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Abstract

Arctic birds migrating southwards face a multitude of challenges such as habitat loss, pollution, overexploitation of food
resources and climate change impacts. Long-tailed Duck winter populations in the Baltic Sea have declined in recent decades.
However, precise spatial data are lacking, especially from males. Thus, we aimed to identify the wintering grounds, timing
of migration and stopover sites of males and females. We studied spatiotemporal distribution patterns of eight male and
five female Long-tailed Ducks using implanted ARGOS satellite transmitters. Birds were tagged in the breeding season on
Kolguev Island, Russia. After the breeding period, Long-tailed Ducks from Kolguev used three main post-breeding areas:
most males undertook long distance eastward post-breeding migration to areas around the Yamal and Gydan peninsulas,
while one male and four females moved short to the southeast coast of Kolguev, and one female moved to Mezhdusharsky
Island in the Novaya Zemlya Archipelago. Autumn migration included stopover sites in the White Sea, Lake Ladoga, the
Gulf of Finland and the Gulf of Riga, and all birds except one spent the winter in the southern part of the Baltic Sea, from
the Pomeranian coast and Hoburgs bank to the Gulf of Finland. Only one female stayed in the White Sea for the winter. All
but one bird used the White Sea as a stopover site in May, suggesting that this area is of special importance.
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Introduction

Animals carry out regular annual migration movements in
response to temporal fluctuations in resource availability
during the annual cycle (Alerstam et al. 2003; Dingle and
Drake 2007). Seasonal environments often provide rich
foraging grounds for parts of the year but may become
inhospitable at other times. The high Arctic tundra is such
a habitat, where the ice-free season is short, and meltwater
feeds numerous freshwater lakes (e.g. Smith et al. 2007),
in which an intense growth and reproduction of inverte-
brates takes place. The Arctic thus provides a short but
very rich food peak to birds that exploit these habitats.
However, during most of the year, the lakes are frozen and
thus, the food is not accessible, forcing animals to migrate
to wintering sites at lower latitudes. Migration multiplies
the threats that animals face as they rely on different sites
across the annual cycle (Wilcove and Wikelski 2008; Vick-
ery et al. 2014).

Sea ducks are among the migrant birds that move
between breeding areas in the Arctic tundra, and mostly
marine wintering areas at lower latitudes. Like many
migratory birds, mammals, fish, and invertebrates that
experienced population declines in recent decades (Wil-
cove and Wikelski 2008), this is also the case with many
sea duck populations (Austin et al. 2014). In sea ducks,
climate change has led to alterations of both the breeding
and wintering grounds: As the Arctic warms faster than
other latitudes, ecosystem changes affect biological com-
munities, biodiversity, and aquatic food web structure and
possibly, the breeding success of sea ducks that depend on
the aquatic food web for reproduction (Wrona et al. 2006;
Fox et al. 2015). Outside the breeding season, sea ducks
move to marine and aquatic habitats, where they spend the
winter and energetically demanding periods such as moult
(Savard and Petersen 2015). Here, they face a multitude of
challenges such as habitat loss, pollution, overexploitation
of food resources, and climate change impacts. However,
for many populations, key sites in their annual cycle are
not known. Better knowledge of annual movements and
important sites can help to better understand the drivers
behind population declines.

Long-tailed Ducks Clangula hyemalis, have a circum-
polar distribution (North America, Greenland, Iceland,
Fennoscandia, and Russia) and breed in tundra habitats of
the high Arctic and the arctic-alpine zone. The breeding
biology in the Russian part of its range has been reviewed
recently (Loshchagina et al. 2019; Sokolov et al. 2019).
Across the breeding range, Long-tailed Ducks breed from
late May, and most males leave the females soon after the
start of incubation, in late June or July to gather in moult-
ing flocks. While the males of some populations carry out

@ Springer

extensive post-breeding migrations for moulting sites, oth-
ers moult on waters near the breeding grounds. Females
mostly moult in August and September on or close to the
breeding grounds (Petersen and Savard 2015; Savard and
Petersen 2015). After the post-breeding moult, both males
and females migrate south and winter at sea, generally far
offshore in waters 10-35 m deep, as well as in brackish
estuarine waters and lagoons or more rarely, on inland
lakes (del Hoyo et al. 1992).

The diet in the breeding season consists of freshwater
plankton and benthos, such as crustaceans, molluscs and
insect larvae. In the non-breeding period, the diet consists
of various benthic invertebrates and fish usually caught at
depths of 5-25 m (del Hoyo et al. 1992; Zydelis and Rich-
man 2015).

In the present study, we followed the migration of Long-
tailed Ducks, a species which has undergone declines in
Europe (Skov et al. 2011) and North America (Dickson
and Gilchrist 2002; Bowman et al. 2015). The Long-tailed
Duck winter population in the Baltic Sea, where most of the
western Siberian and northern European populations winter,
has declined by 65% between 1992 and 1993 (c.4,272,000
individuals) and 2007-2009 (c.1,486,000 individuals; Skov
et al. 2011; Heldbjerg et al. 2020). A variety of environmen-
tal pressures both in the breeding and non-breeding areas
could have contributed to these declines (Hearn et al. 2015).
Possible drivers of the decline include unsustainable mor-
tality levels in the non-breeding areas from gillnet fisher-
ies bycatch (Bellebaum et al. 2013; Zydelis et al. 2013), as
well as a severe decline in breeding success in recent years
(Hearn et al. 2015). The latter is not fully understood, and
further research will need to target both changes in Arctic
breeding ecosystems and possible carry-over effects from
changes in food availability in the wintering area (Hario
et al. 2009; Skabeikis et al. 2019).

