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Summary

In 2015 and 2016 four Lesser White-fronted Geese (Anser erythropus), a globally threatened
species, were caught and tagged during spring migration representing nearly 10% of the entire
Swedish breeding population at the time. Two of the birds were followed over more than one
season. Tracking data revealed an unexpected wide network of migration corridors and staging
sites. Autumn and spring migration differed by stepping-stone sites and migration speed. So far
unknown key stopover sites were discovered in Denmark, northern Germany, and Sweden. By
using dynamic Brownian bridge movement models, the potential areas that Lesser White-
fronted Geese used during migration are described and conservation implications spotlighted.
This study provides another important piece of the puzzle describing the migration of Lesser
White-fronted Geese in Western Europe.

Introduction

Successful conservation work of migratory birds needs to consider the complete annual cycle and
spatial distribution of the population (Schuster et al. 2019). Use of individual tracking with, for
example, Global Positioning System (GPS) tags, has revolutionised our ability to remotely detect
migration routes (Bridge et al. 2011), key resting sites, and details about how birds utilise sites at
fine spatial scale (Si et al. 2018). Even in small populations, in the spotlight of dedicated
conservationists, studies based on reports of flocks or individually marked birds have the
limitation that recoveries are biased towards already known sites (Fancy 1988). Remote tracking
allows detection even at sites where observers are missing. This is not only an advantage in remote
areas (Zhang et al. 2020), but also where small groups of individuals of special interest are hidden
in large flocks of similar species, making them hard to find.

The Lesser White-fronted Goose (Anser erythropus) is the most threatened goose species of
the northern hemisphere and the western Palearctic (Heredia et al. 1996; Jones et al. 2008). Its
historic breeding distribution included Scandinavia and continued all the way to Chukotka in
eastern Russia. However, during their population decline, most pronounced in 1930-1960, the
species’ distribution was fragmented into three different populations (Jones et al. 2008). These
were mainly delimited by their breeding sites and migration routes: (i) the Fennoscandian
population breeding in northern Sweden, Norway, and Finland; (ii) the western main population
breeding from Yamal to the Taimyr Peninsula; (iii) the eastern main population breeding in the
Russian tundra east of Taimyr (Jones et al. 2008, Morozov 1995, Madsen et al. 1999). During the
twentieth century, the Fennoscandian population suffered dramatic declines to the extent that in
the 1980s only 60-90 breeding pairs remained, including 20 pairs breeding in the Swedish
mountain tundra (Norderhaug and Norderhaug 1984). This decline was mainly explained by
increased mortality, most likely due to increased disturbance levels in the breeding grounds,
habitat degradation in wintering sites in south-east Europe (mainly Hungary and Greece), and
overharvesting during migration (e.g. Madsen et al. 1999). Today, breeding Lesser White-fronted
Geese in Fennoscandia are known from only two distinct areas on high-altitude mountain
tundra, one in northern Norway and another in Swedish Lapland (Staneva and Burfield 2017).

As aresponse to the dwindling population numbers, plans for an ex situ breeding programme
were initiated in Sweden in the late 1970s (von Essen, 1991). From 1981 to 1999, a total of
341 birds were released to reinforce the remnant breeding population in Swedish Lapland
(Andersson and Holmgqvist 2010). The young Lesser White-fronted Geese were released with
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adoptive Barnacle Geese (Branta leucopsis) parents as a measure to
change the population’s migration traditions on to safer routes and
wintering sites. Barnacle Geese used by the programme originated
from a semi-domesticated population that was known to winter in
the Netherlands (von Essen 1991). According to knowledge about
imprinting of geese in the 1970s, the released birds were expected to
follow their foster parents to wintering grounds and the next year
their inherent strong site fidelity would guide them back to the
release sites (Andersson 2019). This objective of this unorthodox
conservation measure was to avoid the high mortality found along
the eastern migration routes (von Essen 1991, 1997, 1999). Reports
of colour-ringed released Lesser White-fronted Geese indicated
that the programme was successful in that the majority of released
birds in Sweden were found wintering in the Netherlands in sub-
sequent years (Mooij et al. 2008).

