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Across and around a barrier:
migration ecology of raptors in the Mediterranean basin

Introduction
Migration is an event that involves a huge number
of birds moving from one habitat to another.
Among birds breeding in the Paleartic area many
long-distance migrants are found. Some species
travel thousands of kilometres twice a year. The
repeated journeys between breeding and wintering
areas involve a considerable effort associated with
high mortality risks. Since the selective forces acting
on migrating birds are considerable, birds have
developed a range of adaptations and strategies to
cope with their journeys. “These include not only
morphological features for efficient locomotion and
storage of energy but also behavioural adjustments”
(Åkesson and Hedenström 2007) in order to
overcome barriers and adverse weather conditions.
Since migration is only a fraction of the life of a
bird, morphological adaptations for migration
should be integrated with other features allowing
the bird to exploit resources all year long, in order
to reproduce successfully.
Most birds move using powered flapping flight
which also allows long non-stop flights and wide
water crossings (Alerstam 1990, Klaassen et al.
2011). By contrast, Accipitriformes raptors are
species that move using largely passive flight. They
use soaring gliding flight in particular, exploiting
thermal updraughts and ridge lifts; these kinds
of currents occur on land and obviously not over
water. This particular flight strategy is mostly due
to the morphology of these species; the energy
expenditure in powered flapping flight increases
rapidly with the increase of body mass, while
soaring gliding flight is convenient since it only
requires the application of a small percentage of
the basal metabolic rate (Pennycuick 1989, 2001,
2008). Moreover, heavier species glide faster than
smaller ones, allowing large raptors to reach a high
cross-country speed, comparable with the highest
speed of flapping migrants (Hedenström 1993,

Spaar 1997). Finally Kerlinger (1989) suggests that
raptors with higher aspect ratios (aspect ratio =
(Wing Span)2 / Wing Area)) are better adapted to
powered flight than species showing a lower aspect
ratio (relatively short vs. relatively long wings). In
this context it is readily understandable that large
raptors fly mostly over land and avoid flying over
large bodies of water where they cannot use soaringgliding flight. Seas and large lakes act as ecological
barriers for most land birds since they do not offer
birds the possibility to land or feed, and because
weather conditions are likely to change suddenly.
For soaring-gliding birds the disproportionate
increase in energy consumption adds to the threats
inherent to flying over water surfaces (Zu-Aretz
and Leshem 1983).
The aim of this thesis is to investigate which factors
affect the migration strategies of European raptors
in relation to the ecological barrier represented by
the Mediterranean Sea. Morphological, ecological,
geographical and meteorological elements shape
the paths of migrating raptors moving through
or around this water barrier. The study of bird
migration can help us to achieve a more solid basis
that will allow us to protect and conserve these
species and their habitats as well as increase our
knowledge of the dynamics of evolution.
Study area
The Central Mediterranean
The shortest sea crossing available to raptors to reach
Europe from Africa and vice versa in this area is the
Channel of Sicily, between the Tunisian Peninsula
of Cap Bon and western Sicily (Fig. 1). Since even
at its narrowest point the sea crossing still exceeds
one hundred kilometres, broad-winged raptors
are rarely observed migrating in this area; the
most common species are honey buzzards (Pernis
apivorus), marsh harriers (Circus aeruginosus), black
kites (Milvus migrans) and Montagu’s harriers
9
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(Circus pyargus). All these species are capable of
undertaking long powered flights over the sea
(Spaar and Bruderer 1997, Agostini and Panuccio
2005, Meyburg et al. 2010, Panuccio and Agostini
2010). In both spring and autumn, raptors carry
out ‘island hopping’ migration, using the islands
of Marettimo, Pantelleria, Malta (to name but the
most important) as stop-over sites where they can
roost and exploit thermal currents to limit the use
of powered flight. The highest concentration of
migrating raptors in the area is between Sicily and
southern continental Italy, namely over the Strait
of Messina and along the Calabrian Apennines. In
spring in particular, tens of thousands of raptors
concentrate on the first site where they can be seen
on both sides of the Strait while in the autumn
raptors migrate along the mountain chains of
southern continental Italy where their migration
can be observed thanks to the narrowness of the
peninsula, just a few dozen kilometres wide.

few species of raptors attempt. Unlike the central
Mediterranean area where raptor migration has
been studied since the late 1980s, information
concerning flyways used by migrating raptors in
the Eastern Mediterranean remains patchy. On
the island of Antikythira (30 km northwest of
Crete) the Hellenic Ornithological Society has an
observatory with a ringing station. Its preliminary
observations have led me and my colleagues
to initiate fieldwork in Greece. The findings at
the watchpoint on Mount Olympus were more
complicated; indeed I went there on the basis of
a mere hypothesis and some Google Earth images.
Nonetheless the research has yielded good results,
in particular thanks to observations of hundreds
of eagles moving in a direction contrary to usual
(northwards in autumn and southwards in spring).
Methods and their limits
“The human eye is one of the best tools for studying
migration” (Kerlinger 2009).
Most of the papers included in this dissertation
present and discuss data collected by visual
observation. For this reason they shall be considered
as research made on the visible migration of raptors.
Since raptors mostly fly during daylight and
migrate at lower altitudes compared to other birds
(i.e. waders), this method is useful (Alerstam 1990,

The Eastern Mediterranean
At the southernmost point of the Balkans
Peninsula, south of the Peloponnesus (Greece), are
found some small islands as well as the huge island
of Crete (Fig. 1). Crossing the Mediterranean in
this area involves flying over the sea for about 300
km, which implies a long powered flight that only

Figure 1 - The study area. The black dots indicate the fieldwork sites: 1) Marettimo island; 2) Strait of
Messina; 3) Calabrian Apennines; 4) Apuan Alps; 5) Antikhitira island; 6) Mount Olympus.
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Kerlinger 1989). In all cases, this method requires
carrying out field observations from one or more
watchpoints at the same time over the whole study
period. At each watchpoint one or more observers,
aided by binoculars and telescopes, scans the sky
and the horizon to detect migrating raptors (Bibby
et al. 2000). The recorded data will vary depending
on the site and ongoing research. But this data has
usually included the number of individuals, date
and time, age and sex, as well as various information
concerning their migratory behaviour (i.e. altitude,
flight direction). I was careful not to take for
granted the behaviour of raptors in the study sites
and decided not necessarily to take a census of
migrants (Panuccio 2005, Bildstein et al. 2007).
In fact, two of the papers included in this thesis
also deal with methodological problems. Since it is
recognised that weather conditions strongly affect
the migration of birds, I also investigated whether
they influenced observations or had led to errors
in data collection (papers IX, XII). Among the
limitations posed by visual observations methods,
it must be pointed out that individuals flying at
over 7-800 meters could pass undetected; indeed

this is not rare, especially on sunny days with
strong thermal activity (Kerlinger 1989). The
migration front that can be covered from one
single watchpoint usually does not exceed four to
five kilometers. Moreover, direct observations do
not make it possible to follow the movements of
raptors beyond a few kilometers. In the last decades
two further methods have become commonly
used, namely radar and satellite telemetry. The
former allows the collection of high quality data
concerning flight altitude, speed and direction
of migrants passing in the radar range (Bruderer
1999, Schmaljohann et al. 2008). With a satellite
transmitter it is possible to follow a single individual
for several years, mapping its movements in ways
that were unthinkable a few years ago. In addition,
a wide range of different data are also collected,
such as flight altitude and speed throughout
the journey as well as data on habitat use, home
range size and many others. (Thorup et al. 2003,
Meyburg and Fuller 2007, Vardanis et al. 2011).
The quality of transmitters has been improved over
the years and now allows the collection of more
accurate and more abundant data. In spite of all

Figure 2 - Observations at Mount Olympus, March 2010.
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Figure 3 - Honey buzzards, island of Ustica, May 2010.
recovered during winter both in Europe and in
Africa. In addition, I created a model to explain
the distribution of short-toed snake eagles in Italy
using published and unpublished data on their
nest localization.
Finally, in order to provide hypotheses to
explain different behaviours in raptors I used the
software created by Professor Colin Pennycuick.
This software allows the calculation of energy
consumption rates in the two different types
of flight, namely powered flapping flight and
soaring-gliding flight. For this calculation, the
body mass (Kg), wing span (m) and wing area
(m²) of a bird model are required. This software
calculates an estimate of energy rates in Watt
assuming an absence of wind. Additional details
as well as theoretical support are provided in
Pennycuick (2008). This method was largely
used in its previous versions as well (Hedenström
1993, Pennycuick 1989, 1997).

these technologies, visual observation remains a
widespread and irreplaceable practice, allowing
the collection of a huge sample of data that
provides reliable information on the timing of
migrations as well as population trends (Kjellén
and Roos 2000, Agostini et al. 2007, Bildstein
et al 2007). Visual observations were also chosen
because, in comparison with other methods,
they have a lower impact on budgets. This was a
significant factor given that the research included
here had limited financial support and was
largely self-funded. Finally, direct observations
permit the implementation of communication
activities involving a large number of people in
monitoring activities, and constitute therefore
a good approach for popularising knowledge of
wildlife and evolutionary biology and, in the final
instance, protecting migrating raptors (Bildstein
2006).
Nonetheless, visual observation was not the only
method used in this dissertation. I also analyzed
ring recoveries of western marsh harriers ringed
during the breeding season in Europe and
12
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Figure 4 - Antikythira island, October 2009.
the role of morphology is discussed to explain the
migratory behaviour of studied raptors (papers
IV, VII). In the case of short-toed snake eagles the
consumption of energy during powered flapping
flight is 8.7 times the energy used during soaringgliding flight (paper VII). This result may explain
why short-toed snake eagles breeding in centralsouthern Greece do not cross the Mediterranean
sea, preferring to migrate across the Bosporus
both in autumn and spring. Similarly short-toed
snake eagles breeding in Italy use a circuitous
flyway, crossing the Mediterranean at the Strait of
Gibraltar. The role of morphology in relation to
energy consumption is also discussed to explain
differences in the migration of juvenile honey
buzzards and western marsh harriers in the Eastern
Mediterranean (paper IV). The honey buzzards
travel south-southwest during autumn migration
and are strongly attracted by geographical features
such as peninsulas and islands, in an attempt to
reduce as much as possible their flight over sea. By
contrast, western marsh harriers are less attracted
by land masses, flying along approximately parallel

Results and discussion
The role of morphology and energy
consumption rates
As mentioned above morphology plays a role of
paramount importance in determining raptor
flyways and behaviour. Among Accipitriformes,
different species show different rates of energy
consumption as well as different skills in the
exploitation of thermal currents. This heterogeneity,
due to species-specific and sex-specific differences
in morphology, leads to different migration
strategies. Just to cite two opposite cases, harriers
(Circus spp.) largely use powered flapping flight
(Spaar and Bruderer 1997) and migrate on a broad
front over open sea, while lesser-spotted eagles
(Aquila pomarina) concentrate at the Bosporus
and Suez Straits to avoid having to fly over four
different stretches of sea in the course of their
migration: the Black Sea, the Marmara Sea, the
Mediterranean Sea and the Gulf of Suez (Meyburg
et al. 2001, 2002). Other species exist that exhibit
an intermediate behaviour. In this dissertation
13
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flyways that appear to have a northeast-southwest
orientation. These differences are explained by
the different rates of energy consumption during
powered flapping flight which in juvenile honey
buzzards is almost twice that of western marsh
harriers. In this case weight is probably the element
that leads to higher energy consumption. Indeed
a comparison of the aspect ratio shows that it is
quite similar for both species (7.28 vs. 7.16) while
the body mass is heavier in juvenile honey buzzards
compared to western marsh harriers (paper IV).

initiate the water-crossing can be observed (papers
V, VI). Similarly, on the same islands, dozens
of other juvenile raptors are regularly observed
passing through later in the season in comparison
with adults.
Wintering ecology
In winter, unlike during the breeding season,
raptors manifest an increased mobility which
sometimes leads to a true nomadic behaviour
(Bildstein 2006). For instance European black
kites overwintering in the Sahel move daily and
cover every winter a distance of 7000 km over
their vast wintering areas (Meyburg and Meyburg
2009, see also paper I). Conversely, some species
of raptors are far less nomadic during winter and
exhibit considerable inter-year site fidelity, such as
in the case of American kestrels (Falco sparverius)
and ospreys (Pandion haliaetus, Bildstein 2006).
Many long-distance Palaearctic migrants spend
the winter in Africa south of the Sahara. This is
a vast area, extending over 20 million km² and
comprising many different habitats from deserts
to humid forests. Several species of European
raptors overwinter in the belts of the Sahel and
Sudan steppe habitats, while other species, such
as the European honey buzzard, spend the winter
in the wet forests of Western Africa (Hake et al.
2003, Newton 2008). However not all species of
migrating raptors overwinter in the tropics: many
species spend the winter on the European side of
the Mediterranean basin. In the case of common
buzzards (Buteo buteo buteo), only few individuals
were observed crossing the Channel of Sicily, just as
few individuals were observed wintering in Tunisia,
while significant numbers of common buzzards
overwinter in southern Italy (Agostini et al. 2005,
Isenmann et al. 2005). The same behaviour has
been reported for the red kite, showing that
some species choose shorter distance migration
(Milvus milvus; Lucia et al. 2011). In this case,
the costs associated with the journey to Africa and
overcoming the barriers that the Mediterranean
Sea and the Sahara Desert represent, clearly exceed
the benefits they could receive. By contrast, for a
species with a highly specialized diet such as the
short-toed snake eagle, spending the winter in

Geography
Since Accipitriformes tend to move mostly over
land, the distribution of land masses clearly affects
their migration strategies. We have seen before that
populations of short-toed snake eagles breeding
on peninsulas (Italy and southern Balkans) facing
wide stretches of water make long detours to
avoid crossing the sea. In relation to this species
and geography, the results of the model explaining
its distribution in Italy clearly shows that shorttoed snake eagles are distributed mostly at higher
latitudes, assuming similar ecological conditions,
since their colonization process reflects their
migratory route and vice versa (paper VIII). In the
case of adult individuals, geography plays a role in
the sense that the distribution of ecological barriers
interacts with the ability of raptors to succeed
in determining the routes passing through or
avoiding barriers. Natural selection should favour
individuals choosing what constitutes the best
migration strategy in their specific case. This could
mean choosing a conservative strategy to reduce
mortality risks, as in the case of short-toed snake
eagle, or minimising migration times as much as
possible as in the case of western marsh harriers.
Moreover since migration is age-dependent in
several species, juveniles exhibit different flight
strategies when compared with adults (Hake et al.
2003, Agostini 2004, Agostini and Panuccio 2005).
In the case of short-toed snake eagles, a fraction
of juveniles migrates without following the adults
and attempts to cross the Mediterranean. In doing
so they are attracted by islands, like the islands of
Marettimo and Antikythira where, in October,
flocks of dozens of young eagles reluctant to
14
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Europe would not be possible. Nonetheless, some
individuals of this species are regularly observed in
winter in southern Sicily (Mascara 1985).

(Kerlinger 1989). Anyone who has spent some
time watching migrating raptors will have had
the opportunity to observe individuals diverting
their course in order to join a flock of soaring
raptors. Moreover a flock of migrants is more likely
to encounter random thermal currents than an
individual on its own. This occurs because larger
flocks sample wider areas (Kerlinger 1989). Since
this mechanism is more evident in species strictly
using soaring gliding flight, it is not surprising that
huge flocks are observed in some species but only
small flocks in other species that also use powered
flapping flight during migration. In Mexico,
supersized flocks of hawks exceeding fifty thousand
individuals are regularly observed (Bildstein 2006).
I have personally observed flocks of hundreds of
lesser-spotted eagles on the Bosporus (up to one
thousand) and flocks of 2-3000 steppe buzzards in
Batumi (Georgia). By contrast, flocks of western
marsh harriers or Montagu’s harriers rarely exceed
a few dozens of individuals, such as in the Messina
Strait where I observed flocks of hundreds of

Flocking behaviour, orientation and
information transmission
Flocking can be observed in several species of
migrating birds, a phenomenon implying the
existence of a social function for this behaviour
(Kerlinger 1989, Newton 2008). Among
Accipitriformes, flocking behaviour varies
in accordance with behavioural ecology and
dependence on soaring-gliding flight. The black
kite is a species that often breeds in colonies
which, almost always, leave together at the end
of the reproductive season (see also paper I). For
this reason, their tendency to remain together
during the autumn migration is particularly
evident (Agostini et al. 2000, 2004, Panuccio
and Canale 2003). It is well-known that soaring
raptors are more efficient at thermal localization
when they travel in flocks rather than alone

Figure 5 - A flock of steppe buzzards and black kites, Georgia October 2011.
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honey buzzards and very small flocks of harriers
(paper X). When raptors approach the point where
water crossing begins, their tendency to remain
in flocks become stronger. This is because raptors
often hesitate before undertaking a crossing and
the larger the flock, the greater the chance that an
individual will begin crossing and that the others
will follow (Kerlinger 1989). This behaviour can
easily be verified by comparing the migration of
the same species in the same geographical area over
land and over water. As in the case of migrating
black kites passing through southern Italy in
autumn, as they migrate over the Apennines they
are usually observed moving in flocks of dozens
of individuals while on two islands of the Sicilian
Channel concentrations of up to one thousand
kites are regularly reported (Agostini et al. 2000,
2004, Panuccio et al. 2005a, see also paper I).
In the species studied, if we consider adult
(experienced) individuals, only the western
marsh harrier follows (mostly) its innate axis of
migration (NE-SW, see paper II, III, IV). In the
other species studied, adults use flyways that only
partly reflect their innate axis. Adult individuals
display true navigation and orientation abilities,
modifying their direction of migration and
changing their migratory behaviour in relation to
weather conditions and ecological barriers (Hake
et al. 2003, Agostini 2004). Flocking behaviour

allows the transmission of information between
experienced and inexperienced individuals. In the
short-toed snake eagles this is particularly evident
since, as mentioned before, they make a long detour.
The high degree of synchronism in the migration
period of juveniles and adults belonging to the
Greek population allows the formation of mixedage flocks. The percentage of juveniles migrating
together with adults is higher in observations made
in Greece compared with the ones recorded in
Italy. Similarly, observations in southern Greece
have indicated a lower number of juvenile shorttoed snake eagles migrating later than adults, while
across the Channel of Sicily the number of young
observed is larger. In addition, on the basis of data
collected for a single year in Greece (far more data
is available for Italy), I ventured the hypothesis
that the different proportion of juveniles observed
in Greece and in Italy might reflect the different
length of the crossing between Europe and Africa;
indeed the distance between Greece and Libya is
more than twice that of Italy and Tunisia. This
hypothesis is formulated on the assumption that the
width of the water barrier acts as a strong selective
force. Moreover, I suggest that a relationship exists
between the size of the barrier and the tendency
of juveniles to follow adults as a result of a higher
mortality of short-toed snake eagles attempting to
cross the Mediterranean between southern Greece

Figure 6 - Kythira island from Antikythira after the rain, October 2009.
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and Libya rather than across the Channel of Sicily
(paper VII).
Migration and weather conditions
Weather conditions strongly affect bird migration;
this is easily understandable. For instance a strong
head wind makes a flight more difficult since
birds move in a medium that is itself in motion,
namely air. The direction and speed travel of a
flying bird is the sum of the wind vector and the
bird’s own flight vector relative to the surrounding
air (Alerstam 1990). This means that, to cover
the same distance, a bird requires more energy
in a strong headwind than when wind is absent
(Pennycuick 2008). Another easily understandable
example is provided by heavy rain. Most birds are
compelled to land during such weather conditions.
However every case has its exceptions and I was
surprised to observe hundreds of steppe buzzards
(Buteo buteo vulpinus) migrating under heavy
rainfall in Georgia in October 2011. In this
dissertation I present and discuss my observations
on the migratory behaviour of raptors relative to
weather conditions in some Mediterranean areas.
Among the findings of these studies I would like
to underline that both adult honey buzzards and
short-toed snake eagles are able to compensate
the effects of crosswinds to avoid a drift effect
(papers IX,PERAPI.A.max
XI) andPERAPI.A.max
in both cases I recorded this
behaviour when raptors migrate close to the coast.

This concurs with a recent study made by satellite
tracking revealing that migrating raptors tend to
compensate the effect of lateral winds close to a
natural barrier, in all probability to avoid the risk of
being blown off over the sea or desert (Klaassen et
al. 2010). A previous study investigating the effect
of crosswinds on raptors of different ages during
migration showed that juveniles are more likely to
be drifted by winds while adults compensate the
drift effect (Thorup et al. 2003). However, recent
visual observations at some raptor migration
watchsites seem to suggest that juveniles are able
to compensate the drift effect when migrating
close to landmarks or leading lines. For instance,
counts made on the island of Antikythira did
not show significant differences in numbers of
juvenile honey buzzards recorded during lateral
winds and other wind directions (headwinds and
tailwinds; paper IV). Moreover, when focusing on
the effect of prevailing winds during peak passages
at the site (headwinds and tailwinds), juveniles
were observed mostly with headwinds, while on
days with strong tailwind components very few
raptors were recorded (Fig. 7). This result is likely
to have been caused by the fact that juvenile honey
buzzards let themselves be carried away during
tailwind, travelling toward Crete and bypassing the
island altogether. Tailwinds offer
them in fact a less
PERAPI.A.min
PERAPI.A.min
energetically costly flight
over the sea.
Another paper investigates the influence of wind
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Figure 7 - Prevailing wind directions during peak days (left) and days with no passage (right) of
juvenile honey buzzards over the island of Antikythira, autumn 2009.
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Figure 8 - Percentage of harriers and honey buzzards observed migrating across the Strait of Messina
(spring 2004) with tailwinds and headwinds.
between males and females observed wintering in
many areas of Europe may be due to a stronger
tendency in males to migrate over longer distances
compared to females as a result of Bergmann’s
rule (Panuccio et al. 2005b). A recent study made
in western France shows that many adult males
are female-coloured (Sternalsky et al. 2011).
However, although if this plumage pattern would
be widespread in other populations of the species,
this does not necessarily contrast with previous
studies made in the Central Mediterranean area
both during migration and winter (see also paper
II). These studies were made through visual
observations and the sex of adults was defined by
plumage observation. As a matter of fact, adult
males outnumbered females in the sample of
western marsh harriers crossing the Mediterranean
sea en route to Africa (see also paper IV). Therefore
the winter segregation hypothesis still appears
reliable, at least for populations overwintering in
and migrating through the central and eastern
Mediterranean area. Undoubtedly further
investigations would be required to establish
whether or not visual sexing of western marsh
harriers makes any sense. Moreover in the sample
of 45 Western Marsh Harriers ringed during the

conditions at the Strait of Messina, a crucial point
for the spring migration of raptors in the central
Mediterranean area (paper X). In this area raptors
face a water-crossing that is 3 km long at its
narrowest point. Honey buzzards and harriers are
the most common raptors at the site and they do
not fear such water-crossing given their ability to fly
longer distances over water. As a matter of fact, they
mostly cross the Strait with strong headwinds (Fig.
8), i.e. when weather conditions are not suitable for
a longer water crossing, while with following winds
raptors could choose more direct routes by flying
over the open sea on the Tyrrhenian sea.
Differential migration
Among migratory birds differential migration
is extremely common. According to Cristol and
coll. (1999) differential migration occurs when
the distance covered is different for a portion of
a population compared to the rest. In this thesis
I analyze the differential migration of the western
marsh harrier. It represents a good model species
since it shows a wide distribution all over Europe
and its various populations behave in different
ways. Previous research carried out in the central
Mediterranean area suggests that the imbalance
18
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Figure 9 –Recoveries of male and female Western Marsh Harriers during the breeding season and
winter (left) and the migratory distances in both classes (right).
and find unoccupied wintering territories. In this
case, competition may have been the selective force
shaping this migration strategy.
Another widespread contrasting geographic pattern
of migration is the “chain migration” that occurs
when birds breeding at northern latitudes cover, in
their migration, approximately the same distance
covered by birds breeding at southern latitudes
(Alerstam 1990).

breeding season and recovered during winter,
the mean migratory distance is higher for males
(1774 km) than for females (1085 km). These
records seem to confirm the tendency of males to
migrate further than females as it was hypothesized
by visual observations research, although if this
difference is not significant in the sample of ringed
birds (z-test: 1.3; P = n.s.). It is interesting to note
that the three individuals, apparently migrating
through the central Mediterranean area, were
all males and reached south-Saharan Africa (Fig.
9). In this dissertation the main study discussing
differential migration is not based on visual
observation but on the analysis of ringing recovery
data (paper III). The results are consistent with
the hypothesis that western marsh harriers show
a leap-frog migration pattern: with an increase in
the latitude and longitude of the breeding sites the
distance covered to reach the wintering areas also
increases (Fig. 10), while individuals breeding in
western and southern Europe are mostly residents
or short-distance migrants.
From the end of the last glacial era populations of
birds were spreading progressively further north.
These populations were pushed to migrate further
south to avoid competition with other populations

Riassunto
La migrazione è un evento che coinvolge un enorme
numero di uccelli che si spostano da un habitat
all’altro. Tra gli uccelli nidificanti nel Paleartico
molti sono migratori di lunga distanza e viaggiano
per migliaia di chilometri due volte all’anno. La
migrazione tra i siti di riproduzione e quelli di
svernamento comporta un sforzo notevole con
un alto rischio di mortalità. Le forze selettive che
agiscono sugli uccelli migratori sono considerevoli:
essi hanno evoluto una serie di adattamenti
(morfologici) e strategie (comportamentali)
per superare le barriere ecologiche e affrontare
condizioni meteorologiche avverse. La migrazione
rappresenta solo una parte della vita di un uccello
e gli adattamenti morfologici per la migrazione
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Figure 10 – Plots showing relationship between the length of the migratory journey and latitude and
longitude of the breeding sites of western marsh harrier.
attraversare il mare effettua delle lunghe deviazioni
circumnavigando le coste di molti paesi europei,
dall’altra parte, il falco di palude, che attraversa
il Mediterraneo per lo più lungo rotte parallele
effettuando anche voli non-stop di centinaia
di chilometri. Le ricerche sono state effettuate
utilizzando le osservazioni dirette in siti cruciali
per il passaggio dei rapaci ma anche analizzando i
dati delle ricatture di individui inanellati, nonché
realizzando dei modelli per l’interpretazione dei
loro comportamenti e della loro distribuzione. I
risultati indicano che diversi fattori concorrono nel
modellare le rotte ed influenzare il comportamento
migratorio dei rapaci, fra questi: la morfologia
e l’ecologia delle singole specie, la geografia e
le condizioni meteorologiche. Lo studio delle
migrazioni dei rapaci può fornirci validi strumenti
per la protezione di queste specie e la conservazione
degli ecosistemi in cui vivono, così anche la
possibilità di incrementare le nostre conoscenze
sulle dinamiche dell’evoluzione.

devono necessariamente integrarsi con altre
caratteristiche che permettono a un individuo
di sfruttare le risorse durante l’intero anno e di
riprodursi con successo.
La maggior parte degli uccelli utilizza il volo battuto
che permette lunghi voli non-stop anche sul mare.
D’altra parte i rapaci Accipitriformi sono specie che
si muovono per lo più utilizzando un volo passivo.
In particolare utilizzano il volo planato-veleggiato
sfruttando le correnti termiche ascensionali e le
correnti di pendio; queste correnti si generano
sulla terra ferma ma, ovviamente, non sull’acqua.
Questo stile di volo viene utilizzato da questi rapaci
soprattutto a causa della loro morfologia, infatti
il consumo energetico nel volo battuto aumenta
enormemente all’aumentare della massa corporea,
mentre il volo veleggiato è energeticamente molto
meno dispendioso.
In questa tesi vengono discussi i risultati di ricerche
effettuate nell’area del Mediterraneo su alcune
specie di rapaci migratori: il biancone, il nibbio
bruno, il falco pecchiaiolo e il falco di palude.
Ognuna di queste specie ha evoluto delle peculiari
strategie migratorie in cui ha svolto un ruolo
determinante l’esistenza di una barriera ecologica
quale il Mediterraneo. Ai due opposti troviamo,
da una parte il biancone, che per evitare di
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Abstract: The nominal subspecies of the Black Kite is a summer resident in Europe and Asia that winters
mostly in western Africa although numbers of birds wintering in the Mediterranean area are increasing.
During migrations, tens of thousands are observed migrating through the Strait of Gibraltar between Spain
and Morocco, along the eastern side of the Black Sea and in the Middle-East, while substantial numbers cross
the central Mediterranean and the Bosphorus. This paper provides a review of research concerning migration
and its relationship with foraging behaviour in a circannual perspective. In particular research made both by
satellite tracking and by visual observations suggests a more evident time-selected migration during autumn
rather than spring. Differences in timing occurring among different flyways could be explained either by
different rates of intra-specific competition in areas with different breeding density and/or by different distances
between wintering and breeding grounds.
grounds are located mostly in Africa south of
Sahara Desert but also in the Middle-East (Shirihai
et al. 2000, Ferguson-Lees and Christie 2001);
birds breeding in central-western Europe winter
mostly in Western Africa (Cramp and Simmons
1980, Mayburg and Meyburg 2009).
Black Kites are opportunistic predators exploiting
unpredictable spatio-temporal concentrations
of food (Viñuela 2000, Sergio 2003a). This
species often breeds in loose colonies (Cramp and
Simmons 1980) and it has been observed that
juvenile and adult survival is higher for individuals
born or living in high density areas, at least in some
populations (Forero et al. 2002).
The flight behaviour of this species during
migration is half-way between broad winged
raptors like buzzards, eagles and vultures and
relatively long wings raptors like Circus species. For
this reason, Black Kites tend to use soaring flight
over land during migration to minimize energetic

