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Abstract

Unlike most wild goose populations in the Western Palaearctic, the feral Greylag
Geese Anser anser in Stuttgart, southwest Germany, are not known to migrate. In
winter 2004/05, a study was carried out to determine how this resident group copes
with snow and ice, since severe weather conditions are not unusual in the region.
Changes in activity budgets, feeding behaviour and abdominal fat reserves were
investigated. From January to March 2005, frequent snowfall resulted in persistent
snow cover. In response to the resulting lack of food, the geese changed their daily
feeding patterns, fed less, loafed more and subsequently lost abdominal fat reserves.
Although they moved from small park lakes to the ice-free river for roosting, they did
not leave the area in search of snow-free feeding sites.

Key words: city ecology, resident population, activity budget, abdominal profile,
peck rate.

In the 1980s, feral Greylag Geese Anser anser

became established in Stuttgart, southwest
Germany. Large parks offer plenty of
grazing and small artificial lakes are used by
the geese to escape from potential
predators, such as dogs. In 1995, a brood of
Greylag Geese was recorded for the first
time within the city limits at a lake five
kilometres north of the parks. Since then
numbers increased to 159 individuals by
2004/05. Other resident goose populations

are known from cities such as Hamburg,
London and Copenhagen (Kreutzkamp
2003, Baker & Coleman 2004, Kampp &
Preuss 2005), but little is known about the
winter ecology of these feral or re-
established geese.

Unlike most wild goose populations in
the Western Palaearctic (Cramp & Simmons
1977, Madsen et al. 1999), Greylag Geese in
Stuttgart are not known to migrate but
movements over short distances may occur
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that have not yet been documented. They
graze exclusively on the extensive lawns of
the town’s parks, and unlike wild Greylag
Geese have not yet used agricultural sites
(Carboneras 1992, Ballasus 2005). In wild
geese, such as the White-fronted Goose
Anser albifrons, it has been shown that frosty
temperatures affect vegetation growth and
food availability and thus the foraging
behaviour of the birds (Owen 1972).
Furthermore, wild geese are known to move
to areas where foraging is most profitable
(Drent & Prins 1987). Given the sedentary
habits of the Greylag Geese in Stuttgart,
this study focuses on the effect of snow and
ice on their activity budgets, the feeding
behaviour and abdominal fat reserves. Thus
it aims to determine how the geese cope
with wintry weather conditions.

Methods

Study area

Field work was carried out between October
2004 and March 2005 in Stuttgart,
southwest Germany. With its numerous
public gardens and parks, Stuttgart is among
the “greenest” towns in Europe. The parks
extend over eight kilometres through the
inner city. Five kilometres to the north along
the river Neckar the geese use a 600 m long
lake that is surrounded by open pasture.
During of the 1970s, a bird sanctuary was
established in the northwest part of this
former gravel pit, which includes a few small
islands that the geese use for nesting. The
study area covered three separate parts of
the city: the lake and surrounding pasture,
the banks of the adjacent river Neckar, and
the large park in town.

Coloured leg bands

Since 2002, about a third of the 159 Greylag
Geese in Stuttgart have been ringed with
blue plastic (“Darvic”) leg bands, each
engraved with a unique white three letter
code for identification of individual birds.
As the birds were rather tame the codes
could frequently be read with the naked eye
or using binoculars.

Activity budgets 

Behavioural observations were carried out
two to four times a week between 4
November 2004 and 8 March 2005 for a total
of 40 days. To compare activity budgets on
days with and without snow, respectively, nine
observation days each were selected from the
period of January and February 2005 for 
a total of 150 hours. The classification 
“snow cover”/“no snow” was measured as
present/absent. Days with snow cover were
characterised by colder temperatures (mean
minimum temperature = –5.2 ± 3.2 °C, mean
maximum temperature = 7.3 ± 0.4 °C) and
higher precipitation (mean precipitation = 
8.2 ± 0.7 mm) than days without snow 
cover (mean minimum temperature = –2.3 
± 1.1 °C, mean maximum temperature = 9.6
± 1.1 °C, mean precipitation = 3.5 ± 0.2 mm).

