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ABSTRACT

Investigating genetic variability and differentiation in target populations of conservation
concern is pivotal, as poor genetic variability may further threaten their survival and persis-
tence over time. Here we present the first genetic data for the Italian breeding population
of the Montagu’s Harrier Circus pygargus, a declining migratory raptor species typical of
steppe and agricultural landscapes, ranked as vulnerable at the national level. We analyzed
four mitochondrial genes, the cytochrome oxidase gene (COXI), control region (D-loop), 16S
RNA subunit gene (16S), and NADH dehydrogenase 2 gene (ND2), in six individuals from
central Italy to estimate their phylogenetic relationships with European populations and
assess local genetic variation. We recorded low genetic nucleotide diversity (it = 0.0009),
but relatively high haplotype diversity (h = 0.8) compared to Central European populations
and a close phylogenetic relationship of Italian Montagu’s Harriers with both western and
eastern European populations. This study can serve as a baseline to study genetic variability
and conservation of this vulnerable raptor species in Italy.

Keywords: Accipitridae, breeding population, Circus pygargus, migration, mitochondrial DNA.

@;, Centro Italiano Studi Ornitologici
Milano University Press L J

ISSN 2420-9589 Miano Universiy Press


https://doi.org/10.30456/avo.28361
mailto:mariella.baratti@cnr.it

Ruggieri et al.

INTRODUCTION

Assessing genetic variability in target
populations of conservation concern is
important to detect limited genetic var-
iation (e.g. Frankham et al. 2002). Low
genetic variability can further threaten
the survival and persistence of popula-
tions already affected by anthropogenic
threats or in decline (e.g. Lande 1998),
making their conservation even more
challenging. Conservation efforts should
therefore focus on reducing both direct
and indirect human threats while pro-
moting the maintenance of genetic vari-
ability and structure among populations.
Raptors represent one of the most threat-
ened groups of birds (Buechley et al.
2019), with 52% of global species in de-
cline (McClure et al. 2018). Among them,
migratory populations are especially vul-
nerable (Bildstein 2006; De Pascalis et al.
2020), mainly because of the high mor-
tality they often experience during haz-
ardous long-distance migratory journeys
(Strandberg et al. 2009; Klaassen et al.
2014).

The Montagu’s Harrier (Circus pygargus)
is a long-distance migratory raptor species
typical of steppe habitats and open agricul-
tural landscapes, which is declining across
its range because of habitat loss and frag-
mentation (Corbacho et al. 1997; Butet
& Leroux 2001) and other human-related
threats (De Pascalis et al. 2020). It breeds
throughout most of the Western Palearc-
tic and part of the Maghreb in North Africa
(Garrido et al. 2021) and extends as far
East as Central Asia (BirdLife International

2024). In the Western Palearctic, the larg-
est concentration of Montagu’s Harriers
occurs in Spain and France (e.g. Soutullo
et al. 2006), accounting for approximately
two-thirds of the entire European popu-
lation (excluding Russia: Simmons 2000).
Within this region, 45-90% of breeding
pairs utilize cultivated crops as their nest-
ing grounds. Being a ground-breeding
species, it is highly susceptible to impacts
arising from harvesting activities and
land-use changes (Simmon 2000; Limifia-
na et al. 2006; Gameiro et al. 2024), par-
ticularly in Europe where nearly 40% of
the land area is occupied by farmlands
(Rigal et al. 2023).

In Italy, the Montagu’s Harrier has a
fragmented distribution across several
central-northern regions (Brichetti & Fra-
casso 2018, Ravasini 2022; Fig. 1). Breed-
ing nuclei are present in Emilia Romagna,
Tuscany, northern Latium and the hilly
areas of western Marche (Morelli et al.
2012, Ravasini 2022). Other breeding pairs
have also been reported in the Po plain
and North-Eastern areas, whereas it is
more localized and/or with discontinuous
breeding in Piedmont, Sardinia and Apulia
(Ravasini 2022). At the country level, the
breeding population is estimated at 260 to
380 breeding pairs (Ravasini 2022) and is
ranked as vulnerable (VU), due to the re-
duced number of mature individuals and
the presence of threats, such as those
linked to cereal and fodder threshing op-
erations, destroying nests (IUCN RedList -
Rondinini et al. 2022).

Previous satellite telemetry studies
have identified three main migratory



routes at the Afro-Palearctic scale, with
Italy crossed by the central route (Trier-
weiler et al. 2014, Schlaich & Klaassen
2021). Rutkowski et al. (2014) provided a
preliminary analysis of genetic variability
for Spanish and Polish Montagu’s Harrier
populations using molecular markers and
found a low but significant level of genetic
differentiation between these two popula-
tions. Successively, Rutkowski et al. (2015)
analyzed part of the mitochondrial con-
trol region in 158 individuals from Central
Spain, Germany, the Czech Republic and
Poland and observed high genetic diversi-
ty in the European breeding population of
Montagu’s Harrier. This finding aligns with
the species’ extensive distribution range,
low level of philopatry and high dispersal
capabilities (Limifiana et al. 2012; but see
Janowski et al. 2018). Garcia et al. (2011)
recorded the highest genetic variation in
Southern Europe, i.e., where migration
routes of individuals from different north-
ern European countries concentrate. No
genetic information is available yet from
Montagu’s Harrier populations breeding in
Italy.