The Black Kite has a wide distribution in all
the Paleartic, Afro-Malagasy, Indomalayan and
Australasian, but is absent in the New World
(Neartic and Neotropic). At least six subspecies are
known (Cramp and Simmons 1980). Among them
two live in Africa and they are mostly residents or
short-distance migrant: Milvus milvus aegyptius in
the Nile Valley and in both coasts of Red Sea with
some individuals wintering in Sudan and coastal
Kenya. M. m. parasitus is widely distributed in
sub-Saharan Africa, Comoros and Madagascar
with strong intra-continental movements
(Cramp and Simmons 1980, Ferguson-Lees and
Christie 2001). The nominal subspecies is almost
entirely migratory and is distributed in Western
Paleartic and in some areas of Central Asia. M.
m. migrans (from hereafter called Black Kite) is
a widespread summer visitor to Europe, with a
breeding population accounting less than 100000
pairs (Birdlife International 2004). Its wintering
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costs and concentrate at straits and isthmuses, they
are also able to cross large bodies of water using
long powered flights (Zalles and Bildstein 2000).
This species is one of the most well-studied diurnal
raptors of the Western Palearctic (see Sergio et al.
2009 and references therein), being an excellent
model for research concerning breeding biology
and ecology. Recently, some research showed a
phenotypic plasticity of the species in response
to climate change: the climate warming seems
to trigger earlier egg laying and northward shift
of the breeding and wintering ranges (Burton
1995, Moss 1998, Sunyer and Viñuela 1996,
Sarà 2003, Sergio 2003b, 2007). Several studies
are now available, although the knowledge about
the migratory routes and the connectivity with
African wintering grounds is still incomplete.
Here we provide a review of research carried
out on the Black Kite, focusing on the variation
of movements, migration timing, and foraging
behaviour across its range and throughout the year.

breeding sites in northern Italy, Black Kites select
as hunting areas water bodies, extensively managed
and unmanaged grassland and urban areas while
avoiding woodlands (Sergio 2003a, Sergio et al
2003a, 2003b). Also, in southern Spain the species
occurs at high density with a diet dominated by
wetland prey species (Hiraldo et al. 1990, Forero
et al. 1999). Their preference for water bodies is
linked to fish, locally their main prey, while open
areas are used for hunting small animals (i.e.
snakes, passerines, small mammals; Sergio 2003a,
Sergio et al. 2003a, Gensbol 2008). Finally, urban
areas are used to find carrions or waste of butchery
also at the dumping grounds; high concentrations
of terrestrial food may also act in the same way as
wetlands (Vinuela et al. 1994, Blanco 1994,1997).
Higher temperatures at the breeding areas allow
better hunting activity while rain negatively
affects it (Sergio 2003a). During summer, the
feeding activities of breeding individuals is sex
dependent, with females hunting around the
immediate vicinity of the nest and males searching
for food mostly in areas far from the nest (Forero
et al.1999). In different population of Black
Kites a trophic segregation between breeding and
non-breeding individuals has been reported. For
instance, during summer, the rubbish dumps are
used almost only by floaters (Blanco 1994, 1997)
while in Doñana non-breeding birds feed mainly
on small prey (invertebrates) and carrion, whereas
breeding pairs, constrained by the fidelity to a
central place of foraging (the nest), exploit mainly
medium-size reptiles, birds and mammals (Espina
1984 quoted in Sergio et al. 2007).

Summer
Movements
Research made at Doñana National Park (Southern
Spain) reported that Black Kites showing high
fidelity to the breeding site are over the 80%,
especially among females (89.5%), and the average
natal dispersal is less than 5 km (Forero et al 1999,
2002). Among sex classes, males generally disperse
shorter distances than females while the dispersal
distance decreases sharply at older ages. Shortdistance movements in natal dispersal are probably
related to benefits of philopatry (ecological and
genetic) and dispersal costs associated with finding
a new territory in a saturated population, such as
the one studied at Doñana. Some circumstantial
evidence indicates that individuals in other
populations may disperse longer distances (Forero
et al 1999, 2002).

Floaters
In many species of migrating raptors younger
individuals do not return to the breeding grounds
during summer, have no fixed territory and display
nomadic movements (Newton 1979). Among
these species the Honey Buzzard (Pernis apivorus)
and the Short-toed Snake Eagle (Circaetus gallicus;
Panuccio and Agostini 2006, Mellone et al. 2011).
Younger Black Kites show a different behaviour
coming back to Europe for summertime, reaching
at least Southern Europe (Cramp and Simmons
1980). The population of this species is, therefore,

Feeding behaviour
The Black Kite shows territorial behaviour
defending an area of about 100-200 m radius around
the nest while it forages in undefended communal
hunting grounds up to several kilometres distance
from the nest (Sergio and Newton 2003). At the
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composed both by territory holders and nonterritorial, non-breeding individuals, commonly
known as floaters (Newton 2008). Compared to
territory holders, floaters of both sexes are smaller,
younger and arrive late in the season from the
wintering grounds (Sergio et al 2009). It has been
shown that young floaters are physiologically
capable of reproduction (Blas and Hiraldo 2010)
and therefore the cause for deferred breeding may
have an ecological rather than a physiological basis
in which the limited access to breeding territories
plays an important role. As a matter of fact, the
Doñana National Park population’s shows high
density of breeding pairs and young birds have
poorer competitive abilities for resource and
territory defence (Blas and Hiraldo 2010).

during the southbound migration (Agostini et al.
2000, 2004, Panuccio and Canale 2003).
Movements
During southward movements Black Kites cross
the Mediterranean mainly at the Strait of Gibraltar
while substantial numbers migrate through the
central and eastern Mediterranean corridors (via
the Channel of Sicily and Bosphorus); the small
breeding population of Greece (few tens of pairs)
cross the eastern Mediterranean between the
Peloponnesus, Crete and Libya (Fig.1; Finlayson
1992, Agostini et al. 2000, 2004, Migres 2009,
Lucia et al. 2011). The huge populations of
the Iberian peninsula, France, Germany and
Switzerland reach Africa through the Strait of
Gibraltar (Finalyson 1992, Meyburg and Meyburg
2009). Maximum one-watchpoint count at the
Strait of Gibraltar during autumn 2008 reported
88986 individuals migrating almost all in August
while very few migrated in September (Migres
2009).
In the Central Mediterranean area the migration
peak of Black Kites occurs in a few days between
the end of August and the beginning of September
with a large overlap in the migration period of
adults and juveniles (Agostini et al. 2000, 2004).
During their travel to reach the Channel of Sicily,

Autumn
Mortality rates are higher between the first
and second year of life, suggesting a very strong
selection-episode during the first migration and
wintering (Sergio et al 2011). This powerful
selective force may have favoured juvenile Black
Kites to migrate together with adults during their
first migration, and this hypothesis could explain
both the large overlap observed in the autumn
migration timing of adults and juveniles and the
strong tendency of Black Kites to migrate in flocks

Figure 1 - Flyways used by Black Kites during autumn migration. 1) Cap Bon Promontory, 2) Marettimo
island, 3) Pantelleria island, 4) Circeo Promontory, 5) Capri island, 6) Calabrian Appennines,
7) Antikythira island, 8) Kfar Qassem (Bijlsma 1983, Shirihai 2000, Agostini et al 2000,
2004, Zalles and Bildstein 2000, Panuccio et al 2005, Kirwan et al. 2008, Migres 2009, Lucia
et al. 2011, Verhelst et al. 2011).
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they tend to follow the Italian Peninsula, avoiding
to cross the Tyrrhenian sea (Panuccio et al. 2005).
At watchsites located along the mountain chains
inland of southern continental Italy (Serre and
Aspromonte mountains) hundreds of Black
Kites were observed with a daily peak in the late
afternoon-evening when many birds, apparently
coming from the coastal area, were seen roosting
(Panuccio et al. 2005, 2007). Once reached eastern
Sicily, Black Kites concentrate on the western side
of the island crossing the Mediterranean Sea via
the Channel of Sicily and flying over the islands
of Pantelleria and Marettimo; in doing so they
form huge flocks (Fig.1; Max. 3600 counted over
Marettimo between 24 August and 14 September
1998; max. 1100 seen together; Agostini et al.
2000, 2004). In September few kites, mostly
juveniles, are recorded (Agostini et al. 2000); since
in Central Italy some juveniles are not yet fledged
in August (Panuccio and Canale 2003), it has
been suggested that migrating flocks of juveniles
Black Kites reported in September at the islands of
Marettimo and Pantelleria, are probably juveniles
belonging to these later breeding pairs (Agostini
et al. 2000, Panuccio and Canale 2003). Unlike
southern Italy, in north-western Italy few hundreds
Black Kites are observed migrating through the
Marittime Alps en route to the Strait of Gibraltar
(Toffoli and Bellone 1996, Giraudo and Toffoli
2003).
Along the eastern corridor, movements of Black
Kites are reported at the Bosphorus (maximum
of 2707 individuals were counted in 1971).
At this site the passage starts in mid-August
and lasts until October (Kirwan et al. 2008).
More East, individuals belonging to the Russian
population are, at least partially, funnelled along
the eastern coast of the Black Sea: at Batumi
recent observations estimated the passage of about
100000 Black Kites mostly during the second and
third decades of September (median date: 19/9;
Verhelst et al. 2011). In Israel the main passage is
recorded during the first half of September with a
yearly average of 676 at Kfar Qassem (1982-1987)
and 1574 in the Northern Valleys (1988-1998;
Shirihai et al. 2000). At the Channel of Suez and
at Bab- el-Mandeb only 579 and 106 individuals

were observed (Bijlsma 1983, Welch and Welch
1988); however 610 individuals were recorded
during one day count on a mountainous site of
Yemen, located about 100 km NE to the Strait
of Bab-el-Mandeb (Zalles and Bildstein 2000).
Information concerning migration of Black Kites
entering Africa from Asia are incomplete and
further research should verify if Black Kites use a
broad or a narrower migrating front through the
Red Sea. In east Africa birds moving from Babel-Mandeb Strait continue inland following the
Rift Valley perhaps until Burundi (Fig. 2); at Lake
Langano (Ethiopia) the passage of about 1000
Black Kite moving south-west has been reported
(Zalles and Bildstein 2000).
Feeding behaviour
At the end of their breeding season kites belonging
to the same colony tend to aggregate in roosts and
they often leave breeding sites together; moreover
their flocks grow during migration when they meet
other migrants along the way or at stopover sites
like rubbish dumps or firing fields (Blanco 1994,
1997, Panuccio and Canale 2003, Panuccio et
al. 2005, Panuccio 2005a). For this reason large
concentrations of Black Kites were reported in
August in different areas of Italy: more than 1
000 at the rubbish dump of Turin (Northwestern
Italy), 135 in a rubbish dump of Latium (central
Italy), hundreds in western Sicily around the fields
on fire (Panuccio et al. 2005, Panuccio 2005a).
In addition, when kites are moving southwards
along the Italian peninsula they are expected to
fly mostly onto flat areas close to the Tyrrhenian
coast where they found suitable areas for feeding
(Panuccio et al. 2005). Conversely, at the Strait of
Gibraltar the Black Kites that are forced to stop
their migration due to bad weather apparently do
not take advantage of these periods to feed (Bernis
1980 quoted in Finlayson 1992).
Water-crossing behaviour
During autumn, Black Kites migrate along narrow
corridors to reduce the amount of time flying
over water. Migration outside of the main bottlenecks is virtually absent: at the islands of Cabrera,
Malta and Cyprus only few migrating individuals
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(mostly inexperienced juveniles) are reported
(Rebassa 1995, Sammut and Bonavia 2004,
Roth and Corso 2007). Also a migration through
the Tyrrhenian Sea is nearly absent as shown by
observations at the islands of Capri, Ustica and
Panarea such as at the Circeo Promontory (Jonzen
and Petterson 1999, Agostini and Panuccio 2003,
Panuccio et al. 2005). Observations made both in
Spain and Southern Italy confirm the reluctance
of Black Kites to undertake sea crossings. At the
island of Marettimo they hesitated when facing
the open sea, soaring over the island even for many
hours (Agostini et al. 2000, Panuccio 2005b). At
the Strait of Gibraltar they follow the shortest seacrossing where the distance between Spain and
Morocco is narrower. At this site considerable
lateral drift over the sea occurs during both
easterly and westerly winds (Finlayson 1992).
When weather conditions are not ideal for the
flight over water, kites stop on the Spanish side of
the Strait for days, particularly on days with strong
lateral winds (Finlayson 1992). At the island of
Marettimo and the Strait of Gibraltar, Black Kites
are observed spending long periods “hanging” on
the wind without advancing. Moreover Finlayson
(1992) reported flocks of Black Kites attempting
to cross the Strait and returning back inland.

of pesticides (Thiollay 2006, Anadon et al. 2010).
Another important wintering area of Black Kites
is the Middle-East, in particular in Israel where
in many areas it is the most common wintering
raptor with increasing numbers from the ‘80s to
the ‘90s. Up to 9966 individuals were counted
during winter counts in 1997/1998 (Shirihai et al.
2000). The distribution of wintering Black Kites
in the Middle-East appears to be age-dependent:
in the Hula Valley (northern Israel) 40% of aged
birds were adults and sub-adults and 60% first and
second winter birds; on the other hand in Western
Negev (southern Israel) the first and second winter
birds were 90% of the population (Allon and
Shirihai 1991).
Movements
During winter a male Black kite tracked (winters
2007/2008 and 2008/2009) by satellite covered
a striking distance of at least 7000 km per year
within its wintering ground moving consecutively
into three different areas (Fig. 2). At first the Black
kite, moving from the Strait of Gibraltar, reached
in the area between Mali and Mauritania (Lat
15,5° N, Long 6,5°O), in December it moved
south-west between Ghana and Togo (Lat 10° N
Long 0° O) finally in February Black kites moved
westwards between Guinea and Ivory Coast (Lat 9°
N Long 8° O). The first area was characterized by
bare ground and open scrubland while the other
two by woodland and wooded grassland. The
tracked individual seldom used the same roost for
more than one night, covering a distance of 3142 km between consecutive roosts (Meyburg and
Meyburg 2009). It is likely that the distribution
of Black Kites wintering in the Sahel area largely
respond to unpredictable abundant feeding
sources, and in particular to locust outbreaks
(Sanchez-Zapata et al. 2007).

Winter
Wintering birds are widely distributed in subSaharan Africa south to Cape Province with the
exception of dense forests (Ferguson-Lees and
Christie 2001), their distribution, however, appears
not to be homogeneous since in some areas it is a
very scarce wintering bird (Thiollay 2001, Seavy
and Apodaca 2002). Previous studies indicate
Ethiopia as a main wintering area, while more
recent ones show that it is the dominant species in
winter in the Sahel raptors communities suggesting
that the European population of Black Kites
winters in a narrow fringe in the western Sahelian
regions (Cramp and Simmons 1980, Anadon
et al 2010). A recent study showed a decrease of
70% of kites in the Sahel, in particular outside
of protected areas, probably due to the increasing
density of human population and to the large use

Feeding behaviour
Thiollay (1989) reported habitat segregation
between European and African subspecies (M.
m. parasitus) with the first apparently feeding
mostly in wetlands and the latter in open areas and
around villages. Moreover in Rhodesia migrants
were seen mainly in flocks whereas local birds are
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Figure 2 - Solid lines: simplified plotted flyways reported by Meyburg and Meyburg (2009), passing
through the Strait of Gibraltar and wintering in western Africa, as estimated using
satellite telemetry. Sketched line: flyway used by migrating Black Kites through the BabEl-Mandeb Strait and moving along the Rift Valley (Welch and Welch 1988, Zalles and
Bildstein 2000) Correlation between temperatures and numbers of Short-toed Snake
Eagles seen migrating at the site during autumn.
for wintering kites, aerial and ground sprayings
of insecticides often wipe out this resource and
kill many kites (Mineau 2002, Thiollay 2006,
Sanchez-Zapata 2007).

observed mostly singly or in pairs (Moreau 1972).
The increasing flock size could be related to the
different foraging behaviour of wintering kites.
Sanchez-Zapata et al. (2007) showed that Black
Kites change their foraging behaviour, abandoning
urban areas and garbage dumps and increased
group size in response to desert locusts outbreaks.
In general, wintering raptors in the Sahel are more
abundant in crops and close to town (Anadon et
al. 2010). As a result, roosts and concentrations
of Black Kites may be extremely vulnerable
because of pesticide aerial spraying; in fact since
local outbreaks of grasshoppers in fields and large
nomadic swarms of locusts are major food sources

Spring
Movements
In the way back from Africa towards breeding
territories an important African flyway is located
between the Nile Valley and the Red Sea, in
Egypt, and two watch-sites are known along this
route: Bûr Sâfaga on the Red Sea Mountains and
Zait Bay, where 925 and 1660 individuals were
respectively reported (Fig. 3; Zalles and Bildstein
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2000, Hilgerloh 2009). The figures recorded at
Suez are larger in spring than in autumn; up to 3
860 individuals were observed in spring (Meininger
and Roder 1992, Zalles and Bildstein 2000). In
the Middle-East the migration takes place mostly
between the second half of March and the first
days of April while few birds have been observed
outside this period. In some years a second, smaller
wave of migration has been observed at Eilat in
late April. Until the end of March aged Black Kites
were mostly adults but in late April and May 2ndcy birds predominated. In Eilat a maximum of 36
690 individuals were counted in 1980 (Shirihai et
al. 2000).
At the Strait of Gibraltar 28216 individuals were
counted during spring 2011 from two watchpoints
(www.fundacionmigres.org). Here, the migration
starts during the last third of February with a
peak in the first half of March. Smaller numbers,
mostly immature, are recorded later in the season,
(Finlayson 1992). At the Bosphorus few birds
migrate (223 individuals in 2006) with a peak
recorded in late March (Üner et al. 2010). On the
other hand kites migrating along the eastern coast
of the Black Sea (2 664 counted at Fırtına river,
Rize Province), in Turkey, peaked in the first half
of May (Zalles and Bildstein 2000, Kirwan et al.
2008). Similarly, in the Central Mediterranean

area, no individuals were recorded migrating at
the Strait of Messina during the first half of March
(Agostini and Malara 1997). At several sites in
southern Italy and Tunisia, hundreds of birds are
reported migrating later in the season, between
the last ten days of March and the second decade
of May while a peak was reported between late
April and early May, when a substantial number of
immature birds are reported (Agostini and Duchi
1994, Agostini and Logozzo 1998, Panuccio et al.
2004, Panuccio and Agostini 2010). Unlike during
autumn migration, birds migrate singly or in
small flocks, rarely comprising tens of individuals
(Panuccio and Agostini 2010). In this area Black
kites leave the African coast mainly at Cap Bon.
Few individuals are observed migrating outside
this area, as shown by research made at the islands
of Malta, Lampedusa and along the SardiniaCorsica corridor (Beaman and Galea 1974,
Premuda et al. 2007, Corso et al. 2009). Once
reached western Sicily, Black Kites tend to migrate
on a broader front with a passage of hundreds of
birds through the Tyrrhenian Sea, in particular
via the islands of Ustica and Panarea (Panuccio
et al. 2004, Mellone et al. 2007). The maximum
number counted at the Strait of Messina was
1008 in 2000 while through the Thyrrenian Sea a
maximum of 302 birds were counted at the island

Figure 3 - Flyways used by Black Kites during autumn migration. 1) Cap Bon Promontory, 2) Marettimo
island, 3) Ustica island, 4) Panarea island, 5) Strait of Messina, 6) Bûr Sâfaga, 7) Zait Bay
(Finlayson 1992, Meininger and Roder 1992, Agostini and Duchi 1994, Shirihai 2000, Zalles
and Bildstein 2000, Mellone et al. 2007, Hilgerloh 2009, Panuccio and Agostini 2010, Ümet
et al. 2010).
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of Ustica and 109 at Panarea, in the 2008 (Fig.
3; Corso 2001, Panuccio et al. 2004, Mellone et
al. 2007). These counts, compared to those made
in autumn along the same flyway (Agostini 2002,
Panuccio et al. 2005), seem to suggest that lower
numbers of Black Kites use this flyway during
spring movements. Finally, the species is virtually
absent at watch-sites located on the Adriatic coast
of Italy (Gustin and Sorace 2004, Premuda et al.
2008), suggesting that the individuals migrating
through the Central Mediterranean belong mainly
to the Italian population and do not cross the sea
en route to the Balkans, differently from other
species (Premuda et al. 2008).

be met by more experienced, older individuals of
larger size and/or in better physical condition (e.g.
Gwinner 1990, Lindstrom et al. 1990, Beletsky
and Orians 1993, Fransson 1995, Marra 2000). As
a result, only high-quality phenotypes will be able
to meet the high risks and energetic demands of
early arrival (Sergio et al. 2007).
Feeding behaviour
In the Central Mediterranean region migrating
Black Kites are regularly seen feeding, as reported
for the island of Ustica and the Strait of Messina
(Giordano et al. 1995, Panuccio and Agostini
2010). In Israel large flocks were recorded gathered
to hunt termites and locusts (Bahat 1985, Shirihai
et al. 2000). These observations indicate that Black
Kites show opportunistic feeding behaviour when
they meet significant food resources during their
migratory journey.

Arrival date at the breeding sites
At the breeding sites temporal patterns of
settlement vary greatly. In northern Italy the plateau
is reached in less than 20 days, while at Doñana
National Park (Southern Spain) the population
built up rapidly at first, but new settlements span
a period of about 2 months (Sergio et al. 2007). In
central Italy Black Kites reach their breeding sites
not before the second decade of March (Battisti
et al. 2003, Panuccio and Agostini 2010). Older
individuals arrive earlier than younger ones and
the quality of territory is strongly correlated with
the date of settlement, with the first individuals
occupying the best quality sites, where annual
breeding performance is better than in low
quality ones (Sergio and Newton 2003, Sergio et
al 2007). Younger individuals occupy low quality
territories later in the season (Sergio and Newton
2003). Older individuals defend their territory
better than younger ones highlighting that social
dominance is age related for Black Kites (Sergio
et al. 2009). Early arrival of older individuals
is the result of the timing and efficiency of
migration and could be probably promoted by:
1) early accumulation of sufficient body reserves
to depart from the wintering quarters, 2) rapid
migration speed and optimal choices along the
route, 3) social dominance at stopover sites, and
4) high-feeding efficiency to counter the costs of
potentially unfavourable conditions during the
migration journey (Berthold 1993, 1996). All
the above mentioned characteristics are likely to

Water-crossing behaviour
At the Strait of Gibraltar, similarly to autumn, Black
Kites tend to cross the Strait at it’s narrowest point
but wind drift largely occurs with the migration
front sometimes expanded from Cape Trafalgar
at the west to Guardiaro at the east (Finlayson
1992). On the European side of the Strait, kites are
often observed approaching the coast flying ”low,
flapping continuously to avoid waves, and attempt
to land along the coast, apparently exhausted”
(Finlayson 1992). As mentioned above, in the
Central Mediterranean area, Black Kites are more
likely to migrate over the open sea in spring rather
than in autumn, as shown by observations at the
islands of the Tyrrhenian Sea (Panuccio et al. 2004,
Mellone et al. 2007). Nevertheless both at the Cap
Bon promontory and at the island of Ustica they
hesitate when facing the open sea: at both sites
several kites often stop migration sometimes for
several days (Agostini and Duchi 1994, Panuccio
and Agostini 2010).
Conclusions
Differential timing of migration is populationdependent
The current state of research shows that the
phenology of the Black Kite movements largely
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vary across the Mediterranean basin (Strait of
Gibraltar vs. other flyways). This may be due to
their highly plastic behaviour, which is affected by
different factors. Among them, different density
at the breeding sites could play an important
role. Black Kites migrating through the Strait of
Gibraltar belong to populations of western Europe,
where they have been estimated to be roughly 3040000 pairs (Birdlife International 2004, Bensusan
et al. 2007). If higher competition for resources
occurs in western Europe rather than in Italy or
eastern Europe, where the population density is
lower (Ferguson-Lees and Christie 2001), birds
belonging to the populations breeding in Spain,
Portugal and France could be forced to reach their
nesting sites as soon as possible in spring. This
could explain the evident peak passage of this
species at the Strait of Gibraltar at the beginning of
March and why the migration occurs later in the
central Mediterranean and around the Black Sea
(Kirwan et al. 2008, Panuccio and Agostini 2010).
Several studies, focused on population dynamics,
provide further support to this conclusion; in
particular some authors showed that younger
Black Kites delay territoriality as a voluntary
restraint in order to enhance longevity and the
quality of the territory eventually acquired (Sergio
et al. 2009). This hypothesis has been developed in
a context of high density of breeding pairs. Sergio
et al (2009) showed that age alone could not be the
sole predictor of territorial status because a wide
overlap in the age structure of floaters and holders
occurs. The other important predictor is the spring
arrival date, with early arriving birds having higher
likelihood to acquire a territory (Sergio et al. 2007,
2009). Moreover, high individual philopatry in a
population would result in a surplus of individuals
in relation to vacant places, and would retard the
first breeding attempt until birds are between 3
and 5 yr old (Forero et al. 2002). In this picture
the delayed spring migration in the central
Mediterranean and in Turkey could be a result of
low density and therefore less competition in the
breeding areas of those populations. Black Kites
breeding in areas with a low density of pairs could be
less motivated to arrive as early as possible from the
wintering ground. This hypothesis could explain

the late migration peak observed in early May
at the Strait of Messina and in Turkey (Agostini
and Duchi 1994, Panuccio and Agostini 2010,
Kirwan et al. 2008). Moreover it is reasonable that
in areas with low density of territorial individuals,
less competition could allow a higher percentage
of younger individuals to hold and defend a
territory and to attempt reproduction, since it
has been demonstrated that young individuals are
physiologically ready for reproduction (Blas and
Hiraldo 2010).
It is not possible to exclude, however, a relationship
between timing of migration and the distance
between breeding and wintering grounds. In the
case of the tracked kite breeding in Germany and
wintering in western Africa, the migratory distance
was about 4600 km (Meyburg and Meyburg
2009), while it is likely that Black Kites wintering
in Israel are closer to their breeding grounds.
Further investigations should provide information
on the wintering grounds of Black kites belonging
to the population of eastern Europe and Russia.
Loop-migration strategy?
Another evident difference concerning spring
and autumn movements occurs in the central
Mediterranean area. In this area Black Kites
show a narrower front, associated with a higher
concentration in time, during autumn rather
than spring migration. This behaviour is unusual:
a stronger concentration in time should be
associated with a time-minimization strategy, and
thus with a stronger tendency to cross the sea in
order to reach the breeding grounds as soon as
possible (see Agostini & Mellone 2007). Birds are
expected to migrate more quickly during spring,
in a scenario of intra-specific competition during
the breeding season (Kokko 1999). In agreement
with research made by visual observations that
we reviewed, also the information provided by
satellite tracking showed that a Black Kite breeding
in Germany covered the distance during autumn
migration more rapidly (2007: 234 km/day, 2008:
256 km/day) than during spring movements
(215 km/day in spring 2008 and 191 km/day
in spring 2009; Meyburg and Meyburg 2009).
Agostini (2002, 2003) speculated on the different
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behaviour showed by Black Kites migrating
through the Central Mediterranean during spring
and autumn, that it could be related with higher
competition for resources in the African wintering
areas where migratory European birds meet
resident individuals. As a result, Black Kites should
minimize time during autumn migration and
some birds crossing the Mediterranean at the Strait
of Gibraltar in spring could use loop migration
passing through the Central Mediterranean in
autumn (for instance part of the birds breeding
in northern Italy). In this scenario, it is interesting
to report that in a similar species, the Red Kite
(Milvus milvus), the wintering individuals studied
in Doñana National Park, in southern Spain,
showed a segregation from the resident conspecific,
concerning feeding areas, food habits and also
roosting sites (Heredia et al. 1991). The quicker
autumn migration time recorded in the Black Kite
could be also related with its food habits, strictly
linked to seasonal resources that break down
abruptly (Bustamante and Hiraldo 1990).
Future studies should clarify differences in the
migration timing along the different flyways
and investigate the complex migration patterns
of Black Kites migrating through the Central
Mediterranean area in spring and autumn, as well
as their wintering behaviour in Africa, possibly by
means of satellite telemetry.
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WESTERN MARSH HARRIER (CIRCUS AERUGINOSUS) MIGRATION
THROUGH THE MEDITERRANEAN SEA: A REVIEW
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ABSTRACT.—The Western Marsh Harrier (Circus aeruginosus) is a summer visitor in northern, eastern, and
central Europe. Some birds, mostly juveniles and adult females, winter in the Mediterranean region, while
others cross the Sahara to winter in tropical Africa. Unlike other Accipitridae, which use primarily soaring
flight over land during migration, Western Marsh Harriers tend to move on a broad front, with long,
powered flights over water. In the last two decades, several researchers have investigated the migration
of this species through the Mediterranean basin using direct observations, radar, band recovery data, and
satellite telemetry. We here present a short review of these investigations and results.
KEY WORDS: Western Marsh Harrier; Circus aeruginosus; Mediterranean; migration; orientation; water-crossing.