The Long-tailed Duck population breeding in western
Siberia and northern Europe is the most numerous popula-
tion (1.6 Mio. birds) compared to the populations in Iceland
and Greenland (100,000-150,000), eastern Siberia (0.5-1
Mio.) and North America (1 Mio., Wetlands International
2021). Approximately 90% of this Long-tailed Duck popula-
tion winter in the Baltic Sea (Skov et al. 2011). In a recent
tracking study using light-level geolocators, 18 of 19 female
Long-tailed Ducks breeding at Kolguev Island in the south-
eastern Barents Sea spent their winter in the Baltic Sea and
one bird in the White Sea (Karwinkel et al. 2020). Females
were selected for that study because they are faithful to the
breeding ground and can be recaptured to remove data log-
gers. This is not the case in males. Long-tailed Ducks usu-
ally pair in the wintering grounds and on spring migration.
Subsequently, males follow their partner to the breeding area
(Glutz and Bauer 1992). Therefore, a different method not
requiring recapture had to be employed in the present study
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focussing on a comparison of male and female Long-tailed
Ducks. In Long-tailed Ducks, males usually leave the breed-
ing sites soon after the start of incubation. Therefore, males
and females are expected to differ in their annual move-
ments, and this could have important implications in terms
of understanding population connectivity and trends.

We thus studied the distribution patterns of Long-tailed
Ducks using implanted ARGOS satellite transmitters. The
birds were tagged on the breeding grounds of Kolguev
Island, Russia, and followed throughout the annual cycle.
We aimed to identify the moult and winter distribution, as
these two seasons present important periods in the annual
cycle that may determine survival and breeding propensity.
Specifically, we aimed to analyse the core areas used during
moult and winter as well as important sites along the flyway
for male Long-tailed Ducks and compare them to females.

Methods
Study site and fieldwork

Kolguev Island (69.16°N, 48.90°E) in the Barents Sea is part
of the Nenets Autonomous District. This large island (5020
km?) is located 72 km off the mainland across the Pomor
Strait and is dominated by a slightly hummocky moss-lichen
tundra with small meltwater lakes in the centre of the island
(Kruckenberg et al. 2012). Most of the lakes on the island
are shallow thermokarst lakes that freeze to the bottom in
winter. There are also deeper glacial lakes with sandy shores
in the higher part of the island (Koreisha 2000). The Long-
tailed Duck is a common breeding bird here (Glazov et al.
2021). During the breeding season 2019, 14 Long-tailed
Ducks (five females and nine males) were equipped with
ARGOS satellite transmitters (platform transmitter termi-
nals, PTTs). The birds were captured in the interior of Kol-
guev Island in June 2019 (Online Resource 1: Table S1) with
mist nets erected between small lakes and gillnets located in
the tundra lakes with constant monitoring. Individuals were
selected for transmitter implantation based on body mass,
good health, and the condition that transmitter represents
max. ca. 5% of body mass. This transmitter mass is at the
upper end of transmitters used for birds, as Phillips et al.
(2003) indicated that a transmitter mass equivalent to 3% of
body mass is the tipping point for increased trip durations
and/or nest desertions. A recent analysis of implanted trans-
mitters (Lamb et al. 2020) has shown an effect of similar
implants on the timing of movements in Long-tailed Ducks
shortly after the implantation (carried out in winter), affect-
ing the first migration (i.e. spring migration in case of the
winter deployed birds), resulting in a later and faster migra-
tion. However, the timing and duration of autumn migrations
were not affected. In our study, implant surgery was carried

out in the breeding season and thus, may have affected the
first migration (post-breeding migration), and possibly the
autumn migration while effects would be less likely on the
subsequent spring migration.

Transmitters were implanted in the abdominal cavity
under anaesthesia by an experienced wildlife veterinar-
ian (Korschgen et al. 1996; Spiegel et al. 2017). For some
females the transmitters represented up to 5.4% of body
weight, as they have smaller body size than males. We used
implantable PTTs weighing 26 g, manufactured by Micro-
wave Telemetry, Inc. (Maryland, USA). Transmitters were
potted for pressure resistance and programmed using duty
cycles of 3—6 transmission hours and 72 h intervals between
transmissions.

We documented post-implantation behaviour. As all cap-
tured birds were territorial and had their own territories,
they would intend to get back to their breeding ponds as
soon as they could. Territorial behaviour was determined
by observation, when males defended females from other
males or females in the pond or pond system. Females were
not aggressive, but they did not move to other lakes. After
implantation, all birds were released 1-2 km away from cap-
ture place to a pond (recovery pond) close to the surgery
location with no territorial Long-tailed Ducks. To determine
the duration of altered behaviour following instrumentation,
we monitored the “recovery pond” 2—3 times a day to record
behaviour and presence of birds in the pond. Behaviour of
post release birds was variable: after implantation, birds
tended to not fly, but rest on shore of the pond, and actively
preen. Also passive feeding was observed. We determined
the exact location of each instrumented bird according to
their different plumage characteristics and antennas of PTT.
Furthermore, we considered that a bird was exhibiting “nor-
mal” behaviour, when it was observed actively feeding, div-
ing for food and spent most of its time in water or at the
shore of the capture pond and behaving territorial and/or
aggressive towards conspecifics. Survival was monitored
during the 14 days period post surgery (Esler et al. 2000).

Definition of terms and seasons:

We characterised six periods within the annual cycle of the
species, based on longitudinal information (Karwinkel et al.
2020, Fig. 1, Online Resource 2: Fig. S1).

