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Abstract Some of the factors that could influence changes
in phenology of the song thrush (Turdus philomelos) during
spring migration have been analyzed in relation to the
timing of their return to the south-east Baltic region over
the last 40 years. These include wind direction and velocity,
temperature and precipitation in the wintering areas and
along the migratory route. In March, a significant correla-
tion was found between the timing of passage in the Baltic
region and both the air temperatures in wintering area and
winds over the migratory route. In April, when mass
migration of thrushes occurs, the timing of passage was
correlated with temperature, winds and, partly, precipitation
over the route of migration. In this month, the frequency of
tailwinds increased significantly along the route of migra-
tion from south-west France to the Baltic region over the
last 40 years. The tailwind frequency was correlated with

the beginning, middle and end of spring passage, account-
ing for 51% of the variance of median dates of the passage.
The higher ambient temperatures over the migratory route
explain nearly 20% of the variance in the timing of passage.
Our results suggest that the advance in the timing of spring
migration is primarily due to (1) the increased frequency of
tailwinds favorable for migratory flights over the migratory
route, and (2) the earlier emergence of the conditions
enhancing migration due to higher spring temperatures in
the winter quarters and on the migratory route.
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Introduction

A large amount of information concerning global climate
changes and their impact on ecosystems has recently been
published (Post et al. 2001; Møller 2002; Nott et al. 2002;
Stenseth et al. 2002; Walther et al. 2002; Hüppop and
Hüppop 2003). A positive NAO (North Atlantic Oscilla-
tion) index trend reflects an intensification of redistribution
of the atmospheric mass across the North Atlantic (Hurrell
et al. 2001; Nott et al. 2002) which, in turn, causes an
increase in the frequency of warm and wet SW and W
winds from the Atlantic across northern and central Europe
in late winter and early spring (Hurrell 1995; Visbeck et al.
2001). Winter and early spring air temperatures in Europe
have increased mainly because of this phenomenon (Sparks
and Carey 1995; Post et al. 2001).

Climate changes are reflected in changes in bird
phenology. Many authors have revealed a close relation-
ship between higher spring air temperatures and the
earlier arrival dates of both short- and long-distance
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migrants (Mason 1995; Sokolov et al. 1998; Sparks 1999;
Barrett 2002; Sparks et al. 2003). This has been confirmed
by monitoring observational and trapping records of birds
in Europe since the middle of the twentieth century
(Sokolov et al. 1998; Tryjanowski et al. 2002; Hubálek
2003).

Wind condition correlated with the temperature regime
in Europe in early spring may also strongly influence the
arrival of birds. For many species of short- and long-
distance migrants passing in spring across the Baltic region,
a significant relationship has been established not only with
air temperature but also with precipitation and wind
characteristics (Žalakevičius 2005).

Wind is believed to be the major meteorological
factor governing migratory flight activity of birds (Lack
1960b; Richardson 1978, 1990; Alerstam 1990). Visual
and radar observations have shown that the numbers of
passerine nocturnal migrants in particular are strongly
correlated with the occurrence of tailwinds which are
favorable from energetic and orientational considerations
(Alerstam 1976, 1990; Alerstam and Lindström 1990;
Åkesson and Hedenström 2000). Migrants select for
favorable wind conditions both for initiating departure
and for flight (Liechti 2006) preferring nights with
tailwinds, or choosing an altitude range with appropriate
following winds (Liechti and Bruderer 1998). Those birds
that have tailwinds generally migrate for longer distances
per night than birds that have headwinds or strong side
winds (Cochran and Wikelski 2005). In some years, the
passage of thrushes may occur during a few “good” nights
with tailwinds (Alerstam 1990).

The song thrush (Turdus philomelos) is a typical and
numerous nocturnal middle-distance migrant overwintering
in SW Europe. The study of the phenology of this species
during 40 years of monitoring trapping shows that the
following occurs:

1. The median date of spring passage in the south-east
Baltic region (SE Baltic) has significantly advanced by
10 days (0.25±0.16 days per year, P=0.009).

2. The dates of the commencement of spring passage are
correlated with the March NAO index values.

3. There is no significant relationship between the timing
of spring passage and either March or April air
temperatures in the SE Baltic region (Sinelschikova
and Sokolov 2004).