So far, knowledge about the movements of the reinforced Lesser
White-fronted Goose population breeding in Sweden has mainly
been based on reports of ringed birds and includes evident temporal
gaps (SEPA 2011). We know, for example, that from the breeding
grounds the birds first migrate south along the Baltic coast and use
resting sites near Hudiksvall and Uppsala. Later in September they
were regularly observed in two larger areas in the Netherlands,
where the geese also spent the winter (Koffijberg et al. 2005).
Furthermore, the migration of the reinforced population and pos-
sible impact on migration traditions of other Lesser White-fronted
Geese caused debate even though movements of Swedish birds have
not been known in detail (Marchant and Musgrove 2011, Reinert
2019). Therefore, we initiated the use of GPS tracking, previously
used for the conservation of other Lesser White-fronted Goose
populations (Aarvak and Qien 2003, Lei et al. 2019, Tian et al.
2021). By detailed tracking of Swedish Lesser White-fronted Geese
we aimed to identify the full network of stopover sites used by the
population to provide an overview of site-protection status and
implications for conservation within the EU.

Methods

In 2015 and 2016, we caught four Lesser White-fronted Geese on a
spring stopover site in Hudiksvall, Sweden (61°44’ N / 27°06 E).
Three of the birds were tagged in May 2015, two of which (males
Niklas and John) were tagged with GPS-Global System for Mobile
communication (GSM) transmitters (25 g) (Microwave Ltd), while
one bird (female Nina; paired with Niklas) was tagged with a high-
resolution data logger with ultra-high frequency (UHF) download
(25 g) (e-obs GmbH, Griinwald, Germany) (see Table 1). In May
2016, we recaptured Nina and removed her tag. On the same day,
another female (Hanna) was caught and tagged with a GPS-Gen-
eral Packet Radio Services (GPRS) transmitter (22 g) (madebytheo).
All tags were equipped with solar panels and fixed on the birds as
backpacks with a special Teflon harness (Lameris et al. 2017). Each
tagged bird was observed during autumn migration to verify breed-
ing success.

All data were uploaded to Movebank (www.movebank.org)
(Kays et al. 2022); the tracks were of lengths between 149 days
(Hanna) and almost 5 years (Niklas) (see Table 1). As Niklas and
Nina formed a pair, we used only the data from Nina during 2015/6
to keep data sets independent when both partners were carrying a
transmitter (Table 1). For each year, we divided the data into spring
migration (1 March-1 June) and autumn migration (1 July-
1 October). Note that autumn migration thus included pre- and
post-moult movements. All locations with error estimates >100 m
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were excluded and the resolution was thinned to one location per
hour. The data selection and cleaning was carried out using the
Apps “Filter by Season” and “Thin by Time”, included in the
MoveApps workflow “Migration flyway outlines with dynamic
Brownian Bridge Movement Model (dBBMM)” (Kélzsch et al.
2022). By estimating the length of staging within the breeding area
(June-August), we determined breeding status (26 days incubation,
5-6 weeks brood rearing). Starting moult migration was a clear
indication for none or failed breeding.

For the two migration seasons, we used dynamic dBBMMs to
identify high-density use stopover sites; see “dyn Brownian Bridge”
App in MoveApps workflow (K6lzsch et al. 2022). dBBMM is a
random movement model that estimates time, distance, and
behaviour-dependent random movement between successive pairs
of locations (Horne et al. 2007, Walter et al. 2011). Within the
statistical program R (R Core Team 2021), we used the package
“move” (Kranstauber et al. 2012) to create individual dBBMM:s for
spring and autumn migration (function “brownian.bridge.dyn”, win-
dow.size: 31, margin: 11). The resulting individual Brownian bridge
utility distributions were then combined to one such distribution for
all individuals combined for both spring and autumn migration.
Finally, we calculated contour lines of the combined utility distribu-
tion volumes that indicate minimum areas in which a bird is present
during the considered time period with a certain, user-defined prob-
ability. We selected the probabilities 0.5, 0.95, 0.99, and 0.999
(i.e. 50%, 95%, 99%, and 99.9%) for our analyses. For example, the
contour line of 99.9% shows the area where a Lesser White-fronted
Goose of our population could be found during the respective
migration interval with extremely high certainty.

