have significant higher production and nutritional 

quality than ungrazed sites. I did not find effects of fertilisation by goose droppings either 

on plant biomass or quality on marshes along the Barnacle Goose flyway (Chapter 8). A 

comparison of studies on the effects of goose grazing on the growth and quality of forage 

plants reveals that a fertilising effect of droppings is only found under very specific 

conditions, a high natural grazing pressure and very low nitrogen availability in the soil. 

We can conclude that, along the flyway of Barnacle Geese, geese can improve their forage 

quality and biomass by the mechanical removal of tissue through grazing which enhances 

tillering and maintains a young sward, however, fertilisation by droppings does not play a 

role in the short-term. 

 

A changing world: human impact along the flyway 

Goose populations: growth and range expansion 

In recent years we observe a tremendous increase in the size of goose populations all over 

the world. In North-America, the populations of Greater and Lesser Snow Geese (Chen 
caerulescens atlanticus and Chen c. caerulescens) increased dramatically from the late 

1960’s to the mid-1990’s (Gauthier et al. 2005; Abraham et al. 2005). In Europe, wintering 

populations of Pink-footed Geese (A. brachyrhynchus), Greenland White-fronted Geese (A. 
albifrons flavirostris), Bean Geese (A. fabalis), Greylag Geese (A. anser) and Barnacle 

Geese increased since the 1960s (Fox et al. 2005; Van Eerden et al. 2005). Along with the 
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increase of wintering numbers of Palearctic goose species in Western Europe, the number 

of exotic species also increased and Egyptian (Alopochen aegyptiacus), Canadian (Branta 
canadensis) and Bar-headed Geese (Anser indicus) are now common sights on grasslands 

in Europe (Lensink 1998; Van Horssen and Lensink 2000; Van Roomen et al. 2004). These 

neozoic populations are non-migratory and breed successfully in the new habitats (van Dijk 

et al. 2005). Simultaneously, palearctic species like the Greylag and the Barnacle Goose 

expanded their breeding range towards temperate regions (Forslund and Larsson 1991; 

Loonen and de Vries 1995; Van Eerden et al. 2005; Chapter 10).  

The increase in goose numbers is usually attributed to changes in human land use, such 

as increased fertilisation of grasslands, cultivation of wheat, corn and rice (Abraham et al. 
2005; Van Eerden et al. 2005) and changes in harvesting techniques (Shimada 2002). The 

expanding goose populations increasingly started to shift their foraging habits, especially in 

the wintering range, from foraging on natural grasslands to foraging on crops (Ganter et al. 
1999; Fox et al. 2005; Gauthier et al. 2005). The expanding goose population and the 

increased use of agricultural fields leads to strong conflicts with agriculture (Prop et al. 
1998; Vickery and Gill 1999; Cope et al. 2003; Amano et al. 2004; Fox et al. 2005; 

Abraham et al. 2005).  

As a consequence of increasing numbers, many populations experience a density-

dependent decline in reproductive output. In North America, the populations of Black Brant, 

Branta bernicla nigricans, as well as Lesser Snow Geese show a strong density-dependent 

decline in gosling growth, body mass and survival as population size increases at the local 

level (Williams et al. 1993; Sedinger et al. 1998; Person et al. 2003), in the Russian Arctic 

a density-dependent effect on reproduction was found for Red-breasted Geese, Branta 
ruficollis (Prop and Quinn 2003). For the Barnacle Geese, previous research has shown that 

the Spitsbergen breeding population as well as the new breeding populations on Gotland 

experience decreasing breeding success with increasing population size, due to density-

dependent effects (Larsson and Forslund 1994; Loonen et al. 1997; Larsson and Van der 

Jeugd 1998; Drent et al. 1998; Loonen et al. 1998). Despite these declines in breeding 

success that have been reported locally, there is no suggestion of stabilisation of numbers at 

the population level, except on some specialised maritime species such as Dark-bellied 

Brent Geese.  

 

Traditional versus new breeding sites 

The green-wave hypothesis predicts that avian herbivores travel along a climatic gradient 

during their spring migration from temperate staging sites to Arctic breeding sites, taking 

advantage of the successively delayed spring flush of plants at each staging site, hence 

“surfing on a wave of forage availability” as they move along the migration corridor (Drent 

et al. 1978; Owen 1980). In my study, I show that Barnacle Geese time their migration to 

coincide with peaks of nutrient availability in the vegetation along the flyway (Chapter 5). 
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In the Wadden and Baltic Sea they profit from the peak in nutrients just before migration. 

