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Abstract In 1995 to 2000, site-fidelity of colour-marked
Nordic greylag geese (Anser anser) was examined during
spring migration in the Rheiderland, an important
stopover site in NW Germany. The results demonstrated
that site fidelity in greylag geese depends very much on
the mating status of the geese. Paired birds showed a
significantly higher site fidelity than unpaired adults.
There was no difference in the length of the roosting
period between the two social groups. The year-to-year
return rate of individuals showed significant differences
in relation to the individual breeding success. Birds with
high numbers of young showed a significantly higher
return rate than birds with low numbers of young.
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Introduction

Every year, greylag geese (Anser anser) migrate along the
North Sea coast to their wintering grounds in Spain.
From there, they start their return migration in Febru-
ary. They stop from March to April in the Netherlands
and along the German North Sea coast, before returning
to their northern breeding grounds in May (Andersson
et al. 2001). Ringleben (1957) reported that “geese and
their offspring use the same roosting sites every year”.
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Based on 8 years of observations of marked greylag
geese at a spring staging site, site-fidelity of individuals
to particular feeding areas has been investigated in
relation to the social status of the focal birds.

Site fidelity, particularly at breeding sites, has been
observed in a variety of waterbirds. Site fidelity has also
been demonstrated for waterfowl on staging sites during
their annual migration. Geese and swans are well known
examples (Greenwood and Harvey 1982), e.g. greylags
on autumn migration (Nilsson and Persson1992) and on
the wintering grounds. Site fidelity has also been noted
for other species, such as the Greenland white-fronted
goose (A. albifrons flavirostris;, Fox et al. 2002),
bean goose (A4. fabalis; Nilsson and Persson 1991),
barnacle goose (Branta leucopsis; Ganter 1994) and
brent goose (B. b. bernicla; Prokosch 1984). Rees and
Bacon (1996) noted high site fidelity in marked Bewick’s
swans (Cygnus bewickii) during the entire winter period.
Unpaired individuals changed sites more often than
paired birds with families. Ganter (1994) found mobile
and sedentary barnacle geese in the Wadden Sea, but
could not discover any social or age dependent patterns.
Marked individuals of Greenland whitefronts stop over
in Iceland on their migration from Greenland to Scot-
land or Ireland. Fox et al. (2002) demonstrated that 90%
of juvenile birds use feeding sites within a circle of 4 km
jointly with their parents and siblings during spring
migration. High site fidelity has been similarly proven
for the pink-footed goose (A4. brachyrhynchus) (Fox et al.
1994). Some studies show that site fidelity is age related
(Wilson et al. 1991; Warren et al. 1992). Using obser-
vations of colour-marked greylag geese from the Ems
estuary (NW Germany), we examined both the site
fidelity of spring staging and possible social mechanisms.

Material and methods

The investigations were carried out in the pasture areas of the
Rheiderland and the Moormerland (Landkreis Leer, Lower Sax-
ony; Fig. 1). The feeding areas of greylags are situated near the
river Ems or close to the Dollard dike, as well as along the larger
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Fig. 1 Study area with ringing
sites of Nordic greylag geese
(Anser anser)

water bodies in the study site area (see Kruckenberg et al. 1996;
Gerdes 2000; Borbach-Jaene et al. 2002). The total size of the area
is about 170 km?.

In the winters of 1994/1995, 1996/1997 and 1997/1998, the
study site was surveyed every second day and all marked birds were
recorded (Kruckenberg et al. 1996; Borbach-Jaene et al. 2001).

Only geese with blue neck collars of the Scandinavian goose
ringing project recorded during spring migration have been in-
cluded in the analyses. The marked birds are all of the north
Norwegian subpopulation.

Whenever feasible, the social status (paired or unpaired) and
the number of offspring were noted for each ringed individual. The
age of the marked birds has been generated from the ringing data.
For birds with unknown year of birth a minimum age of 2 years
has been assumed when ringed as adult.

The site fidelity of the geese to their feeding sites was investi-
gated. Only those birds, which were observed more than 3 times in
the study site (52 individuals, 550 observations) have been taken
into account. The feeding areas of the geese have been included in a
GIS database with precise data on the visited field and the time
frame. The measure for site fidelity was defined by the average of
the distances between locations including all observations of that
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particular individual in a given year. A special GIS-extension tool
(Jenness 2001) has been used. At the same time, the number of days
between sightings and the minimum duration of stay of the geese
has been generated.

