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Abstract Every year birdwatchers throughout Europe
record the arrival of a considerable number of vagrants
from the eastern Palaearctic. We analysed the occurrence
of such vagrants in Central Europe of the genera Phyl-
loscopus, Turdus and Zoothera in Central Europe. Our
results revealed that the occurrence of a species depended
on total population size, but not on body size. Furthermore,
the occurrence of species in Central Europe increased with
distance between the breeding range and wintering range,
but the distance between the breeding range and Europe
had no effect. These results indicate that the migratory
restlessness of species determines whether an East Asian
species arrives in Europe. Overall, our data support
the hypothesis that the migratory program determines
vagrancy.
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Introduction

Every year birdwatchers report the occurrence of species in
Europe that do not breed or regularly overwinter there. For
some of these vagrants, the breeding and wintering ranges
are thousands of kilometres distant from Europe. An
impressive array of committees has been set up over the
years which verifies and evaluates these records (van den
Berg and Bosman 1999). While one trend of thought views
these vagrants solely as curiosities without any deep or
lasting scientific implication, others lines of thought feel
that the records call for a scientific evaluation of causes and
consequences (Barthel and Bezzel 1990). Firstly, vagrants
may be propagules for an expansion of the distributional
range. A well-known example of this is the colonization of
South America by the Cattle Egret Bubulcus ibis (Maddock
and Geering 1994; see also Veit 1997, 2000). Secondly, a
study of the causes of the occurrence of individuals far away
from their breeding grounds, their regular migration route
and their wintering areas may facilitate scientists in gaining
an understanding of the migration system of birds (Rabgl
1969, 1976; Thorup 2004). In the present study, this latter
issue will be addressed from a macroecological perspective.
The documented recordings of vagrants give an
impression of relative abundance as well as seasonal
occurrence in Europe. A qualitative evaluation of these
records reveals three general patterns. Firstly, an important
group of vagrants consists of eastern Palaearctic species
(especially Leaf Warblers Phylloscopus, Thrushes Turdus
and Zoothera, Buntings Emberiza and Pipits Anthus).
Secondly, the relative abundance of vagrants differs con-
siderably between species. Thirdly, most recordings of
rarities occur in the autumn. Two hypotheses have been
proposed to explain these observations: the ‘‘weather
hypothesis’” and the ‘‘reverse migration hypothesis’’.
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One explanation for the presence in Central Europe of
Leaf Warblers from the eastern Palaearctic is that anticy-
clones transport the individuals to Europe (Baker and
Catley 1987; see also Glutz von Blotzheim and Bauer
1991). Such weather situations are fairly common in
eastern Asia during the autumn, which would explain the
peak of vagrants at this time. Nevertheless, the weather
hypothesis assumes implicitly that birds are not able to
react actively to wind conditions (Liechti 2006). Further-
more, vagrants from the eastern Palearctic still appear in
Europe in years without strong anticyclones. Hence, the
weather hypothesis would not appear to be a satisfactory
explanation for these vagrants. The reverse migration
hypothesis has been suggested as a possible alternative.
Rabgl (1969, 1976) recognized that certain vagrants of the
genus Phylloscopus follow a great circle route during
migration. An error of 180° would lead birds to Europe
(Fig. 1; for a critical discussion of the reverse migration
hypothesis see Gilroy and Lees 2003). Experiments with
birds caught in Europe support the reverse migration
hypothesis (Thorup 1998). As a mechanism for reversed
migration some authors suggest reverse orientation, a
phenomenon documented for many migratory species (e.g.
Sandberg 1994). Other possible mechanisms include nat-
ural variation in the normal migratory direction with sur-
vival differing between directions (Alerstam 1982 as cited

Phylloscopus inornatus

Fig. 1 Sketch of the basic idea behind the ‘‘reverse migration
hypothesis’> shown for the Yellow-browed Warbler Phylloscopus
inornatus. If individuals follow a great circle line to the wintering
area, a switch of 180° in the migration direction would lead them to
Europe (adapted from Rabgl 1976)

@ Springer

by Thorup 2004) or a switch from the autumn to the spring
programme.

If reversed orientation or a switch from the autumn to
the spring programme is the principal mechanism of re-
versed migration, one would expect that, given a simple
compass-based migration system, the occurrence of va-
grants would be independent of the migratory direction
(Thorup 2004). However, Thorup (2004) showed that the
relative abundance of vagrants does depend on this direc-
tion, with many more vagrants from the eastern Palaearctic
reaching Europe than from the Mediterranean. This results
indicates that cues along the migratory routes influence the
orientation system (see also Weindler et al. 1996). As well
as the orientation system, the endogenous clock to termi-
nate the migration programme should also influence va-
grancy. For warblers, migration distance and migratory
restlessness (‘‘Zugunruhe’’) are correlated (Gwinner 1968;
Berthold 1973). Hence, only species with a sufficiently
long migratory restlessness should reach Central Europe.
Otherwise, species should stop along the great circle before
they reach Central Europe (see Fig. 1).