MIGRACIÓN DE CIRCUS AERUGINOSUS SOBRE EL MAR MEDITERRÁNEO: UNA REVISIÓN
RESUMEN.—Circus aeruginosus visita el norte, este y centro de Europa durante el verano. Algunas aves,
principalmente jóvenes y hembras adultas, pasan el invierno en la región mediterránea, mientras que otros
cruzan el Sahara para pasar el invierno en África tropical. A diferencia de otros Accipitridae, que usan
principalmente el vuelo elevado sobre áreas terrestres durante la migración, en C. aeruginosus los individuos
tienden a moverse en un frente amplio y realizan vuelos largos e impulsados sobre el agua. En las últimas
dos décadas, varios investigadores han estudiado la migración de esta especie en el Mediterráneo usando
observaciones directas, datos de radar y de anillos recuperados, y telemetrı́a satelital. Aquı́ presentamos una
revisión corta de esas investigaciones y sus resultados.
[Traducción del equipo editorial]

The Western Marsh Harrier (Circus aeruginosus) is
a partial migrant (Cramp and Simmons 1980). Unlike populations breeding in southern and western
Europe, those breeding in northern, eastern, and
central Europe are complete migrants. Some of
these birds winter in the Mediterranean basin, while
others cross the Sahara to winter in tropical Africa,
with relatively few crossing the equator (FergusonLees and Christie 2001). Marsh harriers have relatively long wings and, during migration, they frequently use powered flight (Spaar and Bruderer
1997), undertaking the crossing of large bodies of
water (Kerlinger 1989, Bildstein 2006). As a result,
they tend to move on a broad front (Cramp and
Simmons 1980, Gensbol 1992, Zalles and Bildstein
2000). In the last two decades, several researchers
have investigated the migration of this species
1

Email address: nicolantonioa@tiscali.it

through the Mediterranean basin using direct observations, radar, band recovery data, and, recently,
satellite telemetry. In particular, Strandberg et al.
(2008) reported satellite telemetry data of 33 migrations (20 autumn and 13 spring migrations) of 17
Western Marsh Harriers (eight adult females, six
adult males and three juveniles) of the population
breeding in southern Sweden. Here we provide a
short review of these investigations.
AUTUMN MIGRATION

Peak Passage Date. The peak passage through the
Mediterranean, as reported by systematic direct observations at several sites, occurs in September,
mostly during the second and third ten-day period
of the month (Finlayson 1992, Rebassa 1995, Agostini and Logozzo 1997, Jonzén and Pettersson 1999,
Agostini et al. 2003, Sammut and Bonavia 2004,
Roth and Corso 2007). Peak migration day varied
notably among years, ranging from 9–23 September
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in southern continental Italy, 2002–2006 (E. Repaci
and N. Morabito unpubl. data, Cutini et al. 2006).
Migration Route. Simultaneous direct observations in 2000, 2002, 2003, and 2004 (Agostini et
al. 2001, 2003, 2004, Panuccio et al. 2005a), singlewatchsite observations over various Mediterranean
islands (Rebassa 1995, Jonzén and Pettersson
1999, Paesani and Politi 2002, Vanni and Paesani
2007, Roth and Corso 2007, Corso et al. in press,
N. Agostini and D. Logozzo unpubl. data) and simultaneous radar and direct observation in southern Spain (Meyer et al. 2000, 2003; see Fig. 1) confirmed that this species crosses the sea on a broad
front, undertaking long water crossings heading
SSW-SW, as also suggested by band recovery data
(Sultana and Gauci 1982, Brichetti and Fracasso
2003, Reihmanis 2005, Spina and Volponi 2008).
In particular, most band recoveries in Italy and
Malta are of birds banded in central-eastern Europe, the Baltic, and Scandinavia. Germany and
Czeck Republic are the most important countries
of origin, followed by Finland, Sweden, Latvia, and
Poland (Sultana and Gauci 1982, Reihmanis 2005,
Spina and Volponi 2008). This direction of migration (SSW-SW) might explain the scarce passage of
this species at the Bosphorus along the SE flyway
(Zalles and Bildstein 2000). Systematic surveys of
Western Marsh Harrier migration through Greece
are still lacking, although the species is observed
throughout the country, and banding recovery data
indicate that birds recovered in Greece were banded in Finland, Lithuania, Poland, and Slovakia
(Handrinos and Akriotis 1997). Apparently, Western Marsh Harriers are little affected by the drift
of lateral winds in choosing parallel flyways over
land and over water (Panuccio et al. 2005a).
Migration of Different Sex and Age Classes. The
migration periods of adults and juveniles largely
overlap. Among adults, males tend to migrate earlier in the season, outnumbering females, with the
exception of 2003 when, during observations made
over the islands of Marettimo and Pantelleria (between western Sicily and Tunisia; Fig. 1), adult females outnumbered adult males in the first ten days
of September (Agostini et al. 2004). In late spring
and summer 2003 the weather was abnormally warm
in Europe and the heat was exacerbated by drought
(Wagner 2003), which may have negatively affected
prey availability (Redpath et al. 2002) and influenced adult females from migratory populations
to leave Europe earlier (Agostini et al. 2004) and
perhaps to migrate greater distances than in other
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years. In the Western Marsh Harrier, the occurrence
of polygyny suggests an imbalance toward females
(Kjellén 1992, Clarke 1995, Agostini 2001), and in
several populations of this species females outnumber males (Simmons 2000). Thus, it is not unexpected that migration counts involving the passage of
those populations reflect this imbalance. However,
considerable numbers of adult females and greater
numbers of juveniles do not cross the Mediterranean Sea during autumn migration, but winter instead in western and southern Europe, including
Spain (Chiavetta 1981, Gonzàlez 1991, Clarke
1995, Handrinos and Akriotis 1997, Agostini and
Logozzo 2000, Panuccio et al. 2005b, Corso and
Penna in press).
Migration counts and wintering surveys agree, at
least in part, with findings of a satellite telemetry
study. In particular, Strandberg et al. (2008) reported no distinct differences in timing (departure and
arrival dates) of autumn migration among sex and
age classes of birds of the population breeding in
southern Sweden. These individuals crossed the
Mediterranean in September (median 25 September) on a broad front, between Spain and north
Africa, mostly between southern Spain and Morocco. Two Western Marsh Harriers crossed the sea
between northeastern Spain and Algeria, apparently
via the Balearic Islands. Only an adult male summering in Ukraine crossed the central Mediterranean region (Fig. 1). Three birds, one adult female
and two juveniles, did not cross the Mediterranean
Sea, whereas a third juvenile did cross the Mediterranean but did not cross the Sahara Desert. As suggested by surveys made in the central Mediterranean region during the winter (Agostini and
Logozzo 2000, Panuccio et al. 2005b), juveniles tend
to migrate shorter distances than adults and adult
males to migrate longer distances than adult females, although this difference was not significant
in the satellite telemetry study. Finally, four birds
tracked for at least two years showed considerable
variation in the timing of migration among years,
perhaps as a result of breeding success or failure
(Strandberg et al. 2008).
A remarkable difference in numbers of adult males
and adult females, with adult females outnumbering
adult males, has been observed among birds wintering
in south-central Italy, as in the Netherlands, Britain,
Spain, and Greece (Zijlstra 1987, Gonzàlez 1991,
Clarke et al. 1993, Handrinos and Akriotis 1997, Agostini and Logozzo 2000, Underhill-Day 2002, Panuccio
et al. 2005b, Corso and Penna in press). Female West-
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Figure 1. Solid lines: simplified plotted flyways reported by Strandberg et al. (2008) for Western Marsh Harriers (Circus
aeruginosus) passing through the central Mediterranean and via the Balearic Islands, as estimated using satellite telemetry.
Sketched lines: the alternative flyway along the Corsica-Sardinia corridor and the expected autumn routes used by
Western Marsh Harriers crossing the Mediterranean Sea as suggested by observations at the following watchsites: Island
of Elba (1), 42u469N, 10u169E; Island of Pianosa (2), 42u359N, 10u049E; site of the radar study near Malaga (3), 36u439N,
4u069W; Circeo Promontory, 41u149N, 13u039E; Island of Capri, 40u339N, 14u139E; Mount Covello (Calabrian Apennines),
38u499N, 16u249E; Island of Ustica, 38u429N, 13u099E; Island of Panarea, 38u389N, 15u039E; Aspromonte National Park
(area of the Strait of Messina), 38u139N, 15u559E; Island of Marettimo, 37u589N, 12u039E; Island of Pantelleria, 36u479N,
11u599E; Island of Malta, 35u549N, 14u269E; Pelagie Islands (Linosa: 35u539N, 13u159E; Lampedusa: 35u309N, 12u349E);
Cap Greco (4; Cyprus), 34u589N, 34u049E.

ern Marsh Harriers, being larger than males, are more
likely than males to capture larger prey (waterfowl)
and, probably, to tolerate colder temperatures and
to fast longer (Newton 1979, Kerlinger 1989, Clarke

1995, Simmons 2000). For this reason, males may have
a stronger tendency to migrate earlier and further
after leaving their breeding or premigratory stopover
areas (Agostini and Logozzo 2000, Agostini et al. 2003,
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Panuccio et al. 2005b). This latitudinal segregation of
sexes in some populations of Western Marsh Harriers
may be explained by Bergmann’s rule, which predicts
that larger individuals are better adapted to survive in
colder climates. Other hypotheses, based on social
dominance theory, are less supported by available data, including similar proportions of juveniles and
adults in Italy (Panuccio et al. 2005b).
Water Crossings During Migration. The limited
data available from satellite telemetry suggest that
Western Marsh Harriers can make nonstop crossings over water of 300–550 km or more. For example, one adult male summering in the Ukraine and
studied with satellite telemetry crossed the central
Mediterranean Sea either via Corsica and Sardinia
or directly over water (R. Strandberg et al. 2008;
Fig. 1). Although locating birds using satellite telemetry produces large gaps in information in the
area around Italy because of an unknown interference (R. Strandberg pers. comm.), it was known
that the male passed through central Italy and
crossed the Tyrrhenian Sea from a starting point
north of Rome, continuing either to the east of or
across the island of Sardinia, reaching northern Tunisia, and heading southwest through north Africa
toward the Sahara Desert. Thus, this male either
made a nonstop powered flight over water of approximately 550 km, avoiding the passage through
Corsica and Sardinia, or traveled via the islands,
likely with at least one night of rest. When crossing
the central Mediterranean during both spring and
autumn, Western Marsh Harriers use several small
islands to enable soaring flight or as stopover sites
for roosting (Sammut 2005, Panuccio and Agostini
2006) and/or hunting (Thake 1983, Frost 1994, Rebassa 1995, Agostini and Logozzo 1998, Jonzén and
Pettersson 1999, Agostini et al. 2003, Panuccio et al.
2004, Sammut and Bonavia 2004, Panuccio and
Agostini 2006). Western Marsh Harriers are able
to cross water bodies during the night and tend to
cross the large body of water between western Sicily
and central Italy (.300 km; Fig. 1) during weak
rather than strong winds, without regard to wind
direction, or during windless periods (Panuccio et
al. 2002, Panuccio and Agostini 2010). However, a
study made simultaneously with radar and direct
observations during autumn migration on the
southern coast of Spain (Fig. 1) showed that the
number of harriers undertaking a shorter sea crossing (approx. 150 km) was similar for all wind directions during periods of weak winds. Conversely, during strong winds (.15 km/h) the number of birds
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crossing was higher during tail and lateral winds if the
latter provided at least partial tail-wind support
(Meyer et al. 2000). Meyer and colleagues suggested
that this strategy resulted in shorter crossing times
and thus lowered risk of unpredictable weather
changes. However, the probability of changing weather (wind) conditions increases with the length of the
crossing (see also Meyer et al. 2003). In the case of the
central Mediterranean, the flight strategy of Western
Marsh Harriers, moving hundreds of kilometers over
water in weak or no wind and using islands as stopover sites (Panuccio et al. 2002, Panuccio and Agostini 2010), might be seen as a conservative strategy.
During autumn migration, large numbers of
Western Marsh Harriers are seen each season leaving the coasts of Tuscany (central Italy) heading
southwest apparently en route to Corsica via the
islands of Elba and Pianosa (Fig. 1; Paesani and Politi 2002, Vanni and Paesani 2007). In contrast,
Western Marsh Harriers leaving central Italy from
the Circeo Promontory (Fig. 1; Latium), south of
Tuscany, are expected to cross the sea en route to
Africa, flying about 500 km nonstop over water because they face the open sea when heading southwest (Agostini et al. 2001, 2003, Panuccio and Agostini 2010). If the simplified plotted flyway reported
by Strandberg et al. (2008) is correct, the male from
the Ukraine expended a large amount of energy
and maximized its risks relative to the long sea crossing. However, based on the timing of the sea passage, it appears that this bird might have used the
Corsica-Sardinia route to Tunisia.
In the western Mediterranean, birds leaving
northeastern Spain apparently passed via the Balearic Islands. These birds likely make ,300 km of
nonstop, powered flight over water during the second stage of that crossing, between the Balearic Islands and northern Africa.
SPRING MIGRATION

Migration Route. There are fewer data on spring
migration than on autumn migration. However, available visual observation data indicate that Western
Marsh Harriers cross the Mediterranean on a broad
front during spring migration (Gensbol 1992, Handrinos and Akriotis 1997, Gustin and Pizzari 1998, Zalles
and Bildstein 2000, Agostini 2001, Ferguson-Lees and
Christie 2001, Panuccio et al. 2002, Pandolfi and Sonet 2003), as they do during autumn migration.
Migration of Different Sex and Age Classes. Studies in the central Mediterranean (Gustin and Pizzari
1998, Pandolfi and Sonet 2003, Panuccio et al.
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Figure 2. The occurrence of migrating Western Marsh Harriers (Circus aeruginosus) over the Strait of Messina, southern
Italy, between 27 March and 25 May 2004, during six ten-day periods (M. Panuccio unpubl. data). In this survey, the totals
for males, females, and juveniles were derived by multiplying their proportions in the sample of identified individuals in
each period, following the method used by Kjellén (1992) in his study on the autumn migration of raptors at the
Falsterbo peninsula (Sweden). In particular, to eliminate a bias resulting from the easier identification of the adult
males, we estimated the proportion of females and juveniles by dividing unidentified individuals of the group female/
juvenile between the two age groups according to their proportions among the identified birds.

2004) and at the Strait of Gibraltar (Finlayson 1992)
showed that adult males tended to migrate earlier
than adult females in spring (M. Panuccio unpubl.
data; Fig. 2). Strandberg et al. (2008) did not report
distinct differences in timing (departure and arrival
dates) of spring migration between males and females; however, the duration of spring migration
tended to be shorter for females. In spring, Western
Marsh Harriers tracked by satellite telemetry
showed a narrower front of migration over water,
concentrating the passage in the area of the Strait
of Gibraltar. One bird crossed the sea apparently via
Balearic Islands. In contrast with Strandberg et al.
(2008) and in agreement with several migration
counts, previous investigations have shown that
males tend to arrive on the breeding grounds earlier than females (Brown and Amadon 1968 quoted
by Kerlinger 1989). We recommend that future research focus on elucidating any differential migration strategies, as well as any effects of those strategies on reproductive fitness.
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Among long-distance migrants, adults tend to migrate earlier than juveniles during spring (Kerlinger
1989). In the case of the Western Marsh Harrier,
however, observations made at several sites of the
central Mediterranean indicate a partial overlap in
the migration periods of birds of different ages
(Fig. 2; Agostini and Logozzo 2000, Agostini 2001,
Panuccio et al. 2004). Perhaps, as suggested in a previous study (Agostini 2001), the tendency of juveniles
to migrate shorter distances than adults may explain
this partial overlap in their migration periods during
spring, a result of the contemporaneous passage of
juveniles wintering in the Mediterranean basin and
adults wintering in tropical Africa but beginning their
northward migration earlier in the season.
POPULATION TRENDS AND CONSERVATION

At the beginning of the second half of the last
century, the European population of the Western
Marsh Harrier decreased dramatically as a result of
shooting, poisoning by pesticides, and habitat loss
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including the draining of wetlands (Clarke 1995, del
Hoyo et al. 1994). However, recent population data
have shown notable increases in northern and eastern Europe, probably because of the increasing
adoption of protective measures (del Hoyo et al.
1994, Clarke 1995, BirdLife International 2004).
This trend is confirmed by migration counts made
in the central Mediterranean (Beaman and Galea
1974, Agostini and Logozzo 1997, Agostini et al.
2003, Sammut and Bonavia 2004). Further conservation efforts may also help protect this species from
potential threats posed by illegal harvesting in Malta
and the proliferation of wind farms in southern
continental Italy (Coleiro et al. 1996, Panuccio et
al. 2007).
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Abstract: Among migrating birds different strategies evolved in response to biomechanical constraints and
motivational asymmetries between ages, sex and species. In this paper we analyze differential migration of
Western Marsh Harriers using ring recovery data of 321 individuals from the European population. The
results show that with the increasing of latitude and longitude of the breeding sites, also the covered distance
to reach the wintering areas increases, i.e. Western Marsh Harriers breeding in Northern and Eastern Europe
migrate farther than individuals belonging to the populations of Western and Southern Europe, with no effect
of age classes in respect to the latitude of wintering. The results are consistent with the hypothesis that this species
shows a leap-frog migration pattern. On the other hand, when taking into account only birds wintering south
of Sahara desert, juveniles winter further West than adults. We suggest that this longitudinal difference could
be related to the different ability of experienced individuals to compensate the wind drift of dominant easterly
winds during migration over the desert in autumn. Our study confirms that ringing recoveries, despite not
providing detailed data on migratory routes such as satellite tracking does, still allow to perform large scale
analyses on a larger sample of individuals.

population winter farthest south (Salomonsen
1955, Smith et al. 2003).
Despite many different cases of leap-frog migrants
are reported among American raptors (Bildstein
2006), only few cases are known in Europe:
the Kestrel (Falco tinnunculus), the Northern
Sparrowhawk (Accipiter nisus) and the Eurasian
Buzzard (Buteo buteo, Wallin et al. 1987, FergusonLees and Christie 2001). The third case is the most
documented one; in particular individuals breeding
in Finland and Siberia migrate leapfrogging over
partially migratory and sedentary populations in
central and southern Europe as well as in Japan
(Alerstam 1990).
The Western Marsh Harrier (Circus aeruginosus)
is a good model species to investigate differential
migration since the European breeding population
is widely distributed, also at different latitudes. As

Introduction
Among migrating birds, differential migration, a
phenomenon in which migratory patterns differ
between age and/or sex classes of a population
(Cristol et al. 1999), largely occurs. Variations
could be related either to different timing or
to average length of migration (Marques et al.
2009). Among factors that give rise to differential
migration social dominance and competition
are of paramount importance (Alerstam and
Hedenström 1998). Two mechanisms can
trigger latitudinal segregation among migratory
populations: the “chain migration”, where winter
quarters of different populations are situated in the
same latitudinal sequence as the breeding areas,
and “leap-frog migration” where winter ranges are
in a reverse latitudinal arrangement compared with
breeding areas, i.e. the most northerly breeding
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2004, Strandberg et al. 2008, Agostini and
Panuccio 2010). A Generalized Linear Model
(GLM) with negative binomial distribution was
applied using the “MASS” package included in R
software (Venables and Riley 2002). Latitude and
longitude as well as age class (juvenile, adult) were
used as independent factors to explain variation in
the loxodrome distance (km) between the ringing
site (breeding area or birthplace) and the recovery
(wintering site). In the analysis the age of birds
was defined according to the recovery data, and
therefore a bird ringed at the nest and recovered
at least in its second or following winter was
considered an adult. We did not take into account
the sex category due to the low sample of sexed
birds.
Age related variation concerning the location
of wintering sub-Saharan areas was investigated
using Mann-Whitney U-test to compare longitude
of wintering sites. V-test was used to compare the
migratory directions being a circular statistic test
that allows to verify if two migratory directions
are similarly oriented. Moreover we calculated
the dispersal index (r) that in circular statistic is
the length of the mean vector (Fowler and Cohen
1992). Finally, ArcGIS 9.1 software was used to
project and visually inspect the data.

a consequence also the wintering grounds of this
species are extensively distributed: birds breeding
in Sweden winter in Africa south of Sahara, while
individuals belonging to western France are mostly
residents (Sternalski et al. 2008, Strandberg et al.
2008).
Brown et al. (1982) supposed that European
populations show a leap-frog migration, but no
data were provided to support this statement.
Some recent papers investigated the movements
of population of limited geographical areas with
visual observations, traditional radio-telemetry
and, more recently, by satellite tracking (Sternalski
et al. 2008, Strandberg et al. 2008, Klaassen et
al. 2010b, Agostini and Panuccio 2010). Here
we analyze migration patterns of Western Marsh
Harriers using ring recoveries data from a large
portion of Europe. A previous study compared
results of ringing recoveries data with results
provided by satellite tracking of some species
of raptors, among which the Western Marsh
Harrier (Strandberg et al. 2009). It suggested
that the interpretation of the temporal patterns
from recovery data is problematic but on the
other hand, ring recoveries and satellite tracking
provide more or less the same picture concerning
the geographical pattern of data distribution.
Moreover ring recoveries allow to manage a higher
amount of data than satellite tracking and, as a
result this method allows to reduce the bias due to
a small sample size.
Our aim was to compare the distances between
breeding and wintering grounds in relation to
longitude, latitude and age class.

Results
Our GLM shows a significant, positive,
relationship (Tab.1) between the length of the
migratory journey and both latitude (Fig. 1;
P<0.01) and longitude (P<0.01) of the breeding
sites but not with age class (P>0.05), showing that
individuals belonging to northerly and easterly
populations migrate farther than individuals
breeding in Western and Southern Europe.
43 individuals were recovered in Africa south of
Sahara Desert, among them 21 were juveniles and
22 adults (48.8% vs. 51.2%; χ²= 0.02, d.f.=1,
n.s.), comparing longitudes of breeding sites of
these juveniles and adults no differences were
found (Mann-Whitney U-test; U=183, n.s.).
On the other hand, comparing the longitude of
wintering sites in sub-Saharan Africa, juveniles
wintered significantly western than adults (MannWhitney U-test; U=134, P<0.05).

Materials and Methods
Ringing data of Western Marsh Harriers were
obtained from the EURING database. In the
analysis were considered only high accurate data
concerning coordinates of capture and recovery
with a maximum error of 50 km (EURING
categories from 0 to 4). After filtering, we retained
for the analyses a total of 345 individuals ringed
during the breeding season (10 may - 10 July)
and recovered during winter (15 October - 28
February), selecting these periods according to
the migratory phenology of the species (Génsbøl
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Table 1 – Results of the GLM investigating the relationship between the
distance covered to reach wintering grounds (dependent variable) and
coordinates of breeding sites and age class (adults vs. juveniles).
Explanatory Term

F

P (>F )

Latitude of the breeding site

11.45

<0.01

Longitude the breeding sites

13.23

<0.01

Age class

0.05

>0.05

consequence northerly populations start later their
migration in autumn finding the closer wintering
areas already occupied. For this reason they are
forced to move further. 2) “Competition and the
predictability in spring”: the suitability of an area
diminishes with the increase of bird density, as a
result of intra-specific competition. Individuals
move showing different densities within different
areas, but birds breeding at the southerly
territories, differently from the northern ones,
have the advantage to winter as close as possible to
their breeding area reacting quickly as the spring
weather becomes favorable. This occurs because
earliest breeding pairs of birds show highest fitness
(Alerstam 1990). On the other hand individuals
belonging to northern populations cannot arrive
too early at the breeding sites, at least not before
that their feeding source is available. These birds
wintering far away from the breeding sites, cannot
react immediately to detect the upcoming spring
as southerly breeders do. Other hypotheses were
based on optimal time allocation rather than
effects of competition. Greenberg (1980) showed
that northerly breeders, which have to spend the
longest annual period away from the breeding
range, may minimize their total mortality during
the long non-breeding period by migrating to the
farthest south wintering grounds. On the other
hand Bell (1996, 1997) predicted that northerly
breeders with a late spring migration could use the
surge of spring food at southerly latitudes before
starting the migration. All these assumptions