The analysis distinguished between juvenile (young birds of the
last season), subadult (2 years) and adult (>2 years). The birds
have also been separated in ‘‘stationary” (always in a very small
area, not more than 4 km?) and “movers” (birds mobile in the
study area) and compared to various different criteria (social status,
age). Additional weekly observations, carried out in the same way
as described above in the period 1998-2002 have been included (in
total 81 individuals, 937 observations).

Results
Site fidelity to feeding areas

Figure 2 shows the average distance between each
observation in regard to social status (n=152) in a box-
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Fig. 2 Distances between observation places during roosting time
at Rheiderland of neck-banded greylags with social status (juvenile
birds = 6, mated adults = 50, unmated adults = 11)

plot demonstration. The results show that unpaired
birds use larger areas than paired geese (Kruskal-Wallis
test P>0,05) or juvenile birds. However, there is no
difference in the mobility of mated adults and juvenile
birds (U-test, P=288) which are roosting together with
their families. There also appears to be no difference in
the mobility between the age structures. Subadult birds
show the highest mobility, but due to the low number of
subadult birds (7= 2) no statistical test could be carried
out.

Duration of stopover

Figure 3 shows the staging duration of the focal indi-
viduals in the study area. The three social groups do not
show any significant differences (Kruskal-Wallis test
P=0.42).

Stationary birds and movers

Figure 4 shows the classification of the stationary and
non-stationary birds. Only birds with more than three
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Fig. 3 Roost duration of neck-banded greylags at Rheiderland
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Fig. 4 Distribution of moving and stationary individuals in social
groups during spring migration roost at Rheiderland

observations have been included in the data set. The
majority of stationary birds are paired adults. Only one
unpaired adult and nine young birds were observed in
this group. This is different for the group of movers: 11
out of 13 movers were unpaired adult birds or subadult.
Only two birds in this category were paired. The dif-
ferences between social status of stationary and mobile
birds are highly significant (32 =70.06, df=3, P<0.001).

Feeding site fidelity depending on age
Figure 5 shows the age classes of stationary and mobile

birds. It is important to note that the age classifications
3, (i.e. 4-10 years or >10 years of age) are often the
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Fig. 5 Age dependent distribution of mobile and stationary
individuals during spring migration roost at Rheiderland
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Fig. 6 Return rates of stationary individuals at Rheiderland

minimum age of the birds, whereas the classifications of
1 and 2-year-old birds show the actual age. No young
bird was found in the mobile group, but 25% of the
mobile birds were 2 years old. 75% of the sedentary
birds were older than 3 years. Differences between both
groups in age are highly significant (n=92, y*=30.38,
df=4, P<0.001).

Site fidelity and rate of re-sighting

Figure 6 shows the return rate of site faithful individuals
between years. Of the adult birds with a high site fidelity
within one season, 34% did not return during another
season. However, 18% returned 1 out of 7 and 6% 2 out
of 7 years. The large majority of 58% returned to their
known feeding areas in more than 3 years.

We also examined whether differences in the breeding
success between those returning only once or twice and
those three and more times are dependent on age. Both
groups have been tested. The differences between both
group are not significantly dependant on age (z-test
P<0.15).

The average number of juveniles of marked birds is
shown in Table 1 for birds differing in their return rates.
The higher the average number of juveniles the more
likely it becomes that the birds return to the study area.
There is a significant difference between the birds staging
one or two seasons in the area and birds with two or
more returns to the site involving juveniles still seen
with their parents in spring (Mann-Whitney U-Test,
P>0.05).

Table 1 Greylag geese (Anser anser). Stationary birds and mean
numbers of young during spring migration

Return rate 1 of 7 2 of 7 3of 7 More than
years years years 3 years
(n=11) n=15) (n=6) (n=238)

Offspring per 0.498 0.532 0.622 0.620

bird and year

Discussion
Biological importance of traditional site use

On spring staging sites of Nordic greylag geese we found
a traditional site use of mated adult greylag geese and
their offspring. Unpaired birds were significantly less site
faithful (Fig. 4), but this was not a result of differences
in staging duration (Fig. 3). Site fidelity of mated birds
on spring migration may cause a higher breeding suc-
cess.

