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1.  INTRODUCTION

Growing evidence supports human-driven climate
change over the last 40 yr (Oreskes 2004). Migratory
birds subject to a wide range of environmental condi-
tions are particularly likely to be affected by climate
change (Fiedler et al. 2004). Changes in migratory
behavior under the influence of climate change have
become evident in a wide range of bird species at
many sites in the Northern Hemisphere (Newton
2008) and also in the Southern Hemisphere (Beau-
mont et al. 2006). Many species have changed their
migration phenology by advancing arrival times at

their breeding grounds (e.g. Bradley et al. 1999,
Inouye et al. 2000). In addition, many migratory birds
have shortened their migration routes (e.g. Viverette
et al. 1996, Duncan 1996) as climate has changed and
human activities have increased food availability at
higher latitudes in their wintering range (Martínez &
Sánchez-Zapata 1999, Pandolfino & Wells 2009). As a
consequence, the wintering areas of many bird spe-
cies are moving north (La Sorte & Thompson 2007,
Visser et al. 2009). Data available on autumn migra-
tion shifts, however, are less abundant, with some
species advancing and others delaying their date of
departure from breeding areas (Lehikoinen et al.
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2004), probably depending on species-specific an -
nual strategies (e.g. Smallegange et al. 2010). For
instance, migratory timing responses to climate
change are expected to be weaker in larger species
compared with smaller ones (Austin & Rehfisch
2005), because smaller species should be more sensi-
tive to annual variations in food resources and tem-
perature. However, this hypothesis remains to be
con firmed since most studies on climate change
responses have been biased towards small migratory
passerines (Sokolov et al. 1998, Tøttrup et al. 2006)
and fewer have examined large bird species (but see
Duncan 1996, Viverette et al. 1996, Pandolfino &
Wells 2009, Filippi-Codaccioni et al. 2010, Lehi ko -
inen et al. 2010, Zduniak et al. 2010).

In the present study, we examined the autumn
migration routes (distance and direction) of the
medium-sized raptor, the common buzzard Buteo
buteo, from recoveries of ringed individuals across
Europe over the last 50 yr. The common buzzard is
one of the most common and widely distributed rap-
tor species in Europe. Its nominate subspecies (B. b.
buteo) is a short-distance migrant (Cramp & Sim-
mons 1980), with part of its population moving south
and southwest in autumn (Thévenot et al. 2003). We
evaluated 4 hypotheses predicting shifts in the
migratory behavior of the common buzzard under
the influence of climate change. As a response to
new climate conditions, (1) we expected that the
common buzzard would change its autumn migration
phenology by advancing its departure time from the
breeding grounds. To test this first hypothesis, we
assessed the changes in autumn passage dates of
common buzzard over the last 30 yr in Spain. As a
shorter migration distance helps birds save energy
while reducing mortality risk during migration
(Hedenström 2010), (2) we hypothesized that a re -
duction in migratory propensity or even a complete
shift to sedentariness in common buzzard popula-
tions would occur. To test this second hypothesis, we
as ses sed whether changes in autumn-migrating
common buzzards counted in Sweden and Spain
over the last 30 yr were consistent with a reduction in
migratory propensity. (3) We also hypothesized a
trend towards wintering at sites located at increas-
ingly higher latitudes in Europe (i.e. shortening of
the migration distance), related to warmer tempera-
tures in the last decades. To test this hypothesis, we
investigated the relationship among long-term tem-
poral changes in habitat conditions, temperature
variations in Europe, and the distance of migration of
common buzzard to different latitudes. To avoid a
misleading interpretation of the results, (4) we

explored the hypothesis that the adoption of new
wintering areas (involving migrations in different
directions) may also lead to changes in the migration
distance of common buzzards. We discuss our find-
ings in line with the different ecological and life-his-
tory characteristics of the species.

