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Chapter 3 

Patch choice of avian herbivores along a migration 

trajectory – from temperate to Arctic 

A. J. van der Graaf, J. Stahl, G. F. Veen, R. M. Havinga and R. H. Drent 

Summary 

1. Many herbivorous waterfowl species are migratory and seem to track temporal and 

spatial pulses of optimal forage availability on their way from temperate wintering 

to arctic breeding sites. 

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

foraging choices in avian herbivores, we experimentally manipulated biomass and 

quality of main forage plants through fertilisation and grazing exclusion at three 

sites along the migration flyway of Barnacle Geese, Branta leucopsis. 

3. Fertilisation increased the nitrogen content of the forage and grazing exclusion 

increased biomass levels. Additionally, natural levels of tissue quality and biomass 

differed along the flyway.  

4. Manipulated plots were offered to wild geese in a multifactorial, replicated design at 

each site and goose visitation was measured based on dropping counts.  

5. At all sites, grazing pressure was highest on plots with a combined increase of 

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

availability per surface area.  

6. 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.  

7. We show that geese maximise nutrient intake through distinct choices for forage of 

the highest quality and optimal biomass levels. These findings help to interpret 

changes in forage quality and availability induced by human land use in numerous 

coastal habitats. 
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Introduction 

Avian herbivores of the Northern Hemisphere breed in the (sub-) 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 (Drent et al. 2003; Bety et al. 2003; 

Ward et al. 2005). The birds usually migrate in several distinct steps, and refuel and rest at 

each stopover site (Nolet et al. 2001; Green et al. 2002; Eichhorn et al. 2005). 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 (Ankney and Macinnes 1978; Ebbinge and Spaans 1995; Prop and Black 

1998; Madsen 2001). At the breeding sites, food availability and quality influence final 

adult body size because of the impact on gosling growth rates (Cooch et al. 1991; Sedinger 

et al. 1995; Loonen et al. 1997; Larsson et al. 1998). Fledgling weight also influences post-

fledgling survival (Loonen et al. 1997; Van der Jeugd and Larsson 1998) and the 

probability of breeding for individuals that survive (Sedinger et al. 2004). It is evident that 

food availability and quality shape fitness and life history parameters of these avian 

herbivores. 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 (Lepage et 
al. 1998; Chapter 5). Several studies on foraging by avian herbivores suggest that the 

foragers may not maximise intake as such, but instead maximise nutrient intake (Lepage et 
al. 1998; Kristiansen et al. 2000; Hassall et al. 2001). A recent study with captive birds 

demonstrates experimentally that herbivorous waterfowl maximise digestible nitrogen 

intake rate rather than dry matter intake rate (Durant et al. 2004). Prop and Black (1998) 

showed that Barnacle Geese, Branta leucopsis, accumulated fat and protein reserves when 

feeding on natural vegetation during staging, whereas birds feeding on fertilised 

agricultural fields accumulated large amounts of fat but little protein. Birds foraging on 

natural salt-marsh vegetation showed a positive correlation between stored fat and breeding 

success, but for birds foraging in other habitats this relationship was lacking. These results 

suggest that protein intake plays an important role and we therefore hypothesise that small 

avian herbivores do not maximise food intake, but instead maximise protein intake. On the 

tested assumption that protein intake is a function of food intake and that food quality 

declines with the increasing aging of the flush of growth of spring forage, birds have two 

alternatives in order to obtain maximum protein intake: either forage on patches with high 

biomass and low quality and maximise total intake, or forage on patches of vegetation with 

a lower biomass but a higher quality. Based on the digestive constraints on intake rate 

(Sedinger and Raveling 1988; Prop and Vulink 1992) and time constraints of birds during 

migration, we hypothesise that the latter strategy will be followed. 
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In this study this hypothesis was tested using the Barnacle Goose. During their spring 

migration from staging sites in the European Wadden Sea to (sub-) Arctic breeding sites, 

Barnacle Geese follow consecutive waves of fresh spring growth of their forage plants as 

they migrate northwards (Drent et al. 1978; Owen 1980; Chapter 5). At each stopover site, 

goose arrival is timed to maximise the profit from increased spring production of the 

vegetation and the high initial nutritional quality of forage grasses. At the (sub-) Arctic 

breeding sites, the peak in spring growth and quality appears to coincide with gosling hatch 

and it is assumed to facilitate good growth conditions for goslings (Sedinger and Raveling 

1986; Lepage et al. 1998; Chapter 5). We tested forage patch choice of migrating Barnacle 

Geese along the entire East-Atlantic flyway of this species (Ganter et al. 1999). On a 

temperate spring staging site in the Wadden Sea, a Baltic stopover site and a Russian sub- 

Arctic breeding site, tissue quality and biomass of the main forage species were 

experimentally manipulated and choice of forage patch of migrating geese was measured. 

