UNIVERSITÀ DEGLI STUDI DI PAVIA
Dipartimento di Scienze della Terra e dell’Ambiente
Sezione di Ecologia del Territorio
Scuola di Dottorato in Scienze e Tecnologie “Alessandro Volta”
Dottorato di Ricerca in Ecologia Sperimentale e Geobotanica
XXV CICLO

Migration strategies of raptors
as revealed by direct visual observation

Dottorando: Nicolantonio Agostini
Tutor: Prof. Giuseppe Bogliani

Coordinatore: Chiar.mo Prof. Anna Maria Picco
A.A. 2011/2012

A doctoral thesis at a university in Italy is produced either as a monograph or as a collection of papers. In the latter case, the introductory
part constitutes the formal thesis, which summarizes the accompanying
papers. These have either already been published or are manuscripts at
various stages (in press, submitted or in ms).

Layout and cover graphic: Simona Tarantino
Pictures: Michele Panuccio

Contents

Pag.

Introduction

1

Summary

4

I.

Panuccio M. & Agostini N. Comparison of the water-crossing behaviour
13
of Western Marsh Harriers (Circus aeruginosus) and European Honey
Buzzards (Pernis apivorus) during autumn migration. Chinese Birds,
2010, 1: 30-35

II.

Agostini N., Lucia G., Mellone U., Panuccio M., von Hardenberg J., Evangelidis A. & Kominos T. Loop migration of adult European Honey Buz- 21
zards Pernis apivorus through the central-eastern Mediterranean. Italian
Journal of Zoology, 2012, 79: 280-286

III.

Agostini N., Scuderi A., Chiatante G. & Panuccio M. Visible autumn migration of European Honey Buzzards and Western Marsh Harriers ap- 31
proaching the Mediterranean Sea: influence of local weather conditions,
topographical features and geography. Manuscript.

IV.

Panuccio M., Agostini N., Baghino L. & Bogliani G. Spring and autumn 45
visible migration of Short-toed Snake Eagles: interplay of weather and
topographical features. Journal of Raptor Research, in press.

V.

Panuccio M., Agostini N. & Duchi A. Raptor migration at the Bosphorus: 59
species specific behaviour in relation to wind drift. Manuscript.

VI.

Panuccio M., Agostini N., Lucia G., Mellone U., Wilson S., Ashton-Booth
J., Chiatante G. & Todisco S. Local weather conditions affect migration 73
strategies of adult Western Honey Buzzards (Pernis apivorus) through an
isthmus area. Zoological Studies, 2010, 49: 651-656

VII.

Agostini N. & Panuccio M. Western Marsh harrier (Circus aeruginosus) 81
migration through the Mediterranean sea: a review. Journal of Raptor
Research, 2010, 44(2): 136-142.

VIII. Panuccio M., Agostini N. & Barboutis C. In press. Raptor migration in 91
Greece: a review. Avocetta.
Curriculum vitae
Citation:
Agostini N. 2012. Migration strategies of raptors as revealed by direct visual
observation. PhD thesis, University of Pavia, Italy.

106

Migration strategies of raptors

Introduction
The migration can be defined as movement which involves a change in habitat, recurring periodically and in alternate direction. Such definition, even though not sufficiently wide to describe a wider series of movements (dispersion,
nomadism, local movements), can be considered as valid in the case of migration of diurnal raptors in reply to the periodic food availability changes. Of 285
species of diurnal raptors, 133 (46,7%) show migratory movements (Kerlinger
1989 Flight strategies of migrating hawks. University of Chicago Press, Chicago,
USA). Most raptors breed in the Northern hemisphere and as more of the nesting population is far from the equator, as more they tend to migrate. Nearctic
and Palearctic birds head southwards in autumn, to spend the winter, while in
spring they fly back to occupy their reproductive territories. During the winter,
the prey shortage can be caused by the fact that they migrate, go in hibernation
or get less visible under the snow. The reason that pushes the birds to leave the
wintering grounds in spring to undertake an expensive journey, is more difficult
to comprehend. Many of these areas, in fact, seem suitable also during the reproductive period. However, if birds did not migrate, in the northern areas a large
quantity of food would remain unused. Consequently, it is logical to think that
every individual migrating northward can rear juveniles avoiding competition
with species resident in the wintering grounds and exploiting areas that are rich
of food in a relatively short period. In this picture, migratory movements must
be therefore considered as a product of the natural selection which assures a
bigger reproductive efficiency (Newton 2008. The migration ecology of birds.
Academic Press, London). It is possible to identify two types of migration. The
total migration includes movements of all the individuals of a determinate population, with a little or no overlap between breeding and wintering grounds. In
the partial migration, instead, such movements are made by some individuals of
a population, with a variable degree of overlap between breeding and wintering
territories. In particular, a species is considered as total migrant if more than 90%
of individuals leave the breeding areas (Kerlinger 1989). Furthermore, it is necessary to mention the irruptive movements, that appear in species that capture
preys whose populations show unforeseeable changes. In this case birds leave
the breeding areas only in years in which preys are lacking. Lastly, taking into
consideration the length of the journey, it is possible to identify a migration on
short (< 300 km), medium (300-1500 km) and long distance (> 1500 km). Among
European raptors, 11 are total migrants and 27 partial migrants. No one shows
irruptive movements (Zalles & Bildstein 2000). Unlike Falconiformes which, during migration, mostly use powered flight, nearly all Accipitriformes exploit the
soaring/gliding flight, using thermal currents and deflection updrafts because
of their broader wings. In doing so they are able to fly for long distances reducing energetic costs. Since thermal currents are very weak over water surfaces,
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most raptors tend to avoid water crossings concentrating their passage through
peninsulas, isthmuses, straits and islands. In addition, since stronger thermals
form on terrains oriented perpendicular to solar radiation, they concentrate
along mountain ridges especially when they are aligned along the axis of migration (Bildstein 2006. Migrating raptors of the world: their ecology and conservation. Cornell University Press, Ithaca, NY, U.S.A ). The species most dependent
on this flight style are also those which show a greater tendency to migrate in
flock (Fig. 1). The flocking behavior, in fact, can be used to locate the thermal currents as groups engaged in soaring flight can be detected even from a distance.
However, among Accipitriformes, there are species with different degrees of dependence on soaring flight. Studies made in the United States, on Lake Superior
and the Delaware Bay, have shown that the tendency of a given species to cross
the water barriers is a positive function of its aspect: birds with relatively long
wings (high aspect ratio; aspect ratio = (Wing Span)2 / Wing Area) are better
suited to fly on water surfaces of birds with relatively short wings (low aspect
ratio). The wings relatively long in fact decrease the induced drag and thus the
energy cost of powered flight (Kerlinger 1985. Water-crossing behavior of raptors during migration. Wilson Bull. 97:109-113). This feature is present in some
species of Accipitriformes (e.g. harriers and kites), while it is highly developed
in all Falconiformes that, for this reason, mostly use powered flight and rarely
are reported in huge concentrations during migration. Over the past three deca-

Figure 1 - A flock of Black Kites (Central Italy, July 2011).
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Figure 2 - Observations at the island of Antikythira (April 2007).
des, several studies have been carried out on some aspects of raptor migration
using radar, satellite telemetry and direct visual observation (for a review see
Bildstein 2006). The aim of this Ph.D. research was to investigate, by direct visual
observation, migration strategies of some species of European raptors when facing a water surface, passing through isthmus areas and along mountain ridges.
Visual observation remains a widespread and irreplaceable method, allowing
the collection of a huge amount of data and at the same time a lower impact on
budgets (Kerlinger 1989). This was a significant factor given that research concerning this Ph.D., with the exception of the fieldwork made at the Aspromonte
National Park, had limited financial support and were largely self-funded.
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Summary
This thesis investigates, by direct visual observation, migration strategies of
some species of European raptors in relation to topography, geography and weather conditions, when facing a water surface, passing through an isthmus area
and along a mountain ridge. Observations were made at several watchsites (Fig.
3) in Italy (Arenzano, Circeo promontory, Marcellinara Isthmus, Aspromonte
National Park), Greece (island of Antykitira, Mount Olympus) and Turkey (Bosphorus). Finally, it provides a review concerning Western Marsh Harriers migration through the Mediterranean basin and raptor migration in Greece.