2.  MATERIALS AND METHODS

2.1.  Study species

The common buzzard has resident, partially migra-
tory and migratory populations, with some migrants
reaching northwest or even west Africa (Thévenot et
al. 2003). Migratory behaviour of the common buz-
zard Buteo buteo buteo in Europe is more probable
with increasing latitude. Island  populations are
sedentary, including British populations (Global Rap-
tor Information Network 2014). The European popu-
lation of the common buzzard is estimated at 690 000
to 1 000 000 pairs  (Ferguson-Lees & Christie 2001),
and between 1980 and 2006 populations have under-
gone a moderate in crease (PECBMS 2009, BirdLife
International 2011).

2.2.  Changes in passage dates and numbers

2.2.1.  Strait of Gibraltar (Spain)

Large-winged raptors such as vultures, eagles and
buzzards largely rely on thermal updraft for assisted
flight. Therefore, they tend to avoid crossing over
wide extensions of open water where a lack of such
up draughts requires compensation by flapping. This
leads to the occurrence of large concentrations of
soaring birds known as ‘bottlenecks’, where migra-
tion routes converge and large numbers of migrants
can be observed (Zalles & Bildstein 2000). The Strait
of Gibraltar (southern Spain) has long been recog-
nized as an important bottleneck area for soaring
bird migration (Bernis 1980). We analyzed data on
the number of migrating common buzzards counted
during autumn migration (20 July−20 October) and
collected at 2 different observatories (1 sampling
point at each site) in the Strait of Gibraltar: Algarrobo
(36° 5’ 25” N, 5° 29’ 02” W) and Cazalla (36° 1’ 58” N,
5° 34’ 36” W) from 1999−2008. Binoculars (10 × 42
magnification) were used at all watch sites to detect
the birds. Counts were carried out by trained volun-
teers (3 to 4 observatory) supervised by an expert
ornithologist. Additional data about autumn migra-
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tion numbers of common buzzards in the Strait of
Gibraltar are available for 1976−1977 in Bernis
(1980). We compared these migration numbers re -
corded in 1970s with those collected in the 2 decades
later (1999−2008) in order to detect trends in the
number of autumn migration birds. Both sources of
data were collected with the same counting method
and similar sampling effort in terms of daily monitor-
ing hours and overall duration of the survey. Data
collected in 1976 and 1977, however, belonged to 8
different watch sites (1 sampling point at each site),
including Algarrobo and Cazalla (see above). Ac -
cording to an exploratory survey in 1997, the Algar-
robo and Cazalla sites account for 47% of the total
common buzzards recorded at the 8 original watch
sites used by Bernis in 1976−1977. Therefore, we
compared 47% of the annual total of birds counted
by Bernis in 1976−1977 with those numbers of
autumn migrants counted at Cazalla and Algarrobo
in subsequent years (1999−2008) in order to stan-
dardize the sampling effort between both  periods.

The total hours of observation varied slightly from
day to day and among years. Additionally, the total
number of days of observation also differed among
years. In order to avoid the effect of changes in cov-
erage, we identified a seasonal passage window for
common buzzard at each site, defined as the period
during which 95% of migrants were observed to pass
by the site (all years combined). Similarly, we also
identified a daily passage window as the hours of the
day during which 95% of individuals were counted
at each watch site. Common buzzard recorded out-
side of the daily and seasonal passage windows were
excluded from analysis (Farmer et al. 2007).

2.2.2.  Falsterbo (Sweden)

The Falsterbo observatory (southwestern Sweden;
55° 22’ 40” N, 12° 48’ 37” E) is also located in an im -
portant bottleneck area for soaring bird migration.
Since 1973, annual standardized counts of migrants
(counts of visible migration) have been conducted
from 11 August−20 November by the National Moni-
toring Programme of the Swedish Environmental
Protection Agency (Kjellén & Roos 2000, Lindström at
al. 2011). Data on species-specific counts are avail-
able at www.falsterbofagelstation.se/.