Supplementary behavioural observations were conducted at the Baltic stopover site to 

validate the numerical responses of the geese, as measured through dropping densities at 

sites.  

 

Methods 

Study sites 

The study was conducted at three sites representing staging, stopover and breeding areas 

along the East-Atlantic flyway of the Barnacle Goose during the spring of 2003 and 2004. 

The western-most study site is the island of Schiermonnikoog in the Dutch Wadden Sea 

(53˚30’N, 6˚10’E; Box 1). The island is used as a winter and spring staging site by up to 

13,000 Barnacle Geese (Bos and Stahl 2003). The salt marsh of the island consists of an 

ungrazed area and an area that is grazed by livestock from early May until late November. 

Both areas are intensively used by wild geese prior to migration (Van der Graaf et al. 2002). 

We chose to conduct the experiment on the livestock-grazed salt marsh, because vegetation 

structure here is more similar to that of the other selected sites. On the ungrazed marsh 

accumulation of litter complicates the foraging choices of the geese (Summers and 

Critchley 1990; Riddington et al. 1997; Van der Wal et al. 1998b). The geese leave this site 

towards the end of April, each year. 

The second study site is situated on the Swedish island of Gotland in the Baltic Sea 

(Box 2). Here, thousands of geese use the narrow bands of coastal salt marshes and adjacent 

agricultural pastures as a stopover site during a period of about four weeks in late April and 

May. These marshes are grazed by livestock from early June until late October. Our study 

site is a salt marsh on the peninsula Grötlingboudd, in the south-east of Gotland, Sweden 

(57˚07’N, 18˚27’E). 
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The third study site represents a breeding site at the Barents Sea coast in northern 

Russia, at the Kolokolkova Bay, near the abandoned village of Tobseda (68˚35’N, 52˚20’E; 

chapter 2). Geese arrive here end of May and start breeding upon arrival. Large moulting 

flocks gather in this area from mid-July onwards, together with family birds and all geese 

leave the area at the end of September. This colony holds around 1,500 breeding pairs with 

peak hatch in early July (Van der Jeugd et al. 2003). No livestock grazing is currently 

taking place at this site, but the area has been grazed by horses until around 1995 . 

On the first two sites the main forage plant is Red Fescue, Festuca rubra, accounting 

for respectively 90% (Schiermonnikoog; Van der Wal et al. 1998b) and 45% (Gotland, own 

data based on epidermal counts of plant remains in goose faeces) of the goose diet. On the 

Russian site the diet consists of Carex subspathacea and Puccinellia phryganodes in equal 

proportions (own data). 

 

Experimental set-up and measurements (Experiment 1) 

Plant biomass was manipulated by placing temporary grazing exclosures on salt-marsh 

swards for 3-4 weeks, thereby creating a difference in plant biomass compared to 

continuously grazed, non-fenced control plots. At the same time, forage quality was 

manipulated by fertilising plots with commercial granular fertiliser (NPK, 12-10-18) 

resulting in an experimental addition of 10 grams of nitrogen per square metre. We used the 

same experimental design at the three sites, on every site an area was selected that was 

frequently used by foraging geese. Additionally we calculated total nitrogen in above-

ground plant biomass, a combination of nitrogen per unit biomass multiplied by the amount 

of biomass and expressed in g N m-2 

Within the experimental area at each site, we created six replicate, randomly located 

blocks, spaced about 50m apart from each other. Each block contained four plots (4 m x 4 

m) representing the four treatments: naturally grazed, ungrazed, fertilised and ungrazed & 

fertilised. A treatment was randomly assigned to each plot within a block. Exclosures at the  

the Wadden Sea staging site, the Baltic Sea stopover site and the Russian breeding site 

respectively were set-up on 20 March 2004, 4 April 2003 and 1 July 2003. After three to 

four weeks exclosures were removed, forage biomass and quality were measured on all 

plots and all droppings were removed from previously grazed plots. Plots were now 

accessible for wild Barnacle Geese. For the Wadden Sea staging site, the Baltic Sea stop-

over site and the Russian breeding site respectively exclosures were removed on 13 April 