To test this hypothesis, we need to consider other factors
which influence the occurrence of vagrants. (1) Abundance
should affect vagrancy (Thorup 2004). If, irrespective of
species, all individuals have the same probability to deviate
from the regular migratory direction, we expect that the
number of vagrant individuals increases with total popu-
lation size of the species (see also McLaren et al. 2006).
Given that abundance increases with distributional range
size (e.g. Gaston 1994), we would expect a positive cor-
relation between the numbers of vagrant individuals and
the distributional range size across species. Furthermore,
the probability that a species (not individual!) is recorded
as a vagrant should also increase with distributional range
size. (2) The probability that an individual dies increases
with the distance travelled. Therefore, the number of va-
grant individuals and the probability that a species occurs
as a vagrant should decrease with the distance between
Europe and the breeding range. Thorup (2004) failed to
document the latter prediction, perhaps because he con-
sidered only species with records in Europe. Therefore, to
test our hypothesis that only those species with a suffi-
ciently long migration distance arrive in Europe, we con-
sider not only species which have arrived in Europe but
also species within the same genera for which no records of
vagrancy to Central Europe are available.

Material and methods
We considered species of three passerine genera (Phyl-

loscopus, Sylviidae; Turdus and Zoothera, Turdidae) with a
breeding range east of Central Europe (Table 1). For the
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Table 1 Eastern Palaearctic species of the bird genera Phylloscopus
(leaf warblers), Turdus and Zoothera (thrushes) are recorded every
year as vagrants in Central Europe

Genus Central Total Eastern Palaearctic
Europe -
Migratory Recorded
in Europe
Phylloscopus 5 29 27
Turdus 6 16 8 4
Zoothera 0 8 3 2

The table gives the species richness of these genera in Central Europe
and in the eastern Palaearctic, the number of migrating species in the
eastern Palaearctic and the number of these species which have been
recorded in Central Europe

definition of species we followed Baker (1997) for Phyl-
loscopus and Clement and Hathway (2000) for the two
genera of Turdidae (see Appendix). Central Europe is de-
fined as including the following countries: The Nether-
lands, Belgium, Luxembourg, Germany, Poland, Czech
Republic, Slovakia, Hungary, Austria and Switzerland. We
selected only species whose western distributional border
lay to east of these countries. All species considered are
migratory. The migratory direction for most of the species
is to the south with little variation between species.
Therefore we decided not to consider the migratory
direction as a predictor variable (see Thorup 2004). For all
species we extracted the following variables from the lit-
erature: body mass (g), wing length (mm), size of breeding
range, distance between centre of breeding range and
centre of wintering range (km) and distance between centre
of breeding range and Central Europe (km) using Berlin as
an arbitrary reference point.

For the morphological variables we used the data pre-
sented in Baker (1997) as well as Clement and Hathway
(2000). Where these two sources reported only ranges of
measurements, we used the midpoint. For some species,
Baker (1997) and Clement and Hathway (2000) provide no
data on body mass or wing length, and in these cases we
used data given in Glutz von Blotzheim and Bauer (1985,
1988, 1991) as well as Ali and Ripley (1973). For Tur-
dus cardis and T. feae we found no data at all on body
mass. To estimate body mass for these two species, we
therefore constructed a regression between wing length and
body mass across 20 species of thrushes occurring in the
eastern Palaearctic. We used the least square regression
line [body mass (g) = -167.7 (g) + 1.965 (g mm™) wing
length (mm); * = 0.79] to estimate the expected body
mass for 7. cardis and T. feae from their wing length.

The variables characterizing range size, the distances
between breeding and wintering ranges as well as the
distance between the breeding range and Central Europe
were estimated from the maps in Baker (1997) and

Clement and Hathway (2000). As these maps differ in scale
between species, we first used certain geographic features
(e.g. estuaries, peninsulas) on these maps to estimated the
scale and then measured the extent of distributional range
in south-north and east—west directions as well as the
distances to the centre of the wintering range and to Central
Europe. These measurements were converted to kilome-
tres. The product of the two extents provided a rough
estimate of the distributional range size (in km?). Price
et al. (1997) published estimates of the distributional range
sizes of Phylloscopus species, and our data set on distances
correlated well with that of these authors [/ = 0.87;
n = 26 excluding P. cantator and P. ricketti; Price et al.
1997 combined these two species; Price et al. (1997) and
Baker (1997) combined P. tenellipes and borealoides into
one species, Price et al. using the name borealoides).