The behaviour of all geese present in an
area was determined by taking scan samples
from dawn to dusk (Martin & Bateson
1986). An audio beeper gave a signal every
10 minutes and the behaviour of all geese
present in the area at that time was recorded.
Behavioural categories were modified from
those used by Inglis (1977), the main
activities being feeding, vigilance, loafing,
locomotion, preening and social interactions
(mostly aggression).
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Since day length varies, only data
recorded during the daylight hours of
08:00 h to 17:00 h were used for analysis.

Peck rates

Peck rates indicate the relative effort an
individual bird expends in a certain time to
acquire a certain amount of food and are
dependent on vegetation height and social
status (Ebbinge et al. 1975, Black et al. 1991).
Peck rates (pecks/min) were used to compare
frequencies of food intake in vegetation
covered by snow, vegetation of different
height and for birds of different social status.
Feeding bouts were recorded by monitoring a
bird’s activities continuously over a three-
minute period using a dictaphone. Time
intervals between the records were random.
During the three-minute periods, active
feeding was often interrupted by other
activities, such as vigilance or walking. Only
active feeding time within the three-minute
samples was used to calculate peck rates.
Between 26 November 2004 and 18 February
2005 a total of 121 peck rate samples were
recorded for 58 individuals.

After recording peck rates, at least 10
vegetation height measurements were made
per pasture, using a set square, at random
locations within the areas where the geese
had been feeding. Sward heights were
divided into two classes: short (mean height
< 7 cm) and medium (mean height 7 – 12
cm). The lawns in the parks are mown
regularly so grazing in grass longer than 12
cm was rarely observed. The classification
“snow” was used when vegetation was
covered by snow.

To test the effect of social status, the
birds were classified into three social groups:

single (unpaired) birds, paired geese and
family groups (parents with goslings of
unknown sex). Most goslings stay with their
parents throughout the winter until the
onset of the breeding season (Cramp &
Simmons 1977). For each three-minute
observation period a bird was selected at
random from the group. To test whether
time of day influenced the peck rates the
days were divided into “morning” (08:00 h –
11:00 h), “midday” (11:01 h – 14:00 h) and
“afternoon” (14:01 h – 17:00 h).

Abdominal profiles

The relative increase or loss of weight in
geese can be determined according to the
“Abdominal Profile Index” (API) used to
assess their body conditions in the field
(Owen 1981). Since abdominal fat is a good
indicator of overall body fat, the API also
gives a useful estimate of changes in 
overall body mass (Wiersma & Piersma
1995, Zillich & Black 2002). The API is 
an alternative method to direct weighing 
and allows the repeated assessment of
individually-marked birds without capturing
and causing stress to the animals. The
method described by Zillich & Black (2002)
was used, where Owen’s API scores 
(0 = concave, 1 = straight, 2 = convex,
3 = rounded, thick, 4 = intensely rounded,
very fat) are further subdivided by
introducing 0.5 unit increments. On
determining the API for a goose, the 
bird was observed until the abdomen was
parallel to the ground and easily visible to
the observer to avoid bias. Between 
12 November 2004 and 9 March 2005,
abdominal profiles of all ringed geese
present were determined once a week.
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Changes in abdominal profiles of
individually-marked geese of different social
status were compared throughout the winter.

Weather data

Daily weather records were available from
the Environmental Office in Stuttgart 
(Amt für Umweltschutz, Stuttgart). The
weather station is located in town close to
the study area. From the daily records we
calculated the weekly mean, minimum and
maximum temperatures, and also the mean
precipitation (rainfall and snowfall) within
the city for each week, for inclusion in the
analyses.

Statistics

Minitab software (Ryan et al. 2005) and
GLIM (NAG) were used for analysis of
variance and general linear models.

Variation in the time that the geese 
spent feeding, loafing or being vigilant 
was compared using analysis of variance
with a binomial error distribution in GLIM
(Crawley 1993, NAG 1993). Because the
data recorded for the different behavioural
categories were not independent of each
other, each type of behaviour was tested
separately. For instance, the mean number
of birds feeding within an hour was 
the response variable, and the mean number
of birds monitored within an hour was 
the binomial denominator. Explanatory
variables tested in the models were snow
cover, location and hour (time of day). As
location did not cause a significant increase
in deviance, data from all locations were
pooled in the analyses presented here.