Through a water surface
Panuccio M. & Agostini N. Comparison of the water-crossing behaviour
of Western Marsh Harriers (Circus aeruginosus) and European Honey
Buzzards (Pernis apivorus) during autumn migration (Chinese Birds
2010, 1: 30-35).
At the Circeo promontory (Chapter III) I investigated the water-crossing
behavior of Western Marsh Harriers (Circus aeruginosus, Fig. 4) and European Honey Buzzards (Pernis apivorus), mostly juveniles, during the autumn migration. European Honey Buzzards were more inclined to leave the
coast when migrating in flocks. Western Marsh Harriers, such as European
Honey Buzzards migrating alone, undertook the water crossing rather than
stopping migration during the absence of wind and vice versa during head
winds. Conversely, European Honey Buzzards migrating in flocks were not
affected in their decision (crossing or stopping migration) by wind direction.
Both species undertook the water crossing rather than stopping migration
during mornings and vice versa during afternoons. In both species, adults
and juveniles showed the same behavior in front of a water barrier. This result was expected in the case of the Western Marsh Harrier but not from the
European Honey Buzzard since, in this species, the water-crossing tendency
is age dependent with adults avoiding sea crossings. This study confirms
that flocking significantly affects the water-crossing behavior of European
Honey Buzzards during migration. Moreover, in this species, inexperience
of juveniles and presumably younger adults, about the high energetic costs
of long powered flight and about the existence of shorter routes over water,
might explain the strong water-crossing tendency shown by migrants independently from their age.
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Agostini N., Lucia G., Mellone U., Panuccio M., von Hardenberg J.,
Evangelidis A. & Kominos T. Loop migration of adult European Honey
Buzzards Pernis apivorus through the central-eastern Mediterranean (Italian Journal of Zoology, 2012, 79: 280-286).
The study made at the island of Antikythira (southern Greece; chapter IV), located 33 km NW of Crete, provides the first systematic survey of spring and autumn migration of adult European Honey Buzzards along the Central-Eastern
Mediterranean flyway. Observations were done in two years during both spring
and autumn peak passage. A total of 135 birds were counted during spring while,
during post-reproductive movements, the passage of 2479 individuals was reported. This study clearly shows differential spring and autumn migration of adult
European Honey Buzzards through this region. I used historical data concerning
prevailing winds to reconstruct general wind patterns in the Central-Eastern
Mediterranean region. It showed north-northwesterly winds between southern
Greece and Libya during both spring and autumn, but very weak (<10 km/h)
during the first period. I discuss two hypotheses to explain why the spring visible
migration was so scarce: 1) a narrow migratory loop, with the European Honey
Buzzards using a direct path between Libya and Peloponnesus during spring,
bypassing Antikythira, and 2) a loop migration on a greater scale, involving a
detour via the Bosphorus/Dardanelles’ Strait and/or the Central Mediterranean,
that would allow the Honey Buzzards to minimise the water crossing but increasing the overall migration distance. In the light of previous studies on this species
the first hypothesis seems to be much more reliable than the second one.

Figure 3 - Study area. The black dots indicate the fieldwork sites: 1) Arenzano;
2) Circeo Promontory; 3) Marcellinara Isthmus; 4) Aspromonte National Park;
5) island of Antikythira; 6) Mount Olympus; 7) Bosphorus.
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Along a mountain ridge
Agostini N., Scuderi A., Chiatante G. & Panuccio M. Visible autumn migration of European Honey Buzzards and Western Marsh Harriers approaching the Mediterranean Sea: influence of local weather conditions,
topographical features and geography (manuscript).
At the Aspromonte National Park (Fig. 5) I investigated the visible autumn migration of Honey Buzzards and Marsh Harriers along the Calabrian Apennines
in relation to local weather condition, geography and topography. Observations
were made at 3 watchsites located in the southernmost part of the Calabrian Appennines, in the “toe” of the Italian Peninsula. In this area the Apennines show
differential topographical features with a plateau west of the of the mountain
ridge. West-south-west of the plateau lies the Straits of Messina, the narrowest
water surface between southern continental Italy and eastern Sicily. The passage
of migrants was recorded along the ridge of the mountain chain and over the
plateau. Although adult Honey Buzzards were detected mostly over the plateau,
higher numbers were seen along the ridge during midday and early afternoon
probably because of better thermal conditions at that time. In the whole area
they were detected during strong winds and during west winds over the pla-

Figure 4 - Western Marsh Harrier (Ustica island, April 2011)
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teau. NE winds negatively affected their visible migration. It is suggested that
adult Honey Buzzards were detected mostly over the plateau because they were
heading towards the Straits of Messina when they were north of the site and in
doing so were more visible when compensating for drift effects of strong westerly winds and flying at lower altitudes. During favorable weather conditions
(tail winds) buzzards perhaps reached higher altitude and would pass undetected. Unlike adults, juvenile Honey Buzzards showed a broader front in their
migration. As with adult Honey Buzzards, Marsh Harriers were detected mostly
over the plateau perhaps because this species is less dependent on soaring flight.

Panuccio M., Agostini N., Baghino L. & Bogliani G. Spring and autumn
visible migration of Short-toed Snake Eagles: interplay of weather and
topographical features (Journal of Raptor Research, in press).
In this paper I provide information on how weather and topoghrphy may affect the behavior and detectability of the Short-toed Snake Eagle (Fig. 6) during
migration. I observed the passage of Short-toed Eagles at two watchsites along
two mountain chains in NE Greece (Mont Olympus) and NW Italy (Arenzano)
during the peak periods of migration in autumn and spring. More Short-toed
Snake Eagles were observed in spring than in autumn. The difference was more
evident at Arenzano. Temperatures influenced the number of migrants observed
at Mount Olympus in both periods and sites. Number of individuals observed

Figure 5 - Aspromonte National Park (September 2012)
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Figure 6 - Short-toed Snake Eagle, juvenile (Bosphorus, October 2010)
decreased drastically when temperatures were higher than 24 °C during postreproductive movements. At both sites daily patterns showed a lower proportion of raptors observed during midday and early afternoon in autumn than in
spring. It is supposed that, during autumn, several individuals may have passed
undetected flying at higher altitude during midday and early afternoon at both
sites, most likely because of the stronger thermal conditions in that period according to a typical “midday lull” pattern. Finally, the lack of difference among the
numbers of eagles observed during lateral winds and during other wind directions at Mount Olympus suggests that these birds may be able to compensate
the drift effect towards the Aegean Sea. Conversely, wind strength and lateral
northerly wind negatively affected the number of migrants observed at Arenzano during spring movements.

Through an isthmus area
Panuccio M., Agostini N. & Duchi A. Raptor migration at the Bosphorus:
species specific behaviour in relation to wind drift (manuscript).
During migration raptors mostly use soaring/gliding flight over land avoiding
long water crossings to reduce energetic costs. Raptors passing at the Bosphorus
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Figure 7 - Observations at the Marcellinara Isthmus (September, 2005).
Strait (NW Turkey) mi¬grate through an area similar to a isthmus between the
Sea of Marmara and the Black Sea. In this study I investigated the influence of
lateral winds, time of the day and other weather variables on the behavior of
raptors passing at the site. Observations were made using a post (Toygar Tepe)
located in the Asian side of the isthmus, about 20 km north of the Sea of Marmara and 10 km south of the Black Sea. The Lesser Spotted Eagles was the only
species affected by the time of day, showing a real peak in late morning. Lateral winds affected the passage of European Honey Buzzards, Steppe/Common
Buzzards, Levant/Eurasian Sparrowhawks and Short-toed Snake Eagles. In particular these raptors were seen mostly during southerly winds while very few
were detected during northerly winds. Conversely, the passage of Lesser Spotted Eagles and Booted Eagles were not affected by lateral winds. In addition,
data concerning the Short-toed Snake Eagle suggest age dependent migration
behavior in relation to wind drift in this species. It is suggested that Lesser Spotted Eagles, Booted Eagles and adult Short-toed Eagles compensated the drift
effect of lateral winds to avoid to be blown off over the Sea of Marmara and over
the Black Sea. For these migrants both these bodies of water seem to be a real
ecological barrier. It is supposed that during nor¬therly winds European Honey
Buzzards, Steppe/Common Buzzards, Levant/Eurasian Sparrowhawks and
Short-toed Snake Eagles migrating later in the season, during the peak passage
of juveniles, concentrated their migration along the southern side of the isthmus
and perhaps over the Sea of Marmara.
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Panuccio M., Agostini N., Lucia G., Mellone U., Wilson S., Ashton-Booth
J., Chiatante G. & Todisco S. Local weather conditions affect migration
strategies of adult Western Honey Buzzards (Pernis apivorus) through an
isthmus area (Zoological Studies, 2010, 49: 651-656).
At the Marcellinara Isthmus (Fig. 7, southern continental Italy) I tested the effect of crosswinds, barometric pressure and time of the day, on the visible migration of adult European Honey Buzzards. Simultaneous observations from 3
posts were made during autumn migration and birds were assigned to one of
three local migration corridors (western, central, eastern). During 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. The analysis of migration frequencies among the three corridors suggests that adult European Honey Buzzards tend to compensate deviations of lateral winds on a small scale when migrating through this isthmus
area. It appears they do not slow their travelling speed during unfavourable
weather conditions for soaring flight (strong lateral wind 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, showing a broad front of migration over water.