The breeding stage was defined as the time in which the
transmitter data from each instrumented bird did not show a
change in longitudinal values. The post-breeding migration
was the first directional movement away from the breeding
site to a post-breeding staging site. This ended when the
bird started autumn migration, which was defined by a rapid
change in longitudinal values, and a movement past Kolguev
into more westerly waters. Autumn stopovers were defined
as periods of at least 6 h without longitudinal changes within
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Fig. 1 Overview and stages in the annual cycle. Overview map and example of migration pattern of a male Long-tailed Duck from Kolguev
Island, Russia. Example for the assignment of the breeding season phases of tracked Long-tailed Ducks, according to longitudinal data

the migration stage. Autumn migration stopped and the
wintering stage began when data on longitudes remained
constant again. Subsequently, the onset of spring migration
was noted as a further rapid change in longitudinal values
and defined the end of the wintering stage. Spring stopovers
were defined as periods of at least 6 h without longitudi-
nal changes within the migration stage. Spring migration
stopped when longitudinal values showed constancy again.
The period following the spring migration was defined as
second breeding stage. For all stages, we manually assigned
the start and end dates.

Arrival and stopover times may be affected by gaps in the
data due to transmission cycles. Since gaps were 72 h long,
this method may detect migratory departures or arrivals with
a 1-3-day delay, and the duration of short stopovers would
be especially affected. If these are only recorded in a single
transmission cycle, a range of stopover durations would be
possible due to the 72 h intervals between transmissions.
We thus provided the observed stopover durations, as well
as maximum stopover durations.

@ Springer

Data analyses

Data were filtered to reduce noise produced by location fixes
with low or unknown accuracy. Filtering was conducted in
two steps. First, the Douglas filter in Movebank was applied
(see https://www.movebank.org/cms/movebank-content/
argos-data-filters). Secondly, any remaining obvious outli-
ers (n=2) were removed from the dataset.

After filtering, 8,121 positions were left for further analy-
sis, of which 20% (n=1652) were categorised in the high-
quality location classes 3—1 (Online Resource 1: Table S2).
From one transmitter (ES033725) we only received positions
from the vicinity of the breeding area for about one month
(Online Resource 1: Table S1 and S2). This bird was there-
fore not included in the analyses. To homogenise the data,
mean daily positions were calculated and used in further
analyses.

We used ArcGISv.10.2.2. (ESRI 2012) to map migra-
tory patterns and longitude plots to quantify migration
movements. Autumn migration was calculated from the
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first day of departure from the post-breeding site to the
first day at the autumn stopover site. For mapping of
migratory pathways, we used all positions while birds
were on migration, and to characterise the use of stopover
sites, we selected the first position after arrival and the
last position before departure, respectively, in the cor-
responding area.

We used a North Pole Azimuthal Equidistant projec-
tion to calculate distances. Migration distances are given
as minimum estimates assuming straight flight paths
between consecutive ARGOS positions. We calculated
distances to breeding and wintering sites by summing the
length of vectors created from point to point of the PTT
transmissions between the first day of departure from the
wintering or spring stopover site and the first day at the
breeding site.

To estimate home ranges and core areas, we calculated
95% and 50% kernel densities using the adehabitatHR
package v0.4.18 (Calenge 2020) in R. We estimated 95%
and 50% kernel densities for post-breeding and winter
areas with ad hoc adjustments of bandwidth, in order to
meet the criteria of a contiguous rather than disjoint poly-
gon that contained no lacuna within the home range (Kie
2013). Additionally, 95% and 50% kernel densities with
href bandwidth and MCP are provided (Online Resource
1: Table S3). We used only data from individuals that cov-
ered a full season (arrival date until departure date) and
only one position per day to avoid overrepresentation of
some intervals. We used the 50% kernel density contour
to identify core habitat use. To calculate sizes of home
ranges and core areas in km? we projected the shapefile
into North Pole Lambert Equal Area projection.

Results
Post-surgery phase in the breeding area

None of the instrumented ducks were lost during the
14 days period post surgery. One male was predated by a
Glaucous gull Larus hyperboreus on the 29th day post-
surgery. Transmitter masses varied from 4.0% to 5.4%
of body mass, with average of 4.7 +0.3% and 5.2+0.2%
for males and females, respectively. Instrumented birds
spent from 2 h to 54 h after surgery in the recovery pond,
and this time did not differ between males (on average
32+ 14 h) and females (34 + 19 h). The number of days
after surgery when birds returned to their breeding ponds
and started to behave normally ranged from one day to
three days, with an average of 1.8 days in both males and
females (Online Resource 1: Table S4).

Data output

We obtained data from 13 Long-tailed Ducks to ana-
lyse, including five females and eight males. Of these, we
received PTTs transmission for 104—408 days (females:
114-403 days, males 104—408 days). Males and females did
not differ in median PTT transmission duration (females:
369 days, males 356 days, Kruskal-Wallis chi-square test:
7$=0.086, df=1, p=0.770). All 13 birds reached the post-
breeding or moult sites, but transmissions stopped for one
male in September, at the northern coast of the Yamal Pen-
insula (ES033717). Autumn migration was thus observed
for 12 animals (five females and seven males). The trans-
missions of three birds stopped in October 2019, shortly
after their autumn migration was concluded, in Lake
Ladoga (female ES033718) and the Gulf of Finland (female
ES030061 and male ES033719). Three females and six
males transmitted after reaching the winter sites. Of these,
five males and three females transmitted throughout the
winter, while one male (ES033715) transmitted in February
2020 for the last time. Of the remaining five males and three
females, one PTT failed at the end of the spring migration
(male ES033721), and thus, four males and three females
reached a second breeding stage in May/June 2020 (Online
Resource 1: Table S1).