As a consequence, it is suggested that the significant
advance in timing of spring migration in birds may not be
due entirely to the higher spring temperatures per se.
Another factor causing faster migration may be the
changing wind situation in Europe over the migratory
route, due to the increased number of nights with tail winds
and/or to increased wind speed.

In the present study, we investigated (1) the change of
wind situation in Europe in spring (increase in frequency of
tailwind for birds wintering in SW Europe and/or its speed)
over the last 40 years, and (2) the specific advantages that
wind change en route from SW Europe to the SE Baltic
give to the thrushes with respect to temperature and
precipitation.

Material and methods

Trapping data

Data were analyzed for 1,324 song thrushes captured in the
spring by Rybachy-type traps at Fringilla field station (55°
05′N, 20°44′E) situated on the Courish Spit on the Baltic
Sea coast, for the years 1961 to 2003. Each year, two
stationary traps were operated simultaneously 24 h a day
from the end of March until November. The main spring
migratory period of the song thrush recorded by moon-
watching occurs, on average, between 28 March and 29
April (Bolshakov et al. 2002). The years when the trapping
began later than 29 March or the number of thrushes caught
in spring was fewer than 20 birds (n=7 years) were
excluded from the analysis. In the course of 40 years of
trapping no trends were found in the annual total of the
migratory population of the song thrush (F1,38=2.55, P=
0.120).

The analysis period of spring migration was from the
onset of trapping in the end of March to 20 May. All
thrushes trapped until 1 May were used. Birds caught
during 2 h after sunrise between 1 and 20 May were also
included because nocturnal migratory flights recorded by
calls may continue until the end of May (Bolshakov et al.
2002). Birds caught in May during the day were excluded
as local ones had probably begun nesting. The calendar
dates for capturing 5, 20, 50, 80 and 95% of all birds were
taken as temporal metrics for analyzing spring migration. In
some years, nocturnal passage of thrushes may be recorded
by calls as early as 10 March (Bolshakov et al. 2002).
Therefore, the capture dates of 5% of birds do not entirely
reflect the onset of migration, but they do indicate trends
(Sinelschikova and Sokolov 2004).

Recovery data

The influence of climatic factors on the timing of the spring
passage of the song thrushes in the SW Baltic area was
considered in relation to the distribution of the birds within
their wintering grounds and on their migratory route. Long-
distance recovery data was extracted from the database of
the Biological Station “Rybachy” and the Bird Ringing
Centre (Moscow), which also provided the recovery data of
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the birds that had been ringed in the neighboring SE Baltic
countries of Latvia and Lithuania in 1961–1998. A total of
134 long-distance recoveries between February and May in
1962–2002 was included.

Wind, temperature, precipitation

The meteorological situation was assessed both in the
wintering areas and along the migratory route for the
populations of the song thrushes passing through the Baltic.
This is the wide area extending from S Spain, Portugal,
Mediterranean islands, S Italy to the SE Baltic (Payevsky et
al. 2004).

The weather data for 17 sites in Europe from February to
May were downloaded from the Internet: wind - http://
www.dss.ucar.edu/datasets/ds195.1; temperature - http://
www.ncdc.noaa.gov/; and precipitation - http://www.cru.
uea.ac.uk/~mikeh/datasets/global/. All parameters were
presented as 5×5 degree grid. The coordinates for wind
data and precipitation coincided, but for temperature they
differed by 2.5 degrees relative to the winds or precipita-
tion. To match the coordinates we have interpolated the
temperature grid data on the same coordinates as wind and
precipitation. Data on speed and direction of wind
corresponding to 850 Mb (1500 m asl) at midnight 00Z
(Greenwich) were used. The studies of nocturnal migration
of European birds have shown that in spring the most
intensive passage occurs around midnight (Alerstam 1976),
and although passerine birds can fly at heights up to 4 km
agl about 90% of them fly within the height range of 100–
2,000 m agl (Liechti et al. 1995; Bolshakov et al. 2002;
Liechti 2006, and references therein).

