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Abstract The Montagu’s harrier (Circus pygargus) is a long-
distance migratory raptor, breeding in Europe and Western
Asia and wintering in sub-Saharan Africa. The population of
the species has declined in Europe during the twentieth cen-
tury, and Montagu’s harrier is red-listed in many European
countries as declining or threatened. The main aims of the
study were to evaluate the genetic diversity of European
breeding populations and estimate the genetic differentiation
among them, using polymorphism in the hypervariable do-
main of the mitochondrial control region. We analysed 158
individuals from central Spain, Germany, the Czech Republic
and Poland. The results indicated high genetic diversity in the
European breeding population, probably reflecting the large
population size of the species. However, we found decreased
genetic variability in the breeding population of Germany.
Among the 18 identified haplotypes, 2 were of high frequen-
cy. There was no clear connection between the position of the
haplotype in the genealogy and its geographical distribution.
Genetic structure was weakly pronounced (HST=0.053,

P<0.001). SAMOVA indicated the presence of three genetic
groups: The first group consisted of samples from central
Spain and northeastern Poland, the second from southern Po-
land and the Czech Republic, and the third group separated
samples from Germany from the other regions. Genetic dif-
ferentiation between pairs of groups was low, suggesting a
low level of philopatry and a high dispersal ability of
Montagu’s harrier.

Keywords Montagu’s harrier .Circus pygargus .

Accipitride . Control region . mtDNA . Population genetics

Introduction

There are many factors influencing the geographic distribution
of intraspecific genetic diversity, including genetic drift, selec-
tion, mutation, species-specific dispersal ability accompanied
by gene flow, and the interaction of these factors with histor-
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ical processes, such as past demographic fluctuations and gla-
ciations (Taberlet et al. 1998; Hewitt 2004; Bazin et al. 2006;
Gaggiotti et al. 2009; Leffler et al. 2012). Simultaneously, the
identification and understanding of processes that influence
genetic diversity in wild populations and the genetic differen-
tiation among them are extremely important, because preserv-
ing an appropriate gene pool is a fundamental objective of
wildlife conservation and management (Crozier 1997; Reed
and Frankham 2003; Spielman et al. 2004; Allentoft and
O’Brien 2010).

Early studies of wild animals suggested that genetic differ-
entiation among populations of birds is generally low (Avise
and Aquadro 1982; Barrowclough 1983). This general trend
was ascribed mainly to high mobility, assuring high levels of
gene flow (Barrowclough 1983; Crochet 2000). However,
consistent accumulation of genetic data has revealed more
and more examples of bird species with substantial differenti-
ation (e.g., Rhodes et al. 1993; Mundy et al. 1997; Lee et al.
2001; Caizergues et al. 2003; Rutkowski et al. 2012).

Raptors of the Accipitridae family—mainly large, highly
mobile and wide-ranging birds—usually present a low level of
genetic structuring. High movement capacity, especially natal
dispersal (Greenwood and Harvey 1982), allows subpopula-
tions separated by hundreds or thousands of kilometres to be
genetically connected (Kretzmann et al. 2003; Martínez-Cruz
et al. 2004; Sonsthagen et al. 2004; Cadahía et al. 2007). In
such cases, the pattern of differentiation is sometimes shaped
by isolation-by-distance, reflecting dispersal capabilities (e.g.,
Mira et al. 2013). Additionally, environmental variability in
temperate regions might have homogenized the genetic pool
through increased dispersal and the migratory behaviour of
raptors (Newton 2003; Sonsthagen et al. 2004). However,
historical processes, such as isolation in glacial refugia (de
Volo et al. 2013), behavioural characteristics, such as
philopatry (Godoy et al. 2004) or different migratory routes
(Hull and Girman 2005), geographical barriers (Sonsthagen
et al. 2012), isolation on islands and adaptation to island hab-
itats (Kretzmann et al. 2003) may all have induced the appear-
ance of significant genetic differentiation.

Montagu’s harrier (Circus pygargus) is a long-distance mi-
gratory raptor species, wintering in sub-Saharan Africa and
the Indian subcontinent, and breeding over large areas within
Europe and Western Asia (Cramp and Simmons 1980; Clarke
1996). The migratory routes of the species have been thor-
oughly studied (Clarke 1996; Agostini and Logozzo 1997;
García and Arroyo 1998; Trierweiler et al. 2014). A recent
study using satellite telemetry identified three autumn migra-
tion routes for northern European harriers: via Spain, Italy and
Greece (Trierweiler et al. 2014). The authors also indicated
that circular migration is rather interlinked with a clockwise
loop migration of birds from eastern European breeding areas,
whereas western harriers tend to travel through more western
routes. The level of philopatry in the species seems to be low

and independent of the sex of the birds (Limiñana et al. 2012),
while wintering areas and migration routes of harriers from
different breeding populations could overlap (Trierweiler et al.
2014). A phylogeographical study based on mitochondrial
DNA indicated no significant differentiation when birds were
divided according to migratory routes, although low but sig-
nificant genetic differentiation was found between groups of
populations breeding in southwestern and northeastern Eu-
rope (García et al. 2011; Rutkowski et al. 2014).

For many years, Montagu’s harrier has been a rare example
of a bird exhibiting substantial differences in nesting habitat
between eastern and western Europe—in the eastern part of
the continent, the majority of breeding pairs gathered around
vast marshlands, whereas in western Europe, significantly
more pairs nested in crop fields (Arroyo et al. 2002). However,
during the mid-1990s, the proportion of birds nesting in crops
in central and eastern Europe systematically decreased, with a
simultaneous reduction of breeding pairs in wetland areas
(marshes and river valleys) (Mrlík et al. 2002; Krupiński
et al. 2012).

In general, the population of Montagu’s harrier has de-
clined in central Europe during the twentieth century as a
consequence of extensive habitat destruction and human per-
secution (Clarke 1996; Krogulec 1997). Since then, the spe-
cies has been red-listed in many European countries as declin-
ing or threatened. The population from the Iberian Peninsula
constitutes the western European stronghold of the species
(García et al. 2011), whereas in central and eastern Europe, a
significant decrease in the number of birds and size of popu-
lations was observed during the 1980s (Clarke 1996;
Tomiałojć and Stawarczyk 2003). Since then, at least in some
countries (e.g. Poland), the number of birds seems to have
systematically increased (Tomiałojć and Stawarczyk 2003).
However, present trends in population size are difficult to
determine.

