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Distinguishing between vagrancy and regular migration has proved to be challenging as
vagrants may, in theory, act as pioneers in the establishment of new migration routes.
Because migratory songbirds tend to follow the same orientation and migration route
throughout their lives, age assessment can help to distinguish individuals which have
already used a route (i.e. adults) from those using it for the first time (i.e. juveniles).
The presence of a significant proportion of adult individuals would suggest the presence
of regular migrants in a vagrancy context. To decipher the status of two species of Sibe-
rian warblers in Europe, the Yellow-browed Warbler Phylloscopus inornatus and the Sibe-
rian Chiffchaff P. tristis, we assessed the age-ratios of (respectively) 324 and 117
individuals captured at different sites during the last decade. We compared whether the
estimated age-ratios differed from those estimated in Common Chiffchaff P. collybita, a
common and widespread breeding and migrating species in Europe, used here as a con-
trol species. With 1.8% of birds being adult (one confirmed, five probable), the vast
majority of Yellow-browed Warblers occurring in Europe each autumn appear to be
mostly, if not only, vagrants, implying that the species does not migrate regularly in
Europe. These results are consistent with the very few spring records but still invite fur-
ther research to unravel this remarkable phenomenon of large-scale vagrancy. Con-
versely, we estimated that 9.4% and 29.7% of Siberian Chiffchaffs captured,
respectively, during migration in Sweden and on regular wintering sites in southern
France are adult birds, suggesting that the species could migrate towards southern
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Europe to winter, using a migration route in a markedly different direction from those
known previously. These results urge more research to explore the origin, selection and
causes of orientation variability in songbird species at the start of their first migration.

Keywords: Europe, migration route, orientation, seasonal migration, songbird, vagrancy, warbler,

winter.

With billions of individuals travelling twice a year,
sometimes over tens of thousands of kilometres
between their breeding and non-breeding grounds,
migratory birds are arguably among the most vag-
ile group of terrestrial organisms on earth (e.g.
Egevang et al. 2010). In addition to their regular
movements, some species of migratory birds also
frequently engage in surprising long-distance
movements, far from their normal breeding ranges,
migration routes or wintering ranges (Akesson &
Helm 2020, Lees & Gilroy 2021a). This phenome-
non, called vagrancy, is defined as the appearance
of an individual outside the normal geographical
distribution range of its species (Dufour
et al. 2024). Vagrancy is, by definition, rare and is
expected to be generally costly, and often lethal,
as most vagrancy events take the individuals far
from any conspecifics, into potentially unsuitable
habitats where they could likely die without repro-
ducing. Yet, these vagrancy events can have
important evolutionary and ecological implications
(Dufour et al. 2024). Among them, it has been
hypothesized that vagrancy may foster the evolu-
tion of new migration routes (Dufour et al. 2021,
Lees & Gilroy 2021b). In species where migration
is under strong genetic control (e.g. in songbirds;
Berthold et al. 1992, Liedvogel & Delmore 2018)
or is transmitted through social learning (e.g. in
geese; Madsen et al. 2023), a vagrant following a
novel route that survives, returns to its breeding
grounds and successfully reproduces could transmit
its novel migration phenotype to the next genera-
tion. If such atypical movements then increase in
populations, so that more individuals survive these
journeys and return to the breeding area in the fol-
lowing years, vagrancy could in theory permit the
emergence of new migratory routes (see Bearhop
et al. 2005).

An increase in the number of vagrants of a par-
ticular species in a specific region and in a short
period is sometimes interpreted as suggesting that
the species is establishing a new migration route
(as proposed by Gilroy & Lees 2003). However, in
the early stages of this process, distinguishing

between vagrancy and regular migration remains
challenging. Dufour et al. (2022) proposed a series
of empirical tests to disentangle the relative contri-
bution of vagrancy and migration, using the occur-
rence of the Yellow-browed Warbler Phylloscopus
inornatus in Europe as a case study. One of these
tests relies on the assessment of age-ratios (i.e. the
proportion of adult and young birds) after the
post-breeding migration (Dufour et al. 2022, see
also Ralph 1981).