Figure 1 – Graph showing relationship between
the length of the migratory journey in relation to
the latitude of the breeding site.
Discussion
Our results indicate that northerly and easterly
populations of Western Marsh Harriers move
further away than southerly and westerly ones.
Starting from 46° of breeding latitude (Fig.1),
some individuals start to show very short distance
migration or even residency. This migratory pattern
could be largely explained by leap-frog migration
as shown also by other examples in literature
(Alerstam 1990, Boland 1990, Marques et al.
2009, Kylin et al. 2011). Alerstam (1990) gave
two possible explanations of leap-frog migration:
1) “Competition and the timing of migration”:
birds breeding in the southernmost part of the
species range start and finish reproduction earlier
than birds breeding in the northerly area. As a
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Figure 2 – The map shows ring (summer) and recovery (winter) sites of adult and
juvenile Western Marsh Harriers breeding in Europe.
arriving is associated to higher fitness (Myers
1981, Alerstam 1990). Concerning this topic,
it has been observed among Western Marsh
Harriers breeding in Sweden that delayed arrivals
lead to a lower breeding success and this is also
linked to the difficulties in crossing the ecological
barriers such as the Sahara desert (Strandberg et
al. 2009). Therefore there are several strategies
that a bird could use to reduce the time needed
to perform the migratory journey (i.e. the use of
more direct routes, limiting the use of stop-over
sites, extending the travelling time also within the
night). Among them reducing the length of the
migratory journey: wintering as closer as possible
to the breeding sites or, vice versa, breeding as
closer as possible to their wintering grounds.
Finally, it is important to consider the different
starting dates of reproduction; in fact individuals
belonging to northerly breeding range start the

are not mutually exclusive and could integrate
with each other explaining leapfrog migration
of Western Marsh Harrier. Its life-history traits
clearly indicates that this species is strictly linked
to wetlands that are mostly frozen during winter
in north, central and eastern Europe and therefore
feeding opportunities drastically decrease.
Individuals belonging to western and southern
Europe could remain close to their breeding sites
since wetlands do not freeze, especially on coastal
areas (like western France), they probably take
advantage of milder temperatures in respect to
other areas located further East (inland) at the
same latitude. As a consequence Western Marsh
Harriers from northern and eastern Europe
should be forced to migrate farther to avoid
competition with resident (or shorter-distance
migrants) birds in western and southern Europe.
Moreover in many species of migrating birds early
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reproduction in average some weeks later than in
western and southern Europe (Ferguson-Lee and
Christie 2001, Génsbøl 2004).
Considering the length of the migratory journey
in relation to the age class, our results show that
there aren’t differences among adults and juveniles.
In this regard, a previous survey made in Italy
showed that the proportions of wintering adults
and juveniles were similar while in other areas
of Europe the proportion of wintering juveniles
appears to be increasing in the last years (Panuccio
et al. 2005, Castelijns and Castelinjns 2008,
Strandberg et al 2008). Moreover, no juvenile
satellite tracked from Sweden has wintered south
of the Sahara, although sample size (3) was too
small to draw any conclusion (Strandberg et al.
2008).
Analyzing the distribution of individuals recovered
in winter south of Sahara desert in relation to the
age class, juveniles wintered significantly westerly
than adults, even if there are no differences in
this respect concerning the breeding site. Across
the Sahara desert in autumn easterly winds are
dominant and this largely affects the migration of
raptors, including the Western Marsh Harriers in
particular (Klaassen et al. 2010a, 2010b). In other
species of raptors it has been observed that adults
(experienced individuals) compensate the drift
of lateral winds during migration while juveniles
(inexperienced individuals) do not do it, being
drifted by crosswinds (Thorup et al. 2003). This
happens because adults have higher orientation
abilities allowing accurate compensation for wind
drift. On the opposite, juveniles are more inclined
to be drifted by lateral winds being at their first
migration and without any specific prior winter
site as final destination. We suggest that, differently
from adults, juvenile Western Marsh Harriers are
more likely to be drifted during their first flight
across the Sahara desert and, as a result, their
wintering sites are located western than in the case
of adults and their paths are differently oriented.
It remains unclear if and how survived juveniles
would shift their wintering grounds towards east
during the subsequent winters. The fact that we
haven’t recorded any difference in the direction
of migration of juveniles and adults wintering

north of Sahara, probably reflects a weaker drift
effect in Europe, as previously reported by data
collected with satellite telemetry (Klaassen et al.
2010a, 2010b). Many different research made in
central and eastern Mediterranean area through
visual observations showed a stronger tendency
of adult male Western Marsh Harriers to migrate
over longer distances than adult females (Agostini
and Logozzo 2000, Agostini et al. 2003, Panuccio
et al. 2005, Agostini and Panuccio 2010).
Unfortunately from the EURING dataset it is not
possible to evaluate if and how sex classes interact
with the leap-frog migration pattern of Western
Marsh Harrier, and therefore further studies are
needed to make clear other aspects of different
migration strategies of this species.
Acknowledgments: We are grateful to Chris du
Feu, EURING and to the Bird Ringing Centre of
Russia for the permission to use their data set.
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Abstract: During their migratory journey en route to Africa, European birds face a barrier: the Mediterranean
Sea. Unlike the majority of birds, Accipitriformes mostly use soaring-gliding flight rather than powered flight.
For this reason many species of raptors tend to avoid crossing bodies of water and privilege following land
masses. Different degrees of dependence on soaring flight are shown by different species of raptors. In this
paper we compare the migration of Western Marsh Harriers and juvenile European Honey Buzzards by
simultaneous observations carried out at two sites: Mount Olympus, north eastern Greece, and the island of
Antikythira, southern Greece. The fieldwork was carried out during the 2009 autumn migration. Differences
in migration timing, water-crossing behavior, age and sex classes (in the case of Western Marsh Harriers), show
that these species use different migration strategies when crossing the Mediterranean region in the autumn.
Western Marsh Harriers migrate through parallel flyways while juvenile European Honey Buzzards, attracted
by landmarks and following leading lines of land masses, carry out “island hopping“ migration. A computer
simulation showed marked differences in energy consumption rates between the two species, highlighting the
fact that powered flapping flight is far more disadvantageous for the European Honey Buzzard than it is for the
Western Marsh Harrier. In this particular case, the morphological features of the studied species may explain
the existence of two different migration strategies.
Key words: migration, Mediterranean, Circus aeruginosus, Pernis apivorus, water-crossing behavior.
Introduction
Birds have evolved specific styles of flight under
strong selective forces and in interaction with
biotic and abiotic factors in their environment.
Among birds, migrants are expected to show
morphological traits that minimize the cost
of flight for an efficient migration (Alerstam,
1990; Åkesson & Hedenström, 2007). Unlike
the majority of birds, which mostly use powered
flapping flight, large raptors essentially use
soaring-gliding flight, allowing them to minimize
the energetic cost of flying and maximize their
flight speed over land (Kerlinger, 1989; Spaar &
Bruderer, 1997a). In fact, the migration speed of
large raptors using thermal soaring and gliding
is comparable to the highest speeds recorded for
powered flapping flight in smaller birds (Åkesson

& Hedenström, 2007).
Among migrating raptors different skills are
reported in the exploitation of thermal currents:
heavier species glide faster and exhibit better
abilities in soaring-gliding flight compared with
species with a smaller body mass (Spaar, 1997).
Moreover, energy consumption during powered
flight increases disproportionately as body mass
increases (Pennycuick, 2008). Thus soaring raptors
tend to avoid crossing water surfaces since thermal
currents cannot be used and mortality risks rise
as the length of the crossing increases (Zu-Aretz
& Leshem, 1983; Kerlinger, 1989). Kerlinger
(1989) suggests that the aspect ratio ((Wing
Span)2 / (Wing Area)) plays a role of paramount
importance in explaining the water crossing
tendency of migrating raptors. Aspect ratio is a
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dimensionless term used to compare the shape of
the wings of birds: in general, species with longer
and narrower wings are better suited to powered
flapping flight (Kerlinger 1989). The behaviour
shown by raptors during the crossing of water
barriers also varies among species according to
the different morphologic features just explained.
The most common raptor species that cross
the Mediterranean Sea are: the Western Marsh
Harrier (Circus aeruginosus) and the European
Honey Buzzard (Pernis apivorus; Finlayson, 1992;
Rebassa, 1995; Zalles & Bildstein, 2000; Agostini
et al., 2002, 2003; Sammut & Bonavia, 2004;
Panuccio et al., 2005a; Kirwan et al., 2008;
Agostini & Panuccio, 2010).
These two species exhibit different water crossing
patterns. Studies based on satellite telemetry,
radar, direct observations and band recovery
data substantially agree that during their autumn
migration Western Marsh Harriers undertake long
water crossings, heading in a SSW-SW direction
and crossing the Mediterranean mostly during the
second and last third of September (for a review
see Agostini & Panuccio, 2010). It overlaps during
the same period with the migration of juvenile
European Honey Buzzards, however the latter
appears more reluctant than harriers to use powered
flight (Kerlinger, 1989). As a result, juvenile
European Honey Buzzards tend to follow leading
lines and also modify their migratory direction
depending on landmarks (i.e. coasts, promontories
and islands). This behavior was reported between
Central Italy and the island of Malta where, unlike
Western Marsh Harriers, hundreds of European
Honey Buzzards, after initiating sea crossing at the
Circeo Promontory, deviate eastward to follow
the Italian peninsula, flying a couple of days later
over the island of Malta (Agostini et al., 2002,
2004). To date, there is a dearth of information
available on raptor migration along the CentralEastern Mediterranean flyway (Lucia et al. 2011)
and previous comparative studies on the watercrossing tendency of Western Marsh Harriers and
European Honey Buzzards have described their
behaviors at one sinlge watchsite. In addition,
the aspect ratio was considered the main element
accounting for the different migration strategies in

overcoming sea barriers (Kerlinger 1989, Panuccio
and Agostini 2010).
We made simultaneous observations at two sites in
the Central-Eastern Mediterranean and analysed
differences in timing, age and sex. Finally, since
sea-crossings are crucial during migration, the
effect of lateral winds on the intensity of the
migratory flow of the two species at the island
of Antikythira was also investigated. Indeed, the
resulting path of a flying bird is largely influenced
by wind direction. Winds perpendicular to the
direction in which the bird is moving can cause
a shift in the birds’ path. This effect is called wind
drift and many species of migrating birds are able
to compensate it (Klaassen et al., 2010b)
The aims of this research are to: 1) investigate
differences in the water crossing tendency of
Western Marsh Harriers and European Honey
Buzzards along a route where information is
lacking and check whether the two migratory
patterns previously observed can be generalised;
2) discuss hypotheses which may explain the
migration strategies observed. In order to test
the role of morphologic differences between
the two species we used a computer simulation
providing information on the two species’ energy
consumption rates during both powered flapping
and soaring gliding flight.
Materials and methods
Fieldwork
Observations were made simultaneously at the
island of Antikythira (southern Greece) and at
Mount Olympus (northern Greece) from 9th
September to 1st October 2009, a period during
which the migration of Western Marsh Harriers
and juvenile European Honey Buzzards overlaps
(Agostini et al., 2002, 2003, 2004). A total of 207
hours of fieldwork was undertaken at the two sites
from 9:00 (solar time) until dusk, with the aid of
binoculars and telescopes.
Antikythira (35° 52’ N; 23° 18’ E) is a small island
(20 km²; max. altitude 378 m), oriented in a NWSE direction, located 32 km SE of the island of
Kythira, 59 km S of the Peloponnesus Peninsula
and 33 km NW of Crete which in turn is located
approximately 300 km NE of the Cyrenaica
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Peninsula (Libya; Fig. 1). At this site, observations
were made from a watchpoint (35° 51’ 48’’ N;
23° 17’ 50’’ E) located on the northern side of the
island at an approximate elevation of 220 m above
sea level. This site is known to be an important
bottle-neck for the autumn migration of raptors
(Lucia et al., 2011).
In northern Greece a watchpoint (40° 01’ 50’’ N;
22° 29’ 40’’ E) was used on the eastern slope of
the Olympus mountain (2917 m) located at an
approximate elevation of 900 m above sea level.
The distance between the watchpoint and the
coast line of the Aegean Sea is 7.5 km. On days
of low visibility due to clouds, observations were
made from a watchpoint located at a lower level.
At this site, migrating raptors are constrained to fly
through a narrow corridor between the mountain
chain and the sea (Panuccio et al., 2012).

To investigate the circadian pattern of migration,
each observation day was divided into three time
periods (solar time): 09:00-11:59 (morning),
12.00-14:59 (midday), and 15:00-18:00
(afternoon).
When raptors passed close to the watchpoint (>250
metres) it was possible to determine the age and sex
of the observed individuals (Clark, 1999; Forsman
1999). In the case of Western Marsh Harrier, the
total number of adult males, adult females and
juveniles at each site was derived by multiplying
their proportions in the sample of aged/sexed
individuals. In particular, to eliminate a bias
resulting from the easier identification of the adult
males, we estimated the proportion of females and
juveniles by dividing unidentified individuals in
the female/juvenile group in accordance with the
proportions found in identified birds. Further, in
the case of European Honey Buzzards the overall
number of adults and juveniles was estimated
in accordance with the proportions recorded in
the sample of aged individuals (Kjellén, 1992;
Panuccio et al., 2005b).
We compared the numbers of raptors observed in
each time slot (morning, midday, afternoon) under
different wind conditions: lateral winds vs. other
winds (headwinds and tailwinds). For this purpose,
we used a Mann-Whitney U-test permitting to
assess whether one of two independent samples
has larger values than the other. Prior to that, an
F test was run to compare variances (Fowler and
Cohen 1995). Wind data were obtained from the
NCEP/NCAR reanalysis project (NOAA/OAR/
ESRL PSD, Boulder, CO, USA, http://www.esrl.
noaa.gov/psd/).
Finally chi-squares and contingency tables were
used to compare proportions of birds belonging to
different age and sex classes as well as compare the
circadian variation of the raptors observed.

Data analysis
We tested the hypothesis that the timing of
migration at Mount Olympus and at the island
of Antikythira was correlated by comparing
counts of Western Marsh Harriers and European
Honey Buzzards at the two sites. We used a
Pearson’s correlation analysis, after logarithmic
transformation of the data. This test is a measure
of the correlation (linear dependence) between
two variables, in this case numbers of raptors
observed at the two sites. First, a Shapiro-Wilk
test of normality was run. We divided the days
of observations into 12 two-day periods. Raptors
during migration show a cross-country speed
ranging from 31 to 43.9 km/h (Spaar, 1997); it
is therefore reasonable to assume they can cover
the distance between Mount Olympus and the
island of Antikythira in about two days. Further
confirmation of migration speeds is provided by
Western Marsh Harriers and European Honey
Buzzards equipped with satellite transmitters,
showing an average speed of 204 and 176 km/
day respectively during travelling days (Hake et
al., 2003; Strandberg et al., 2008). For this reason
data counts from Mount Olympus (from 10 to
29 September) were compared with data collected
two days later at Antikythira (from 12 September
to 1 October).

Computer simulation
To date, the literature does not offer data that allow
a comparison of the energy consumption rates of
the Western Marsh Harriers and the European
Honey Buzzards in different styles of flight. For
this reason we chose to use Flight, a published
flight performance programme based on flight
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Pennycuick & Battley, 2003 ).

mechanics (Pennycuick, 2008). Flight is based
on classical aerodynamics and power estimates
(energy consumption) are absolute numbers
calculated from Newtonian mechanics.
In Flight, a bird is described by three numbers,
its mass, its wing span and its wing area; for
our analysis we used measurements taken from
published data (Table 1; Clark, 1999; Bruderer
& Boldt, 2001). The two most important
environmental variables for flight calculations
are the strength of gravity and air density. The
benchmark for air speed is the value calculated
one metre above sea level at the minimum power
speed (Vmp), assuming an absence of wind. Vmp
is the speed for minimum mechanical power in
level flight. Under the assumptions in Flight, this
is also the speed for minimum chemical power.
Mechanical power is the rate at which flight
muscles have to work, while chemical power is
the rate at which fuel energy has to be consumed.
The value used to test energy consumption during
powered flight is the minimum chemical power;
this one consists in the rate at which fuel energy
is required in aerobic flight when flying level is at
Vmp. On the other hand the energy required for
gliding flight is calculated as the chemical power
in gliding, i.e. the sum of chemical power for tonic
muscles and basal metabolic rate. The unit (Watts)
is the same for both mechanical and chemical
power (Pennycuick, 2008). Previous studies have
focused on a comparison with data collected on
the field and the data calculated with the method
used by Flight program; predictions were realistic
(Pennycuik, 1996; Spedding & Pennycuik, 2001;

Results
268 and 187 Western Marsh Harriers were
observed at Mount Olympus and at the island
of Antikythira respectively. The analysis shows
that no correlation exists between the passage
of Western Marsh Harriers at the two sites (r =
0.008, P > 0.05). Further, the daily variation
of migratory flow shows that at the island of
Antikythira Western Marsh Harriers migrate
mostly during the first half of the study period,
while at Mount Olympus they were observed
migrating in the whole period (Fig. 1A). Age and
sex was determined for 118 and 162 individuals at
Mount Olympus and at the island of Antikythira
respectively. Comparing the age classes at the two
sites (Table 2), the proportion of juveniles was
higher at Mount Olympus than at the island of
Antikythira (contingency table: χ² = 23.8, d.f.
= 1, P < 0.01). In addition, a comparison of the
proportion of sex classes showed that adults males
migrated mostly through the island of Antikythira
rather than at Mount Olympus (contingency
table: χ² = 3.94, d.f. = 1, P < 0.05). The hourly
variation of migratory flow showed an afternoon
peak at the island of Antikythira (χ² = 7.74, d.f.
= 2, P < 0.01) while the opposite occurred at
Mount Olympus where Western Marsh Harriers
were observed mostly in the morning and at
midday (χ² = 37.8, d.f. = 2, P < 0.01). During
periods of lateral winds the number of Western
Marsh Harriers observed migrating at the island
of Antikythira was significantly lower than with

Table 1 – Measurements of European Honey Buzzard and Western Marsh Harriers, the energy
consumption during powered and gliding flight is expressed in Watt; (1) Clark, 1999; (2) Bruderer and
Boldt, 2001; Pennycuick, 2008).
SPECIES

Body mass
(Kg)

Wingspan
(m)

Wing area
(m²)

Aspect
ratio

Powered
flight (W)

Gliding
flight (W)

Pernis
apivorus

0,79 (1)

1,3 (1)

0,236 (2)

7,16

30,6

4,32

Circus
aeruginosus

0,54 (1)

1,28 (1)

0,225 (2)

7,28

17,4

3,11
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peak. We found no significant difference in the
numbers of European Honey Buzzards observed
with lateral winds in comparison with other winds
at the island of Antikythira (U = 863, P > 0.05).
Despite the similar aspect ratio of the Western
Marsh Harrier and the European Honey Buzzard
(7.28 vs. 7.16) the latter shows a stronger
increase in energy consumption during powered
flight. In fact, the results provided by the Flight
programme show that during gliding flight the
energy consumption is similar in both species
while during powered flight it is much higher
for European Honey Buzzards than for Western
Marsh Harrier (Table 1). In particular the use
of powered flight for European Honey Buzzards
requires 4.3 times the energy used for gliding flight
while the difference is only 2.4 times for Western
Marsh Harriers.

other wind directions such as headwinds and
tailwinds (U = 1625, P < 0.05).
Table 2 – Estimated numbers of adults (males,
females) and juveniles of Western Marsh Harriers at
the two sites.
Adults
(♂,♀)

Juv.

Tot.

Mount
Olympus

125
(50,75)

143

268

Antikythira

139
(80,59)

48

187

177 migrating European Honey Buzzards were
counted at Mount Olympus and 120 at the island
of Antikythira. A correlation exists between the
passage of this species at the two sites (r = 0.637, P <
0.05). In particular, migration showed a movement
peak on 10 September (Fig. 2B; N. 42; 23.7%)
at Mount Olympus and on 12-13 September
(N = 54; 45%) at the island of Antikythira. On
the basis of aged birds (N = 134), the estimated
numbers of juvenile European Honey Buzzards
outnumbered adults both at Mount Olympus
(154 vs. 23; χ² = 74.3, d.f. = 1, P < 0.001) and
at the island of Antikythira (97 vs. 23; χ² = 25.8,
d.f. = 1, P < 0.001). The variation of the circadian
migratory flow showed a clear midday peak at
Mount Olympus (χ² = 35.5, d.f. = 2, P < 0.01)
while at the island of Antikythira the passage of
European Honey Buzzard did not show an evident

Discussion
The results of our research suggest that Western
Marsh Harriers and juvenile European Honey
Buzzards use different flyways across the study
area. In particular, differences concerning both the
timing of migration and water crossing behavior,
as well as differences in age and sex classes (in the
case of Western Marsh Harriers), show that the
two species use different migration strategies when
crossing the Mediterranean sea.
Western Marsh Harrier
The results show indirect evidence that this species,
during post-reproductive journeys, tends to travel
along parallel NE-SW flyways using parallel

Figure 1 - Occurrence of Western Marsh Harriers (A) and European Honey Buzzards (B) at the two sites.
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Figure 2 – The study area (MO – Mount Olympus; AN – Antikythira; KY – Kythira; PP – Peloponnesus
peninsula; CP – Circeo promontory; CA – Calabrian Appennines) and the supposed flyways of Western
Marsh Harriers (A) and juvenile European Honey Buzzards (B) in central and eastern Mediterranean
(Agostini et al., 2003, 2004; Handrinos and Akriotis, 1997; this study).
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migration paths over water and over land, just as
they do in the Central Mediterranean region (Fig.
1A; Agostini et al., 2001, 2003; Panuccio et al.,
2005a; Agostini & Panuccio, 2010). In particular,
the timing of migration at the two sites allows us to
exclude any correlation between the two migratory
flows. This is suggested further by the different
age and sex compositions of the individuals
observed at the two sites. The higher percentage of
adult males observed at the island of Antikythira
appears to confirm that adult males, in autumn,
tend to migrate earlier and over longer distances
than adult females; in fact some authors have
hypothesized (Panuccio et al., 2005b) a latitudinal
segregation of sexes over the populations of this
species that are entirely migratory. According to
this hypothesis adult females should overwinter
mostly in the Mediterranean area and adult males
mostly in Africa south of the Sahara, in accordance
with Bergmann’s rule which predicts that larger
individuals (i.e. females in this case) are better
adapted to survival in colder climates (Cristol et
al., 1999). This is supported by observations in
Greece which show that during the winter adult
males are extremely rare (Handrinos & Akriotis,
1997). The higher number of juveniles observed
migrating in continental Greece rather than in
Antikythira reflects the tendency of juvenile
Western Marsh Harriers to follow leading lines
of the mainland during their first migration,
as observed in Sweden and in Southern Italy
(Kjellén, 1992; Panuccio et al., 2005a). The higher
percentage of Western Marsh Harriers observed at
the island of Antikythira in the afternoons (Fig.3a)
is consistent with the hypothesis that they use
the island as a stop-over site, as is also shown in
observed roosting birds (N.=27; 14.4%).
Finally, when testing the effect of lateral winds
during the water crossing, lower numbers of
Western Marsh Harriers were observed in lateral
winds than in other wind directions at the island
of Antikythira. This result suggests that when they
cross that body of water they do not compensate
the drift effect of lateral winds, perhaps because
they are not attracted by this island since they are
capable of migrating over the Mediterranean Sea
using powered flight (Spaar & Bruderer, 1997b;

Agostini & Panuccio, 2010; Panuccio, et al.
2002). The Western Marsh Harrier’s high degree
of spatial flexibility during migration is also shown
by the modulation of their response to lateral
winds at different places and times (Klaassen
et al., 2010a; 2010b; Vardanis et al., 2011).
European Honey Buzzard
The notable correspondence between the
migration of European Honey Buzzards at Mount
Olympus and at the island of Antikythira is not
consistent with the hypothesis that juveniles of this
species migrate along parallel routes like Western
Marsh Harriers. On the contrary, an analysis of
the migration at the two sites suggests that at
least some of the individuals migrating through
continental Greece, once they have arrived in
southern Peloponnesus, follow the fingers of the
peninsulas and cross the sea between the islands of
Kythira, Antikythira and Crete en route to Libya
(Fig. 2B). Moreover, the analysis of migration in
relation to wind direction suggests that juvenile
European Honey Buzzards, unlike from Western
Marsh Harriers, compensate the drift effect of
lateral winds during the sea crossing between
Kythira and Antikythira. In this species the
ability to compensate wind drift is age-dependent
(Thorup, et al. 2003). However, since the island of
Antikythira is almost always visible from the island
of Kythira, we suggest that juvenile European
Honey Buzzards flying over the sea in this area can
compensate the drift caused by crosswinds as they
are attracted by the sight of Antikythira, where
thermal currents can be used.
Studies made in the Central Mediterranean
showed a similar behavior in migrating juvenile
European Honey Buzzards during the autumn. A
broad migration front involves numerous islands
while hundreds of individuals migrating along the
western coast of Central Italy deviate eastwards,
following the mainland of the Italian Peninsula,
and thereby avoiding crossing the Tyrrhenian Sea.
They than cross the Mediterranean Sea between
Southern Sicily and Libya, flying over the island of
Malta (Agostini et al., 2002, 2004).
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Conclusions
As our results confirm, the use of different migration
strategies across the Mediterranean sea in the two
species studied indicates that, whenever possible,
the European Honey Buzzard attempts to cover
the longest landway of its autumn migration using
gliding-soaring flight, while the Western Marsh
Harrier is more likely to undertake long water
crossings. These two different migratory behaviors
may be a result of different skills in the exploitation
of soaring-gliding flight and/or a result of different
rates in energy consumption during powered flight
as shown by the computer calculation (Åkesson &
Hedenström, 2007; Spaar, 1997). As their aspect
ratio is similar, the morphologic feature making a
difference is weight, since this differs significantly
in the two species (Tab. 1). This may explain why
powered flapping flight is more disadvantageous

for the European Honey Buzzard than it is for the
Western Marsh Harrier.
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Short paper
Raptor migration at Antikythira, in southern Greece
Abstract We document the first systematic survey of the spring and autumn
migration of raptors along the central-eastern Mediterranean flyway, from
observations on Antikythira, in southern Greece. More raptors were observed in
autumn than in spring, mainly due to the much greater autumn passage of adult
Honey-buzzards Pernis apivorus. Results suggest that the entire Greek population
of Black Kites Milvus migrans uses this flyway. Our observations of Short-toed
Eagles Circaetus gallicus suggest that adults breeding in southern and central
Greece avoid Antikythira and follow a circuitous migration via the Bosporus or
Dardanelles, while some juveniles in autumn appear to attempt a sea crossing via
Crete to Libya.
Most raptors that breed in Europe and
winter in Africa tend to avoid crossing the
Mediterranean during migration, which
leads to the well-known concentrations at
the Bosporus and Strait of Gibraltar.
However, some species with relatively long
wings (chiefly Honey-buzzard Pernis
apivorus, Marsh Harrier Circus aeruginosus
and Black Kite Milvus migrans) regularly
cross the central Mediterranean using
powered flight, negotiating sea crossings of
between 150 and 500 km between centralsouthern Italy and North Africa (Agostini et
al. 2000; Sammut & Bonavia 2004; Agostini

& Panuccio 2005, 2010).
In contrast to the central Mediterranean
flyway, little is known of raptor movements
between Greece and North Africa, although
Handrinos & Akriotis (1997) suggested that
the Peloponnese–Crete flyway may be an
important route. The aim of this study was to
provide the first systematic survey of
migrating raptors using this flyway.

Study area and methods

Michele Panuccio

Antikythira (35°52’N 23°18’E; fig. 1) is a
small island in the Sea of Crete, 32 km southeast of Kythira and 33 km northwest of Crete.

135. Sunrise over the watchpoint on Antikythira, with Kythira in the far distance; October 2009.
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Sporadic observations in recent years had
suggested that its location, along the centraleastern Mediterranean flyway, makes it
attractive to migrant birds (Kominos unpublished data). Systematic counts were made
during both spring and autumn, from a
single observation point. In spring, counts
were made from 25th April to 15th May 2007
and from 16th April to 14th May 2008 (a
total of 410 hours of observation). In
autumn, counts were made from 24th August
to 20th September 2007, 21st August to 20th
September 2008 and 4th September to 20th
October 2009 (925 hours in total).
Other surveys of raptor migration,
including those cited above, show that birds
using islands as a stopover site are a source of
potential bias, so birds seen hunting or in
‘reverse migration’ were subtracted from our
counts. We also attempted to distinguish
adults and juveniles and, where possible,
(adult) males and females. For Marsh Harriers, the number of adult females and juveniles was estimated by allocating unidentified
female/immatures between the two age
groups according to their proportion among
identified birds (Kjellén 1992; Agostini &
Logozzo 2000).

Results
Spring
In spring, migrating raptors typically
approached from the southeast, presumably
via Crete, and disappeared towards Kythira to
the northwest. A total of 385 migrant raptors
was recorded in spring 2007 and 412 in 2008
(table 1). Fifteen raptor species were logged,
of which Common Buzzard Buteo buteo
(max. 129 on 24th April 2008), Honeybuzzard (max. 32 on 5th May 2007) and
Marsh Harrier were the most numerous.
Adult Honey-buzzards markedly outnumbered juveniles, while the reverse was true for
Common Buzzards (table 1).

Autumn
In autumn, raptors arrived from the northwest and departed to the southeast and a
total of 1,494 was counted in 2007, 1,789 in
2008 and 823 in 2009 (table 1). Seventeen
species were recorded in 2007, 15 in 2008,
and 22 in 2009; Honey-buzzard (max. 387 on
24th August 2008), Marsh Harrier (max. 63
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on 11th September 2008) and Black Kite
(max. 47 on 28th August 2007) were the most
numerous species overall.