Biological, behavioural and demographic processes that
have had an impact on the European population of Montagu’s
harrier should influence the distribution of genetic diversity
within the species. Differences in migration patterns and
nesting habitats could induce the appearance of genetic struc-
ture, while different demographic trends could alter the level
of genetic variability within some local populations. Although
previous studies suggested a rather low level of differentiation
among local populations from Europe and a lack of differ-
ences in genetic variability, they were based on mitochondrial
genes (García et al. 2011) and cross-amplified microsatellites
(Rutkowski et al. 2014), which could have presented exces-
sively low polymorphism to efficiently reflect the population’s
genetic structure. Hence, we aimed to supplement previous
data by using polymorphisms in the hypervariable domain
of the mitochondrial control region. Specifically, we focused
on (i) evaluating the genetic diversity of breeding Montagu’s
harriers, (ii) estimating the genetic differentiation among some

Eur J Wildl Res



European breeding areas and (iii) analysing whether recent
changes in population sizes are reflected in the pattern of
polymorphism of the mitochondrial DNA (mtDNA) control
region.

Material and methods

We collected feathers of Montagu’s harriers in five areas of
Central Europe: Germany (Brandenburg, denoted as GER-B,
n=27), the Czech Republic (Moravia, denoted as CZR-M, n=
37), Lower Silesia in southern Poland (denoted as POL-S, n=
15), the southern part of the Podlasie region of eastern Poland
(denoted as POL-SP, n=12), NorthernMazovia and the north-
ern part of the Podlasie region in northeastern Poland (denoted
as POL-NMP, n=21), and central Spain (the area surrounding
Madrid and Guadalajara Province, n=46) (Fig. 1). In Poland,
molted feathers were collected around the nest during ringing
activities and nest monitoring, performed as a part of several
projects to conserve the species (www.pygargus.pl) in 2007–
2011. From each nest or its surrounding area, only one feather
was genetically analysed; hence, it can be assumed that only
samples from unrelated individuals were included in the
genetic studies. Samples from Spain, Germany and the
Czech Republic were delivered by local ornithologists.
Feathers in Spain were collected in 2010, in Germany in
2009 and 2011, and in the Czech Republic in 2010 and

2011. Detailed data about samples are presented in
Appendix 1. The feathers were stored in separate vials,
either dry or in 96 % alcohol. DNA extraction was
performed using QIAamp DNA Mini Kit (Qiagen, Hilden,
Germany) as previously described (Rutkowski et al. 2010).

A fragment of mitochondrial DNA encompassing the po-
sitions of 1103 to 1937 of the complete mitochondrial genome
of Accipiter gentilis (accession number NC_011818) was am-
plified using primers CIR_CRFm (5′-CACTAACCGGAGCC
CTAGAA-3′) and CIR_CRR (5′-CATATGTGAGGGCCAC
CTGT-3′). Primers were designed using PRIMER3 (Rozen
and Skaletsky 2000), based on complete sequences of several
mitochondrial genomes of the Accipitrinae subfamily avail-
able in GenBank. The forward primer was complementary to
part of cytochrome b (positions 1103–1122), and the reverse
primer was located within the control region. Amplification
conditions were as follows: initial denaturation of 5 min at
95 °C, 35 cycles of 30 s at 95 °C, 30 s at 59 °C, 30 s at
72 °C, and the final extension step of 5 min at 72 °C. The
final amplification volume of 15 μl contained 7.5 μl Bio Mix
(BioLine) and 0.2 μM of each primer. The cleanup reaction of
PCR products before sequencing was performed with 1 U
FastAP™ (Thermo Scientific) and 10 U Exo I (Thermo Sci-
entific). The reaction’s mixture was incubated at 37 °C for
15 min and stopped by heating at 80 °C for 15 min. The
sequencing of PCR products was performed by Oligo.pl
(Ol igo , IBB, Warsaw, Po land ) . DNA sequence

Fig. 1 Distribution of sampling
sites and grouping of sampling
sites into geographical regions. a
The overall picture; b central
Europe. SPA-C Spain (central
Spain, Madrid surroundings and
Guadalajara Province), GER-B
Germany (Brandenburg), CZR-M
Czech Republic (Moravia), POL-
S southern Poland (Lower
Silesia), POL-SP Poland,
southern part of the Podlasie
region, POL-NMP Poland,
northern Mazovia and northern
part of the Podlasie region
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chromatograms were analysed using FinchTV v.1.4.0 (Ap-
plied Biosystems). The sequences obtained in this study were
aligned in BioEdit software v.7.0.5.3 (Hall 1999), and align-
ments were checked manually.

Although the designed primers amplified a fragment of
about 800 base pairs in length, only 534 base pairs were clear-
ly readable. The sequences were aligned with the complete
mitochondrial genome of Accipiter gentilis (accession number
NC_011818), indicating that the analysed fragment represent-
ed the 5′ end of the mitochondrial control region and corre-
sponds to positions 1.288–1.823.

Data analysis

The number of haplotypes, haplotype diversity, nucleotide
diversity and mean number of nucleotide differences among
the haplotypes in the total sample were calculated using
DNAsp 5.10 (Librado and Rozas 2009). Then, we used
SAMOVA 2.0 (Dupanloup et al. 2002) to perform a spatial
analysis of the molecular variance in order to determine how
well the geographic regions correspond to the genetic groups.
This software defines groups of geographically homogenous
populations and maximizes the proportion of genetic variance
due to differences between populations (FCT) based on the
number of groups (K) defined a priori through simulated an-
nealing procedures. We ran SAMOVA using 100 simulated
annealing procedures for K values from 2 to 5. The analysis
was performed with a constraint about the geographic compo-
sition of the groups. The most likely number of groups was
selected based on the highest significant FCT value.

Next, we estimated the number of haplotypes, haplotype
diversity, nucleotide diversity and mean number of nucleotide
differences among the haplotypes (k) for each genetic group,
indicated by SAMOVA. ARLEQUIN v3.5.1.2 (Excoffier and
Lischer 2010) was used to identify unique haplotypes. Haplo-
type richness—the number of haplotypes corrected for sample
size—was estimated by rarefaction using the Contrib 1.02
program (Petit et al. 1998). We used a rarefaction size of 25
individuals. Differences in nucleotide and haplotype diversity
between pairs of genetic groups were tested with the t test in
PAST (Hammer et al. 2001), using mean and standard devia-
tion values from DNAsp and Arlequin.

A median-joining haplotype network (Bandelt et al. 1999)
was constructed in NETWORK v4.6.1.1. (Fluxus Technology
Ltd.).

We calculated the pairwise FST among genetic groups
using both haplotype frequencies and distance among haplo-
types. We applied the Kimura two-parameter model of nucle-
otide substitution (Kimura 1980). The test for significance
was performed with 1000 permutations. The global genetic
structure based on haplotype frequencies was also estimated
usingHST (Hudson et al. 1992; Eq. 2) in DNAsp. Significance

for global estimate was determined by permutation test, using
1000 replicates.