As low levels of genetic variability with-
in a population may threaten its survival
and viability over time, understanding the
level of genetic variation represents an
important useful basis for planning effec-
tive conservation measures (e.g. Monti et
al. 2018). This study aimed to provide the
first baseline genetic data on the Italian
Montagu’s Harrier breeding population.
We analyzed fragments of four mitochon-
drial genes: the cytochrome oxidase gene
(CoXi), control region (D-loop), 16S RNA
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subunit gene (16S), and NADH dehydro-
genase 2 gene (ND2), in six samples from
the breeding population of Central Italy
(Tuscany), an area located in the mid-
dle of the central migratory route at the
Afro-Palearctic scale (Schlaich and Klaas-
sen 2021). We also investigated the phy-
logenetic relationship of Italian Montagu’s
Harriers with other European populations
and assessed the genetic variation at the
local level as a starting point for further
sampling campaigns.

MATERIALS AND METHODS

Study area and population mon-
itoring

In Tuscany, the breeding population of
Montagu’s Harrier is estimated at 50-100
pairs (thus 19.2-26.3% of the entire Italian
population), with strongholds mainly lo-
cated in the Pisan mountains in the north
and the hill areas of the province of Gros-
seto in the south (Tellini Florenzano et al.
1997; Ravasini 2022). Our study was car-
ried out in the latter area (Fig. 1a).

Starting from sites of known histori-
cal presence (e.g. Tellini Florenzano et al.
1997), suitable areas for the species were
checked from 0 to ca. 1500 m above sea
level, from mid-April to mid-late Septem-
ber, between 2020-2023. Further informa-
tion on the presence of the species was ob-
tained through citizen science records (e.g.
www.inaturalist.org; Accessed on 08 March
2020). When the presence of a harrier was
recorded, we checked on the area through
repeated daily stakeouts (by binoculars
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Figure 1. Montagu’s Harrier breeding range in Italy and study area in Tuscany. a) The species’ breeding
range (light yellow) (BirdLife International 2022; IUCN 2023); the shaded grey area shows Tuscany
(regional administrative boundaries), while the red triangle is for the study area location within the
region. b) Unatched eggs from the same nest found after nest abandonment in 2022, in the province
of Grosseto (Tuscany). c) Flight interaction between a breeding male and a juvenile in the proximity of
a nesting site in Grosseto’s District. All pictures by Marco Brandi ©.

©Leica - Geovid R 10x42) with a minimum
hourly interval of four hours, to confirm the
utilization of the area by the harriers over
time. Checks were repeated twice a week
for at least two months before excluding an
area. Following Berger-Geiger et al. (2019),
nests were located by observing the fe-
males landing at the nest site after a food
pass. When nesting was ascertained (e.g.
Fig. 1b), daily surveys were organized and
repeated at least once a week from vantage
points at a distance of > 500 m from nest
sites, throughout the season (Fig. 1c). The
census of the areas and the search for nest
sites involved volunteer ornithologists that,

overall, monitored ca. 2000 km? between
2020 and 2023. Eleven breeding pairs/nest
sites were found (mean nest sites per year:
6.5 + 3.6 s.d.) during the study, but only a
few of them at the end of the breeding sea-
son contained samples suitable for molec-
ular analyses (see below).

Sample collection and molecular
analyses

To limit disturbance to breeding indi-
viduals, samples were collected at nest
sites only at the end of the breeding sea-
son, as accessing active nests to collect a



high number of samples would have been
challenging and would have required spe-
cific authorizations. Biological monitoring
samples, collected through non-destruc-
tive methods, were utilized to assess
mitochondrial lineages and investigate
levels of genetic variation at the local
level. Three unhatched eggs were found
and collected from the same nest that
was abandoned in July 2022. Only one of
these eggs (randomly chosen) was used
for subsequent analyses. After collection,
eggs were kept at -20 °C until lab analysis.
Five shed feathers from different nests
were found and stored in 96% ethanol in
15 ml tubes at room temperature until
analyses. In addition, a road-killed indi-
vidual was found in the surroundings of
a territory in 2023 (Tab. 1), and feathers
were kept and stored in 96% ethanol for
being analyzed.