We considered the number of migrating common
buzzards at Falsterbo from 1975−2007. In order to
adjust for any population trend that may affect the
number of birds counted, we weighted these num-
bers according to the estimated breeding population

of the species in Sweden by dividing the annual
number of migrating birds by an index related to the
breeding population size recorded each year (based
on indices derived by Lindström et al. 2011). These
weighted numbers are an estimate of the ‘migration
probability’.

2.3.  Changes in migration direction and distance

Mean departure direction and distance were
quantified for common buzzards ringed as adults or
nestlings in different areas of Europe (British Isles,
northern, central and southern Europe). We
obtained recovery information (distance and direc-
tion) on 25 116 different birds ringed for 50 yr
(period: 1959− 2009) from the European Union for
Bird Ringing database (EURING). Distribution of
the recoveries was spatially variable but consistent
over time. Common buzzard range covers most of
Europe and extends into Asia (Ferguson-Lees &
Christie 2001). Almost the entire breeding range of
the species within Europe was covered (Fig. 1).
Recovery distances and directions were based on
the loxodromic distance (distance on a constant
compass bearing) between ringing and recovery
locality (Imboden & Imboden 1972). Birds were
only included in the analysis if the recovery date
was accurate to at least 2 wk and if the accuracy of
the recovery coordinates were within a 50 km
radius or less, according to the EURING database.
We also omitted all records containing detectable
errors and inaccuracies. After the removal of poten-
tially inaccurate and misleading data, and the
restriction to birds that could be associated with
wintering or breeding areas, 2157 recoveries
remained. Ring recoveries came mainly from dead
birds (83%), but also from birds reported alive
(17%). We averaged all the ringing records (dis-
tance and direction) involving a bird in the same
season when >1 record was available for 1 particu-
lar bird. Migration periods were defined according
to Cramp (1985) and Del Hoyo et al. (1994).
Records were considered to reflect autumn migra-
tion movements if the birds were ringed between
20 April and 15 August and recovered between 15
November and 31 January. Records from birds
ringed in the wintering area and recovered during
the following spring (spring migratory movements)
were also considered. Nevertheless, in order to get
comparable measures of migration direction in the
case of ‘spring migration’ records, the migration
directions were corrected by adding 180° to the
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original value (Reichlin et al. 2009). We took into
con sideration records of birds that were ringed and
re covered in the same year, as well as recoveries
made in a later year under the assumption of
fidelity to the breeding and wintering areas (Glutz
von Blotzheim et al. 1989, Newton 1990, Selás
2001; see ‘Results’).

2.4.  Statistical analysis

2.4.1.  Changes in passage dates

Since migration occurs during an extended period,
quantile regression (Cade & Noon 2003) was used to
estimate trends in the 10th, 25th, 50th, 75th and 90th
percentiles (phases of migration) of the distribution of
autumn migration dates over the Strait of Gibraltar
from 1999 to 2008. Quantile regression coefficients
measured the estimated per year change for each
percentile. To make it easy to compute an integer dif-
ference between one calendar date and another cal-
endar date, prior to analyses, each date was trans-
formed into a Julian day. Julian day is the continuous
count of days since the beginning of the Julian
Period. The estimated shift in passage dates (Julian
day) for all migratory phases between 1999 and 2008
was calculated as the number of years (n = 10) ×
regression coefficient (Kovács et al. 2011).

2.4.2.  Changes in passage numbers

The number of birds counted at Fals -
ter bo was re gressed against years of ob -
servation in order to de tect any trend in
the number of migrating birds. We also
assessed whether differences between
the standardized annual number of
migrating birds in the Strait of Gibraltar
in 1976− 1977 and 1999−2008 were sta-
tistically significant using a U-test (n1 =
2, n2 = 8).