In the Russian breeding sites the geese arrive soon after snow melt and well ahead of the 

peak in nutrient content of the biomass, and start nesting upon arrival. When the goslings 

hatch, nutrient levels in the vegetation just reached their peak and the goslings and their 

moulting parents profit from this highly nutritious forage (Sedinger and Raveling 1986; Bos 
et al. 2004; Chapter 5). The high peaks of nutrients in plant biomass at hatching in the 

Arctic breeding sites is combined with a low canopy height of the sward that ensures a high 

intake rate (Chapter 4). The long daylight period enables the geese to forage for almost 24 

hours each day. These are ideal conditions for the growing goslings that have high nutrient 

requirements as well as for their parents that need to compensate for reserves lost during the 

incubation period and for the energetically costly period of wing moult.  

Furthermore, on the islands where barnacle geese traditionally breed, Vaygach and 

Novaya Zemblya, human disturbance is now absent. Along the Russian mainland coast 

many small settlements were established during the former Soviet regime. It is suggested 

that these coastal sites could have been part of the traditional breeding range of the geese 

prior to human settlement (Syroechkovsky Jr. 1995). However, records of early Arctic 

explorers indicate that the area was already populated in the 17th century by people living 

from fishing and hunting (Van Linschoten 1601, re-issue of the logbooks by Van der Moer 

1979). For the people living in these small coastal villages, eggs and geese formed an 

important supplement to their diet of dried fish which was the main winter food.  It is likely 

that human disturbance eradicated former breeding colonies in the surroundings of the 

settlements and prevented the establishment of new ones. Van Linschoten, however, did 

observe large numbers of (Brent) geese and other waterfowl in mid- July, indicating that the 

area was used for foraging at least during wing-moult. With the disappearance of human 

activities from these coastal sites after the fall of the Soviet regime, the salt marshes were 

re-colonised as breeding sites for waterfowl and geese expanded their breeding range 

within the Russian sub arctic.  

The first colonies in the Baltic were established in the time that most of the Russian 

settlements were still inhabited and the breeding range of barnacle geese was restricted to 

the islands of Novaya Zemblya and Vaygach. Though breeding sites were probably not 

limited on the traditional breeding grounds of these islands (Filchagov and Leonovich 1992) 

it is likely that, with a rapidly expanding goose population, foraging resources started to 

form a constraint. As a consequence density-dependent processes could have started to act 

during the gosling-rearing period resulting in a reduction of the reproductive output of these 

colonies. There are no vegetation data from these areas, but we assume vegetation on the 

foraging sites is largely comparable to that on our Russian study site (note – the nesting 

sites are very different). In recent years on Gotland we have seen that the geese themselves 

strongly influence their food supply. Because of the high grazing pressure early in spring,  
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Figure 11.3: The green wave of nitrogen content of biomass per unit area (g N m-2) at the Dutch 

Wadden Sea, the Baltic Sea and northern Russia (Chapter 5, shaded areas) with an alternative 

scenario for the Russian sites under heavy grazing pressure by geese (dashed line) and the current 

situation in the Dutch Delta (solid line).  

 

 

 

biomass levels are depressed throughout the staging period (Chapter 5). When the 

traditional Arctic breeding colonies of the Barnacle Goose grew, food supply during the 

gosling-rearing period may have become limited. We might assume that the development of 

biomass and its nutrient content at the traditional Russian breeding sites were similar to 

values at our study site in the Pechora Delta, and that the grazing pressure was as high as 

that on Gotland early in the season, where the geese consumed approximately 0.5 g DWT 

m-2 d-1. Under these assumptions we can construct a scenario of the seasonal development 

of nitrogen content of the vegetation at the traditional breeding sites with this specific 

grazing pressure (Figure 11.3). In this scenario the peak in nutrient-rich biomass on the 

traditional breeding sites is severely reduced. In fact, the level of nutrient-rich biomass is 

becoming comparable to that of the ungrazed situation on Gotland (Figure 11.3). Under this 

scenario, Gotland, during the period the colony was established, may have proven to be a 

more profitable foraging site with a similar nutrient content in the biomass as that at the 

Russian breeding sites, but with less competition for these resources.  
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Larsson et al. (1988) concluded that the establishment of the colonies in the Baltic was 

genuine and that the founder birds originated from the Russian population. This founder 

population probably consisted of non-breeding birds that had lagged behind on Gotland in 

the previous years during the moulting period (Larsson et al. 1988). These pioneers may 

have recognised that foraging opportunities on Gotland were comparable to those on the 

traditional breeding (Figure 11.3) grounds and attempted to breed in Gotland. This strategy 

proved successful and the colony grew rapidly as a result of a high reproductive output 