For the amplification of four genes, the
total genome DNA was extracted from six
individuals/samples of the nine collect-
ed: one unhatched egg, four feathers and
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one road-killed individual. These samples
come from six different nests from four
different localities/sites within the study
area. DNA was extracted using the Qiagen
Qiamp Tissue and Blood kit (©Qiagen, Inc,
Tokyo, Japan). For feathers, we extracted
DNA from blood clots as remnants of the
axial artery (when available; Proctor &
Lynch 1993, Horvath et al. 2005) or from
calamus tips. As for the unhatched egg,
the DNA of the adult breeding harrier was
extracted by scraping the outside of the
egg’s shell with a razor blade. After DNA
extraction, the 5’end of the mitochondri-
al DNA control region (hereafter, D-loop),
cytochrome oxidase | (COXI), 16S RNA
subunit (16S), and NADH dehydrogenase
2 (ND2) genes were amplified using prim-
ers already used for Montagu’s Harriers
and other birds (Hebert et al. 2004; Spicer
and Dunipace 2004; Garcia et al. 2011):
CIRCRF (5'-CACTAACCGGAGCCCTAGAA-3)
and CIRCRR (5'-CATATGTGAGGGCCACCT-
GT-3') for D-loop, BirdF1 (5- TTCTCCAAC-
CACAAAGACATTGGCAC-3’) and BirdR1 (5'-

Table 1. Samples of Circus pygargus used for this study and collected in the Grosseto District

(Tuscany). Acc N: Genbank Accession Number

Collection AccN AccN Acc N
year Location (Coxi) (ND2) Acc N (16S) (D-loop)
2021 Sitel — [feather] OR523521 PQ238359  PQ238358 PQ238361
2021 Sitel — [feather] OR523526  PQ238359  PQ238358  PQ238360
2021 Site2 — [feather] OR523520 PQ238359 PQ238358 PQ238360
2022 Site2— [feather] OR523724  PQ238359 PQ238358 PQ238360
2022 Site3 — [egg] OR523594 PQ238359 PQ238358 PQ238360
2023 Site4 — [road- killed] OR523522 PQ238359 PQ238358 PQ238360
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ACGTGGAGATAATTCCAAATCCTGG-3') for
COXI, 16SAR (5'- CGCCTGTTTATCAAAAA-
CAT-3') and 16SBr (5-CCGGTTTGAACT-
CAGATCACGT-3’) for 16S, H6313 (5'-ACTCT-
TRTTTAAGGCTTTGAAGGC-3') and L5758
(5'-GGCTGAATRGGMCTNAAYCARAC-3') for
ND2. PCR reactions were carried out with
an Applied Biosystems 2700 thermal cycler
in 25 pl mix, including 100 ng of each DNA
sample, buffer 10X, 2 mM MgCl, 200 uM
dNTPs, 0.2 uM of each primer, and one
unit of Taq polymerase (©Life Technolo-
gies, Waltham, Massachusetts, USA). PCR
conditions included initial denaturing at
94 °C for 2 min, followed by 35 cycles of
94 °C for 45 sec, annealing at 50 °C (COXI),
51 °C (16S and ND2) and 53 °C (D-loop) for
30 sec, extending at 72 °C for 1 min, and
a final extension to 72 °C for 10 min. PCR
products were run by electrophoresis on
1.5% agarose gel, containing 0.5 mg/ml of
SYBR gel staining. PCR amplifications were
then purified (ExoSAP-IT PCR clean-up Kit,
©Applied Biosystems, Foster City, Califor-
nia, USA)andsequencedthroughtheSanger
method at the BMR Genomics (https://
www.bmr-genomics.it/, Padua, Italy). Elec-
tropherograms were displayed on the
Chromas 1.45 software (http://www.tech-
nelysium.com/au). Sequences were manu-
ally corrected and analyzed with the Mega
Xl software (Tamura et al. 2021).

The dataset analyzed for Montagu’s
Harrier is shown in Tab. S1. (Supplemen-
tary Electronic Material). Nucleotide diver-
sity, haplotype diversity, and number of
polymorphic and parsimony-informative
sites were computed through DNAsp vers.
5 (Librado & Rozas 2009). Nucleotide pair-