The demographic history of each genetic group was inves-
tigated by applying two basic neutrality tests to detect past
population expansion: Fu’s FS, and Tajima’s D tests. Both
tests use the infinite site model without recombination to test
for departures from selective neutrality and population equi-
librium for intraspecific data. Fu’s FS, Tajima’s D and related
statistics show signals of an excess of rare mutations when the
values are negative and significantly differ from zero. Fu’s FS
uses information from the haplotype distribution and has
greater statistical power to detect population expansion than
other available tests (Fu 1997). Low FS values indicate an
excess of single substitutions usually due to expansion.
Tajima’sD test compares the number of nucleotide differences
between sequences and the number of differences between
segregating sites. Population expansion will result in a signif-
icant negative departure from zero (Tajima 1989). The signif-
icance of both values was determined by a coalescent simula-
tion, using 1000 replicates in DNAsp. Because Fu (1997)
showed that in the case of FS, a significance of 0.02 was
equivalent to a 0.05 level, the test was considered significant
when P≤0.02. Additionally, Fu and Li’s D* and F* statistics
were used to test for the confounding effect of background
selection. Significant values are associated with selection
(Fu and Li 1993). Comparing FS, D* and F* can permit pop-
ulation expansion to be discriminated from background selec-
tion. A significant FS with non-significantD* and F* supports
an interpretation of population expansion, whereas the reverse
indicates selection (Fu 1997).

Additionally, we performed a Bayesian Skyline plot
(BSP) reconstruction of the changes in the size of the
Montagu’s harrier population through time using BEAST
v1.8.0 (Drummond et al. 2012). For this analysis, we pooled
all 158 samples from all European locations. We used the
HKY+G substitution model chosen according to the Bayes-
ian information criterion using ModelGenerator v0.85
(Keane et al. 2006). For BEAST analysis, we used a
piecewise-linear Skyline model with six groups. The per-
lineage substitution rate was fixed to 7.4 %Ma−1 [half of the
divergence rate, reported for domain I of the control region
(Wenink et al. 1996) and a generation time of 4 years]. The
MCMC chain was run for 100 million steps with samples
taken every 10,000th step, and the first 10 % of the samples
were discarded as burn-in. We checked the support for the
Bayesian Skyline by rerunning the analysis using a constant
population size model. Bayes factor analysis was performed
by the estimation and comparison of marginal likelihoods
for both models using stepping-stone and path sampling
protocols (Baele et al. 2012, 2013). A separate BSP recon-
struction using the same settings was also performed for
each of the three groupings indicated by the SAMOVA
results.
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Results

We analysed a 534 base pair long fragment of the control
region for 158 Montagu’s harriers. We found 12 polymorphic
sites within this fragment (10 parsimony-informative sites).
All variable sites represented transitions, except for one
transversion. The base composition of the Montagu’s harrier
control region was similar to that of other bird species (Baker
and Marshall 1997; Ruokonen and Kvist 2002): A, 29.02 %;
C, 25.26%; T, 30.55%; and G, 15.18%.Among 158 obtained
sequences, we identified 18 haplotypes (GenBank Acc. no:
KJ934201–KJ934218). Overall haplotype diversity was
0.820±0.020 with an associated nucleotide diversity of
0.00269±0.0001. The average number of nucleotide differ-
ences among haplotypes was low (k=1.434, Table 1), indicat-
ing that in the majority of cases, pairs of haplotypes differed
by a single substitution (also Fig. 2).

Only 3 out of 18 identified haplotypes had a total frequency
higher than 10 % (Table 2).

There was no clear association between the position of a
unique haplotype in the median-joining network and its geo-
graphic distribution (Fig. 2). For example, haplotypes origi-
nating from H2 (one of the three ‘core haplotypes’) were
found in SPA-C, GER-B, CZR-M and POL-S.

The highest and only significant FCT value in SAMOVA
was observed under the K=3 model (FCT=0.117; P=0.022),
placing the geographic regions of SPA-C, POL-NMP and
POL-SP (denoted as SPA-C&POL-NMP&POL-SP) into the
first genetic group, CZR-M and POL-S (denoted as CZR-
M&POL-S) into the second group and separating GER-B
from the other regions. The number of haplotypes was similar
in the first and second group, but haplotype diversity and
nucleotide diversity were higher (although not significantly)
in the CZR-M&POL-S group (Table 1).

The global genetic structure was weak but significant
(HST=0.053, P<0.001). The genetic differentiation among
genetic groups indicated a low but significant FST between
CR-M&POL-S and SPA-C&POL-NMP&POL-SP (FST=
0.08 and 0.06 for haplotype frequencies and genetic distance

respectively, P<0.05) and was clearly higher when comparing
these groups with GER-B (CR-M&POL-S, FST=0.152 and
0.144 for haplotype frequencies and genetic distance respec-
tively, P<0.05; SPA-C&POL-NMP&POL-SP, FST=0.158
and 0.083 for haplotype frequencies and genetic distance re-
spectively, P<0.05).

Our results indicated that Tajima’s D did not deviate sig-
nificantly from neutrality (Table 3). Significant FS values
(Table 3) indicating a recent expansion were found in SPA-
C&POL-NMP&POL-SP and CR-M&POL-S genetic groups
and in the total sample. Non-significant values of F* and D*
indicated that selection has not influenced the distribution of
genetic diversity within the analysed mtDNA region. In GER-
B, we found a relatively high and positive value of D, as well
as a positive FS, suggesting that this population may have
suffered a recent bottleneck or is presently decreasing.

For the BEAST analysis of all samples pooled, Bayesian
Skyline was strongly supported over the constant population
size model with ln Bayes factors of 10.7 and 11.1 for path
sampling and stepping-stone protocols, respectively. The
Bayesian Skyline reconstruction showed no indication of pop-
ulation size decrease over the last almost 8000 years (Fig. 3),
with a median effective population size at present estimated at
around 31,600 females, although with wide credibility inter-
vals (95 % HPD, 260–250,000 females). Separate BSP recon-
structions for groupings resulting from the SAMOVA analysis
also did not exhibit any significant signal of changes in pop-
ulation size (Fig. 3).

Discussion

In analysing single fragment of mitochondrial DNA (part of
the control region), we found high genetic diversity of the
Montagu’s harrier in Europe. The haplotype and nucleotide
diversity was slightly higher than that found previously in
COI and ND1 mtDNA genes across the European breeding
range of Montagu’s harrier in a study comprising a broader
geographic range (García et al. 2011). The authors reported

Table 1 Sample size and genetic characteristics of mtDNACR polymorphism inMontagu’s harrier in genetic groups indicated by SAMOVA and total
sample

N h h [25] U H [SD] π [SD] k

SPA-C& POL-NMP&POL-SP 79 11 6.631 7 0.770 [0.037] 0.00225 [0.0002] 1.200

CZR-M& POL-S 52 10 6.609 5 0.823 [0.031] 0.00249 [0.0002] 1.328

GER-B 27 4 3.000 1 0.707 [0.054] 0.00209 [0.0003] 1.664

Total 158 18 13 0.820 [0.020] 0.00269 [0.0001] 1.434

N sample size, h number of identified haplotypes, h [25] haplotype richness, calculated from a sub-sample of 25 individuals, U number of unique
haplotypes, H [SD] haplotype diversity and corresponding standard deviation, π [SD] nucleotide diversity and corresponding standard deviation, k
average number of pairwise nucleotide differences, SPA-C Spain (central Spain, Madrid surroundings and Guadalajara Province, n=46), GER-B
Germany (Brandenburg, n=27), CZR-M Czech Republic (Moravia, n=37), POL-S southern Poland (Lower Silesia, n=15), POL-SP Poland, southern
part of the Podlasie region (n=12), POL-NMP Poland, northern Mazovia and northern part of the Podlasie region (n=21)
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haplotype diversity of 0.663 and nucleotide diversity of
0.0008, compared to the values of 0.82 and 0.0027 obtained

in the present study. However, we analysed fragments of hy-
pervariable domains I and II of the non-coding mitochondrial
control region, which usually shows higher polymorphisms
than other mitochondrial genes (Ruokonen and Kvist 2002).