In migratory passerines, juveniles follow a
migration ‘map* (orientation, duration of flight and
sometimes changes in orientation) that is geneti-
cally inherited from their parents (Liedvogel
et al. 2011). They also learn from multiple cues
during their first journey and use them to navigate
during their subsequent migrations (see Chernet-
sov et al. 2017). This combination of inherited
information and learned cues ensures that they
generally follow the same migration routes
throughout their lives (e.g. Stanley et al. 2012,
Hasselquist et al. 2017). The existence of a migra-
tory population in a given area outside the breed-
ing range thus implies that the species’ occurrence
there is made of both young birds (<1 year old)
and returning adult birds. A lack of adults of a
given species in a location thus implies that the
species is still a vagrant there. Conversely, the
mere occurrence of adult birds (>1 year) does not
demonstrate that the species is a regular migrant:
even if vagrancy movements are most often lethal,
vagrants can in rare cases survive their first winter
and returning spring migration, and repeat their
atypical movements as adults after the breeding
period. For regular migration to be the most plau-
sible hypothesis, the proportion of adult and juve-
nile birds would need to be similar to that of other
species with comparable life-history traits and
demography that are regular migrants in the same
area. While such data may not always be available,
using closely related species for comparison is a
reasonable approach, even though it is important
to acknowledge this limitation and the rationale
for this choice.
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In this paper, we aimed to investigate the status
of two Phylloscopus species that are typically
treated as vagrants in Europe: the Yellow-browed
Warbler and the Siberian Chiffchaff Phylloscopus
tristis. We used the Handbook of the Birds of the
World (HBW) & BirdLife Taxonomic Checklist
and recent taxonomic recommendations by
treating tristis as a separate species and not as a
subspecies of the Common Chiffchaff Phylloscopus
collybita (del Hoyo et al. 2016, Talla et al. 2017,
Doniol-Valcroze 2024). These two species are
nevertheless very close phylogenetically (Shipilina
et al. 2017, Talla et al. 2017, Rakovi¢ et al. 2019)
and can be difficult to distinguish in the field
(see  Genetic Identification and Dean &
Svensson 2005).

Phylloscopus is a genus of predominantly Eur-
asian  songbirds which  comprises several
long-distance migratory species (Cramp 1992,
Sokolovskis et al. 2018, 2023). Among the species
breeding in Siberia, the Yellow-browed Warbler
(inornatus hereafter) and the Siberian Chiffchaff
(tristis hereafter) regularly occur in Europe during
the autumn migration (and the wintering period
for tristis), even if neither species is traditionally
regarded as migrating through Europe (see Fig. 1).
Indeed, these two species breed mainly between
the Urals and the Pacific Ocean with wintering
grounds in southeast Asia for inornatus, and in the
Indian subcontinent and marginally in the Middle
East for tristis (Fig. 1). However, the numbers of
individuals of these two species have significantly
increased in recent decades in Europe (Dean &
Svensson 2005, Dubois 2015, Dufour et al. 2022),
leading ornithologists to question their status (see
the ‘pseudo-vagrancy’ hypothesis described by
Thorup 1998, Gilroy & Lees 2003, de Juana 2008,
Barnagaud & Issa 2011). Using age-ratios, this
study aims to determine whether inomatus and
tristis individuals occurring during autumn and
winter in Europe are mostly vagrants or if regular
migration is also involved. To do so, we collected
standardized pictures to assess the age-ratios of
324 inornatus and 117 tristis captured in different
locations across Europe between 2010 and 2023.
We compared these data with age-ratio data of the
Common Chiffchaff (collybita hereafter), a similar
species which breeds and migrates in Europe, as a
control species. We therefore compared whether
the estimated age-ratios for the two vagrant spe-
cies were statistically different from those esti-
mated for collybita. Because of the difficulties in

ageing inornatus and identifying tristis, we relied
on expert ringers to assess age in both species and
used molecular identification to confirm the iden-
tity of some tristis individuals.

METHODS

Data collection

Between 2010 and 2023, 324 inornatus were
captured in different locations across Europe,
during the autumn (post-breeding) migration
(September—November). Birds were captured dur-
ing sessions dedicated to the capture of this species
and during regular migration ringing sessions. Cap-
ture sites from the same geographical region were
grouped together into seven large areas: Sweden,
the Netherlands, Scotland, western France, south-
western France, southern France and Spain. Note
that inormatus was never captured during spring
migration at sites monitored in both seasons. Play-
back of calls and songs was used at most of the
capture sites to specifically target the species.