wise genetic divergences were calculated
for COXI data using K2P distances and in-
cluding populations of C. pygargus from
other European regions (Tab. 2). Median-
joining networks were built up for C
pygargus ltalian haplotypes using all genes
(16S+D-loop+ND2+COXI) and for the entire
dataset including C. pygargus COXI Italian
sequences and all available on GenBank,
through the TCS software (Clement et al.
2000) based on Maximum Parsimony and
graphically visualized by TCBuntu (dos San-
tos et al. 2016). JModelTEST 304 (Posada
& Crandall 1998) was used to test the most
accurate model of substitution using the
Bayesian Information Criterion (BIC) and
Akaike Information Criterion (AIC), correct-
ed for the heterogeneity between sites
(gamma) (Schwarz et al. 1978). Sequences
obtained in this study were aligned with
previously published Montagu’s Harrier
genetic sequences available in GenBank
(http://www.ncbi.nlm.nih.gov). Since Gen-
bank sequences of Circus spp. comprising
COXIl+16S5+Dloop+ND2 are very few (four
mitochondrial whole genomes, which did
not include C. pygargus), a separate data-
set involving all Circus sequences available
in Genbank was created. A phylogenetic
reconstruction Bayesian (hereafter, BI)
analysis was performed separately using
only the COXI and the D-loop, given that
they were the most represented genes on
GenBank for C. pygargus. The Bl analysis
was performed with MrBayes v.3.12 (Ron-
quist & Huelsenbeck 2003), using the best
model selected for the two genes sepa-
rated. We used the Markov chain Monte
Carlo (MCMC) theory approach in BI, run-
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ning 10,000,000 generations, drawing one
sample every 1000, running four chains
per analysis, and removing the top 25%
of the data with the other parameters as
the default. The results were checked us-
ing Tracer 1.7.2 (Rambaut et al. 2018). We
obtained effective sample size (ESS) values
> 250 for both genes. We inferred the phy-
logenetic relationships of the haplotypes
related to this study with sequences of
all the other Circus species obtained from
Genbank. Related accession numbers are
reported in the phylogenetic trees. Oth-
er C. pygargus, Western Marsh-Harrier
C. aeruginosus, Hen Harrier C. cyaneus,
Long-winged Harrier C. buffoni, Swamp
Harrier C. approximans, Eyles’s Harrier C.
teauteensis (extinct) and Pallid Harrier C.
macrourus, were included. The Eurasian
Sparrowhawk Accipiter nisus was used as
an outgroup (Tab. 1).

RESULTS

The D-loop, 16S, ND2 and COXI gene
portions (2089 bps in total, five polymor-
phic sites, five parsimony-informative
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sites, four for COX/ and 1 for D-loop) for
the six samples showed four haplotypes
(Tab. 1; Fig. 2). The nucleotide diversity
(mt) for the whole 2089 bp fragment was
0.0009 and the haplotype diversity (h)
was 0.800. The ND2 and 16S genes were
monomorphic in our population (Acces-
sion numbers: PQ238358- PQ238359).
Calculating the genetic diversity for the
two other genes, COXI/ and D-loop, for
Italian Montagu’s Harriers was h = 0.948
and 1t = 0.002 for fragment COX!/ while it
was h = 0.4 and it = 0.0009 for D-loop.
Considering all available haplotypes, the
nucleotide diversity of C. pygargus in Eu-
rope (Italy excluded) was similar to Italy
for COXI/ (h = 0.985, m = 0.002) and quite
higher for D-loop (h = 1, m = 0.004). The
average number of nucleotide differenc-
es among haplotypes was low (k = 1.47,
Tab. 1). The K2P distances were low for all
pairwise comparisons, also between dif-
ferent described Circus species (see be-
tween C. geruginosus and approximans);
the distances among different Italian
localities/sites were 0.2-0.3%. Genea-
logical relationships shown in the net-

Table 2. Mean K2P pairwise genetic among Montagu’s harrier populations and C. approximans
and aeroginosus for an interspecific comparison. Rate variation among sites was modelled with
a gamma distribution (shape parameter = 1). There was a total of 626 positions in the final

dataset
Circus aeruginosus approximans pygSWEurope pygNEEurope
approximans 0.9%
Pygargus SW Europe 6% 6%
Pygargus NE Europe 6% 6.6% 0.5%
Pygargus ltaly 6% 6.5% 0.5% 0.5%
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works confirmed the close relations
between the different localities/sites of
South Tuscany, except for the second
haplotype found in Site 1 (red circle on
the right) that was more separated from
the other Italian samples (Fig. 2a). In the
COXI network including other European
sampling localities, the Italian haplo-
types are in close relationships with the

GROUPS
B site 1
[ site2
[ site 3
[7] site 4

GROUPS

- SW Europe
[:jlmw
- NE Europe

b)

other SW European samples sharing the
same haplotypes with these populations
(Fig. 2b).

Haplotypes showed the same relation-
ships in the phylogenetic reconstructions.
Montagu’s Harriers from Central Italy
were strongly phylogenetically related to
other populations from Southern Europe.
All C. pygargus sequences from Europe

Figure 2. TCS Parsimony Network showing the relationship among a) all mitochondrial (165+D-
loop+ND2+COXI) haplotypes of C. pygargus and b) COX/ data including other available sequences
of C. pygargus named as in Garcia et al. (2011). Circles represent different haplotypes. Circle size
is proportional to the number of samples for each haplotype. Median vectors, which represent
extant either unsampled or extinct ancestral sequences, are indicated by white circles.
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Figure 3. Phylogenetic relationships within the Circus species, estimated by a) COX/ (633 bp) and
b) D-loop (526 bp) sequences. Posterior probabilities (Bl MCMC=10,000,000) are indicated at each
node. The blue band indicates the clade Circus pygargus. Sequences from this study are red framed.
Image of the Montagu’s Harrier is by Wikimedia Commons: CC-BY-SA-3.0.

formed a unique highly supported mono-
phyletic clade (Fig. 3).

