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Habitat switch in a migrating herbivore: 
individual variation in switching behaviour 

of pre-migratory Barnacle Geese

Morrison Pot, Susan de Koning, Coen Westerduin, Willem F. de Boer,  

Mitra Shariati Najafabadi, Thomas K. Lameris

ABSTRACT

Arctic breeding birds, wintering in temperate regions, require large energy deposits in 

swans, also bring energy deposits to the breeding grounds for reproduction. To attain 

food. During the period of extreme energy demand, it is common behaviour for 

habitat or diet. Herbivores are not limited by absolute food abundances, but rather 
by food quality (digestibility). Pre-migratory barnacle geese along the Dutch Wadden 

during spring, we show large individual variation in switching behaviour. To study 
which factors drive the seasonal habitat switch of geese, we combine data on GPS-

salt marsh habitat grazed for longer time periods and experienced less disturbance 

continued grazing in agricultural pasturelands gained higher fat deposition and a 

level. 
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Introduction

Many birds, especially those breeding in the arctic, undertake long-distance migrations 
between their wintering areas and breeding grounds. During migration most bird 

or at stopover sites (Lindström 1991; Bairlein 2001). Larger birds, such as geese and swans, 
also bring body stores to the breeding grounds for reproduction (capital breeding), because 
time constraints forces them to arrive in front of the peak in food availability (Meijer & 
Drent 1999; van der Graaf et al. 2006; Drent et al. 2007; Kölzsch et al. 2015). Pre-migratory 
fattening can cause dramatic changes in body mass. During this period, individuals can 
almost double their body mass in a couple weeks time in some wader species (Lindström 
& Piersma 1993). This is less dramatic for larger geese, as they experience slower fuelling 
rates (Klaassen 2003). Maximum fat deposition rates recorded are 10-15% of lean body 
mass per day (Bairlein 1990, 2001; Lindström 1991). Obviously, carrying this extra weight 
has costs, and fat deposition should occur fast and shortly before migration (Lindström 

rates of high quality food in preparation for their migration (Ebbinge et al. 1975; Drent & 
Prins 1987; Prop & Vulink 1992; Bairlein 2001).
 Switching habitat and/or diet is common behaviour, especially in birds preparing for 
migration. To accumulate energy stores, pre-migratory birds follow changes in nutritive 
food value to be able to utilize high food abundances or high food quality. Habitat switches 
are common in waterfowl in which switching behaviour is often driven by food depletion 

winter to arthropods during  the breeding season in the arctic (Dekinga et al. 2001), while 
songbirds switch from insects to ample available fruits in autumn (Bairlein 2001). Most 
herbivores are however not limited by absolute food abundances, but rather by food quality, 
which is determined by protein content and digestibility of food plants. An example from 
mammalian herbivores is the blue wildebeest , which migrate away 
from grasslands with high resource availability to areas with more readily digestible food 
plants (Fryxell & Sinclair 1988). Especially avian herbivores with their limited guts rely on 
relatively high quality food. Winter staging Barnacle Geese  switch from 
agricultural pastures to more natural habitats prior to migration to the Arctic (Prins & 
Ydenberg 1985; Prop & Black 1998). According to Prins & Ydenberg (1985) protein levels 
drop over the season, and switching occurs when protein levels in both habitats become 
equal. This would suggest that geese prefer the salt marsh, probably because lower levels 
of disturbance allow the geese to graze at a lower rate whereby digestion of carbohydrates 
is improved. A similar pattern is observed in pink-footed geese  
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1985), and Bewick’s swans  switching from feeding on pondweeds to 
(Nolet et al. 2002).

 Many geese populations have increased over the last 50 years, probably as a result of 
reduced human persecution, milder winters (Ebbinge 1991) and enhanced food supply 

herbivorous waterfowl have increasingly switched in land use during winter staging from 
natural habitats to nutrient rich agricultural habitats (van Eerden et al. 2005). Geese have 
become more dependent on agricultural crops as a food source during winter staging 
(Abraham et al. 2005; Fox et al. 2005; Eichhorn et al. 2012), to which they cause economic 
damage (Eichhorn et al. 2012; Nolet et al. 2016). Agricultural crops, especially grains and 
maize, are easy digestible and provide geese with high energy intake. It has been suggested 

natural habitats, such as salt marshes, would provide geese with the necessary nutrients 
(Prop & Black 1998; Prop & Spaans 2004; Eichhorn et al. 2012). However, Eichhorn et al. 