Initial fits to the models indicated that
the behavioural data were over-dispersed.

Constraints imposed by specifying a
binomial error distribution therefore were
adjusted using the scale parameter, which in
turn was estimated by dividing the Pearson
χ2 value of the final model (i.e. the system
scalar) by the degrees of freedom (Crawley
1993). Variables that caused a significant
increase in deviance (P < 0.05) were retained
in the model. Insignificant terms were
removed. Biologically meaningful interaction
terms such as an interaction between time of
day and presence of snow were tested but
none were significant.

Peck rate data were analysed using 
one-way ANOVAs. Only one peck rate 
per individual was used to avoid
pseudoreplication. For pair-wise comparisons
two-sample t-tests were used. There was 
no effect of location on peck rates; data
from different sites therefore were 
pooled. Abdominal profile data were
analysed in a general linear model and 
the following explanatory variables tested:
week, social status, weekly mean minimum
temperatures (°C) and weekly mean rain/
snowfall (mm).

Results
In November and December 2004, there
were only nine days with sub-zero
temperatures and no days with snow cover.
In contrast, in the second half of the winter
from January to March 2005 daily average
temperatures dropped to below zero on 27
days (7 days in January, 12 days in February,
8 days in March) and frequent snowfall
caused a continuous snow cover for 46 days
(8 days in January, 24 days in February, 14
days in March). The distribution of the
geese changed as a result but, although the
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birds moved from the frozen lakes to the
ice-free river for roosting, they did not leave
the city limits in search of snow-free feeding
sites. Almost all banded birds were resighted
within the study area throughout the winter
(Käßmann 2005). In the snow, the geese had
to cope with the resulting lack of food. As a
consequence, their activity budgets, peck
rates and abdominal profiles changed during
the winter.

Activity budgets

The daily percentage of activities was
different on days with snow cover as
opposed to days without snow (Fig. 1).
Without snow the birds fed more (66%)
than when confronted with a continuous
snow cover (42%) (F1,168 = 23.6, P < 0.01).
They also loafed almost three times 
more (41%) on days with snow (F1,168 =
41.1, P < 0.01) than on days without (14%).
Furthermore, they moved less in snow 
(3% as opposed to 6% without snow;
F1,168 = 24.68, P < 0.01) and showed more 
social interactions, mostly aggression, in
snow (1% as opposed to 0.3% without
snow; F1,168 = 30.8, P < 0.01). When feeding
in snow, the geese were frequently seen
sitting down and, whilst sitting, they pecked
holes into the snow in order to reach the
vegetation.

Diurnal activity patterns differed
between days with and without snow (Fig.
2). In the snow, geese loafed mainly during
the morning and evening hours with a peak
at 08:00 h (70%), when only 24% were
feeding. Most individuals were feeding
around midday, with a peak at 13:00 h
(56%), when loafing was at its minimum
(24%). In contrast, on days without snow

the percentage of feeding was high in the
morning (maximum 84%) and in the
evening hours (maximum 86%), when
loafing was low. These differences in diurnal
pattern were significant for loafing (snow
F1,159 = 44.8, P < 0.01; hour F9,167 = 3.19,
P < 0.01), but not for feeding (snow F1,159 =
23.8, P < 0.01; hour F9,167 = 1.85, n.s.).

Peck rates

Geese pecked most rapidly in short
vegetation and most slowly in the snow

Figure 1. Activity budgets of Greylag
Geese on (a) days with snow (n = 9) and (b)
days without snow (n = 9). The percentages
of time recorded for different activities are
shown (n = 75 hours each, for (a) and (b)
respectively).
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(F2,118 = 34.01, P < 0.01; Fig. 3). Peck rates
ranged from 78–123 pecks/min in short
vegetation, from 74–107 pecks/min in
medium vegetation and from 61–91
pecks/min in snow. Peck rates also varied
with social status (F4,116 = 12.67, P < 0.01).
Parental males pecked most rapidly (n = 8;
89–123 pecks/min) followed by unpaired
birds (n = 12; 85–117 pecks/min) and
paired geese (n = 14; 64–119 pecks/min).
Peck rates of parental males and paired
geese did not differ significantly (t =
0.37–0.87, d.f. = 11–21, n.s.), but peck rates
of parental females (n = 8; 69–102
pecks/min) and goslings (n = 16; 61–102
pecks/min) were similar (t15 = 1.06, n.s.) and
lower than those of parental males (parental
females: t13 = 2.23, P < 0.04; goslings:
t14 = 3.47, P < 0.004). Splitting the birds into

