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SITE TENACITY AND MOBILITY OF STAGING BARNACLE GEESE

BARBARA GANTER

ABSTRACT The within season site tenacity of staging Barnacle Geese
Branta leucopsis was investigated using two years of observations of indi
vidually colour ringed birds in Schleswig Holstein/Germany. Arrays of ob
servations of individual geese show that some birds move among areas in
Schleswig Holstein within seasons. Movements occur over a considerable
geographical range and are not consistent with the major migratory direc
tion of the season. Exchanges among areas occur by small groups of birds
moving among the major wintering flocks. Individuals differ in degree of
mobility; the tendency to move is independent of age and pair bond status of
birds. Different individual movement strategies may exist in the population.

WWF-Wattenmeerstelle, 25813 Husum. Present address: SchloBgang 18,
25813 Husum, Germany

INTRODUCTION

Large flocks of arctic breeding geese return to the
same areas within their staging and wintering
range every year. The adherence of flocks to cer
tain sites seems to be determined not only by hab
itat restrictions, but also by the traditional use of
particular areas within the range of the available
habitat. Several studies have documented site fi
delity not only of staging and wintering goose
flocks but also of individual birds (e.g. Raveling
1979, Prevett & MacInnes 1980, Prokosch 1984,
Percival 1991, Ebbinge 1992). This could lead to
the notion that within years site tenacity is also
very high and that, in essence, geese are faithful
to a site until the next stage in the annual cycle re
quires migration. Advantages of site fidelity have
been discussed for breeding areas as well as for
staging and wintering areas (Gauthreaux 1982,
Anderson et at. 1992). Familiarity with an area
may reduce predation risk and intraspecific ag
gression and facilitate the reunification of disrupt
ed pairs or families (Prevett & MacInnes 1980).

Most studies of site fidelity in staging and
wintering geese have concentrated on return rates
of birds between seasons. They have often fo
cused on one small study area within the total
staging and wintering range of the population,
and individuals were considered faithful to the ar
ea if they were resighted at any time each year

Received 10 November 1993, accepted 27 April 1994.

(Gullestad et ai. 1984, Prokosch 1984). There is
little information about duration of stay or move
ments between sites, or about the whereabouts of
birds when they were absent from the study site.
However, in a study involving multiple sites, Eb
binge (1989) has shown that between-winter phil
opatry of geese is not absolute. Among the studies
that have investigated within-season aspects of
philopatry in geese on a small geographical scale,
Black et ai. (1991) and Percival (1991) suggest
that the degree of site tenacity can vary arnong
birds. There are several potential explanations for
individual variation in mobility: age or social stat
us of a bird, exclusion phenomena based on com
petition, or genuine individual strategies of site
tenacity and mobility.

In this study, I investigate within-season pat
terns of site use in individual Barnacle Geese
Branta ieucopsis on the North Sea coast of Ger
many and The Netherlands. Although my study
area, the west coast of the northernmost German
state of Schleswig-Holstein, does not represent
the total staging and wintering range of the goose
population under study, it allows the investigation
of within-season site tenacity and movements on
a larger scale than previous studies. I describe
patterns of movement of individual birds on this
scale and test different explanatory models for in
dividual variation.
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BACKGROUND AND METHODS

Study population and study area
The birds I studied are part of the Barnacle

Goose population which breeds in the Barents
Sea area in northern Siberia. Apart from a spring
staging period in the Baltic Sea area these birds
spend most of the non-breeding season on the
North Sea coast of Germany and The Nether
lands. In these areas, wintering grounds and
spring and autumn staging areas are not entirely
separated. In Schleswig-Holstein, maximum
numbers of Barnacle Geese occur in autumn (Oc
toberlNovember) and early spring (February/
March); in mid-winter most of the geese move
further south -west to Niedersachsen and The
Netherlands (Ebbinge & Van Biezen 1987, Ganter
1992). Thus, Schleswig-Holstein can be consid
ered as a staging area for most Barnacle Geese,
although especially in mild years several thou
sand birds can remain in the study area through
out the winter.