We manually examined all sites indicated by the 99% and 95%
contour lines and extracted entry and exit timestamps in small-
scale areas of radius <1 km, where birds did not fly (GPS speed <1
m/s) and stayed on the ground. Entry and exit locations were
considered with a temporal uncertainty due to the fixing schedule
of the tags. Staging durations were calculated as difference between
the first and last location in the site for each individual. If several
individuals rested in an area or if the area was used for several years
by one individual, mean durations with standard deviations (SDs)
were calculated.

All sites (including wintering, 1 October-1 March) were char-
acterised as being within or outside a Special Protected Area (SPA),
including the Natura 2000 network, and if the species was listed
(yes/no) as of special concern (https://natura2000.eea.europa.eu).
By scanning project databases (www.geese.org, internal database
Projekt Fjallgas, see, e.g. Liljebéck et al. 2021) for earlier records of
colour-ringed birds and revisiting listed relevant sources below we
determined if the identified site was known to host Lesser White-
fronted Geese.

Sweden: Andersson et al. (2019); https://artfakta.se/artbestamn
ing/taxon/anser-erythropus-100008, reports in national reporting
gateway www.artportalen.se

Germany: Kruckenberg and Kriiger (2013), Mooij and Heinicke
(2008), reports in national reporting gateway www.ornitho.de

The Netherlands: Koffijberg. and van Winden (2013), Koffijberg
et al. (2005), reports in national reporting gateway https://waarne
ming.nl/

Results

All four tracked Lesser White-fronted Geese visited the core breed-
ing area in Swedish Lapland and migrated to winter in the
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Table 1. Technical parameters of tags and analysed data sets.

Number of
analysed
Tag Tag run time GPS Included years  Included years
Bird ID  manufacturer  Tag type Data schedule (days) positions spring autumn
Nina e.obs Data logger25 g 20 minutes 372 days 4466 2015, 2016 2015
Niklas Microwave GPS-GSM 25 g 60 minutes depending on battery 1782 days 6526 2017, 2018 2016, 2017
voltage
John Microwave GPS-GSM 25 g 60 minutes depending on battery 772 days 8222 2015- 2017 2015, 2016
voltage
Hanna madebytheo GPS-GPRS 22 g 15 minutes, 1 hour or 6 hours, 149 days 2232 2016 2016

depending on battery voltage

Netherlands. According to the data, the migration corridor led
along the Swedish east coast, crossing the Baltic Sea, following
the German and Dutch North Sea coast, and arriving at the win-
tering sites in the south-west of the Netherlands. However, diver-
ging parts of the migration trajectory were also identified, which
covered unexpected areas in Denmark and Finland during autumn
and Norway in spring (Figure 1).

The individual and combined dBBMM results (see Figure 2 for
the combined dBBMMs) provided information about the areas
that were consistently used by our tracked birds and the Swedish
breeding population of Lesser White-fronted Geese in general.
The area inside individual contours had a low SD and did not
differ from the combined contours of both migrations (spring:
individual mean + SD: 2,868,800 + 530 km? combined:
2,867,791 km?, Wilcoxon signed-rank test P = 0.22; autumn:
individual mean + SD: 2,811,073 + 858 km’, combined:
2,810,170 km?, Wilcoxon signed-rank test P = 0.50), indicating
that the migration corridors were relatively similar between indi-
viduals and years. However, the combined area was consistently
larger during spring (Wilcoxon signed-rank test P <0.001), which
agrees with the longer migration duration and more numerous
spring stopover sites. In detail, spring migration (Figure 2a) was
initiated by departure from the wintering grounds in the Nether-
lands, followed by non-stop flight either along the North Sea coast
or through inland the Netherlands/Germany to the Danish island
of Lolland (site 9, Figure 2¢, Table 2). This site was not known
before and is of high importance for the population as birds used it
for about four weeks. From this stepping stone, two alternative
routes led the birds north-east, one following the Baltic coast,
including several short stopovers, the other leading non-stop over
inland Sweden. Flocks following the different routes interlaced
south of Stockholm, primarily at Svartdmynningen (site 8). All
birds in all years later visited sites along the coast of the Bothnian
Sea (sites 5 and 6). The last phase of spring migration showed a
high degree of variation in route choice (three clear, up to 230 km
distant paths in spring vs only 1-2 closer paths during other parts
of migration), but all routes re-joined at pre-breeding sites close to
Ammarnds, Batsjaur, and Kaskeloukt (sites 2, 3, and 4). Notably,
one spring migration track led directly to the breeding area (site
1), without any pre-breeding stops, and this led to the only
successful breeding attempt made by one of our tracked birds
(see Table 1, bird John in 2016). Breeding success has been verified
by the length of stay in the breeding area (incubation 26 days plus
brood-rearing), as well as visual observations of the families on
autumn migration.