DISCUSSION

The nucleotide diversity found in
this study was lower than that usually
reported for both threatened and

non-threatened birds (0.001-0.006; e.g.,
Bartolomé et al. 2011, Arbabi et al. 2014,
Petit-Marty et al. 2021), including C.
pygargus (Garcia et al. 2011; Rutkowski et
al. 2015), for all genes. The only exception
was for the COXI marker which showed
similar values throughout all of Europe.
However, pair haplotypes differed by a
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single substitution, on average, as found
for other Montagu’s Harrier populations
(Rutkowski et al. 2015). This indicates that
there is little variation in the population
at the nucleotide sequence level among
the sampled individuals. This could be in
line with the species’ vulnerable status na-
tionwide and the multiple human-related
threats currently affecting its populations.
On the other hand, however, despite the
low nucleotide diversity, haplotype diver-
sity was relatively high in our sample, in-
dicating some variability among them at
the population level, similar to values of
other European populations (e.g. Garcia et
al. 2011; Ruktowski et al. 2015). Despite
the small sample size (six) preventing any
strong conclusion, these preliminary data
suggest that Central Italy is an admixture of
different haplotypes of Montagu’s Harrier,
which may contribute to the genetic vari-
ability recorded, comparable with Spanish
and French populations. In this sense, our
preliminary results may indicate that the
Montagu’s Harrier population of Central It-
aly could be an important genetic resource
for the species. Different not-mutually ex-
clusive hypotheses may explain such vari-
ability: in the Holocene, Southern Europe
(including Italy) was mostly characterized
by open areas, while most of the rest of
Europe was covered with forests (Mitchell
et al. 2005). This may have secured rem-
nant populations of C. pygargus in these
southern regions, contributing to the pres-
ervation of their genetic pool (e.g. Garcia
et al. 2011). At the same time, the species
is known to have a high natal dispersal ca-
pacity (for both sexes) potentially favour-

10

ing high genetic mixing between popula-
tions (Limifiana et al. 2012). For example,
in a review of five tagging programs in
different sites in continental Spain, the
percentage of philopatric individuals was
lower than 5% (Limifiana et al. 2012). Fur-
thermore, the Italian breeding population
is in the middle of one of the main migra-
tory routes at the Afro-Palearctic scale,
which is mostly used by central-northern
and central-eastern Montagu’s Harriers
(Schlaich & Klaassen 2021), during both
autumn and spring migration (Garcia & Ar-
royo 1998; Schlaich et al. 2017). This may
promote encounters between individuals
from even distant populations. All these
points probably contribute to explaining
the co-presence of genetically different
individuals of both Western and Eastern
origin.

In contrast, the low nucleotide diversi-
ty found would indicate genetically limit-
ed variability at the sequence level, thus
potentially worrying from a conservation
point of view for this population. In the
future, polymorphic nuclear markers,
possibly on a larger sample size, should
be considered together with current re-
sults, to deepen knowledge of the current
genetic structure of this and other Italian
breeding nuclei.

The genetic variability observed in this
study suggests a potential for local breed-
ing population increase if good man-
agement strategies could be applied. As
Tuscany hosts relatively high concentra-
tions of confirmed breeding occurrences
compared to other parts of the country
(Ravasini 2022), this population may be



highly important for the conservation of
this threatened species not only for its
size but also from a genetic point of view.

This study provides a preliminary
baseline for addressing the challenges
related to genetic variability and con-
servation of the Montagu’s Harrier. The
Italian Red List classified C. pygargus as
“Vulnerable” both in 2013 and 2022,
suggesting that its conservation status
has not improved in the last ten years
(Rondinini et al. 2022). The continu-
ing population decline, the decrease in
natural habitats and the mechanization
of agriculture call for alternative agri-
cultural practices and urgent increased
conservation efforts for securing the
long-term preservation of this declining
ground-nesting species.

Acknowledgments

E.G. and M.Br. would like to thank
Giancarlo Gabbrielli, Angelo Balocchi,
Daniele Benvenuti, Paolo Orlando, Gui-
do Bernardo Pappagallo, Maurizio Berni,
Pamela Rustici from Maremma Pro Nat-
ura ODV, the GOM Gruppo Ornitologico
Maremmano, Bruno Parisotto, Erika Mor-
ganti, Filippo Guidantoni, Massimiliano
Marcelli, Katja Bartl, Luca Imola, Marco
Marchioni, Andrea Genovesi from Associ-
azione Pygargus ETS, Alberto Sorace, Rob-
erto Cocchi, Piero Genovesi from ISPRA,
Gilda Ruberti, Paolo Banti, Giorgia Romeo,
Massimo Machetti from Ente Regione
Toscana, Atc7 Grosseto Sud, Agrofauna
S.R.L.S., Comando Gruppo Carabinieri
Nucleo Forestale Grosseto, Ten. Col. Bal-

Genetic of Montagu’s Harrier in Italy

dassarri, Ten. Col. Ciampelli, and the Gioia
e Carlo Foundation.