In total, 117 tristis were captured and photo-
graphed in two locations: Ottenby Bird Observa-
tory (Oland, Sweden; 56.19°N, 16.40°E) between
2010 and 2023, and Mireval (Occitanie, France;
43.51°N, 3.82°E) between 2021 and 2024 (of the
117, a few birds also were caught in satellite sites
in southern France). Birds were captured during
the migration period (autumn: September—
November, n = 45; spring: March-June, n = 8) in
Sweden and during the winter period (November—
March, n = 64) in France. Birds captured in France
were fitted with a two-character alphanumeric
Darvic ring to increase the probability of subse-
quent controls (i.e. inter-annual return of birds).
Most birds caught in France after February (March
and April) were in active moult and were thus dis-
carded from the age assessment because they
could not be safely aged. The birds were identified
as tristis based on calls heard in the field or in
hand, and from several coloration criteria recorded
in hand, such as the absence of olive in the crown
and mantle, the absence of yellow away from the
underwing, and the presence of a grey-brown or
pale brown hue in the upper parts (Dean & Svens-
son 2005 and see Genetic Identification). Playback
of calls and songs was used to capture the birds in
France.

As a control group, 11 048 collybita were cap-
tured between 2010 and 2024 and aged in
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Figure 1. Distribution ranges of the Yellow-browed Warbler (Phylloscopus inornatus), the Siberian Chiffchaff (Phylloscopus tristis)
and the Common Chiffchaff (Phylloscopus collybita). Breeding and non-breeding ranges are taken from BirdLife International. On
each map, the pale part corresponds to the non-breeding distribution. The distribution of P. collybita mapped here includes several
subspecies (collybita, abietinus, menzbieri, caucasicus and brevirostris) but only collybita and abietinus (in Sweden) are supposed to
occur in locations studied here (see Shirihai & Svensson 2018 for more details). Furthermore, note that P. collybita can be seen
all-year in the southernmost part of its ‘breeding distribution’ indicated on the map, even if these all-year distributions are likely to
concern different populations occupying the same locations at different times of the year. Pictures: Ottenby fagelstation.

different locations in autumn: western France, For the three species, all captured birds were
southwestern France; in autumn and spring in measured and ringed with a metal ring. For inorna-
Sweden; and in winter in southern France. tus and tristis, ringers were asked to take a series of
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standardized and high-quality pictures showing dif-
ferent parts of the bird. For tristis, two or three
body feathers were taken for genetic analysis (see
below). All birds were released after c. 5-10 min
of handling. There is no reliable way to determine
the sex in these species and we thus have no infor-
mation on sex (but see Genetic Identification). P.
collybita individuals were aged by the ringers from
in-hand examination but not systematically
photographed.

Age-assessment

Birds were sorted into two age-categories based on
plumage characteristics where juveniles (or
first-time migrants) were separated from adults
(birds expected to have migrated at least once) by
the presence of juvenile feathers.

Adults of the three studied Phylloscopus species
(i.e. collybita, tristis and inornatus) perform their
complete moult during late summer (Shirihai &
Svensson 2018, Jenni & Winkler 2020), and are
therefore less easy to age during the autumn than
some of their related species (Demongin 2016).
The reason for this is that in adults and young birds
the plumage is of similar age (just a few months
old) and does not differ markedly in wear. This
makes the feather generations more difficult to sep-
arate and any moult contrast (created by the partial
post-juvenile moult in the young bird) more diffi-
cult to spot. We agree with Svensson (2023) that a
cautious approach is required, and that any inter-
mediate bird should be left un-aged. However, by
building experience and by combining several char-
acters, the number of birds apprehended as inter-
mediate can be significantly reduced.

For inomatus the knowledge relating to ageing
has in large part been built by some of the authors
(MH and GN) during several seasons of fieldwork
in China and Mongolia during which more than
4000 individuals were handled in the period
August-November. Of these, several tens of indi-
viduals were known adults based on still actively
growing inner secondaries during early autumn
(which is an irrefutable proof of a soon-to-be-
completed complete moult). Similarly, we handled
c. 200 birds that, based on clear moult contrasts
(e.g. in the tail), were easily recognized as being
young. From such birds, we extrapolated the gen-
eral method for ageing the species. Not surprisingly,
our work showed that the method for ageing inor-
natus is in fact very similar to collybita and tristis

(see Svensson 2023), with the exception being that
inoratus rarely show a detectable moult contrast
among the wing coverts. The findings were pub-
lished in Norevik et al. (2020) proposing that adult
birds typically have a blackish ground colour on
their wings and tail. Additionally, the structure of
the greater and primary coverts, primaries and
tail-feathers is generally denser (i.e. thicker, more
compact) than in juvenile birds, with tail-feathers
often featuring broader and blunter tips. Further-
more, for collybita and tristis, the difference of shape
of the tail-feathers between juveniles and adults is
often more apparent for these two species, making
age assessment generally easier than for inornatus
(Demongin 2016, Svensson 2023).