Pre-moulting flights to the coast of the Bothnian Sea (sites 5 and
6) were included in the autumn migrations. Post-moulting
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Figure 1. GPS fixes of the four tagged wild Lesser White-fronted Geese caught in
Sweden (2014-2019). Colours indicate if the position was retrieved during autumn
migration (red) or spring migration (yellow).

movements to the southern Lake Hjalstaviken (site 7) were initiated
in July or the first days of August for all tracked non-breeding
individuals. Interestingly, the successful breeder in 2016 (see above)
arrived at the coast of the Bothnian Sea (site 5) only one day after
the non-breeders and failed breeders that had moulted there
(Niklas and Nina) left the area.

Autumn migration (Figure 2b) was initiated for all tracked
individuals in all years by leaving Lake Hjalstaviken (site 7). From
there, a single, wider migration corridor leads over south-west
Sweden with only one short stopover detected at Svartamynnin-
gen (site 8). After crossing the Baltic Sea, several birds performed
short stops at various sites in Denmark, northern Germany, and
the Netherlands, and four novel, albeit temporarily used, autumn
stopover sites, Zingst (site 10), Langenwerder (site 11), Ring-
kobing fjord (site 12), and Polder Zeevang (site 17), could be
identified.
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Figure 2. (a, b) Contour lines of combined dynamic Brownian bridge utility distribution volumes of all analysed GPS tracks 2015-2019. (a) Spring migration; (b) autumn migration.
Colours indicate the different contours, i.e. probabilities of finding a Lesser White-fronted Goose from the Swedish population during the respective season in the enclosed/filled
area: red line, 99.9%; yellow area, 99.0%; green area, 95.0%; purple area, 50%. (c) Extracted sites used by Lesser White-fronted Geese with indications of protection status: green, SPA
with Lesser White-fronted Geese included; purple, SPA (partly), but Lesser White-fronted Geese not included; red, non-protected area. See names and details of sites in Table 2.

In the Netherlands, we identified four sites, Driebruggen (site
18), Ridderkerk (site 19) Oudekerk (site 20), and Moerdijk (site 22),
serving as alternative winter roosts to the well-known site Oude
Land van Strijen (site 21) or stepping stones en route north to
Petten (site 16). Furthermore, our analysis confirmed two import-
ant sites in Lower Saxony, Germany, the Lower Elbe in the district
of Stade (site 13) and the Rheiderland (site 14) between the Bay of
Dollart and River Ems.

Important unprotected sites during spring migration are Bits-
jaur, Kaskeloukt, and Hudiksvall, where the latter is most important
due to its long duration of use, also for moulting. Further non-
protected sites are Driebruggen (site 18), Oudekerk (site 20), Rid-
derkerk (site 19), and Moerdijk (site 22) in the Netherlands that are
used temporarily during winter. For five sites in protected areas,
Roden Fed (site 9), Zingst (site 10), Langenwerder (sitel1), Ring-
kobing fjord (site 12), and Polder Zeevang (17), the presence of
Lesser White-fronted Geese was confirmed for the first time
(Table 2). Against this background, it has now been possible to
clarify where the birds had been resting so far in March on their
spring migration. This was previously unknown. In conclusion, of
the 22 identified sites, seven (32%) are not listed as SPAs and
13 (59%) lack Lesser White-fronted Geese in the list of species
prioritised (in 6 of 14 sites). An effective protection regime is
important, especially with regard to threats from hunting or deg-
radation of foraging areas.