geese using either pastures or salt marshes, suggesting no impaired protein deposition 
in geese primarily using anthropocentric food sources. It is paradoxical that geese 
increasingly use anthropological food sources, where they are likely to experience more 
disturbance (Nolet et al. 2016). 
 With this study we aim to assess which factors drive the seasonal habitat switch 
of individual barnacle geese during spring staging. We hypothesize that geese behave 
optimally, resulting in a choice of habitat where they can maximize energy gain and 
minimize energy loss. We expect that energy gain is primarily determined by the 
availability of high amounts of high quality food, while we expect energy loss to be 

Methods

GPS data
In the summer of 2014 in the breeding colony of the Pechora Delta, Russia (68°40’N, 
52°17’E), 40 female Barnacle Geese were captured on their nests using a spring-trap. 

backpack harnesses (Lameris et al. 2017a). Full methods on the attachment of tracking 
devices can be found in Chapter 4. Data of 23 GPS-loggers was remotely downloaded in 
the summer of 2015. The GPS-loggers stored 48 GPS-locations per day and recorded 10 

accelerometers can measure posture, speed and body movements (Wilson et al. 2008; 
Halsey & White 2010) from which behavioural classes can be derived (Shamoun-Baranes 
et al. 2012).



156

Box C

Behaviour and time budgets
To classify behaviour of individual geese we calibrated a machine learning model which 

geese. With this data we annotated the behavioural classes inactive, active and grazing. 
Inactive behaviour (n= 796) was annotated when a goose was sitting or standing still for 
a period longer than 1 sec. Active behaviour (n= 57) was annotated when a goose was 
walking faster than 5 km/h for longer than 1 sec with its head up. Grazing behaviour 

grass tillers, for a period longer than 1 sec. Flying behaviour (n= 48) was annotated using 

annotated when a goose was moving faster than 20 km/h and clear slopes of y acceleration 

behaviour. Remaining behaviours or transitions from one behaviour to another were not 
annotated. The dataset of annotated behaviours was randomly split for training (0.4) and 

barnacle goose. Time budgets were measured as the time between two data points, from 

behaviour between the two points.

Habitat use and moment of switch
Habitat use in the Wadden Sea coast was measured as min/day in which a goose was 
grazing on either agricultural grasslands or natural habitats (salt marsh and fresh water 
marshes; Figure C.1). To determine the habitat use, we used the CORINE database to 
classify land use (Büttner et al. 2004; Büttner & Kosztra 2007). We determined land use 
for every GPS location where a goose was grazing, and distinguished between the land 

where a bird was indicated as grazing, we encountered other classes of land use. With 
Google Earth (Google 2017), we determined whether this was due to an erroneous land 

were sitting still on open sea, as waves would result in an accelerometer signal similar 
to grazing, and for these points we corrected the behaviour to resting. The geese were 
expected to make a habitat switch from pastureland to salt marsh in the course of spring. 
We determined this moment of switch for each individual as the date from which it spent 

70% of its foraging time on salt marsh habitat. Thirteen individuals showed a clear habitat 
switch (switching individuals), while 10 did not (not switching individuals; Figure C.2). 
In our analyses we therefore divided the geese in three groups: geese that do not switch 
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(group 1), geese that switch but graze in the period of the analysis on agricultural lands 
(group 2) and geese that switch but graze in the period of the analysis on salt marshes 
(group 3). The individual moment of switch ranged from julian date 53-126 (Figure C.2). 
We included time in our analysis by dividing the data in three periods: julian date 16-82 
(period 1), julian date 83-106 (period 2) and julian date 107-130 (period 3).

50 km

Figure C.1: Map showing locations of barnacle geese from winter (January) until departure for 
migration (mid-May). Orange areas indicate locations in agricultural pastures and blue areas 
indicate natural (salt marsh) habitats.

Food availability

Index (NDVI), was used as a measure of food availability and plant nitrogen content 
(Walker et al. 1995; Ryan et al. 2012; Doiron et al. 2013). We measured the NDVI in the 
grazing areas using 16-day composite MODIS NDVI data (MOD13A2, glovis.usgs.gov) of 
the period between 2008 and 2010 which was collected by NASA’s MODIS Terra satellite. 