Post-breeding migration and moult

Male Long-tailed Ducks started their movements away from
Kolguev Island in late June/early July, before the beginning
of flight feather moult. Most of them performed a long dis-
tance eastward migration to their post-breeding and moult-
ing sites (Fig. 2, Table 1). Females left the breeding area
significantly later than males and moved a shorter distance
to their nearby post-breeding staging areas (Fig. 2, Table 1).
All males except one left the breeding area between 30 June
and 16 July 2019, while the females stayed in the breeding
area either until late July/early August (n=2), leaving Kol-
guev just before moulting period, or until early September
(n=3), when wing feather moult is completed (Table 1).
We observed three main post-breeding areas: All except
one male headed east for post-breeding/moulting areas
around the Yamal and Gydan peninsulas, which they reached
after 8—28 days (Table 1, Fig. 2). One male (ES033722) and
most females stayed in freshwater lakes of Kolguev for moult
and then moved to the southeast coast of Kolguev, arriving
within 1-3 days. Finally, one female moved to Mezhdushar-
sky Island in the Novaya Zemlya Archipelago (Fig. 2). The
distance from the breeding site to the post-breeding sites at
the southeast coast of Kolguev was 36—46 km, to Mezhdu-
sharsky Island ca. 260 km and to post-breeding areas around
the Yamal and Gydan peninsulas 960—1300 km (Table 1).
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Fig.2 Post-breeding stage. Areas used by Long-tailed Ducks from
Kolguev Island, Russia, during the post-breeding stage: a Overview
map with positions of males (blue) and females (red), b Post-breeding
home ranges of four females and one male on the coast of Kolguev

Accordingly, the duration of the post-breeding migra-
tion was also shorter in females that moved to nearby sites
than in males that moved further away (Table 1). The dura-
tion of post-breeding staging was 14-77 days (median
41 days) for females, with the two females that moved
early from the breeding area reaching the longest stay (64
and 77 days), compared to the females that moved in Sep-
tember (14—41 days). The duration of post-breeding stag-
ing amounted to 41-87 days (median 75 days) for males.
The shortest staging time in males was observed in male
ES033722 that stayed 41 days at the southeast coast of Kol-
guev. The birds that moved to post-breeding areas around
the Yamal and Gydan peninsulas were more mobile and
had much larger core areas and home ranges than birds that
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Island, ¢ Post-breeding home ranges of one female on the coast of
Mezhdusharsky Island (Novaya Zemlya), and d post-breeding home
ranges of seven males close to the Yamal and Gydan peninsulas.
(Color figure online)

stayed close to Kolguev (Table 1). This especially applied
for two males (ES033713 and ES033727) that spent the first
part of the post-breeding period on the coasts of the Gydan
Peninsula or nearby islands, but then moved to the west-
ern coast of the Yamal Peninsula on 21 and 26 September,
respectively (Fig. 2).

Autumn migration and autumn stopovers

Though females Long-tailed Ducks arrived later at their
post-breeding sites, the shorter duration compensated for
this, and the timing of the onset of autumn migration was
similar in males and females, ranging from 24 September to
13 October (Table 2). Male Long-tailed Ducks had longer
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Table 1 Post-breeding stage

Ring LP breeding  Duration Distance FP post- LP post- Duration Area of the Home range
site post-breeding moved (km)  breeding site  breeding site  post-breeding core area (core area) of
migration stage (days)  during the the post-breed-
(days) post-breeding  ing stage (km?)
stage
Females
ES030024 07/09/2019 <3 41.1 10/09/2019 21/10/2019 41 SE coast of 97.7 (26.8)
Kolguev
Island
ES030061 05/09/2019 <3 40.6 08/09/2019 04/10/2019 26 SE coast of 53.5(15.7)
Kolguev
Island
ES033714 07/08/2019 <3 257.5 10/08/2019 13/10/2019 64 coast of 114.0 (21.5)
Mezhdush-
arsky Island
(Novaya
Zemlya)
ES033718 07/09/2019 <3 41.7 10/09/2019 24/09/2019 14 SE coast of 71.9 (18.2)
Kolguev
Island
ES033724 25/07/2019 <3 45.6 28/07/2019 13/10/2019 71 SE coast of 74.1 (19.3)
Kolguev
Island
Males
ES033713 06/07/2019 19 1279.3 25/07/2019 04/10/2019 71 coast of Neu-  6450.7 (725.8)
pokoyeva
Island (N
of Gydan
Peninsula)
ES033715 11/07/2019 13 1012.2 24/07/2019 13/10/2019 81 NE coast 2760.6 (253.1)
of Yamal
Peninsula
ES033717 07/07/2019 16 1153.6 23/07/2019 - - NE coast 2350.3 (583.4)
of Yamal
Peninsula
ES033719 16/07/2019 28 1297.1 13/08/2019 02/10/2019 50 Gydan Bay 4021.8 (1076.5)
ES033721 30/06/2019 16 1233.1 16/07/2019 06/10/2019 82 Ob Bay / East 3159.8 (903.9)
Yamal coast
ES033722 21/08/2019 0 36.1 21/08/2019 01/10/2019 41 SE coast of 59.8 (15.7)
Kolguev
Island
ES033723 10/07/2019 8 960.6 18/07/2019 05/10/2019 79 NE coast 3017.6 (792.8)
of Yamal
Peninsula
ES033727 10/07/2019 8 1179.7 18/07/2019 13/10/2019 87 Gydan Bay 7586.2 (1365.4)
Wilcoxon W=38, Ww=5, Ww=5, W=36, w=21.5, w=55, W=4,
rank sum P=0.010 P=0.029 P=0.034 P=0.022 P=0.562 P=0.061 P=0.023,
test (males (W=4,
vs. females) P=0.028)

Parameters of the post-breeding stage of Long-tailed Ducks from Kolguev Island, Russia, and statistical comparison of males and females.
Migration distances are given as minimum estimates assuming straight flight paths between consecutive ARGOS positions. Wilcoxon rank sum
tests were used to test for differences between the sexes. Significant differences are marked bold

FP First position, LP Last position

autumn migrations (i.e. the track from the post-breeding  (Table 2). During autumn migration, females travelled
area to the autumn stopover sites) than females but reached 620-1946 km and males 1500-2820 km (Table 2). The
similar autumn stopover sites at the same time as females  travel speeds varied in the range of 148—-649 km per day.
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Table 2 Autumn migration and stopovers

