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Abstract

Previous studies on Whooper Swan Cygnus cygnus cygnets hatched in Latvia have
shown that «. 99% leave the country each year to moult elsewhere in their 2nd to 6th
calendar years. To reveal the exact moulting sites, in 2016 ten cygnets were fitted with
91g solar-powered neck-collar-mounted GPS-GSM loggers. Moulting sites were
recorded for four individuals in their 2nd calendar year, and for two of these birds in
their 3rd calendar year; four birds in total. All of these moulted at sites in Russia; one
was in the Republic of Karelia and three were in the Arkhangelsk Region. The mean
average straight-line distance between the hatching and moulting sites was 1,451 km
(range = 1,038-2,524 km). Although the data were less comprehensive, another
tracked swan probably moulted in the western part of the White Sea in the Republic
of Karelia. The conservation of these moulting sites is essential for the Latvian

Whooper Swans to thrive.

Key words: cygnet, distribution, GPS-GSM logger, moulting, neck-collar, non-breeder,
Whooper Swan.
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From some tens of pairs remaining in
northernmost Sweden and Finland in the
early 1950s (Lammi 1983; Svensson et al.
1999), the Fennoscandian Whooper Swan
Cygnus cygnus population has undergone a
spectacular increase, in both range and
numbers. Today the species breeds in all
countries around the Baltic Sea, and the

breeding population numbers ¢ 10,000 pairs
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(Boiko & Kampe-Persson 2010). In Latvia,
the western part of the country has been
recognised as the core breeding area ever
since Whooper Swans were first recorded
nesting there (Boiko & Kampe-Persson
2010). In spite of the rapid growth in the
Baltic States’ population of swans and
increased knowledge about the breeding

distribution, there are still a number of
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230 Latvian Whooper Swans tracked to moulting sites

unknowns regarding birds from that area,
for example, where the birds moult their
wing feathers. All swans, geese and ducks
shed their wing feathers after the breeding
petiod and consequently lose the power of
flight (Salomonsen 1968). The Whooper
Swan moults its wing feathers from late June
to the middle of September and is flightless
for about 5-6 weeks (Dement’ev 1935;
Boiko & Kampe-Persson 2012). Among
wildfowl, breeding birds usually moult their
wing feathers on their breeding grounds
whereas non-breeders moult in summer
congregations. The Whooper Swan matures
slowly and first breeding is usually at 4-6
years old (Einarsson 1996). A high proportion
of the population therefore consists of non-
breeding birds, and about two-thirds of the
population do not attempt to breed each
year (Gardarsson & Skarphédinsson 1984,
Haapanen 1991; Rees ez a/. 1991; Einarsson
1996; Schadilov ez al. 2002; Brazil 2003).
Non-breeders of most swan species
gather in flocks and undergo wing moult
near the breeding grounds (Brazil 2003).
However, Whooper Swans in the Baltic
region do not fit this general pattern. No
mass-moulting sites have been located in
Fennoscandia; only groups of local birds
numbering up to 18 individuals in large mire
complexes have been recorded (Haapanen
1991; Kampe-Persson ef al. 2012 ). Likewise
in the Baltic States, in 2012 only 187
moulting Whooper Swans were counted
(Kampe-Persson ez al. 2012). These groups
represent a tiny proportion of all non-
breeding birds, given that the numbers
breeding in Sweden and Finland now exceeds
10,000 pairs (Viisdnen ez al. 2011; Ottosson
et al. 2012). It is hypothesised that the
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Fennoscandian birds moult in highly
productive wetlands in Russia, most likely in
the Arkhangelsk Region (Boiko & Kampe-
Persson 2012). Evidence for this has been
lacking to date, however, although one bird
colour-marked in Finland was observed
moulting on the Kanin Peninsula (Litvin &
Gurtovaya 2003) and three birds fitted with
neck-collars in Latvia were found moulting
in the Arkhangelsk Region (Boiko & Kampe-
Persson 2012; Kampe-Persson ez al. 2012).

The geographical affinities of migratory
waterfowl and the exchange between flyways
is usually quantified based on ring re-
encounters (Mooij 1997; Ely e al. 2014
Madsen ¢ al. 2014), isotopic signatures
(Fox et al. 2007; van Dijk et al. 2014) or
genetic data (Butkauskas ez 2/ 2012; Ely
et al. 2017). Ringing and isotopic data can
shed light on short-term exchanges, whereas
genetic data usually only detect more
permanent immigrations that led to gene
flow. Although these are all useful methods
for determining the extent of exchange
between flyways, they at most provide
coarse information about when and where
such exchanges happen.