Review
Agostini N. & Panuccio M. Western Marsh Harrier (Circus aeruginosus)
migration through the Mediterranean Sea: a Review (Journal of Raptor
Research, 2010, 44: 136-142)
The Western Marsh Harrier (Fig. 8) 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.
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Panuccio M., Agostini N. & Barboutis C. Raptor migration in Greece: a
review (Avocetta, in press).
Greece is located at the southernmost end of the Balkan Peninsula and the shortest distance between Greece and N Africa is roughly 280 km. As raptors mostly
fly over land, exploiting thermal currents, the ecological barrier shaped by the
Mediterranean Sea, around and south of Greece, has a strong impact on the
migration strategy adopted by each species. Using data from recent studies at
three watch sites in Greece (island of Antikythira, Mount Olympus, National
Park of Dadia-Lefkimi-Soufli) we discuss the migratory behaviour of some selected species. The three commonest species were the Eurasian marsh harrier,
the western honey buzzard and the short-toed snake eagle. The former migrates on a broad front over the sea. A similar migration strategy is adopted also by
the Eleonora’s falcon. The western honey buzzard performs a loop migration
strategy concentrating over the island of Antikythira in autumn but bypassing
it in spring. The latter, the short-toed snake eagle, avoids the crossing of the Mediterranean Sea performing a long detour and crosses the sea at the Bosphorus.
Observations suggest that the Levant sparrowhawk and lesser spotted eagle
adopt a similar strategy. Finally species as the common buzzard and the sparrowhawk do not cross the Mediterranean Sea but move across Greece to winter
in S Greece.

Figure 8 - Western Marsh Harrier at the island of Ustica, May 2011.
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Comparison of the water-crossing behavior of Western Marsh
Harriers (Circus aeruginosus) and European Honey Buzzards
(Pernis apivorus) during autumn migration
Michele PANUCCIO 1,2, Nicolantonio AGOSTINI 1,2,
1
2

Università degli Studi di Pavia, Dipartimento di Biologia Animale, Via Ferrata 1, 27100 Pavia, Italy
MEDRAPTORS (Mediterranean Raptor Migration Network), Via Carlo Alberto n.4, 89046 Marina di
Gioiosa Jonica (RC), Italy
Abstract We investigated the water-crossing behavior of Western Marsh Harriers (Circus
aeruginosus), mostly adults, and European Honey Buzzards (Pernis apivorus), mostly juveniles,
in relation to wind conditions, time of the day, flocking and age classes, at a watchsite in central
Italy during the autumn migration en route to Africa. Although European Honey Buzzards are
less suited than Western Marsh Harriers to undertake long sea crossings, they were more inclined to leave the coast when migrating in flocks. Few birds of both species chose to fly along
the coast. Western Marsh Harriers, such as European Honey Buzzards migrating alone, undertook the water crossing rather than stopping migration (birds roosting at the site or flying back
inland) during the absence of wind and vice versa during head winds. Conversely, European
Honey Buzzards migrating in flocks were not affected in their decision (crossing or stopping
migration) by wind direction. Both species undertook the water crossing rather than stopping
migration during mornings and vice versa during afternoons. Finally, in both species, adults and
juveniles showed the same behavior in front of a water barrier. This result was expected in the
case of the Western Marsh Harrier but not from the European Honey Buzzard since, in this species, the water-crossing tendency is age dependent with adults avoiding sea crossings. Our study
confirms that flocking significantly affects the water-crossing behavior of European Honey
Buzzards during migration. Moreover, in this species, inexperience of juveniles and presumably
younger adults, about the high energetic costs of long powered flight and about the existence of
shorter routes over water, might explain the strong water-crossing tendency shown by migrants
independently from their age.
Keywords Western Marsh Harrier, European Honey Buzzard, migration,
water-crossing behavior, flocking, wind, age classes, Mediterranean Sea

Introduction
During migration Accipitriformes use mostly soaring flight optimizing the use of thermal currents,
avoiding long water crossings to limit powered flight
Received 29 October 2009; accepted 10 December 2009
Author for correspondence (N. Agostini)
E-mail: nicolantonioa@tiscalinet.it
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over water in order to reduce energetic costs (Kerlinger, 1989). Several factors influence the decision
whether to cross the sea or not and shape the path
during the crossing: weather conditions, geography,
physiological state of the birds, flocking behavior,
time of the day and experience (age dependent),
while the risk of mortality probably increases with
the absolute distance of the crossing (Kerlinger,
1989; Bildstein, 2006). As well, the flight morphology plays a role; in particular, species with relatively

M. Panuccio and N. Agostini

Water crossing behavior of migrating raptors

long wings (high aspect ratio = high ratio of wing
span squared to wing area; see Kerlinger, 1989) are
more suited to undertake crossings of large bodies of
water since this feature decreases the induced drag
and thus the energy required for powered flight
(Kerlinger, 1985). The Western Marsh Harrier (Circus aeruginosus), for instance, is able to cross large
bodies of water having high aspect ratio wings; both
adults and juveniles migrate on a broad front across
the Mediterranean basin (Agostini, 2001; Agostini et
al., 2001, 2003; Panuccio et al., 2002). Conversely,
in the European Honey Buzzard (Pernis apivorus), a
species with a lower wing aspect ratio than the
Western Marsh Harrier, the water crossing tendency
is age dependent (Agostini and Logozzo, 1995;
Agostini et al., 2002; Schmid, 2000; Hake et al.,
2003). In particular, during autumn movements
through the Central Mediterranean region, thousands
of adult (experienced) birds follow the Italian Peninsula avoiding the crossing of the Tyrrhenian Sea
(Agostini and Logozzo, 1997; Panuccio et al., 2005).
Upon reaching the Strait of Messina between the
“toe” of southern Italy and Sicily, they turn west.
They will fly across Sicily and then southwest across
the Channel of Sicily, the shortest crossing of the
Central Mediterranean (approx. 150 km), heading
towards Tunisia (Agostini et al., 2000, 2005b; Fig.
1). In contrast, juveniles show a broader front of
migration over the sea such as the Western Marsh
Harriers. In particular juvenile European Honey

Fig. 1 Location of study area in the Mediterranean basin
(Arrows indicate the Circeo Promontory (CP) and the
Strait of Messina (SM))
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Buzzards, migrating later than adults, cannot learn
the shortest routes to cross the sea by following experienced birds and tend to move along an innate
NE-SW axis between breeding and wintering areas
(Agostini and Logozzo, 1995; Agostini et al., 2002;
Agostini, 2004). The aim of our study was to compare the water crossing behavior of these two species
in relation to wind conditions, the time of the day
and the age of migrants, carrying out visual observations at the Circeo Promontory, a watchsite in central
Italy. At this site, hundreds of Western Marsh Harriers, mostly adults (Agostini et al., 2001, 2003) and
hundreds of European Honey Buzzards, largely juveniles (Corbi et al., 1999; Agostini et al., 2002,
2004), concentrate each autumn.