2.4.3.  Changes in migration direction

We tested whether migratory direc-
tion showed a temporal trend from
1959−  2009. Firstly, uniformity of direc-
tions was tested with the Rayleigh test
of uniformity (Jammalamadaka & Sen-
Gupta 2001). Finally, we fitted a regres-
sion model for the migratory direction
as a response variable against the year

of recovery and an additional model against the
migratory distance. As ‘direction’ is a circular ran-
dom variable, circular-linear regression coefficients
were measured in both cases (Mardia & Jupp 2000).
Since shorter migration distances exhibited more
variable directions (see Fig. 4a) only migration dis-
tances >100 km were considered in order to reduce
noise from sedentary birds without a clear move-
ment direction. The analyses of circular data were
carried out using the software Oriana (Kovach
2011).

2.4.4.  Changes in migration distance

The dependent variable measuring migration dis-
tance was analyzed with generalized linear models
(GLM). Since the distance provided by the EURING
database is truncated or rounded to its integer value,
we estimated the models with a negative binomial
(log link) model structure (Breslow & Clayton 1993)
using the package MASS (Venables & Ripley 2002) in
R (R Development Core Team 2011). We included
(1) common buzzard European population trend,
(2) habitat change, (3) recovery year, (4) annual tem-
perature anomaly, (5) breeding region, (6) age at
recovery, (7) quadratic and (8) interaction terms as
predictors in the model (Table 1). The following is a
description of how such predictors were measured.
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Region
Central-Southern
British Isles
Northern

Fig. 1. Spatial distribution of recoveries of the European common buzzards
Buteo buteo (n = 2157) considered in the analysis. Black dots: recoveries
between 15 November and 31 January; grey dots: recoveries between 20 

April and 15 July (see ‘Materials and methods’)
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1. Population trend: we quantified a national com-
mon buzzard population trend (between 1990 and
2000) based on data from BirdLife International
(2004). This trend was measured based on data cor-
responding to each European country where the
recorded bird bred. We estimated the trend as the
number of breeding pairs in 2000 divided by the
number in 1990 (Visser et al. 2009).

2. Habitat change: in addition, we estimated a
national trend in common buzzard habitat change in
Europe based on data from CORINE land cover 1990,
2000 and 2006 projects (CEC 1994, Bossard et al.
2000, Büttner et al. 2002, EEA 2007). Common buz-
zard density is negatively related to farmland avail-
ability and positively related to woodland availability
(Sergio et al. 2005). We measured a trend in forest
cover in the breeding areas between 2000 and 2006.
To quantify this trend we compared CORINE land
use databases covering 2 periods (1990−2000 and
2000−2006). The rate of change within each period
was measured as the difference between forest-
cover gains and forest-cover losses per country.
Finally, we quantified the trend in the forest cover
per country as the slope between forest cover change
in 1990−2000 and forest cover change in 2000−2006.

3. Recovery year: we included recovery year as a
fixed effect to account for temporal trends in the
migrating distance over the study period.

4. Temperature anomaly: surface air temperature
gives one of the clearest signals of global and
regional climate change, especially in recent de -
cades (Jones et al. 1999). We included the North
Hemisphere annual land temperature anomaly as an
additional predictor. Temperature anomaly was
downloaded from www.ncdc.noaa.gov/monitoring-
references/faq/anomalies.php. The term tempera-
ture anomaly means a departure from a long-term
average which is the reference value. A positive
anomaly indicates that the observed temperature
was warmer than the reference value, while a nega-
tive anomaly indicates the opposite. Anomalies were
provided as departures from the 20th century aver-
age (1901−2000).

5. Breeding region: to account for differences in
migratory behavior due to the different latitudinal
geographical zones of the ring recoveries, we in -
cluded a factor describing the region where the re -
corded birds breed with the following levels: north-
ern Europe, central-southern Europe and British Isles
(see Fig. 1). Since common buzzards are sedentary
on islands, the ‘British Isles’ was the reference level
for comparisons between regions. Southern Europe
was omitted as an independent region level from the
analysis, as the sample size from that area was very
small (Fig. 1). From a preliminary analysis, we ob -
served that longitude of the breeding population did
not affect the trend in the migration distance; thus,
we did not include longitudinal geographical zones
in the model.