By equipping birds with tracking devices,
a rapidly increasing amount of data are being
gathered on migration routes (Kays e/ al.
2015). Such data have also recently been used
to study migratory connectivity (Ely ez al.
2014; Trierweilet ¢ al. 2014). When birds
from adjacent flyways are followed, their
tracks might indicate areas of flyway ovetlap,
which may be those areas where exchanges
potentially take place. As tracking devices
are costly, sample size often prevents the
observation of actual exchange events, but

the data derived are less prone to bias than
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ringing data, for which reporting rates may
vary spatially (Korner-Nievergelt e7 a/. 2010).

Methods
From 2628 July 2016, ten cygnets, comprising

eight females and two males, from seven
different families, were fitted with solar GPS-
GSM loggers in western Latvia (Table 1).
Cygnets were caught for ringing at the age of
10-11 weeks, which in Latvia they reach
from the middle of July to eatly August. At
this age they were large enough to wear a
neck-collar, but were still flightless.

We used solar-powered GPS-GSM-
loggers developed by the University of
Konstanz and the Max Planck Institute for
Ornithology in Radolfzell, Germany. They
had a mass of 20 g and their dimensions
were 40 X 26 X 15 mm. The devices were
mounted vertically on conventional blue-

coloured Whooper Swan neck-collars.

Dimensions and weight of the collars were:
height 83 mm, inner diameter 57 mm,
thickness of the plastic 3 mm and weight
71 g The total mass of each collar fitted
with a logger therefore was 91 g, which
represented between 1.14-1.21% and 1.01-
1.57% of the total body mass of the males
and females, respectively, in our study. Each
collar had a white alphanumerical code of
four digits which, during normal field
conditions, were readable at a distance of
50-300 m using a 20—-60X telescope.

The loggers were set to collect GPS
coordinates every 15 min as a basic setting
but in reality this rate was only achieved
for very short periods. In the resulting
dataset, intervals between successive GPS
coordinates varied from 15 min to several
weeks. This resulted from variation in
onboard solar power availability and the
ability of the tags to get valid GPS fixes.

Table 1. Ringing/tagging dates, places and sex for 10 Whooper Swan cygnets marked in
Latvia, together with the country and date of the last GPS fix.

Neck-collar  Sex Ringing Ringing site Last signal Country
Nr. date date
9E01 female 28.07.2016 Poparaju pond, Alsunga  22.10.2017  Russia
9E02 female 26.07.2016 Renda 1, Kuldiga 23.08.2016  Latvia
9E03 female 28.07.2016 Poparaju pond, Alsunga  29.08.2019  Russia
9E04 female 26.07.2016 Renda 2, Kuldiga 27.09.2016  Latvia
9E05 female 26.07.2016 Rimzati 4, Kuldiga 06.09.2017  Russia
9E07 female 26.07.2016 Rimzati 5, Kuldiga 29.06.2018  Russia
9E08 male 26.07.2016 Rimzati 4, Kuldiga 01.07.2017  Russia
9E09 female 27.07.2016 Upeslejas, Kuldiga 29.11.2016  Latvia
9E10 female 27.07.2016 Upeslejas, Kuldiga 17.06.2017  Russia
3E00 male 28.07.2016 Piena pond, Kuldiga 02.10.2016  Latvia
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232 Latvian Whooper Swans tracked to moulting sites

Once per day the loggers sent the stored
GPS data via GSM (mobile data network) to
the database www.movebank.org where all
data were stored. In cases of bad or missing
GSM connectivity the data were stored
on the loggers and sent on subsequent
occasions whenever GSM conditions were
more favourable.

Pre-moult, moult and post-moult periods
were defined as 1 May—28 June, 29 June—14
September and 15 September—31 October,
respectively (Boiko & Kampe-Persson 2012).

Results

The GSM updates ceased for four out of
the 10 birds in the autumn of 2016 (Table 1),

which was to be expected considering that

first-year mortality can reach 40% for

Whooper Swan cygnets (Brazil 1983; Boiko
2008) and logger failure may also occur.
Data for the other six birds are given below
(see also Fig. 1). Here we only report on the
pre-moult, moult and post-moult periods,
without describing the stopover areas.
Distances from the hatching to moulting
sites is only given for birds where the precise

location of the moulting site was known.