2004, 5 May 2003 and 22 July 2003. This point in time is called start of the experiment 

throughout this chapter and coincided for all areas with the peak in utilisation of the area by 

the geese. Grazing intensity of geese was measured by dropping counts on all plots, which 

allowed an assessment of foraging choices of the geese. Droppings were counted as soon as 

all replicate blocks were visited by geese, in order to prevent differences being obscured  

by geese foraging on less favourite plots after the favourite plots had been depleted.  
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For the Wadden Sea staging site this was seven days, for the Baltic stopover site five days 

and for the Russian breeding site four days. Grazing intensity is determined by the number 

of droppings accumulated during this period.  

At the start of the experiment, the status of forage biomass was determined from 

combined measures of tiller density and tiller weight of the main forage species. As 

destructive biomass sampling is connected with rather large measuring errors in this type of 

short grass swards (own experience), the following approach was adopted instead. This 

method combines measurements of tiller densities, leaf length and length-to-biomass ratios 

to obtain a measure of biomass. In each plot the number of tillers was counted in 20 

randomly placed quadrats, each of 5.5 cm x 5.5 cm. Tiller weight was determined by 

clipping 50 individual tillers at ground level from each plot, drying them for 48 hours at 

60˚C and subsequently weighing them. In order to obtain a representative sample of tillers, 

a point was randomly selected within each quadrat and all tillers around this point were 

collected until a sample of 50 tillers was achieved. Forage biomass was calculated by 

multiplying tiller density by mean tiller weight. In order to determine forage quality, a 

sample of green leaf tips was collected at the start of the experiment. Samples were dried at 

60˚C for 48 hours, ground and analyzed for nitrogen content, using CNHS-automated 

elemental analysis (Interscience EA 1110). 

 

Specific tests, including behavioural observations (Experiment 2) 

In May 2004, the experiment was repeated with five replicates, similar to the design of 

2003, at the Baltic stopover site only, with the objective of assessing forage patch choice by 

the geese based on direct behavioural observations, in addition to dropping counts. 

Experiment 2 was conducted close to the area used for Experiment 1 in 2003. 

Measurements on biomass were conducted by cutting a small turf (10 cm x 10 cm), 

removing all above-ground biomass and sorting it into grasses and other species. The 

material was then dried at 60˚C for 48 hours and weighed. Biomass data, therefore, 

comprise the weight of all grasses present. This destructive method, as opposed to the 

detailed non-destructive method used in Experiment 1, was used because a mixed sward of 

several species occurred in the area of Experiment 2. Forage quality was measured 

following procedures used in 2003. Dropping counts to measure grazing intensity were 

performed in the same way as in 2003. Additionally, canopy height was measured 

randomly 20 times per plot to the nearest 0.5 cm using a polystyrene disc (20 cm diameter, 

24 g), which slid along a graduated stick. The choice experiment was conducted in early 

May 2004 on Gotland. Corners of all experimental plots were marked by inconspicuous 

small plastic tubes in order to be able to distinguish plots from a distance. Observations 

were made from a hide at a distance of about 250 m, which was placed on a slightly 

elevated position. During the first five days after the start of the experiment, the number of 

geese present on each plot of the different treatments was noted every five minutes.  
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In addition, the number of aggressive encounters between geese on the plot and other flock 

members was recorded. For each plot, goose presence was calculated as the total time geese 

were present on a plot multiplied by the number of geese on the plot during the entire 

observation period. Goose presence is expressed as goose minutes. Interactions are given as 

the number of interactions per goose observed for each minute that geese were present on 

the plot. As a measure of forage intake, peck rates were collected for individual geese on all 

different treatments. Peck rates were measured as the time needed for 50 pecks; these data 

were later converted to pecks per minute.  

 

Statistical analyses 

All data were tested for normality using a Kolmogorov-Smirnov test (SPSS for Windows, 

version 12.0.1). When data were not normally distributed a non-parametrical Mann-

Whitney U-test was used. To test whether grazing exclusion and fertilisation had an effect 

on plant biomass and quality, a multivariate ANOVA with biomass and quality as 

dependent variables and exclosure and fertilisation as fixed factors was used for each site. 