6. Age at recovery: a preliminary non-parametric
analysis (U-test; Lehmann 1975) showed a negative
relationship (Spearman rank correlation) between
age at recovery and migration distance (n = 2157, rs =
−0.14, p < 0.001); thus, age was included in the model
as an explanatory variable. The U-test did not show
statistical differences (p > 0.05) in migration distance,
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Removed terms                   df        AIC    Delta AIC     wi

<none>                                          25 298          0           0.96
Tempyear2                            1      25 305          7           0.03
Age                                       1      25 308         10          0.01
Habitat                                  1      25 309         11          0.00
Year × Region (central)        1      25 312         14          0.00
Tempyear                             1      25 319         21          0.00
Trend                                    1      25 334         36          0.00
Year × Region (north)          1      25 540        242         0.00

Table 1. Buteo buteo. Model selection using a backward
stepwise procedure by Akaike’s information criterion (AIC). 

wi: Akaike weight for each model
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Fig. 2. Buteo buteo. Regression plot of the quantiles (10, 25,
50, 75, 90%) for passage dates against year at the Strait of
Gibraltar, 1999−2008. Lines were fitted by quantile regression
(solid: significant at the 5% level; dashed: non-significant).
The estimated quantile regression line for the 50% quantile
shows the trend in the median passage date over the period
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temperature anomaly, population trend, or habitat
change between sexes (n = 164, p > 0.05).

7. Non-linear terms: since the relationship be -
tween temperature anomaly and migration distance
was described by a second-order polynomial, we
included annual temperature anomaly in the model
as a quadratic term.

8. Interaction terms: to determine if the breeding
region effect on migration distance changed over
time, we included the interaction term between re -
gion and year in the model.

3.  RESULTS

3.1.  Changes in passage dates

The overall duration of migration through the Strait
of Gibraltar has shortened over the years. For the
10th percentile of timing of migration, no significant
change in passage dates was detected. However, the
slopes for the 25th, 50th, 75th and 95th percentiles of
timing of migration showed that the passage period
of the common buzzards Buteo buteo has advanced
6−7.5 d during the period 1999−2008 (Fig. 2).

3.2.  Changes in passage numbers

Differences in annual number of migrating birds
between periods 1976−1977 and 1999−2008 in the
Strait of Gibraltar were statistically significant (Z =
2.15, p < 0.031; Fig. 3a).

Similarly, the trend in the numbers of migrant com-
mon buzzards at Falsterbo was significantly negative
after breeding population size adjustment (Fig. 3b, r =
−0.35, p = 0.044). The inspection of the temporal auto-
correlation function of the residuals of the re gression
model showed no significant autocorrelation at any
time lag. In addition, increases in both wintering (r =
0.42, p = 0.013) and breeding (r = 0.50, p = 0.002) com-
mon buzzard populations in Sweden were statistically
significant during the study period (1975−2007).

3.3.  Changes in migration direction

Birds ringed in the wintering area and recovered
during the following breeding period provided about
10% of the total records. Less than 1% of the total
recoveries considered in the analysis belonged to
birds with >1 record yr−1. All recoveries for 1 bird in
the same year were located within a distance of 5 km.

In addition, our assumption of fidelity to the breeding
and wintering areas was supported by results from
birds (n = 36) with several records (2 to 8 different re -
coveries depending on the bird) in subsequent years.
Recoveries in subsequent years for 1 bird were
always within a distance of <16 km.

A preliminary analysis of the autumn migration di -
rection showed no differences in the direction among
regions. The mean direction for common buzzards
during autumn migration was 240.45° (±85.31°). The
Rayleigh test of uniformity showed data were not dis-
tributed uniformly and there is evidence of a pre-
ferred direction (Z = 235.04, p < 0.0001). The relation-
ship be tween direction and migration distance was
significant (Fig. 4a). In addition, a significant but very
weak temporal trend was detected on migratory
direction between 1959 and 2009 according to a
 circular-linear regression test (n = 2157, r = 0.13, p <
0.001; Fig. 4b).

