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Summary 

Background 

In historical times, the biology of Arctic breeding geese was shrouded in mystery. In the 

first months of the year they used to be present in large numbers in Europe, but they 

disappeared at the end of spring, only to return in autumn. People had never seen geese 

breeding and people in the Middle Ages, therefore, believed that Barnacle Geese grew from 

the shells of Goose Barnacles, hence their name. Only in the 16th century, Dutch explorers 

discovered the breeding sites of this species. At present, we can find breeding Barnacle 

Geese even in their former wintering areas, but the story above shows that it has not always 

been like this. The recent expansion of the breeding range of the Barnacle Goose raises 

questions, not only about the reasons for this expansion, but also on the traditional 

restriction of geese to Arctic regions which required a long energy-demanding journey in 

order to breed. In the first part of my thesis I will investigate the choice of geese for staging 

and foraging sites along the traditional migration route. In the second part I will investigate 

changes in forage availability in these areas, caused by the geese themselves, by other 

herbivores and by human activity, as well as the consequences of these changes for the 

geese. 

 

Foraging choices of Barnacle Geese, from temperate to Arctic 

Study sites 

During my study I had the opportunity to work along the entire flyway of the Barnacle 

Geese. My main study sites were a temperate staging site in the Dutch Wadden Sea: the 

island of Schiermonnikoog (Box 1), a stop-over site in the Baltic Sea: the Swedish island of 

Gotland (Box 2) and a breeding site in the Russian Arctic, near the village of Tobseda, 

Russia (Chapter 2). The food sources of the geese change from Festuca rubra on salt 

marshes of the Wadden Sea and Baltic to Puccinellia phryganodes and Carex subspathacea 

at the Russian stopover and breeding sites. However, in temperate regions the geese also 

have started to feed in agricultural fields, where they forage mainly on Lolium perenne 

(Wadden Sea) and Phleum pratense (Baltic Sea).  

On all sites we determined usage of the sites by means of transects. On these transects 

we measured several vegetation parameters and counted droppings on a fixed area to 

determine usage by the geese. In all areas geese preferentially foraged in areas with a short, 

dense canopy and a high cover of grasses (Box 1, Box 2, Chapter 2).   
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Foraging choices 

Barnacle Geese traditionally breed in the Arctic and winter in more southern, temperate 

areas. During spring migration, the birds have to balance their energy expenditure and food 

intake, in order to build up sufficient energy reserves to be able to migrate to their breeding 

areas and breed successfully. The birds usually migrate in several distinct steps, and refuel 

and rest at each stopover site. Plant forage availability and quality on these sites play a 

crucial role for these small herbivores, as the amount of body reserves accumulated by 

individuals prior to migration directly affects breeding success. At the breeding sites, food 

availability and quality influence gosling growth rates, which determine final adult body 

size and post-fledging survival. Food availability and quality along the flyway, thus, shape 

fitness and life history parameters. However, the herbivores are faced with a dilemma on 

their migration; as an increase in plant biomass frequently corresponds with a decline in 

food quality.  

In order to unravel the relative contribution of forage quality and forage biomass to 

foraging choices in Barnacle Geese, we experimentally manipulated biomass and quality of 

main forage plants through fertilisation and grazing exclusion at three sites along the 

migration flyway and offered these treatments to wild geese in a multifactorial, replicated 

design (Chapter 3). Fertilisation increased the nitrogen content of the forage and grazing 

exclusion increased biomass levels. Goose visitation was measured based on dropping 

counts. At all sites, goose visitation was highest on plots with a combined increase of 

biomass and quality. Generally, geese preferred plots with the highest nitrogen availability 

per surface area. The numerical response of the geese to forage changes was supported by 

behavioural observations at one site. Plots with a combined increase of biomass and quality 

were defended vigorously against flock mates. The geese maximised nutrient intake 

through distinct choices for forage of the highest quality and optimal biomass levels.  

In the literature, much attention has been given to the selection of high quality forage 

by geese and other small herbivores. However, besides food quality, the rate in which the 

geese can process their food, their intake rate, is another very important factor determining 

foraging patch selection for small herbivores. We have tested the effects of sward density 

and height on the functional foraging response of Barnacle Geese (Chapter 4). The 

functional response curve for herbivores describes how intake rate is affected by food 

availability. We conducted feeding trials in order to determine intake rate and bite size on 

experimentally manipulated swards. Results indicate that intake rate is mainly dependent on 

sward height, and that there is a strong correlation between bite size and intake rate. In 

general, wild herbivores are found to prefer patches with a lower canopy height than that on 

which they could maximise intake rate. Most likely, patch choice is a combination of 

selection for a high intake rate and for high forage quality (Chapter 11), which usually 

occurs at even lower canopy heights.  
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Geese on a green wave 