Staging and wintering Barnacle Geese are dis
tributed discontinuously along the coast: large
flocks are concentrated in only a few well defined
areas of coastal saltmarshes, recently reclaimed
saltmarshes, and agricultural grasslands in the im
mediate vicinity of the coast. This study covers all
major Barnacle Goose sites along the west coast
of Schleswig-Holstein. In this region there are
eight distinct areas used by Barnacle Geese, four
of which are extensive saltmarsh areas and four
are former saltmarshes reclaimed within the last
twenty years. Some reclaimed areas are adjacent
to the saltmarsh areas, leaving five geographically
distinct Barnacle Goose areas that are separated
by coastal areas not regularly used by Barnacle
Geese (Fig. I).

In spring 1990 the Barents Sea Barnacle
Goose population consisted of about 110,000
birds. In Schleswig-Holstein up to 65% of the
population can be present at anyone time (Ganter
1992). Birds of the recently established Baltic
population (Larsson et at. 1988) mix with the Bar
ents Sea birds on the wintering grounds, so that
birds of both populations are present at the study

Fig. 1. Barnacle Goose areas in Schleswig-Holstein.
1: Rickelsbiiller Koog, 2: Hamburger Hallig and Belt
ringharder Koog, 3: North-west Eiderstedt. 4: Eider
Estuary, 5: MeldoIfer Speicherkoog and Friedrichs
koog Peninsula. In brackets: maximum number of Bar
nacle Geese in each area during this study.

sites. Mixing of the two populations is not entire
ly homogeneous (Ebbinge & Van Biezen 1987).

Geese were observed from October to April in
1988-89 and 1989-90. Both winters were milder
than average. For most analyses data from both
years were pooled, since not enough data were
collected in 1988-89 to allow a meaningful separa
tion of the years. The two study periods were di
vided into autumn, winter and spring, the seasons



Ganter:SITE TENACITY OF BARNACLE GEESE 233

being defined by the phenology of goose numbers
in Schleswig-Holstein, with minimum numbers in
winter.

Observations of individual birds
From 1979 to 1989 almost 2,400 Barnacle

Geese, 74% of which were Baltic breeding birds,
were ringed with individual combinations of en
graved coloured leg rings (B. Ebbinge pers.
comm.; for a description of the rings see Ebbinge
et al. 1991). Ringing was performed by research
ers in several projects in The Netherlands, Ger
many and Sweden. The proportion of colour
ringed birds in the population was around I% at
the time of the investigation but varied among
flocks; most of this variation can probably be at
tributed to the inhomogeneous distribution of the
Baltic breeding birds, which form the majority of
marked birds present in the study area. All data
presented in this paper are based on resightings of
individually marked birds.

Colour -rings were read by several observers
at all Barnacle Goose sites in Schleswig-Holstein
during the two years of the study. When an ob
server encountered a flock, the birds were counted
and as many rings as possible were read using
telescopes with 20-60x magnification. Usually it
was impossible to identify all marked individuals
in a flock as flocks were often very large (up to
27,000 individuals) and difficult to approach.
Records with any uncertainties concerning colours
or symbols of the rings were discarded. The "fam
ily status" (single, paired or with offspring or par
ents) and relationships among birds where record
ed where possible; however, in wintering flocks
of geese it is often difficult to detect unmarked
partners or family members. Only birds whose
status could be clearly determined in the field
were used in analyses involving family status. If
ringed birds were identified as members of the
same pair or family, only one member of the
group was included in the spatial analyses, be
cause pairs and families stay together permanent
ly during the winter, and the movements of their
members are not independent. In the case of mul
tiple observations of the same bird on one day on-

ly the first observation was used. The proportion
of marked birds in a flock was determined by
counting the number of marked individuals in a
random sample of birds whose legs were checked.
Since the proportion of marked birds in the popu
lation was very small (:::;;1 %), the number of
marked individuals in samples was considered to
be Poisson distributed and confidence intervals
were calculated accordingly (Krebs 1989). The
age of ringed birds was determined from ringing
records; only birds which were ringed as juve
niles and whose age is therefore exactly known
were used for age analyses. The breeding origin
(Barents Sea or Baltic) of ringed geese was also
determined from ringing records. This is possible
even though no birds were ringed in the Barents
Sea breeding areas: observation intensity in the
Baltic colonies is so high that if a bird ringed in
Germany or The Netherlands was never seen
there it can be safely assumed that it is of Barents
Sea breeding origin.