No polymorphisms were found in the mitochondrial ATP6
and CO3 sequences of the endemic and rare Black harrier (Cir-
cus maurus) of South Africa (Fuchs et al. 2014). However,
these mitochondrial genes have a considerably lower mutation
rate than the control region; hence, it is hard to compare the
results of these studies. Haplotype diversity seems to be higher
for Montagu’s harrier than for some of the other European
Accipitridae that had their hypervariable domains of the control
region analysed: Spanish imperial eagle Aquila adalberti
(Martínez-Cruz et al. 2004), white-tailed eagle Haliaeetus
albicilla (Hailer et al. 2007; Honnen et al. 2010; Langguth
et al. 2013; Ponnikas et al. 2013), Bonelli’s eagle Hieraaetus
fasciatus (Cadahía et al. 2007), bearded vulture Gypaetus
barbatus (Godoy et al. 2004; García et al. 2012) and red kite
Milvus milvus (Roques and Negro 2005). However, these stud-
ies used shorter control region fragments than our study to
estimate diversity. We can assume that the large size (around
50,000 pairs; Kuczyński and Krupiński 2014) of the European
breeding population of Montagu’s harrier ensures the mainte-
nance of genetic variability. Indeed, the BSP analysis suggested
an effective population of females at ∼30,000, although 95 %
CI of our estimate was very large (260–250,000).

A significant reduction in genetic diversity (estimated
based on mtDNA control region polymorphism) in bird

Fig. 2 Median-joining network
of haplotypes. The size of a circle
is proportional to the frequency of
a haplotype in the total sample.
Each line connecting circles
represents a single mutation

Table 2 Distribution of Montagu’s harrier haplotypes in the genetic
groups, indicated by SAMOVA

SPA-C&
POL-NMP&SP

CZR-M&
POL-S

GER-B Total

H1 0.418 0.154 0.444 0.335

H2 0.051 0.192 0.148 0.114

H3 0.203 0.327 0.209

H4 0.096 0.032

H5 0.019 0.006

H6 0.019 0.006

H7 0.114 0.115 0.095

H8 0.038 0.019

H9 0.013 0.006

H10 0.038 0.019

H11 0.013 0.006

H12 0.063 0.032

H13 0.038 0.019

H14 0.013 0.006

H15 0.019 0.296 0.057

H16 0.038 0.013

H17 0.019 0.006

H18 0.111 0.019

Frequency in the group and total frequencies are reported
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populations experiencing bottleneck seems to be evident only
if the number of individuals has dropped below 500 individ-
uals (Jackson et al. 2013). It is possible that the reduction in
the numbers experienced by the central European Montagu’s
harrier population in the 1980s, for example in Poland
(Kuczyński and Krupiński 2014), was not as severe as to
significantly decrease genetic diversity. Similarly, the genetic
after-effects of population decline were not detected in the
case of the Japanese northern goshawk, suggesting that the
past population decline has not been very serious (Asai et al.
2008). The BSP analysis suggested no significant changes in
the effective population size during the last 8000 years. The
neutrality test (negative and significant values of Fu’s FS)
suggested a recent expansion of the European population.
Hence, it is possible that the high genetic diversity of Europe-
an Montagu’s harrier could be interlinked with the population
expansion accompanied by a generation of new polymor-
phisms in the mtDNA control region. The rapid postglacial
colonization of northern Europe and major population expan-
sion were also suggested as an explanation of the higher

genetic diversity of the northern population of the white-
tailed eagle H. albicilla (e.g., Estonia, Hailer et al. 2007).

The lowest genetic diversity was found in Germany. The
low genetic diversity of the population from this region was
also suggested by García et al. (2011), when analysing other
mitochondrial genes. This suggests that in this region, genetic
diversity is indeed reduced compared to other parts of Europe.
Also, the neutrality tests indicated that this population experi-
enced a recent bottleneck or is presently decreasing. However,
verification of decreased genetic diversity in Germany re-
quires further studies, especially those including samples from
other regions of the country.

We found low genetic differentiation among the investigat-
ed regions. Moreover, some geographically isolated breeding
areas (e.g., northeastern Poland and central Spain) were in-
cluded in a common genetic group. This confirms previous
observations based on other mitochondrial and nuclear
markers (García et al. 2011; Rutkowski et al. 2014). Small
genetic differentiation, estimated using both maternally
(García et al. 2011; this study) and bi-parentally inherited

Table 3 Results of neutrality
tests with corresponding P values
for Montagu’s harrier mtDNA
haplotypes

Tajima’s test Fu’s test Fu and Li’s tests

D P FS P F* P D* P

SPA-C& POL-NMP&SP −0.651 ns −4.507 0.012 0.131 ns 0.497 ns

CZR-M& POL-S −0.676 ns −3.770 0.017 −1.513 ns −1.578 ns

GER-M 1.055 ns 0.576 ns 1.415 ns 1.070 ns

Total −0.972 ns −10.645 0.001 −0.285 ns 0.096 ns

Fig. 3 Bayesian Skyline plot (BSP) for the European population of
Montagu’s harrier. A per-lineage substitution rate of 7.4 % Ma−1 was
assumed to estimate the timescale using BEAST software. a BSP
analysis for all samples pooled. Median effective population size at
present time was estimated at 31,600 females (95 % CI ∼260–251,800)
assuming an average generation time of 4 years. b Results of separate

BSP analyses for three genetic groups indicated by SAMOVA results (I:
SPA-C&POL-NMP&POL-SP; II: CZR-M&POL-S; III: GER-B).
Median effective population sizes at the present time, assuming an
average generation time of 4 years, are estimated for 16,000 females for
group I (95 % HPD, 147–143,500), 29,000 females for group II (184–
273,600) and 2630 females for group III (8–33,800)
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markers (Rutkowski et al. 2014), suggests that this is not a
sex-specific pattern. As stated by García et al. (2011), a low
level of population structure in the European population prob-
ably reflects the long-distance migration behaviour of the spe-
cies. The authors indicated food availability during winter and
wind conditions as the expected reasons for gene pool mixing
between the twomainmigratory routes. This could explain the
lack of significant differentiation among breeding populations
from western (Spain) and eastern Europe (northeastern Po-
land), despite the fact that the birds follow different migratory
routes (Trierweiler et al. 2006).