Discussion
Our results confirm that a small but significant passage of raptors occurs along the
Peloponnese–Crete flyway during spring and
autumn.
As expected, few of the broad-winged
raptors that use thermals to assist their
migration were recorded on Antikythira,
even though important populations of
several species breed in Greece: Levant Sparrowhawk A. brevipes (1,000–2,000 pairs),
Short-toed Eagle Circaetus gallicus (300–500
pairs), Long-legged Buzzard B. rufinus
(200–300 pairs), Egyptian Vulture Neophron
percnopterus (100–150 pairs), Lesser Spotted
Eagle Aquila pomarina (67–90 pairs) and
Booted Eagle A. pennata (50–100 pairs)
(these and other population estimates from
BirdLife International 2004). Of these, only
Booted Eagle was observed on migration in
anything more than a tiny fraction of the
numbers breeding in Greece. For most of
these species, the few records from
Antikythira may be of short-distance
migrants (birds breeding on the Greek
mainland and wintering in Crete) and/or
inexperienced juveniles moving south using
their innate compass.
In contrast, good numbers of Common
Buzzards were counted on migration (table
1) in relation to the resident breeding population in Greece (3,000–5,000 pairs). These
migrants, however, may not originate
primar ily from Greece: movements of this
species have been seen over mainland Greece
in both spring and autumn and, of 20 ringed
birds recovered in Greece, 14 were ringed in
Finland (Handrinos & Akriotis 1997).
The small number of falcons and Ospreys
Pandion haliaetus recorded on Antikythira
probably reflects the fact that they are less
attracted to islands during sea crossings,
being equipped to migrate using powered
flight and thus across a broad front (Kerlinger 1989).
Recent studies in the central Mediterranean have shown evidence of agedependent migration behaviour in
Short-toed Eagles. Breeding birds from
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Honey-buzzard Pernis apivorus
Black Kite Milvus migrans
Egyptian Vulture Neophron percnopterus
Short-toed Eagle Circaetus gallicus
Marsh Harrier Circus aeruginosus
Hen Harrier Circus cyaneus
Pallid Harrier Circus macrourus
Montagu’s Harrier Circus pygargus
Unidentified small harrier
Northern Goshawk Accipiter gentilis
Eurasian Sparrowhawk Accipiter nisus
Levant Sparrowhawk Accipiter brevipes
Unidentified sparrowhawk
Common Buzzard Buteo buteo
Steppe Buzzard Buteo b. vulpinus
Long-legged Buzzard Buteo rufinus
Unidentified buzzard
Greater Spotted Eagle Aquila clanga
Lesser Spotted Eagle Aquila pomarina
Booted Eagle Aquila pennata
Eastern Imperial Eagle Aquila heliaca
Osprey Pandion haliaetus
Lesser Kestrel Falco naumanni
Common Kestrel Falco tinnunculus
Red-footed Falcon Falco vespertinus
Hobby Falco subbuteo
Saker Falcon Falco cherrug
Unidentified raptor
Total

Total
101
15
3
31
2
6
6
1
187
1
4
4
21
1
2
385

79
4, 6

1

1

1

3

35

1
3
3

0, 1
1, 1
-, 1

4

18

1
4, 5

Spring 2007
Adult Juv
39
1
1
4
Total
34
10
59
1
1
2
1
3
282
1
2
4
1
2
6
3
412
4, 1
2

2

2

-, 2

0, 1
0, 2
0, 1

12, 22

1

1

47

24
1

Spring 2008
Adult Juv
15
6

Autumn 2007
Total Adult Juv
1,131
322
35
77
5
1
1
172
45, 22
70
2
1, 1
3
3, 0
3
0, 1
2
9
-, 3
1
1
6
10
1
1
3
1
2
1
20
1
4
1
1
1, 0
1
1
1
1
46
1,494

Autumn 2008
Total Adult Juv
1,348
301
61
76
11
10
10
2
8
244
59, 50
72
2
2
3
1, 1
1
6
-, 1
2
2
14
3, 9
1
1
55
16
14
1
5
2
2
10
1
2
5
2
2
1
1
2
1,789

Autumn 2009
Total Adult Juv
134
12
86
18
1
1
5
1
4
28
27
255
85, 61
75
1
1
2
2, 0
11
1, 3
7
3
2
1, 145
9, 15
38
44
1, 7
5
105
11
11
5
1
1
1
5
1
32
19
1
1
1
4
4, 0
2
5
5
4
3
5
823

Table 1. Number of raptors observed on Antikythira, southern Greece, during spring migration in 2007 and 2008, and autumn migration in 2007–09. In cases
where it was possible to sex adult birds, the left-hand number in the ‘Adult’ column refers to males and the right-hand number to females; where sexing was not
possible but birds could be accurately aged, the total number of adult and juvenile birds are given separately. Observation periods were 25th April to 15th May
2007; 16th April to 14th May 2008; 24th August to 20th September 2007; 21st August to 20th September 2008; and 4th September to 20th October 2009.
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central Italy reach African
wintering grounds via the
Strait of Gibraltar, while
juveniles head south in the
opposite direction via the
Sicilian Channel. The
interpretation here is that
inexperienced birds use
the shorter, but more
costly (in terms of the
energy needed for a sea
crossing) and/or hazardous route (Agostini et
al. 2002, 2004, 2009;
Premuda 2004). Our
results from Antikythira
suggest that most broadwinged raptors from
Fig.1.1.The
Thelocation
location
central and southern Fig.
of
Antikythira
Greece, both adults and of Antikythira
juveniles, opt for the more (A
(A ==Antikythira,
Antikythira,
conservative route. To KK == Kythira,
Kythira,
P = Peloponnesus).
avoid the long sea crossing P = Peloponnesus).
to Africa via Antikythira
lation of 1,000–2,000 pairs. More generally, it
and Crete most prefer the (longer) eastern
flyway via the Bosporus and/or the Dardis likely that most of the raptors recorded
anelles, where they can minimise energy
migrating through Antikythira are from
expenditure by exploiting thermals. (A spring
Greek breeding populations and we assume
survey at Dadia National Park, c. 80 km
that the entire Greek population of Black
northwest of the Dardanelles, reported 2,030
Kites (some 5–20 pairs) uses this flyway.
raptors of 23 species in three seasons
As in other studies, we found that adult
(2003–05), including 136 Short-toed Eagles,
male Marsh Harriers outnumbered adult
and it was assumed that these migrants
females in autumn (table 1). Although the
crossed into Europe at the Dardanelles;
majority of males are thought to winter in
Schindler et al. 2009.) It is interesting to note
Africa, many females winter in western and
that Short-toed Eagles were seldom recorded
southern Europe, including Greece (Agostini
on Antikythira. In autumn 2009, easily the
& Panuccio 2010). This may reflect the fact
best of the five study seasons, 28 were seen,
that the larger females are better able to
all in October; 27 were juveniles and the
survive in colder latitudes in winter (Agostini
remaining bird was not aged, intimating that
& Logozzo 2000; Panuccio et al. 2005).
there may be age-related differences in
migration strategy of this species among the
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Evidence for age-dependent
migration strategies in
the Short-toed Eagle

T

Since 2000, however, a regular passage of
Short-toed Eagles has been noted each autumn
moving south along the Central Mediterranean
flyway. Many thousands of raptors follow this
route, mostly Honey-buzzards Pernis apivorus,
Marsh Harriers Circus aeruginosus and Black
Kites Milvus migrans, which takes them south
through the Italian Peninsula and Sicily before
crossing the Mediterranean to North Africa.
Many of these Short-toed Eagles cross the
Mediterranean via Marettimo, a small, mountainous island some 30 km off western Sicily
and 130 km northeast of Tunisia, at the narrowest point of the central Mediterranean.
Passage of Short-toed Eagles at Marettimo
occurs mostly during the first half of October
(Agostini et al. 2002b, 2004b; Gustin &
Provenza unpubl.) and most of the birds aged
during preliminary observations have proved to
be juveniles. Surveys of migrating raptors were
carried out on Marettimo in 2002 (3rd–19th
October) and 2007 (3rd–15th October).
In 2002, a total of 202 Short-toed Eagles was

Michele Panuccio

he Short-toed Eagle Circaetus gallicus is a
summer visitor to central Italy, with a
breeding population of at least 350 pairs
(Baghino et al. 2009). Most pairs are concentrated along the Tyrrhenian coast flyway used
by birds returning from African wintering
grounds (Agostini et al. 2002b). Very few breed
in southern Italy, despite the availability of suitable habitat, and it has been suggested that this
distribution reflects the species’ relatively recent
colonisation of Italy (Campora & Cattaneo
2006; Agostini & Mellone 2008). On migration,
most Italian breeders appear to follow a circuitous route rather than crossing the central
Mediterranean, entering and departing Europe
via the Strait of Gibraltar, and travelling
through northwest Italy, France and Spain
(Agostini et al. 2002a,b; Premuda 2004). For
example, during 2005–07, c. 800 Short-toed
Eagles, mostly adults, were observed annually
migrating northwards along the Tyrrhenian
coast at Mount Colegno during the second half
of September (Premuda 2005, 2006, 2007).

339. Raptor observation point, Marettimo, Italy, October 2007.
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Fig. 1. The study area. A and B: watchpoints on the Calabrian Apennines used in this study. CV: watchpoint on
the Calabrian Apennines used during surveys in 1990s. SM: Strait of Messina. M: Marettimo. MC: Mount Colegno.
Grey area: approximate breeding range of Short-toed Eagles Circaetus gallicus in central Italy. Solid arrow: flyway
hypothesised for juveniles in this study. Dashed arrow: flyway of adults en-route to the Strait of Gibraltar. Dotted
arrow: alternative pathway of juveniles through the Tyrrhenian Sea, previously suggested by Agostini et al. (2004b).

recorded, in 16 flocks (of 2–49 birds, mean 12.2)
plus seven single birds. Three flocks, of 2, 42 and
39 birds, left the island heading towards North
Africa and one individual was seen to return
towards Sicily. For the remaining birds it was not
possible to establish the direction of departure.
In 2007, 170 Short-toed Eagles were recorded, in
17 flocks (of 2–35 birds, mean 9.1) plus 16 single
birds. Of these, flocks of three and 12 continued
towards the Tunisian coast; flocks of 24 and
four, plus two single birds remained on the
island; two flocks, of 19 and 16 birds, flew back
towards Sicily; and the direction of departure of
the others was not recorded. Of the total of 372
individuals noted in these two years, it was
possible to establish the age of 112: 89 (79%)
were juveniles, 17 (15%) were immatures, and
six (5%) were adults. In addition, during
2nd–15th October 2007, a total of eight
migrating Short-toed Eagles, all travelling singly,
was counted along the Calabrian Apennines, a
migration bottleneck in southern continental
Italy (fig. 1). Of these, six were aged: five were
juveniles and one was an adult. Previous surveys
in the area in the 1990s confirmed that this
species is an uncommon migrant (Agostini &
Logozzo 1997).
British Birds 102 • September 2009 • 506–508

These results suggest that most of the Shorttoed Eagles using the Central Mediterranean
flyway in autumn are juveniles. Most adults use
the Tyrrhenian coast flyway (as above),
although some juveniles follow older birds
along this route, in late September. However,
many juveniles migrate later in the autumn,
probably following the coast rather than the
inland mountain chain (fig. 1) and migrating
singly or in small, loose flocks, thus making
monitoring difficult from observation posts
along the Calabrian Apennines. It has been suggested that juveniles follow an innate northeast–southwest direction in autumn, leading
them directly to western Sicily from breeding
areas in north-central Italy, across the
Tyrrhenian Sea. The hesitation shown by Shorttoed Eagles at Marettimo when facing the open
sea suggests that this is unlikely, however. Flocks
over Marettimo probably build up as the birds
wait for favourable weather conditions in
western Sicily. After crossing the Strait of
Messina and reaching the south coast of Sicily,
juvenile Honey-buzzards make the 400-km sea
crossing to Libya via Malta (Agostini et al.
2002c, 2004a), but Short-toed Eagles appear
more likely to follow the coast to western Sicily,
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340. Short-toed Eagles Circaetus gallicus migrating through Marettimo, Italy, October 2007.

where they wait for good weather before
departing (fig. 1). On 12th October 2004, a
migrating flock of 70 Short-toed Eagles was
observed on the southwest coast of Sicily, c. 60
km southeast of Marettimo (Marchese unpubl.
data).
We presume that birds returning to Italy in
spring follow experienced birds – through
northwest Africa, across the Strait of Gibraltar,
and to breeding sites in Italy via Spain and
France – which prefer the longer, but safer and
easier route rather than using the Central
Mediterranean flyway.
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Ecological barriers promote risk minimization and
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The Short-toed Snake Eagle (Circaetus gallicus) uses mostly soaring flight over
land during migration to avoid long sea crossings. In particular, birds breeding in
central Italy cross the Mediterranean Sea at the Strait of Gibraltar, using a route
through northwestern Italy during both autumn and spring migration. Birds breeding in Greece, such as those breeding in Italy, are expected to use the same strategy
passing through northeastern Greece and avoiding the longer sea crossing between
southern Greece and Libya. In order to verify this hypothesis, contemporaneous
observations were made at two watchsites, in northwestern Italy (Apuane Alps) and
northeastern Greece (Mount Olympus), during autumn 2009 and spring 2010. During
autumn migration 376 birds were seen migrating at Mount Olympus, nearly all heading NNE. Most birds were seen migrating in flocks, and at least 23 flocks contained
both adults and juveniles. Over the Apuane Alps a total of 1042 Short-toed Snake
Eagles, all migrating NNW, was counted. At this watchsite the proportion of juveniles was lower than that reported at Mount Olympus. During spring migration, 606
birds were seen at Mount Olympus, 602 heading south. At the Apuane Alps 1307 birds
were counted, all heading SSE. The orientation behaviour of Short-toed Snake Eagles
confirms that those breeding in Greece, like those breeding in central Italy, use a circuitous route during both spring and autumn. In particular those breeding in Greece
are expected to cross the sea at the Dardanelles and/or at the Bosphorus. In addition,
the higher proportion of juveniles reported at Mount Olympus during autumn migration would suggest that social learning could have been much favoured by natural
selection in the case of birds breeding in Greece rather than in Italy, highlighting a
relationship between the length of the barrier and the tendency of juveniles to follow
the adults.
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INTRODUCTION

During migration, birds can organise their travels according to alternative
criteria, namely time, energy expenditure or safety (ALERSTAM & LINDSTRÖM 1990). In
particular, strategies that minimise energy consumption and mortality risk evolved in
broad-winged species, such as eagles, vultures and storks (KERLINGER 1989; NEWTON
2008; BILDSTEIN et al. 2009). In these species, long powered flapping flights over water
require the expenditure of huge amounts of extra cost (PENNYCUICK 1972, 1975) and
increase mortality risk (e.g. more than 1300 raptors were found dead along a beach
of the Mediterranean coast of Israel during April 1980 as reported by ZU-ARETZ &
LESHEM 1983). For these reasons, the routes of broad-winged raptors are constrained
by the geographical distribution of land-masses, leading to detours that often involve
complex changes of course in order to concentrate at straits where sea-crossings are
narrower (KERLINGER 1989; ALERSTAM 2001; BILDSTEIN 2006). In some species these
migration pathways can even involve movements that are opposite to the main migration direction, thus leading to the so-called “circuitous migration” (A GOSTINI et al.
2002a; YAMAGUCHI et al. 2008). Flocking behaviour, and in particular mixed-age flocks,
are of paramount importance in these species, since inexperienced juveniles cannot
know the safest route during their first migration (MARANSKY & BILDSTEIN 2001;
AGOSTINI 2004; CHERNETSOV et al. 2004,) and, hence, the selective pressure to migrate
together with the adults should be higher than in species more adapted to flapping
flight.
The Short-toed Snake Eagle (Circaetus gallicus) is a summer resident in Europe,
wintering in tropical Africa (FERGUSON-LEES & CHRISTIE 2001). In Greece a breeding
population of 350–500 pairs has been estimated with a wide distribution over the whole
mainland (HANDRINOS & AKRIOTIS 1997; BIRDLIFE 2004). There is lack of information
concerning migration pathways used by birds belonging to populations breeding in the
Balkans. This species mostly uses soaring flight over land during migration, avoiding
the crossing of water surfaces and concentrating at the Strait of Gibraltar and at the
Bosphorus (MEYBURG et al. 1998; KIRWAN et al. 2008; PAVON et al. 2010). As suggested by AGOSTINI & MELLONE (2008) “the benefits associated with the low cost of
thermal soaring flight, compared to flapping flight over water, are probably great for
these birds during both spring and autumn migrations, as this species has a low aspect
ratio and is thus less well adapted to flapping flight than some other raptors”. As a
result, Short-toed Snake Eagles breeding in the Italian Peninsula follow a circuitous
route rather than directly crossing the central Mediterranean, entering and departing Europe via the Strait of Gibraltar, and travelling through northwest Italy, France
and Spain (AGOSTINI et al. 2002a, 2002b; PREMUDA 2004). In particular, hundreds of
Short-toed Snake Eagles, mostly adults, are observed annually migrating northwards
during autumn and southwards during spring along the Tyrrhenian coast, exploiting
thermal currents and updrafts on the western slopes of the Apuane Alps (P REMUDA
et al. 2010). Since the water surface separating the Greek mainland from African coasts
is approximately three times longer than the Channel of Sicily (Fig. 1), it is expected
that Short-toed Snake Eagles breeding in central and southern continental Greece, like
those breeding in the Italian Peninsula, avoid that long sea crossing using a circuitous
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Fig. 1. — The study area (CA = Capriglia, Apuane Alps; MO = Mount Olympus; MA = Marettimo;
AN = Antikythira; DS = Dardanelles).

route, perhaps concentrating at the Dardanelles’ Strait and/or at the Bosphorus. The
aim of this study was to verify this hypothesis through systematic observations on the
slopes of Mount Olympus (Northeast Greece) during both autumn and spring, focusing on orientation and flocking behaviour of birds belonging to different age classes.
Data recorded at the site were compared with those recorded in the same periods at the
Apuane Alps (Capriglia), along the western slope of central Italy.
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STUDY AREA AND METHODS
The mountain chain in this area of north-eastern Greece has geographic characteristics very
similar to the Apuane Alps, being parallel and very close to the coast (approx. 7 km) and forcing
migrants to concentrate on a narrow corridor. Observations were made between 9 September and
1 October 2009 and between 6 and 26 March 2010, the peak of the autumn and spring migration
of the Short-toed Snake Eagle in the Mediterranean basin (A GOSTINI et al. 2002b; BAGHINO et
al. 2009), using a post located along the eastern slopes of the mountain chain (approx. 40◦ 01� N,
22◦ 29� E).
At the Apuane Alps observations were made between 12 and 27 September 2009 and 6 and
26 March 2010. The observation post was located at an altitude of about 400 m (approx. 43◦ 58� N,
10◦ 14� E).
Age classes were determined according to FORSMAN (1999) and CLARK (1999). The overall
number of adults, immatures and juveniles was estimated according to the proportions recorded
in the sample of aged individuals (KJELLÉN 1992; AGOSTINI et al. 2002b). Observations were made
aided by telescopes and binoculars.
In order to provide theoretical information concerning energy consumption of Short-toed
Snake Eagles during powered and gliding flight, assuming no wind, we used a published flight
performance program based on flight mechanics (PENNYCUICK 2008). Body mass, wing span and
wing area included in the analysis were calculated following methods by PENNYCUICK (2008) using
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data provided by G. CATTANEO & M. CAMPORA (wingspan 1.74 m; wing area 0.43 m2 ; mass 1.6 kg;
unpub. data).
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RESULTS

Autumn migration
At Mount Olympus, we counted a total of 376 Short-toed Snake Eagles peaking on
19 September, when the passage of 107 individuals was reported. Most migrants were
seen heading towards NNE and only nine (2%) birds, seven of which were migrating
alone, disappeared heading SSW. It was possible to determine the age of 127 (34%)
birds. Most birds were adults (78 individuals, 61%), while 47 (37%) were juveniles and
only two (2%) were immatures. Among birds heading SSW six were aged; of them five
were juveniles and one immature. We estimated the passage of 231 adults, 139 juveniles
and six immatures. The Short-toed Snake Eagle showed a strong tendency to migrate
in flocks, with only 64 (17%) of all individuals observed migrating alone. On average,
groups consisted of 3.4 ± 0.2 (SE) birds, and 47% of flocks (n = 92) contained two birds.
We recorded at least 23 flocks containing both adults and juveniles.
At the Apuane Alps we reported the passage of 1042 Short-toed Snake Eagles
peaking on 23 September, when the passage of 222 individuals was reported. Migrants
were seen heading towards NNW and none was seen heading south. It was possible to
determine the age of 506 (49%) birds. Most birds were adults (394 individuals, 78%),
while 75 (15%) were juveniles and 37 (7%) immatures. We estimated the passage of
809 adults, 156 juveniles and 77 immatures. At this site, 767 (74%) individuals were
observed in flocks. On average, groups consisted of 3.2 ± 0.1 (SE) birds, and 48% of
flocks (n = 242) contained two birds. We recorded at least 51 flocks containing both
adults and juveniles.
Lastly, comparing the two study areas within the same period (12–27 September),
the proportion of juveniles was lower at Apuane Alps rather than on Mount Olympus
(15% vs 38.8%; contingency table: χ 2 = 23.2, df = 2, P < 0.01).
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Spring migration
At Mount Olympus we counted 606 birds; of them 602 were seen heading SSW
and only four heading NNE. The peak passage occurred on 24 March, when 264 birds
were counted. A total of 173 (28.5%) individuals were aged, 169 adults (97.7 %) and four
(2.3 %) immatures. We estimated the passage of 592 adults and 14 immatures. As in
autumn, most of the Short-toed Snake Eagles (503; 83%) migrated in flocks composed
of 2.8 ± 0.2 (SE) birds, and 43% of flocks (n =134) contained two birds.
At the Apuane Alps we counted 1307 birds, all seen heading SSE. The peak passage occurred on 18 March, when a total of 443 birds were counted. A total of 706 (54%)
individuals were aged, 696 adults (98.6 %) and 10 (1.4 %) immatures. We estimated the
passage of 1289 adults and 18 immatures. A total of 1027 (78.6%) Short-toed Snake
Eagles migrated in flocks composed of 3.9 ± 0.2 (SE) birds, and 39.5% of flocks (n =
263) contained two birds.
Computer simulation concerning energy consumption during gliding and powered flight shows that Short-toed Snake Eagles require 8.7 times the energy used for
soaring-gliding flight for the powered flight (see PENNYCUICK 2008).
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DISCUSSION

Our results confirm the hypothesis that birds breeding in central and southern
Greece use a circuitous route during both spring and autumn migration and probably cross the Mediterranean Sea at the Dardanelles’ Strait and/or at the Bosphorus.
At both sites and seasons Short-toed Snake Eagles showed a conservative migration
strategy, avoiding the crossing of large stretches of water. This was already known
just for Italy (AGOSTINI et al. 2002a) but it is a new finding for Greece. Thus, these
migration patterns are the result of a migration strategy performed by individuals
breeding in peninsulas facing wide bodies of water. Our field observations agree with
the theoretical model: in fact the huge increase of energy consumption during powered flight means that a 400 km crossing across the Mediterranean using flapping flight
is equivalent to a soaring-gliding flight of approximately 3500 km over land around
the barrier. In this picture, social learning plays an important role in the evolution of
this migration strategy since, during their first migration, inexperienced birds migrating alone would tend to move southwards along an innate direction of migration
(KERLINGER 1989). Probably the higher survival rate of juveniles migrating together
with adults rather than alone favoured high synchronicity of departure times from
the breeding grounds in populations of Italy and Greece. The flocking behavior is the
“tool” allowing for information transmission between birds belonging to different age
classes (COUZIN et al. 2005). In addition, the higher proportion of juveniles recorded
in Greece rather than in Italy during autumn migration, if compared with the breeding success of the Greek and Italian populations of this species (FERGUSON-LEES &
CHRISTIE 2001; BAKALOUDIS et al. 2005), suggests that nearly all juveniles belonging
to the Greek population use the circuitous route, learning this flyway by following the
adults. Conversely, as expected, five juveniles that did not migrate in mixed-age flocks
at Mount Olympus were seen heading southwards along the innate direction of migration. Perhaps the length of the sea crossing, longer between southern Greece and Libya
rather than between western Sicily and Tunisia, would negatively affect the survival
of juveniles in Greece more than in Italy. As a result, the overlap of migration periods
of birds belonging to different age classes could have been much favoured by natural
selection in the case of birds breeding in Greece rather than in Italy. This assumption
would agree with recent autumn surveys made at the islands of Antikythira (located
33 km NW of Crete) and Marettimo (approximately 30 km off western Sicily; Fig. 1).
While, at the first site, LUCIA and colleagues (in press) reported the passage of a few
dozen juvenile Short-toed Snake Eagles moving southwards late in the season, during the first half of October, in the same period higher numbers of juveniles (at least
150–200 birds) were reported undertaking the crossing of the Channel of Sicily (approximately 150 km wide) via Marettimo, between western Sicily and Tunisia (A GOSTINI
et al. 2004b, 2009). Social learning concerning migration routes has been suggested
to occur in other species of birds such as the Black Kite (Milvus migrans; AGOSTINI
et al. 2004a), the White Stork (Ciconia ciconia; CHERNETSOV et al. 2004) and, occasionally, the European Honey Buzzard (Pernis apivorus; AGOSTINI et al. 1999; AGOSTINI
2004).
In conclusion, like Short-toed Snake Eagles breeding in central Italy, birds breeding in central-southern Greece use the route that probably reflects the colonisation
process during both migrations: a further example of how colonisation history, ecological barriers, and morphological characteristics of migrants probably interact in shaping
migratory routes and migration strategies of birds belonging to different age classes.

95

150

155

160

165

170

175

180

185

190

195

6

M. Panuccio et al.

ACKNOWLEDGEMENTS
We wish to thank: the Apuane Natural Park, M. Franchini and the COT, E. Arcamone, A.
Bartolini, A. Benvenuti, G. Bertola, M. Borioni, E. Bosi, A. Canci, M. Casani, G. Cavalloni, A.
Chines, A. Chiti-Batelli, L. Colligiani, I. Corsi, S. Cutini, G. Gerra, G. Grande, M. Heyberger, S.
Laficara, M. Marcone, G. Nardini, G. Paesani, L. Puglisi, A. Sacchetti, F.S ava, T. Spenlehauer, G.S
peroni, A. Vezzani, F. Viviani. Finally, we thank G. Cattaneo and M. Campora for data concerning the flight morphology of Short-toed Snake Eagles, F. Michelotti for improving the English,
and C. Pennycuick, K. Bildstein and U. Mellone for their useful comments on earlier drafts of
the manuscript. MEDRAPTORS (www.raptormigration.org), a network of ornithologists and birdwatchers, works to improve research and the protection of migrating birds of prey through specific
projects and observation camps.

200

205

REFERENCES
AGOSTINI N. 2004. Additional observations of age-dependent migration behaviour in western
honey buzzards Pernis apivorus. Journal of Avian Biology 35: 469–470.
AGOSTINI N., BAGHINO L., COLEIRO C., CORBI F. & PREMUDA G. 2002a. Circuitous autumn
migration in the Short-toed Eagle (Circaetus gallicus). The Journal of Raptor Research 36:
111–114.
AGOSTINI N., BAGHINO L., PANUCCIO M. & PREMUDA G. 2002b. A conservative strategy in
migrating Short-toed Eagles (Circaetus gallicus). Ardeola 49: 287–291.
AGOSTINI N., BAGHINO L., PANUCCIO M., PREMUDA G. & PROVENZA N. 2004b. The autumn migration strategies of juvenile and adult Short-toed Eagles (Circaetus gallicus) in the Central
Mediterranean. Avocetta 28: 37–40.
AGOSTINI N., LOGOZZO D. & COLEIRO C. 1999. The orientation/navigation hypothesis: an indirect
evidence in migrating Honey Buzzards. Rivista Itaiana di Ornitologia 69: 153–159.
AGOSTINI N. & MELLONE U. 2008. Does migration flyway of Short-toed Snake-Eagles breeding in
central Italy reflect the colonization history? The Journal of Raptor Research 42: 158–159.
AGOSTINI N., PANUCCIO M., LUCIA, G. LIUZZI C., AMATO P., PROVENZA A., GUSTIN M. & MELLONE
U. 2009. Evidence for age-dependent migration strategies in the Short-toed Eagle. British
Birds 102: 506–508.
AGOSTINI N., PREMUDA G., MELLONE U., PANUCCIO M., LOGOZZO D., BASSI E. & COCCHI L.
2004a. Crossing the sea en route to Africa: autumn migration of some Accipitriformes over
two central Mediterranean islands. Ring 26: 71–78.
ALERSTAM T. 2001. Detours in bird migration. Journal of Theoretical Biology 209: 319–331.
ALERSTAM T. & LINDSTRÖM Å. 1990. Optimal bird migration: the relative importance of time,
energy and safety, pp. 331–351. In: GWINNER E., Ed. Bird migration: the physiology and
ecophysiology. Springer: Berlin.
BAGHINO L., CAMPORA M. & CATTANEO G. 2009. Il Biancone. Biologia e migrazione
nell’Appennino Ligure. Edizioni il Piviere S. r. L.: 1–120.
BAKALOUDIS D.E., VLACHOS C.G. & HOLLOWAY G.J. 2005. Nest spacing and breeding performance
in Short-toed Eagle Circaetus gallicus in northeast Greece. Bird Study 52: 330–338.
BILDSTEIN K.L. 2006. Migrating raptors of the world. Ithaca, NY: Cornell University Press.
BILDSTEIN K.L., BECHARD M.J., FARMER C. & NEWCOMB L. 2009. Narrow sea crossings present
major obstacles to migrating Griffon Vultures Gyps fulvus. Ibis 151: 382–391.
BIRDLIFE INTERNATIONAL. 2004. Birds in Europe: population estimates, trends and conservation
status (BirdLife Conservation series No. 12). Cambridge: BirdLife International.
CHERNETSOV N., BERTHOLD P. & QUERNER U. 2004. Migratory orientation of first-year
white storks (Ciconia ciconia): inherited information and social interactions. Journal of
Experimental Biology 207: 937–943.
CLARK W.S. 1999. A field guide to the raptors of Europe, the Middle East and North Africa. Oxford:
Oxford University Press.