In the course of the study 2,064 observations
of 705 different marked individuals were made.
Observation intensities in the five different Bar
nacle Goose areas (Fig. 1) were unequal and de
pended to a large extent on the proximity of the
areas to the homes of observers. However, even
for the less well covered areas some sightings
could be obtained (Table 1). Especially in 1988-89

the observations were concentrated in areas 2 and
4. Since the total coverage of areas was much bet
ter in spring, all following analyses of within sea
son mobility are confined to spring, with the ex
ception of one autumn spring comparison.

The data were sorted in arrays of sightings of
individual geese. For individuals that were seen at
least twice within a season, each pair of adjacent
observations was considered as one unit (in the
following called "observation pair"). All observa
tion pairs were checked for movement between
areas or remaining in the same area. The compar
ison of observation pairs with and without move
ment among groups of geese is central to the fol
lowing analyses.

The total number of marked birds in a flock
can be calculated from the proportion of marked
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Table 1. Distribution of colour-ring observations in different areas and seasons.

area observations

1988-89 1989-90

autumn winter spring ~ autumn winter spring ~

1 6 41 47
2 534 534 74 581 655
3 3 4 94 101 49 54 132 235
4 62 128 190 30 196 226
5 16 16 20 40 60

~ 65 4 772 841 179 54 990 1223

For maximum numbers of birds in areas see Fig. 1; for details of seasonal variation of numbers see Ganter (199¥)

birds measured in the flock and the maximum
number of birds in the flock at any point in time.
In an area with an almost constant flock size over
a certain time period this is also the maximum
number of different marked birds that can be ob
served in that time period provided that there is
no exchange of birds with other flocks in other ar
eas. For example, in a flock of 10,000 birds with
1% marked individuals we will be able to observe
a maximum of 100 different marked birds provid
ed there is no immigration and emigration. If the
number of birds in a flock varies over time, the
maximum count will have to be used to calculate
the expected number of different ringed birds
present in the area. A certain error is involved in
counts of large goose flocks; however, repeated
counts of the same flock are usually very consis
tent (Ganter 1992), and counting results can be
considered quite accurate. The use of maximum
rather than mean flock sizes will result in expect
ed numbers of marked birds more likely being too
high than too low.

For the birds that were sighted in Schleswig
Holstein during the course of my study I received
information from The Netherlands on any addi
tional sightings there.

RESULTS

For the analysis of mobility 855 within-season
observation pairs were available, of which 739
were from spring, the remaining 116 from autumn
and winter. All observation pairs within springs
and the locations of both observations of the pairs
are summarized in Table 2. Exchanges of geese
between almost all areas could be observed. In
terms of the degree of mobility detected by the
analysis of observation pairs, Barents Sea breed
ing birds did not differ from Baltic breeders (Ta
ble 3); therefore, the two populations were
grouped in all following analyses. Of all observa
tion pairs in Table 2 (regardless of the time inter
val between the first and second sighting in an ob
servation pair), 16% show movement between ar
eas, 84% remaining in the same area. However,
the longer the interval between the two sightings
of a pair of observations, the greater the propor
tion of birds that have moved between areas
(Fig. 2).

In addition to the paired sightings, 191 birds
in 1989 and 229 birds in 1990 were seen only once
within a spring and therefore do not appear in the
analysis of paired observations. Geese observed
only once occurred even in intensively observed
areas, where they would have had a high prob
ability of being seen again if they had stayed.
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Table 2. Locations of first and second observations in observation pairs (italics: no movement).

Spring 1989 (n=296)
first observation in area

2 3 4 5

second 1
observation 2 206 2 8
III area 3 4 16 4

4 3 4 46
5 2

Spring 1990 (n=443)
first observation in area

2 3 4 5

9 9 2 3 1
5 248 14 11 2

15 41 4 1
12 6 50
4 1 5

••
•

•••••

~ 40o
E 35.s::
:i 30

.~ 25
c..