For inornatus, the age assessment of all individuals
was performed by a single observer (MH) who has
been ringing and ageing the species for a long time,
both in Europe and along the regular migration fly-
way of this species in Asia (the most complicated
birds also were discussed with GN). For the other
two species, the age assessment was performed by a
few expert ringers who have handled and aged
many collybita in the context of their regular migra-
tion, namely MH, GN and PDV for tristis, and MH,
PDV, ST, WR and CDF for collybita. Note that
approximately 20 tristis were examined jointly by
several experts to ensure the consistency of the used
methods and criteria as well as the estimated ages.

Each bird was therefore assigned to one of four
possible age categories, as follows: 1A for a juve-
nile (first-year) bird (fledged the previous sum-
mer); IA? for a bird assumed to be a juvenile
(first-year) but with doubt; +1A for an adult bird;
and +1A? for a bird assumed to be an adult but
with doubt. Note that we discarded from the sam-
ple one tristis and five inornatus that were consid-
ered impossible to age from the set of pictures
available and some individuals for which the sets
of pictures were judged to be of insufficient qual-
ity to ensure age-estimation.

Genetic identification

As a consequence of past uncertainties in the iden-
tification and status of tristis in Western Europe
(see Dean & Svensson 2005), especially regarding
the separation of tristis, P. c. abietinus and their
potential hybrids, a sample of our birds identified
as tristis from in-hand examination (56 individuals)
were genotyped using feathers collected during the
captures.

© 2024 The Author(s). IBIS published by John Wiley & Sons Ltd on behalf of British Ornithologists' Union.

85UB017 SUOLUILLIOD SAIERID 3ol dde 3y} Aq pauRA0b 818 S3[ e YO ‘SN J0 S3INI 104 AR1q1T 3UIIUO AB|IA UO (SUOHIPUCD-PUR-SWLR}W0D A8 | 1M ARR1q 1 BU1|UO//SHNY) SUORIPUOD PUe SWid | 84} 835 *[5202/20/T0] Uo Areiqiauliuo A8|IM ‘AiseAlun pun Aq Z8eeT I TTTT 0T/I0pAL0D A8 | Im AReiq Ul |uo//SNY WO1) papeo|uMoq ‘€ ‘G202 ‘X6TeYLYT



First, we sequenced a short fragment (309 bp) of
the mitochondrial cytochrome B gene to verify
the taxon-specific field-identification. This short
fragment easily allows the mitochondrial DNA
(mtDNA)-based identification of abietinus, tristis
and nominate collybita (see van der Spek & de
Knijff 2021). Sequencing of fragments is described
in full detail in de Knijff (2024). Second, each indi-
vidual was sexed using a DNA-based method that
targets the avian sex chromosomes (Z and W), using
the same PCR primers 2550F/2718R (Fridolfsson &
Ellegren 1999) as in Collinson et al. (2018).

Recent studies demonstrated that abietinus and
tristis hybridize, and that an unknown number of
individuals cannot reliably be attributed to either
of these taxa by means of mtDNA only (Shipilina
et al. 2017, Talla et al. 2017). These contact zone
studies found that hybrid individuals were rela-
tively easy to identify by means of autosomal
single-nucleotide polymorphism (SNP) genotypes
and reciprocally fixed SNPs notably proved to be
sensitive and ideally suited to identify F; hybrids,
F, hybrids and lower-order backcrosses (McFarlane
& Pemberton 2019). We developed and relied on
a single multiplex assay of c. 300 fixed SNPs to
assess the level of potential introgression in the
tristis individuals captured for this study. To
develop this assay, we used the VCF-files of 1695
SNPs that were found to be reciprocally fixed
(Shipilina et al. 2017, Talla et al. 2017) between
abietinus and tristis, kindly supplied by N. Back-
strom (Uppsala University, Sweden), as reference
sequences. The full protocol (detailed in de
Knijff 2024) allowed us to screen 294 SNPs in
each of the analysed tristis samples. The homozy-
gous abietinus-specific genotype was scored as 0
and the tristis-specific homozygous genotype was
scored as 1. Heterozygous genotypes were scored
as 0.5 and summed values were averaged over all
SNPs of a single individual, with the average score
0 indicating a 100% pure abietinus and a score of
1 indicating a 100% pure tristis. We considered
pure abietinus as any bird with a hybrid score of
5% or less, and a pure tristis is defined as any bird
with a hybrid score of 95% or higher.