96

210

215

220

225

230

235

240

Migration behaviour of Short-toed Snake Eagles

7

COUZIN I.D., KRAUSE J., FRANKS N.R. & LEVIN S.A. 2005. Effective leadership and decision
making in animal groups on the move. Nature 433: 513–516.
FERGUSON-LEES J. & CHRISTIE D.A. 2001. Raptors of the world. London: Helm.
FORSMAN, D. 1999. The raptors of Europe and the Middle East: a handbook of field identification.
London: T. & A.D. Poyser.
HANDRINOS G. & AKRIOTIS T. 1997. The birds of Greece. London: Helm.
KERLINGER P. 1989. Flight strategies of migrating hawks. Chicago, IL: University of Chicago Press.
KIRWAN G.M., BOYLA K.A., CASTELL P., DEMIRCI B., ÖZEN M., WELCH H. & MARLOW T. 2008.
The birds of Turkey. London: Helm.
KJELLÉN N. 1992. Differential timing of autumn migration between sex and age groups in raptors
at Falsterbo, Sweden. Ornis Scandinavica 23: 420–434.
LUCIA G., AGOSTINI N., PANUCCIO M., MELLONE U., CHIATANTE G. & TARINI D. In press.
Antikythira (southern Greece): a key site for monitoring raptor migration through the
central-eastern Mediterranean. British Birds.
MARANSKY B.P. & BILDSTEIN K.L. 2001. Follow Your Elders: Age-Related differences in the
Migration Behavior of Broad-Winged Hawks at Hawk Mountain Sanctuary, Pennsylvania.
Wilson Bulletin 113: 350–353.
MEYBURG B.U., MEYBURG C. & BARBRAUD J.C. 1998. Migration strategies of an adult Short-toed
Eagle Circaetus gallicus tracked by satellite. Alauda 66: 39–48.
NEWTON I. 2008. The migration ecology of birds. London: Academic Press.
PAVÓN D., LIMIÑANA R., URIOS V., IZQHIERDO A., YÁÑEZ B., FERRER M & DE LA VEGA A. 2010.
Autumn migration of juvenile Short-toed Eagles Circaetus gallicus from southeastern Spain.
Ardea 98: 113–117.
PENNYCUICK C.J. 1972. Soaring behaviour and performance of some east African birds, observed
from a motor glider. Ibis 114: 178–218.
PENNYCUICK C.J. 1975. Mechanics of flight, pp. 1–75. In: Farner D.S. and King J.R., Eds. Avian
Biology, Vol. 5. London: Academic Press.
PENNYCUICK C.J. 2008. Modelling the Flying Bird. London: Academic Press.
PREMUDA G. 2004. Prime osservazioni sulla migrazione primaverile “a circuito” del biancone,
Circaetus gallicus, nelle Alpi Apuane. Rivista Itaiana di Ornitologia 74: 119–124.
PREMUDA G., RICCI U. & VIVIANI F. 2010. Rapaci delle Alpi Apuane. Pisa: Parco Alpi Apuane, Pacini
Editore.
YAMAGUCHI N., TOKITA K-I., UEMATSU A., KUNO K., SAEKI M., HIRAOKA E., UCHIDA K., HOTTA
M., NAKAYAMA F., TAKAHASHI M., NAKAMURA H. & HIGUCHI H. 2008. The large-scale
detoured migration route and the shifting pattern of migration in Oriental honey-buzzards
breeding in Japan. Journal of Zoology 276:54–62.
ZALLES J. & BILDSTEIN K. 2000. Raptor watch: a global directory of raptor migration sites
(BirdLife International Conservation Series No. 9). Cambridge: BirdLife International.
ZU-ARETZ S. & LESHEM Y. 1983. The sea—a trap for gliding birds. Torgos 5: 16–17.

97

245

250

255

260

265

270

275

280
AQ3

VIII

Unexpected southbound direction of colonization
of Short-toed Snake Eagle
Panuccio M.¹², Lucia G. ², Bogliani G. ¹, Agostini N. ¹², Ottonello D. ³
¹University of Pavia, Dipartimento di Biologia Animale,Via Ferrata 1, 27100 Pavia, Italy
²MEDRAPTORS (Mediterranean Raptor Migration Network) via Mario Fioretti 18, 00152 Rome,
Italy
³ Societas Herpetologica Italica
Abstract: the Italian breeding range of Short-toed Snake Eagle shows that it is widely distributed in the
northern and western areas of the peninsula while it is almost absent in southern regions and islands. Moreover
the Italian population of this species shows a distinctive migration route crossing the Mediterranean at the
Strait of Gibraltar avoiding the crossing of the large stretch of sea between Sicily and Tunisia. This implies,
in the first part of migration, a direction of migration south north oriented in autumn and vice versa in
spring. In this paper we show three different models based on ecological and geographical variables: land use,
prey availability, spatial distribution of environmental elements (patch analysis), geomorphology, geography
(latitude and longitude). These models predict three maps of suitability for Short-toed Snake Eagles in Italy.
We tested models with and without a latitudinal value: the results show different potential distribution
maps highlighting that the presence of this species seems to increase with the latitude despite large suitable
areas in southern Italy. We suggest that the actual distribution of the Short-toed Snake Eagle in Italy reflects
the particular migration path used by this population and agree with the hypothesis that this species is still
colonizing the Italian Peninsula through an unexpected direction from north to south.

Introduction
There are two factors influencing the presence of
a species of birds in a place: the ecological niche
and the chance to reach the place. Ecological
niche is related to several different elements,
among them feeding opportunities and nest
building availability. The chance to reach a place
is linked to the colonization abilities of the species
and its dispersion behaviour; also the geographic
elements play a role, in particular natural barriers
could obstruct the access in an area (Alerstam
1990, Begon et al. 2006). Europe has been
colonized by several species of birds during a
process started at the end of the last glacial age
ended about 10.000 years ago. In particular
several species have been able to colonize areas
located at higher latitudes through a northern
extension of their breeding ranges (Mayr & Meise
1930, Bruderer & Salewski 2008), in the case of
Paleartic migrants, following a colonization path

from south to north and helped by the process
of dispersal (Alerstam 1990, Berthold 2001,
Rappole & Jones 2002). The Short-toed Snake
Eagle (Circaetus gallicus) is a wide spread summer
visitor in Europe and in the Mediterranean
basin and winters in a wide area of Africa south
of Sahara (Cramp & Simons 1980, FergusonLee & Christie 2001). It is a highly specialized
species of raptors, predominantly preying snakes
(15-100% Ferguson-Lee & Christie 2001), and
it is expected, being a specialist feeder, that its
distribution coincides with the distribution of
its preys (Newton 1998). A recent study made in
Spain shows that Short-toed Eagles are distributed
mainly in areas with shrub-lands, where they can
easily locate and capture their prey, and with
forests, because they need threes for nesting.
Finally there is a correlation between snake species
richness and eagle presence (Morueno-Rueda &
Pizzarro 2007). Other research made in Greece
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underlines that the presence of Short-toed Snake
Eagle is linked to forests for nest building and to
open areas like pasturelands and cultivation for
forage activity (Bakaloudis et al. 1998, 2005). The
European population of Short-toed Snake Eagle is
evaluated in less than 10.000 pairs and its status is
Rare, in fact its low reproductive rate and high diet
specialization makes it vulnerable to extinction
(Birdlife 2004). In Italy 350-400 breeding pairs
are estimated (Birdlife 2004), but recent counts
at some migration hotspots have shown that their
number is increasing (Baghino & Premuda 2007).
Most of the breeding pairs in Italy are distributed
in northern Italy and along the western slope of
central Italy (Campora & Cattaneo 2006). The
Short-toed Snake Eagle is a broad-winged raptor
with a high skill in the use of soaring-gliding
flight since the energy consumption increases
disproportionately using powered flight; as a
result this species tends to migrate over land and
to avoid water crossing where thermal currents are
absent and it is forced to use active flight (Kerlinger
1989). For this reason individuals belonging to
the Italian population migrate both during spring
and autumn across the Strait of Gibraltar avoiding
the crossing of the Central Mediterranean flyway
that would imply a long water crossing (at least
130 km) through the Channel of Sicily. Similarly
individuals breeding in Greece migrate through
Turkey crossing the sea at Bosphorus (Agostini
et al. 2002a, 2002b, 2004, Mellone et al. 2011,
Panuccio et al. 2011). Since, as mentioned above,
the bulk of the breeding pairs of this species in
Italy is located along its migration route, Agostini
and Mellone (2008) suggested that the Short-toed
Snake Eagle is apparently still colonizing Italy
from the western part of its European breeding
range and that, for this reason, its population has
not yet reached the carrying capacity.
In this paper we test this hypothesis considering
several ecological (land use and prey richness),
topographic (altitude) and latitudinal parameters
in order to find which ones affect the breeding
distribution of Short-toed Snake Eagle in Italy
and to verify if some areas in Italy are not suitable
for the presence of Short-toed Snake Eagle or have
not been colonized or re-colonized yet.

Methods
Study area:
The study area is Italy (301.302 km²) including the
large islands of Sicily and Sardinia. In this country
on the first of January 2010 the human population
was 60.340.328 (ISTAT, website: http://demo.
istat.it/pop2010/index.html). The climate varies
considerably with latitude. In the South it is warm
temperature, with almost no rain in summer, while
in the Northern part of the Peninsula temperature
is cool with rainfall more evenly distributed
throughout the year. The mean altitude in Italy is
337 meters above sea level. According to Corine
Land Cover 2000, in Italy we found 152.435 km²
of cultivated lands, 18.835 km² of permanent
pasture lands, 79.425 km² of woodlands, 22.555
km² of shrubs, 3.827 km² of wetlands and 14.340
km² of urbanized areas. In lowlands agriculture is
very intensive and devoted mainly to monoculture,
while on the hills and mountains traditional and
less intensive agriculture is still practiced although
land abandonment is spreading. Mainland Italy
may be divided into four major geographical
and vegetational areas: the Alps and the Padana
plain in the North, the Apenines and the coastal
slopes (7.456 km of coastlines) in the centre and
the south. The Alpine area is relatively unspoiled,
with deciduous, mixed coniferous forests, alpine
pastures above the timberline, and snowfields
and glaciers on higher peaks. The Po valley is the
largest lowland area in Italy, mainly covered by
intensive agriculture. Large areas of the Apennine
mountains are still covered by semi-natural
deciduous forests, mostly oak (Quercus), beech
(Fagus) and sweet chestnut (Castanea), although
large areas have been cleared for agriculture and
pasture. Coastal areas in Italy are dominated by
shrub and in particular by typical Mediterranean
scrub. The protected earth areas in Italy cover a
surface of 13.000 km² (Brandmayr 2002).
Sampling units:
The geographical grid we used to divide the Italian
peninsula in several sampling units is the same used
from IGM to draw the 1:25000 maps of Italy in
UTM projections, overall we consider 3541 cells
of 10x10 Km2. Because the Italian peninsula is
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located over three “zones” of 6 degrees in latitude,
at the transition from one zone to another the
grid has a compression and rotation of squares so
some of them (less than 5% of the total) have an
area less than 10 Km2. To avoid effects due to the
difference in size among cells, we used variables
that are not dependent on the cell surface but that
referred to them in terms of percentage coverage.
The same grid was used in the atlas of reptiles and
amphibians of Italy (Sindaco et al. 2006) we used
to test prey availability (reptiles species richness).

using personal observations about nest location.
In the atlas the presence of species in each sample
unit is listed in three ways: certain, probable and
possible. In this study we considered only the first
two categories to assign a value of presence. In
most case the grid used in the atlas is the same we
used, when atlas’ grid was smaller than ours, we
assign presence value to our cell if at least one of
the atlas cell was comprised in our sampling units.
At the end of data collecting we had 94 cells with
presence data.

Presence data of Short-toed Eagle
Short-toed Snake Eagle presence data was obtained
by consulting several atlas of bird distribution
in some Italian regions (Fig. 1, Mingozzi et al.
1988, Frassinet & Kalby 1989, Brichetti & Fasola
1990, Meschini & Frugis 1993, G.V.S.O. Nisoria
1994, Boano et al. 1995, Ravasini 1995, Tellini
Florenzano et al. 1997, Bon et al. 1999, Gellini &
Ceccarelli 2000, Fracasso et al. 2003, Bordignon
2004, Pedrini et al. 2005, Bionda & Bordignon
2006, Giacchini 2007, Mezzavilla & Bettiol 2007,
Ientile & Massa 2008, La Gioia 2009) and also by

Predictive variables:
At first we considered 30 environment variables
grouped into 5 categories (Tab. 1): land use,
availability of prey, spatial distribution of
environmental elements (patch analysis),
geomorphology, geography (latitude and
longitude). Variables representing the land use
were obtained by Corinne Land Cover 2000 to
the third level. We grouped first those land use
categories having similar ecological significance
for the studied species into 7 new variables:
forests, shrubs, crops and orchards, meadows and
pastures, populated areas, bare rock, wetlands. For
each cell we calculated the percentage coverage
of land use variables. The availability of prey was
measured as the number of reptile species (snakes
and lizards excluding Gekkonidae for its lack of
daytime activities) present in each cell, the data on
the presence of reptiles were derived from the atlas
of reptiles and amphibians of Italy as mentioned
above (Sindaco et al. 2006). The analysis of the
spatial distribution of land use patches was carried
out with the Esri ArcMap 9.2 Patch Analyst
extension (Rempel & Carr 1999). This analysis
investigates the geometry of selected patches that
in our case were the land use polygon and gives
back a list of statistics. Data on the geomorphology
were derived from DEM (digital elevation model)
of Italy with a spatial resolution of 250 meters.
In each cell they were calculated concerning the
altitude: the minimum, maximum, average,
median, standard deviation and the coefficient of
variation. Geographical variables were represented
by values of latitude and longitude of the cell
centroid.

Figure 1 - The actual distribution of Short-toed
Snake Eagle in Italy, according to atlas data.
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Table 1 - Environmental variables measured in each sampling units.
Category

LAND USE

AVAILABILITY OF PREY

SPATIAL DISTRIBUTION OF
ENVIRONMENTAL ELEMENTS
(LAND USE -PATCH ANALYSIS)

GEOMORPHOLOGY

GEOGHRAPHY

Variable
Proportion of meadows and pastures
Proportion of crops and orchards
Proportion of Forests
Proportion of Shrubs
Proportion of urbanized areas
Proportion of bare rocks
Proportion of wetlands
Number of reptile species (Snakes and Lizards)
Area Weighted Mean Shape Index
Mean Shape Index
Mean Perimeter-Area Ratio
Mean Patch Fractal Dimension
Area Weighted Mean Patch Fractal Dimension
Total Edge
Edge Density
Mean Patch Edge
Mean Patch Size
Number of Patches
Median Patch Size
Patch Size Coefficient of Variation
Patch Size Standard Deviation
Mean Altitude
Maximum Altitude
Minimum Altitude
Altitudinal Range (MAX – MIN)
Altitude Standard Deviation
Mean Altitude
Coefficient of Variation of Altitude
Longitude - X coordinate of cell’s centroide
Latitude - Y coordinate of cell’s centroide

Statistical models and procedure:
At first step we tested the correlation value of
variables within the categories inside the sampling
units in order to select variables to use in the
models. To do this we tested the normality of
variables with Kolmogorov-Smirnov test, and if
any variables were not normally distributed we
proceeded with a transformation of data (square
root, arcsine or natural logarithm depending on
the variable). We used a logistic regression to test
which predictive variables affect the distribution
of Short-toed Snake Eagle in Italy, to perform this
statistical analysis we used SPSS 13.0. In order to
verify which variables influence the presence of
Short-toed Snake Eagles we compared variables
in squares with presence data (N=94) with the
same number of cells with absence data (n=94);
these cells were randomly selected among those in
which the species was not present according to the
distribution reported in the atlas we consulted.
In the analysis were used only variables that
showed normal distribution (as they were or

after transformation), in addiction we generated
new variables by squaring those variables that did
not show linear relation with the presence of the
species. Variables belonging to the same group
that was highly related were not used in the same
run of model evaluation.
Method used to run Logistic Regression was the
Enter method that uses all the variables selected
in the same run without stepwise procedure.
Model selection was made by the correct Akaike
Information Criterion (AICc) selecting the “best”
model from those being considered as the model
with the smallest value of AICc. (Manly et al.
2002).
The AIC for a model is:
AIC = -2{logc(LM)}+2k
Where LM is the Likelihood of the Model and k is
the number of unknown parameters that must be
estimated (Akaike 1973), while AICc is:
AICc = -2{logc(LM)}+2k{n/(n-k-1)}
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Where n is the total number of observations.
We carried out a first set of models testing different
combination of variables and subsequently we
performed again the same runs but in this case
with the exclusion of geographical variable
“Y_CENTR” to delete the effect of latitude
in the explanation of species preferences. At
the end we obtained a value of probability of
presence comprising between 0 and 1 for each
cell that varies depending on the model and we
used this difference to compare model including
“Y_CENTR” and the same model without this
variable.
In a second phase of this work we generated
a map of habitat suitability for the species with
Maxent software (Phillips & Dudík 2008)
using presence-only data. For this analysis we
used exact localization of nests (n=10) and four
environmental variables in raster format with a
spatial resolution of 250x250 meters. Variables
used in this analysis were: Corine land cover
2000 (level III), Elevation (mean altitude of raster
pixel), Aspect (mean exposure of raster pixel) and
Slope (mean grade line of raster pixel). Raster
files were performed with ESRI ArcMap 9.2 from
same CLC layer and DEM used in RegLog but in
this case we didn’t group any land cover category
because analysis scale was lower. Use of Maxent
was preferred in this kind of analysis because this

software gives good results also when working
with small samples (Pearson et al. 2007) as in our
case, and it’s considered to be particularly effective
among those similarly available (Guisan et al.
2007). 10010 points were used to determine the
Maxent distribution (backgrounds and presence
points).
Results
Variables that were not correlated inside the same
group of variables and those we used to run the
logistic regression are showed in Table 2. Best
model (Model A) reached the lower value of AICc
(432,46) comprising 9 variables (Tab. 3). This
model reached an overall value of correct percentage
of 77,7% (84,1% for absence and 64,9% for
presence). AUC value of ROC curve is 0,848. We
tested the same model without latitudinal value;
this second model (Model B) showed a higher
AICc value (453,02) and comprised 8 variables
(Tab. 3). This model reached an overall value of
correct percentage of 74,5% (81,5% for absence
and 60,4% for presence), AUC value of ROC
curve is 0,824. Using the results of these two
models we realized two different distribution maps
of suitability. Considering Model A that includes
latitude as a variable, the potential distribution of
Short-toed Snake Eagles is restricted to central and
northern Italy (Fig. 2). Differently the Model B,

Table 2 - Variables used to perform logistic regression.
Category

Variables
Proportion of meadows and pastures
Proportion of crops and orchards

LAND USE

Proportion of Forests
(Proportion of Forests)2
Proportion of Shrubs

AVAILABILITY OF PREY
SPATIAL DISTRIBUTION
OF ENVIRONMENTAL
ELEMENTS (LAND USE –
PATCH ANALYSIS)
GEOMORFHOLOGY
GEOGRAPHY

Number of reptile species (Snakes and Lizards)
Mean Patch Edge
Mean Patch Fractal Dimension
(Mean Patch Fractal Dimension)2
Mean Altitude
(Mean Altitude)2
Latitude
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Table 3 - Results of the Model A and Model B showing the Wald statistic and probability
(significance).
Model A

Model B

B

Wald

Sig.

B

Wald

Sig.

Latitude

0,000

20,655

0,000

-

-

-

Mean
Altitude

-0,001

1,943

0,163

-0,002

3,453

0,063

(Mean
Altitude)²

0,000

3,280

0,070

0,000

8,125

0,004

Proportion
of Forest

10,547

22,306

0,000

10,960

24,842

0,000

-8,895

13,975

0,000

-8,390

12,763

0,000

0,185

19,102

0,000

0,212

28,727

0,000

1,937

2,785

0,095

-488,816

0,061

0,805

-534,33

0,766

0,381

187,219

0,710

0,399

201,555

0,738

0,390

0,308

0,704

0,402

(Proportion
of Forest)²
Number
of reptile
species
Proportion
of Shrubs
Mean Patch
Fractal
Dimension
(Mean Patch
Fractal
Dimension) ²

Figure 2 – The two distribution map of suitability as predicted by Model A and Model B.
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Figure 3
The probability of occurrence of
Short-toed Snake Eagles in the
two different models with (a) and
without (b) latitude variable.

a

b
does not includes latitude among variables, shows
a wider potential distribution, also in southern
Italy (Fig. 2).
Moreover plotting the probability of occurrence
of Short-toed Snake Eagles in the sample units
in relation with latitude, the results clear change
for the two models, showing a more homogenous
distribution in the case of Model B (Fig. 3).
Finally the results showed by Maxent analysis (Fig.
4) confirm the potential distribution predicted by
Model B. In particular the variables that give the
higher contribution in the Maxent model is the
Corine Land Cover (63,5%) followed by slope
(27,7), while elevation (5,4%) and aspect (3,4%)
are less important. Land Cover categories included
in the model are (in order of weight): Mixed
Forest, Transitional Woodland Scrub and Broadleaved Forest. AUC of this model is 0,914.
DISCUSSION
This study shows that among variables that

potentially affect the distribution of the species
in the breeding areas, forests and preys’ richness
are the most relevant. In particular, this result was
obtained using both models A and B such as the
Maxent model. Forests are important for Shorttoed Snake Eagles because they nest on trees and
this is in agreement with most of previous research
(Sánchez-Zapata & Calvo 1999, Bakaloudis et al.
2005, Bustamante & Seoane 2004, Lopez-Iborra
et al 2010). Anyway as showed by the high Wald
value of the variable “square root forest” (Tab.
3) the extension of forests is important for the
presence of Short-toed Snake Eagles but there is
a threshold value beyond which the overgrowth of
forests becomes a limit for this species; and this is
reasonable since snake eagles hunt in open areas.
Prey richness is the other variable that explains
eagle distribution. A previous investigation in
Short-toed Snake Eagle made in southern Spain
highlighted the relationship between the presence
of the eagles and species richness of reptiles (Moren-
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Figure 4 – Distribution map of suitability
according to Maxent.
Rueda & Pizzarro 2007). Despite the high trophic
specialization, the Short-toed Snake Eagle behaves
as a taxonomical generalist within this prey type,
and only selects optimal prey sizes whatever is
the species (Gil & Pleguezelos 2000). So why is
there a correlation between prey species richness
and eagles distribution? Different explanations
were proposed to read this correlation. Among
them, the possibility that the abundance of reptile
individuals correlates with reptile species richness
and the abundance of individuals determines the
presence of raptors (Evans et al 2005, MorenRueda and Pizzarro 2007). Another possibility is
that, species of reptiles show different temporal and
spatial patterns and this fact could have favored
the hunting chance for eagles. Also intra and inter
specific interactions due to different prey selection
were suggested. Finally it was hypothesized that
the presence of Short-toed Snake Eagle favors
more reptile species richness through a control
on the most abundant population species that
could reduce competition intensity among reptiles

through a top-down process (Moren-Rueda &
Pizzarro 2007). On the other hand, differently
from previous research, in our model shrubland
doesn’t result as an important variable. This maybe
because we considered only breeding data of Shorttoed Snake Eagles while other authors considered
also observations of hunting individuals (LopezIborra et al 2010). In fact areas with a high diversity
of shrublands may be important for eagles as they
may create edges between different habitat types,
which may be related to a high abundance of prey
(Moren-Rueda & Pizzarro 2007, Wisler et al.
2008, Lopez-Iborra et al 2010).
In our first Model (A) also the latitude had a
significant effect on the distribution of Short-toed
Snake Eagles breeding in Italy. In particular its
effect is the opposite of the one revealed in Spain
(Lopez-Ibozza et al. 2010), where the latitudinal
increase has a negative effect on the distribution
of the species. We found, on the contrary, that in
Italy the presence of the species seems to increase
with the latitude. However, the distribution of
the Short-toed Snake Eagle in Europe does not
lead to the conclusion that latitude could have
the effect showed in the model A. In fact, this
eagle is widely distributed in southern Europe
at the same latitude of southern Italy in Spain,
Greece and Turkey (Handrinos & Akriotis 1997;
Mañosa 2003, Kirwan et al. 2008). In addition,
our models B and Maxent model clearly show that
large areas, especially in the southernmost part of
the peninsula, are suitable for this species although
the known distribution, showed by data available
for Italy, is well represented by the map obtained
with the Model A. Perhaps, the distribution of
the Short-toed Eagle in Italy, unexpected when
considering both model B and Maxent, could be
the result of the interaction of variables not related
to the latitude and species’ breeding ecology but
linked to the geography of the Italian Peninsula
and the ecology of Short-toed Snake Eagle
migration. In fact, as mentioned above, the Central
Mediterranean is an ecological barrier for this
species, since Short-toed Snake Eagles avoid the
crossing of large bodies of water during migration
using mostly soaring-gliding flight over land as a
result of a conservative strategy (see Agostini et
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al. 2002a, b, Panuccio et al. 2011). Since birds
breeding in Italy cross the sea at the Strait of
Gibraltar, in spring they reach the Country about
1000 km NW of southern regions of the Peninsula
via southern France. As suggested by a previous
research (Agostini and Mellone 2008), the actual
distribution in Italy probably reflects the particular
migration path used by this population and agree
with the hypothesis that Short-toed Snake Eagles
are still colonizing the country moving from north
to south of the peninsula mostly along its western
slope.
These considerations lead us to further questions:
from where the Short-toed Eagle is colonizing
the Italian peninsula? Which is the original range
distribution of Short-toed Snake Eagle? These are
topics linked to the origin of the Paleartic-African
migration system and of migration itself. Among
hypotheses concerning the origin of migrations,
authors mostly agree that birds started to migrate
from tropical to temperate areas (Alerstam 1990,
Safriel 1995, Rappole 1995, Rappole and Jones
2002, Berthold 2001, Böhning-Gaese & Oberrath
2003, Jahn et al. 2004). In this picture migration
is an adaptation of tropical birds to use seasonal
abundant resources in temperate regions in order
to optimize breeding success or to avoid seasonal
resource depression (Alerstam 1990, Alerstam et
al 2003, Rappole 1995, Rappole & Jones 2002).
Alerstam and Enckell (1979) indicate competition
in Africa savannas during the breeding season as
the prerequisite for the evolution of the PalearticAfrican migration system. In any case glaciations
were events of paramount importance in the
evolution of migrations. During glacial ages the
earth surface available for birds species drastically
decreased (Moreau 1972). In particular since the
northern polar front shifted south, temperate
forests and bush vegetation reduced into small
shelter, moreover the range extension of tundra,
deserts and steppes reduced the Mediterranean
and the tropical vegetation to a minimum
(Hooghiemstra et al. 2006, Bruderer & Salewski
2008). During interglacial periods (like the one
we are living into) original species split in the socalled twins species, distinctly sedentary, partially
migrants and completely migrants (Berthold 2001,

Rappole 2005). Rappole & Jones (2002) provide
evidences that most of actual migrants descend
from tropical residents species, in particular for
the Paleartic-African migration system: 42 of
185 species of migrants (23%) have conspecific
populations that breed in the Tropics while 139
(75%) have Tropical-breeding congeners. Among
snake eagles (Circaetus spp.) only the Short-toed
Snake Eagle is a complete migrant species while
the other five species (Beaudouin’s Snake Eagle,
C. beaudouini, Black-chested Snake Eagle, C.
pectoralis, Brown Snake Eagle, C. cinereus, East
African Snake Eagle, C. fasciolatus, Banded Snake
Eagle, C. cinerascens) live in tropical Africa and
are mainly resident (Ferguson-Lees and Christie
2001). However it is hard to generalize a model
like the southern-home theory since birds show a
continuous adaptation of their migratory behavior
according to the change of resource availability
(Bruderer & Salewski 2008). In fact the current
migratory system evolved starting about 15000
years ago at the end of the last glaciation and is still
evolving while the consequence of this process is
not predictable (Berthold 2001). Rappole & Jones
(2002) proposed a mechanism for the evolution of
long distance migration, via gradual colonization
at the edge of the breeding range furthest from
the wintering area, with populations on the edges
more exposed to extinction risk. In this picture,
we suggest that the Italian population of the
Short-toed Snake Eagles should be considered
as part of a metapopulation comprising those
of Western Europe (France, Spain). Moreover,
within the Italian population, small and isolated
populations of southern Italy could be considered
as small patches of this metapopulation system cut
off from the bulk of the population of Western
Europe. It is interesting to note that several studies
clearly show that isolation could lead small and
periphery patches to local extinction, although
such evidence is not always found (Lomolino et
al. 1989, Peltonen & Hanski 1991, Hanski et al.
1995, Whitcomb et al. 1996, Smith & Gilpin
1997, Thomas & Hanski 1997, Hanski 1998,
Dunham & Rieman 1999, Clinchy et al. 2002,
Wahlberg et al. 2002). In agreement with this
conclusion, historical data confirm that the species
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was breeding in areas of southern continental Italy
and Sicily at least until the end of the XIX century
(Salvadori 1872, Lucifero 1898, Arrigone degli
Oddi 1929) while actual data show its absence
and thus lack of re-colonization probably due to
the distance from the bulk of the metapopulation
system. In this scenario, we predict that this trend
will lead to lower occupancy in the next future in
southern Italy despite the availability of suitable
areas for this species.
In conclusion the direction of migration is the
result of natural selection, for this reason it is likely
that only migration routes leading to survival
areas are favored by selection. For this reason it is

expected that migratory populations may follow
their historical expansion route (Salewski &
Bruderer 2007), while the southernmost direction
of colonization of Italy performed by Shorttoed Snake Eagle turns out that birds facing a
natural barrier show the capacity to interact with
geography in shaping unexpected migratory and
colonization directions.
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Abstract: Migratory behavior of raptors is affected by several factors, including weather conditions and
geographical features. Here we provide information on how these factors affect the behavior and detectability of
the Short-toed Snake Eagle (Circaetus gallicus), a broad-winged raptor. We observed the passage of Short-toed
Snake Eagles along a mountain chain in northeastern Greece (southern Europe) during the peak of migration
in autumn 2009 (9 September – 1 October) and spring 2010 (6 – 26 March). Barometric pressure, relative
humidity (both higher in spring than in autumn) and temperature (higher in autumn than in spring)
were significantly different in the two seasons. More Short-toed Snake Eagles were observed in spring than in
autumn (367 vs. 602 individuals). As expected for a soaring bird, temperatures were positively correlated with
the number of migrants observed in both periods. However, the number of individuals observed drastically
decreased when temperatures were higher than 23 °C during post-reproductive movements. In addition, daily
patterns showed a lower proportion of raptors observed during early afternoon in autumn than in spring. These
results suggest that, during autumn, several individuals passed undetected flying at higher altitude during
midday and early afternoon, probably because of the stronger thermal conditions in that period. Finally, the
lack of difference among the numbers of eagles observed during westerly (lateral) winds and during other wind
directions suggests that these birds were able to compensate the drift effect towards the Aegean Sea.
Key- Words: Short-toed Snake Eagle, visible migration, weather, Circaetus gallicus, geography
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Most raptors migrate using two basic flight styles:
flapping flight and soaring-gliding flight. When
facing different weather conditions, migrants show
a high degree of plasticity in their behavior (Vardanis
et al. 2011). In particular, the daily movement of
raptors and their detectability are strongly affected
by wind direction and strength, temperature,
barometric pressure and relative humidity
(Alerstam 1990, Kerlinger 1989, Maransky et
al. 1997, Agostini et al. 2002b, Panuccio 2011,
Panuccio et al. 2010). Flight strategies have
been shaped by selection to minimize the costs
of migration, such as flight time and energy
expenditure
(Hedenstrom 1993). The latter
factor shaped the migration strategies of broadwinged species like eagles and vultures (Kerlinger
1989). The Short-toed Snake Eagle (Circaetus
gallicus) is a long-distance migrant that mostly uses
soaring-gliding flight to exploit thermal currents
and updrafts that reduce energetic costs. As a
result, migrating snake eagles avoid crossing large
bodies of water, where thermals are almost absent.
Instead, they concentrate at isthmuses, straits and
along mountain chains. Along these geographical
features, particularly mountain chains, soaring
birds can exploit stronger thermal conditions and
wave lifts. As a result, Short-toed Snake Eagles
sometimes undertake long detours over land
between their wintering grounds, located south of
the Sahara desert, and their breeding grounds in
Europe, in order to cross the Mediterranean Sea
at its narrowest points: the Strait of Gibraltar and
the Bosphorus. Birds breeding in central-southern

Figure 1. The study area.

