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Long-distance migratory birds often face major geographical barriers on their journey. While some species are
able to cross them, others use longer routes to avoid such barriers. Little is known about the strategies of Siberian
landbird migrants, which either cross or circumvent the deserts and mountain ranges of Central Asia en route to
their non-breeding sites in Southeast Asia. Here we compare data on migration phenology and morphology from
two bird ringing stations in eastern Russia, situated at similar latitudes but with a longitudinal difference of 1500
km, to hypothesise migration patterns. We found significant differences in timing between the two sites (birds

migrated significantly earlier in spring and significantly later in autumn in the east), suggesting longitudinal
migration as a result of migration detour. However, morphological differences show a less clear pattern. We argue
that most Siberian landbirds might opt for a detour through the Russian Far East instead of a direct route in order
to avoid unfavourable stop-over habitat in Central Asia. However, tracking studies will be necessary to prove this.

1. Introduction

The East Asian migratory flyway is recognised as the most species-
rich but also the most poorly understood flyway globally, hosting
approximately 477 species of land birds and a further 201 waterbirds
(Newton, 2007; Kirby et al., 2008). In total 254 of those species are
songbirds that undertake some latitudinal migration, of which 67% are
long-distance migrants, flying thousands of kilometres to the wintering
grounds in South and Southeast Asia (Yong et al., 2015). Little is known
on the migration routes of these species, but novel tracking devices allow
for an increasingly better understanding of their spatio-temporal distri-
bution (Yong et al., 2021).

However, data are lacking for songbird populations breeding in
Siberia, and it remains thus unknown whether species migrate along
direct route through Mongolia and western China (hypothesis 1), or
whether a detour through East Asia is taken (hypothesis 2) to their non-
breeding destinations (Fig. 1). Even in the first half of the 20th century,
there were ideas about the routes used by birds in northern Asia.
Tugarinow (1931) summarised the knowledge to date and drew up eight
possible routes. He suggested several migratory routes, but all of them
avoided the high mountain ranges and were concentrated either on the
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East Asian coast or in Western Asia. A little later, Austin (1947), studying
migration in Japan, concluded that thrushes and Bramblings (Fringilla
montifringilla) came to winter on the island from as far north-central
Russia, while some of the buntings reached Japan from north-eastern
Russia and others from Sakhalin. None of the authors’ assumptions
could be substantiated. Austin (1949) was unable to prove the Russian
origin of the ducks on the basis of a large number of data, and thus no
evidence for a west-east migration direction was found. Hachisuka and
Udagawa (1950), followed by Cheng (1963), highlighted the role of the
East Asian coast in migration. Subsequently, more than 1 million birds
were ringed in East Asia in the 1960s and 1970s as part of the MAPS
programme, but the migration routes of songbirds, with a few exceptions,
remained unknown (McClure, 1974). In the 1990s and 2000s, ringing
data from several ringing stations in eastern Russia were used to locally
study the songbird migration, but these did not provide data on the
migration routes of the birds (Valchuk and Yuasa, 2002; Valchuk, 2003a,
b; Valchuk et al., 2005; Lelyukhina and Valchuk, 2012; Maslovsky et al.,
2014, 2018a, b; Lelyukhina et al., 2015; Maslovsky and Valchuk, 2015;
Valchuk and Lelyukhina, 2015). Large numbers of migratory passerines
ringed at bird ringing stations in Mongolia suggest that a direct route
might be taken by many species (Davaasuren et al., 2020), and tracked
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Fig. 1. The possible migration routes of the studied species by our hypotheses based on our studies in the Lake Baikal (Baikal) and Muraviovka Park (Amur).
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Fig. 2. Differences in migration timing of the studied species in spring and in
autumn between the two stopover sites (A), and the differences in wing length
values (%) between the birds migrating through the two stopover sites in spring
and in autumn (B).

Peregrine Falcons (Falco peregrinus) have also been shown to migrate
along direct routes from Siberia to South Asia (Gu et al., 2021). But there

is also some evidence for longitudinal migration through eastern Russia,
which would be expected under hypothesis 2: at a stopover site in the
Russian Far East, most warblers were captured during crosswinds (e.g.
from the east) during spring migration (Boz¢ et al., 2018a,b), suggesting
longitudinal migration (see Fig. 2).