Although many migratory bird species with wide geo-
graphical distribution are composed of different subpopula-
tions using distinct migratory routes, the lack of a clear differ-
entiation between the migratory flyways of the Montagu’s
harrier is not an exception (e.g., Liu et al. 2012; Kraus et al.
2013). Moreover, it was shown that the species presents low
philopatry and a high capacity for natal dispersal in both
sexes—the behaviour favouring gene flow among populations
(Limiñana et al. 2012). Low genetic differentiation is fre-
quently observed in birds (Crochet 2000), including many
Accipitridae (Martínez-Cruz et al. 2004; Hull et al. 2008a;
Takaki et al. 2009; Bourke et al. 2010). Recent phylogenetic
study of harriers has also suggested that a low level of genetic
structuring could be characteristic for many other members of
the Circus genus (Oatley et al. 2015). However, even for
widespread raptors that are highly mobile, the population’s
genetic structure might be substantial if regional variation in
habitat occurs (Hull et al. 2008b; Lerner et al. 2009). Present-
ly, the European breeding population of Montagu’s harrier
nests mainly in crop fields, and the agricultural landscape
dominates in many parts of the continent, so breeding habitat
availability seems to be widespread. Obviously, the mobility
of Montagu’s harrier, its capability of long distance dispersal,
the broad availability of breeding habitats (intensive farming)
and low level of philopatry prevent substantial genetic
differentiation.

As with our results, the majority of polymorphisms ob-
served by García et al. (2011) were due to single-nucleotide
substitutions (mean k=1.47, compared to k=1.43 in our
study). Hence, our study confirmed that the European breed-
ing population presents a high number of mitochondrial hap-
lotypes, differing mainly by single substitutions. Indeed, the
nucleotide diversity of the Montagu’s harrier found in our
study seems to be lower than values reported for the hyper-
variable domains of the control region in other European
Accipitridae (Godoy et al. 2004; Martínez-Cruz et al. 2004;
Hailer et al. 2007; Honnen et al. 2010; García et al. 2012;
Langguth et al. 2013; Ponnikas et al. 2013). Higher nucleotide
diversity in these species could be interlinked with the pres-
ence of different mitochondrial lineages in Europe. Indeed,
two distinct haplogroups were found in European populations
of the white-tailed eagle (Hailer et al. 2007; Honnen et al.

2010; Langguth et al. 2013; Ponnikas et al. 2013), bearded
vulture (Godoy et al. 2004) and black vulture Aegypius
monachus (Poulakakis et al. 2008). The presence of two
haplogroups is usually connected to the existence of eastern
and western glacial refugia, from which the species had ex-
panded. After postglacial range expansion, the two lineages
admixed, leading to the current lack of geographic separation
of different lineages, as was shown for some European raptors
(e.g. Godoy et al. 2004; Hailer et al. 2007; Langguth et al.
2013). A shorter isolation period during the interglacial phases
of steppe-associated species compared to temperate fauna led
to smaller genetic differentiation between refugia, as did the
larger areas of refugia resulting from the wide distribution of
periglacial steppes during glacial periods (Hailer et al. 2007;
García et al. 2011). In our study, we did not find separate
lineages of Montagu’s harrier. The two ‘core’ haplotypes dif-
fer only by one substitution; hence, their origin in different
glacial refugia is rather unlikely. It is possible that Montagu’s
harrier, as opposed to the white-tailed eagle or vultures, colo-
nized Europe from a single glacial refugium. Although the
limited geographic range of sampling in our study prevents
us from identifying this refugium, the low genetic differentia-
tion between Spanish and central European harriers suggests
that it could be located within the Iberian Peninsula.

Conclusions

We found high genetic diversity in the European breeding
population of Montagu’s harrier, reflecting the large popula-
tion size of the species. Despite some reduction in the number
of occupied territories and the number of breeding pairs in the
near past, interlinked with the gradual disappearance of natu-
ral nesting habitats (wetlands and river valleys), the size of the
population probably did not reach the critical value required to
significantly decrease the diversity of the genetic pool.
Montagu’s harrier shifted to a new breeding habitat (the agri-
cultural landscape) quickly enough to retain a high level of
genetic variability. However, we found decreased genetic var-
iability related to a recent bottleneck or current decrease of
population size in Germany’s breeding population. The genet-
ic structure of European breeding populations was weakly
pronounced, which agrees with the low level of philopatry
and high dispersal ability of Montagu’s harrier. The analysis
of mtDNA genealogy indicated two frequent, closely related
haplotypes and many low-frequency and/or unique haplo-
types, differing from them by a small number of substitutions.
There was no clear connection between the position of the
haplotype in the genealogy and its geographical distribution.
We speculate that, in agreement with previous research, this
pattern reflects the short time of isolation during interglacial
periods and the wide distribution of steppes during glaciation.

Eur J Wildl Res



Acknowledgments This study was financed by the National Science
Centre (grant nr N N304 157839). We are grateful to Piotr Zabłocki,
Michał Wolny for providing samples from southern Poland, and Raul
Alonso Moreno (BRINZAL), Manuel Galan Crespo (GREFA) and
Miguel Angel Hernandez for collecting samples in Spain. Ewa Suchecka
was extremely helpful in laboratory work. We are grateful to Dr. Frank
Hailer and another anonymous reviewer for valuable comments on the
manuscript.

References

Agostini N, Logozzo D (1997) Autumn migration of accipitriformes
through Italy en route to Africa. Avocetta 21:174–179

Allentoft ME, O’Brien J (2010) Global amphibian declines, loss of ge-
netic diversity and fitness: a review. Diversity 2:47–71

Arroyo B, García JT, Bretagnolle V (2002) Conservation of Montagu’s
harrier (Circus pygargus) in agricultural areas. Anim Conserv 5:
283–290

Asai S, Akoshima D, Yamamoto Y, Shigeta Y, Matsue M, Momose H
(2008) Current status of the northern goshawk accipiter Gentilis in
Japan based on mitochondrial DNA. Ornithol Sci 7:143–156

Avise JC, Aquadro CF (1982) A compariative study of genetic distances
in the vertebrates, patterns and correlations. In: Hecht MK, Wallace
B, Prance GT (eds) Evolutionary biology vol. 15. Plenum Press,
New York, pp 151–185

Baele G, Lemey P, Bedford T, Rambaut A, Suchard MA, Alekseyenko
AV (2012) Improving the accuracy of demographic and molecular
clock model comparison while accommodating phylogenetic uncer-
tainty. Mol Biol Evol 29:2157–2167