Greece and in the Italian Peninsula, use the so-called
“circuitous migration” that involves movements
that are opposite to the main migration direction,
southwards during spring and northwards during
autumn, at the end and at the beginning of their
movements, respectively (Agostini et al. 2002a,
Panuccio et al. 2011).
Since the migratory behavior of raptors changes
in relation to weather conditions and geographic
features, population monitoring methods that rely
on direct observation could be biased by these
factors. In addition, weather-related variables
could change between spring and autumn, affecting
migration counts in the two periods. In this study
we document the influence of wind, temperature,
barometric pressure, relative humidity and time
of the day on the numbers of Short-toed Snake
Eagles observed migrating along a mountain chain,
through systematic observations on the slopes of
Mount Olympus (northeast Greece), during both
autumn and spring movements.
Study area and methods
The mountain chain (approx. 40° 01’N, 22°
29’E) located in this area of north-eastern Greece
runs parallel and very close to the coast (approx.
7 km) forcing migrants to concentrate on a
narrow corridor (Panuccio et al. 2011). North
of Mount Olympus there is a large flat area
while the mountain chain continues southwards.
Observations were made with telescopes and
binoculars between 9 September and 1 October
2009 and between 6-26 March 2010, the peak
periods of the autumn and spring migration of
the Short-toed Snake Eagle in the Mediterranean
basin (Agostini et al. 2002b, Baghino et al. 2009).
The observations were interrupted only due to
heavy rain or snow. Each day was divided into four
two-hour periods: 9:00-10:59 hr, 11:00-12:59 hr,
13:00-14:59 hr, and 15:00-sunset hr (solar time).
Hourly weather data were obtained daily from the
Litochoro meteorological station.
In the statistical analysis we used hourly data. To
compare weather data across the two seasons we
used Mann-Whitney and Kruskall-Wallis tests,
in the latter case after a Levene test to compare
variances. When comparing the average numbers
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Figure 2a. Correlation between temperatures
and numbers of Short-toed Snake Eagles seen
migrating at the site during autumn.

Figure 2b. Correlation between temperatures
and numbers of Short-toed Snake Eagles seen
migrating at the site during spring.
of birds passing through the study area per hour
with different wind conditions, we used the z
test after the F test run to compare variances. We
used logarithmic transformation of original data
when variances were not homogeneous. Finally,
to correlate the passage of eagles with barometric
pressure, relative humidity and temperatures we
used Spearman’s rank correlation tests (see Fowler
and Cohen 1996).
Results
A total of 367 (max. one day count: 107 birds
on 19 September) and 602 (max. one day count:

258 birds on 24 March) Short-toed Snake Eagles
were observed in autumn and spring, heading
NNE and SSW, respectively. Of the weather
variables measured at the site, barometric pressure,
relative humidity (both higher in spring than in
autumn) and temperatures (higher in autumn
than in spring) were significantly different across
the two seasons (Table 1). Winds from NE-NNEN-NNW-NW (with head component in autumn
and tail component in spring) and SE-SSE-SSSW-SW (with tail component in autumn and
head component in spring) commonly occurred
in both periods, while in autumn prevailing winds
were also from WNW-W-WSW (lateral; Table 2).
Wind speed was weak (< 15 km/h) for all wind
directions during both spring and autumn. In
autumn, there was no significant difference in
the strength of headwinds, tailwinds, or westerly
winds (KW = 10.02, P > 0.05). In spring, tailwinds
were stronger than headwinds (U-test = 2049, P <
0.01). The comparison of the mean hourly passages
of eagles during different wind conditions (Table
4) showed that wind direction did not affect the
number of raptors detected at the site during either
autumn (headwind vs. tailwind: z = 0.11, P > 0.05;
westerly wind vs. headwind + tailwind: z = 1.79,
P > 0.05) or spring (headwind vs. tailwind: z =
0.32, P > 0.05). The passage of Short-toed Snake
Eagles was positively correlated with temperature
in both seasons (Fig.1; spring: rho = 0.36, P <
0.001; autumn: rho = 0.14, P < 0.05). However,
during autumn, the number of migrants observed
decreased drastically with temperatures above 23°C
(Fig.2a). The number of migrants recorded did not
show a daily peak in autumn. During spring, the
number of migrants recorded appeared to peak
in the early afternoon (Contingency table: χ² =
191.78; d.f. = 3; P < 0.001; fig. 3). Barometric
pressure was positively correlated with the number
of raptors observed during autumn (rho = 0.15, P <
0.05) but not during spring (rho = 0.13, P > 0.05).
Barometric pressure was negatively correlated with
temperature in autumn (rho = - 0.26; P < 0.01) but
positively correlated with temperature in spring
(rho = 0.23; P < 0.01). Finally, relative humidity
did not affect the passage of Short-toed Snake
Eagles in either season (autumn: rho = -0.12, P >
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Table 1 -Temperatures, barometric pressure and relative humidity during the two seasons.

Temperatures (°C)

Barometric
Pressure (hPa)
Relative Humidity
(%)

Autumn
16
23
22.8
28
1009
1018
1018
1027
29
56
56.1
100

Min.
Median
Mean
Max
Min.
Median
Mean
Max.
Min
Median
Mean
Max.

Spring
0
11
10.7
19
1010
1021
1021
1035
26
66
63.6
94

Mann-Whitney
U-test= 38528
P < 0.001
n = 398
U-test= 14514.5
P < 0.001
n = 398
U-test =14177.5
P < 0.001
n = 398

Table 2 - Percentage of different wind directions in autumn and spring (HW = head wind; TW = tail
wind; LW = lateral wind).
Autumn (%; n = 230)
Spring (%; n = 168)
Northerly
23.9 (HW)
47.0 (TW) 79
Southerly
24.3 (TW)
23.8 (HW) 40
Westerly
35.6 (LW)
11.9 (LW)
Easterly
6.1 (LW)
8.3 (LW)
Variable
8.3
0.6
No wind
1.7
8.3

Table 3 - Wind strength of prevailing winds in spring and autumn.
Westerly
(km/h)
5.6
11.1
11.7
21.1

Head wind
(km/h)
3.7
11.2
12.9
27.8
1.6
8.0
8.6
47.9

wind

Autumn

Spring

Min.
Median
Mean
Max
Min.
Median
Mean
Max

-

Tail wind
(km/h)
5.6
14.8
14.1
22.2
1.7
9.7
12.3
48.2

KW = 10.02
P > 0.05
n = 193
U-test=2049
P < 0.01
n = 119

Table 4 -Hourly means of Short-toed Snake Eagles observed with different wind conditions.
Hourly Mean (± SE)
Spring
Autumn
Head wind
2.1 ± 1.09 (n = 55)
4.77 ± 1.83 (n = 40)
Tail wind
1.3 ± 0.46 (n = 56)
4.03 ± 0.45 (n = 79)
Lateral (westerly) wind
1.85 ± 0.38 (n = 82)
-
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0.05; spring: rho = -0.06, P > 0.05).
Discussion
The lack of difference between numbers of
eagles observed during westerly (lateral) winds
and during other wind directions (headwinds
+ tailwinds) in autumn, suggests that migrants
compensated the drift effect of such lateral
winds when passing through the study area to
avoid to be blown off over the Aegean Sea. As
reported in previous studies, raptors are able
to compensate the drift effect of lateral winds
by changing their heading and/or limiting the
use of soaring-gliding flight in particular when
migrating through or near an ecological barrier,
such in our case study (Kerlinger 1989, Klassen
et al. 2010, Panuccio et al. 2010). Also, tail and
headwinds did not affect counts at the site during
both spring and autumn. This result could be
explained by the fact that such winds were weak
during the observation periods although, during
spring, tailwinds were significantly stronger than
headwinds. On the other hand, tailwinds would
have had to increase the cross-country speed of
migrants and consequently their passage at the site
during periods with such atmospheric conditions
(Kerlinger 1989, Spaar 1995).
During autumn (but not spring) migration, adult
and juvenile Short-toed Snake Eagles belonging
to the population breeding in Greece tend to
migrate at the same time, increasing the number

Figure 3
Variation of the migratory flow of Short-toed
Snake Eagles throughout the day (solar time)
during autumn 2009 (9 September – 1 October)
and spring 2010 (6 – 26 March).

of migrants expected to pass at the observation site
during post-reproductive movements (Panuccio et
al. 2011). However, in our study, larger numbers of
migrants were seen during the spring than during
the autumn migration. Observer detection could
have been affected by different thermal conditions
in the two seasons along the mountain chain. In
particular, the temperature in northern Greece
was higher, and consequently thermal conditions
stronger, in September than in March. As expected
for a soaring bird (Maransky et al. 1997), the
number of Short-toed Snake Eagles observed was
positively correlated with temperature during
both seasons; however, larger numbers of migrants
were seen in spring, when the temperature was
lower. Short-toed Snake Eagles would have had
to increase their travelling speed during favorable
thermal conditions showing a daily peak in
early afternoon in both seasons (Kerlinger 1989,
Panuccio et al. 2010). However, during our study,
this pattern was reported during spring but not
during autumn migration when, conversely, the
number of migrants detected drastically decreased
with temperatures higher than 23°C. In March,
large areas of the mountain chain were covered
with snow. Perhaps during autumn migration,
when stronger thermal conditions occurred, a
higher proportion of Short-toed Snake Eagles
passed out of sight in early afternoon. Migrating
broad-winged raptors become difficult to see at
altitudes higher than 600 m above ground level
(Kerlinger 1989). Previous radar studies made
both in the United States and Israel showed that
the flight altitude of raptors increases linearly with
time of the day until the afternoon (Kerlinger
and Gauthreaux 1985, Bruderer et al 1994, Spaar
1995). Moreover, eagles (i.e. Steppe Eagles,
Aquila nipalensis) appear to be less likely to fly
at low altitudes than smaller species of raptors
(European Honey Buzzards, Pernis apivorus, and
Steppe Buzzards, Buteo buteo vulpinus, Spaar
and Bruderer 1996). Data collected by radar
in Israel also showed that migrating birds fly at
higher altitudes in autumn than in spring, and
in particular in early spring when flight altitude
was much lower (Spaar et al. 2000, Dinevich and
Leshem 2010). Bruderer et al. (1994) suggested
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that during noon and early afternoon the lower
limit of migration was lifted off the ground and this
may explain the lower number of raptors observed
during this period of the day. Thus, it is possible
that visual censuses of Short-toed Snake Eagle
along mountain chains could be biased by season,
due to differences in thermal conditions in these
periods of movement (March and September).
This hypothesis would be consistent with results
of other censuses of this species made during both
seasons along two mountain chains in central
and northwestern Italy where higher number of
Short-toed Snake Eagles are observed migrating in
spring than in autumn (Apuane Alps and Ligurian
Apennines; Baghino and Premuda 2007, Baghino
et al. 2009, Premuda et al. 2010). Finally, in the
case of Mount Olympus, geographic features of

the study area, with the presence of a large flat
zone north of the site, could have further affected
the observed numbers of Short-toed Snake Eagles,
by decreasing the altitude of migrants reaching the
watchsite in spring.
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Many species of raptors winter in Africa and breed in
central and northern Europe, migrating north in the
spring and south in autumn (Gensbøl 1992, Ferguson-Lees
and Christie 2001). During their travels, the birds face a
natural barrier: the Mediterranean Sea. Due to their morphology, the energy consumption of raptors in powered
flight increases disproportionately with body mass. As a
result, raptors use different flyways according to their dependence on soaring-gliding flight (Kerlinger 1989, Zalles
and Bildstein 2000). Anatomy is not the only factor influencing the decision of whether to cross the sea: weather
conditions, experience, body condition, time of day, and
flocking behavior may also influence the timing of crossing
(for a review, see Kerlinger 1989, Bildstein 2006).
Eagles and Eurasian Buzzards (Buteo buteo) avoid crossing the central Mediterranean between North Africa and
southern Italy, which would entail a long water crossing
(Agostini 2005). Conversely, in spring thousands of European Honey-buzzards (Pernis apivorus) cross the Channel
of Sicily between Cap Bon Peninsula (Tunisia) and western
Sicily, distance of about 150 km (Agostini et al. 2007). The
behavior of European Honey-buzzards is intermediate between that of broad-winged raptors such as eagles and
Buteos and that of relatively long-winged raptors such as
Circus spp., and although they concentrate at narrow straits
and isthmuses, they are able to undertake long powered
flights over sea (Agostini et al. 2005, Agostini and Panuccio
2005). Black Kites (Milvus migrans) form migratory concentrations between North Africa and southern Italy, funnelling over the Channel of Sicily, whereas Circus spp. migrate across a wider expanse, passing also over Malta
(Beaman and Galea 1974, Agostini and Duchi 1994, Agostini and Panuccio 2010). The main migratory flow of raptors reaching the continental coast of Italy from Sicily is
funnelled through the Strait of Messina, where up to
30 000 raptors per year have been counted (Corso 2001).
However, between 3000 and 8000 raptors take a more direct route to the Italian peninsula, bypassing the Strait of
1

Email address: panucciomichele@gmail.com

Messina and concentrating over the islands of Ustica and
Panarea (Panuccio et al. 2004, Agostini et al. 2007, Mellone et al. 2007). Previous studies have focused on the
relationship between migratory behavior of European
Honey-buzzards and weather conditions at the Strait of
Messina (Agostini 1992, Agostini et al. 1994b, 2007).
In this report, I analyze the influence of wind conditions
on the migratory patterns of raptors at the Strait of Messina by comparing the migratory passage of European
Honey-buzzards and Circus spp., the most abundant species reported at the site (Giordano 1991, Corso 2001).
STUDY AREA

AND

METHODS

Observations were made between 27 March and 31 May
2004 from a migratory observation point located along the
continental coast of the strait, at the narrowest point between Sicily and continental Italy (approx. 3 km; Fig. 1).
Observers used the same observation point (38u13.569N,
15u40.089E), on a hilltop between the villages of Scilla
and Villa S. Giovanni at an approximate altitude of 300 m
asl, for the entire study period. This area was believed to be
the primary flyway for migrating raptors in the area (Agostini 1992, Agostini et al. 1994a, 1994b, 1994c, 1995). Observations were made between 08:00 H and 18:00 H (solar
time) for a total of 660 hr (observations were interrupted
only in case of heavy rainfall). Two researchers, equipped
with 10 3 42 binoculars and 20–603 spotting scopes, observed simultaneously, making scans of the sky with binoculars. Observers recorded species, age and sex classes,
flight direction, and flocking behavior.
Meteorological data from the Meteorological Station of
Reggio Calabria Airport located on the continental side of
the strait 15 km south of the watchpoint was used for
comparison to the observation data (www.ilmeteo.it). For
the analysis, hourly measures of wind strength and direction were used.
The prevailing wind direction at the Strait of Messina
was compared to the migratory passage rates of three categories of raptors: the European Honey-buzzard, Circus
spp., and the total number of raptors (Accipitriformes).
The category of Circus spp. included Western Marsh Harriers (Circus aeruginosus), Montagu’s Harriers (Circus pygargus), Pallid Harriers (Circus macrourus), and Northern Har-

88
127

MARCH 2011

SHORT COMMUNICATION

89

Table 1. European Honey-buzzards and Circus spp.
observed migrating singly and with other individuals,
over the Strait of Messina, Italy, in spring 2004.

European Honey-buzzards
Circus spp.

SOLITARY
n (%)

IN FLOCKS
n (%)

266 (3%)
416 (33%)

7403 (97%)
844 (67%)

RESULTS

Figure 1. Observation point for monitoring spring raptor migration at the Strait of Messina in southern Italy.
Numbers on map denote locations mentioned in the text:
(1) Strait of Messina (the white dot indicates the location
of observations), (2) island of Panarea, (3) island of Ustica, (4) island of Malta, (5) island of Pantelleria, (6) Cap
Bon Promontory, (7) island of Marettimo.
riers (Circus cyaneus), analyzed together due to their similar wing morphology and behavior (Kerlinger 1989, Spaar
and Bruderer 1997, Meyer et al. 2000). The migration of
European Honey-buzzards, the most abundant species observed, was also analyzed in relation to wind speed. The
analysis period was limited to 25 April to 31 May for European Honey-buzzards, and from 27 March to 22 May for
Circus spp., to limit bias due to observations made outside
of the migration period.
Other researchers have considered the flock as the sample unit when counting birds crossing water (Agostini et al.
2005, 2007, Panuccio and Agostini 2010). However, in this
study, individuals were considered to be the sample unit
(see also Agostini 1992). In fact, the behavior of birds
funnelling through the straits differs from that of raptors
approaching a long water-crossing, because Accipitriformes show a stronger tendency to remain together in
front of the water barrier (Kerlinger 1989, Agostini and
Duchi 1994, Agostini et al. 2005, Panuccio and Agostini
2010). For this reason, the observed flocking behavior
was reported below. I used t-tests to compare the mean hourly passage of raptors under the following conditions: headwinds and tailwinds, and weak (,25 km/hr) and strong
winds (.25 km/hr). Headwinds and tailwinds categories
were defined according to previous researches done in the
study area (Agostini 1992, Agostini et al. 2007).

Observers counted a total of 9439 raptors of 16 species.
Most were European Honey-buzzards (81.2%), Western
Marsh Harriers (10.6%) and Black Kites (4.5%). Other
species observed were: Montagu’s Harrier (187 individuals), Pallid Harrier (26), Circus pygargus/macrourus (38),
Northern Harrier (7), Eurasian Buzzard (28), Steppe Buzzard (Buteo buteo vulpinus; 6), Long-legged Buzzard (Buteo
rufinus; 2), Booted Eagle (Hieraaetus pennatus; 12), Shorttoed Snake-Eagle (Circaetus gallicus; 3), Golden Eagle (Aquila chrysaetos; 1), Egyptian Vulture (Neophron percnopterus;
1), Griffon Vulture (Gyps fulvus; 1), Eurasian Sparrowhawk
(Accipiter nisus; 4), Red Kite (Milvus milvus; 2), Osprey
(Pandion haliaetus; 4). In 19 cases it was not possible to
identify the species.
Flocking Behavior. European Honey-buzzards (n 5
7669) migrated mainly in flocks, averaging 13.1 6 0.93
(SE) individuals. Only four flocks were observed that contained more than one hundred individuals; one flock, on
11 May, consisted of 506 raptors. In addition, 266 European Honey-buzzards (3.5%) migrated alone.
Harriers migrated in smaller flocks, and a higher percentage migrated alone (contingency table: x2 5 1585.4, P
, 0.001, Table 1). In particular, marsh harriers migrated
in small groups averaging 3.5 6 0.2 birds, with the largest
flock containing 34 individuals (observed 2 April). A total
of 298 individuals (29.7%) migrated alone.
Of the other Circus spp., Montagu’s Harriers migrated
mostly alone (34.5%) or in small flocks of 2–3 individuals
(28.5%). Only two larger flocks were observed: groups of 42
and 28 individuals seen on 17 and 20 April, respectively. All
Pallid Harriers were observed migrating alone or in pairs.
Finally, Black Kites primarily migrated in small flocks
averaging 3.7 6 0.2 individuals. One hundred four kites
(23.4%) migrated alone.
Movement of raptors at the strait was not homogeneous
throughout the day: all three of the most commonly observed species were less frequent during the first two hours
of the day (European Honey-buzzard (x2 5 1151.2, P ,
0.001), Western Marsh Harrier (x2 5 161.5, P , 0.001)
and Black Kite (x2 5 52.7, P , 0.01).
Migration and Wind Conditions. During the observation
period (excluding rain hours), the prevailing winds were
most frequently from N-NNE (headwind; 325 hr, 56%),
and from WSW-SW-SSW (tailwind; 162 hr, 28%). Wind
from other directions occurred during only 15% of the
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Table 2. Comparison of counts of migrating raptors through the Strait of Messina with headwinds (N-NNE) and
tailwinds (WSW-SW-SSW), reported as the hourly mean number of individuals (6SE) and the P value of a test for
significant differences between the two categories. Dates of observation were 27 March–31 May for all Accipitriformes;
25 April–31 May for European Honey-buzzards; and 27 March–22 May for Circus spp.
ACCIPITRIFORMES

EUROPEAN HONEY-BUZZARDS

CIRCUS

SPP.

WIND DIRECTION

HOURLY MEAN

P

HOURLY MEAN

P

HOURLY MEAN

P

Headwind (N-NNE)
Tailwind (WSW-SW-SSW)

24.7 6 3.4
6.2 6 1.5

,0.001

31.4 6 4.9
12.3 6 3.2

0.001

4.2 6 0.6
0.6 6 0.1

,0.001

et al. (2000) hypothesized that this behavior is adaptive
because the risk of exhaustion increases with energy consumption, and therefore risk is higher when flying against
headwinds. At the island of Ustica, marsh harriers were
observed to begin crossing the Mediterranean Sea mostly
when wind speeds were less than 15 km/h, regardless of
direction (Panuccio et al. 2002). Considering the increased length of the crossing at that site (250 km), and
the associated increase in the risk of changeable weather, it
was not surprising that raptors began the long, powered
flight from the island only when weather conditions were
safer. When tailwinds were blowing, European Honey-buzzards crossing the Mediterranean Sea between Cap Bon
and Sicily used a more direct route, when they were observed at the northern side of the Channel of Sicily passing
over the island of Marettimo. Conversely, in headwinds or
lateral winds, European Honey-buzzards drifted ESE toward the island of Pantelleria where they could use thermal currents to rest from powered flight (Agostini et al.
2007). With tailwinds, a greater number of European Honey-buzzards were observed at the island of Panarea than at
the Straits of Messina, although at both sites raptors migrated mostly with headwinds (Agostini et al. 2007).
The results of this study suggest that raptors may concentrate at the Strait of Messina when the weather conditions are not suitable for a longer water crossing, particularly against headwinds. These wind conditions may lead
individuals to fly over land where they can exploit thermals, using soaring-gliding flight to minimize the risk
and energetic costs of a longer sea crossing. In fact, the
short distance of the crossing at the site (about 3 km)
allows raptors to reach the continental coast even with
strong opposing winds. High numbers of harriers were

hr, and for 8 hr (1%) wind speed was negligible. Winds
were considered variable for 0.4% of hr, and data were not
available for 0.6% of hr.
The comparison of the mean hourly passage rates of
raptors during the two main wind conditions (headwinds
and tailwinds) indicated that wind direction influenced
the number of raptors seen migrating at the site (Table 2).
Considering all individuals of all species (n 5 9439), a
significant higher number passed with headwinds (NNNE) rather than with tailwinds (WSW-SW-SSW; t 5
5.023, df 5 430.771, P , 0.001).
This pattern was true for Circus spp. (t 5 6.078, df 5 213.16,
P , 0.001) and for European Honey-buzzards (t 5 3.293, df
5 277.27, P 5 0.001). However, on certain days, large numbers of European Honey-buzzards were observed migrating
with tailwinds (390, 109, and 126 individuals on 25, 26 and
27 May, respectively). On these days, raptors were observed
flying far out over the sea, north of the hawkwatch site.
By contrast, numbers of European Honey-buzzards were
not significantly influenced by wind speed (Table 3), either considering all winds regardless of direction (t 5
20.12, df 5 313.18, P 5 0.904), or only headwinds (t 5
0.294, df 5 207.63, P 5 0.769).
DISCUSSION
Much previous research, based on both visual observations and on radar detections, has indicated that raptors
usually prefer to begin water crossings with tailwinds
(Meyer et al. 2000, Agostini et al. 2005, 2007), because
tailwinds should allow a faster and energetically less expensive flight over sea. Raptors may also undertake water crossings with lateral winds (Kerlinger 1989, Agostini et al.
1994b), but rarely against strong opposing winds. Meyer

Table 3. Numbers of migrating European Honey-buzzards (hourly mean 6 SE) relative to wind strength, calculated for
all wind directions and for headwinds only (N-NNE), at the Strait of Messina, southern Italy, spring 2004.
WEAK WINDS
,25 km/h

WIND DIRECTION
All directions
Headwinds (N-NNE)

Average wind strength (km/h)
Honey-buzzards (hourly mean)
Average wind strength (km/h)
Honey-buzzards (hourly mean)
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16.2
23.3
20.7
32.6

6
6
6
6

0.5
4.1
0.5
6.8

STRONG WINDS
.25 km/h
31.3
24.2
31
29.8

6
6
6
6

0.4
5.1
0.33
6.8

P
0.94
0.769
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observed to migrate over Ustica, suggesting that this strategy may be particularly important for harriers, which are
more likely to use powered flight than other Accipitriformes (Spaar and Bruderer 1997, Panuccio et al. 2004).
Because in other areas raptors fly at specific altitudes in
particular wind conditions, I could not exclude the possibility that with tailwinds some raptors may have passed
undetected flying at higher altitude (Kerlinger and Gauthreaux 1984, Kerlinger 1989, Panuccio et al. 2010). However, observations made in spring in the central Mediterranean area suggested that European Honey-buzzards
tend to fly at a lower altitude with tailwinds (Agostini
1992, Agostini et al. 2005).
Finally, the lower numbers of raptors observed in the
early morning hours may be related to the weaker thermal
currents in the cool morning; in this case, individuals may
choose to bypass the strait and use a more direct route
over the sea (see also Agostini et al. 2007). Given the observed flight behavior of raptors in the study area, it is
possible that soaring birds will risk collision with the structure of the planned bridge between Sicily and continental
Italy. Thus, further investigation of potential mortality
risks is recommended.
EFECTOS DEL VIENTO SOBRE LA MIGRACIÓN VISIBLE DE RAPACES EN LA PRIMAVERA EN EL ESTRECHO DE MESSINA, SUR DE ITALIA
RESUMEN.—Se contaron las rapaces migratorias en el
estrecho de Messina, el cruce sobre el agua más angosto
ubicado entre Sicilia e Italia continental, con el objetivo de
investigar la influencia de la dirección y la velocidad del
viento sobre el comportamiento de las rapaces que cruzan
el estrecho. El estudio fue realizado en la primavera, del 27
de marzo al 31 de mayo de 2004. Los mayores números de
rapaces se observaron migrando en el estrecho en dı́as con
el viento en contra a la dirección de desplazamiento. La
velocidad del viento no afectó el paso de la especie observada con mayor frecuencia, Pernis apivorus. Los resultados
sugieren que las rapaces tı́picamente cruzan el mar en el
punto más estrecho entre Sicilia y la penı́nsula italiana
cuando las condiciones no son propicias para cruzar un
tramo más amplio sobre el agua.
[Traducción del equipo editorial]
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Michele Panuccio, Nicolantonio Agostini, Giuseppe Lucia, Ugo Mellone, Stephen Wilson, Jack
Ashton-Booth, Gianpasquale Chiatante, and Simone Todisco (2010) Local weather conditions affect
migration strategies of adult Western Honey Buzzards Pernis apivorus through an isthmus area. Zoological
Studies 49(5): 651-656. We tested the effect of crosswinds, barometric pressure, and time of day on the
visible migration of adult Western Honey Buzzards Pernis apivorus through an isthmus area in southern
continental Italy. Simultaneous observations from 3 posts were made in autumn 2005 and 2006, and birds
were assigned to one of 3 local migration corridors: western, central, and eastern. During our observations,
prevailing winds were perpendicular to the direction of migration. The peak of migration occurred during the
afternoon and with westerly winds. Ideal weather conditions for soaring flight occurred during weak winds
and high barometric pressure. An analysis of migration frequencies among the 3 corridors suggests that adult
Western Honey Buzzards tend to compensate for deviations in lateral winds on a small scale when migrating
through this isthmus area. It appears that they do not slow their travel speed during weather conditions that
are unfavorable for soaring flight (strong lateral winds and low barometric pressure) by increasing the use of
powered flight. On the other hand, migrants will change their migration strategy in relation to wind drift when
migrating through the Channel of Sicily en route to Africa, thus showing a broad front of migration over water.
http://zoolstud.sinica.edu.tw/Journals/49.5/651.pdf
Key words: Western Honey Buzzard, Raptor migration, Wind drift, Central Mediterranean.