Here, we compare spring and autumn migration phenologies of eight
species of warblers trapped at stopover sites in the Russian Far East and at
Lake Baikal in eastern Siberia, situated at similar latitudes but with a
longitudinal difference of 1500 km areas. All of the studied species are
regular migrants at both sites. In this study, we sought to answer the
question whether migration phenology and biometrics of birds migrating
through the two different geographical regions differ, thereby trying to
infer that the birds fly over larger mountain ranges in the southern part of
Asia (hypothesis 1) or are longitudinal migrants. If we could find evi-
dence for hypothesis 1, we would expect that the migration timing does
not differ between the two sites. If hypothesis 2 was supported by our
data, we would expect that the studied species would 1) arrive earlier in
spring in the East and 2) pass through earlier in autumn in the West.
Furthermore, if different populations would be involved at the two sites
(under hypothesis 1), we might expect morphological differences within
the same species between the two sites, especially in those species which
are known to occur in different subspecies at the two sites (del Hoyo and
Elliott, 2006) with known differences in biometrical parameters
(Svensson, 1992; Baker, 2010; Demongin, 2016). If we could provide
evidence for hypothesis 2, the same populations might pass the two study
sites, resulting in identical morphology of the birds captured at the two
sites. However, as species and populations with longer migration routes
are known to have longer wings (Winkler and Leisler, 1992; Marchetti
et al., 1995; Telleria et al., 2001), we could also expect that under hy-
pothesis 2, the share of longer-winged individuals is larger in the west
than in the east, given that the individuals trapped in the west have to
cover a significant detour which would prolong their route.

2. Methods

Birds were trapped at two study sites in the Asian part of Russia. The
first study site is located at Muraviovka Park along the middle stream of
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the Amur River in the Russian Far East (hereafter: “Amur”), 60 km
southeast of the city of Blagoveshchensk (49°55'08.27" N, 127°40'19.93"
E). Birds were captured with standard mist-nets (Ecotone, Poland) and
ringed within the Amur Bird Project (Heim and Smirenski, 2013, 2017)
during spring (2013, 2015-2017) and autumn (2011-2015, 2017)
migration. For details of the mist-netting effort and the habitats around
the nets, see Bozo et al. (2018a,b) and Heim et al. (2018a,b).

The second study site is located in the buffer zone of Baikalsky State
Nature Biosphere Reserve, which is situated on the SE coast of Lake
Baikal, SW from the Mishikha River mouth on Pribaikalskaya flatland
(hereafter: “Baikal”). Birds were captured with 20 Japanese and Chinese
type mist-nets and ringed within the work of the Baikal Bird Ringing
Station between 2014 and 2018.

We selected all Sylviid species that were trapped at both sites in
sufficient numbers (n > 140 per site). Data analysis was based on 11,921
individuals of eight species (Arctic Warbler Phylloscopus borealis, Two-
barred Warbler Ph. plumbeitarsus, Pallas's Leaf Warbler Ph. proregulus,
Yellow-browed Warbler Ph. inornatus, Dusky Warbler Ph. fuscatus,
Radde's Warbler Ph. schwarzii, Thick-billed Warbler Arundinax aedon,
Pallas's Grasshopper-warbler Locustella certhiola) (Table 1).

We included birds ringed during spring (25 April to 13 June at Amur,
10 May to 23 June at Baikal) and autumn migration (25 July to 17
October). Data for Muraviovka Park were collected during 2014-2017,
and for Lake Baikal between 2014 and 2018. Wing length was measured
by the ‘maximum flattened chord method’ (Svensson, 1992) to the
nearest mm. To compare the wing length data between the two stations
for each species, we used Mann-Whitney U-tests after testing the
normality of data. This non-parametric test was used instead of t-test
because of the data we used were not normally distributed. The migra-
tion was described by the following parameters: average earliest and
latest capture dates, median dates. Average earliest and latest dates were
obtained by averaging the first and last catches per season annually. For
the analyses, we only used the data of first captures (no recaptures within
the season). For the comparison of the median migration dates of each
species between the two sites, we used Mood median.

3. Results

Autumn migration finishes later in all species at Amur with the
exception of the Pallas's Grasshopper-warbler. We found significant dif-
ferences between the median dates of migration periods between the two
study sites for five out of eight species (Thick-billed Warbler, Pallas's
Grasshopper-warbler, Radde's Warbler, Dusky Warbler, Pallas's Leaf
Warbler) (Table 1). All species start the migration later at Baikal with the
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exceptions of the Pallas's Leaf Warbler and the Two-barred Warbler. We
found significant differences in wing length between the birds migrating
through the two stations with the exception of the Yellow-browed War-
bler and the Arctic Warbler (Table 2).