Statistical analysis

Differences in age-ratio between species were
explored using generalized linear mixed models
(package lme4; Bates et al. 2015). We tested for
statistical differences between collybita (control

Age assessment of Siberian Phylloscopus 637

species) and the two others (inornatus and tristis).
Age-ratio was modelled as a binary variable, with
juveniles (first time migrants) = 1 and adults = 0.

We first modelled age-ratios for the migration
period (birds caught during spring and autumn),
thus including the three species and birds caught
in all locations (Scotland, Sweden, Netherlands,
western France, southwestern France, southern
France and Spain; see Fig. 2a). Then, we modelled
the age-ratios for the wintering period including
only tristis and collybita caught during winter in
southern France (see Fig. 2b; no inornatus were
captured during winter). We ran each model
twice, first including individuals with uncertain
ages in their respective categories, and then
excluding them from the analysis. We included
Species (n=3) as a fixed effect, and Year
(n=15), Season (autumn/spring/winter) and
Location (n = 7) as random intercepts.

Finally, we investigated whether there could be
a relationship between the hybrid score and age.
To assess this, we used Student’s t-tests to com-
pare the hybrid scores between the two age-
groups, both with and without individuals of
uncertain age.

RESULTS

In inornatus, only one bird of 324 caught during
autumn migration was aged as a confirmed adult
(0.3%), with a further five individuals determined
as +1A? (probably adult), leading to a maximum
likely proportion of adult birds in Western Europe
in winter of 1.8% (Fig. 2a; Table 1). In tristis and
collybita, we estimated respectively 7.5% and
17.2% of adult birds during the migration period
including individuals with uncertain age, and 9.4%
and 17.2% without (Fig. 2b; Table 1). We found
significantly different age-ratios between collybita
and inornatus, but not between collybita and tristis
(Table 2).

During the wintering period, we estimated
29.7% and 37.7% of adult birds for #ristis and colly-
bita, respectively, including probable adults, and
10.9% and 28.3% with only confirmed adults
(Fig. 2b). We did not find any significant differ-
ence between collybita and tristis age-ratios
(Table 2). The estimated age-ratios are plotted for
each species and for both migration and wintering
periods in Figure S1.

Additionally, monitoring of the wintering popu-
lation of tristis in southern France and the use of
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Figure 2. Age-ratios of Phylloscopus inornatus, P. tristis and P. collybita caught in Europe. In (a), the age of 324 inornatus caught in
seven areas is presented, in comparison with the age of 8964 collybita (control) caught in three areas. For both species, birds were
caught during the autumnal migration period (September-November). In (b), the age of 117 tristis caught in two locations (Ottenby,
Sweden; and Mireval, France) is presented, in comparison with the age of 11 048 collybita (control) caught in the same locations.
Birds were captured during the winter period in France (November-March) and during the migration period in Sweden (autumn:
September-November; or spring: March-June). A key indicating the depiction of the different age categories is shown in (a); see
details in the Material and Methods section. Proportions <1% do not appear in pie charts.

Table 1.Numbers of Phylloscopus inor-

Location Period +1A  +1A? 1A 1A? Total natus, P. tristis and P. collybita caught in
Europe per locations with their age
Phylloscopus inornatus 324 assessments. Birds considered impossi-
France S Autumn 0 0 24 0 24 ble to age by the expert ringers (five inor-
France SW  Autumn 1 3 94 9 107 natus and one tristis) do not figure in the
France W Autumn O 1 82 7 90 counts.
Holland Autumn 0O 1 27 1 29
Scotland Autumn 0 0 6 0 6
Spain Autumn 0 0 10 0 10
Sweden Autumn 0 0 58 0 58
Phylloscopus tristis 117
France S Winter 7 12 31 14 64
Sweden Autumn 2 0 26 17 45
Sweden Spring 2 1 2 3 8
Phylloscopus collybita 11 048
France S Winter 45 15 88 11 159
France SW Autumn 955 57 4808 48 5868
France W Autumn 57 58 907 79 1101
Sweden Autumn 145 0 1723 0 1868
Sweden Spring 548 0 1504 0 2052
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Table 2. Parameter estimates of generalized linear mixed
models for age-ratio comparisons between Phylloscopus colly-
bita and both P. inornatus and P. tristis.