During spring migration, the geese spent 8.5 days in unprotected
areas, a total of 41.3 days in fully protected areas (SPAs with Lesser
White-fronted Geese mentioned), and 51 days in SPAs where the
Lesser White-fronted Goose was not a target species. During
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autumn migration, the birds spent a total of 10 days in unprotected
areas, 3.25 days in fully protected areas, and 6.5 days in protected
areas where protection measures for the Lesser White-fronted
Goose had not been defined.

Discussion

We found that Lesser White-fronted Geese breeding in Sweden
roughly follow the expected migration trajectory towards wintering
areas in the Netherlands and Germany. A wide network of sites
used by this highly threatened population was detected, including
five areas until now unknown. The species is of highest priority
within the European Birds Directive and member states are obliged
to take protective measures and install qualified monitoring
(Ssymank et al. 1998). Even so, our results indicate that 32% of
the sites used by Lesser White-fronted Geese are not within SPAs
and in 59% of cases the species is not listed as a priority. Migration
routes of Lesser White-fronted Geese breeding in Norway
(Lorentsen et al. 1998, Aarvak and @ien 2003) and Russia
(Morozov et al. 2015, 2016) have earlier been studied using indi-
vidual tracking revealing crucial information for conservation
(previously unknown routes and wintering sites). Based on our
results, we find little evidence of overlapping distribution with birds
breeding in Norway. Hence, according to our data, the Swedish
population may be viewed as a separate conservation unit with
some weaknesses regarding protection: for example, the Lesser
White-fronted Goose is not listed as a species of special concern
in seven protected areas that they use for staging (cumulative
average duration 57.5 days, comprising 50.5% of spring staging
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Table 2. Sites of Lesser White-fronted Geese identified by our analysis (see Figures 2a and b); ID, name, and country (SE-Sweden, DK-Denmark, DE-Germany, NL-
Netherlands), season and site use, staging duration (mean =+ SD), site protection status according to SPA legislation (see Figure 2c), and an indication if protection
measures in the SPAs are also directed towards Lesser White-fronted Geese. Bold indicates sites where the presence of Lesser White-fronted Geese was previously

unknown. SPA, Special Protected Area.

ID Name Country  Season Staging duration in days (month)  SPA status Species listed in SPA
1 Core breeding area SE Breeding + moult (May-August) SPA Yes
2 Ammarnas SE Spring 6 + 6.1 (May) SPA Yes
3 Batsjaur, Arjeplog SE Spring 1.5 £ 0.5 (May) Unprotected  No
4 Kaskeloukt, Storuman SE Spring 1 (May) Unprotected  No
5 Alnon, Sundsvall SE Spring + pre-moult 13.3 £ 7.5 (May-June), Partly SPA Yes
5.6 £ 6.1 (June)
6 Hudiksvall SE Spring, autumn and moult 6 £ 2.6 (April-May), Unprotected No
65 + 3.4 (June-September)
10 £ 0 (autumn)
7 Lake Hjalstaviken SE Spring and post-moult 24 + 8.7 (August- September) SPA Yes
1+ 0.5 (April)
8 Svartdmynningen Nature Reserve ~ SE Spring 22 + 8.4 (April) SPA No
9 Roden Fed, Lolland DK Spring 29 + 9.2 (March -April) Partly SPA No
10  Zingst DE Autumn 2 + 1 (September-November) Partly SPA No
11 Langenwerder DE Autumn 1+ 0.5 (November) SPA No
12  Ringkobing Fjord DK Autumn 5 + 0.5 (September-October) SPA No
13 Nordkehdingen, Unterelbe DE Autumn 1.5 + 1 (September) Partly SPA
14  Rheiderland, Unterems DE Autumn 2.75 (October) SPA Yes
15  Anjumer Kolken NL Autumn 0.5 4 0.25 (October) SPA Yes
16  Petten NL Winter 6 + 6.8 (February-March) SPA Yes
17  Polder Zeevang Edam NL Autumn <1 (September) SPA No
18  Driebruggen NL Winter =+ 1 (February-March) Unprotected  No
19  Ouderkerk NL Winter =+ 1 (February-March) Unprotected No
20  Ridderkerk NL Winter =+ 1 (February-March) Unprotected  No
21  Oude Land van Strijen NL Winter 166 + 5.4 (September-March) SPA Yes
22 Moerdijk NL Winter 1.8 + 1 (January-March) Unprotected  No

and 32.9% of autumn staging). Conservation measures are there-
fore not aligned with the needs of this species (Table 2).