The wind most appropriate for assisting migratory flight
was investigated. The mean azimuth of winter recoveries
for the song thrushes banded on the Courish Spit was 223°
(Payevsky et al. 2004). A previous study by moon-watch-
ing showed that the general direction of spring nocturnal
migration of thrushes in the SE Baltic is 044° (Bolshakov
et al. 2002). Assuming the fly direction the strict tailwind
appears to be 224°. In spring, some 78% of thrushes
migrate in winds with a tailwind component. More than
half of birds migrate when the wind does not deviate from
the strict tailwind by more than 39° (Baushev and
Sinelschikova 2007). The most intensive nocturnal passage
in spring was observed when the wind deviated from the
strict tailwind by 1–2° and wind speed varied between 2–
12 m/s (Sinelschikova et al., in preparation).

The frequency of tailwinds (i.e. the proportion of nights
with tailwinds as % per month) and their mean speed were
calculated for each of the 17 points throughout Europe, and
for each month.

The wind was considered to be a tailwind if it fits the
following assumption. When one expands the vector of

wind speed on the general migratory direction and the
orthogonal the values of the corresponding projections
are V×Cos8 and V×Sin8, where V is the wind speed
and 8 the angle between wind direction and general
direction of migration. The wind becomes a constituent
of the ground speed of the bird, if inequality V×Sin8 ≤
V×Cos8 is performed. This inequality is performed
when 0≤ tg 8≤1, hence 0°≤8≤45°. Therefore, the
SW winds within 90° sector ( 224±45°) were accepted
as the tailwinds.

To reveal long-term trends in wind condition a regres-
sion analysis was applied. Correlation analysis was used to
find the relationships between the timing of migration and
temperature regime, precipitation and tailwind frequency.
To confirm that the resulting relationships did not just
reflect the trend correlation we additionally applied corre-
lation of regression residuals. We used multiple linear
regression models to explain the variation in spring passage
of thrushes in the Baltic in terms of weather factors in their
winter quarters and on their migratory route.

Results

The distribution of the song thrushes in their wintering area
and on their migratory route

Song thrushes arrive at their most distant wintering areas in
the Mediterranean from January to the first half of
February, as shown by banding recoveries (Payevsky et
al. 2004).

In March, the birds begin their return journey in a
northeasterly direction when distributed within southwest
and central Europe (Fig. 1). For the purpose of further
analysis we defined the line between wintering and
migratory areas. It lies from central Italy to SW France.
Although in some years early song thrushes flying at night
are recorded at the Courish Spit by the second 10-day
period of March (Bolshakov et al. 2002), recoveries at that
time show a distribution between the southern parts of the
wintering area to the Baltic part of their migratory route.

In April, birds have left the southern parts of their
wintering grounds and are distributed mainly along their
migratory route. The median and mean date for spring
passage of the song thrush at the Courish Spit is 17 April.
This date is the same for both diurnal trapping at stopovers
(Sinelschikova and Sokolov 2004) and nocturnal moon-
watching observation (Bolshakov et al. 2002).

The spring passage at the Courish Spit ends, on average,
by mid-May, although the last birds migrating at night may
be recorded by calls until the beginning of June (Bolshakov
et al. 2002). May recoveries are mainly concentrated north
of the Courish Spit.
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Wind situation in Europe

The monthly trend of wind changes in Europe over the last
40 years was evaluated for assisting spring migratory flight
of the song thrush wintering in SW Europe; that is in SW
sector 224°±45°.

In February, in the winter quarters of the song thrush in
Spain, N Italy and the islands in the Mediterranean Sea, it
was shown by regression analysis that the frequency of
tailwinds reduced significantly over the period under
consideration (Fig. 2). The mean speed of the tailwinds
did not change and even decreased in E Spain. In the other
parts of their wintering area the wind situation did not
change.

In March, the situation on the wintering grounds was
very similar to February. No change was found in tailwind
frequency along the migratory route except for a significant
increase in the tailwind speed observed only in Germany.

In April, when the mass migration of thrushes occurs in
the Baltic, the frequency of tailwinds increased significantly
along the whole western and central part of the route of
migration from SW France to the S Baltic (Fig. 2).
However, the mean speed of the tailwinds over the
migratory route did not change in April over the 40 years.

In May, the wind condition in Europe did not change at
any of the 17 sites under consideration.