Ring Start of Duration Distance Travel speed FP autumn LP autumn Duration Area of autumn
migration autumn moved (km)  (km/day) stopover stopover of autumn stopover
migration stopover:
(days) days observed
(maximum)
Females
ES030024 21/10/2019 800.5 266.8 24/10/2019 24/10/2019 1 (max. 5) White Sea
ES030061 04/10/2019 1601.6 5339 07/10/2019 16/10/2019 9 (max. 13) Gulf of Finland
ES033714 13/10/2019 1946.1 648.7 16/10/2019 28/10/2019 12 (max. 16)  Outer Gulf of
Riga
ES033718 24/09/2019 6 1258.0 209.7 30/09/2019 - - Lake Ladoga
ES033724 13/10/2019 6 623.5 103.9 19/10/2019 03/11/2019 15 (max. 19)  White Sea
Males
ES033713 04/10/2019 6 2290.5 381.8 10/10/2019 27/10/2019 17 (max. 24)  Narva Bay, Gulf
of Riga
ES033715 13/10/2019 10 2528.0 252.8 23/10/2019 26/10/2019 3 (max. 13) Gulf of Finland
ES033719 02/10/2019 19 2820.5 148.4 21/10/2019 - - Outer Gulf of
Riga
ES033721 06/10/2019 13 2709.6 208.4 19/10/2019 01/11/2019 13 (max. 21)  Outer Gulf of
Riga
ES033722 01/10/2019 7 1506.1 215.2 08/10/2019 01/12/2019 54 (max. 61)  Narva Bay
ES033723 05/10/2019 5 2742.2 548.4 10/10/2019 13/10/2019 3 (max. 7) Gulf of Riga
ES033727 13/10/2019 6 2452.3 408.7 19/10/2019 03/11/2019 15 (max. 19)  Gulf of Finland
Wilcoxon W=21.5, W=4, W=2, W=19, W=14, W=9.5, W=17.5,
rank sum P=0.562 P=0.030 P=0.014 P=0.871 P=0.623 P=0.669 P=0.391

test (males
vs. females)

Parameters of autumn migration and autumn stopovers of Long-tailed Ducks from Kolguev Island, Russia. Migration distances are minimum
estimates assuming straight flight paths between consecutive ARGOS positions. Durations are maximum values, based on transmissions every
3 days. Wilcoxon rank sum tests were used to test for differences between the sexes. Significant differences are marked bold

FP First position, LP Last position

Short autumn stopovers were recorded in one female,
remaining stationary for one (max. five) days, and two
males with stopover durations of three (max. seven) days
(Table 2). The remaining females stayed in a stopover area
for an observed 9—15 days, and the males for 13—-17 days
(for maximum times see Table 2), except for ES033722,
that spent 54 days in the eastern Gulf of Finland, before
moving to the western Gulf of Finland in December.

The autumn stopover sites (Fig. 3) were distributed
over the White Sea (2 females), Lake Ladoga (1 female),
the Gulf of Finland (1 female and 4 males) and the Gulf
of Riga with its offshore islands (1 female and 4 males).
Most of the birds were relatively stationary, except for
male ES033713 that visited three different areas within
17 days (Fig. 3). Males and females did not differ in mean
longitudes during the autumn stopovers (Wilcoxon rank
sum test, W=15, p=0.594). On her way to Lake Ladoga,
one female (ES033718) transmitted intermediate positions
from the White Sea on 27/09/2019, but this short station-
ary period of two hours was not classified as a stopover.
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Wintering

Long-tailed Ducks from Kolguev spent the winter in the
White Sea (one female), the Gulf of Finland (one female and
one male), the Gulf of Riga (one male), off the south-eastern
coast of the island of Gotland, Sweden (one female and three
males) and the coasts of Eastern Germany and Poland (two
males) (Fig. 4, Table 3).

The wintering stage lasted for 135 to 206 days (4.5 to
6.8 months, without autumn or spring stopovers), and this
duration did not differ between males and females (Table 3).
The total wintering time (including autumn and spring
stopovers and thus, the period when Long-tailed Ducks
are affected by challenges in the wintering habitat) was
much less variable. It ranged from 206 to 219 days (6.8 to
7.2 months) and was similar in females (206-212 days) and
males (206-219 days, Wilcoxon rank sum test, W=7, p=1).

Individual Long-tailed Ducks used relatively restricted
wintering sites with core areas of 688 km? in the White Sea
and 1014-2625 km? in the Baltic Sea (Table 3). The distance
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Fig.3 Autumn stopovers. Areas used by Long-tailed Ducks from
Kolguev Island, Russia, during autumn stopover: a Overview map
with positions of males (blue) and females (red), b Stopover positions

between first and last winter positions ranged from 8.8 km to
190 km (Table 3, Online Resource 2: Fig. S2). The largest
distance and core area were recorded by male ES033721 that
switched repeatedly between offshore banks off Gotland and
the coast of Poland (Online Resource 2: Fig. S2).

Spring stopovers, spring migration and breeding
sites in the second year

The time of the onset of spring migration varied between
25 March and 20 May (Table 3). Long-tailed Ducks that
spent winter in the central and southern parts of the Baltic

at Lake Ladoga and in the Baltic Sea, and ¢ Stopover positions in the
White Sea. Males are marked with triangles, and females with filled
circles. (Color figure online)

Sea started their movements earlier (between 25 March and
19 April) than birds overwintered in the Gulf of Riga and
the Gulf of Finland, which left their wintering sites only in
May (Table 3). Birds that initiated their movements earlier
shifted to a different site inside the Baltic Sea, where they
stayed for more than one week (median: 18 days), which
was considered a stopover. Long-tailed Ducks that started
considerable movements in May, quickly left the Baltic Sea
for their stopover sites in the White Sea. Therefore, while all
Long-tailed Ducks made spring stopovers, we recorded two
kinds of them: a long stopover within the Baltic Sea north-
easterly from the wintering sites, and a (probably shorter)
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Fig.4 Winter areas. Areas used by Long-tailed Ducks from Kolguev ES033724 in the White Sea (red area), b Home ranges (lines) and
Island, Russia, during winter: a Overview map with home ranges of core areas (filled areas) of Baltic Sea winter distributions. (Color fig-
males (blue lines) and females (red lines), and core area of female ure online)
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Table 3 Winter period