Wild geese carry out long distance migration every
year. In order to acquire the necessary energy levels to
carry out these flights, they need to feed in nutrient rich
feeding areas. Because of the shortness of the arctic
summer, the geese have to optimise their timing of fat-
tening and migration (Madsen 2001). Staging sites dur-
ing spring migration are very important in this respect.
During spring staging, the resources are acquired for
migration, egg laying, breeding and care of young. Small
differences in the acquisition of spring body reserves can
determine success or failure of breeding (Ebbinge 1989).
For successful breeding it is important to optimise en-
ergy acquisition in spring.

Favourable feeding conditions in the wintering areas
increase the breeding success of the female in the fol-
lowing season (Ankey and Maclnnes 1978). Hence it can
be profitable for paired birds, aiming at successful
breeding for the coming summer, to use well-known sites
for feeding. During the first winter, offspring migrate
together with their parents (Bergmann et al. 1994) and it
therefore comes as no surprise that site fidelity of off-
spring is similar to site fidelity of mated (parental) birds.
In the second winter most of the subadult birds migrate
on their own and do not show levels of site fidelity
characteristic of their first winter behaviour (Fig. 5).
They are more mobile and potentially develop their own
knowledge of sites. When reaching breeding age the
birds tend to be more sedentary again. During spring
migration breeding pairs have to optimise their feeding
behaviour. Non-breeders, and young or old birds with-
out partners, may meet different objectives. They can
probably afford to test new feeding areas or even un-
known sites. In this way they may gain individual
experience in preparation for future breeding and ex-
plore new roosting sites at the same time

Dominance and social structure

In geese, families dominate over single birds and big
families dominate over smaller ones (Boyd 1953; Ra-
veling 1970; Lamprecht 1986). Stahl et al. (2001a) con-
firmed similar observations in the brent goose with
larger families dominating over smaller families or over
pairs in spring on salt marshes. Pairs with many young
showed a higher return rate than those with fewer
young. The same has been confirmed for greylag geese in



the Dollard region. A bird is more likely to return to the
same site when more young have been produced. Family
ties can prove to be advantageous when defending
profitable established feeding sites against single birds or
pairs without young. Subdominant birds are pushed
towards suboptimal sites and hence their willingness to
look for other sites may increase (Rees and Bacon 1996).
On a small scale, subdominant birds show more
exploratory behaviour and find new food sources earlier
(Stahl et al. 2001b). These are good reasons for assuming
that subdominant birds also explore new roosting sites
and start new traditions.

Staging site fidelity over many years

In our study, individual greylags which have been ob-
served in the area over many years are seen with more
juveniles in spring than those pairs only observed once
or twice in the study area. There are two possible
explanations. Long-term site-faithful geese have a high
breeding success. They know the area well and occupy
optimal feeding sites. The feeding area has proved to be
a good site for them in preparation for migration and
they return every year. Those birds breeding less suc-
cessfully switch to other areas to improve their spring
feeding opportunities. Pink-footed geese which left
spring staging areas in poor condition changed spring
staging strategy in the next season; birds in good con-
dition were less likely to change (Madsen 2001). So, the
number of the returning geese could be an indirect
measure for the quality of the site for staging and
feeding on spring migration.

The other explanation refers to the successful winter
survival of young geese for the heavily hunted greylag
goose population rather than referring to the breeding
success. Geese with high return rates could also be those
which choose areas with low hunting pressure. In this
case, the return rate of birds is more likely to express the
ability of the parents to avoid predation and protect
their young rather than the quality of the spring feeding
area in terms of forage quality. Those birds using well-
known areas use their site knowledge to avoid predation
and hunting and thus enhance their survival rate (Rob-
ertson and Cooke 1999). The greylag goose “GO01 blue”
provides an example for this hypothesis. Every year it
was seen in the Dutch province “Waterland Oost”,
where goose damage to agricultural fields was prevented
through increased hunting in 1992 (Visbeen and van der
Waal 1997). Since 1993, GO1 has been observed in the
Dollard area. The goose is now returning to this area in
spring ever since (more than 9 years). This shows that
geese keep traditions as long as it is advantageous, but
are able to abandon them when disadvantages start to
prevail.
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