To test whether grazing exclusion and fertilisation influence grazing intensity, a univariate 

ANOVA was used, with site, grazing exclusion and fertilisation as fixed factors. 

Additionally, the same test was performed for each site. Univariate ANOVAs with grazing 

exclusion and fertilisation as fixed factors were used for the vegetation and observational 

data of 2004. Additionally, a Tukey LSD was performed to find differences in response of 

the geese to the individual treatments. All analyses were performed using the statistical 

package SPSS for Windows, version 12.0.1.  

 

 

 
Table 3.1: Results of multivariate ANOVAs testing the effects of grazing exclusion and fertilisation 

(fixed factors) on tissue biomass and quality (measured as nitrogen content of the plant tissue as 

percentage) of forage species at the start of Experiment 1 at the Wadden Sea staging site, the Baltic 

Sea stopover site and the Russian breeding site (on 13 April 2004, 5 May 2003 and 22 July 2003 

respectively).  

  Wadden Sea 

staging site 

Baltic Sea 

stopover site 

Russian 

breeding site * 

Effect of :     On:          F1,20 = P F1,20 = P F1,20 = P 

Exclosure Biomass 19.12 < 0.001 13.39 < 0.001 28.18 < 0.001 

 Quality 0.97 = 0.337 3.11 = 0.093 0.00 = 0.985 

Fertilisation Biomass 1.54 = 0.229 2.89 = 0.104 0.14 = 0.710 

 Quality 23.57 < 0.001 20.44 < 0.001 120.78 < 0.001 

* with significant interaction of exclosure x fertilisation on biomass: F1,20 = 6.83, P = 0.017. All other 

interactions were not significant. 
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Results 

Experimental manipulations and numerical response (Experiment 1) 

On all sites, exclusion of grazing increased aboveground biomass of forage plants and 

fertilisation increased nitrogen content of the leaf tissue (Figure 3.1, Table 3.1). At the 

Russian breeding site there was a significant interaction between grazing exclusion and 

fertilisation with respect to forage biomass, with the ungrazed and fertilised combination 

plot showing a high biomass response as compared to solely ungrazed or fertilised plots. 

Because the treatments had the required effect on the vegetation from here on they will be 

referred to as increased quality (fertilised), increased biomass (exclosed) and increased 

quality and biomass (fertilised and exclosed). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.1: The effects of exclosure and fertilisation treatments at the start of the experiment on A. 

leaf tissue biomass (in g m-2), B. quality of forage species, measured as percentage nitrogen and C. 

the product of biomass and quality, nitrogen content of the vegetation per unit area (in g N m-2), at the 

Wadden Sea staging site, the Baltic Sea stopover site and the Russian breeding site (on 13 April 2004, 

5 May 2003 and 22 July 2003 respectively), Experiment 1. Shown are means ± standard error (N= 6). 

Test results are shown in Table 3.1.  



Chapter 3 

 

 56

When effects of grazing exclusion and fertilisation on subsequent grazing intensity 

were tested for all sites in comparison, a strong three-way interaction was found between 

the two treatments and site. This interaction demonstrates that the treatments had a different 

effect on grazing intensity at each site. Further analyses were therefore performed for each 

site separately (Table 3.2). At all sites along the flyway, the geese showed a strong and 

significant numerical response to the experimental treatments. Figure 3.2 shows the 

response of the geese to the experimental treatments, values are expressed as the percentage 

of the total cumulative grazing intensity per unit area in order to compare sites; all 

statistical tests, however, were performed based on the original data. Highest grazing 

intensities occurred on plots that had been exclosed and fertilised (Figure 3.2). At the 

Wadden Sea staging site preference for plots with either increased quality only or increased 

biomass only was similar to the selection by the geese of naturally grazed plots. On the 

Baltic site both increased biomass and increased quality are preferentially selected, while 

on the Russian site increased biomass only is not selected above the naturally grazed 

situation, in contrast to plots of increased quality which are strongly preferred. 

Combining data of all sites, there were strong correlations between forage plant 

biomass, forage quality and grazing intensity (Table 3.3). For the Wadden Sea staging site 

only a correlation of grazing intensity with forage quality was observed, while for the Baltic 

stopover site there was only a correlation of grazing intensity with biomass (Table 3.3). 