3.4.  Changes in migration distance

After fitting the final GLM model (Table 1),
examination of the deviance residuals against year
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Fig. 3. Buteo buteo. (a) Changes in annual number of com-
mon buzzards  migrating through Strait of Gibraltar between
1976−1977 and 1999−2008 (see ‘Materials and methods’). (b)
Number of common buzzards counted during autumn migra-
tion at Falsterbo, Sweden, over the period 1975− 2007 (r =
−0.35, p = 0.04). Dashed line: regression fit. Annual number
of migrating birds was weighted using breeding population 

indices derived from Lindström et al. (2011)
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showed the independence between residuals and
time and the absence of a significant temporal cor-
relation. In addition, an inspection of the spatial
correlogram of the residuals of the best-fit model
predicting migration distance showed there was no
correlation pattern. According to the best-fit model
(Table 2), the age of the bird had an effect on the
recovery distance, with younger birds moving
longer distances. Population and habitat changes
were significant factors affecting migration dis-
tance. Shorter migration distances were associated
with positive common buzzard population trends,
whereas longer migration distances were related to
positive trends in forest-cover gains. In addition,
we found support for a re duction in migration dis-
tances of common buzzards in Europe during the
years 1959−2009. However, this reduction de -
pended on the region of the different breeding
populations, since the effect of year on migration
distance is affected by breeding region (Table 2,
see the interaction term year × region). Northern
Europe and the central-southern European associa-
tions between recovery year and migration distance
are significantly different from those of the British
Isles. The estimate of the northern Europe year
regression slope indicates that it is steeper than
that of central-southern  Europe, while the British
Isles line is less steep than that of central-southern
Europe (Fig. 5).

4.  DISCUSSION

4.1.  Changes in passage dates

Human-induced global changes affect wildlife spe-
cies by modifying migratory behavior. Among those
shifts, phenological changes in migratory patterns
are the most commonly reported effects of global
change on bird migration (Møller et al. 2008). Our
analysis of the time series record of the common buz-
zards Buteo buteo migrating through the Strait of
Gibraltar revealed that the timing of autumn passage
has advanced significantly between 1999 and 2008.
According to these results, common buzzards in
median and later phases of migration cross the strait
6−7 d earlier than they did in the previous decade.
Median dates of autumn migration also show an
advancing trend in relation to climate change in
other raptor species (e.g. Filippi-Codaccioni et al.
2010, Lehikoinen et al. 2010) and in many migrating
passerines (Tøttrup et al. 2006).

The observed advance in passage dates, however,
seems to contradict results found by Kjellén & Roos
(2000). Those authors detected a delay in the autumn
migration peak of common buzzards at Falsterbo
(south Sweden) when comparing birds observed in
the 1940s and 1950s with those observed in late 1990.
Similar delays in mean autumn passage dates to
those observed in Falsterbo have also been found for
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The black arrow indicates the mean migratory direction over the study period (1959−2009)
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our study species at Organbidexka (southwestern
France) (Filippi-Codaccioni et al. 2010). Different
trends in the timing of autumn migration in the Strait
of Gibraltar and at Falsterbo and Organbidexka may
arise from different causes. Firstly, common buzzards
migrating through Falsterbo and through the Strait of
Gibral tar may belong to different populations that
may be constrained by different environmental pres-
sures and, consequently, exhibit different passage
dates. Secondly, it is inexact to designate migration
as occurring simply earlier or later, be cause some
raptor species display a bimodal phenological distri-
bution due to different passage dates between males
and females or between adults and juveniles (e.g.
Yosef et al. 2002). Therefore, changes in the distribu-
tion of passage dates may be related to population- or
individual-based responses (see the comments on
age and migratory behavior below).