(Forslund and Larsson 1991; Larsson and Van der Jeugd 1998). However, also further 

immigration from the Russian population took place (Larsson et al. 1988). During a recent 

period, when population growth in the Baltic levelled off due to density-dependent effects 

(Larsson and Forslund 1994), geese remained behind in the wintering areas in the 

Netherlands during summer and finally started breeding in the Dutch Delta (Meininger and 

Van Swelm 1994). In the Netherlands, eutrophication of surface water and high levels of 

fertilisation of pastures (Van Eerden et al. 2005) resulted locally in grass swards with  

anextremely high nutrient content during summer (Pouw et al. 2005). Due to this high 

quality food supply and the absence of ground predators on the breeding sites, breeding 

success is high and the population is rapidly expanding. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11.4: Average spring temperature from 1970 until present in the three study areas, with the 

results of a linear regression. Mean increase in all three regions amounts to an approximately 2˚C 

increase in the past 30 years. 
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Climate change 

The recent expansion of the breeding range of Barnacle Geese does not raise concerns for 

the persistence of the species in the future. It appears that the geese are increasing in 

numbers and expanding into new breeding areas. However, human impact along the flyway 

becomes also evident through a change in spring temperatures, likely caused by global 

warming. Climate change models predict an increase in globally averaged temperatures of 

0.8-2.6 ˚C for the period of 1990-2050, long-term predictions up to the year 2100 even 

predict an increase of 1.4 – 5.8 ˚C (IPCC 2001). For Arctic regions this increase is 

predicted to be even stronger, an increase of 2.5-14 ˚C for winter and 4.0-7.5 ˚C for 

summer temperatures (IPCC, 2001). In the Wadden and Baltic Seas, we can observe an 

average increase in spring temperatures (March-May) of about 2 ˚C in the last 30 years 

(Figure 11.4). Since plant growth is strongly linked to temperatures in the growing season, 

increasing spring temperatures will advance peaks in forage availability and quality and 

thus the most suitable timing of spring migration for Barnacle Geese. I have shown that 

with a conservative climate change-scenario which predicts a 1°C- increase in temperatures 

along the flyway, Barnacle Geese will be able to adjust to shifts in plant phenology and the 

earlier occurrence of spring by adjusting their migration dates (Chapter 6). Moreover, the 

White Sea offers a buffer area where they can stay for variable periods depending on the 

advancement of spring at their breeding site. I predicted that the total nitrogen content of 

the biomass in the White Sea area, based on climatic data from Archangelsk combined with 

vegetation data from our Russian study site, since forage species are similar in these areas 

(pers. obs.). The peak in the nitrogen content of the biomass per unit area in the White Sea 

area falls exactly in between the peaks in the Baltic Sea and on the Barents Sea breeding 

site and therefore establishes the White Sea coast as an ideal pre-breeding site. 

Figure 11.5 A and B depict consequences of climate change for the green wave, the 

peaks of nutrient availability in biomass per unit area that Barnacle Geese follow on their 

migration for a conservative 1°C- increase scenario and a less conservative 5°C-increase 

scenario. For the conservative scenario, we observe only slight changes; however, with a 

scenario of a 5°C we observe a dramatic advancement of plant growth. It also becomes 

clear that forage plants in the three regions differ in their response to rising temperatures. 

An average increase of 5°C has less significant consequences for plant phenology on the 

Arctic sites than it has at the more temperate sites. If geese adjust their travel schedules to 

major shifts of plant phenology at these temperate sites, advancing their migration by more 

than one month, they would arrive too early in their breeding sites and find them covered in 

snow. However, the White Sea still acts as a buffer zone; peak nitrogen levels in biomass 

per unit area still fall in between the peaks at the Baltic Sea and the Barents Sea breeding 

sites.  
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Figure 11.5: The green wave of nitrogen content of biomass per unit area (g N m-2) at a Wadden Sea 

staging site, a Baltic Sea stopover site and a Russian breeding site (Barents Sea), as described in 

Chapter 5 (dark shaded area), as well as in a White Sea pre-breeding site (light shaded area) at present 

and under a conservative climate change scenario of 1˚C increase (A) and a progressive scenario of 

5˚C increase (B). 
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In my study on the effects of temperature increase on the forage resources of the geese 

along the green wave, I disregarded long-term vegetation changes. With increasing 

temperatures plant species that were previously only found in more southern areas can 

expand their northern distributional range and invade existing northern plant communities 

(Metzing 2005). Increased competition may lead to changes in plant communities and 

possible disappearance of the communities favoured by geese. For example, with climate 

change a species such as Elytrigia atherica, which currently has its northern boundary in 