Baele G, Li WLS, Drummond AJ, Suchard MA, Lemey P (2013)
Accurate model selection of relaxed molecular clocks in Bayesian
phylogenetics. Mol Biol Evol 30:239–243

Baker AJ, Marshall HD (1997) Mitochondrial control region sequences
as tools for understanding evolution. In: Mindell DP (ed) Avian
molecular evolution and systematics. Academic, San Diego

Bandelt H-J, Forster P, Röhl A (1999) Median-joining networks for in-
ferring intraspecific phylogenies. Mol Biol Evol 16:37–48

Barrowclough GF (1983) Biochemical studies of microevolutionary pro-
cesses. In: Brush AH, Clark GA Jr (eds) Perspectives in ornithology.
University of Cambridge Press, Cambridge, pp 223–261

Bazin E, Glémin S, Galtier N (2006) Population size does not influence
mitochondria genetic diversity in animals. Science 312(5773):570–
2. doi:10.1126/science.1122033

Bourke BP, Frantz AC, Lavers CP, Davison A, Dawson DA, Burke TA
(2010) Genetic signatures of population change in the British golden
eagle (Aquila chrysaetos). Conserv Genet 11:1837–1846. doi:10.
1007/s10592-010-0076-x

Cadahía L, Negro JJ, Urios V (2007) Low mitochondrial DNA diversity
in the endangered Bonelli’s eagle (Hieraaetus fasciatus) from SW
Europe (Iberia) and NWAfrica. J Ornithol 148:99–104

Caizergues A, Rätti O, Helle P, Rotelli L, Ellison L, Rasplus J-Y (2003)
Population genetic structure of male black grouse (Tetrao tetrix L.)
in fragmented vs. continuous landscapes. Mol Ecol 12:2297–2305

Clarke R (1996) Montagu’s harrier. Arlequin, Chelmsford
Cramp S, Simmons KEL (1980) The birds of the western paleartic, vol 2.

Oxford University Press, Oxford
Crochet P-A (2000) Genetic structure of avian populations: allozymes

revisited. Mol Ecol 9:1463–1469
Crozier RH (1997) Preserving the information content of species: genetic

diversity, phylogeny, and conservation worth. Annu Rev Ecol Syst
28:243–268

deVolo SB, Reynolds RT, Sonsthagen SA, Talbot SL, AntolinMF (2013)
Phylogeography, postglacial gene flow, and population history of

North American northern goshawks (Accipiter Gentilis). Auk 130:
342–354. doi:10.1525/auk.2013.12120

Drummond AJ, Suchard MA, Xie D, Rambaut A (2012) Bayesian phy-
logenetics with BEAUti and the BEAST 1.7. Mol Biol Evol 29:
1969–1973

Dupanloup I, Schneider S, Excoffier L (2002) A simulated annealing
approach to define the genetic structure of populations. Mol Ecol
11:2571–81

Excoffier L, Lischer HEL (2010) Arlequin suite ver 3.5: a new series of
programs to perform population genetics analyses under linux and
windows. Mol Ecol Resour 10:564–567. doi:10.1111/j.1755-0998.
2010.02847.x

Fluxus Technology Ltd.: http://www.fluxus-engineering.com
Fu YX (1997) Statistical tests of neutrality of mutations against popula-

tion growth, hitchhiking and background selection. Genetics 147:
915–925

FuYX, LiWH (1993) Statistical tests of neutrality of mutations. Genetics
133:693–709

Fuchs J, Simmons RE, Mindell DP, Bowie RCK, Oatley G (2014) Lack
of mtDNA genetic diversity in the black harrier Circus maurus, a
southern African endemic. Ibis 156:227–230. doi:10.1111/ibi.12103

Gaggiotti OE, Bekkevold D, Jørgensen HBH, Foll M, Carvalho GR,
Andre C, Ruzzante DE (2009) Disentangling the effects of evolu-
tionary, demographic, and environmental factors influencing genetic
structure of natural populations: Atlantic herring as a case study.
Evolution 63:2939–2951. doi:10.1111/j.1558-5646.2009.00779.x

García JT, Arroyo BE (1998) Migratory movements of Montagu’s har-
riers circus pygargus: a review. Bird Study 45:188–194

García JT, Alda F, Terraube J, Mougeot F, Sternalski A, Bretagnolle V,
Arroyo B (2011) Demographic history, genetic structure and gene
flow in a steppe-associated raptor species. BMC Evol Biol 11:333.
doi:10.1186/1471-2148-11-333

García CB, Gil JA, Alcántara M, González J, Cortés MR, Bonafonte JI,
Arruga MV (2012) The present Pyrenean population of bearded
vulture (Gypaetus barbatus): its genetic characteristics. J Biosci
37:689–694

Godoy JA, Negro JJ, Hiraldo F, Donázar JA (2004) Phylogeography,
genetic structure and diversity in the endangered bearded vulture
(gypaetus barbatus, L) as revealed by mitochondrial DNA. Mol
Ecol 13(2):371–390. doi:10.1046/j.1365-294X.2003.02075.x

Greenwood PJ, Harvey PH (1982) The natal and breeding dispersal of
birds. Annu Rev Ecol Syst 45:188–194

Hailer F, Helander B, Folkestad AO, Ganusevich SA, Garstad S, Hauff P,
Koren C, Masterov VB, Nygard T, Rudnick JA, Shiraki S,
Skarphedinsson K, Volke V, Vi l la F, Vi la C (2007)
Phylogeography of white-tailed eagle, a generalist with a large dis-
persal capacity. J Biogeogr 34(7):1193–1206. doi:10.1111/j.1365-
2699.2007.01697.x

Hall TA (1999) BioEdit: a user-friendly biological sequence alignment
editor and analysis program for windows 95/98/NT. Nucleic Acids
Symp Ser 41:95–98

Hammer R, Harper DAT, Ryan PD (2001) PAST: paleontological statis-
tics software package for education and data analysis. Palaeontol
Electron 4(1):9, http://palaeo-electronica.org/2001_1/past/issue1_
01.htm

Hewitt GM (2004) Genetic consequences of climatic oscillations in the
quaternary. Philos Trans R Soc Lond B 359:183–195

Honnen A-C, Hailer F, Kenntner N, Literák I, Dubská L, Zachos FE
(2010) Mitochondrial DNA and nuclear microsatellites reveal high
diversity and genetic structure in an avian top predator, the white-
tailed sea eagle, in central Europe. Biol J Linn Soc 99:727–737

Hudson RR, Boos DD, Kaplan NL (1992) A statistical test for detecting
geographic subdivision. Mol Biol Evol 9:138–151

Hull JM, Girman DJ (2005) Effects of Holocene climate change on the
historical demography of migrating sharp-shinned hawks (accipiter