9E01 female

This bird left Latvia during the pre-moult
period on 25 May 2017. It arrived at its
moulting ground on 09 June 2017, in
the area around Lake Vigozero (63.63°N,
34.65°E) in the Republic of Karelia, Russia.
After the signal was lost there was no
additional information about this bird. The

Figure 1. Moulting sites of Latvian Whooper Swans tagged with GPS-GSM transmitters in summer

2006. Triangles = moulting sites for 2nd year birds (7 = 4); circles = moulting sites for 3rd year birds

(n = 2); this information was detived from four individuals in total of 10 tagged, with a further

two individuals supplying incomplete information about possible moulting sites not shown here.

Approximate catch location is shown with a star.
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straight-line distance from its hatching site
was 1,038 km. The last signal was received
on 22 October 2017.

9E03 female

This bird left Latvia during the pre-moult
period on 25 May 2017. It arrived at the
moulting ground on 3 July 2017 and left it
again on 2 October 2017. In the summer of
2017, this bird moulted northeast of Kelmin
Nos (68.06°N, 53.06°E) in the delta of the
Pechora Rivera, Nenets Autonomous Okrug
in the Arkhangelsk Region of Russia. The
straight-line distance from its hatching site
was 2,008 km.

In 2018 the same bird left Latvia in the
pre-moult period on 27 May 2018. It arrived
at the moulting ground on 25 May 2018
and left it again on 19 October 2018. In
the summer of 2018, this bird moulted
in wetlands 87 km southwest of Karatayka
(68.16°N, 59.55°E), in the
Autonomous Okrug within the Arkhangelsk

Nenets

Region of Russia. The straight-line distance
from its hatching site to the 2018 moulting
site was 2,489 km. The straight-line distance
between the moulting grounds used in 2017
and 2018 was 309 km, with 9E03 moulting
further east in 2018.

In 2019 the bird left Latvia in the pre-
moult period on 18 May 2019. It arrived at
the moulting ground (68.21°N, 59.24°E),
75 km to the west of its 2018 moulting site,
on 25 June 2019. The last signal was received
on 28 May 2019.

9EO05 female

This bird left Latvia during the pre-moult
period on 20 May 2017 and arrived at its
possible moulting ground on 5 June 2017.
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The last signal was taken on 6 September
2017. The exact moulting location therefore
is not known, due to the lack of GPS fixes
during the moult period, but it is most likely
in the western part of the White Sea, north
of Belomorsk, in the Republic of Karelia,
Russia.

9E07 female

This bird left Latvia during the pre-moult
period on 20 May 2017, arrived at the
moulting ground on 25 June 2017, and left
it again on 26 September 2017, having
moulted south of Karatayka at (67.58°N,
61.13°E) in the Nenets Autonomous Okrug,
within the Arkhangelsk Region of Russia.
The straight-line distance from its hatching
site was 2,524 km.

In 2018 this bird left Latvia during the
pre-moult period on 21 May 2018. It arrived
at the moulting ground on 21 June 2018.
In the summer of 2018, this bird moulted
in the Pechora River delta (67.55°N,
53.30°E), in the Nenets Autonomous Okrug
of the the Arkhangelsk Region, Russia. The
straight-line distance from its hatching site
was 2,179 km. The straight-line distance
between moulting grounds of the years 2017
and 2018 was 356 km (westerly direction).
The last signal was received on 29 June 2018.
However between 16 December 2018 and
21 March 2019, reports and photographs
of this bird with an intact neck-collar but
without the transmitter were received from

observers in Germany and Latvia.

9E08 male

This bird left Latvia during the pre-moult
period on 20 May 2017. It arrived at the
moulting ground on 1 July 2017. In the
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summer of 2017 it moulted north of
Nizhnyaya Pesha (66.46°N, 47.46°E) in the
Nenets Autonomous Okrug within the
Arkhangelsk Region of Russia. The last signal
was received on 1 July 2017. The straight-line
distance from the hatching site was 1,885 km.

Swan 9E08 was known to be still alive
in May 2018, when its neck-collar was
reported from Poland during winter 2017/
2018, followed by reports from Latvia in
spring 2018. The transmitter was still in
place at that time, but no signals were being

received.

9E10 female

This bird left Latvia during the pre-moult
period on 25 May 2017. The last signal was
received on 17 June 2017, during the time
of pre-moult migration, in the vicinity of
Yaringa village (64.52°N, 37.49°E), near
Dvinsky Bay on the White Sea in the
Arkhangelsk Region of Russia.