(@) Including uncertainly
aged individuals

Est. se z-value P-value

collybita = 11 048, tristis = 53, inornatus = 324
Migration Fixed

collybita 145 0.6 2.41 0.02
(Intercept)

inornatus 2.13 0.42 5.07 <0.001
tristis 0.03 0.48 0.06 0.95
Random

Year 0.3

Area 0.49

Period 0.77

collybita = 160, tristis = 64
Winter Fixed

collybita 09 037 244 0.01
(Intercept)

tristis -0.22 048 -047 0.64
Random

Year 0.46

(b) Excluding uncertainly
aged individuals

Est. se z-value P-value

collybita = 10 780, tristis = 32, inornatus = 302
Migration Fixed

collybita 1.68 0.67 2.49 0.01
(Intercept)

inornatus 3.7 095 3.84 <0.001
tristis -04 056 -0.75 0.45
Random

Year 0.3

Area 0.68

Period 0.79

collybita = 134, tristis = 38
Winter Fixed

collybita 0.87 037 2.36 0.02
(Intercept)

tristis 0.31 058 0.53 0.59
Random

Year 0.48

The species model underwent two runs: initially, with no dis-

tinction made between uncertainly aged and confirmed aged
individuals (a), and subsequently, considering only confirmed
individuals (b). We looked for differences between P. collybita
(here considered as a control species) and the two Siberian
species (P. tristis and P. inornatus); different results compared
to P. collybita indicate a potentially different status for the spe-
cies in Europe. Est., estimate; se, standard error. Significant
estimates (P < 0.05) for the intercepts indicate biased
age-ratios in the reference species, here P. collybita.

alphanumeric rings resulted in the observation of
seven inter-annual returns of different individuals
(out of the 78 birds ringed between 2021 and

Age assessment of Siberian Phylloscopus 639

2023; the age of some birds was not determined
because they were caught during the active moult
period in March—-April).

Of the 56 samples of #ristis genotyped, we
found that all birds carried a tristis mtDNA haplo-
type, and that these samples were composed of 25
females and 31 males. Regarding the hybrid score,
all our birds were composed of largely dominant
tristis ancestry with an average of 94% of tristis
ancestry, excluding one individual with no reliable
results (minimum score 64%, maximum score
100%). In detail, we found 36 pure tristis with a
score >95% and 19 individuals with a score <95%
(Fig. 3). Note that we did not find a significant
link between hybrid score and age, both when
including (Student’s #-test; P = 0.84) and exclud-
ing (Student’s t-test; P = 0.85) uncertainly aged
individuals.

DISCUSSION

A puzzling pattern of vagrancy across
Europe for Phylloscopus inornatus

The increasing occurrence of several thousands
(probably tens of thousands) of inornatus each
autumn in Europe (Dufour et al. 2022) has been
discussed repeatedly, with several papers suggest-
ing that this change in occurrence may result from
the emergence of a new migration route (see Gil-
roy & Lees 2003). As reviewed in Dufour
et al. (2022), no evidence has yet been provided in
favour of this hypothesis but the regular occur-
rence of adult birds in autumn would support the
contribution of regular migration to this pattern of
occurrence. However, information on the age-ratio
of inornatus in Europe has long been lacking
because the species is notoriously difficult to age.

Here, we provide the first comprehensive
assessment of the age-ratio in a large sample of
inornatus in autumn in Western Europe, demon-
strating that the vast majority of birds observed
each autumn in Europe are juvenile (first-year)
birds, and hence vagrants following an erroneous
direction at the start of their first migration
(Thorup 2004, Thorup et al. 2012). Thus, the spe-
cies does not migrate regularly to Europe or if it
does, the number of individuals involved remains
extremely small and difficult to detect.

Overall, these results are consistent with the
very low numbers of inormatus observed during
spring migration in Europe (and the absence of
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Figure 3. Proportion of genomic ancestry in 56 samples of presumed Phylloscopus tristis collected during winter in southern France
(grey) compared with reference samples of P. collybita abietinus (orange; n = 30) and P. tristis (blue; n = 26). Each dot represents
an individual and all individuals are sorted according to their hybrid score.

birds caught during spring migration at the same
capture sites), suggesting that very few birds sur-
vive the winter after they arrive in Europe in
autumn or die in/over the Atlantic Ocean. A sin-
gle case of inter-annual control in southern Spain
in 2019 (Tonkin & Gonzalez Perea 2019) proves
that some birds can survive the winter in Europe
to return the following year, but it remains the
only case of inter-annual control despite hundreds
of individuals ringed every autumn in Europe (de
Juana 2008, Zucca 2017) and it remains compati-
ble with the vagrancy hypothesis. Indeed, this bird
may have been (1) part of an extremely small
westward migrating population, (2) migrating back
to the breeding grounds without being part of a
westward-migrating population or (3) not migrat-
ing back to any breeding ground. Several cases of
returning vagrants have showed that they can use
a different migratory system for several years with-
out returning to their breeding ranges
(Ottens 2007). Some may even reproduce with
other vagrants or hybridize with other species far
from their wusual breeding ranges (Dufour
et al. 2017). Finally, as shown in Richard’s Pipits
Anthus richardi tagged in southern France that
travel  through  Central Europe (Dufour
et al. 2021), we cannot exclude the possibility that
autumn adult inornatus and spring individuals
might also take a similar route, making them less
easily detectable. We consider this hypothesis
unlikely given the general and extreme rarity of
inornatus in Europe during spring migration.