The relationship between the timing of spring migration
and wind

Evaluation of the possible impact of wind conditions in
Europe on the timing of spring migration of thrushes in the
SE Baltic region gave the following results:

No relationship was found between the timing of
migration and February winds. All the values of Spearman
correlation coefficients corresponded to P>0.05. The
frequency of tailwinds in March did not increase in Europe,
nevertheless a significant negative correlation was revealed
between the winds over the route of migration and in NW
areas of wintering grounds on the one hand, and the timing
of the first half and middle of migration in the Baltic (dates
of passage of 20% and 50%) on the other (Fig. 3a). Over
the migratory route, a significant correlation was found
between the timing of migration and both frequency of
tailwind and its speed over the vast extent of the north-
western part of the route along the coasts of the North and
the Baltic Seas. When we ranged the frequency of tailwind
by its speed in 5 m/s steps, it became obvious that the
strongest correlation existed with tailwinds in the range of
5–10 m/s (r from −0.54 to −0.51, P from 0.006 to 0.009).
In the range of 0–5 m/s, correlation was found in only two
sites en route (P=0.029 and 0.043). In the other 5 sites, it
was close to significant (P between 0.062 and 0.097).

Fig. 1 Distribution of the song
thrushes (Turdus philomelos)
banded in the SE Baltic and
found in their winter quarters
and migratory route. Symbols:
birds found in, ● February, ▲
March, ● April, ■ May; 0
ringing region; ↗ general direc-
tion of spring migration
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Practically the same was found for the tailwind range of
10–15 m/s (P between 0.057 and 0.123). It is possible that
the speed of tailwinds along the eastern part of the
migratory routes influences the timing of the passage in
the Baltic region. Wind conditions in April may have the
strongest impact on the timing of migration and conse-
quently on the speed of migration since mass migration of
thrushes in general occurs in this month. In April, almost all
the periods of passage of the song thrushes (20, 50, 80 and
95%) in the Baltic are significantly correlated with the
frequency of tailwinds over the western part of the
migratory route and NW of the wintering areas, where,
judging by banding recoveries, some thrushes may still
remain (Fig. 3b). The highest values of the coefficient of
Spearman correlation (r from −0.65 to −0.71, P<0.001)
were for the passage of 50 and 80% of birds over the stretch
from France to the S Baltic. The strongest effect of the
tailwind velocity on the timing of the first half of passage
occurs along the western part of the migratory route.

In April, as in March, the frequency of tailwinds
increased predominantly in the speed range of 10–15 m/s
(F1,32 between 8.99-6.04, P 0.006-0.03). But the most
significant correlation was found with tailwinds within the
range of 5–10 m/s (r from −0.63 to −0.79, P<0.001).
Correlation with the frequency of tailwinds within the
ranges of 0–5 and 10–15 m/s was also significant in most
points (r from −0.57 to −0.44, P<0.05). Strong winds over
20 m/s which might impede the migration (Bolshakov et al.
2002) occurred rarely and not every year. These results
show that more often tailwinds occur and that the higher
their corresponding velocity along the western part of the
migratory route the earlier spring migration of thrushes
occurs in the SE Baltic overall.

A significant negative correlation was found between the
end of migration (dates of 80 and 95%) and the frequency
of tailwinds only in the S and SE Baltic in May.

The correlation analysis of regression residuals have not
changed the presented results. The revealed relationships

Fig. 2 Trends of the wind situation in Europe in the sector of SW
tailwinds (224±45°) during 1961–2002. Results of regression
analysis (the values of coefficient F). Each pair of columns is referred
to the intersection of the 5° grid lines. In each pair of columns: first
column - frequency of the tailwinds, second column - mean speed of

the tailwinds. 1st line - February, 2nd line - March, 3rd line - April,
4th line - May. Bold - significant values of F, where: *P<0.05, **P<
0.005. (-) F- when B<0 (the frequency of tailwinds or their speed
decreased)
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were not a result of a coincidence of trends but of the
congruence of variations. This confirms that the trends of
times and variations of dates of the spring passage of the
song thrush in the SE Baltic over the last 40 years are
significantly related to the general trends in wind situation
and its variations in Europe.

The relationship between the timing of spring migration
and temperature

In February, no influence of monthly ambient temperature
on the timing of passage of the song thrush in the Baltic
was found.