Along the flyway, the availability of high quality forage peaks reaches a maximum at 

different points in time, depending on timing of the onset of spring. The “green-wave 
hypothesis” predicts that during spring migration to northern breeding sites, geese travel 

along a climatic gradient, taking advantage of the flush of spring growth of forage plants at 

each stopover site along the gradient. In Chapter 5, we explore a basic assumption of the 

green wave hypothesis which states that there are successive waves of forage availability 

along the East Atlantic Flyway from temperate to Arctic sites, as spring advances. We 

collected data on forage biomass and quality at the three salt-marsh sites along the 

traditional migration route. At all sites forage biomass increased in spring, while the 

nutritional quality peaked early in the season and declined with increasing biomass. For all 

sites, nitrogen in biomass per unit area, the combined measure of forage biomass and 

nutritional quality, showed a peak in early spring.  

We used observations on goose migration to examine whether the geese utilise these 

peaks in nutrient biomass, as the green wave hypothesis predicts. We found that the geese 

use the Wadden Sea staging site and the Baltic stopover site at the moments of peak 

availability of nitrogen in biomass per unit area. At the Russian breeding site, however, 

geese arrived prior to the flush of spring growth of forage plants, but profited from the peak 

in nitrogen when the goslings hatched and adult birds started moulting. The spring increase 

of nitrogen in biomass at the successive sites along the flyway is, therefore, a key factor 

driving the timing of the annual northern migration of avian herbivores  

 

Flexible migrants in a changing world 

Facilitation and competition between herbivores 

Overlap in habitat use between herbivores can results in both competitive and facilitative 

interactions. Competition usually occurs through resources depletion, in which one species 

of herbivore depletes forage reserves for another (or the same) species. Facilitation occurs 

when foraging conditions for one herbivore species are improved through the foraging 

activities of another or the same herbivore species, at an earlier point in time. A well-known 

example describes how dense concentrations of migratory Wildebeest (Connochaetes 
taurinus) deplete plant biomass in the Serengeti Plains, while at the same time their grazing 

stimulates net primary production. Thomson’s Gazelles (Gazella thomsonii), which arrive 

in the area a month later, are thus able to profit from the low canopy and dense highly 

nutritious biomass that was created by the preceding Wildebeest grazing. 

We investigated competitive and facilitative interactions between wild Barnacle and 

Brent Geese and European Brown Hares on our study site in the Dutch Wadden Sea 

(Chapter 6). In a multifactorial experimental design we manipulated biomass and quality of 
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grass swards and determined foraging preferences of the wild herbivores. We found that 

both goose species selected plots with plants which had a higher nitrogen content, Barnacle 

Geese avoided plots with high plant biomass. Furthermore, we found that grazing increased 

the quality of the vegetation within a season. Hares, on the other hand, preferred the 

combination of high biomass with high plant quality, when geese are absent. However, in 

the natural situation with geese present, hares selected high biomass swards. Indirect 

competition through forage depletion by large numbers of geese in spring, thus played a 

significant role determining the foraging choices of hares. In contrast, Barnacle Geese 

profited from grazing facilitation by other small herbivores which delayed the maturation of 

forage tissues and, thus, ensured high quality forage. 

In another experiment we tested whether geese could increase their own harvest by 

repeated grazing (Chapter 7). We manipulated grazing intensity on Festuca rubra swards 

through trials with captive Barnacle Geese in early spring and measured the growth 

response of individually marked tillers. Aboveground biomass production of the individual 

tillers was not different among different grazing intensities. The biomass lost in grazed 

tillers was compensated by a lower senescence. Goose grazing significantly affected sward 

characteristics; the proportion of dead biomass in the vegetation was reduced and 

production of additional axillary tillers increased. When we extrapolated these experimental 

findings to foraging opportunities for staging geese, we calculated that goose grazing at 

naturally occurring levels increases potential harvest. The experiment demonstrated an 

increase in carrying capacity of the staging site for migratory geese through grazing. When 

comparing the experiment with grazing levels of wild Barnacle Geese, it turns out that 

current goose densities maximise potential harvest. 

Besides impacting forage availability through grazing activities, herbivores can also 

affect forage availability and quality as a consequence of fertilisation by faeces. In systems 

with low plant productivity, such as our study sites, these enhancing effects can be 

significant for the herbivores themselves. Using field experiments, we investigated the 

effects of goose droppings on biomass production of the main forage species of the geese 

and its nutritional quality, at the three study sites along the migration route (Chapter 8). We 

expected that fertilisation from droppings would have a significant effect on the forage 

species because of presumed low nutrient availability in the soil and the high inputs of 

droppings from high numbers of migrating geese. However, at all sites, addition of 

droppings did not have any effect on the biomass, production or nutritional quality of the 

main forage species. At the Dutch and Baltic sites this lack of effect can be explained by 

the fact that the growth of Festuca rubra is not nutrient-limited and that nitrogen input of 

droppings is negligible in comparison to inorganic nitrogen released through mineralisation. 