.Q 20

~ 15

3l 10
.0
o 5
'0
?ft. OL.....:--+-.---:-~---:-~---:--:!-:;---::-;!-:;"""":"±;-:::'±;-:::'*:;-';;::1 d ;;::2d ;;::3d ;;::4d ;;::5d ;;::10d ;;::15d ;;::20d

(739) (673) (622) (562) (503) (312) (199) (140)
interval (n observation pairs)

x2= 0.243 p=0.6223

--_._--.---

Barents Sea birds Baltic birds

observation pairs
without movement 128 488

observation pairs
with movement 28 95

Table 3. Observation pairs with and without move
ment of Barents Sea and Baltic birds (spring only).

There is a significant positive correlation between
the total number of observations in an area and
the number of geese in that area that were seen
only once per spring (n =9, r =0.934, p < 0.001).
Many of these birds may have moved to different
areas or left the study area altogether.

I calculated the expected maximum numbers
of different marked birds for three intensively ob
served areas in a time period when flock sizes in
the areas were constantly high. The numbers of
different marked individuals actually observed in

Fig. 2. Distribution of intervals between observations
in observation pairs with and without movement
(spring only, years pooled).

the three areas were above or close to the upper
95% confidence limit of marked birds maximally
expected under the assumption of no exchange
between areas (Table 4); probably even more dif
ferent ringed birds were present because it was
impossible to identify all ringed individuals in the
large flocks. This strongly suggests that there is a

Table 4. Flock sizes and numbers of ringed birds in three areas in February and March 1990.

Area maximum
number of birds

percentage of marked
birds (95 % conf. int.)

expected maximum
number of different rings
read (95% conf. limits)

different
rings read

2
3
4

27000
7500

12550

0.70% (0.56%-0.84%)
0.54% (0.39%-0.72%)
0.72% (0.61 %-0.83%)

189 (151-226)
40 ( 29- 54)
90 ( 76-104)

219
56

106
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Table 5. Movements within Schleswig-Holstein ill

different seasons (years pooled). 70

60

autumn
spring

southwards northwards

8 6
62 55

X2=0.001 p=0.9801

(/)

(ij 50
OJ
'0
'S: 40
'6
c
:;: 30
o

<ft. 20

10

o o 0.01-0.25 0.26-0.50 0.51-1.00
movements per observation pair

turnover of individual geese in these areas, and
that the composition of the resident flock in each
area changes with time.

Movements of birds among areas could be an
effect of geese tending to move slowly from site
to site in the general direction of the seasonal mi
gration (northwards prior to spring migration,
southward at the end of autumn migration). I per
formed an analysis of all movements recorded

Fig. 3. Distribution of "mobility tendencies" (expla
nation see text) for all geese observed at least four ti
mes (spring only, n=98).

within Schleswig Holstein in autumn and spring
(Table 5); the direction of the movements is inde
pendent of the season.

The tendency to move among areas within a

Table 6. Age and social status of birds seen at least four times.

moved between areas
did not move between areas

1st and 2nd winter

7
10

;;::3rd winter

12
11

single

3
7

paired

13
32

goose area

WPW2 3

ODSH 3

W1R2 2

3

W7RH 1

2

3

Fisher's exact p=0.538 Fisher's exact p=1.000

Fig. 4. Observations of four individual geese 1989-90. Each dot represents one sighting. Arrows represent mini
mum number of movements between areas; dotted lines: bird may have stayed in area. Geographical location of
areas see Fig. 1.
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season may be equal for all geese, or there may be
individual variation. To test this I calculated the
"mobility tendency" for each bird that was seen at
least four times; I chose the cut off point of four
observations because it is the highest number of
observations per individual with a reasonable
sample size (there are too few birds with 5 or
more observations). Mobility tendency is calcu
lated as the number of observed movements over
the number of observation pairs: for a bird seen
five times within a season (four observation
pairs), staying in the same area for all five obser
vations yields a mobility tendency of 0, one
movement between areas yields 0.25, four move
ments yield 1. The distribution of these values
suggests considerable variation in mobility
among birds: 65% of the birds were always ob
served in the same area, while 8% moved in more
than half of the pairs of observations (Fig. 3).
Some birds that stayed in Schleswig Holstein dur
ing winter and for which therefore a long series of
observations could be obtained can illustrate the
extremes in site tenacity and mobility (Fig. 4). All
four of these birds spent the "winter" period in ar
ea 3; this is the only area in Schleswig Holstein
where Barnacle Geese were present in winter
(Ganter 1992). In autumn and spring, two birds
were permanent residents of area 3, while two
others moved repeatedly between other areas. In
an analysis of age and family status (i.e. single vs.
paired) of all birds seen at least four times neither
of these factors can explain the differences in mo
bility between birds (Table 6): old birds and
paired birds move as often as young ones and sin
gle ones do.