In March, there was a significant negative correlation
found between the temperatures in western and southern
wintering areas (Spain, S France, S Italy and islands of
Mediterranean Sea) and timing of spring migration in the
Baltic (Fig. 3a). The March temperature influences mainly
the middle of the passage. The March temperatures in most
parts of the wintering area were correlated with winds, but
over the migratory route there was no significant relation-
ship between the March temperature and timing of
migration.

In April, a significant correlation between passage and
European temperatures was found at only three sites along
the migratory route. At these sites, the relationship with
wind was also established (Fig. 3b). Note, that unlike the
end of winter or early spring when the temperature regime
in Europe is strongly governed by the incursion of the
Atlantic cyclones, in April, sun radiation intensity starts to
play an important role (Weisberg 1976; Barinova 2002). It
seems to be the main reason why along most parts of the
migratory route a correlation between wind and temperature
in April was absent. Only at one site in Germany was the
temperature correlated with tailwind frequency in April.

In May, no significant correlation was found between the
temperature over the route and the dates of the end of
spring migration.

Relationship between timing of spring migration
and precipitation

In February, the monthly precipitation rates have not
changed over 38 years with available data (1961–1998) at
any examined sites in Europe. According to regression
analysis, no value of F exceeded the means when P>0.170.
A significant correlation between the timing of passage and
precipitation was not established. In March, in the
wintering areas (Spain and NW Mediterranean), the
monthly precipitation rate decreased significantly (F from
13.14 to 4.21, with P from 0.001 to 0.047). In the other
regions of Western Europe, there were no significant
changes. Within the wintering area, the precipitation rates
were positively correlated with the timing of spring
passage, whereas in the S Baltic the correlation was
negative (Fig. 3a). In April, monthly precipitation rate did
not change in any site in Western Europe. No value of F
was significant (P>0.220). No correlation was found with
the timing of migration of thrushes (Fig. 3b). In May, no
trends in precipitation rate were found along the migratory
route and no influence on the timing of migration was
apparent.

Models

In order to assess the quantitative range of relationships
between the annual song thrush monitoring data in the SE
Baltic and climatic factors in the wintering areas and en
route, and consequently to explain the shift in bird arrival
dates by climate change, we applied multiple linear
regression models. Similarity of the type of climate changes
within the Mediterranean (wintering area) as well as in the
NW part of Western Europe (migratory route) permitted
grouping the sites and averaging data. The sites over the SE
part of the Alps and Western Carpathian Mountains seemed
to be of less significance, since the density of birds flux over
the mountain area was about 3-fold less than to the north of
Alps (Liechti et al. 1996), and no correlation was found
between the temporal metrics of the migration and winds or
temperature there. For each group of sites where the climate
data showed significant correlation with the timing of
spring passage for each year, the mean values of temper-
ature and frequency and speed of tailwinds were calculated.
The monthly climate data relating to each grouping of sites
were also regressed with each other to assess their
independence. After this procedure precipitation was
excluded due to its correlation with the temperature or
wind. This resulted in 6 independent variables (judged by

Fig. 3 Correlation between the dates of capture of 5, 20, 50, 80 and
95% of the song thrushes in the SE Baltic and meteorological factors
in Europe (Spearman’s correlation analysis). a March, b April. Each
array of signs is referred to the intersection of the 5° grid lines. In each
array: 1st line - correlation of meteorological factors with 5% of
captured birds, 2nd line - correlation of meteorological factors with
20% of captured birds, 3rd line - correlation of meteorological factors
with 50% of captured birds, 4th line - correlation of meteorological
factors with 80% of captured birds, 5th line - correlation of
meteorological factors with 95% of captured birds. Symbols: open -
the values are nonsignificant, filled - significant; □ - correlation of
dates of capture with the frequency of the SW tailwinds, ■ -
correlation is significant with r<0, P<0.05; ✼ - correlation of dates
of capture with the mean speed of the SW tailwinds, ✼ - correlation is
significant with r<0, P<0.05. ○ - correlation of dates of capture with
monthly air temperature, ● - correlation is significant with r<0,
P<0.05., △ - correlation of dates of capture with monthly precipita-
tion (r>0), ▽ - correlation of dates of capture with monthly
precipitation (r<0), ▼ - correlation is significant with ( r<0, P<0.05)

�
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5% significance level) which were included in the general
model of multiple linear regression as the predictors:

1. Mean March temperature in the wintering area (4 sites
averaged),

2. Mean April temperature over the migratory route (3
sites),

3. Frequency of the tailwinds in March over the migratory
route (4 sites),

4. Frequency of tailwinds in April over the migratory
route (4 sites),

5. Mean speed of tail winds in March over the migratory
route (4 sites),

6. Mean speed of tail winds in April over the migratory
route (4sites).

The median (Me) date of the spring passage at the
Courish Spit was taken as a dependent variable. The
previous study showed that the Me date was significantly
correlated with the dates of beginning and end of the
migration of the thrushes (Sinelschikova and Sokolov
2004).