Finally, at the Russian breeding site grazing intensity was correlated with both biomass and 

quality. In addition, at all three sites, there was a very strong correlation between grazing 

intensity and the combined measure of nitrogen per unit area in green biomass, which 

explains 35-65 % of the observed variation in grazing intensities (Table 3.3). 

 
 

Table 3.2: Results of a univariate ANOVA testing the response of cumulative goose grazing intensity 

4-7 days after the start of the experiment, to experimentally increased tissue biomass and quality 

(measured as nitrogen content of the plant tissue as percentage) in Experiment 1, tested on all sites 

combined and for each site separately.   

 All sites combined Wadden Sea 

staging site  

Baltic  

stopover site 

Russian  

breeding site  

Effect of  F P F1,20 = P F1,20 = P F1,20 = P 

Site F2,60 =3.47 = 0.038       

Increased 

Biomass 

F1,60 =68.44 < 0.001 16.87 = 0.001 24.02 < 0.001 30.93 < 0.001 

Increased 

Quality 

F1,60 =155.46 < 0.001 20.50 < 0.001 62.92 < 0.001 93.15 < 0.001 

B * Q F1,60 =28.97 < 0.001 2.09 = 0.164 7.45 = 0.013 26.05 < 0.001 

S * B F2,60 =1.88 = 0.161       

S * Q F2,60 =10.26 < 0.001       

S *B * Q F2,60 =5.28 = 0.008       
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Table 3.3: Pearson correlation between grazing intensity on the different plots and forage plant 

characteristics such as nitrogen content of plant tissue as a percentage, biomass, and nitrogen content 

of the vegetation per unit area in Experiment 1 (N=24 for each site, N =72 for all sites combined).  

* P  0.05 level, ** P  0.01, *** P  0.001 

  All Sites Wadden Sea 

staging site  

Baltic  

stopover site 

Russian  

breeding site 

Nitrogen content (%) R 0.54 *** 0.64 *** 0.36 0.68 *** 

Biomass (g m-2) R 0.33 ** 0.31 0.72 ** 0.46 * 

Available N (g N m-2) R 0.59 *** 0.64 *** 0.81 ** 0.79 *** 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3.2: A. The flyway of the Barnacle Goose projected from left to right, with the three study 

sites. B. The effects of increased biomass and quality on the relative grazing intensity for each study 

site, Experiment 1. Shown are mean percentages + standard error (N= 6). Different letters denote 

significant different values, P<0.05 Tukey LSD test. Behavioural response (Experiment 2) 
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Table 3.4: Results of univariate ANOVAs testing the effects of grazing exclusion and fertilisation 

(fixed factors) on the vegetation parameters: aboveground-biomass (g m-2), canopy height (cm) and 

tissue quality (%) and on behavioural observations: grazing intensity (# droppings m-2), goose 

presence (gooseminutes), the number of interactions (# goose-1 min-1) and peck rate (pecks min-1)  on 

Gotland in 2004, Experiment 2.  * P 0.05, ** P 0.01, *** P 0.001 

Effects of: Biomass  

 
F1,16 = 

Height  

 
F1,16 = 

Quality  

 
F1,16 = 

Grazing 

intensity 

F1,16 = 

Goose 

presence 

F1,16 = 

Inter- 

actions 

U# 

Peck rate 

 
F1,205 = 

Exclosure 51.00 *** 115.98*** 15.96 *** 10.13 ** 61.89 *** 100.0 *** 90.54 *** 

Fertilisation 4.69 * 4.54 * 35.70 *** 12.88 ** 33.90 *** 39.0 2.56 

E * F 4.85 * 5.33 * 0.36 7.10 * 13.67 ** - 0.14 

# Data are not normally distributed, a non-parametric Mann-Whitney U-test was used 

 

 

In 2004 at Gotland, grazing exclusion significantly increased grass biomass (naturally 

grazed, ungrazed, fertilised, ungrazed and fertilised respectively 28.1±4.5, 75.1±6.9, 

27.8±6.5 and 116.6±15.9 g dwt m-2) as well as canopy height (naturally grazed, ungrazed, 

fertilised, ungrazed and fertilised respectively 2.1±0.1, 3.8±0.1, 2.0±0.1 and 4.7±0.3 cm) 

and experimental fertilisation increased grass quality (naturally grazed, ungrazed, fertilised, 

ungrazed and fertilised respectively 2.8±0.1, 2.1±0.1, 4.0±0.3 and 3.2±0.2 %) (Table 3.4). 