In spring, all species start and finish the migration earlier at Amur
than at Baikal. We found significant differences between the median
dates of migration periods between the two study sites in all study species
(Table 1). We found significant differences in wing length between the
birds migrating through the two stations with the exception of the Arctic
Warbler (Table 2).

4. Discussion

We found clear differences in the migration phenology of warblers
between the two study sites, with all species migrating significantly
earlier in spring in the east. This may support our second hypothesis,
suggesting large-scale longitudinal migration through eastern Russia as a
result of a detour. Birds might benefit from circumventing the deserts and
mountain ranges of Central Asia, and rather take a longer route, but with
more suitable stopover habitats en route. Such migratory detours are
well-known in other flyway systems (Chernetsov et al., 2008; Lindstrom
et al., 2011; Vansteelant et al., 2017).

The observed time difference between the two study sites is consid-
erable — in case of the Dusky Warbler, spring migration starts on average
22 days earlier in the east than in the west. This cannot only be explained
by a longer migration distance, as the studied warbler species are capable
of covering hundreds of kilometres in a single flight bout (Sander et al.,
2020), and could therefore cover the distance between the two sites
much faster.

Therefore, the differences in migration phenology may arise from the
differences in climatic conditions in the two study regions. Spring starts
later at Baikal than at Amur (World Climate Guide, 1991-2020), there-
fore birds must time their migration to pass here later due to the available
food supply and the unfavourable weather conditions (strong winds,
snow, etc.). Songbirds are known to track the vegetation phenology for
resource availability en route (Thorup et al., 2017a,b), which has been
shown for a songbird species migrating along the East Asian flyway as
well (Heim et al., 2018a,b). The climate at the breeding destinations also
affects vegetation growth, which may influence the start of nesting.
Species primarily nesting in herbaceous vegetation (e.g. Thick-billed
Warbler and Pallas's Grasshopper-warbler) (Bochenski and Kusnierc-
zyk, 2003; del Hoyo and Elliott, 2006; Baker, 2010) might arrive as late
as the vegetation is appropriate to build their nests. The Pallas's
Grasshopper-warbler arrives latest in both areas, which is most likely

Migration phenology of the studied species at the two stopover sites. N = number of ringed birds, ASM = average date of migration’s start, AEM = average date of
migration’s end, Median = median date of migration. "W." means warbler for short, while "G-w." means grasshopper-warbler.

Spring N ASM AEM Median » P

Amur Baikal Amur Baikal Amur Baikal Amur Baikal
Thick-billed W. 766 217 19 May 29 May 8 Jun 12 Jun 31 May 2 Jun 78.103 <0.0001
Pallas's G-w. 57 114 28 May 3 Jun 10 Jun 18 Jun 5 Jun 12 Jun —-36.545 <0.0001
Radde's W. 94 246 12 May 26 May 5 Jun 14 Jun 25 May 7 Jun 80.31 <0.0001
Dusky W. 503 181 1 May 23 May 7 Jun 13 Jun 21 May 2 Jun -67.0 <0.0001
Pallas's Leaf W. 79 46 2 May 18 May 1 Jun 15 Jun 18 May 27 May 9.48 <0.002
Yellow-browed W. 2274 53 28 Apr 13 May 2 Jun 3 Jun 14 May 23 May 25.978 <0.0001
Arctic W. 236 102 19 May 22 May 7 Jun 13 Jun 28 May 1 Jun 22.755 <0.0001
Two-barred W. 65 108 23 May 26 May 7 Jun 17 Jun 31 May 11 Jun 90.577 <0.0001
Autumn
Thick-billed W. 654 206 2 Aug 9 Aug 10 Sep 27 Aug 14 Aug 18 Aug 15.76 <0.0001
Pallas's G-W. 458 159 2 Aug 15 Aug 16 Sep 20 Sep 18 Aug 29 Aug 73.93 <0.0001
Radde's W. 218 275 10 Aug 24 Aug 24 Sep 22 Sep 11 Sep 7 Sep 47.447 <0.0001
Dusky W. 944 190 1 Aug 4 Aug 5 Oct 24 Sep 11 Sep 28 Aug 58.176 <0.0001
Pallas's Leaf W. 542 377 8 Sep 26 Aug 13 Oct 9 Oct 23 Sep 17 Sep 18.981 <0.0001
Yellow-browed W. 2113 168 29 Jul 19 Aug 6 Oct 22 Sep 7 Sep 5 Sep 0.805 0.369
Arctic W. 209 104 3 Aug 5 Aug 13 Sep 1 Sep 23 Aug 23 Aug 0.281 0.596
Two-barred W. 123 40 13 Aug 11 Aug 19 Sep 15 Sep 24 Aug 29 Aug 8.26 0.11
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Differences in wing length (W,ax, in mm) between the two stations. N = number of captured individuals, SD = standard deviation, AWy,,x = mean wing length values of
birds measured at Baikal minus mean wing length values of birds measured at Amur.