Eur J Wildl Res

http://dx.doi.org/10.1126/science.1122033
http://dx.doi.org/10.1007/s10592-010-0076-x
http://dx.doi.org/10.1007/s10592-010-0076-x
http://dx.doi.org/10.1525/auk.2013.12120
http://dx.doi.org/10.1111/j.1755-0998.2010.02847.x
http://dx.doi.org/10.1111/j.1755-0998.2010.02847.x
http://www.fluxus-engineering.com/
http://dx.doi.org/10.1111/ibi.12103
http://dx.doi.org/10.1111/j.1558-5646.2009.00779.x
http://dx.doi.org/10.1186/1471-2148-11-333
http://dx.doi.org/10.1046/j.1365-294X.2003.02075.x
http://dx.doi.org/10.1111/j.1365-2699.2007.01697.x
http://dx.doi.org/10.1111/j.1365-2699.2007.01697.x
http://palaeo-electronica.org/2001_1/past/issue1_01.htm
http://palaeo-electronica.org/2001_1/past/issue1_01.htm


striatus velox) in North America. Mol Ecol 14(1):159–170. doi:10.
1111/j.1365-294X.2004.02366.x

Hull JM, Anderson R, Bradbury M, Estep JA, Ernest HB (2008a)
Population structure and genetic diversity in Swainson’s hawks (bu-
teo swainsoni): implications for conservation. Conserv Genet 9:
305–316. doi:10.1007/s10592-007-9342-y

Hull JM, Hull AC, Sacks BN, Smith JP, Ernest HB (2008b) Landscape
characteristics influence morphological and genetic differentiation
in a widespread raptor (buteo jamaicensis). Mol Ecol 17(3):810–
824. doi:10.1111/j.1365-294X.2007.03632.x

Jackson H, Morgan BJT, Groombridge JJ (2013) How closely do mea-
sures of mitochondrial DNA control region diversity reflect recent
trajectories of population decline in birds? Conserv Genet 14:1291–
1296

Keane TM, Creevey CJ, Pentony MM, Naughton TJ, McLnerney JO
(2006) Assessment of methods for amino acid matrix selection and
their use on empirical data shows that ad hoc assumptions for choice
of matrix are not justified. BMC Evol Biol 6:29. doi:10.1186/1471-
2148-6-29

Kimura M (1980) A simple method for estimating evolutionary rate of
base substitution through comparative studies of nucleotide se-
quences. J Mol Evol 16:111–120

Kraus RH, van Hooft P, Megens HJ, Tsvey A, Fokin SY, Ydenberg RC,
Prins HH (2013) Global lack of flyway structure in a cosmopolitan
bird revealed by a genome wide survey of single nucleotide poly-
morphisms. Mol Ecol 22(1):41–55. doi:10.1111/mec.12098

KretzmannMB, Capote N, Gautschi B, Godoy JA, Donázar JA, Negro JJ
(2003) Genetically distinct island populations of the Egyptian vul-
ture (neophron percnopterus). Conserv Genet 4:697–706

Krogulec J (1997) Montagu’s harrier Circus pygargus. In: Hagemeijer
WJM, Blair MJ (eds) The EBCC Atlas of European breeding birds:
their distribution and abundance. T & AD Poyser, London, pp 150–
151

Krupiński D, Lewak J, Rzępoła M, Szulak K (2012) Breeding biology of
the Montagu’s harrier (circus pygargus) in east-central Poland and
implications for its conservation. Zool Ecol 22:86–92

Kuczyński L, Krupiński D (2014) National qualification of Montagu’s
harrier. Annu Rep. Towarzystwo Przyrodnicze BBocian^, Poznań-
Warszawa, pp 1–46. [In Polish with English summary]

Langguth T, Honnen A-C, Hailer F, Mizera T, Skoric S, Väli Ü, Zachos
FE (2013) Genetic structure and phylogeography of a European
flagship species, the white-tailed sea eagle Haliaeetus albicilla. J
Avian Biol 44:263–271

Lee PLM, Bradbury RB,Wilson JD, Flanagan NS, Richardson L, Perkins
AJ, Krebs JR (2001) Microsatellite variation in the yellowhammer
Embrezia citrinella: population structure of declining farmland bird.
Mol Ecol 10:1633–1644. doi:10.1046/j.1365-294X.2001.01305.x

Leffler EM, Bullaughey K, Matute DR, Meyer WK, Ségurel L et al
(2012) Revisiting an old riddle: what determines genetic diversity
levels within species? PLoS Biol 10(9), e1001388

Lerner HRL, Johnson JA, Lindsay AR, Kiff LF, Mindell DP (2009) It’s
not too late for the harpy eagle (Harpia harpyja): high levels of
genetic diversity and differentiation can fuel conservation programs.
PLoS ONE 4(10), e7336. doi:10.1371/journal.pone.0007336

Librado P, Rozas J (2009) DNASP v5: a software for comprehensive
analysis of DNA polymorphism data. Bioinformatics 25:1451–1452

Limiñana R, García JT, González JM, Guerrero A, Lavedán J, Moreno
JD, Román-Muñoz A, Palomares LE, Pinilla A, Ros G, Serrano C,
Surroca M, Tena J, Arroyo B (2012) Philopatry and natal dispersal
of montagu’s harriers (circus pygargus) breeding in Spain: a review
of existing data. Eur J Wildl Res 58(3):549–555. doi:10.1007/
s10344-011-0602-2

Liu Y, Keller I, Heckel G (2012) Breeding site fidelity and winter admix-
ture in a long-distance migrant, the tufted duck (Aythya fuligula).
Hered (Edinb) 109(2):108–16. doi:10.1038/hdy.2012.19

Martínez-Cruz B, Godoy JA, Negro JJ (2004) Population genetics after
fragmentation: the case of the endangered Spanish imperial eagle
(Aquila adalberti). Mol Ecol 13:2243–2255. doi:10.1111/j.1365-
294X.2004.02220.x

Mira S, Arnaud-Haond S, Palma L, Cancela ML, Beja P (2013) Large-
scale population genetic structure in Bonelli’s eagle Aquila fasciata.
Ibis 155:485–498. doi:10.1111/ibi.12065

Mrlík VJ, Hruška K, Poprach O, Suchý JV, Závalský O (2002) Breeding
distribution, population size, dynamics, ecology and protection of
Montagu’s harrier circus pygargus in the Czech Republic. Ornithol
Anz 41:175–182

Mundy NI, Winchell CS, Woodruff DS (1997) Genetic differences be-
tween the endangered San Clemente island loggerhead shrike lanius
ludovicianus mearnsi and two neighboring subspecies demonstrated
by mtDNA control region and cytochrome b sequence variation.
Mol Ecol 6(1):29–37

Newton I (2003) The speciation and biogeography of birds. Academic
Press, San Diego. C.A