Conflicts Of Interest

The authors have no competing inter-
ests to declare that are relevant to the
content of this article.

Author Contributions

Conceptualization, E.G. and M.Br;
methodology, E.M., AV. and M.Ba.; soft-
ware, M.Ba.; validation, E.G. and M.Ba.;
formal analysis, M.Ba.; investigation, E.G.
and M.Br.; resources, M.Ba.; data cura-
tion, E.M.; writing-original draft prepa-
ration, E.M.; writing-review and editing,
E.M, E.G. and M.Ba; visualization, M.Ba.;
supervision, M.Ba.; project adminis-
tration, E.G.; All authors have read and
agreed to the published version of the
manuscript.

Ethics and Animal Welfare

Authors certify that no living animal
was used for this research.

Data Availability Statement

All sequences used in this work have
been uploaded to GenBank (accession
numbers are reported in Tab. 1 and Tab.
S1) (Supplementary Electronic Material).

Funding

No funding was received to assist with
genetic analyses and the preparation of

11



Brandi et al.

this manuscript. EM was supported by
the National Recovery and Resilience
Plan (NRRP), Mission 4 Component 2 In-
vestment 1.4 - Call for tender, No. 3138
of 16 December 2021, rectified by Decree
n.3175 of 18 December 2021 of Italian
Ministry of University and Research fund-
ed by the European Union — NextGenera-
tionEU; Project code CN_00000033, Con-
cession Decree No. 1034 of 17 June 2022
adopted by the Italian Ministry of Universi-
ty and Research, CUP B83C22002930006,
Project title “National Biodiversity Future
Center - NBFC”.

REFERENCES

1. ArbabiT, Gonzalez J. & Wink M. 2014. Mi-
tochondrial evidence for genetic diversity
and low phylogeographic differentiation
in the Marsh Warbler Acrocephalus palus-
tris (Aves: Acrocephalidae). Organisms
Diversity & Evolution 14: 409-417.

2. Bartolomé C., Maside X., Camphuysen K.,
Heubeck M. & Bao R. 2011. Multilocus
population analysis of Gavia immer (Aves:
Gaviidae) mtDNA Reveals low genetic di-
versity and lack of differentiation across
the species breeding range. Organisms
Diversity & Evolution 11: 307-316.

3. Berger-Geiger B., Galizia C.G. & Arroyo B.
2019. Montagu’s Harrier breeding param-
eters in relation to weather, colony size
and nest protection schemes: a long-term
study in Extremadura, Spain. Journal of
Ornithology 160: 429-441.

4. Bildstein K.L. 2006. Migrating Raptors of
the World: Their Ecology and Conservation.
Cornell University Press, Ithaca, New York,
USA.

5.  BirdLife International and Handbook of the
Birds of the World 2022. Bird species distri-

12

10.

11.

12.

13.

14.

15.

bution maps of the world. Version 2022.2.
Available at http://datazone.birdlife.org/
species/requestdis.

BirdLife International 2024. Species fact-
sheet: Circus pygargus. Downloaded from
http://datazone.birdlife.org/species/fact-
sheet/montagus-harrier-circus-pygargus
on 15/01/2024.

Brichetti P. & Fracasso G. 2018. The Birds of
Italy: Anatidae-Alcidae; Edizioni Belvedere,
Milano, Italy.

Buechley E.R., Santangeli A., Girardello M.,
Neate-Clegg M.H., Oleyar D., McClure C.J.,
[...] & Sekercioglu C.H. 2019. Global raptor
research and conservation priorities: trop-
ical raptors fall prey to knowledge gaps.
Diversity & Distribution 25: 856—-869.
Butet A. & Leroux A.B. 2001. Effects of ag-
riculture development on vole dynamics
and conservation of Montagu’s Harrier in
western French wetlands. Biological Con-
servation 100: 289-295.

Clement M., Posada D. & Crandall K.A.
2000. TCS: a computer program to esti-
mate gene genealogies. Molecular Ecology
9:1657-1659.

Corbacho C., Sanchez J.M. & Sanchez A.
1997. Breeding biology of Montagu’s Har-
rier Circus pygargus L. in agricultural envi-
ronments of southwest Spain; comparison
with other populations in the Western
Palearctic. Bird Study 44: 166-175.

De Pascalis F., Panuccio M., Bacaro G. & Monti
F. 2020. Shift in proximate causes of mortality
for six large migratory raptors over a century.
Biological Conservation 251: 108793.

dos Santos A.M., Cabezas M.P., Tavares
A.l., Xavier R. & Branco M. 2016. tcsBU: a
tool to extend TCS network layout and vis-
ualization. Bioinformatics 32: 627-628.
Frankham R., Briscoe D.A. & Ballou J.D.
2002. Introduction to conservation genetics.
Cambridge University Press, Cambridge.
Gameiro J., Marques A.T.,, Venancio L.,
Valerio F., Pacheco C., Guedes A, [..] &


http://datazone.birdlife.org/species/requestdis
http://datazone.birdlife.org/species/requestdis
http://datazone.birdlife.org/species/factsheet/montagus-harrier-circus-pygargus on 15/01/2024
http://datazone.birdlife.org/species/factsheet/montagus-harrier-circus-pygargus on 15/01/2024
http://datazone.birdlife.org/species/factsheet/montagus-harrier-circus-pygargus on 15/01/2024

16.