The records of the selected species in Central Europe
were extracted from Glutz von Blotzheim and Bauer (1985,
1988, 1991; see Appendix). All records were summed up,
and we used this sum as an index of the relative abundance
of vagrants in Central Europe. For comparison, we used
information on the occurrence and abundance of passerine
species from the eastern Palaearctic recorded in The
Netherlands (extracted from van den Berg and Bosmann
1999). In a second step, we recoded the relative abundance
into a binary variable (0 and 1). Zero indicates that a species
was not recorded, whereas one indicates a species was re-
corded as vagrants in Central Europe. This coding allows
the probability that at least one record exists to be estimated.

The distribution of the number of records, distributional
range size and the distances were fairly skewed, and we
log;o-transformed these variables prior to all analyses. The
data were analysed using the generalized linear model with
the appropriate error distribution using R ® Development
Core Team 2004). For a multivariate analysis we decided
to use hierarchical partitioning (MacNally 1996, 2000) as
implemented in the package HIER.PART (Walsch and Mac-
Nally 2003) within R ® Development Core Team 2004).
This method does not aim to identify an appropriate
regression equation, but identifies those variables that have
high and independent correlations with the dependent
variable and, therefore, likely to be most influential on the
independent variable.

Results

Of 27 selected Phylloscopus species (see Appendix) and 11
species of turdids, eight and six species, respectively were
recorded as vagrants in Central Europe (Table 1). In The
Netherlands, the seasonal occurrence of East Asian passe-
rines showed two peaks (Fig. 2): one in the spring and one
in the autumn. The records of Phylloscopus and turdids
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followed more or less the same pattern (Fig. 3). Most
individuals of the genus Phylloscopus were recorded dur-
ing the autumn. The peak number of recordings in the
spring and autumn suggests a relationship between
migration and vagrancy.

The number of recordings ranged from one individual to
nearly 1000 individuals (Fig. 3). Across all species re-
corded in Central Europe, we found a correlation between
the number of recordings in Central Europe and the size of
the distributional range.

We then considered the probability that a species may
occur as a vagrant in Central Europe and tested simple
relationships with a generalized linear model (log-link
function; binomial error probability; Fig. 4). This proba-
bility increased with range size as well as with usual
migration distance, but we found no relationship with the
distance of the breeding range to Central Europe (Fig. 4).
When the ratio of migration distance to the distance be-
tween the breeding range and Central Europe was calcu-
lated, we again found a significantly increased probability
that a species may occur as a vagrant in Central Europe with
increasing ratio (Fig. 4). Using hierarchical partitioning we
found that size of breeding range and the ratio between
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Fig. 2 Phenology of the records of East Asian passerines (excluding
Phylloscopus, and turdids) in The Netherlands as well as the
phenology of the recordings of East Asian Phylloscopus and thrushes
of the genera Turdus and Zoothera used during this study. The
correlation coefficients measure the similarity of the phenology of the
records for Phylloscopus and thrushes with the phenology of the East
Asian passerines recorded in The Netherlands
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migration distance and distance to Central Europe showed
significant independent contributions to the probability of
vagrancy (Fig. 5). Body size and taxon (warblers or trushes)
did not contribute significantly to that probability.

Discussion

One of the factors responsible for the transport between the
breeding range and Europe are bad weather conditions. In
the aftermath of storms, North American species are often
recorded on the other side of the Atlantic Ocean (e.g. Hering
and Alfrey 2006). One might expect small birds to be more
often affected by winds than large birds. However, we
found no influence of body size on the probability that a
species occurs as a vagrant in Central Europe. Firstly, we
found no difference in that probability between thrushes and
Phylloscopus, although thrushes are much larger than leaf
warblers. Secondly, within the genus Phylloscopus, body
size had no influence on this probability. However, the role
of body size may not be so simple (see also McLaren et al.
2006). Small birds have a higher probability of death from
starvation on the way from the breeding range to Central
Europe. Calder (1974) reports a positive correlation be-
tween body size and survival time of fasting birds.
According to the equations reported by Calder (1974), a
bird of 10 g may survive 1 day without food, a bird of 50 g
almost 3 days. Clearly, small species should have a lower
probability of surviving a long flight without stops for
feeding than large species. Interestingly, the percentage of
passerines (small birds) versus non-passerines (larger birds)
in the list of vagrants differs for species from East Asia and
North America. In The Netherlands (van den Berg and
Bosman 1999), eight of 40 North American vagrants were
passerines (20%), whereas 32 of 46 East Asian species were
passerines (70%; y2 = 21.2, P < 0.001). This difference in
the composition of vagrants between North America and
Asia indicates that the causes for the occurrence of North
American and East Asian vagrants may be different.