Northern Germany, may extend its range, and form a threat for salt marshes in the Baltic, 

where current levels of grazing intensity by livestock are insufficient to prevent the species 

from becoming dominant. Similarly, on some sites along the Baltic Sea coasts the low 

stocking rate can not avert the encroachment of Phragmites australis (Jutila 1999; Jutila 

2001; Dupré and Diekmann 2001). These kinds of changes are, however, beyond the scope 

of a PhD period and invite long-term monitoring in a coordinated international programme.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11.6: The phenology of plant growth in spring and additional effects of goose grazing, 

fertilisation by goose droppings, climate change and eutrophication on the “green wave” of nitrogen 

content in biomass per unit area. Dashed lines indicate the basic spring phenology, solid lines the 

additional effects. Where appropriate, an alternative scenario is indicated with a bold line. 



Chapter 11 

 

 178

Flexible migrants in a changing world 

Flexible migrants 

My results suggest that even with large increases in temperatures in the next decades the 

“green wave” of food availability from temperate staging sites, to stopover sites in the 

Baltic and White Sea to breeding sites in the Russian Arctic, will remain intact. However, 

based on my investigations, I cannot predict whether Barnacle Geese will prove flexible 

enough to keep up with this advancement in phenology. The geese will have to advance 

their migration by more than one month in order to keep up with the green wave. We can, 

nonetheless, speculate about the flexibility of the migratory schedule of the geese by 

looking at their response to changes in the past. For example, when Barnacle Geese 

expanded their breeding range to the Baltic Sea they encountered a completely different set 

of environmental variables. Optimal timing of peak hatch was earlier (Chapter 5) and the 

geese adapted rapidly by moving the timing of peak hatch more than one month from mid-

July in the Arctic areas (Van der Jeugd et al. 2003) to the end of May in the Baltic breeding 

sites (unpubl. data H. van der Jeugd) . At present, in the Baltic colonies young hatch just a 

week after Russian geese have left on their migration to the breeding grounds (Chapter 5). 

Timing of wing moult also advanced significantly though not as much as the breeding dates 

(Van der Jeugd et al. 2003). Similarly, dates of peak hatch have advanced even more in the 

recently established Dutch colonies (end of April; Pouw et al. 2005). In the past decade 

overall timing of departure from the Wadden Sea and Baltic Sea has changed (Stock and 

Hofeditz 2002; Leito and Truu 2004; Günther and Koffijberg 2005; Eichhorn et al. 2006). 

These new strategies may either be a result of an adaptation to increasing temperatures 

(Chapter 9) or can be seen as a completely new strategy in order to avoid overcrowding on 

the traditional spring staging sites (Günther and Koffijberg 2005; Eichhorn et al. 2006). 

Whatever the underlying causes maybe, it shows that migration and breeding date, as well 

as the choice of staging areas of Barnacle Geese are flexible.  

 

And a changing world: future predictions 

With changes in climate as well as in land use, phenology of the forage plant species of 

Barnacle Geese will alter dramatically and differently in each area along the flyway (Figure 

11.7). First of all, in all areas global warming will advance plant phenology and peaks in 

forage availability. For the spring staging areas in western Europe two trends exist; 

traditional salt-marsh habitats will show a reduction in quality of the foraging sites as well 

as a reduction in the number of suitable sites, due to cessation of livestock grazing. 

Secondly, the livestock-grazed pastures in the Dutch Delta region and at sites adjacent to 

the Wadden Sea that are at present used by part of the population during wintering and 

during spring-staging, will provide forage of high quality. This can be attributes to a high 

nitrogen input from eutrophicated surface water (pers. comm. HvdJeugd), artificial fertiliser 
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and aerial nitrogen deposition (Van Eerden et al. 2005). Although salt marshes are still 

favoured as foraging sites by Barnacle Geese, we will most likely witness an increased use 

of agricultural pastures as a refuge for the surplus number of geese during the spring-

staging period (Bos and Stahl 2003). Furthermore, the agricultural pastures remain at a 

level of high tissue quality throughout the spring season, when natural marshes show a 

rapid decline of plant quality due to tissue maturation. The geese here will thus be able to 

stay longer and depart later. This delay in spring migration has already been observed 

during the past decade (Stock and Hofeditz 2002; Günther and Koffijberg 2005; Eichhorn 
et al. 2006). It is likely that the effects of the prolonged availability of high quality forage 

within one spring season (enabling the geese to stay longer), and the effects of an 

advancement of spring through climate change (forcing the geese to advance migration, 