Study area and methods
The Circeo Promontory (41°12′N, 13°03′E) is located at the southernmost point of the Pianura Pontina, reaching 541 m a.s.l. and approximately 500
km northeast of Tunisia (Fig. 1). We used a post
(altitude approx. 400 m) in a military zone, on the
roof of the ENAV (Ente Nazionale Assistenza al
Volo) building; from this post it was possible to observe the flight behavior of birds both inland and
over the sea. The Ponziane Islands are nearly always
visible from this watch-point; the closer island is
Zannone, about 30 km south-southwest of the promontory. A total of 324 hours of observations were
carried out between 26 August and 30 September
2002, the peak migration period of these two species,
from 09:00 until dusk, aided with binoculars and a
telescope. Observations were interrupted only due to
rain. As in previous studies investigating the water
crossing behavior of these species in relation to the
time of the day (Panuccio et al., 2002; Agostini et al.,
2005a), each day was divided into three periods (solar time): morning (09:00–11:59), midday (12:00–
14:59) and afternoon (15:00–18:00). Meteorological
data concerning wind direction were provided by the
Meteorological Station of Latina and are available
on the website www.ilmeteo.it/dati.htm. The maximum time between the passage of raptors and the
meteorological data check was half an hour. Meteorological data were not available for 36 hours. In
the analysis we considered crossing and not crossing
birds (birds roosting at the site, flying back inland or
flying along the coast) using flocks and birds migrating singly as sampling units to evaluate whether
the direction of wind and the time of the day affected
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the choice of these species to undertake the sea
crossing or not. Finally, among birds stopping their
migration, we did not consider those flying along the
coast, but only those roosting at the site and those
flying back inland.

Results and discussion
It was possible to follow the movements of 371
flocks (European Honey Buzzard n = 212; Western
Marsh Harrier n = 159) and 340 birds migrating singly (European Honey Buzzard n = 180; Western
Marsh Harrier n = 160). Only 16 (4.3%) flocks (12
among European Honey Buzzards and 4 among
Western Marsh Harriers) and 8 (2.4%) solitary birds
(4 European Honey Buzzards and 4 Western Marsh
Harriers) left the site flying along the coast. Considering birds that stopped migration (birds roosting at
the site or flying back inland) and undertook the
crossing of the Tyrrhenian Sea, the behavior of
Table 1 European Honey Buzzards (EHB) and Western
Marsh Harriers (WMH) crossing and stopping (birds roosting
at the site or flying back inland) migration during the observation period. Birds flying along the coast were not considered in the analysis.
Flocks (a)

Crossing
behavior

EHB

Solitary individuals (b)

WMH

EHB

WMH

Crossing

128 (64%) 87 (56%)

107 (61%)

88 (56.4%)

Stopping

72 (36%) 68 (44%)

69 (39%)

68 (43.6%)

European Honey Buzzards and Western Marsh Harriers did not differ significantly among both flocks
(Table 1a; contingency table: χ2 = 1.97, df = 1, p >
0.05) and solitary birds (Table 1b; χ2 = 0.47, df = 1,
p > 0.05). During the observation period, tail winds
were almost never recorded (11 hours; 3.4%). European Honey Buzzards were not affected by wind
conditions when migrating in flocks (Table 2a; contingency table: χ2 = 3.22, df = 2, p > 0.05) while solitary individuals undertook the water crossing rather
than stopping migration during the absence of wind
and vice versa during head winds (Table 2b; χ2 =
8.15, df = 2, p < 0.05). In contrast, Western Marsh
Harriers were affected by wind conditions when
migrating both in flocks (Table 2c; χ2 = 7.8, df = 2, p
< 0.05) and singly (Table 2d; χ2 = 7.88, df = 2, p <
0.05) with the lowest proportion of birds seen stopping migration during conditions of no wind. Both
European Honey Buzzards and Western Marsh Harriers showed the same behavior during all times of
the day. In particular, considering both flocks and
solitary birds, they undertook the sea crossing rather
than stopping migration during the morning. The
opposite was true in the afternoon (Table 3a: χ2 =
37.29, df = 2, p < 0.01; Table 3b: χ2 = 19.53, df = 2,
p < 0.01; Table 3c: χ2 = 30.65, df = 2, p < 0.01; Table 3d: χ2 = 36.22, df = 2, p < 0.01). It is interesting
to note that no wind conditions prevailed during the
morning, while the occurrence of head winds was
higher at midday and in the afternoon (Table 4; χ2 =
56.94, df = 4, p < 0.001). When comparing the average flock sizes of the two species, the difference

Table 2 European Honey Buzzards and Western Marsh Harriers crossing and stopping migration during different wind conditions
Wind
condition

European Honey Buzzards
Flocks (a)

Western Marsh Harriers

Solitary individuals (b)

Flocks (c)

Solitary individuals (d)

Crossing

Stopping

Crossing

Stopping

Crossing

Stopping

Crossing

Stopping

No wind

34 (67%)

17 (33%)

33 (70%)

14 (30%)

19 (76%)

6 (24%)

41 (79%)

11 (21%)

Head wind

43 (58%)

31 (42%)

22 (42%)

30 (58%)

33 (44%)

42 (56%)

35 (57%)

26 (43%)

Lateral wind

15 (47%)

17 (53%)

15 (47%)

17 (53%)

23 (55%)

19 (45%)

14 (52%)

13 (48%)

Table 3 European Honey Buzzards and Western Marsh Harriers crossing and stopping migration during different time of the day
Time of
the day

European Honey Buzzards
Flocks (a)

Western Marsh Harriers

Solitary individuals (b)

Flocks (c)

Solitary individuals (d)

Crossing

Stopping

Crossing

Stopping

Crossing

Stopping

Crossing

Morning

80 (77%)

24 (23%)

77 (74%)

27 (26%)

27 (96%)

1 (4%)

53 (91%)

5 (9%)

Midday

43 (61%)

28 (39%)

21 (46%)

25 (54%)

41 (59%)

29 (41%)

41 (57%)

31 (43%)

5 (20%)

20 (80%)

9 (35%)

17 (65%)

19 (33%)

38 (67%)

7 (27%)

19 (73%)

Afternoon

16

Stopping
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Table 4 Occurrence (hours) of different wind conditions
during different time of the day
Time of the day

No wind

Head wind

Morning

40 (61%)

9 (14%)

Lateral wind
16 (25%)

Midday

20 (19%)

59 (55%)

28 (26%)

Afternoon

15 (14%)

58 (55%)

32 (31%)

Total

75 (27%)

126 (46%)

76 (27%)