Species Season N Mean Wpax SD 4 p AWnax
Amur Baikal Amur Baikal Amur Baikal
Thick-billed Warbler Spring 757 217 78.5 82.1 1.88 2.27 -17.70 <0.0001 3.6
Autumn 670 205 77.9 81.6 1.96 2.34 -16.93 <0.0001 3.7
Pallas's Grasshopper-warbler Spring 32 116 65 67.7 2.78 2.77 —4.28 <0.0001 2.7
Autumn 400 153 61.7 64.7 2.07 2.47 -12.24 <0.0001 3
Radde's Warbler Spring 93 249 62.5 60.9 3.58 3.93 -3.1 0.002 -1.7
Autumn 285 255 61.5 60.5 3.78 3.81 -3.09 0.002 -1
Dusky Warbler Spring 373 184 60.3 58.4 3.38 3.28 -5.60 <0.0001 -1.9
Autumn 1250 189 60.7 59.1 3.26 3.27 -5.24 <0.0001 -1.6
Pallas's Leaf Warbler Spring 78 46 53 51.6 2.69 2.39 -1.92 0.047 -1.4
Autumn 532 380 53.6 51 2.74 2.39 -12.71 <0.0001 2.6
Yellow-browed Warbler Spring 2160 53 56.7 56.9 2.49 2.48 —-0.75 0.45 0.2
Autumn 2573 158 56.6 56 2.32 2.63 -2.41 0.015 -0.6
Arctic Warbler Spring 234 101 67 66.3 2.56 3.66 —-0.82 0.41 -0.7
Autumn 217 104 64.8 64.4 2.39 2.46 -1.19 0.234 -0.4
Two-barred Warbler Spring 63 107 59.5 58.4 2.42 2.63 -2.75 0.006 -1.1
Autumn 137 35 58.2 56.4 2.48 2.21 -1.95 0.047 -1.7

related to its habitat requirements, as this species breeds in the densest
herbaceous vegetation of all study species (Baker, 2010). Species nesting
close to the ground, but not necessarily dependent on herbaceous vege-
tation (Dusky Warbler, Yellow-browed Warbler, Radde's Warbler and
Arctic Warbler) (Forstmeier, 2002; del Hoyo and Elliott, 2006), might
start their spring migration (and breeding) earlier in both places because
of the available nesting places (roots of trees, fallen branches, bush etc.).

In autumn, we found that migration takes place later and that the
migration period is longer in the east than in the west. All of the studied
species have typically one brood per year, but some eastern populations
might manage two broods per year (del Hoyo and Elliott, 2006). This
would also cause eastern population to moult and migrate later in the
year. Another possible reason for the elongated autumn migration period
is that not only the local but more northern populations are also
migrating through Muraviovka Park, while at Baikal we just trapped
more local populations. Local populations at Muraviovka Park could start
their migration earlier, while the more northerly populations arrive to
the stopover site later. For European populations of Common Chiffchaff
(Ph. collybita) the same pattern was found (Lovei, 1983). Furthermore,
populations at Baikal might start the autumn migration later than the
eastern populations, because they finish breeding later as a result of later
spring arrival. The Pallas's Grasshopper-warbler was the only species in
our study that finished the autumn migration on average later at Baikal
than at Amur. This may be caused by the different timing of breeding in
different geographical areas, or differences in the extent of post-breeding
moult (Eilts et al., 2021). The populations migrating through Baikal may
start and finish their breeding later resulting in a prolonged migration.
The Pallas's Leaf Warbler and the Two-barred Warbler start their autumn
migration later at Amur than at Baikal. This may be caused by the fact
that these species breed in the taiga forest, which is close to our study site
at Baikal but far away from the Amur. Therefore, it might take them more
time to reach Amur.

