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Abstract

Little is known regarding the migration routes of Siberian songbird populations. Here we provide the first geolocator tracking
data for an Arctic Warbler breeding in Central Siberia and compare its movements with eight long-distance ring recoveries
of this species. In autumn, the tracked individual migrated eastward to a stopover site in eastern Siberia, before migrating
southward through Taiwan to its non-breeding sites in the Philippines and Indonesia. During spring migration, the bird spent
at least one month at stopover sites in Mongolia, before migrating to its breeding site in June. Ring recovery data confirmed
the movement between the Central Siberian breeding grounds and stopover sites in northern Mongolia.
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Zusammenfassung

Uber die Zugwege sibirischer Singvogel-Populationen ist bisher nur sehr wenig bekannt.

Mit Hilfe von Hell-Dunkel-Geolokatoren konnten wir zum ersten Mal den Herbst- und Friihjahrszug eines in Zentralsibirien
briitenden Wanderlaubsingers dokumentieren und das Zugverhalten mit acht Fernfunden beringter Individuen vergleichen.
Im Spiatsommer verliefl der Vogel das Brutgebiet ostwirts in Richtung eines Rastplatzes in Ostsibirien, bevor er in siidlicher
Richtung iiber Taiwan weiterzog, um seine Uberwinterungsquartiere in den Philippinen und Indonesien zu erreichen. Wihrend
des Friihjahrszuges verbrachte der Wanderlaubsidnger mindestens einen Monat in der Mongolei, bevor er das Brutgebiet
im Juni erreichte. Ein Fernfund eines beringten Individuums bestétigt die Verbindung zwischen dem zentralsibirischen
Brutgebiet und Zwischenstopps in der Mongolei.

Introduction

Understanding annual cycle events, migration routes and
the distribution of important non-breeding sites are cru-
54 Wieland Heim cial for the conservation of migratory species (Kirby et al.

wieland.heim @uol.de 2008). The Arctic Warbler Phylloscopus borealis occu-
pies a huge breeding range in northern Eurasia, but little
is known on its distribution during migration and the non-
breeding season (BirdLife International 2023). The situation
is especially complicated since this taxon was recently split
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(Round et al. 2015, 2016). To understand the spatiotemporal
distribution of the three species, it is therefore necessary to
1) catch birds during the non-breeding season to take meas-
urements and assess plumage details necessary for identifi-
cation (Round et al. 2015), or 2) to analyze genetic samples
(Round et al. 2016), or 3) to track birds from the breeding
grounds with geolocators (Adams et al. 2022).

For the Arctic Warbler, such tracking data exist for two
individuals belonging to the population on the eastern edge
of its distribution in Alaska (Adams et al. 2022). These two
birds departed westwards from their breeding grounds, with
autumn stopovers in south-eastern Russia and China, and
non-breeding sites during the boreal winter on the island
of Palau and the Philippines. One individual migrated dur-
ing spring through the Japanese islands and the Kamchatka
peninsula (Adams et al. 2022). The aim of our study was
to investigate the non-breeding distribution and migration
routes of Arctic Warblers breeding in Siberia, for which no
data are available so far. We assumed that birds from the
core breeding grounds in Siberia might spend the winter
west of their eastern conspecifics from Alaska, for example
in Indonesia. We therefore applied light-level geolocators
and collated ring recovery data.

Materials and methods
Geolocator tracking

We captured Arctic Warblers in their breeding territories
around Mirnoye field station, Central Siberia (88.96931 °E,
62.29825° N). We targeted adult males as we expected the
highest chances for recapturing such individuals. Birds were
caught in June 2019 with mist-nets and playback of their
song. We tagged 19 males and one female with light-level
geolocators (Intigeo W30Z11-DIP, Migrate Technology,
UK). The weight of the tag and the harness (~0.4 g) cor-
responded to 3.6-4.7% of the birds’ body weights (8.5 to
10.9 g).