social groups reduced the sample sizes to a
level where it was not possible to control 
for social status and varying vegetation
height/snow at the same time. Peck rates did
not change significantly with time of day
(F2,120 = 2.87, n.s.).

Abdominal profiles

Abdominal profiles changed throughout the
winter and decreased during periods with
continuous snow cover in most social
groups (week: F16,1054 = 14.77, P < 0.01;
social status: F5,1043 = 41.76, P < 0.01; Fig. 4).
Climate variables such as weekly mean
minimum temperatures and rain/snowfall
affected abdominal profile indices (social
group: F5,1057 = 36.84, P < 0.01; minimum
temperature (°C): F1,1053 = 64.92, P <
0.0001; rain/snowfall (mm): F1,1053 = 4.54, P

< 0.05), but were not significant in models
including snow cover. Abdominal profiles of
male and female geese changed over time
(paired females F16,126 = 2.12, P < 0.01,
paired males F16,197 = 9.29, P < 0.01, parental
females F16,112 = 3.1, P < 0.01, parental

Figure 2. Greylag Goose activity (feeding
and loafing) throughout the day on days
with snow (n = 9) and days without snow 
(n = 9).

Figure 3. Mean peck rates in short and
medium-length vegetation and in snow.
Geese pecked most slowly in the snow.
Sample sizes indicate the number of
recorded peck rates.
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Figure 4. Changes in the abdominal profile scores recorded for Greylag geese in relation to
winter weather conditions. (a) Abdominal profile indices for geese of different social status
during the winter (12 November 2004 – 09 March 2005). Sample sizes (n) for each week in
consecutive order (week 3 – 19): paired females (15, 5, 5, 8, 5, 10, 10, 5, 5, 5, 11, 6, 10, 5, 11,
7, 4), paired males (19, 12, 8, 10, 12, 15, 15, 10, 6, 12, 13, 10, 15, 10, 16, 7, 8), parental females
(3, 2, 6, 2, 6, 12, 10, 6, 6, 6, 11, 6, 8, 7, 10, 6, 6), parental males (3, 2, 5, 2, 5, 10, 10, 5, 5, 5, 10,
5, 8, 5, 9, 5, 3), goslings (6, 10, 18, 10, 18, 36, 36, 18, 19, 18, 37, 20, 29, 15, 35, 19, 17), unpaired
geese (22, 11, 7, 8, 11, 14, 13, 9, 5, 10, 10, 8, 8, 7, 10, 5, 6). (b) Weather data recorded during
the winter. With the beginning of snowfall in week 13, simultaneous loss of weight in most
geese became apparent.
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males F16,96 = 2.98, P < 0.01) and between
sexes (female versus male paired geese F1,324

= 34.58, P < 0.01, female versus male
parents F1,209 = 78.1, P < 0.01). From weeks
2 – 12 there was no snow cover and
temperatures were higher than in weeks 
13 – 19 (Fig. 4b). During this early part of
the winter, abdominal profiles remained
constant apart from some fluctuations in
weeks 3 – 4 (Fig. 4a). With the beginning of
snowfall in week 13 (24 January 2005) a
simultaneous decline of abdominal profiles
became apparent in most geese (Fig. 4a,b),
except for females in family groups which
gained weight throughout the winter. With
higher temperatures in week 15, the snow
melted and the geese became fatter for a
short time. In the second snow period, from
week 16 onwards, again a decline of
abdominal profiles was observed in paired
males (with and without young), goslings
and unpaired geese (Fig. 4a,b). However,
parental females and paired females gained
weight steadily during that period at the end
of winter.