D

uring migration, birds face a variety of
challenges including geographical complexity,
competition during stopovers, and the variability
and unpredictability of meteorological conditions
(Berthold 2001). In particular, weather conditions
can affect flight behaviors and migration pathways
on both large and small scales and ultimately a
bird’s decision when to depart (Alerstam 1979,
Richardson 1990, Maransky et al. 1997, Danhardt
and Lindstrom 2001, Shamoun-Baranes et al.
2006, Agostini et al. 2005, Liechti 2006). In
particular, sea-level pressure was shown to be one

of the most important factors triggering the onset
of soaring-bird migration (Shamoun-Baranes et
al. 2003), and favorable winds can minimize both
the time and energy birds allocate to migration
(Houston 1998). General wind conditions
can shape the migratory routes of raptors; for
example, Klaassen et al. (2010) demonstrated
how crosswinds cause Western Marsh Harriers
Circus aeroginosus to partially drift thus promoting
a loop migration. The Western Honey Buzzard
Pernis apivorus is one of the most common raptor
species recorded at migration hotspots in the

*To whom correspondence and reprint requests should be addressed. E-mail:nicolantonioa@tiscalinet.it
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Western Palaearctic (Bildstein 2006), and their
wings show an intermediate morphology between
those of large raptors with a low aspect ratio
(e.g., buzzards, vultures, and eagles) and those
of raptors with a high aspect ratio (e.g., kites,
harriers, and the osprey; Kerlinger 1989). For this
reason although Western Honey Buzzards mostly
use soaring flight during migration (Bruderer et al.
1994), they will also cross large water bodies using
flapping flight (Agostini et al. 2005).
Recent visual studies made in the Central
Mediterranean showed that the sea crossing
behavior of adult Western Honey Buzzards was
affected by several factors, such as geography,
prevailing winds, time of day, and navigational
abilities among others (Agostini et al. 2005).
Crosswinds also play a significant role in these
birds’ movements and tend to induce a significant
drift effect during the 1st stage of their long sea
crossings whereby they exploit small islands to
facilitate soaring flight (Agostini et al. 2007a).
During flight through the Channel of Sicily, between
western Sicily (southern Italy) and Tunisia, adult
Western Honey Buzzards migrate on a broad front
between the islands of Marettimo and Pantelleria
(a distance of approximately 120 km), and those
passing via Pantelleria compensate for deviations
caused by lateral winds during the final stage
of the crossing showing a curvilinear path over
water (Fig. 1). During autumn, before reaching
the Channel of Sicily and flying west along the
mountain chains of northern Sicily, these birds
follow the Italian peninsula (Agostini and Logozzo
1997, Panuccio et al. 2005). During passage
through southern continental Italy, they concentrate
across a narrow front (the Marcellinara Isthmus)
where the distance between the Tyrrhenian and
Ionian coasts is narrowest (approximately 30 km)
before approaching the Straits of Messina.
The aim of this study was to verify through
visual observations the effects of small-scale
weather patterns such as crosswinds, barometric
pressure, and time of day on the visible migration
of adult Western Honey Buzzards through the
Marcellinara Isthmus.
MATERIALS AND METHODS
Study area
The study area is located in the narrowest
point of the Italian peninsula. In this area, the
Apennines are interrupted to the south by the Sila

Plateau and to the west and east by the Tyrrhenian
and Ionian Seas. South of this interruption lies
a more-diverse area (the Marcellinara Isthmus)
including the Pesipe River valley separating Mount
(Mt.) Covello centrally from Mt. Contessa (at a
distance of < 3 km) to the west. Birds concentrate
along the passage in the Pesipe Valley and
often fly close to the ground (< 100 m) allowing
for an accurate study of the migration by direct
visual observations (Agostini and Logozzo 1995a
1997). Observations were made between 24 Aug.
and 12 Sept. in both 2005 and 2006, the main
migration period of adult Western Honey Buzzards
through the central Mediterranean (Agostini and
Logozzo 1995b). Three observation posts were
used (Fig. 1), and observations were made with
the aid of telescopes and binoculars. These 3
vantage points were located on the slopes of Mt.
Covello and Mt. Contessa (both at approximately
700 m in elevation) and in the town of Girifalco
(at approximately 450 m). Observations were
made simultaneously at every post and were only
interrupted during rain. To investigate the daily
pattern of migration, each day of observation was
divided into 5 (solar) time periods: 07:20-09:19,
09:20-11:19, 11:20-13:19, 13:20-15:19, and
15:20-17:20. The passage of raptors was
examined along 3 topographical corridors: western
(west of the post on Mt. Contessa), central
(between Mt. Covello and Mt. Contessa), and
eastern corridor (east of Mt. Covello). Because
observation distances between posts overlapped,
at the end of each day, data recorded at each post
were compared with data from the other posts, to
eliminate possible double counting of the same
birds according to the time and location of the
birds’ passage (see also Dovrat 1991 in Shirihai et
al. 2000).
In the statistical analysis, when comparing
the average numbers of birds passing through the
study area per hour, we used the z test (Fowler
and Cohen 1996) after logarithmic transformation
of the original data. In order to keep our analysis
as conservative as possible, we did not consider
hours in which no Western Honey Buzzards
were reported, since it could have been related
to factors occurring outside our study area. We
classified barometric pressure as either high (all
values above the median; ≥ 1016 hPa) or low (all
values below the median; < 1016 hPa). Moreover,
we classified the altitude of raptors as high, when
they passed higher than the observation posts, and
low, when they passed lower than the observation
posts or at eye level. Finally, prevailing winds
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were considered strong when their speed was
≥ 20 km/h. Hourly weather data at the Marcellinara
Isthmus were obtained from the Lamezia Terme
meteorological station which are at the web site
www.ilmeteo.it/dati.htm.
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respectively. The time of day had a significant
effect on the visible migration; the passage showed
an evident peak in the afternoon at 13:20-15:19
(Fig. 2; χ2 = 632.94, d.f. = 4, p < 0.01). Along the
eastern corridor, the proportion of migrants was
significantly higher during this period of the day
(Fig. 3; χ2 = 151.2, d.f. = 8, p < 0.01). During our
study, prevailing winds were mainly perpendicular
to the direction of migration (lateral winds for 304
h and other wind conditions for 87 h) with westerly
winds (WNW-W-WSW) being more common
than easterly winds (ENE-E-ESE) (232 vs. 72 h,

RESULTS

Tyrrhenian Sea

In total, 1346 (19%), 4727 (65%), and 1177
(16%) Western Honey Buzzards were seen
along the western, central, and eastern corridors,

Girifalco
Town
Mount
Contessa
Mount
Covello
Ionian
Sea

M

SM
P

Fig. 1. Study area and approximate flyways (arrows) used by adult Western Honey Buzzards in autumn through the Central Mediter
ranean. SM, Straits of Messina; M, Marettimo; P, Pantelleria.
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Fig. 4. Proportions of Western Honey Buzzards passing high
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Fig. 3. Variations in the daily patterns of migration (solar time)
along the western, central, and eastern corridors.

Fig. 5. Proportions of Western Honey Buzzards passing along
the eastern, central, and western corridors during periods
of strong and weak westerly winds and during high and low
barometric pressure.
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travel speed as observed in other areas (Spaar
1997). Regarding wind direction, Western
Honey Buzzards passed mostly during periods
of prevailing westerly rather than easterly winds,
since such atmospheric conditions are associated
with the thermal-producing, fair-weather period that
follows the passage of a cold front in the central
Mediterranean region. For the same reason, the
barometric pressure probably affected the altitude
of raptor flight. In addition, an approaching cold
front can cause unfavorable weather conditions
(rain and southerly winds) north of the watch
points, just along the migratory flyway; Western
Honey Buzzards that pass through southern
continental Italy during autumn are most likely from
breeding areas in central Italy and the Balkans
via the Adriatic Sea (Agostini et al. 2007b). As
in our study, in eastern Pennsylvania, USA, the
peak of raptor migration is associated with weather
conditions that help create thermal updrafts on
days following the passage of a cold front (Allen et
al. 1996, Maransky et al. 1997). There could be 2
alternative explanations for the fact that migration
counts did not differ between times of low and high
barometric pressure, or weak and strong westerly
winds: within the different periods of the day (1)
during ideal weather conditions for soaring flight
(high barometric pressure and weak lateral winds),
a higher percentage of raptors passed through
undetected; or (2) migrants did not slow their travel
speed during unfavorable weather for soaring flight
when passing through the Marcellinara Isthmus,
because they increased the use of powered
flight to limit the drift effect of lateral winds. The
1st explanation is not supported by the results
concerning the peak passage observed in the
afternoon, during better weather conditions for
soaring flight; because of the flat and hilly zone
north of the site, approaching migrants cannot
use thermal and/or slope-soaring as raptors do
along a mountain ridge (Maransky et al. 1997),
and they are often flying close to the ground when
they reach the study area (see also Agostini and
Logozzo 1995a b, 1997). Conversely, the latter
hypothesis would be in agreement with earlier
observations concerning the flight style of migrants
reported with different strengths of lateral winds
made in the study area in the 1990s (Agostini
and Logozzo 1995a) such as with our results
concerning the higher proportions of birds seen
passing at lower altitudes during both strong lateral
winds and low barometric pressure. In fact, during
such atmospheric conditions, Western Honey
Buzzards passing through the study area limit the
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use of soaring flight (Agostini and Logozzo 1995a),
and only a fraction of birds exhibit a light drift effect
when passing along the eastern corridor. These
results partially agree with those made in Israel
where Western Honey Buzzards migrating through
the Middle East use soaringgliding flight for 94%
of their migration day and are therefore susceptible
to drift (Shirihai and Christie 1992, Shirihai et al.
2000).
Analyzing satellite telemetry data collected
all along the migration route, Thorup et al. (2003)
showed that adult Western Honey Buzzards
compensate for wind drift and are less affected
than juveniles by crosswinds when migrating
over land. We suggest that adult Western Honey
Buzzards also tend to compensate for deviations
in lateral winds on a smaller scale when migrating
over land through this isthmus area. On the other
hand, as mentioned above, migrants will change
their migration strategy in relation to wind drift
when migrating through the Channel of Sicily
en route to Africa by showing a broad front of
migration over water (Agostini et al. 2005).
Unfortunately, in the last 3 yr, a proliferation
of wind farms has occurred in our study area.
Considering the flight strategies adopted by
Western Honey Buzzards in particular during
strong lateral wind and low barometric pressure,
post-operam monitoring for possible mortality
effects is recommended.
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A comparison of two methods for monitoring migrating broadwinged raptors approaching a long water crossing
(marettimo, southern italy)
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Abstract: observations on raptor migration were carried out at the island of Marettimo (Central
Mediterranean) during the first half of October 2007. Raptors concentrate at this site before crossing the
Channel of Sicily en route to Africa (130 km). We used and compared two different census methods in
order to limit the problem of double-counting of migrating raptors. A total of 510 and 299 individuals
were respectively counted using two different methods: the first one is the standard method in use to
count migrating raptors (all-occurence), the second one consist in considering the maximum number
of raptors observed together for each observation day (maximum-daily-count). Raptors observed were
almost juveniles and immatures (inexperienced individuals). For short-toed snake eagle, booted eagle and
common buzzard, the results show significant differences in counts. Weather conditions affected observed
numbers of these species at the site, although they did so similarly for both methods. The results show
that, at Marettimo,, it is not possible to make an accurate count of inexperienced broad-winged raptors
approaching the long water crossing. For this reason we suggest to consider as an activity index the daily
count of the maximum number of birds of the same species observed together during each day of field work.
Riassunto: osservazioni sulla migrazione dei rapaci sono state compiute sull’isola di Marettimo (Sicilia
occidentale) durante la prima metà del mese di ottobre 2007. In questo sito si concentrano in autunno i
rapaci che attraversano il Canale di Sicilia in migrazione verso l’Africa (130 km). Sono stati comparati due
differenti metodi di censimento per limitare il rischio di riconteggi: il primo metodo è quello normalmente
utilizzato per i conteggi di rapaci migratori, il secondo consiste nel considerare il massimo numero di
rapaci osservati contemporaneamente per ogni giornata di rilevamento. Con i due diversi metodi sono
stati contati rispettivamente 510 e 299 individui. I rapaci osservati erano quasi tutti giovani o immaturi
(individui inesperti). La differenza fra i due conteggi è risultata significativa per tre specie: biancone,
aquila minore e poiana. Le condizioni meteorologiche hanno influenzato il numero di rapaci osservato in
maniera analoga per entrambi i metodi di censimento. Tali risultati suggeriscono che nell’area di studio
non è possibile effettuare un conteggio accurato di queste specie di rapaci. Al fine di limitare gli errori
nel censimento (doppi-conteggi), suggeriamo di utilizzare come indice di attività migratoria il numero
massimo di rapaci della stessa specie osservati contemporaneamente in ogni giornata di rilevamento.
Key words: water-crossing, census techniques, autumn raptor migration, Mediterranean sea.
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Introduction
During migration Accipitriformes mostly use
soaring flight, thus optimizing the use of
thermal currents, and avoiding long water
crossings to limit powered flight over water and
to reduce energetic costs (Kerlinger 1989). The
wing morphology of raptors play a role in the
evolution of migration strategies; in particular,
species with relatively broad wings (low aspect
ratio) are less suited to undertake the crossing
of large bodies of water while the same, heavier,
species maximize their flight speed over land. In
particular Kerlinger (1989) proposed the aspect
ratio ((Wing Span)2 / (Wing Area)) as one of the
most important morphologic features explaining
water crossing tendency of raptors, while other
authors have highlighted the weight differences
(Spaar & Bruderer 1997, Åkesson & Hedenström
2007, Pennycuik 2008). As a result, large soaring
raptors like vultures, eagles and common buzzards
are observed in small numbers during spring and
autumn migration in Central Mediterranean. As

Figure 1
Study area (M – island of Marettimo, CB – Cap
Bon Peninsula, CP – Circeo Promontory, MC –
Mount Conero).

a result, the observations of broad-winged raptors
in this area do not generally reflect the existence
of a true migration flyway, but rather they mostly
concern inexperienced and/or young individuals
(Agostini 2005, Agostini & Malara 1997, Agostini
et al. 2000, 2004a, 2004b, 2005).
When a raptor faces open water, several factors
influence its decision of whether or not to attempt
a crossing: the morphology, the distribution of
landmarks and leading lines, the length of the
water crossing, the physiological condition of the
bird, flocking behaviour, time of day, and previous
experiences; moreover, weather conditions strongly
affect water crossing behaviour (Kerlinger 1989,
Agostini et al. 1994, 2002, 2003, 2005, Agostini
& Duchi 1994; Agostini & Panuccio 2003a,
2003b, Klaassen et al. 2010, Meyer et al. 2000,
2003, Panuccio 2005, 2011, Thorup et al. 2003).
It is thus not surprising that at some sites, accurate
counting migrating raptors approaching a water
crossing can be difficult; indeed, in such cases
Accipitriformes sometimes interrupt migration,
disappear from view and pass again through
the study site again after several hours. Raptors
flocks sometimes hesitate and split up when faced
with a water crossing and sometimes fly in the
opposite direction of migration (Bildstein et al.
2007). Because of this behaviour many coastal
areas (like Cap Bon Peninsula, Mount Conero,
Circeo Promontory), were previously considered
unsuitable for counting migrating raptors
(Agostini 2005, Agostini et al. 1994, Agostini &
Duchi 1994, Agostini & Panuccio 2003a, 2003b,
Panuccio 2005, Panuccio et al. 2004, Premuda et
al. 2008).
The distance between Africa and Italy is narrowest
at the Channel of Sicily between the island of
Marettimo and the Tunisian peninsula of Cap
Bon; in this area thousands of migrating raptors
are regularly observed during autumn (Agostini
et al. 2000, 2004b). In particular, between midAugust and the end of September large numbers of
black kites Milvus migrans, honey buzzards Pernis
apivorus and marsh harriers Circus aeruginosus are
observed. Later in the season, a smaller number
of raptors mostly juvenile short-toed snake eagles
Circaetus gallicus are recorded (Agostini et al.

146

Two methods for monitoring raptors approaching water crossing

2004a, 2005).
The aim of this paper is to verify whether it is
possible to make an accurate count of large soaring
raptors migrating through the island of Marettimo
en route to Africa, and to compare two different
methods for doing so.
Study area and methods
The island of Marettimo (Fig. 1) is located 30 Km
off Western Sicily and 130 Km NE of the Cap
Bon Peninsula (Tunisia). Observations were made
from the 3rd to the 15th of October 2007 using a
single watch point located along the main ridge of
the island at an elevation of 500 m above sea level.
Two observers with binoculars and telescopes were
employed. Observations were made from 9:00
(solar time) until dusk.
Two different methods were used to count raptors.
The first method is the standard one in observation
studies (Bibby et al. 2000, Bildstein et al. 2007)
and hereafter called “all-occurrence”: it consisted in
counting raptors when they passed over the watch
point; in order to avoid counting them again,
birds were followed with binoculars and telescope
in order to ensure individuals and flocks really
were leaving the island. Raptors observed flying
in the opposite direction of the presumed optimal
migration were not considered in the count (Bibby
et al. 2000, Panuccio 2005). The second method,
from hereafter called “maximum-daily-count”,
consisted in counting the maximum number of
individuals of the same species observed together
on each day. In both cases, we noted whether any
individual birds could be identified by plumage
peculiarities; moreover, birds roosting at the site
were counted only if they were not observed the
following morning.
We tested the hypothesis that local weather
conditions affect the count of migrating raptors.
We considered the daily counts of the three species
that show significantly different results with the
two census methods: the short-toed snake eagle,
the booted eagle Hieeraetus pennatus and the
common buzzard Buteo buteo. A Generalized
Linear Model (GLM) with negative binomial
distribution was applied using as independent
factors: i) wind direction, ii) wind speed (km/h),

iii) temperature (°C), iv) air pressure (mbar) and v)
humidity (%) to explain variation in daily counts
of each species. These variables were collected by
the meteorological station of the Trapani Airport
every day at 13.20. Wind direction was divided
into two categories according to the most common
winds in the study period: northerly and southerly
winds. The GLM was repeated with the results
of both census techniques. A Spearman test was
run to avoid collinearity between the 5 variables;
air pressure was excluded from the analysis since
it correlates with wind direction (Rho= -0.63;
P<0.05). We verified the statistical power of each
GLM by applying a Shapiro-Wilk test on the
residue of the model. It was non significant in all
cases (P>0.05).
Results and discussion
During the entire survey, we counted 510 raptors
with the “all-occurrence” method and 299 with the
“maximum-daily count” method, for a total of 12
species (Tab. 1). For comparisons involving more
than 10 birds, the differences in counts between
the two methods appear to be significant for three
species: the short toed snake eagle (χ²= 22.2, d.f. 1,
P< 0.01), the common buzzard (χ²= 41.2, d.f. 1,
P< 0.01) and the booted eagle (χ²= 5.9, d.f. 1, P<
0.05). For the marsh harrier, the black kite and the
honey buzzard the differences are not significant,
but only few individuals of each were observed.
Broad-winged raptors hesitated in front of the
water crossing and in four cases flocks of short
toed snake eagles and common buzzards were
observed flying east towards Sicily, while eagles
were observed undertaking the water crossing
toward Africa in only three cases.
For all these three species, weather conditions
influenced the number of individuals recorded,
to a similar extent for both census techniques
(Tab. 2). Wind speed in the case of short-toed
snake eagle and booted eagle and wind direction
in the case of common buzzard strongly affected
observed number of migrants. In particular, with
increasing wind speeds numbers of short-toed
snake eagles and booted eagles decreased, while
with southerly winds (head-winds) lower numbers
of common buzzards were recorded. These results
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Table 1. Numbers of raptors counted with the two census methods.
SPECIES

ALLOCCURRENCE

MAXIMUM-DAILYCOUNT

Short-toed eagle – Circaetus gallicus
Booted eagle – Hieeraetus pennatus
Lesser spotted eagle – Aquila pomarina
Bonelli’s eagle – Hieeraetus fasciatus
Egyptian vulture – Neophron percnopterus
Common buzzard – Buteo buteo
Honey buzzard – Pernis apivorus
Black kite – Milvus migrans
Marsh harrier – Circus aeruginosus
Hen harrier – Circus cyaneus
Pallid harrier – Circus macrourus
Circus pygargus/macrourus
TOTAL

210
44
10
1
1
144
11
33
51
2
1
2
510

123
23
6
1
1
53
10
32
44
2
1
2
299

Table 2 - Results of the GLM investigating the relationship between daily count numbers (dependent
variable) and weather variables. The asterisk indicates the significance of the weather variable in the
model.
Explanatory Term
Estimate
S.E.
Z value P (>|z| )
Wind direction
1.0
0.7
1.41
>0.05
All
Wind speed
-0.1
0.04
-2.7
<0.01*
Temperature
-0.7
0.2
-3.0
<0.01*
occurrence
Short- toed
Humidity
-0.07
0.04
-1.8
>0.05
Wind direction
1.0
0.7
1.4
>0.05
snake eagle
Maximum
Wind speed
-0.1
0.04
-2.8
<0.01*
Temperature
-0.7
0.2
-3.1
<0.01*
daily count
Humidity
-0.07
0.04
-1.8
>0.05
Wind direction
1.2
0.7
1.9
>0.05
All
Wind speed
-0.1
0.05
-2.5
<0.05*
Temperature
-0.3
0.2
-1.2
>0.05
occurrence
Humidity
-0.04
0.04
-1.2
>0.05
Booted eagle
Wind direction
1.2
0.7
1.8
>0.05
Maximum
Wind speed
-0.1
0.05
-2.5
<0.05*
Temperature
-0.3
0.2
-1.1
>0.05
daily count
Humidity
-0.04
0.03
-1.2
>0.05
Wind direction
1.8
0.8
2.4
<0.05*
All
Wind speed
-0.02
0.04
-0.6
>0.05
Temperature
-0.9
0.3
-3.6
<0.01*
occurrence
Common
Humidity
-0.03
0.04
-0.8
>0.05
Wind direction
1.8
0.8
2.4
<0.05*
buzzard
Maximum
Wind speed
-0.03
0.04
-0.6
>0.05
Temperature
-0.9
0.3
-3.6
<0.01*
daily count
Humidity
-0.03
0.03
-0.8
>0.05

Table 3. Percentage of adults and juveniles/immatures observed at the site.
SPECIES
Adult (%)
Juveniles/immatures (%)
Short-toed snake eagle
4.2
95.8
Booted eagle
12.5
87.5
Lesser spotted eagle
0
100
Common buzzard
15.1
84.9
Honey buzzard
0
100
Black kite
7.1
92.9
Marsh harrier
42
58
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95
8
6
33
9
28
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were expected, since raptors tend to avoid water
crossings when wind conditions require an extra
amount of energy consumption, as such as when
strong winds or headwinds are blowing (Meyer
et al. 2000, 2003, Panuccio 2011, Panuccio et
al. 2002). In the case of short-toed snake eagles
and common buzzards, observed numbers
were also positive correlated with temperatures;
however, since temperature decreased as the days
passed (Rho=-0.72; P<0.01), we suggest that this
correlation could be related to the migration
timing of the two species. The results suggest that
weather conditions influence daily counts similarly
for both methods probably because raptors do not
reach the island of Marettimo with unfavourable
wind conditions, as in these cases they do not
undertake the short water crossing between Sicily
and Marettimo (approx. 30 km).
Previous studies made at the same site showed
that other species of Accipitriformes such as black
kites, honey buzzards, egyptian vultures and
marsh harriers were more likely to undertake
the water crossing en route to Africa (Agostini
et al. 2000, Agostini et al. 2004b, Ceccolini et
al. 2009, Panuccio 2005). Different behaviours
also reflect different migration strategies: indeed,
the migration flyways of those species pass over
the Central Mediterranean area and the island of
Marettimo. On the other hand, short toed snake
eagles, booted eagles and common buzzards, rarely
cross the central Mediterranean preferring to use
alternative flyways or wintering mostly in Europe
(Agostini et al. 2000, 2004a, 2005, Agostini &
Malara 1997, Isenmann et al. 2005). Additional

support for the hypothesis above comes from
an analysis of the age classes of birds observed
in the present study, which were mostly young,
inexperienced individuals (Tab. 3).
This study shows that at the island of Marettimo it
is better not to use the same census method for all
the species of migrating raptors. Since an accurate
count of raptors migrating through Marettimo is
unrealistic, we suggest that broad-winged raptors
should be “counted” by considering the maximum
number of individuals of the same species observed
at the same time on each day. Moreover recent
studies using satellite tracking showed a high
degree of flexibility between different individuals
(Mellone et al. 2010, Vardanis et al. 2011). We
cannot exclude that the proposed census technique
could also be flawed to a bias of data. For this
reason, this method should be seen more as an
“activity index rather than an actual estimate of the
numbers of individuals passing through” (Bildstein
et al. 2007) the island of Marettimo, in light of
the finding that an accurate count is not possible
in the case of inexperienced broad-winged raptors
approaching a long water crossing.
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