Dropping counts one week after start of the choice experiment gave similar results in 2003 

and 2004 at this site (Figures 3.2 and 3.3); plots with a combined increase of biomass and 

quality were preferred above all other treatments. The data from 2004 reveal a non-

significant trend of higher grazing intensities on plots with either increased quality or 

biomass, as compared to the naturally grazed plots. The behavioural observations indicate 

that geese preferred the treatment with combined high quality and high biomass (Figure 

3.3). Here, goose presence was higher than on all other treatments and more aggressive 

interactions were observed (Table 3.4). Both goose presence and the number of aggressive 

interactions also were higher on the plots with high biomass compared to naturally grazed 

plots. There were no differences detected in these two parameters for plots with increased 

quality. Peck rate was lower on plots with increased biomass; this shows that either 

increased biomass or canopy height decreased peck rate. 
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Figure 3.3: Behavioural observations on the use of experimental plots on the Baltic stopover site in 

2004, Experiment 2. Shown are mean percentages + standard error (N= 5). Different letters denote 

significant different values, P<0.05 Tukey LSD test. For statistics see Table 3.4. 
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Top: Julia Stahl and Reinout Havinga on their way to apply the fertiliser treatment (Tobseda, July 

2003).  

Bottom: Effects of the fertiliser and exclosure treatments on Gotland, May 2003 
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Discussion 

Geese maximise nutrient intake 

When experimentally exploring the relationship of goose visitation with plant nitrogen 

content, forage biomass and the above-ground nitrogen content of plants per unit area of 

green biomass (Table 3.3) it becomes evident that the geese have a clear preference for 

plots with highest nitrogen content per unit area along the entire migration route. Our data 

support the recent findings on captive geese by Durant et al. (2004) and are also in 

agreement with an earlier study on Dark-bellied Brent Geese, Branta bernicla bernicla at a 

spring staging site in the Wadden Sea (Teunissen et al. 1985). Similar to the findings of 

these studies, we conclude that Barnacle Geese appear to maximise total nitrogen intake 

instead of total biomass intake along the entire flyway. Several studies have already pointed 

out the importance of a high-quality diet on the growth rate and final body size of goslings 

(Lindholm et al. 1994; Lepage et al. 1998).  

The preference of geese for a combination of plant quality and biomass does not come 

as a surprise as these plots naturally provide the opportunity for the highest nitrogen intake 

per unit area. In nature, however, there is always a trade-off between forage quality and 

quantity: with increasing biomass plant quality decreases (Lepage et al. 1998; Chapter 5) 

and digestive constraints limit an increased intake of plant material to compensate for low 

forage quality (Prop and Vulink 1992). We, therefore, aimed to investigate the preference 

of geese between plots with high nutritional quality of the plant tissue and low biomass, as 

opposed to plots with low quality and high biomass. At all sites along the goose flyway we 

witness a similar trend; plots with increased quality and average biomass are preferred by 

herbivores above average quality and high biomass. This trend is consistent with our 

hypothesis that selecting high quality plants reduces the time necessary to collect sufficient 

reserves for breeding and thus potentially gives the birds the advantage of arriving earlier 

on the breeding sites. Several advantages of early breeding have been found in other studies: 

brood-size decreases seasonally in many geese and in other waterfowl species associated 

with late breeding (Toft et al. 1996; Dalhaug et al. 1996; Lepage et al. 1998; Béty et al. 
2003), and several studies demonstrate a decline in growth rate and final adult body size of 

late-hatched goslings (Sedinger and Flint 1991; Williams et al. 1993; Lindholm et al. 1994).  

Additionally, the correlation of goose visitation with nitrogen content of the vegetation 

per unit area and forage biomass (Table 3.3) indicates that patch choice differs between 

staging sites. We suggest that this is caused by differing limiting resources along the 

migration route. At the Russian breeding site overall levels of biomass are high due to low 

levels of goose grazing, but forage quality is low (this study; Chapter 2), here forage quality 

is the choice criterion. At the Baltic stopover sites where high grazing intensities during 

spring migration result in comparatively low levels of biomass (Chapter 5) and where 

overall tissue quality is high (this study), nitrogen content of the vegetation per unit area is 
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highest on previously ungrazed plots with a high standing biomass. Here, Barnacle Geese 

aggressively monopolise food patches with increased biomass as our behavioural data 

showed (Figure 3.3, Table 3.4). At the spring staging grounds in the Wadden Sea, neither 

biomass nor quality per se are limiting on the livestock-grazed salt marsh and a raised 

nutrient intake rate can be achieved by selecting sites with increased levels of these two 

parameters.  