The Arctic species, Puccinellia phryganodes and Carex subspathacea, are frequently 

nutrient-limited in their growth and have been shown to react to addition of droppings at a 

Canadian salt marsh site. However, at our Russian study sites we did not find this reaction. 
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An overview of studies on the effect of goose droppings on vegetation reveals that the 

combination of a high grazing intensity and a very low natural availability of nutrients is a 

prerequisite for this reaction. We conclude from our experimental evidence that fertilisation 

by droppings does not affect forage plant biomass, production, nutritional quality or 

tillering at the main staging sites of Barnacle Geese along the East Atlantic Flyway. 

Forage availability and quality for Barnacle Geese along the flyway thus seems to be 

mainly influenced by the grazing activities of the geese themselves and of other herbivores, 

increasing both the nutritional quality of the vegetation and the potential harvest.  

 

Human impacts along the flyway 

Besides the naturally occurring interactions between herbivores and their food resources, 

human activities also impact forage availability and quality along the flyway, as a result of 

climatic change and changes in land use. Climate change models predict an increase in 

average temperatures globally by 1.4-5.8˚C by the end of the century. Climate change 

influences the life histories of many species in temperate and Arctic regions and is 

inevitably becoming more severe. Rising temperatures will advance the onset of spring 

growth and, therefore, the consecutive waves of fresh spring growth that the geese follow 

from temperate wintering to Arctic breeding sites. On small experimental plots, we 

experimentally induced a small increase in temperature (+1˚C), using portable green houses, 

at the three study sites along the flyway (Chapter 9). We measured the growth responses of 

the forage plants and found that plant growth was significantly advanced by small increases 

of spring temperatures and was closely related to cumulative spring temperatures. 

Additionally, we analysed weather data along the East Atlantic flyway from the past 30 

years and compared weather patterns of the traditional staging sites, in order to assess the 

predictability of spring temperatures and food availability en route. These analyses showed 

that weather patterns between sites are correlated, allowing the geese to predict 

circumstances at the next destination. An analysis of migration patterns of the geese 

demonstrated that timing of migration is advanced in warmer years; however this 

advancement does not match the advancement of plant growth at all staging sites. It is 

suggested that the geese use areas close to their breeding areas as pre-breeding staging 

areas. From these areas, according to recent tracking results located in the White Sea region, 

they can more accurately predict weather circumstances at their breeding sites in order to 

optimally time their arrival. Using the data from this experiment I calculated a scenario 

with an increased temperature of 5˚C. With this higher change in temperature, the gap 

between the peaks in the availability of high quality forage at the Baltic stopover and the 

Russian breeding site increases. However, the White Sea still acts as a buffer area in this 

scenario, with a forage peak in between those of the Baltic stopover and Russian breeding 

site. 
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Along the flyway, human land use has an impact on forage availability for geese and 

thereby on population size. Recently, Barnacle Geese showed a strong increase in 

population size as well as a dramatic expansion of their breeding range from the traditional 

areas in the Russian Arctic to temperate areas in western Europe traditionally used as 

staging and wintering grounds. We investigated the habitat characteristics of the new 

nesting and foraging sites in the Baltic and in the Netherlands by means of a questionnaire 

addressed to nature conservation agencies, farmers and researchers (Chapter 10). We found 

that new nesting sites are mainly situated on small islands, safe from fox predation. Human 

interference and livestock grazing is usually absent. In contrast, foraging sites used during 

chick rearing are typically found at the mainland and are short grasslands, most often 

grazed by livestock or mown. We could not determine any overall changes in land use that 

explain the breeding range expansion of the Barnacle Geese to the Baltic. In the Russian 

Arctic, new breeding colonies were established following the abandonment of human 

settlements in these areas. In contrast, the new sites in the Netherlands became available 

after human land reclamation, dam building and intensification of agriculture. Increasing 

population size at the traditional breeding sites and the associated decline in forage 

availability for individual geese probably resulted in the expansion of the breeding range 

that we observe nowadays (Chapter10, 11). We expect that the growth of the temperate 

breeding population of Barnacle Geese will level off after recent periods of geometric 

growth as predator-safe nesting sites will become limiting and density-dependent processes 

will act on the established colonies.  

 

Future perspectives and conclusions 

Barnacle Geese have proven to be very flexible in their timing of migration and breeding 

and in their choice of foraging sites, as is demonstrated by their breeding range expansion 

to former wintering areas and the advancement in breeding date in these new areas. 

Changes in climate and in land use will, however, dramatically change the timing of 

availability of high quality forage. In a continuously changing world, Barnacle Geese face a 

completely new set of foraging parameters along their entire flyway on which they have to 

base decisions of migration and breeding. We expect, however, that the geese are flexible 

enough to adapt to these changes, although the changes might halt current population 

increase. 

 