In addition to the observations in Schleswig
Holstein there is some evidence for movements of
geese over longer distances within one season
when there were no apparent meteorological rea
sons for a movement. 13 colour-ringed birds were
observed moving repeatedly between Schleswig
Holstein and The Netherlands in spring 1989; in
spring 1990 this was the case for 15 individuals.

DISCUSSION

Among staging Barnacle Geese, many birds ap
pear to be site faithful within seasons, but there
are also individuals that exhibit a tendency to
move among sites. The latter finding is in contrast
to many previous studies showing a high degree
of philopatry in geese at various stages of the an
nual cycle (Raveling 1979, Prevett & MacInnes
1980, Prokosch 1984, Ebbinge 1992), but is consis
tent with the results of Black et al. (1991) and Per
cival (1991) indicating that individual site tenacity
within seasons is not absolute. Large flocks of
staging geese are less static than they may seem:
exchanges of birds between areas occur as indi
viduals and small groups move among the major
flocks (see Ebbinge 1989). In Barnacle Geese
staging in Schleswig-Holstein, these movements
cannot be explained as mere effects of seasonal
large scale migration with individuals moving
unidirectionally from area to area.

The probability of a ringed bird to be identi
fied when present in a particular area varies
among areas, not only because of properties of the
area itself (e.g. size, vegetation height) that make
observations more or less easy, but also because
of unequal observer effort. The spatially and tem
porally uneven distribution of ring readings in my
study does not allow precise quantitative state
ments about movement tendencies. However, this
problem will lead to an under- rather than overes
timation of mobility, because mobile birds that
spend only short time periods in less well ob
served areas will often be missed and leave the ar
eas undetected. In spite of this possible underesti
mation of mobility my analyses show an amount
of exchange among Barnacle Goose flocks that is
larger than expected under the assumption of
overall strong philopatry. To detect the true num
ber of movements, more complete knowledge
about the location of individual birds at every
point in time would be necessary, and require e.g.
radio telemetry.

I showed that some birds use a number of dif
ferent sites over a wide geographical range. To
my knowledge, the only previous study that has
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documented similar large scale movements of
marked individuals within a season was that of
Boyd (1955) using recoveries and recaptures of
metal-ringed Pink footed geese Anser brachy
rhynchus in Great Britain. In metal -ring studies
the information gained on single birds is neces
sarily much smaller than in colour-ring studies, so
Boyd (1955) could not investigate movement pat
terns in greater detail.

In Barnacle Geese I documented large indi
vidual differences in mobility. These differences
appear to be independent of age and pair bond
status of the birds (although my samples were
small). This is contrary to the prediction that
younger and single birds are more mobile while
establishing their own "traditional" site or in
search of a partner. In other goose species Boyd
(1955) and Raveling (1969) found that young birds
are less site faithful than older birds. The differ
ences between studies may result from a different
geographical and temporal scale being investigat
ed or may represent true differences between spe
cies.

In Barnacle Geese, mobility may be influ
enced by factors other than age or status. The dif
ferent patterns of site use I observed could be ex
plained by a competition mechanism with inferior
birds being forced to leave prime areas and domi
nant birds being able to stay at their preferred
sites. This, however, should also be reflected in
the age and status of more mobile vs. more seden
tary birds since old birds generally dominate over
young birds and pairs and families are dominant
over single birds (e.g. Raveling 1969, Black &
Owen 1984). The independence of the moving
tendency from these parameters in my study does
not support the dominance-hierarchy explanation
of individual movement patterns. There may,
however, be criteria other than age or family stat
us that lead to the displacement of birds. Ebbinge
(1992) found that some Brent Geese Branta berni
cla with low body mass did not return to popular
staging sites. My data do not allow the investiga
tion of such alternative mechanisms of competi
tion.