We found that the probability that a species occurs as a
vagrant in Central Europe increases with increases in the
ratio of the distance between breeding and wintering range
to the distance between breeding range and Central Europe.
This relationship still holds when we corrected for abun-
dance, suggesting that the migration programme and asso-
ciated restlessness are important factors that determine
whether a species may reach Europe. Errors in the migration
programme (switch of the seasonal programme or reversed
orientation in autumn) drive species on the great circle route
from their breeding range to Central Europe (Alerstam and
Petterson 1991). However, only those birds that are suffi-
ciently restless arrive in Europe. Species with a short
migration distance would stop far short of Central Europe.
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The hypothesis that the genetic migration programme is
at least in part responsible for the occurrence of species in
Central Europe leads to the idea that there may be a cor-
relation between the occurrence of species as vagrant in
Central Europe and phylogeny. We tested the leaf warblers
for such a relationship using the phylogenetic tree devel-
oped by Price et al. (1997). We coded the occurrence of a
species in Central Europe as a trait and mapped this trait on
the tree (Fig. 6). Using parsimony, seven changes in the
trait were necessary to account for the variation between

ratio distances

species (using the software programme MEsQUITE; Maddi-
son and Maddison 2004). However, randomizing species
across the tips of the tree showed that this value is expected
by chance (Fig. 6, inset). Although the genetic programme
may be in part responsible for the occurrence of a species
as a vagrant, the genetic basis of the migratory programme
seems to be too liable to show a phylogenetic signal. This
is not very surprising. The fascinating work of Berthold
and co-workers demonstrated that the genetic migration
programme changes each few years (Berthold et al. 1990).

@ Springer



J Ornithol

distance to Europe
migration distance
ratio distances

body size
]

taxon

o
-
o
N
o
[
o

40
independent contribution (%)
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Asian species (Phylloscopus and trushes) as vagrants in Europe using
the log-likelihood as goodness of fit measure. Black bars indicate
significant independent contributions using 100 randomizations. Note
that body size, genus (coded as dummy variable) as well as the
distance between the breeding range and Europe had little effects on
vagrancy
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Fig. 6 Phylogeny of the genus Phylloscopus (from Price at al. 1997).
Species in grey were recorded as vagrants in Europe, and the different
colours of the branches indicate the evolution of the trait recon-
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reconstructions. Overall, one needs seven changes in the state of
the trait along the phylogeny to explain the distribution of species that
occur as vagrants in Europe across the tree. The histogram gives the
distribution of the expected number of steps generated by random-
izing species across tips (10,000 runs). Note that the distribution of
vagrants across the phylogeny transports no phylogenetic signal
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Furthermore, Price et al. (1997) showed that the location of
the distributional range of leaf warblers is also a liable trait.
Obviously, fluctuations during the Pleistocene forced a
rearrangement of distributional ranges and associated
migration programs.

Zusammenfassung

Vogel aus Ostasien in Europa: Griinde fiir das Auftreten
von Irrgisten

Alljahrlich werden von Feldbeobachtern Irrgéste gemeldet.
Wir untersuchten das Auftreten von ostasiatischen Arten
der Gattung Phylloscopus, Turdus und Zoothera als Irrga-
ste in Mitteleuropa. Wir fanden, dass das Auftreten zu-
nichst von der Hiufigkeit der Arten abhingt, aber nicht
von deren Korpergrofle. Dariiber hinaus fanden wir, dass
das Auftreten einer Art als Irrgast mit zunehmendem
Verhiltnis zwischen der Zustrecke und der Distanz zwis-
chen dem Brutareal und Europa wahrscheinlicher wurde.
Das spricht dafiir, dass letztlich die genetisch determinierte
Zugunruhe dafiir verantwortlich ist, ob eine Art Europa
tiberhaupt erreicht. Das Auftreten von ostasiatischen Ir-
rgisten beruht demnach eher auf Fehlern im Zugablauf,
denn in schlechten Wetterbedingungen wihrend des Zuges.

Acknowledgment Two anonymous referees provided valuable
comments on an earlier draft of this paper. Jonathan Guest polished
our language.

Appendix

List of species considered in our study. The asterisks
indicate species which were recorded as vagrants in Central
Europe. Leaf Warblers (Phylloscopus): P. sindianus,
P. neglectus, P. orientalis*, P. fuscatus*, P. fuligiventer,
P. affinis, P. subaffinis, P. griseolus, P. armandii,
P. schwarzi*, P. pulcher, P. maculipennis, P. proregulus®,
P. subviridis, P. inornatus®, P. humei*, P. borealis*,
P. tenellipes, P. magnirostris, P. tytleri, P. occipitalis,
P. coronatus*, P. ijimae, P. reguloides, P. davisoni,
P. cantator, P. ricketti. Thrushes (Zoothera): Z. wardii,
Z. sibirica*, Z. dauma*. Thrushes (Turdus): T. pallidus*,
T. cardis, T. hortulorum, T. feae, T. obscurus*, T. chrysolaus,
T. ruficollis*, T. naumanni*.
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