158

Box C

The data has a spatial resolution of 1 km and has been interpolated to obtain data with a 
temporal resolution of 1 day by a simple linear regression. We used these maps with the 
NDVI values per day to extract the values of the locations visited by geese while grazing in 
ArcMap (Version 10.1, 2012).
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Figure C.2: Daily grazing locations of individual Barnacle Geese between 1 January until 
departure (mid-May). Orange bars indicate grazing on agricultural pastures, dark blue bars 
indicate grazing on salt marshes, and the intermediate colours indicate days when geese 
grazed both habitats.

Protein, fat and net energy intake
Data on intake rates was collected between March-May 2016 on the Dutch wadden island 
Schiermonnikoog (53°30’N, 6°10’E, see Prins & Ydenberg (1985) for detailed description 
of the study site). The island is a main wintering site for barnacle geese from the Russian 
breeding population. There are two habitats of interest to barnacle geese, agricultural 
dairy pastures in the western part of the island and natural salt marshes in the east. 
Sampling was done at 3 locations on agricultural pastureland where geese mainly forage 
on  and 3 locations on the salt marsh with  as main food 
plant.
 Intake rates of fat (g), protein (g) and total energy intake (kJ) per day were calculated 
according to the methods used by Prop & Black (1998), for the period after the moment 
of switch. Dropping intervals, as a measure of defecation frequency, were obtained by 
observing an individual goose with a 30-60x telescope (Ebbinge et al. 1975, Prop & Black 
1998). We only observed individuals that were grazing on an area for at least two hours, to 
be certain that vegetation of the current habitat was being passed through the digestive 
tract.  Interval time (min) was measured using a stopwatch and dropping interval was 
analysed following (Dokter et al. 2017). After each observation, 10 fresh droppings were 
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collected and weighed and chemical analyses were done on their contents. In both 
habitats, 3 exclosures (0.5 m x 0.5 m x 0.5 m) were placed in representative subsections 
to prevent grazing by geese. Freshly grown vegetation from within the exclosures was 
collected every two weeks (using tweezers to imitate grazing), after which the exclosure 
was moved by 5 m in the same subsection. We calculated digestibility by measuring acid 

(g/min-1) by dividing the dropping rate by a measure of digestibility. Protein content of 
vegetation and droppings was derived from nitrogen content. Formulas used to calculate 

nitrogen, ingestion rate of nitrogen, retention rate of nitrogen, excretion rate of nitrogen, 
accumulation of nitrogen, accumulation of protein stores and accumulation of fat stores 
were calculated according to Prop & Black (1998).

According to (van der Graaf et al. 2001) BMR of barnacle geese is 991 kJ/h. Flight costs 

Disturbance

with the great circle distance formula) by the duration of the interval between the two 

m/s or higher the same trends kept emerging, from which we assume that this threshold 

Statistical analyses

number of movements and NDVI values between switch groups with period included as 

julian date as covariate, were used to assess the relation between nitrogen content of food 
plants and metabolizable energy with julian date for agricultural pasturelands and salt 
marshes. Intake rates were analysed using LM of daily fat deposition, protein deposition 
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and energy intake as a function of switch group with julian date as covariate. Additionally, 

All statistical analyses were performed using R statistics (R Core Team 2017). 

Results

Grazing time
Barnacle geese that did make a habitat switch increased their grazing time after they 
switched to the salt marsh, independently from the period in which the geese switched. 
Over the whole period, individuals grazing on the salt marsh spend more time grazing 
than the other two groups (F5,1319=136, p<0,001). All geese increased their grazing time with 
julian date (F5,1319=136, p<0,001, Figure C.3a).

Movements
Individuals that did not make a habitat switch, and thus stayed on the agricultural 
pasturelands, had higher daily movements than individuals that make a habitat switch to 
the salt marshes (F5,1318=86,92, p<0,001). Individuals that did make a habitat switch made 
less movements on both the agricultural pasturelands and the salt marshes. All the groups 

5,1318=86,92, p<0,001, Figure C.3b).

NDVI
Switching individuals forage on agricultural pastures with the highest NDVI values before 
switching to the salt marshes (F5,1319= 117,6, p<0,001). Agricultural pasturelands visited by 

data on nitrogen content and digestibility (F5,1319=117,6, p<0,001). In period 3, the NDVI 

lower than in the other periods (F5,1319=117,6, p<0,001, Figure C.3c).