4.2.  Changes in passage numbers

Passage date is not the only migratory trait of
common buzzards that has changed in recent
decades. An additional response detected is a
reduced migratory propensity. This species was
the most common migrant in the early 1940s at
Falsterbo (Kjellén & Roos 2000), but their num-
bers diminished markedly after 1950. Further-
more, according to our results, autumn migra-
tion at Falsterbo showed a clear reduction in
the number of migrating birds between the
1980s and the following decade. Reduction in
the number of birds has previously been asso-
ciated with population declines, mainly as a
consequence of habitat changes (Kjellén &

Roos 2000). However, al though the number of mi -
grating common buzzards at Falsterbo has de -
creased, the number of resident individuals (i.e.
overwintering buzzards) in Sweden has shown a
significant increase during the past 20 yr (Lindström
& Svensson 2007). Similar results have been ob -
served during autumn migration in the Strait of
Gibraltar, where we found a significant reduction
in the number of migrating birds after 1976. Signif-
icant declines in migrant common buzzards in the
Strait of Gibraltar have also been detected during
spring migration; here a few hundred birds were
counted before the 1980s, contrasting with <10
birds observed in recent years (Bensusan et al.
2007). Since the overall population of common buz-
zards in Eu rope has exhibited a stable, moderate
increasing trend during the last decades (PECBMS
2009), the decrease observed in the number of
migrating birds cannot be interpreted as a conse-
quence of a decline in breeding population num-
bers. Thus, a decrease in migrating birds may only
be explained by a reduction in the migratory activ-
ity or by changes in the migratory directions of
European common buzzards, with fewer birds cur-
rently traveling to South Europe and North Africa
to winter.

4.3.  Changes in migration direction

In accordance with previous studies, our analysis of
the autumn migration routes of common buzzard
showed a southwesterly direction (Fransson & Pet-
tersson 2001, Strandberg et al. 2009a), and changes
in migratory distances in European common buzzard
were accompanied by no apparent shift in migratory
direction.
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Fig. 5. Buteo buteo. Predicted values for migration distance
from the best-fit model against year for a given value of the
other predictors: trend = 1, habitat = 1, tempyear = mean
(tempyear), age = 3. Solid line: northern Europe; dashed 

line: central-southern Europe; dotted line: British Isles

Variable                           Estimate       SE        z-value         p

(Intercept)                         62.6800    7.6770      8.1640      0.0000
Trend                                −0.5348    0.0870   −6.1510      0.0000
Habitat                                0.0357    0.0083      4.2910      0.0000
Year                                  −0.0286    0.0039   −7.3510      0.0000
Tempyear                           0.9880    0.1976      5.0000      0.0000
Tempyear2                        −0.6456    0.2048   −3.1520      0.0016
Year × Region (central)   −0.0001    0.0000   −3.9980      0.0001
Year × Region (north)        0.0006    0.0000    15.7940   <0.0001
Age                                   −0.0247    0.0079   −3.1360      0.0017

Table 2. Best-fit generalized linear model of the recovery distance
(km) for the common buzzards Buteo buteo ringed in Europe 

between 1959 and 2009
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4.4.  Changes in migration distance

In the present study, we found evidence of a short-
ening of the distance between breeding and wintering
sites of European common buzzard between 1959 and
2009. Many previous studies have reported marked
associations between bird migration and long-term
regional weather trends (Miller-Rushing et al. 2008).
Our results indicate that longer distances of migration
are associated with negative and small temperature
anomalies, while large positive anomalies are related
to a reduction in the migration distance. Migration
can be expected to occur only if survival is larger for
migrating birds than for birds remaining at their
breeding sites over the whole year (Lack 1954). The
reduction observed in migratory behavior (i.e. short-
ening of the migration distance) is probably a conse-
quence of the greater survival probabilities during the
winter as winter weather conditions become milder
(Berthold 1999). In addition, resident individuals may
advance their reproductive activities before migratory
individuals arrive at their breeding grounds and, con-
sequently, gain benefits in terms of fitness. Moreover,
in long-lived birds with deferred sexual maturity and
retarded-return in juveniles, as with the common buz-
zard (Glutz von Blotzheim et al. 1971, Melde 1983), a
shift from a migratory to a sedentary lifestyle would,
as a consequence, bring an advance in first breeding
age. As a result, an increase in population size should
take place (Ferrer et al. 2011). According to our find-
ings, there is an additional explanation for the ob-
served tendency of common buzzards towards win-
tering at more northerly sites in Europe: an increase in
habitat availability due either to climate change or
land-use changes (Newton 2008).