was statistically significant between flocks stopping
migration (EHB = 4.3 ± 0.43 [SE]; WMH = 7.1 ±
1.5 [SE]; z = 4.67, p < 0.01) but not between those
undertaking the crossing (EHB = 5.5 ± 0.45 [SE];
WMH = 4.3 ± 0.37 [SE]). Larger flocks of Western
Marsh Harriers formed in the afternoon when they
roosted on trees at the site (see also Panuccio and
Agostini, 2006). Our results confirm that flocking
significantly affects the decision (crossing or not) of
European Honey Buzzards when facing a water barrier (Agostini et al., 1994, 2005b) since, unlike
flocks, single birds were less inclined to undertake
the crossing, hesitating during head winds. Conversely, among Western Marsh Harriers, solitary
birds behaved much the same as those flying in
flocks. Thus, European Honey Buzzards behaved as
reported for raptors that have a higher wing aspect
ratio. They were even more inclined than Western
Marsh Harriers to undertake the crossing of the water barrier when migrating in flocks. It was possible
to determine the age of 1019 birds by observation of
their plumage (Forsman, 1999). As reported in a
previous study made at this watchsite (Corbi et al.,
1999), juveniles (n = 429) outnumbered adults (n =
169) among European Honey Buzzards. Among
Western Marsh Harriers, adults (n = 309) outnumbered juveniles (n = 112). When considering the
behavior of migrants (crossing; stopping; flying
along the coast) in relation to the two age classes,
adults behaved like juveniles in both species (Table
5a; contingency table: χ2 = 0.51, df = 2, p > 0.05;
Table 5b: χ2 = 3.82, df = 2, p > 0.05). This result was
expected in the case of the Western Marsh Harrier
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since, as mentioned earlier, this is a species which is
more adapted to make crossing flights. In contrast,
adult European Honey Buzzards, unlike juveniles,
were expected to fly along the coast and, as mentioned already, crossing the sea at narrower points
(the Strait of Messina and the Channel of Sicily; see
also Agostini and Panuccio, 2005) and able to orientate themselves using their navigational abilities and
compensating for wind drift (Meyer et al., 2000;
Thorup et al., 2003; Agostini et al., 2005b). Our observations suggest that adults passing at the Circeo
Promontory each autumn are probably younger, less
experienced birds. Similar to the Circeo Promontory,
a scarce passage of “adult” European Honey Buzzards was reported over the islands of Malta, Pianosa
and Cabrera (Balearic Islands), where mostly juveniles concentrated during autumn migration (Rebassa, 1995; Agostini et al., 2002; Paesani and Politi,
2002). Perhaps, as suggested by Agostini et al. (2002,
2004), juvenile European Honey Buzzards passing
over the Circeo Promontory do not have enough
experience about the high energetic costs of long
powered flight over water and, as younger adults,
they do not know the shortest flyway to cross the
Central Mediterranean, between western Sicily and
Tunisia. Probably for this reason, both juvenile and
adult European Honey Buzzards observed in our
study behaved similarly, showing a strong tendency
to continue migration over the sea. In contrast, our
observations do not confirm the hypothesis that the
difference in migration strategy between adults and
juveniles in this species may partly depend on differences in the timing of migration (Schmid, 2000).
In particular, Schmid suggested that since adults
mainly migrate across Europe in late August to early
September, when it is still possible to travel by soaring flight to a high degree, they use a safer overland
flight, since this is compensated by low energetic
costs of soaring, compared to flapping flights. Juveniles migrate about two to three weeks later, when
meteorological thermal models suggest that conditions for using soaring flights are poorer. Thus,
Schmid concluded that they may as well use flap-

Table 5 Behaviour shown by aged European Honey Buzzards (a) and Western Marsh Harriers (b) at the Circeo Promontory
Age class

European Honey Buzzards (a)
Crossing

Stopping

Western Marsh Harriers (b)

Adults

100 (59%)

58 (34%)

Flying along
the coast
11 (7%)

Juveniles

238 (55%)

157 (37%)

34 (8%)
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Crossing

Stopping

148 (48%)

154 (50%)

Flying along
the coast
7 (2%)

66 (59%)

43 (38%)

3 (3%)

34
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ping flights, choosing the shortest way to wintering
grounds in West Africa. However, during our study,
European Honey Buzzards behaved in the same way
during the entire period and, as expected, adults migrated earlier in the season (see also Agostini et al.,
2004).
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秋季迁徙中白头鹞与鹃头蜂鹰的跨海迁飞行为比较
Michele PANUCCIO 1,2, Nicolantonio AGOSTINI 1,2
（1 Università degli Studi di Pavia, Dipartimento di Biologia Animale, Via Ferrata 1, 27100 Pavia, Italy；
2 MEDRAPTORS (Mediterranean Raptor Migration Network), Via Carlo Alberto n.4, 89046 Marina di
Gioiosa Jonica (RC), Italy）
摘要：在意大利中部的观察点，我们对秋季向非洲迁徙的白头鹞（Circus aeruginosus）和鹃头蜂鹰
（Pernis apivorus）的跨海迁飞行为进行了研究。其中白头鹞大部分为成鸟，鹃头蜂鹰大部分是亚成
鸟。研究内容包括跨海迁徙行为与风向、昼间迁徙时间、集群和年龄的关系。尽管鹃头蜂鹰不如白头
鹞适合长距离跨海飞行，但它们集群迁徙时多远离海岸。两种鸟中只有很少个体选择沿海岸飞行。在
无风天气，白头鹞像单独迁徙的鹃头蜂鹰一样，选择跨海飞行，而不是中途停歇或飞回陆地的断续迁
徙，在逆风情况下则相反。而鹃头蜂鹰集群迁徙时的飞行策略不受风向影响。两种鸟在上午均选择跨
海飞行而不是断续迁徙，下午则相反。鹃头蜂鹰的跨海迁飞行为与年龄相关，其成鸟很少跨海飞行。
本研究证实鹃头蜂鹰迁徙过程中集群行为对其跨海迁飞的影响极为显著。不同年龄鹃头蜂鹰的跨海迁
飞倾向不同，缺乏经验的亚成鸟和年轻成鸟选择高能量消耗的长途（跨海）飞行，而不是具中途停歇
地的短距离断续迁徙。
关键词：白头鹞（Circus aeruginosus），鹃头蜂鹰（Pernis apivorus）
，迁徙，跨海迁飞行为，集群，风，
年龄组，地中海
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Abstract
This study provides the first systematic survey of spring and autumn migration of adult European Honey Buzzards (Pernis
apivorus) along the Central-Eastern Mediterranean flyway. Observations were done in 2007 and 2008 over the island of
Antikythira (southern Greece), located 33 km NW of Crete. A total of 135 birds were counted during spring, 101 in 2007
and 34 in 2008. During post-reproductive movements, the passage of 2479 individuals was reported, 1131 in 2007 and
1348 in 2008. During both years an evident peak during the last ten-days of August occurred. These results clearly show
differential spring and autumn migration of adult European Honey Buzzards through this region. Historical data concerning
prevailing winds were used to reconstruct general wind patterns in the Central-Eastern Mediterranean region. It showed
north-northwesterly winds between southern Greece and Libya during both spring and autumn, but very weak (<10 km/h)
during the first period. We discuss two hypotheses to explain why the spring visible migration was so scarce: 1) a narrow
migratory loop, with the European Honey Buzzards using a direct path between Libya and Peloponnesus during spring,
bypassing Antikythira, and 2) a loop migration on a greater scale, involving a detour via the Bosphorus/Dardanelles’ Strait
and/or the Central Mediterranean, that would allow the European Honey Buzzards to minimise the water crossing but
increasing the overall migration distance. In the light of previous studies on this species, the first hypothesis seems to be
much more reliable than the second one.
Keywords: European Honey Buzzard, Pernis apivorus, loop migration, geography, wind

Introduction

Sometimes they have been observed to use, rarely
successfully, soaring flight over the sea when passing close to the coastline, probably flying in thermals
deviated over water by the wind or exploiting lee
waves (Agostini et al. 2000, 2007). In addition,
they do not use thermals, which precede frontal
systems to cross the Mediterranean (Thake 1977;
Agostini et al. 2000, 2005a,b, 2007). However,
unlike at the Strait of Gibraltar or the Bosphorus,
in the Central Mediterranean region adult European
Honey Buzzards undertake long sea crossings sometimes flying hundreds of kilometres over water
and showing curvilinear flyways using small islands
to interrupt non-stop powered flights (Agostini &
Panuccio 2005). Due to the scarcity of thermals, they

The European Honey Buzzard (Pernis apivorus
Linnaeus, 1758) breeds in Europe and winters in
west-central equatorial Africa (Cramp & Simmons
1980; Hake et al. 2003). During migration, adult
birds of this species use mostly soaring flight over
land compensating the drift effect of crosswinds
(Thorup et al. 2003; Panuccio et al. 2010). As a
result they concentrate the passage at the main bottleneck areas of the Mediterranean Sea: the Strait
of Gibraltar, the Bosphorus and the Channel of
Sicily (Bildstein 2006). Thermals are almost absent
over the open sea and thus these birds are reluctant to undertake long sea crossings to limit powered
flight and to reduce energetic costs (Kerlinger 1989).
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tend to fly very low when migrating over these bodies
of open water (Agostini et al. 2000). This allows for
an accurate survey of the migration by direct visual
observation when they reach small islands low to
the ground. During the sea crossing several factors
such as prevailing winds, geography and navigational
abilities, interact shaping their paths (Agostini et al.
2005b, 2007; Panuccio 2011). Moreover, a larger
number of adults use the Central Mediterranean
flyway during spring compared to the autumn migration period (ca. 25,000 vs 5000; Agostini & Panuccio
2005). Recent preliminary observations made over
Antikythira (southern Greece), a small island along
the Central-Eastern Mediterranean flyway, reported
the passage of European Honey Buzzards during both spring and autumn migration (Kominos
unpublished data). In this Mediterranean area raptors have to fly hundreds of kilometres over water
between Greece and Libya and, as in the Central
Mediterranean, they can use small islands to interrupt the non-stop powered flight. The aim of this
study was to investigate spring and autumn migration
of adult European Honey Buzzards using data collected at Antikythira during systematic observations
in 2007 and 2008.
Dominant wind patterns seem to play an important role in the evolution of migratory paths such as
of narrow migratory loops (Kerlinger 1989; Newton
2008; Klaassen et al. 2010). In particular, the importance of weather conditions for birds during the
crossing of large stretches of sea has been shown in
several species (Gill et al. 2009; Saino et al. 2010;
Mellone et al. 2011). It has been already shown
that prevailing winds significantly affect pathways
of adult European Honey Buzzards when migrating over water (Agostini et al. 2005b, 2007). In this
framework, we analysed historical data concerning
the direction and strength of the wind in the CentralEastern Mediterranean region to reconstruct general
wind patterns (see also Klaassen et al. 2010).