Migration distances and routes for all
individuals during moult migration

The average straight-line distance between
the moulting sites used by the tracked
birds, from east to west, was 1,451 km. The
shortest distance between hatching and
moulting sites was 1,038 km and the longest
was 2,524 km. The directional vector all
birds took (Ze. the four birds, including two
with repeat migrations and two further
birds with less complete information) when
heading towards moulting sites from the
breeding areas was to the northeast. The
average distance from the hatching sites to
the moulting grounds was 1,864 km for the
2nd year birds (7 = 4) and 2,334 km for the
3rd year birds (7 = 2).
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Discussion

During wing moult, waterfowl shed all of
their flight feathers simultanecously, and
cannot fly for some weeks until the flight
feathers have regrown (Salomonsen 1968).
Waterfowl are precocial and nidifugous
species, meaning that their young are mobile
and leave the nest shortly after hatching,
weeks before they can fly. During this
period, the young are accompanied by their
parents, which also cannot fly at that time
as they undergo wing moult soon after
breeding. So, only birds that refrain from
breeding or that fail in their breeding
attempt are free to fly greater distances to
moulting areas (Cramp & Simmons 1977,
Jehl 1990; Aarvak & Oien 2003; Boiko &
Kampe-Persson 2012). In our study, moult
migrations were up to 2,524 km long. It is
generally thought that such moult migrations
take the birds to areas that are relatively safe
and offer good feeding opportunities (Rees
et al. 1997; Brazil 2003).

In a population model of the Whooper
Swan in Finland, the annual growth rate
was estimated at 11% and the percentage
of non-breeders in summer at 70%
(Haapanen 1991). The latter figure is similar
to observations of > 60% of Whooper
Swans in Iceland congregating in non-
breeding flocks in summer (Gardarsson &
Skarphédinsson 1984; Rees e al. 1991;
Einarsson 1996) and 56-73% of Whooper
Swans on the Pechora Delta remaining in
non-breeding flocks in summer (Schadilov
et al. 2002). As the annual growth rate for
Whooper Swans in Latvia averaged 11%
during the years 1980-2009 (Boiko &
Kampe-Persson 2010), the Finnish model
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might be used to estimate the number of
non-breeders in the Latvian population.
Such a calculation gives an increase in the
number of non-breeders from about 750 in
2005 to about 1,200 in 2009. As there never
were more than 85 moulters in total at the
three moulting sites in Latvia, despite
extensive surveys (Boiko 2008), and 187 in
the Baltic States in 2012, these sites were
hosting only a tiny fraction of all the
potential moulting non-breeders. The vast
majority of the birds that left presumably
moulted in Russia. Of the neck-collared
Whooper Swan cygnets hatched in Latvia,
and known to be alive at the beginning of
the moulting season, very few birds moulted
in the Baltic States; only 1.1% (#z = 351) and
1.3% (#n = 521) in their 2nd and 3rd—6th
calendar year, respectively. About 99% of
the swans that hatched in Latvia left the
country to moult elsewhere (Kampe-
Persson ez al. 2012).

None of the Leningrad, Pskov and
Novgorod regions, nor the Republic of
Karelia, had any known moulting sites
for Whooper Swans at the start of the
21st century (Hoklova & Artemjev 2002).
However, it remains possible that moult
sites of minor importance exist in these
parts of Russia as our study showed that at
least one bird moulted in the vicinity of
Lake Vigozero in the Republic of Karelia,
with another possibly moulting in the
western part of White Sea, north of
Belomorsk, in the Republic of Karelia. In
eatlier years, a total of 1,510 Whooper Swans
were found during aerial surveys of the
Murmansk Region in 1975-1977, but the
reports mention only breeding birds and say
nothing about moulting (Bianki 1981; Bianki
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& Shutova 1987). Waterfowl counts along
the eastern coast of the Kola Peninsula in
1978-1979 revealed a total of 24 moulting
Whooper Swans in June (Filchagov &
Tserenkov 1984). The number of moulting
non-breeders may however have been larger
than this at that time, because Brazil (2003)
stated that non-breeders arrived at moulting
sites on the Kola Peninsula mainly in June.
In an area west of the River Mezen and
Mezenskaya Bay, where two of the Latvian
birds were found moulting in our previus
study (Boiko & Kampe-Persson 2012),
420 Whooper Swans were counted during
an aerial survey in 1975-1977 (Bianki &
Shutova 1987). During the same survey 880
swans, probably Whooper Swans, were
found east of River Mezen and around
Cheshskaya Bay. However, it remains
unknown whether all of these birds were
moulting. One of our study birds (this
study) moulted north of Nizhnyaya Pesha
in the Nenets Autonomous Okrug in
the Arkhangelsk Region. Aerial surveys
during the years 1973-1983 in the Nenets
Autonomous Okrug revealed moulting
flocks numbering 20—-150 swans along the
coast, in coastal lowlands and lowlands of
tundra rivers (Mineev 1986). Unfortunately,
there were no efforts to differentiate
between Whooper and Bewick’s Swans
during these surveys. The same applies to
the aerial survey made in 1975-1977, when
a total of 7,600 swans were found east of
Cheshskaya Bay (Bianki & Zhutova 1987).
Little has been reported on the number
of Whooper Swans moulting in the
Malozemelskaya tundra and the Pechora
River delta, but the Whooper Swan does
not regularly moult on the Russky Zavorot
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Peninsula, Kolokolkovskaya Bay and
Korovinskaya Bay, which are to the north of
the Pechora River delta (Mineev 2005).