Regarding the wing length, we found that Phylloscopus species have
shorter or statistically not significantly longer wings in the west than in
the east, while the opposite is true for the Thick-billed Warbler and the
Pallas's Grasshopper-warbler. Overall, no significant differences were
found. Therefore, our hypothesis 2 might be true for the Thick-billed
Warbler and the Pallas's Grasshopper-warbler, but hypothesis 1 seems
more likely for the Phylloscopus leaf warblers. Phylloscopus species
migrating at Baikal might use another route to the wintering grounds,
which might be shorter than the route used by the eastern birds, but it is
also possible that at Muraviovka Park, more birds originated from more
northerly breeding grounds, and thus had longer wings.

Regarding to the Thick-billed Warbler and the Pallas's Grashopper-
warbler, different subspecies with different wing lengths are expected

to occur at the two study sites. Thick-billed Warblers of the subspecies
A. ae. aedon breed in SC Siberia and NW Mongolia — including Lake
Baikal — while A. ae. rufescens occurs in E Siberia, NE Mongolia and NE
China - including the Muraviovka Park (del Hoyo and Elliott, 2006; Gill
et al., 2022). The nominate form has longer wings than A. ae. rufescens
(Baker, 2010), which fits to our findings, as birds caught at Baikal had
significantly longer wings than birds at Amur in both spring and autumn
seasons. The Pallas's Grasshopper-warbler is a polytypic species with five
subspecies. Following Kennerley and Pearson (2010), Pallas's
Grasshopper-warblers breeding at Muraviovka Park belong most likely to
nominate L. c. certhiola or L. c. minor, while L. c. rubescens could occur on
migration. At Lake Baikal breeds the L. c. sparsimstriatus, while L. c.
rubescens could occur on migration. The subspecies are very similar in
their plumage (Svensson, 1992; Baker, 2010), and the biometric pa-
rameters also overlap (Baker, 2010). However, birds captured at Mur-
aviovka Park have significantly shorter wings than birds at Baikal. The
longer routes of western populations, possibly due to a detour as sug-
gested under hypothesis 2, might explain the longer wings of Thick-billed
Warblers and Pallas's Grasshopper-warblers at Baikal. In many songbirds,
populations with longer migration routes have longer wings (Winkler
and Leisler, 1992; Marchetti et al., 1995; Telleria et al., 2001).

In conclusion, we found significant differences in timing between the
two sites, suggesting significant longitudinal migration, but a less clear
pattern in the morphological differences. Our data underscore hypothesis
2, suggesting that landbirds from Siberia might opt for a detour through
eastern Russia instead of a direct route. However, other factors shaping
those differences cannot be excluded. Anecdotal evidence for our second
hypothesis and a proof for a connection between the two sites comes
from a single recovery of a bird ringed at Muraviovka Park, which was
later recaptured at Baikal (Heim, 2016). However, this Red-flanked
Bluetail (Tarsiger cyanurus) was ringed during spring migration in the
east (21 April 2015), and was controlled during autumn migration in the
west (8 October 2015). It might therefore be possible that this individual,
and possibly many East Asian landbirds, follow a loop-migration pattern,
with a detour through the east in spring, and a more direct route in
autumn (Bozo et al., 2019). This migration strategy is most likely driven
by the variation in food availability and/or prevailing winds en route
between the spring and autumn seasons (Gauthreaux et al., 2006; Shaffer
et al., 2006; Klaassen et al., 2011; Thorup et al., 2017a,b; Tgttrup et al.,
2017). Loop migration could be detected by looking at the differences in
wing lengths between spring and autumn at a given study site including
adult birds (Jonas et al., 2018; Bozo et al., 2019). However, our data were
not suitable to test this, so we cannot conclude whether loop migration is
present in these species. Bozo et al. (2019) found for the six Siberian
songbird species studied (including the Arctic Warbler), that this
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migration pattern is generally not specific to these species. The very late
spring in north-east Asia might give migrants additional time for a longer
spring route (Ktitorov et al., 2022). Tracking studies on Siberian landbird
migrants may brig new facts to clarify the migration routes and patterns
in this region.
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