Ring FP winter LP winter Duration win-  Area of win- ~ Winter home  Winter core Mean winter  Distance first-
ter (days) tering stage range (km?) area (km?) longitude (°E) last position
(km)

Females

ES030024 27/10/2019 20/05/2020 206 Gulf of Fin- 5031.8 1034.7 24.9 60.9
land

ES033714 31/10/2019 19/04/2020 171 Gotland, 9527.7 2204.8 18.9 8.8
Hoburgs
bank

ES033724 06/11/2019 18/05/2020 194 White Sea 5982.7 688.4 36.2 138.1

Males

ES033713 02/11/2019 14/04/2020 164 Pomeranian 7063.7 1769.4 14.7 57.1
Bay (coast of
W Poland &
E Germany)

ES033715 29/10/2019 - - Hoburgs bank - - 18.6 17.6

ES033721 11/11/2019 25/03/2020 135 Gotland to 17,367.2 2625.3 17.4 190.7
coast of
Poland

ES033722 04/12/2019 14/05/2020 162 Gulf of Fin- 6418.6 1014.0 24.0 69.1
land

ES033723 16/10/2019 04/05/2020 201 Gulf of Riga  5744.6 1260.3 22.6 255

ES033727 06/11/2019 17/04/2020 163 Hoburgs bank  6733.2 1127.7 18.4 109.7

W=6.5, W=13, W=13, W=5, W=5, w=16,
P=0.604 P=0.136 P=0.136 P=0.551 P=0.551 P=0.093

Parameters of winter distributions of Long-tailed Ducks from Kolguev Island, Russia. Five males and three females transmitted until the end of
the wintering stage and were thus included in calculations of duration, home ranges and core areas. Wilcoxon rank sum tests were used to test for

differences between the sexes

FP First position, LP Last position

stopover in the White Sea after mid-May (Table 4, Fig. 5).
As ARGOS data transmissions become less frequent towards
the end of the battery life, infrequent recording was appar-
ent in the data towards spring. Thus, we could not precisely
estimate spring stopover durations, especially in May. We
therefore calculated minimum and maximum spring stopo-
ver durations as days between the previous recorded position
and the first breeding time position (Table 4).

Long spring stopovers (> 1 week) were observed in one
female and four of five males (Table 4). Compared to the
winter area, all these individuals had a more easterly longi-
tude and more northerly latitude during their spring stopo-
vers (Table 4). Three males and one female moved in north-
easterly direction within the Baltic Sea and reached the
Stockholm and Aland archipelagos, or the Gulf of Finland
and the coasts of Estonia and Latvia in the South-eastern
Baltic Sea (Fig. 5). All three females and four of five males
also made stopovers in the White Sea in May; however, the
duration of them could not be accurately estimated, but at
least one female and one male stayed there more than a week
(Table 4, Fig. 5).

All birds left the Baltic Sea between 7 and 23 May, with
birds arriving at the breeding sites in late May to mid-June

(Table 4). Three females and four males were tracked until
arrival to the breeding sites (Table 4). All females returned
to Kolguev Island for the second breeding season, as did two
males (Table 4, Online Resource 2: Fig. S3). Of these return-
ing males, ES033722 remained in coastal waters until late
July, while only two fixes were obtained for ES033727 until
15 June. The remaining two males went to Vaygach Island
(70.128°N, 58.781°E) and the Kola Peninsula (68.448°N,
36.555°E), where they stayed inland until the end of June.
Another male (ES033721) was last recorded near Vaygach
on 21 May (70.151°N, 58.557°E), possibly underway or
close to a breeding site. Three males (ES033713, ES033722,
ES033727) could be tracked until the post-breeding period
again in 2020, when they all showed the same behaviour as
in 2019.

Discussion
Our study of Long-tailed Duck movements between the

breeding area on Kolguev Island and the wintering areas
shows similarities between individual males in their
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Table 4 Spring stopovers and migration

Ring FP spring LP spring transmis- Duration Mean posi- Mean posi-  Area of Arrival at Departure
stopover stopover sion interval spring tion winter  tion spring  spring breeding site  from breeding
(days) stopover: (lat°N, stopover stopover site
minimum—  lon°E) (lat°N,
maximum lon°E)
Females
ES030024 29/05/2020 8-9 <16 White Sea  06/06/2020 ¥
ES033714 27/04/2020  15/05/2020 8-9 19-31 57.2,18.9 60.2,20.4 Aland
23/05/2020  01/06/2020  8-9 10-26 65.3,37.2 White Sea  18/06/2020 %
ES033724 27/05/2020 8-9 <15 White Sea  04/06/2020 %
Males
ES033713 17/04/2020 07/05/2020 3 21-28 54.3,14.7 57.6,21.6 Coast of
Latvia
13/05/2020 3-6 <9 White Sea  26/05/2020"  03/07/2020
ES033721 01/04/2020  24/04/2020 3 24-32 55.7,17.4 59.4,19.0 Stockholm -
Archi-
pelago
27/04/2020  14/05/2020 3 18-23 55.7,17.4 59.3,23.5 Estonia
ES033722 17/05/2020  05/06/2020 3 20-25 59.9,24.0 65.5,36.2 White Sea  09/06/2020 ¥
ES033723 20/05/2020  21/05/2020 8 2-16 White Sea  29/05/2020>
ES033727 03/05/2020  12/05/2020 8-16 10-32 56.5,18.4 58.0,22.3 Gulf of Riga
20/05/2020 8-9 <16 White Sea  29/05/2020%  15/06/2020

Parameters of spring stopovers and migration of Long-tailed Ducks

from Kolguev Island, Russia. Statistical tests were not applied here due

to small samples sizes. Mean positions were given for birds with long spring stopovers (>1 week), to compare with mean winter positions.
ARGOS data transmissions become less frequent as the battery charge goes down towards the end of the PTT life cycle

FP First position, LP Last position, X=breeding site of second season: Kolguev Island, ! =breeding site of second season: Vaygach Island
(70.128°N, 58.781°E), 2=breeding site of second season: Kola Peninsula (68.448°N, 36.555°E)

eastward post-breeding migration, and between birds of both
sexes in choosing the White Sea as a spring stopover site.