to 20 September 2007 and from 21 August to 20
September 2008, each day between 08:00 and 17:30
h (solar time), covering peak periods of the passage of
adult birds through the Mediterranean basin during
both spring and autumn (Agostini & Panuccio 2005).
Birds seen in reverse migration were subtracted from
total numbers to avoid double counts. Generally,
when European Honey Buzzards were very close to
the ground (150 m) we were able to classify ages. In
order to estimate the total number of adults and juveniles passing at the site during autumn migration,
we divided the observation period into three tenday periods (21–31 August; 1–10 September; 11–20
September). The total number of adults and juveniles was derived applying the age proportion in the
sample of identified individuals to total counts during
each period also to verify the existence of age dependent migration passage at the site (see also Agostini
et al. 2004). In contrast, very few immatures (2nd
calendar-year) are expected to reach Europe during
spring since they mostly spend the second year of life
in Africa (Panuccio & Agostini 2006).
Wind data were obtained from the ERA40 Re-Analysis project (Uppala et al. 2005;
http://www.ecmwf.int/research/era/do/get/era-40) of
the European Centre for Medium Range Weather
Forecasts (ECMWF). This project provides a
high-quality historical archive of the state of the
atmosphere in the past fifty years, reconstructed by
variational assimilation of a comprehensive dataset
of observations into a high-resolution atmospheric
general circulation model. The data span the period
from mid 1957 to mid 2002 and surface atmospheric variables are available at a spatial resolution
of 2.5◦ . . . 2.5◦ in longitude and latitude, with a time
resolution of 6 hours. From this archive we extracted
daily average zonal and meridional surface (10 m
above the ground) wind velocity components for the
Central-Eastern Mediterranean region, at a resolution of 2.5◦ . The daily data are averaged over the
45 years of the dataset and over spring (21 April–20
May) and late summer (21 August–20 September)
periods, producing maps of prevailing winds and
average wind strength. Surface variables were used
because European Honey Buzzards, as mentioned
above, tend to fly very low when migrating over
bodies of open water.

Materials and methods
Study area and methods
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 and 33 km NW of Crete, which in turn is
located approximately 300 km NE of the Cyrenaica
Peninsula (Libya; Figure 1). During spring, observations were made, aided with telescopes and binoculars, from 25 April to 15 May 2007 and from 19
April to 14 May 2008, each day between 08:00 and
17:30 h (solar time); during autumn, from 24 August

Results
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During spring migration a total of 135 European
Honey Buzzards were seen in 418 hours, 101 in
2007 and 34 in 2008 (max. one-day count was 32
birds on 5 May 2007). They reached the observation post from SE and disappeared towards NW.

European Honey Buzzard migration

3

Figure 1. The study area (MO = Mount Olympus; AN = Antikythira; PP = Peloponnisos; KY = Kythira). Dotted arrows: observed
autumn pathway between Peloponnisos and Crete via Antikythira and that expected between Crete and Libya; solid arrow: supposed spring
pathway across the Central-Eastern Mediterranean according to the first hypothesis (narrow loop).

We recorded 63 (47%) European Honey Buzzards
that migrated singly while flocks contained on average 3.4 ± 0.4 (SE; N = 21) birds. Among aged
birds, 55 were adults and one was an immature
(2nd calendar-year). During autumn migration the
passage of 2479 European Honey Buzzards was
recorded in 556.5 h, 1131 in 2007 and 1348 in 2008.
Migrants reached the observation post from NW and
disappeared towards SE. In both years an evident
peak occurred, including 308 migrants on 29 August
2007, and 387 on 24 August 2008. A total of 2396
(97%) birds were seen migrating in flocks containing
on average 14.5 ± 2.3 (SE; N = 76) and 12 ± 1.4
(SE; N = 108) birds during 2007 and 2008, respectively. Among aged birds (N = 719), 623 (86.6%)
were adults and 96 (13.4%) juveniles, and using this
proportion we estimated the passage of 2198 adults
and 281 juveniles. The proportion of juveniles was
higher late in the season, during the second ten-days
of September (Figure 2). Among aged birds migrating singly (N = 39) juveniles outnumbered adults
(24 vs 15).
By analysing dominant wind patterns in the
Mediterranean region during spring and autumn
migration of this species, north-northwesterly winds
in both periods between southern Greece and
North Africa occurred, but these were very weak
(<10 km/h) in spring and stronger in autumn
(Figure 3a, b).

Discussion
Migrating birds often follow different routes during
spring and autumn, with one route being east or west
of the other one. This phenomenon is called ‘loop
migration’, and wind is one of the most important
selective agents shaping this kind of strategy (Newton
2008; Klaassen et al. 2010). In agreement with previous studies, juvenile European Honey Buzzards
behave differently from adults, concentrating late
in the season during autumn (Agostini & Logozzo
1995; Hake et al. 2003; Agostini 2004) and being virtually absent during spring. Therefore, we will focus
our discussion only on adult individuals.
The adult European Honey Buzzards counted
here are likely to breed in Greece, which has an
estimated breeding population of 1000–2000 pairs
(BirdLife International 2004). Our results suggest
that these birds use different flyways in spring and
autumn. During autumn migration, adults choose
the direct route between Greece and Libya, via
Antikythira and Crete, exploiting the tail wind
component of prevailing winds (Figure 1). Instead,
visual observations revealed very scarce migration
during spring. As mentioned above, previous studies
made by satellite telemetry and visual observation
showed that adult European Honey Buzzards are
not susceptible of drifting by crosswinds during
migration over land (Thorup et al. 2003; Panuccio
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Figure 2. Estimated numbers of adult and juvenile European Honey Buzzards passing over the islands of Antikythira during the three
ten-day periods in autumns 2007–2008.

European Honey Buzzards are rather sedentary
during the winter (Hake et al. 2003), and thus a
loop migration in this species is unlike to be caused
by movements performed during this season. Here
we suggest two hypotheses to explain our results,
the first one involving a narrow migratory loop
and the second one a loop on a much larger scale:
1) most of European Honey Buzzards observed
over Antikythira during autumn migration, may
choose to fly in weak winds directly from Libya to
Peloponnisos in spring, undertaking a longer water
crossing in this period (approx. 400 km); in doing so
they would bypass Antikythira and probably Crete
(Figure 1), perhaps crossing the sea also during the
night when winds tend to become weaker; 2) most
of them may choose other flyways involving long
detours, without attempting the direct crossing to
avoid head winds in that region, and concentrating
their passage via the Bosphorus/Dardanelles’ and/or
the Central Mediterranean (Figure 4). Through
the Bosphorus and the Central Mediterranean at
least 10,000 and 25,000 European Honey Buzzards
are reported each spring, respectively (Corso 2001;
Üner et al. 2010). The first hypothesis would agree
with results of previous studies made in the Central
Mediterranean region, where large numbers of adult
European Honey Buzzards regularly undertake
longer sea crossings (>300 km) during spring
compared to autumn migration, mostly flying in
weak (<20 km/h) or tail winds also during the
night (Panuccio et al. 2004; Agostini et al. 2005a;
M. Panuccio and G. Lucia unp. data). Wind patterns