A regular westward migration route for
Phylloscopus tristis

In contrast to our findings for inornatus, we found
numerous adult birds among tristis wintering in
southern France, and this population exhibited an
age-ratio similar to that of collybita, a closely
related species that winters commonly in the same
region. The age-ratio we estimated in tristis in
southern France in winter also was similar to that
of another songbird species wintering in the Ibe-
rian Peninsula, the European Robin Erithacus rube-
cula (c. 30-40%; Catry et al. 2004). Additionally,
several individuals, including some adult birds,
were caught in Sweden during the spring migra-
tion, suggesting that at least some of the birds
arriving in Europe in autumn return towards their
breeding grounds after wintering in Europe.

These findings suggest that tristis could migrate
on a regular basis in southern Europe from its
breeding grounds in Siberia, and undertakes a
migration in a direction markedly different from
the previously documented and presumably
ancestral migration routes towards South Asia and
the Middle East (BirdLife International 2020).
This idea also is largely supported by several
inter-annual controls in southern France between
2021 and 2024 (seven recaptured or controlled
individuals; 84 birds caught in total between 2021
and 2024). Additionally, the genetic identification
of several birds caught in Britain and the Nether-
lands mostly during migration (and some during
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the winter period) has recently shown that this
taxon is more abundant than thought previously
(de Knijff et al. 2012, Collinson et al. 2018, van
der Spek & de Knijff 2021). The under-detection
of this taxon probably results from misinterpreta-
tion of the identification literature, but also from
the fact that some individuals may display charac-
teristics considered not to belong to tristis (van der
Spek & de Knijff 2021).

Because of this, it is difficult to know how long
tristis has been wintering in southern France (and
elsewhere in Europe) and how often it appears
each autumn in Europe (see Dean et al. 2010 for a
review of the past identification of this taxon in
Europe). However, it seems that this taxon was
already wintering in Italy in the province of Vin-
cenza (northeastern Italy) in the 1990s (Farronato
et al. 1995) and this may still be the case, as sug-
gested by regular contemporary sightings in north-
ern Italy. Conversely, the species is still relatively
rare in the Iberian Peninsula, and it is possible that
France (and Catalonia) constitute the western
limits of the regular winter distribution of this
taxon in southern Europe (Gutiérrez et al. 2013).
We may hypothesize that tristis benefited from an
increase in winter temperatures to increase its win-
ter survival and colonize new territories. The same
hypothesis has been proposed to explain the colo-
nization of new wintering territories for the
Richard’s Pipit (Dufour er al. 2021), and it also
has been shown that collybita might be benefiting
from increased temperatures to colonize new
breeding territories to the north (Howard
et al. 2023). A niche-modelling approach could
help to understand the extent of the suitability of
the wintering range of tristis in Europe, but it
would require a better understanding of what con-
stitutes the ‘classic’ wintering range of this taxon
(see Babbington et al. 2024).

Interestingly, genomic results showed that all
our sampled birds were composed of dominant
tristis ancestry but that a significant proportion
were intergrade individuals (i.e. with a hybrid
score <95%) suggesting past-hybridization and
introgression. This would suggest that at least
some of the birds breed in the west of the tristis
distribution close to the contact zone between
abietinus and tristis (Shipilina et al. 2017). Further-
more, this raises new hypotheses concerning the
emergence of new migration routes, with hybridi-
zation possibly leading to the introgression of
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genes or genomic regions involved in the orienta-
tion of migration (but see Delmore & Irwin 2014).

In summary, with the data that we currently
have, we cannot know whether the westward
migration route used by tristis is new or whether it
has been used for some time before it was
detected. Either way, it represents a route that
was unknown previously. Identifying the breeding
sites of these birds is the next step in investigating
the evolution and maintenance of this migratory
route. Progress will require the wuse of
isotope-tracing analyses or small geolocators (Hob-
son 1999, Bridge et al. 2011).