A remaining explanation for the differences in

mobility is that there are strategies that are inher
ently different among birds. Individuals may have
different tolerance limits to environmental factors
such as food supply or disturbance (Gauthreaux
1982) and therefore different thresholds for re
maining in an area vs. leaving it. There may be a
continuum of behavioural patterns of mobility
with the examples presented in Fig. 4 at the outer
limits. In the extremes, sedentary animals are tied
to a specific site as well as to a certain habitat,
whereas mobile animals are tied to habitat only
and flexible in their choice of a site. While seden
tary animals enjoy all the advantages of site fidel
ity, nomadic animals have a greater ability to
react to changes in the habitat and detect and col
onize new sites. In the case of Barnacle Geese liv
ing in a coastal environment that - in its natural
state - is subject to continual change, this coloni
zation ability may be of great importance. On the
spring staging grounds of the Svalbard Barnacle
Goose population, Black et ai. (1991) documented
the colonization of previously unused sites by the
more mobile individuals of the population. Eb
binge (1989) discussed the importance of individ
uals that change sites between seasons for the ex
ploitation of new sites: when large areas of Sali
cornia became available as a new, short term food
source for waterfowl after the embankment of the
Dutch Lauwerszee, Barnacle Geese readily ad
justed and exploited the food source (Van Eerden
1984). The same phenomenon occurred during the
course of my study after the embankment of the
Beltringharder Koog (Area 2). The rapid growth
of the Barents Sea Barnacle Goose population
and other western palearctic goose populations
over the last decades (Madsen 1991) has probably
only been possible because of this potential for
colonization of new feeding areas. Mobility of in
dividuals within seasons as well as between sea
sons enhances this potential.

Future studies of site tenacity and movements
within seasons in other goose populations may be
able to further elucidate mobility strategies and
correlates of individual differences in mobility.
The comparison of fidelity to wintering grounds
and breeding sites would be another interesting



Ganter:SITE TENACITY OF BARNACLE GEESE 239

line of investigation. Furthermore, a reexamina
tion of between winter site fidelity seems desir
able in the light of within winter movements.
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SAMENVATTING

Van de Brandganzen in het kwelder- en poldergebied
nabij de wadden van Sleeswijk-Holstein (Fig. 1) werd
onderzocht in hoeverre individuen binnen seizoenen
gebonden waren aan bepaalde gebieden. De waarne
mingen vonden plaats gedurende twee seizoenen,
1988/89 en 1989/90, van oktober tot april, aan dieren
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die waren voorzien van individuee1 verschillende
k1eurring-combinaties.

In het totaa1 kon ruim 2000 maa1 een Brandgans
geidentificeerd worden (Tabe1 1), en daarbij waren
ruim 700 individuen betrokken. De individuen die
meerdere ma1en werden waargenomen bevonden zich
meesta1 in hetze1fde gebied (Tabe12, Figs 3,4), maar de
kans om het dier in een ander gebied aan te treffen nam
toe naar ge1ang er meer dagen tussen de opeenvo1gende
waarnemingen 1agen (Fig. 2).

De mate van p1aatsgebondenheid b1eek niet te ver
schillen tussen ganzen die afkomstig waren van de Ba
rends Zee en de dieren uit het Ba1tische gebied (Tabe1

3). Bewegingen van groepjes ganzen konden voortdu
rend worden waargenomen in een omvangrijk gebied.
De richting van die bewegingen hielden geen verband
met de be1angrijkste trekrichting in die periode en ver
schi1den niet tussen herfst en voorjaar (Tabe1 5). Deze
bewegingen suggereren dat er uitwisseling tussen de
grote groepen p1aatsvindt van slechts k1eine groepjes
ganzen.

Er b1eken verschillen in de mate van p1aatsgebon
denheid te zijn tussen individuen (Fig. 4), maar dat ver
schi1 was onafhankelijk van 1eeftijd en sociaIe status
(Tabe16).
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