We relocated one adult male 14 June 2020 and retrieved
its geolocator 17 June 2020. This bird (ring number Moscow
VF46994) was initially ringed as an adult in 2016, and its
nests were found in all years from 2016 to 2019, with the
first eggs laid between 14 and 25 June. Remarkably, this
individual had lost its right tarsus between the 2017 and
2018 breeding seasons, but still continued to return. The
overall return rate (1/20=5%) was lower compared to color-
ringed adult males in the study area during previous years
(21.4%; O. Bourski, unpublished data). However, only 10
of the 20 tagged individuals were known, previously ringed
individuals. A similarly low return rate (4/42, 9.5%) was
reported for geolocator-tagged Arctic Warblers in Alaska
(Adams et al. 2022).
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We analyzed the light data using the FlightR package
(Rakhimberdiev et al. 2017) in R version 4.3.1 (R Develop-
ment Core Team 2011) following the geolocation manual
(Lisovski et al. 2020). We log-transformed the downloaded
data and used a threshold of 0.8 to estimate twilight events.
We used the find.stationary.location function to determine a
stationary location (between 1 December 2019 and 1 March
2020, initial.coords = 110,10) that we could use for the cali-
bration of the sun elevation angle. We limited the grid for
the possible route to latitudes between — 10 and 65 and
longitudes of 85 to 150. We defined that birds can migrate
through areas up to 700 km away from the shore and can
stay in areas up to 100 km away from land since long over-
water flights with possible stays on very small islands seem
possible in this species based on a previous study (Adams
et al. 2022). We run the particle filter with nParticles=1e6
and used a cutoff probability of 0.1 to determine stationary
periods. We replaced the first and the last estimated positions
(i.e., at the breeding grounds) with the coordinates of the
known breeding location.

Ring recoveries

We requested data regarding long-distance recoveries of
Arctic Warblers > 100 km away from their ringing location
from the EURING databank, from the National Bird Band-
ing Center of China, the Yamashina Institute for Ornithol-
ogy and Biodiversity Center of Japan and the Bird Ringing
Centre of Russia. We received information of eight recov-
eries. One individual was ringed in Mongolia in 2019 and
recaptured at our study site in Russia in 2021, and one was
ringed in China in 2008 and recaptured in South Korea in
2009. Six more birds were ringed in Japan between 1989 and
2008 and recaptured in Japan or China. Those six recover-
ies might belong to Arctic Warblers sensu stricto, but they
could also belong to Kamchatka Leaf Warblers or Japanese
Leaf Warblers as those three species were split only recently
(Alstrom et al. 2011).

Results
Geolocator tracking

The tracked individual departed from the breeding grounds
in Central Siberia during the first days of August 2019
(Table 1). Around 9 August, the bird arrived at a stopover
site northeast of Lake Baikal (Fig. 1), where it stayed until
24 August. No positions were found during the following
section of the autumn migration and the equinox period, but
by 3 October the bird had arrived in Taiwan. It then migrated
to the Philippines, where it stayed until November, before
migrating further southward to western Sulawesi, where it
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Table 1 Migration details of an Arctic Warbler based on light-level

geolocation data

Autumn migration
Departure from breeding area

Total duration (days)

08 August 2019
57

Migration distance (km) 6763

Direct distance (km) 6291

Detour (%) 8

Migration speed (km/day) 119

Arrival at first wintering area 04 October 2019
Non-breeding (boreal winter)

Duration of wintering period (days) 153

Distance traveled 3571

Spring migration

Departure from last wintering area 05 March 2020
Total duration (days) 91

Migration distance (km) 7066

Direct distance (km) 5658

Detour (%) 25

Migration speed (km/day) 78

Arrival at breeding area 04 June 2020
Total distance 17,400

stayed until December. Already in December, the bird began
to move northward again, with stationary sites on Borneo,
possibly on Palawan, and on Luzon, the Philippines. No
positions were again estimated during the spring equinox,
but by late April, the bird had already arrived to Mongolia.
Here, at least four stationary sites were identified that were
used until the end of May. By 4 June, the bird had arrived in
the breeding area in Siberia.

Ringing recoveries

We collected information on eight long-distance recoveries
(Table 2). Five of the birds were recaptured within the same
migration season (after 2—19 days), which allowed us to infer
migration direction (all on a north—south or northeast—south-
west axis through Japan) and migration speed for autumn
(mean 46 km/day, range 30-70 km/day, n=3) and spring
migration (mean 278 km/day, range 202-354 km/day, n=2).

Discussion

Here we present the first tracking data of an Arctic Warbler
from its Eurasian core breeding area in Western Siberia, and
a first compilation of available long-distance ring recoveries
for this little-studied species.