Figure 3. Average surface wind velocities and directions in spring
(a) and autumn (b). The maps were obtained averaging daily
data from the ECMWF ERA-40 archive in the periods 21 April–
20 May and 21 August–20 September for the years 1957–2002
(Asterisk = Antikythira).

et al. 2010). For this reason, the seasonal difference
that we found at Antikythira is not likely to depend
upon wind conditions met during the crossing
of the Sahara desert in spring. In addition, adult
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Figure 4. Spring migration routes according to the second hypothesis (large scale loop; CO = Capo d’Otranto; MO = Mount Olympus;
PP = Peloponnisos; DS = Dardanelles).

show that head winds are very weak (<10 km/h)
during spring between Libya and southern Greece
(Figure 3). Moreover, as suggested in previous studies, migrants are expected to choose shorter routes
during spring rather than autumn, crossing the sea
on a broader front, perhaps to reach earlier their
breeding areas (see Agostini & Panuccio 2005).
In case of adverse weather for crossing, they can
wait for better wind conditions along the coast of
Northern Libya also for some days, as observed at the
Cap Bon Promontory (Northern Tunisia; Agostini
et al. 1994). In addition, in agreement with this
hypothesis, a recent satellite study confirmed that
European Honey Buzzards which know a shorter
sea crossing through the Mediterranean (e.g. that
through the Strait of Gibraltar) can decide to undertake longer sea-crossings in spring choosing more
direct flyways between wintering and breeding areas
(Meyburg et al. 2010). Instead, the second hypothesis resembles the results of recent satellite studies on
the migration strategies of Oriental Honey Buzzards
(Pernis ptilorhyncus) breeding in Japan, that also perform a loop migration, with adults undertaking the
long crossing across the East China Sea (approximately 700 km) during autumn and returning via
a different and longer overland route in spring to
cross the sea between south Korea and Japan where
it is only 50–100 km wide (Higuchi et al. 2005;
Yamaguchi et al. 2008). The authors suggested that
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dominant wind patterns over the East China Sea
could play a role in their behaviour since Oriental
Honey Buzzards breeding in Japan would exploit tail
winds during the longer crossing of the East China
Sea in autumn but not during spring migration.
Previous counts at raptor migration watchsites in
Japan and in the Korean Peninsula were in agreement with the results of these satellite studies (see
Yamaguchi et al. 2008). However, it is unlikely that
adult European Honey Buzzards breeding in central and southern Greece use the same migration
strategy shown by adult Oriental Honey Buzzards
breeding in Japan, increasing the overall migration distance during spring migration to reduce
the over-water path (avoiding the 300 km between
Crete and Libya that they cover during autumn).
Sporadic observations made in southern Italy near
Capo d’Otranto (Apulia; Figure 4) reported the passage of large numbers of European Honey Buzzards
during spring migration (Premuda et al. 2004),
but these probably reach breeding areas located
north of Greece. Moreover, recent visual observations at a watchsite in NE Greece (Mount Olympus;
Figure 4) during spring migration, did not report
a passage of this species from the eastern corridor (Bosphorus and Dardanelles) towards centralsouthern Greece (Panuccio et al. in press). Finally,
the fact that the second hypothesis (concerning
the long detour during spring migration) does not
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agree with the results of visual observations in the
Central Mediterranean region such as with those of
the first satellite study of pre-nuptial movements of
the European Honey Buzzard (Agostini & Panuccio
2005; Meyburg et al. 2010), would confirm that the
narrow migratory loop (first hypothesis, Figure 1) is
more reliable than the large scale loop. Despite the
tailwind support, we suggest that European Honey
Buzzards would concentrate in higher numbers over
Antikythira during autumn rather than spring migration since this island, together with western Crete,
appears as a natural springboard towards Africa in
this period. The populations of European Honey
Buzzards breeding in Eastern Europe provide an
excellent study system to investigate the differential use of routes by migrating birds in spring and
autumn. Hopefully, studies made by means of satellite telemetry will clarify which one is the exact
flyway used during spring by the birds observed in
Antikythira during autumn.
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Visible autumn migration of European Honey Buzzards and
Western Marsh Harriers approaching the Mediterranean Sea:
influence of local weather, topography and geography
NICOLANTONIO AGOSTINI, ANGELO SCUDERI,
GIANPASQUALE CHIATANTE and MICHELE PANUCCIO

ABSTRACT. We investigated the visible migration of European Honey Buzzards (Pernis apivorus) and Western Marsh Harriers (Circus aeruginosus) when
approaching the Mediterranean Sea in relation to local weather condition, geographical and topographical features. Observations were made between 23
August and 2 October 2011 at a watchsite located in the southernmost part of
the Calabrian Appennines, in the “toe” of the Italian Peninsula. In this area
the Apennines show differential topographical features with a plateau west of
the of the mountain ridge. West-south-west of the plateau lies the Straits of
Messina, the narrowest water surface between southern continental Italy and
eastern Sicily. Three observation posts were used and the passage of migrants
was recorded along the ridge of the mountain chain and over the plateau. Adult
Honey Buzzards were detected mostly over the plateau, while higher numbers
were seen along the ridge during midday and early afternoon probably because
of better thermal conditions at that time. In the whole area they were detected
during strong winds and during west winds over the plateau. In addition, NE
winds negatively affected their visible migration. It is suggested that adult European Honey Buzzards were detected mostly over the plateau because they
were heading towards the Straits of Messina when they were north of the site
and in doing so were more visible when compensating for drift effects of strong
westerly winds and flying at lower altitudes. During favorable weather conditions (tail winds) buzzards perhaps reached higher altitude and would pass
undetected. Unlike adults, juvenile European Honey Buzzards did not concentrate their passage over the plateau but showed a broader front in their migration. As with adult European Honey Buzzards, Western Marsh Harriers were
detected mostly over the plateau perhaps because this species is less dependent
on soaring flight. Like juvenile European Honey Buzzards, Western Marsh Harrier passing through southern continental Italy are expected to move along a
NE-SW axis undertaking a longer sea crossing between southern continental
Italy and eastern Sicily bypassing the Straits of Messina. Finally, NW and W
winds show a strong influence on the number of Western Marsh Harriers detected over the plateau but not along the ridge which suggests at least a partial
drift effect on a small scale on birds passing along the Tyrrhenian coast.
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Most raptors depend on soaring/gliding flight
during migration. This strategy reduces energetic costs by exploiting thermals and deflection updrafts over land (Kerlinger 1989). Since
thermals are very weak over water, these species
tend to avoid crossing large water surfaces and
follow peninsulas and concentrate their passage
through isthmuses and straits (Kerlinger 1989,
Bildstein 2006). Stronger thermals form on terrains oriented perpendicular to solar radiation
and for this reason soaring raptors tend to concentrate along mountain ridges especially when
they are aligned along the axis of migration
(Bildstein 2006). Radar studies show that soaring migrants can fly at heights that make them
impossible to detect by direct visual observation, especially at midday and during early afternoon, when climbing rates of thermals increase. These radar studies have shown that 80-90
percent of birds are detected within 1000 m of
the ground (Kerlinger et al. 1985; Kerlinger and
Gauthreaux 1985a, b, Spaar 1995) but are difficult to see at altitudes higher than 600 m (Kerlinger 1989). In addition, Spaar (1995) reported
intraspecific and species differences concerning
flight behavior reflecting size and morphology
under different weather conditions. Soaring
raptors actively search for the stronger thermals
and use these thermals longer than they do weaker ones and can be attracted to geographical
and topographical features that promote formation of thermals (see Agostini et al. 2005).
Each autumn thousands of raptors migrate
through southern continental Italy en route to
Africa (Agostini and Logozzo 1997). In particular, in the “toe” of the peninsula, they concentrate along the Calabrian Apennines following
a thermal street oriented along their direction
of migration (NE-SW; Panuccio et al. 2005).
However, in its southernmost portion in front
of the Mediterranean Sea, the Apennines form
a large area with a plateau west of the mountain
ridge that has different topographical features.
West of the plateau lies the Straits of Messina,

the narrowest water surface between southern
continental Italy and eastern Sicily (Fig. 1). The
aim of this study was to investigate visible migration of the two species most commonly recorded at this watchsite, the European Honey
Buzzard and Western Marsh Harrier (Panuccio
et al. 2005).