For the same flyway, we have shown that Barnacle Geese appear to follow peaks of 

nitrogen content of the vegetation per unit area along their spring migration route, the so-

called “Green wave” (Chapter 5). This strategy provides them with sufficient levels of 

biomass intake to accumulate fat as well as an adequate protein intake for successful 

breeding (Prop and Black 1998). 

 

Human land use and foraging perspectives for small herbivores – 

conclusions from the experiment 

Our experiments demonstrate that nitrogen content of the vegetation per unit area is the best 

predictor for goose foraging choices along the entire flyway. This plant characteristic, 

however, included both forage biomass and forage nitrogen per unit mass of plant tissue in 

different proportions at the different sites along the flyway. Both parameters are under the 

influence of management practices, such as livestock grazing and the application of 

agricultural fertiliser. At staging sites in the Wadden Sea but also at stopover sites in the 

Baltic, summer grazing of salt marshes by livestock and the application of fertiliser on 

agriculturally-exploited coastal sites, both on salt marshes and on inland pastures, results in 

a high nitrogen content of plant forage (Vickery and Gill 1999; Hassall et al. 2001) In the 

absence of intensive land use at the sub-Arctic Russian breeding sites and with the naturally 

low soil nutrient levels of these sub-Arctic sandy soils (Chapter 2) forage quality remains 

low. Grazing by large herbivores not only increases the nitrogen content of plant forage 

(Singer 1995), but also the overall quality of the vegetation by preventing accumulation of 

litter (Coughenour 1991; Singer 1995; Hobbs et al. 1996) and the dominance of less 

palatable plant species (Olff et al. 1997; Jutila 1999) and by maintaining a short dense 

sward (Van der Graaf et al. 2002). Barnacle Geese have been shown to prefer grazed 

marshes with short, dense vegetation and a high live/dead ratio of above-ground plant tissue 

(Van der Wal et al. 1998b; Bos et al. 2005b). However, biomass levels in spring seem to be 

mainly limited by forage removal as a result of grazing by the geese themselves rather than 

by human activities, since no livestock grazing or mowing occurs at any of the sites along 

the entire flyway in spring. We presume that livestock grazing up to the end of the growing 

season (end of October for the Baltic stopover site and end of November for the Wadden 

Sea staging site) prevents the accumulation of litter during winter. 
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The bottlenecks in nitrogen availability for the small herbivores appear to lie in the 

limited biomass availability at the Baltic stopover site and the limited nutrient content of 

food in the sub-Arctic breeding site. Density dependent effects found in the Gotlandic 

breeding population of Barnacle Geese (Larsson et al. 1998) can be seen as a consequence 

of high grazing intensities, high levels of biomass removal and therefore comparably low 

food availability in the Baltic. However, there is currently no evidence of density 

dependence acting on the Barnacle Goose population that breeds in Russia. Since the early 

1980s Barnacle Geese have continuously expanded their breeding areas from the traditional 

breeding range on Novaya Zemblya and Vaygach westwards along the Russian coast 

(Ganter et al. 1999). Along with this expansion in breeding sites, the number of staging 

sites in the Baltic that are used by geese in spring has increased (Stock and Hofeditz 2002; 

Leito and Truu 2004). However, the expansion of staging sites has resulted in a growing 

conflict with land use, since the goose populations expanded into inland agricultural fields 

at sites where they traditionally were restricted to salt marshes (Leito 1996; Vickery and 

Gill 1999). These inland fields are often fertilised or livestock grazed and therefore form 

ideal sites for small herbivores maximising nutrient intake rates (Bos et al. 2005a). At 

present there seems to be little limitation for a further expansion of the Barnacle Goose 

population with respect to the availability of preferred forage at sites during staging and 

stopover. 
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Top: Hide for goose observations at the salt marsh of Grötlingbo-udd 

Bottom: Barnacle Geese foraging in the vicinity of experimental plots, recognisable by small flags  