In order to make the variables dimensionless they have
been standardized. Thus, the general model was as follows:

T ¼ 17:36� 1:65Δt0Mar � 1:87Δt0Apr � 2:62Δf 0Mar

� 4:23Δf 0Apr � 0:52Δv0Mar � 0:72Δv0Apr

þ 0:33; F6;18 ¼ 5:88; P ¼ 0:002; R2 ¼ 0:67
� �

;

where Δt′=(t−tmean)/SD(t), Δf’=(f−fmean)/SD(f),), Δv′=
(v−vmean)/SD(v), t = temperature, f = frequency of
tailwind and v = tailwind speed.

In order to reveal which predictors have the greatest
effect (Chatterjee and Hadi 1986) and to estimate the
amount of explained variance we examined 6 models with
each of the independent predictors (Table 1).

Our results, as shown in Table 1, reveal that more than
50% of variance of median dates of spring passage could be
explained by the frequency of the tailwinds in April along
the migratory route. Additionally, we tested two models
with two predictors: (1) frequency of tailwinds in March
and April over the route of migration and (2) temperature in
March on the wintering grounds and in April over the route.

The model including the two predictors—frequency of
tailwinds in March and April—explains nearly 60% of the
variance. The temperature regime both in the wintering
areas and en route governs the timing of spring migration,
as most researchers have concluded, but explains only
about 30% of variance.

Discussion

Climate change is likely to have caused the shift in the
timing of spring migration in many species of long-distance
and especially short-distance migrant birds. The main
questions of whether birds leave their wintering areas
earlier in recent decades and whether this fact is the cause
of their advance in the timing of migration or acceleration
of migration occurs over the migratory route is poorly
investigated. The study of the wintering behavior in
common European bird species has shown that, since the
1960s, some of them have moved their wintering areas
further north (Clark et al. 2005) where a different
photoperiod and other environmental factors play a role in
modifying departure schedules (Berthold 1993). It is
possible that the spring departure schedule may vary in
birds. It was shown that in the white stork (Ciconia
ciconia), even in the same individual bird marked by a
transmitter, the beginning of spring migration might vary
within a month in different years (Kaatz 2004). Other
investigations suggest that it is unlikely that winter
departure time would change to adjust to short-term
changes in climate on northern breeding areas (Marra et
al. 2005, and references therein). Delayed arrivals in Spain
of some species of trans-Saharan migrants, which arrive in
northern European regions earlier than before, may be the
evidence of acceleration along the European part of their
migratory route (Gordo et al. 2005). Unfortunately, in this
study, lack of recovery data did not permit us to undertake
spatial analysis of distance and pattern of distribution of the
song thrushes in their winter quarters during the very
beginning of migration in the years of their late and early
arrival at the Courish Spit. Thus, it is still unknown whether
thrushes shifted their departure schedule in the recent

Table 1 Models with one predictor. Regression of the weather factors on median capture dates of the song thrush during spring migration on the
Courish Spit

Predictor β F1,23 P R2(variance explained)

Δf’Apr (frequency of the tailwinds in April over the migratory route) −8.716 24.233 0.0001 0.513
Δf’Mar (frequency of the tailwinds in March over the migratory route) −2.465 6.343 0.019 0.216
Δt’Apr (temperature in April over the migratory route) −2.449 5.812 0.024 0.202
Δt’Mar (temperature in March in the wintering area) −2.432 5.273 0.031 0.186
Δv’Apr (mean speed of the tailwinds in April over the migratory route) −0.310 2.446 0.091 0.096
Δv’Mar (mean speed of the tailwinds in March over the migratory route) −0.236 1.363 0.099 0.056
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decades of early arrival or not (Sinelschikova and Sokolov
2004). It should be noted that, in February and March,
during the beginning of spring movements, the frequency
of tailwinds has significantly declined in the Mediterranean
area over the last 40 years. Therefore, wind conditions in
this region in early spring were not more favorable for
earlier migratory nocturnal flights.