Food availability
The nitrogen content in food plants of barnacle geese decreased with Julian date for 
both agricultural pasturelands (GLM, n= 19, t= -4.048, p<0.05) and salt marshes (GLM, 
n= 18, t= -3.625, p<0.05), but was in general higher for agricultural pasturelands (GLM, 
habitat: F1,35=35,049, p<0.001, Julian date: f1,35= 29.995, p<0.05). Digestibility of food 
plants did not change with julian date on agricultural pasturelands (GLM, n= 9, t= -0.118, 
p>0.05) and salt marshes (GLM, n= 7, t= 0.183, p>0.05). Digestibility of food plants from 
agricultural pasturelands was higher compared to food plants from the salt marshes 
(GLM, habitat: F1,13=5.804, p>0.05, Julian date: F1,13=0.015, p>0.05). The potential intake 

marshes, the metabolizable intake rate was higher on agricultural land (GLM, location 
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F1,34= 10.139, p<0.05; Julian date F1,34= 5.715, p<0.05). Moreover, the intake rates on the 
agricultural lands increased over time (GLM, n= 7, t= 2.890, p<0.05), whereas we found 
no such trend in the intake rates on the salt marshes (GLM, n= 6, t= 1.282, p>0.05).
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Figure C.3: Boxplots showing the distribution of daily grazing time in min (a), number of 
movements (b) and NDVI values (c) of Barnacle Geese divided in groups and periods. Groups 
are indicated as 1= not switching individuals (orange), 2= switching individuals still using 
agricultural pasturelands (red) and 3= switching individuals grazing on salt marshes (dark 
blue). Periods 1-3 refer to julian date 61-82, 83-106 and 107-130 respectively.



162

Box C

60 80 100 120 140

1

2

3

4

5

6

7

Pl
an

t n
itr

og
en

 (%
) (a)

60 80 100 120 140

0

1

2

3

4

Julian date

(b)

M
et

ab
ol

iz
ab

le
 e

ne
rg

y 
(k

J/
m

in
)

Figure C.4: Plant nitrogen content (%) for Lolium perenne (agricultural pasturelands) 
Festuca rubra (salt masrhes) (a) and metabolizable energy intake (min) (b) with julian date on 
agricultural pastures (orange) and natural (salt marsh) habitat (dark blue).

Intake rates and energetic costs

p<0.001). A post-hoc Tukey test showed that individuals in switch group 1 and 2 were 

fat deposition compared to those in switch group 1 and 2 (p<0.001, Figure 5a). Protein 

p<0.001). A post hoc Tukey test showed that individuals in switch group 1 and 2 were not 

deposition than individuals in switch group 1 and 2 (p<0.001, Figure 5b). Flight costs were 

71.75, p<0.001). A post hoc Tukey test showed that individuals in switch group 2 had 
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switch group 1 (p<0.001, Figure 5d).

0

100

200

300

400
(a)

0

10

20

30
(b)

1 2 3

0

100

200

300

400
(c)

1 2 3

0.0

0.5

1.0

1.5

2.0

2.5

3.0
(d)

group

Fa
t d

ep
os

iti
on

 (g
/d

ay
)

pr
ot

ei
n 

de
po

si
tio

n 
(g

/d
ay

)

Fl
ig

ht
 c

os
ts

 (k
J/

da
y)

N
et

 e
ne

rg
y 

in
ta

ke
 (M

J/
da

y)

group
Figure C.5: Boxplots showing the distribution of daily fat deposition in g (a), protein deposition 
in g (b) and energy intake in MJ (c) of Barnacle Geese that do not make a habitat switch (group 
1, orange), perform an early habitat switch (group 2, red) or perform a late habitat switch 
(group 3, dark blue).

Discussion

Our results provide evidence that pre-migratory Barnacle Geese staging at the Wadden 
Sea coast decide on an individual level whether to make a habitat switch, and if so, at 
what moment during spring this habitat switch is being made (ranging between Feb-
May). Although geese experience higher potential energy intake in agricultural habitats, 
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compensate for the lower food quality, but can reach equal net energy intake compared 
to geese that do not switch.
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