Post-surgery behaviour

For Long-tailed Ducks during breeding season on Kolguev,
it took two days to return to normal behaviour following
implantation, which was three days shorter than described by
Lamb et al. (2020) and 12 days shorter than in the work by
Esler et al. (2000). In studies of Esler et al. (2000) and Lamb
et al. (2020) most of the sea ducks (various species) were
captured and implanted during wintering or moult period
at open sea, while in this study we captured birds in breed-
ing area. In this study we had the possibility to make direct
observation on the impact of the surgery on sea ducks, while
in Lamb et al (2020) the behaviour was calculated form
transmitters data not seeing individual birds. Our method
can therefore give more precise evaluation of the behaviour
of individual birds. An additional factor of such fast return
to the breeding ponds can be the need to defend the nesting
site. However, none of the females with implants or non
implanted birds had been observed incubating or rearing
broods. We think that the most important factors of posi-
tive shorter time to recovery could be that the birds had
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enough time to rest and a good source of easily accessi-
ble food after surgery. During the fieldwork we observed
birds in the first two days after surgery sitting on the bank
of the pond preening. Also, after just two days, males would
actively chase other males in flight. Considering that birds
were instrumented at the breeding site, this could effectively
increase survival compared with birds implanted on winter-
ing grounds (Sea Duck Joint Venture 2015) where higher
mortality and effect of implantation were registered.

Moulting

When moulting their flight feathers in late summer, sea
ducks are flightless for 4-5 weeks and thus depend on rich
food resources and protection from predators (Savard and
Petersen 2015). While females with chicks usually moult at
their breeding site, males and non-breeders of many species
tend to aggregate in large numbers in preferred moulting
sites. Such aggregations may occur somewhere along the
route between breeding and wintering grounds, or far away
from these routes (Savard and Petersen 2015).

Moulting site choice in Long-tailed Ducks is highly varia-
ble. Unless attending broods, birds of both sexes moult their
flight feathers in shallow coastal waters, lagoons, or lakes.
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Fig.5 Spring staging. Areas used by Long-tailed Ducks from Kol-
guev Island, Russia, during spring staging (April-May 2020): a
Overview map with positions of males (blue) and females (red), b
Positions in the Baltic Sea, ¢ Positions in the White Sea. Males are

Moulting flocks are found throughout the breeding range
and may include thousands of birds (Petersen and Savard
2015; Savard and Petersen 2015). Such flocks are also found
in many coastal waters along the Russian Arctic coast from
the Barents Sea to Eastern Siberia (Loshchagina et al. 2019;
Sokolov et al. 2019).

Until mid-August all except one male from Kolguev
moved > 900 km to the east to moulting sites at the coasts
of the Northern Yamal and Gydan peninsulas. These birds
were probably taking advantage of food-rich shallow waters
around the Ob and Yenisei estuaries with benthic com-
munities dominated by polychaetes, isopods and bivalves
(Kozlovskiy et al. 2011; Vedenin et al. 2015; Galkin and

marked with triangles, and females with filled circles. Long stopo-
vers (>1 week) are marked with large symbols, and short stopovers
(observed duration 1-2 days) with smaller symbols in (b) and (c).
(Color figure online)

Vedenin 2015). Particularly large moulting concentrations
were already known to occur in this region (Sokolov et al.
2019), but the range of origin of the birds was unknown.
Post-breeding migrations over even longer distances from
breeding areas in Siberia to Alaska have previously been
confirmed by recoveries of ringed Long-tailed Ducks, par-
ticularly males (King 1973).

Unlike males, all but one females stayed at Kolguev dur-
ing and after flight feather moult. Three of them moulted on
inland lakes, and one female moved to the coastal lagoon
in the eastern part of the island for moult. Only one female
(ES033714) left Kolguev and moved eastwards for moult,
but not as far as the males. From a sample of 49 other
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females from Kolguev equipped with light-level geoloca-
tors in 2017 and 2018, only five birds left Kolguev and the
surrounding Barents Sea after wing feather moult. During
the subsequent body feather moult until October, these birds
probably stayed in an area around Novaya Zemlya Archi-
pelago (Karwinkel et al. 2020 and unpublished data), thus
confirming that in the study population, females usually
moult on or close to Kolguev and only males undertake post-
breeding/moult migrations eastwards as far as the Yamal
and Gydan peninsulas. After completion of the flight feather
moult, birds that moulted on freshwater lakes inland of Kol-
guev performed their post-breeding migration to the coastal
waters of Kolguev and stayed there until October. Appar-
ently, this post-breeding staging period is important for birds
to accumulate resources for subsequent autumn migration
(Leafloor et al. 1996).

Tracking male Long-tailed Ducks moulting in coastal
lagoons in Alaska with radio transmitters for 2-3 weeks,
Flint et al. (2016) found home ranges of only 1020 km?,
like the core areas in coastal waters of Kolguev and Novaya
Zemlya. Males moulting off the Northern Yamal and Gydan
peninsulas used much larger post-breeding home ranges and
core areas, which were approximately 50-67% as large as
during winter (Tables 1, 3). This difference matches the
average duration of the respective periods (75 vs. 166 days,
Tables 1, 3). Flightless time is estimated at 26 days for
Long-tailed Ducks (Savard and Petersen 2015). In our study
(Table 1), the post-breeding stage of all males lasted much
longer than the flightless time. It is possible that these males
occupied much smaller home ranges during actual wing
feather moult, and afterwards showed a spatial behaviour
like in the winter period.