Chapter 9), will partly counteract each other.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11.7: The green wave of nitrogen content of biomass per unit area (g N m-2) at a Wadden Sea 

staging site, a Baltic Sea stopover site and a Russian breeding site (Barents Sea), as described in 

Chapter 5 (dark shaded area) with projected scenarios for the different areas with changes in climate 

and in land use (solid lines). 
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On the traditional stop over sites on Gotland food availability is low due to a high 

grazing pressure of geese. However, in other coastal areas in the Baltic Sea, geese are 

present in low numbers and will not deplete forage within one season or retard successional 

change of the vegetation in the long term. Due to the cessation of livestock grazing at many 

Baltic coastal sites, it is likely that the availability of suitable foraging sites as well as the 

cover of edible species will further decline in the near future. Partly as a result of the low 

forage availability and overcrowding on the Baltic stopover sites, part of the population 

already changed its migration pattern and now skips the stopover period in the Baltic Sea 

(Eichhorn et al. 2006). These birds depart later from the spring-staging areas in the Wadden 

Sea and probably stay for an extended period of time along the White Sea coast near 

Archangelsk.  

Extensive parts of the coastline of northern Russia where human disturbance is absent 

will probably host an increase in numbers of breeding pairs of barnacle geese in the coming 

decades. The island of Kolguyev was colonised by Barnacle Geese in the early 1990’s 

(Syroechkovsky Jr. 1995) and currently harbours the largest colony of Barnacle Geese in 

the world, geese breed here along 20 kilometres of coastal wetlands (pers. comm. K.Litvin). 

At our study site at the Kolokolkova Bay, the Barnacle Goose colony was founded soon 

after the village of Tobseda was deserted by its human inhabitants in 1996/1997 and horse 

grazing on the marshes ceased (pers. comm.Wasily, Tobseda). The population grew rapidly 

from 56 nesting pairs in 1999 to 3454 nests in 2003 (Mineev and Mineev 2004). 

 

It is difficult to make predictions concerning future population trends of this flexible 

species; the increased availability of breeding sites in the Russian Arctic as well as on the 

more temperate sites might well be counteracted by a loss of good-quality stopover sites in 

the Baltic Sea. The apparently high quality of fertilised agricultural pastures that are used 

increasingly as foraging sites might be deceiving. Prop and Black (Prop and Black 1998) 

observed that geese foraging on agricultural fields in Norway had a lower retention 

efficiency of nitrogen. These geese acquired more fat relative to protein and subsequently 

had a lower breeding success than birds foraging on non-fertilised habitats. The authors 

suggest that birds from fertilised agricultural sites have acquired fewer protein reserves and 

either lack adequate muscle development to carry sufficient reserves on migration, or lack 

the necessary proteins for egg production after arrival on the breeding grounds (Prop and 

Black 1998).  

Advancing phenology through climate change, forces birds to advance their laying 

dates in order to keep up with the time of maximum food availability for rearing of young. 

Many bird species in temperate areas have been unable to advance their laying dates 

sufficiently over the past decades to avoid a fitness cost (Visser et al. 2004). However, 

Barnacle Geese have proven rather flexible in timing of reproduction. From Figure 11.5 we 

can derive that under a scenario of a 5˚C increase in temperatures, Barnacle Geese nesting 
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in the Russian Arctic must advance their laying date by about one month in order to profit 

from peak nitrogen levels in biomass during the gosling-rearing period; a shift similar to 

that already achieved in the Baltic 

Further research is needed into the reproductive consequences of foraging decisions 

during spring staging in order to make predictions on the effects of changes in land use and 

climate on the dynamics of the Barnacle Goose population. 

 

Conclusion 

At present, food resources along the East Atlantic Flyway of Barnacle Geese are subject to 

rapid changes. People are influencing coastal areas along the flyway, but their impact 

differs at each site. In northern Russia and eastern Europe coastal areas are abandoned and 

livestock grazing has ceased. On the other hand, in western Europe areas are continuously 

grazed and heavily fertilised, while areas designated as nature reserves are either grazed at 

low stocking rates or left ungrazed. Finally, climate change will become an even more 

prominent factor influencing coastal habitats in temperate and arctic regions in the very 

near future. In a world that is continuously changing, Barnacle Geese face a completely 

new set of foraging parameters along the entire flyway on which they have to base 

decisions of migration and breeding. However, Barnacle Geese have proven rather flexible 

in the past and probably will be able to adjust to the imminent changes in the future.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Foraging Barnacle Goose families on Gotland (June 2004) 
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Rudi Drent measuring temperature at the salt marsh near Shoina, Kanin peninsula, Russia (May 2002).  