The estimated departure of the tracked Arctic Warbler
by the end of July or early August fits well to observation
and ringing data of this color-marked individual, which

has been seen no later than 22 July at the breeding grounds
between 2016 and 2020 (O. Bourski, unpublished data).
Arctic Warblers from Alaska were found to leave their
breeding grounds around move one later (Adams et al.
2022). Such late departures are also observed in the Sibe-
rian breeding population and might be typical for success-
ful and/or later breeders.

Our tracking data show a rarely documented large-
scale eastward longitudinal movement from its breeding
grounds toward its first main stopover area around Lake
Baikal in autumn (> 1100 km). The recovery of an indi-
vidual (V180564 BRCH) during breeding season at our
Siberian study site, which was ringed during August at a
stopover site in Mongolia, confirms this eastward autum-
nal movement (Table 2). Interestingly, the tracked Arctic
Warblers from Alaska also started their autumn migration
with a long longitudinal move, but westwards toward East
Asia (Adams et al. 2022). The subsequent movement of
the individual in our study through Taiwan and the Philip-
pines was similar to one of the tracked birds from Alaska
(Adams et al. 2022).

During the boreal winter, the tracked Arctic War-
bler migrated to islands of the Philippines and Indone-
sia. Migration from the Asian mainland to islands in the
Indo-Pacific has previously been reported for one other
landbird species, the Blue-and-white Flycatcher Cyanop-
tila cyanomelana breeding in the Russian Far East (Heim
et al. 2022). The non-breeding locations of the tracked Arc-
tic Warbler breeding in Siberia were situated further west
compared to the two individuals from Alaska (Adams et al.
2022). This suggests that different Arctic Warbler popula-
tions segregate spatially during the non-breeding season,
with western breeding populations possibly wintering west
of their eastern conspecifics. A similar pattern was observed
in another species migrating along the East Asian flyway, the
Siberian Rubythroat Calliope calliope (Heim et al. 2020).

Our model suggested that the Arctic Warbler already
departed in early March from its non-breeding grounds.
However, given that we have been unable to estimate posi-
tions during the equinox periods, the estimated arrival and
departure dates might be biased. For example, we would
expect a later spring departure, similar to other Palearctic
species following the East Asian flyway (Heim et al. 2020).
This also affects our estimates of the duration of migration
and, consequently, migration speed, which was found to be
much lower compared to other small landbirds in the East
Asian flyway (Ktitorov et al. 2022; Sleptsov et al. 2023).
The observed migration speeds based on the ring recoveries
within one season suggested a higher speed during spring
compared to autumn migration, a pattern which is common
among migratory landbirds (Nilsson et al. 2013). How-
ever, our data here are limited to individuals that have been
recaptured within Japan. Nevertheless, both the track and
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Fig.1 Estimated stationary positions and migration track of an Arc-
tic Warbler based on light-level geolocation, as well as long-distance
ring recoveries of this species. The diameter of the dots corresponds
to the number of days spent at a given site, while the color of the
dot indicates the main month of stay (see color legend). Uncertain-
ties around the estimated positions (interquartile range) are plotted

the recoveries point at high migration speeds for the last leg
of spring migration.

Furthermore, our model suggested four different spring
stop-over sites in Mongolia. While we consider it likely that
Arctic Warblers might spend extended periods during spring
south of the taiga belt waiting for suitable conditions at their

@ Springer

as grey vertical and horizontal lines. Note the ring recovery of one
individual ringed in Mongolia and recaptured at the very same site in
Russia where the geolocator-tracked bird has bred. All ring recover-
ies are numbered according to Table 2. Photo: Arctic Warbler with
geolocator on its back, Mirnoye, Russia, June 2019 © Wieland Heim

destinations, we urge for a cautious interpretation of the
actual estimated positions, given the failure of the model to
calculate standard deviation of the position estimates for this
period (Supplement 1). However, one of the estimated posi-
tions in Mongolia is very close to the Khurkh bird ringing
station, where the individual (V180564 BRCH) was ringed
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Table 2 Ring recoveries of Arctic Warblers > 100 km away from their site of first capture

N Ringnumber & ringing  Ringing date Ringing location (lat,

Recovery date Recovery location (lat,

Distance (km) Speed (km/d)

center lon) lon)