Based on observer data, two major wintering sites have been
described before and our data show similar spatial focus on these
two sites: Oude Land of Strijen and Petten in the Netherlands
(Cottaar and Brouwer 1998). Our data show support for the sug-
gestion that the earlier important site of Anjumer Kolken in the
Netherlands is nearly abandoned by the population (Koffijberg and
van der Winden 2013). In earlier studies, based on field observa-
tions, many sites have been found to hold Lesser White-fronted
Geese, albeit of unknown origin (Swedish, Norwegian, or Russian),
during winter in the Netherlands (Ouweneel 1998, 2011, Koffijberg
et al. 2005). In the last century, the general trend in winter distri-
bution in the Netherlands has been an increasing focus of reported
Lesser White-fronted Geese towards the two main sites (Koffijberg
and van den Winden 2013). Our data suggest that such conclusions
may, at least partly, be biased by observation effort as our data show
frequent use of other sites. The majority of such sites are found on
the borders of main and, highly protected, wintering areas but also
include five sites used as winter stepping stones (sites 17-20 and
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22 in Table 2; cumulative duration 5.8 days) between Petten and
Oudeland van Strijen. Consequently, based on this new knowledge,
the delineation of already protected areas, as well as the introduc-
tion of new safe sites, may need to be considered by Dutch author-
ities, especially as these areas could be of great importance as
alternative areas in case of disturbances in the core areas.

Prior to this study one important step during spring migration
was highlighted as a fundamental gap in the knowledge of annual
distribution. After flocks left the major wintering sites in the
Netherlands at the end of February or in March, they remained
undetected until mid-April when they reappeared on spring stop-
over sites in Sweden (SEPA 2011). All four transmitted birds used
the same site during spring migration, that is, Roden Fed on Lolland
(Denmark). After our findings, ground-based controls by local
ornithologists indicated that the majority of the population use this
site for several weeks on an annual basis. Consequently, this site is
one of the most important areas for the species within the EU.

Following spring migration tracks to the north, data mostly
confirm the known network of staging sites in Sweden, but with
one important addition, namely Kaskeloukt outside Storuman in
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Visterbotten County (site 4 in Table 2). This region of Sweden
holds few active ornithologists, which may explain the few earlier
records of Lesser White-fronted Geese and highlight the need for
dedicated monitoring of this site in coming years.

Most of the Lesser White-fronted Geese studied here stage in
protected areas during migration. During spring migration, they
spent about 10% of the cumulative staging time in unprotected
areas. However, they spend most of their time in protected areas
which do not provide special concerns regarding the Lesser White-
fronted Goose (50.5%). During autumn migration, the use of
completely unprotected areas even predominates; only 15% of the
cumulative time is spent in protected areas with specific actions for
protecting of the species e.g. in regards to disturbance, hunting or
derogation shooting directly to other goose species. Apart from the
one successful breeder, John in 2016 (see Table 1), all tracked birds
left the breeding area in June to moult in Hudiksvall (site 6, Table 2)
on the coast of the Bothnian Sea. Long-distance movements to
moulting sites during non-breeding years or birds that failed breed-
ing have previously been reported for the Norwegian population
(Lorentsen et al. 1998, @ien and Aarvak 2001). Interestingly, we
could not detect any differences in spring or autumn migration
staging of the male bird John in his failed year (2015) vs his
successful year (2016). We have chosen not to show, or share,
specific coordinates, or detailed information about movements
close to breeding area or moulting sites to avoid potential exposure
of sensitive information as the species is highly vulnerable to
human disturbance (Tian et al. 2021).