The propensity to shorten migration distance
among European common buzzard populations de -
pends on their breeding regions, with northernmost
populations shortening their migration distance to
the greatest extent. Climate warming is expected to
increase population growth and carrying capacity if
populations are located close to the coolest limit of a
species’ distribution, where climatic conditions are
becoming more suitable for the species (Jiguet et al.
2010). Species occurring at high latitudes and ex -
hibiting wide thermal tolerance, such as the Euro-
pean common buzzard, may live in climates that are
currently cooler than their physiological optima;
thus, climate warming should enhance their fitness
(Deutsch et al. 2008). Our findings are also supported
by previous studies that document a northward shift
in the wintering distribution areas of common buz-
zard in the last 30 yr (Strandberg et al. 2009a,b).

With regard to the other variables that explain
changes in migration distance of European common
buzzards, age is an important predictor in our model.
The social-dominance hypothesis (Gauthreaux 1982)
proposes that in short-distance migrants, such as the
European common buzzard, subordinate individuals
are forced to leave breeding areas in winter because
of competition from more dominant birds (Schindler
2002). Therefore, juveniles should be more migratory
than adults, because adults are presumably dominant
over juveniles. For instance, in southern Sweden the
proportion of juveniles among wintering common
buzzards is low, whereas it is significantly higher in
migrating birds (Kjellén 1994). Correspondingly, a
high proportion of individuals among all the common
buzzards recorded in the Strait of Gibraltar are juve-
niles (1.6 juveniles adult−1; authors’ unpubl. data).

4.5.  Ecological and evolutionary consequences

Shifts in migratory behavior in European common
buzzard presumably imply ecological and evolution-
ary consequences. Among others, changes in the
breeding density of common buzzards in Europe
could affect prey abundance in those areas where
the species is now breeding or resident. Additionally,
the steppe buzzard subspecies (Buteo buteo vulpi-
nus) that occurs in North and East Finland is a long-
distance migrant that winters south of the equator
(Mebs & Schmidt 2006). The winter distribution of
steppe buzzard in central and eastern Europe ap -
pears to have been affected by the distribution of the
short-distance migrant or resident common buzzards
from western Europe up to the 1990s (Morozov 2007).
However, hybridization of steppe and common buz-
zards is common in Finland and probably also in
North Sweden (Dick Forsman pers. comm.). Given
the northern expansion of the European range of
common buzzards (Lehikoinen et al. 2009), an in -
crease of genetic exchange between the 2 subspecies
of B. buteo could occur. Genetic monitoring of these
populations would provide information on the extent
to which hybridization is occurring.

A shortening of the migration distance in this wide-
spread and common partial migrant species repre-
sents a highly likely scenario for other species of mi-
gratory raptors, and of birds in general. Our results
support data that behavioral responses such as north-
ward shifts in winter range and advances in passage
dates are also possible in large, long-lived species
(see also Duncan 1996, Viverette et al. 1996, Pando -
lfino & Wells 2009, Filippi-Codaccioni et al. 2010,
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Lehi  ko inen et al. 2010, Zduniak et al. 2010). Consid-
ering that habitat alteration is progressing under the
influence of climate change and human activity
(Newton 2008), long-lived species such as the com-
mon buzzard and other raptors could be able to learn
from previous experience, and therefore to adjust
their behavior to these new conditions even faster
than smaller birds with shorter life expectancies. It
remains unclear, however, whether these behavioral
responses will be sufficient to cope with climate
change and what ecological implications they will
have for these and other  species.
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