Discussion
Three different methods were used to show
that resident Greylag Geese in Stuttgart
changed their behaviour and feeding habits
in response to a continuous snow cover. The
geese spent less time feeding and probably
obtained less energy on days with snow due
to the lack of food. Their food intake
(measured as peck rates) was lower and their
fat reserves (measured from their abdominal
profiles) also diminished in snow conditions.

The changes of diurnal patterns in
feeding and loafing on days with snow
compared to days without snow may reflect

a behavioural adaptation. In snow, a feeding
peak was reached around midday when the
sun was at the zenith and temperatures were
highest. Snow became softer during this
time of day, making it easier for the geese to
reach food plants. Most individuals loafed
during the very cold morning and evening
hours when the snow cover was frozen.
During these hours, searching for food
probably required a great deal of energy and
was thus not profitable. On days without
snow the diurnal pattern of feeding and
loafing was similar to that of wild Greylag
Geese wintering in south western Spain
(Amat 1986) and wild White-fronted Geese
wintering at Slimbridge, England (Owen
1972). In both of these studies, feeding and
loafing activity were inversely correlated.
Feeding activity was highest during the
morning and evening hours, while the peak
of loafing activity was reached around
midday when the guts presumably were full
and the geese were digesting vegetation
taken during the morning. In winter, the
digestibility (%) and metabolic energy (kJ/g)
of food plants are lower than in other
seasons, usually resulting in an increase in
the time geese spend feeding to cover daily
energy requirements (Prop & Vulink 1992).
However, in our study the proportion of
time that the Greylag Geese spent feeding
decreased in snow. This is surprising as,
especially in the cold season and with short
day lengths, it is important for wild geese to
feed as much as possible to build up body
fat reserves. Apparently this was not
possible for the resident geese when plants
were covered by snow and thus not easily
available. Fat deposition is strongly
correlated with food availability and this in
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turn depends on weather conditions and
season, such as the breeding season and
during migration (Owen 1981). Since the
geese in Stuttgart are residents, they need 
fat reserves primarily for the following
breeding season and not, so far, for
migratory flight.

Due to icy temperatures and continuing
snowfall from the end of January onwards,
food became scarce and the geese used their
body fat reserves resulting in a visible loss of
weight. Thawing at the beginning of
February improved food availability briefly,
causing an immediate accumulation of fat.
Abdominal profiles dropped again with
renewed snowfall. Such a rapid change in
abdominal profile has also been shown in
other studies (Zillich & Black 2002). The
increase in abdominal profile of parental
females throughout the winter and of paired
females in the second snow period may have
been due to the approaching breeding
season, though it is not clear how they
achieved this increase given their lower food
intake in snowy conditions. Fattening prior
to migration or before the breeding season
is also known in Barnacle Geese Branta

leucopsis (Owen 1981) and Hawaiian Geese
Branta sandvicensis (Zillich & Black 2002).
Paired males in family groups could not
accumulate fat reserves in late winter,
probably because they spent much energy
defending the feeding space around their
partner (Owen 1981). Unpaired birds, being
at the bottom of the pecking order (Black &
Owen 1989), also were unable to accumulate
fat reserves. A similar variation in abdominal
profile in relation to social class was found
in Bewick’s Swans (Bowler 1994).

Peck rates of all geese were lower when

snow cover limited food availability. These
results fit well with the observed weight
losses. Geese are selective in choosing their
food plants and prefer those which are
highest in proteins and nutrients (Owen
1976, Prop & Deerenberg 1991, Gadallah &
Jefferies 1995, Bos et al. 2005). However,
snow cover prevented the birds from
finding food visually. To reach vegetation
they dug holes into the snow with their bills.
Despite this effort, the type and number of
available plant species remained limited and
geese had difficulties grazing on the frozen
vegetation (Käßmann 2005).

After being “trapped” in the snow it may
not be possible energetically for the Greylag
Geese to leave the area in search of snow-
free feeding sites, particularly if they wait
too long for the thaw. Alternatively, it may
not be necessary. The severe winter
conditions did not cause mortality, but could
have had indirect effects on the fitness of
each individual. Further studies on the effect
of body condition at the end of winter on
the birds’ subsequent breeding success are
needed to clarify this issue.
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