We found that migration routes and strategies differ between
spring and autumn for our studied birds, which agrees with findings
from other goose species (Nilsson 2013). Using higher numbers of
sites and longer duration for spring migration compared with
autumn migration have been shown, for example, for Greater
White-fronted Geese (Kolzsch et al. 2016), Bar-headed Geese
(Guo-Gang et al. 2011), and also Lesser White-fronted Geese in
Norway or the Siberian Far East (Aarvak and @ien 2003, Lei et al.
2019). All our tracked birds started autumn migration from the
same site (site 7), which was reached after southbound post-moult
movements. In most years all active transmittered birds left this
important stopover site on the same night or within three days,
indicating coordinated departure of flocks from the site, typically
followed by non-stop flight to the next stopover south of Sweden.
Stepping-stone sites before reaching the winter areas in the Neth-
erlands were detected mainly in northern Germany (sites 10-11 and
13-14) (Table 2), but also in Denmark (site 12). Our tracked birds
used these sites mainly for short-stopping before arrival at the
wintering sites. Earlier and recurrent reports of Lesser White-
fronted Geese at some of these sites suggest usage by other flocks
or that duration of stay can vary between years.

From a species protection perspective mapping all sites used
during migration and wintering is essential for a vulnerable popula-
tion like the Lesser White-fronted Goose in Western Europe. It is
becoming increasingly necessary to assess the risk of birds being
accidentally shot on a site-specific basis. With rapid population
growth of some goose species and increasing conflicts with human
interests (Buij ef al. 2017), some stakeholders have called for increased
hunting pressure on common goose species. However, Lesser White-
fronted Geese using more easterly migration routes are now known to
be at high risk of being accidentally killed by the hunting of other
goose species (Jones et al. 2008), especially with regard to Greater
White-fronted Geese (Anser albifrons). Due to changes in policy
regarding goose-related agricultural damage, protection status has
been relaxed for many goose species in Western Europe. As a
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consequence, in many areas along the migration route culling of
Greater White-fronted Geese is allowed, either during an open season
or under a legal framework allowing shooting to prevent crop dam-
age. The “look-alike dilemma” is a common and widely acknow-
ledged challenge for goose management and conservation within
Western Europe (Madsen et al. 2015).

We find little evidence of spatial overlap with migration routes
described for Lesser White-fronted Geese breeding in Norway and
Russia, migrating from northern Norway via Estonia to Hungary and
Greece (Aarvak and @ien 2003, Morozov et al. 2015, 2016), suggest-
ing low intermixing with other populations. Geographical isolation
has been suggested to, at least partly, explain low intrinsic, genetic
variation and a population-specific genetic profile of the Swedish
breeding Lesser White-fronted Geese (Diez-del-Molino et al. 2020).
In contrast, Norwegian and Russian breeders show clear intermixing
and common genetic variation, which may be explained by the
regular exchange of males between the two populations (Ruokonen
et al. 2010). Consequently, our findings in combination with genetic
differences (Diez-del-Molino et al. 2020), suggests that the Swedish
breeding population can be viewed as a separate conservation unit.

We concur with earlier statements that tracking data deliver vital
information for conservation and management for migratory popu-
lations (Lei et al. 2019, Zhang et al. 2020). In order to maintain a
positive population growth rate, reinforcements with captive-bred
Lesser White-fronted Geese to the Swedish breeding population need
to continue as long as population recovery is restrained by high adult
mortality and/or low reproductive output in the wild (Schekkerman
and Koffijberg 2020). Releasing captive birds to reinforce goose
populations may potentially lead, at least temporally, to increased
spatial variation (Meyburg et al. 2017, Mini et al. 2013). However
migration may also change rapidly in geese independently of con-
servation interventions (Eichhorn et al. 2009, Ramo et al. 2015). For
example, Greylag Geese Anser anser in Sweden have dramatically
changed wintering and migration traditions within generations
(Mansson et al. 2022), and Barnacle Geese adjust wintering range
in response to late changes in climate and habitat (Tombre et al.
2019). Consequently, our study delivers an adequate basis for site
protection for one of the EU’s most endangered bird populations
(BirdLife International 2022). However, considering the dynamic
nature of migration routes and putative increased dispersal following
continuous reinforcements, we advocate future tracking studies in
this population. We expect that sites, not detected in our data, may be
used by the population or become recolonised in the near future.
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