study birds

at Khaypudyrskaya Bay in the Nenets

Two of our moulted
Autonomous Okrug; one as a 2nd year bird
and one as a 3rd year bird. Interestingly,
both birds changed their moulting sites to/
from the Pechora River delta, where one
bird moulted in its 2nd year and one in its
3td year of life.

Although the picture of the movements
of Latvian Whooper Swans is incomplete, it
is safe to state that a majority of all non-
breeding Latvian Whooper Swans undergo a
migration of > 1,000 km to reach their
moulting grounds. The same very likely
applies to all Whooper Swans around the
Baltic Sea, even though birds from northerly
breeding grounds have a shorter distance to
cover. The four birds found moulting in
Russia during this study might have given a
slightly skewed picture however, because
several studies have found differences
between 2nd calendar year and older birds in
the choice of moulting site (Mineev 1980;
Mineev 2005; Degen & Heinicke 2007). A
4th calendar year bird shot in the Tuymen
Region, east of the Ural Mountains in
September 2010 might be an indication that
older birds moult farther east than 2nd
calendar year individuals (Boiko & Kampe-
Persson 2012). However, it cannot be ruled
out that this individual was dispersing.
Lengthy moult migrations, usually northwards,
are a widespread phenomenon in goose
populations (Owen 1980). Among swans,
on the other hand, most non-breeders
undergo wing moult near the breeding

grounds, and moult migration has only
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been described for the Mute Swan so far
(Salomonsen 1968).

Traditional ringing has sometimes proven
inefficient in mapping the occurrence of a
species, except in areas where animals are
hunted, with either shotgun, net or camera
(Csorg6d ef al. 2009). The same applies
to neck-collaring when birds occur in
inaccessible and sparsely populated areas.
Thus, even though we only have six records
of Whooper Swans fitted with data loggers,
this report provides a first indication of
moult migration in Latvian Whooper Swans.

Telemetry has become a valuable tool for
mapping migration routes as well as sites
for stopover, wintering and moulting,
Moreovert, this study was not the first one to
find moulting sites of a Red-listed waterfowl
species in Russia. Lesser White-fronted
Geese Anser erythropus matked on a staging
area in northern Norway were found
moulting on the Taimyr Peninsula (Aarvak
& Qien 2003; Oien et al. 2009) and Taiga
Bean Geese Awnser fabalis fabalis marked on
spring-staging areas in northern Sweden
were found moulting on Novaya Zemlya
(Nilsson ez al. 2010). To be efficient,
however, this technique has to be combined
with fieldwork in the mapped areas. For
small populations field surveys are the
obvious choice. For that reason, an autumn
staging site of the Fennoscandian Lesser
White-fronted Goose, located on the Kanin
Peninsula in 1995 (Lorentsen e al. 1998),
was visited by field teams in 1996 and 2008
(Tolvanen 1998; Tolvanen ez a/. 2009). Field
surveys are also important for large
populations, especially to obtain data about
habitat use, food choice, local movement

patterns, conservation threats, and other
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relevant information. However, to become
efficient for large populations occurring in
inaccessible and sparsely populated areas,
remote telemetry and field studies must
be combined with aerial surveys. It is
particularly applicable in the case of the
Whooper Swan, because the efficiency of
aerial surveys for that species has proven to
be high (Haapanen & Nilsson 1979). As
there are good reasons to assume that the
main moulting grounds for Whooper Swans
from all countries around the Baltic Sea are
situated in the Arkhangelsk Region, there
ought to be sufficient interest in organising
aerial surveys of the aforementioned areas.
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Photograph: Whooper Swans on migration through Russia, by Ben Cherry.
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Photograph: Whooper Swan adult in flight in Hokkaido, Japan, by Dickie Duckett/FLPA.

Photograph: Whooper Swan adults and juveniles on water in Norway, December 2010, by Etlend
Haarberg/NPL.
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