17.

18.

19.

20.

21.

22.

23.

Silva J.P. 2024. Evidence of a twofold eco-
logical trap driven by agricultural change
causing a priority farmland bird population
crash. Conservation Science and Practice
6(10): e13168.

Garcia J.T. & Arroyo B.E. 1998. Migratory
movements of western European Mon-
tagu’s Harrier Circus pygargus: a review.
Bird Study 45: 188-194.

Garcia J.T., Alda F., Terraube J., Mouge-
ot F, [...] & Arroyo B. 2011. Demographic
history, genetic structure and gene flow in
a steppe-associated raptor species. BMC
Evolutionary Biology 11: 1-11.

Hebert P.D.N., Stoeckle MY, Zemlak T.S. &
Francis C.M. 2004. Identification of birds
through DNA barcodes. PLoS Biology 2(10):
e312.

Horvath M.B., Martinez-Cruz B., Negro
J.J., Kalmar L. & Godoy J.A. 2005. An over-
looked DNA source for non-invasive genetic
analyses in birds. Journal of Avian Biology
36: 1.5.

IUCN (International Union for Conserva-
tion of Nature) (2023) Circus pygargus. The
IUCN Red List of Threatened Species. Ver-
sion 2023-1. https://www.iucnredlist.org.
Downloaded on 1 January 2024.

Klaassen R.H.G., Hake M., Strandberg R.,
Koks B.J., [...] & Alerstam T. 2014. When
and where does mortality occur in migra-
tory birds? Direct evidence from long-term
satellite tracking of raptors. Journal of
Animal Ecology 83: 176-184.

Janowski S., Plirckhauer C., Kriiger R., Tiet-
ze D.T. & Wink M. 2018. Recruitment rates,
natal and breeding dispersal of Montagu'’s
Harriers (Circus pygargus) by means of
microsatellite analysis. Open Ornithology
Journal 11:39-55.

Johnsen A., Rindal E., Ericson P.G., Zuccon
D., [...] & LiNeld J.T. 2010. DNA barcoding
of Scandinavian birds reveals divergent lin-
eages in trans-Atlantic species. Journal of
Ornithology 151: 565-578.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Genetic of Montagu’s Harrier in Italy

Lande R. 1998. Anthropogenic, ecologi-
cal and genetic factors in extinction and
conservation. Population Ecology 40(3):
259-269.

Librado P. & Rozas J. 2009. DnaSP v5: a
software for comprehensive analysis of
DNA polymorphism data. Bioinformatics
25:1451-1452.

Limifiana R., Surroca M., Miralles S., Uri-
os V., & Jiménez J. 2006 Population trend
and breeding biology of Montagu’s Harri-
er Circus pygargus in a natural vegetation
site in Northeast Spain. Bird Study 53:
126-131.

Limifiana R., Garcia J.T., Gonzalez J.M.,
Guerrero A, [..] & Arroyo B. 2012. Philo-
patry and natal dispersal of Montagu’s Har-
riers (Circus pygargus) breeding in Spain: A
review of existing data. European Journal
of Wildlife Research 58: 549-555.

McClure CJW., Westrip J.R.S., Johnson
J.A., Schulwitz S.E., [...] & Butchart S.H.M.
2018. State of the world’s raptors: distri-
butions, threats, and conservation recom-
mendations. Biological Conservation 227:
390-402.

Mitchell F.J. 2005. How open were Euro-
pean primeval forests? Hypothesis testing
using palaeoecological data. Journal of
Ecology 93: 168-177.

Monti F.,, Delfour F., Arnal V., Zenboudji S.,
[...] & Montgelard C. 2018. Genetic con-
nectivity among osprey populations and
consequences for conservation: philopatry
versus dispersal as key factors. Conserva-
tion Genetics 19: 839-851.

Morelli F., Pruscini F., Morganti N., Urbinati
C., [...] & Morici F. 2012. Montagu’s Harrier
Circus pygargus in the Northern Marche
Region of central Italy: first evidence of a
possible population increase. Avocetta 36:
59-64.

Petit-Marty N., Vazquez-Luis M. & Hendriks
I.E. 2021. Use of the nucleotide diversity
in COl mitochondrial gene as an early di-

13



Brandi et al.

33.

34.

35.

36.

37.

38.

39.

40.

41.

14

agnostic of conservation status of animal
species. Conservation Letters 14: e12756.
Posada D. & Crandall K.A. 1998. MODEL-
TEST: Testing the model of DNA substitu-
tion. Bioinformatics 14: 817-818.