LIMITATIONS AND CONCLUSIONS

Age-ratio stands as a simple and useful tool to
determine the routes used by migratory species
(Ralph 1981). However, the distribution of young,
migratory, inexperienced birds can be biased by
various factors. The coastal effect describes the
accumulation of young, inexperienced birds on the
coast owing to the wider range of orientation at
the start of their migration and the fact that young
birds generally prefer to follow the coastline for
some distance rather than crossing immediately
over the sea (Alerstam & Pettersson 1977, Akesson
et al. 2021). Because most of our capture sites are
close to the coast, we may have captured higher
proportions of juveniles than would have been
found further inland. However, the use of collybita
as a control gives us a comparison of the age-ratios
expected at these same sites. Juveniles also may
have a greater response to play-back than adults
(i.e. experienced individuals; Onate-Casado
et al. 2021). For example, it has been found that
experienced birds do not approach the sound
sources as closely as naive birds (de Lima &
Roper 2009). However, we do not believe that
these effects could have influenced the age-ratios
that we observed in inornatus as several capture
sites do not use playback systems to lure the birds.
Finally, we acknowledge that age estimation, par-
ticularly for inornatus, is not infallible, and some
birds may have been aged incorrectly. Ideally, the
accuracy of the ageing made by the two of us who
are expert on ageing this species (MH and GN)
should have been tested using in-hand photos
obtained during the post-nuptial in Asia and com-
prising individuals from both age classes. In prac-
tice, such photos do exist, but they were produced
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by MH and GN themselves, which would make
this test circular and therefore not relevant. We
have allowed for some uncertainty in ageing in our
statistical tests, and a low rate of mistakes in age-
ing would not affect our overall pattern, but our
conclusions still rest on the overall effectiveness of
our ageing process. Most of the ageing of inornatus
was carried out by MH, who is arguably one of
the most experienced experts in ageing passerines
in-hand in Asia and Europe, including from photo-
graphs, and who has extensive experience with the
two age-classes of species in-hand. Difficult cases
also were referred to GN, who also has first-hand
experience with the species in Asia and
co-authored with MH the only source offering age-
ing criteria for the species (Norevik et al. 2020).
We are thus entirely confident that the vast major-
ity of inornatus reaching western Europe are
first-calendar birds. We also acknowledge that age-
ing birds correctly from photographs is decidedly
more difficult than in-hand, although the benefit
of the approach in this study is that the analyses
of the same images can be repeated in the future.
To conclude, we found contrasting support for
the importance of seasonal migration in explaining
the occurrence of two Siberian passerines in West-
ern Europe. Both species breed predominantly east
of the Ural Mountains (and hence mostly outside
Europe) and normally winter in South-East Asia
(Phylloscopus inornatus) or the Indian Subcontinent
(P. tristis). For P. inornatus, our results show that
the vast majority of the individuals reaching West-
ern Europe are vagrants. The number of birds
involved thus constitutes an intriguing evolutionary
paradox, as we still do not understand why tens of
thousands of individuals fly every autumn towards a
near-certain death. This calls for further research to
investigate the proximate mechanisms behind these
large-scale  misorientation  patterns  (Dufour
et al. 2022, Bensch et al. 2024). For P. tristis, our
results suggest that, at least in southern France in
winter, the occurrence of the species might be best
explained by seasonal migration. Of course, further
research is needed to confirm the migration hypoth-
esis. The first step would be to prove that the birds
wintering in France return to reproduce in the
breeding range of the species and transmit their
migratory phenotype (i.e. orientation) to their off-
spring (see Dufour et al. 2021). The use of geoloca-
tors could help validate this hypothesis (Schaffner
et al. 2023), which would support the discovery of
yet another newly emerged or previously overlooked

migration route towards Europe for another Siberian
species, in a markedly different direction from the
presumed ancestral one.
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APPENDIX A

Members of VRS Castricum: Tim van der Meer,
Andre van Loon, Arnold Wijker, Guido Kaeijl,
Henk Levering, Jan Visser, Leo Heemskerk, Luc

Age assessment of Siberian Phylloscopus 645

Knijnsberg, Marc van Roomen, Paul Ruiters, Piet
Admiraal, Piet Veldt, Richard Reijnders & Walter
Beentjes.

SUPPORTING INFORMATION

Additional supporting information may be found
online in the Supporting Information section at
the end of the article.

Data S1. Age estimates and related information
for all the individuals used to produce this paper.

Figure S1. Parameter estimates of the four
models comparing age-ratio between each species
during spring and autumn migration (a,b) or winter-

ing (c,d).
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