We have revealed relationships of arrival of thrushes
with temperature, precipitation and wind condition. Signif-
icant correlation was found between the timing of spring
passage in the Baltic and both temperature and precipitation
on the winter grounds in March. It has been shown that in
the Mediterranean area the average annual temperatures
have increased by 1.4°C over the period of 1952–2000,
and in recent years leaves unfold, on average, 16 days
earlier, and plants flower, on average, 6 days earlier than in
1952 (Penuelas et al. 2002). According to the results of our
study the Mediterranean temperature in March explains
about 20% of variance of median dates of spring passage.
Therefore, the warmer and drier an early spring is in this
region, the earlier the most birds migrate to the Baltic. The
overwhelming majority of research workers explain the
earlier migrant arrival, including by the song thrush, by
the increase in monthly air temperature (Mason 1995;
Sparks and Mason 2001; Forchhammer et al. 2002). Some
of them suggest that the higher spring temperature
encourages food growth (Sokolov 2000; Both and Visser
2001; Forchhammer et al. 2002; Sparks et al. 2003). Ambient
temperature controls food abundance and availability during
the pre-migratory period providing the physiological support
for migration. A shift in migratory schedule may be due to
climate change allowing faster migration through improving
food supply at stopovers. Our results show that the ambient
temperature in April over the migratory route explains nearly
20% of the variance in the timing of passage of the song
thrushes.

Climate changes over the European part of the migratory
route of many species concern not only the temperature
regime. Forchhammer et al. (2002) analyzed and contrasted
the effects of climate (NAO) and temporal dependence on
the long-term (1928–1977) dynamics of springtime arrival
in short- and long-distance migratory bird species at
breeding locations across Norway. They showed that the
above effect on short-distance migrants may not be
improved food availability alone, but weather conditions
during their northward spring migration may also be
involved. Increasing NAO index reflects increasing strength
and frequency of warm westerly winds from the Atlantic
which, in turn, cause high winter and spring temperatures in
Europe (Visbeck et al. 2001). Consequently, in Western
Europe not only the air temperature (the increase of which
is believed to be the main cause of the phenological change
in birds) but also the frequency of westerly and south-

westerly tail winds has increased in spring in recent decades
(Sparks et al. 2002). Our analysis is absolutely in agreement
with this conclusion.

Our investigation over the 40-year period from 1961 to
2003 has shown that, in March and especially in April,
during mass migration of thrushes a significant relationship
exists between the timing of migration and the frequency
and speed of the tailwinds in the areas along the migratory
route from France to the Baltic countries. The strongest
relationship is revealed in the north-western part of the
migratory route where along the coasts of the North Sea
and the Baltic Sea a significant increase in the frequency of
SW tailwinds was recorded in April. In March, the winds
over the route were mainly correlated with the first half and
the middle of spring passage and explain nearly 20% of the
variance of the median of spring migration. In April, the
tailwind frequency in speed range of 1–15 m/s was
correlated with the beginning, middle and end of spring
passage over the western and central part of the migratory
route, accounting for 51% of the variance of spring passage
in the song thrush in the Baltic region. Our results show
that the increase in frequency of tailwinds in April over the
migratory route provided the major influence on the
advance of spring migration of this species in Western
Europe over this 40-year period. The advantages of
tailwinds during migration are mentioned above. During
spring migration, birds take account of the winds more
selectively than in autumn (Sinelschikova et al. 2003). The
wind conditions evident in Europe along the migratory
route in recent decades provide a wider opportunity for
birds to select nights appropriate for migration.

Our results also confirm the previous proposition
(Sinelschikova and Sokolov 2004) that a significant
advance in the timing of spring migration recorded in the
last 40 years is primarily due to (1) the increased frequency
of tailwinds favorable for migratory flights over the western
and central parts of the migratory route, and also to (2) the
earlier emergence of the conditions enhancing migration due
to higher spring temperatures (favoring food and fuel
deposition) in the winter quarters and on the migratory route.
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