Oatley G, Simmons RE, Fuchs J (2015) A molecular phylogeny of the
harriers (Circus, accipitridae) indicate the role of long distance dispers-
al and migration in diversification. Mol Phylogenet Evol 85:150–160

Petit RJ, El Mousadik A, Pons O (1998) Identifying populations for
conservation on the basis of genetic markers. Conserv Biol 12:
844–855

Ponnikas S, Kvist L, Ollila T, Stjernberg T, Orell M (2013) Genetic
structure of an endangered raptor at individual and population levels.
Conserv Genet 14:1135–1147

Poulakakis N, Antoniou A, Mantziou G, Parmakelis A, Skartsi T,
Vasilakis D et al (2008) Population structure, diversity, and
phylogeography in the near-threatened Eurasian black vultures
Aegypius monachus (Falconiformes; Accipitridae) in Europe: in-
sights from microsatellite and mitochondrial DNA variation. Biol J
Linn Soc 95:859–872. doi:10.1111/j.1095-8312.2008.01099.x

Reed DH, Frankham R (2003) Correlation between fitness and genetic
diversity. Conserv Biol 17:230–237. doi:10.1046/j.1523-1739.
2003.01236.x

Rhodes OE Jr, Smith LM, Chesser RK (1993) Temporal components of
genetic variation in migrating and wintering American wigeon. Can
J Zool 71:2229–2235

Roques S, Negro JJ (2005) MtDNA genetic diversity and population
history of a dwindling raptorial bird, the red kite (milvus milvus).
Biol Conserv 126:41–50. doi:10.1016/j.biocon.2005.04.020

Rozen S, Skaletsky H (2000) Primer3 on theWWW for general users and
for biologist programmers. Methods Mol Biol 132:365–386

Ruokonen M, Kvist L (2002) Structure and evolution of the avian mito-
chondrial control region. Mol Phylogenet Evol 23:422–432. doi:10.
1016/S1055-7903(02)00021-0

Rutkowski R, Rejt L, Tereba A, Gryczyńska-Siemiątkowska A, Janic B
(2010) Population genetic structure of the European kestrel Falco
tinnunculus in Central Poland. Eur J Wildl Res 56:297–305. doi:10.
1007/s10344-009-0320-1

Rutkowski R, Keller M, Jagołkowska P (2012) Population genetics of the
hazel hen Bonasa bonasia in Poland assessed with non-invasive
samples. Cent Eur J Biol 7:759–775

Rutkowski R, Krupiński D, Kitowski I, Gryczyńska A (2014)
Preliminary analysis of genetic variability in Montagu’s harrier
(Circus pygargus) using cross-amplified microsatellites. Ann Zool
64:535–547

Sonsthagen SA, Talbot SA, White CM (2004) Gene flow and genetic
characterization of northern goshawk breeding in Utah. Condor
106:826–836. doi:10.1650/7448

Sonsthagen SA, Rosenfield RN, Bielefeldt J, Murphy RK, Stewart AC,
Stout WE, Driscoll TG, Bozek MA, Sloss BL, Talbot SL (2012)
Genetic and morphological divergence among Cooper’s hawk (ac-
cipiter cooperii) populations breeding in north-central and western
North America. Auk 129:427–437. doi:10.1525/auk.2012.11166

Eur J Wildl Res

http://dx.doi.org/10.1111/j.1365-294X.2004.02366.x
http://dx.doi.org/10.1111/j.1365-294X.2004.02366.x
http://dx.doi.org/10.1007/s10592-007-9342-y
http://dx.doi.org/10.1111/j.1365-294X.2007.03632.x
http://dx.doi.org/10.1186/1471-2148-6-29
http://dx.doi.org/10.1186/1471-2148-6-29
http://dx.doi.org/10.1111/mec.12098
http://dx.doi.org/10.1046/j.1365-294X.2001.01305.x
http://dx.doi.org/10.1371/journal.pone.0007336
http://dx.doi.org/10.1007/s10344-011-0602-2
http://dx.doi.org/10.1007/s10344-011-0602-2
http://dx.doi.org/10.1038/hdy.2012.19
http://dx.doi.org/10.1111/j.1365-294X.2004.02220.x
http://dx.doi.org/10.1111/j.1365-294X.2004.02220.x
http://dx.doi.org/10.1111/ibi.12065
http://dx.doi.org/10.1111/j.1095-8312.2008.01099.x
http://dx.doi.org/10.1046/j.1523-1739.2003.01236.x
http://dx.doi.org/10.1046/j.1523-1739.2003.01236.x
http://dx.doi.org/10.1016/j.biocon.2005.04.020
http://dx.doi.org/10.1016/S1055-7903(02)00021-0
http://dx.doi.org/10.1016/S1055-7903(02)00021-0
http://dx.doi.org/10.1007/s10344-009-0320-1
http://dx.doi.org/10.1007/s10344-009-0320-1
http://dx.doi.org/10.1650/7448
http://dx.doi.org/10.1525/auk.2012.11166


Spielman D, Brook BW, Frankham R (2004) Most species are not driven
to extinction before genetic factors impact them. PNAS 101:15261–
15264

Taberlet P, Fumagalli L,Wust-Saucy AG, Cosson JF (1998) Comparative
phylogeography and postglacial colonisation router in Europe. Mol
Ecol 7:453–464

Tajima F (1989) Statistical method for testing the neutral mutational hy-
pothesis by DNA polymorphism. Genetics 123:585–595

Takaki Y, Kawahara T, Kitamura H, Endo K, Kudo T (2009) Genetic
diversity and genetic structure of northern goshawk (accipiter
Gentilis) populations in eastern Japan and Central Asia. Conserv
Genet 10:269–279

Tomiałojć L, Stawarczyk T (2003) The avifauna of Poland. Distribution,
numbers and trends. PTPP Bpro Natura^, Wrocław, pp 870.

Trierweiler C, Koks B, Bairlein F, Exo KM, Komdeur J, Dijkstra C (2006)
Migratory routes and wintering behavior of NW-europeanMontagu’s
harriers revealed by satellite telemetry. J Ornithol 147:265

Trierweiler C, Klaassen RHG, Drent RH, Exo K-M, Komdeur J, Bairlein
F, Koks BJ (2014) Migratory connectivity and population-specific
migration routes in a long-distance migratory bird. Proc R Soc B
Biol Sci 281:20132897. doi:10.1098/rspb.2013.2897

Wenink PW, Baker AJ, Rösner H, TilanusMGJ (1996) Global mitochon-
drial DNA phylogeography of holarctic breeding dunlins (Calidris
alpina). Evolution 50:318–330

Eur J Wildl Res

http://dx.doi.org/10.1098/rspb.2013.2897

	Genetic structure and diversity of breeding Montagu’s harrier �(Circus pygargus) in Europe
	Abstract
	Introduction
	Material and methods
	Data analysis

	Results
	Discussion
	Conclusions
	References