Wintering

Long-tailed Ducks from the East Atlantic Flyway population
predominantly winter in the Baltic Sea, where they occupy
shallow coastal waters and offshore banks often in high den-
sities (Skov et al. 2011; Nilsson 2016). Five males and one
female tracked throughout winter spent the winter season in
these high-density areas, with some birds moving between
different offshore banks or coastal areas. Of the remaining,
two birds wintered at the southern coast of Finland, where
only low densities of Long-tailed Ducks were recorded in
the early 1990s (Durinck et al. 1993). At least one other
female from Kolguev spent the winter 2017-2018 in this
area (Karwinkel et al. 2020).

Small proportions of the flyway population winter outside
the Baltic in coastal waters off Norway and the Kola Pen-
insula (Hegggy and Shimmings 2016), and a few birds stay
in ice-free parts of the White Sea (Loshchagina et al. 2019;
Karwinkel et al. 2020). Our present study is the second to
find one female from Kolguev wintering in the White Sea,
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the previous being Karwinkel et al. (2020). While both stud-
ies together still form a comparatively small sample, it is
notable that several birds were found wintering north-east
of the core wintering range, in the Gulf of Finland and the
White Sea. This might be explained by a recent northward
shift of winter distribution due to increasing water tempera-
tures, as already observed in other species wintering in the
Baltic (Lehikoinen et al. 2013). In Steller’s eiders Polysticta
stelleri, the winter distribution has shifted eastwards along
the Kola Peninsula and into the White Sea as more areas has
become ice-free during winter (Aarvak et al. 2013). Moni-
toring of off-shore wintering Long-tailed Ducks in the Baltic
Sea is also challenging (Fox et al. 2019). Future surveys
of wintering sea ducks should therefore pay more attention
to ice-free areas outside the main wintering areas. Surveys
ignoring these more northern wintering areas off Finland,
Norway, and Russia will risk missing out an increasingly
important part of the total wintering population as global
warming continues.

Spring migration

After wintering in the central and southern Baltic Sea, four
birds moved north or north-east inside the Baltic Sea to an
extended spring stopover (Table 4). Three birds winter-
ing in Riga Bay, or the Gulf of Finland showed no such
movements. All birds occupied shallow coastal waters,
broadly overlapping with traditional herring Clupea haren-
gus spring spawning sites in archipelagos and bays (Hede
Jgrgensen et al. 2005a, b). The onset of the spawning sea-
son varies with water temperature, first spawning activities
in the Archipelago Sea occur in late April in mild springs
(Rajasilta et al. 1993; Polte et al. 2021). Spring stopovers in
the Baltic Sea would thus probably match the early phase of
Herring spawning in most years. Fish eggs provide a protein
rich seasonal food source frequently exploited by staging
sea ducks, including Long-tailed Ducks (e.g. Zydelis and
Ruskyte 2005; Lok et al. 2012).

All but one bird made stopovers in the White Sea, which
was therefore the most predictable stopover site in this
study. The longest stopover and also the latest departure
was observed in a male (ES033722) which probably was
not paired and may have tried to acquire a mate in this area.

Our data suggest that the typically long stopovers at dif-
ferent sites inside the Baltic may serve to accumulate body
reserves, utilising seasonal food such as herring spawn.
The White Sea may be a crucial location for most birds for
a shorter stopover in early May. The extended stay of one
probably unmated male suggests that some late matings
might occur here, too. However, due to the limited life cycle
of the implanted transmitters, other methods such as GLS
with saltwater loggers would be better suited to obtain stopo-
ver durations more accurately for this part of the season.
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Food intake during spring migration may affect the condi-
tion of the birds upon arrival at the breeding sites and thus
the ability to produce eggs and incubate in time during the
short Arctic spring. Warming water temperatures already
impact timing and amount of herring reproduction in the
Baltic (Polte et al. 2021) and may affect the food resources in
the White Sea as well. The possible impacts of such changes
on the breeding performance of sea ducks will be important
to study in future.

Second summer

Ducks establish pair bonds only for the single breeding sea-
son. Pairs are formed during winter or spring migration and
males follow the highly site-faithful females to their previous
breeding sites (Mallory 2015). As expected, all three females
returned to their breeding area in the centre of Kolguev,
while at least two males followed their new mates to breed-
ing sites far away from Kolguev. Since Kolguev forms a
rather small part of the breeding range of the flyway popula-
tion, there is a limited probability for a male to mate repeat-
edly with a female from Kolguev. The locations of the two
males returning to Kolguev in 2020 did not indicate breeding
activities. Probably these two males did not acquire a mate
in 2020 and returned alone to their last year’s breeding area.
Like in most ducks (Blums and Mednis 1996), the adult sex
ratio of Long-tailed Ducks is highly skewed with twice as
many adult males than females (Stempniewicz 1994, own
observations), leaving many males unmated every summer.
While males are not faithful to their breeding grounds, our
observations of three males over two summer seasons sug-
gest fidelity to their moulting sites.

Conclusions

The present data suggested that, in addition to breeding and
wintering sites, coastal waters off the Yamal and Gydan pen-
insulas, as well as the White Sea, play a more important role
in the annual cycle of Long-tailed Ducks breeding in the
Barents Sea than was previously known. We observed strong
sexual differences in the post-breeding movements. Our data
further stress the importance of the southern part of the Bal-
tic Sea as the main wintering site, such that declines in the
wintering population in these waters cannot be explained by
any changes in the choice of the wintering sites by Long-
tailed ducks.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00300-021-02973-7.
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