1 02491 YIO! 12.06.1989  Sekiya beach, Niigata, 14.06.1989 Higashi, Hokkaido, 708 354
Japan (37.55, 139.01) Japan (43.42, 142.31)

2 28,824 YIO! 25.09.1991  Miyanomori, Hokkaido, 04.10.1991 Niibori, Iwate, Japan 352 39
Japan (42.38, 141.31) (39.29, 141.11)

3 28,862 YIO! 08.10.1991  Miyanomori, Hokkaido, 16.10.1991 Fukushimagata, Niigata, 561 70
Japan (42.38, 141.31) Japan (37.54, 139.15)

4 42,468 YIO! 18.05.1992  Torikarasuhama, Hok- 10.05.1993 Minhang, Shanghai, 1987 NA
kaido, Japan (41.31, China (31.00, 121.24)
139.23)

5 80,644 YIO! 07.06.1993  Kanmuri Island, Kyoto,  09.06.1993 Sekiya beach, Niigata, 405 202
Japan (35.41, 135.26) Japan (37.55, 139.01)

6 A69-9500 NBBC 20.09.2008  Hunchun, Jilin, China 10.04.2009 Pocheon Gyeonggi, 616 NA
(42.82, 130.48) South Korea (37.88,

127.18)

7 90,415 YIO! 23.09.2008  Sanbonzuka, Miyagi, 12.10.2008 Oharaomi, Kyoto, Japan 567 30
Japan (38.11, 140.58) (35.12, 135.49)

8 V180564 BRCH 16.08.2019  Khurk valley, Khentii, 13.06.2021 Mirnoye, Krasnoyarski 2043 NA
Mongolia (48.17, krai, Russia (62.2,
110.3) 89.0)

N number of recovery as depicted in Fig. 1. Ringing centers: BRCH Bird ringing center “Vogelwarte Helgoland”, NBBC National Bird Banding
Center of China, Y/O Yamashina Institute for Ornithology. 'Individuals belonging to the Arctic Warbler species complex (Phylloscopus borealis
sensu lato, see text). Speed—migration speed in km/day, only calculated for recoveries within the same season. Lat—Ilatitude (north), lon—Ilon-

gitude (east)

which was later recaptured at our study site, confirming the
location of stopover sites for Central Siberian populations in
this area. Hundreds of Arctic Warblers are ringed annually
at this site (Davaasuren et al. 2023).

Noteworthy is also the recovery of an individual (42,468
YIO) ringed mid-May in Japan and recaptured one year later
mid-May in China. This could hint at flexible route choice
between years or fast movements between the Japanese
islands and the eastern Chinese mainland as documented
for Amur Stonechats Saxicola stejnegeri breeding on Hok-
kaido (Yamaura et al. 2017).

Overall, our data suggest that the tracked Arctic War-
bler was almost constantly on the move, not a single site
during the annual cycle has been used for more than two
months. This differs strongly from other East Asian song-
bird migrants, for which long autumn stopovers of up to
three months and very long stationary periods during
the boreal winter (five to six months) were documented
(Heim et al. 2018, 2020, 2022). Most likely, Arctic War-
blers are moving further to track seasonal peaks of food
abundance—a similar pattern with several consecutive
wintering sites was found in the closely related Wil-
low Warbler Phylloscopus trochilus wintering in Africa
(Lerche-Jgrgensen et al. 2017; Sokolovskis et al. 2018).
The rather high uncertainties around the estimated posi-
tions during the boreal winter (Fig. 1) might also relate to
the constant movement of the tracked bird, but they could

also stem from high levels of shading in the understory
of tropical forests which would affect the accuracy of the
position estimation (Lisovski et al. 2012).

Open questions remain regarding the molt schedule
of the Arctic Warbler, which is believed to conduct both
a post-breeding and pre-breeding molt in various extent
(Snyder 2008; Norevik et al. 2020). Our tracked individual
likely suspended its pre-breeding molt (it was recaptured
while molting tertials 12—15 July 2019 at the breeding site)
and continued molting at one or several of the non-breed-
ing sites, using a similar strategy as described for Pallas’s
Grasshopper-warblers Helopsaltes certhiola breeding in
Siberia (Eilts et al. 2021). Another possibility is a pre-
breeding molt during the long stay in Mongolia, which
would explain why Arctic Warblers arrive with very fresh
plumage at their Siberian breeding sites (O. Bourski, pers.
observation).
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