Proctor N.S. & Lynch P.J. 1993. Manual of
ornithology. Avian Structure, Function. Yale
University Press, New Haven, Connecticut,
USA.

Ravasini M. 2022. Albanella minore Cyrcus
pygargus. In: Lardelli R, Bogliani G, Brichetti
P, Caprio E, Celada C, Conca G, et al. (eds).
Atlante degli Uccelli Nidificanti in Italia. pp.
286-287. Edizioni Belvedere, Latina, Italy.
Rigal S., Dakos V., Alonso H., AuninS A., [...]
& Devictor V. 2023. Farmland practices are
driving bird population decline across Eu-
rope. Proceedings of the National Academy
of Sciences 120: €2216573120.

Rambaut A., Drummond A.J,, Xie D., Baele
G., & Suchard M.A. 2018. Posterior sum-
marization in Bayesian phylogenetics us-
ing Tracer 1.7. Systematic Biology 67(5):
901-904

Rondinini C., Battistoni A. & Teofili C. 2022.
Lista Rossa IUCN dei vertebrati italiani
2022. Comitato Italiano IUCN e Ministero
dell’Ambiente e della Sicurezza Energetica,
Roma, Italy.

Ronquist F. & Huelsenbeck J.P. 2003. Mr-
Bayes 3: Bayesian phylogenetic inference
under mixed models. Bioinformatics 19:
1572-1574.

Rutkowski R., Krupinski D., Kitowski I. &
Gryczynska A. 2014. Preliminary analysis
of genetic variability in Montagu’s Harri-
er (Circus pygargus) using cross-amplified
microsatellites. In Annales Zoologici (Vol.
64, No. 3, pp. 535-547). Museum and Insti-
tute of Zoology, Polish Academy of Sciences.
Rutkowski R., Krupinski D., Kitowski I., Pop-
ovi¢ D., [...] & Gierach K.D. 2015. Genetic
structure and diversity of breeding Mon-
tagu’s Harrier (Circus pygargus) in Europe.

42.

43.

44,

45.

46.

47.

48.

49.

50.

European Journal of Wildlife Research 61:
691-701.

Schlaich A.E. & Klaassen R.H.G. 2021. Mon-
tagu’s Harrier Circus pygargus. In: Panuc-
cio M, Mellone U, Agostini N (eds). Migra-
tion strategies of birds of prey in Western
Palearctic. 1st ed. Boca Raton, Florida, CRC
Press.

Schlaich A.E., Bouten W., Bretagnolle V.,
Heldbjerg H., [...] & Both C. 2017. A Circan-
nual perspective on daily and total flight
distances in a long-distance migratory rap-
tor, the Montagu’s Harrier, Circus pygar-
gus. Biology Letters 13: 20170073.
Schwarz G. 1978. Estimating the dimen-
sion of a model. Annals of Statistics 6:
461-464.

Simmons RE (2000) Harriers of the World:
Their Behaviour and Ecology; Oxford
University Press, New York, USA.

Soutullo A., Liminana R., Urios V., Surroca
M.A. & Gill J. 2006. Density-dependent
regulation of population size in colonial
breeders: allee and buffer effects in the
migratory Montagu’s Harrier. Oecologia
149: 543-552.

Spicer G.S. & Dunipace L. 2004. Molecular
phylogeny of songbirds (Passeriformes) in-
ferred from mitochondrial 16S ribosomal
RNA gene sequences. Molecular Phyloge-
netics and Evolution 30: 325-335.
Strandberg R., Klaassen R.H.G., Hake M.
& Alerstam T. 2009. How hazardous is
the Sahara Desert crossing for migratory
birds? Indications from satellite tracking of
raptors. Biology Letters 6(3), 297-300.
Tamura K., Stecher G. & Kumar S. 2021.
MEGA11: Molecular Evolutionary Genetics
Analysis Version 11. Molecular Biology and
Evolution 38: 3022-3027.

Tellini Florenzano G., Arcamone E., Bac-
cetti N., Meschini E. & Sposimo P. 1997.
Atlante degli Uccelli nidificanti e sver-
nanti in Toscana (1982-1992). Quaderni



del Museo di Storia Naturale di Livorno,
Monografie 1.

51. Trierweiler C., Klaassen R.H.G., Drent R.H.,
Exo K.M., [...] & Koks B.J. 2014. Migratory
connectivity and population-specific mi-
gration routes in a long-distance migratory
bird. Proceedings of the Royal Society B:
Biological Sciences 281: 20132897.

©Nole

This work is licensed under the Creative Commons
Attribution-ShareAlike 4.0 International License.
To view a copy of this license, visit
https://creativecommons.org/licenses/by-sa/4.0/deed.it

Received: 18 November 2024
First Response: 22 February 2025
Final acceptance: 12 March 2025

Published online: 20 May 2025
Editor: Roberto Ambrosini

Genetic of Montagu’s Harrier in Italy

15