STUDY AREA AND METHODS
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Observations were made from 23
August to 2 October 2011 with the
aid of telescopes and binoculars.
Three observation posts were used
during the fieldwork, two located in
the Aspromonte National Park (P1
at Contrada Nino Martino: 38° 09’
44.41’’ N, 15° 52’ 36.64’’ E, altitude
1807 m a.s.l.; P2 at Piano delle Casine: 38° 12’ 57.77’’ N, 15° 52’ 17.98’’ E,
altitude 1052 m a.s.l.) and one about 5
km inland of the Tyrrhenian coast (P3
at Contrada Zagarella 38° 13’ 05.12’’
N, 15° 46’ 50.90’’ E, altitude 987 m.
a.s..l.). Two observers monitored the
migration at each post. A flat zone
(Piana di Gioia Tauro) lies north of
the study area. P1 is located along the
ridge of the mountain chain, while
the other two posts are on the Aspromonte plateau, but the central one
(P2) is closest to the western slope
of the ridge. As a result we divided
the study area in two topographic
zones and we defined passage along
the mountain ridge as those raptors
observed from P1 and those passing
East of P2; and defined passage over
the plateau as those raptors seen over
head or passing west of P2 and those
reported from P3 (inland of the narrowest point of the Strait of Messina).
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observation season in two periods
(23 August-12 September and 13 September-2 October) to consider the
passage of birds belonging to different age classes since, in this species,
adults migrate earlier than juveniles
(see Agostini and Logozzo 1995).
Unlike European Honey Buzzards,
Western Marsh Harriers belonging
to different age classes migrate in the
same period (Agostini and Logozzo
2000). Finally, since Western Marsh
Harriers migrate later than adult European Honey Buzzards (Agostini
and Logozzo 1997), we considered
data concerning this species between 7 September and 2 October. Wind
data were obtained from the NCEP/
NCAR reanalysis project (NOAA/
OAR/ESRL PSD, Boulder, CO, USA,
http://www.esrl.noaa.gov/psd/).

Woodlands and agricultural fields
dominate the mountain chain and the
plateau, respectively. Each day observations were made simultaneously at
these three posts. To investigate the
circadian pattern of migration, each
observation day was divided into
nine one-hour periods between 08:00
and 17:00 (solar time). In the statistical analysis, we used Generalized
Linear Models (GLM) with negative
binomial or Poisson distribution according to data distribution. Time
of day, wind direction and strength
were used as independent factors to
explain variation in observed number
of raptors. We checked the statistical
power of each model by verifying the
normal distribution of the residue of
the models. In the case of European Honey Buzzards we divided the

Figure 1 - The study area (1) in southern continental Italy.
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RESULTS

along the ridge (P < 0.001) than over
the plateau (P < 0.05) and negatively
affected by northeast winds (plateau:
P < 0.05; tips: P < 0.001). Moreover,
along the ridge passage was positively affected by southwest winds (P
< 0.05), between midday and early
afternoon (11:00-15:59 hr; P < 0.001)
and during the last hour of observation (16:00-17:00; P < 0.05); over the
plateau it was positively affected by
west winds (P < 0.05) and in two onehour periods between 12:00-13:59 (P
< 0.001 and P < 0.05, respectively. Table 1). With regards to the passage of
juvenile birds (13 September-2 October) in the whole area (Table 2), passage was positively affected by winds
from the north (P < 0.001) and lightly
from south winds (P < 0.05), by wind
strength (P < 0.01) and negati

European Honey Buzzards cross the
study area from the northeast to the
southwest. Considering the passage
period of adult birds (23 August-12
September) in the whole area (Table
1), visible migration was positively
affected by wind strength (P < 0.001)
and west winds (P < 0.01), lightly by
northwest and south winds (P < 0.05).
Conversely low numbers of raptors
were reported during northeast winds
(P < 0.01). As regards to time of day,
passage was negatively affected during the eighth (15:00-16:00 solar time)
hour of observation (P < 0.05). When
analyzing passage recorded along the
ridge and over the plateau separately,
it is interesting to note that it was more
positively affected by wind strength

Figure 2. Proportion of European Honey Buzzards seen migrating over the
plateau and along the mountain ridge early (23 August-12 September) and late
(13 September-2 October) in the season.a
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Expl. Term

Estimate

Std. Error

z value

Pr(>|z|)

Adult European Honey Buzzards: whole area
15:00-15.59 HR

-0.69

0.31

-2.21

<0.05

WIND STRENGHT

0.08

0.01

6.34

<0.001

NE WINDS

-1.41

0.48

-2.91

<0.01

NW WINDS

0.91

0.44

2.08

<0.05

S WINDS

1.12

0.49

2.29

<0.05

W WINDS

1.59

0.49

3.21

<0.01

Plateau
11:00-11:59 HR

1.32

0.40

3.30

<0.001

12:00-12:59 HR

1.04

0.42

2.46

<0.05

WIND STRENGHT

0.05

0.02

2.56

<0.01

NE WINDS

-1.40

0.70

-1.99

<0.05

W WINDS

1.66

0.65

2.56

<0.05

Mountain ridge
10:00-10:59 HR

0.67

0.09

7.61

<0.001

11:00-11:59 HR

0.63

0.08

7.13

<0.001

12:00-12:59 HR

0.90

0.09

9.95

<0.001

13:00-13:59 HR

0.55

0.09

5.89

<0.001

14:00-14:59 HR

0.73

0.09

8.03

<0.001

16:00-17:00 HR

0.96

0.09

10.90

<0.001

WIND STRENGHT

0.08

0.003

21.46

<0.001

NE WINDS

-2.07

0.26

-8.10

<0.001

SW WINDS

0.53

0.24

2.18

<0.05

Table 1. Factors affecting the visible migration of adult European Honey Buzzards in the study area (whole area, plateau, mountain ridge) early in the season.
vely affected by the last hour of
observation (16:00-17:00; P < 0.05).
Their visible passage was positively
affected by south winds (P < 0.01)
and wind strength (P < 0.001) when
migrating over the plateau and by
north winds when passing over the
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ridge (P < 0.01; table 2). The proportion of European Honey Buzzards
seen migrating along the ridge was
significantly higher later in the season (13 September-2 October; Fig. 2,
contingency table: χ² = 9.32; d.f. = 1;
P < 0.01). In this period the difference

Autumn migration of Honey Buzzards and Marsh Harriers

passage both over the plateau (P <
0.01; P < 0.001) and over the ridge (P
< 0.05), while southwest winds only
affected migration along the ridge (P
< 0.05). In addition, in the last area,
the number of migrants was higher
during the third hour of observation (11:00-12:00; table 3). As with
adult European Honey Buzzards, a
higher proportion of Western Marsh
Harriers were seen passing over the
plateau (1641 vs 1172; χ² = 77.9; d.f. =
1; P < 0.001) where some birds were
seen hunting. Finally, considering
aged birds (N = 1415), no significant
difference was reported between proportions of adults and juveniles seen
passing over the two areas (contingency table: χ² = 1,49; d.f. = 1; P > 0.05.
Fig. 3).

between numbers of migrants passing over the two topographic areas
was not significantly different (plateau: N = 443; ridge: N = 424: χ² = 0.37;
d.f. = 1; P > 0.05). Conversely, early in
the season the proportion of European Honey Buzzards was higher over
the plateau (4704 vs 3612: χ² = 143.1;
d.f. = 1; P < 0.001).
As with European Honey Buzzards,
Western Marsh Harriers reached the
study area from northeast disappearing towards the southwest. Their
visible migration in the whole study
area was positively affected by north
(P < 0.05), northwest, west (P < 0.001)
and southwest (P < 0.05) winds (Table 3). In particular, when considering the two areas involved in the
study separately, northwest and west
winds affected positively the visible

Expl. term

Estimate

Std. Error

z value

Pr(>|z|)

Juvenile European Honey Buzzards: whole area
16:00-17:00 HR

-0.91

0.45

-2.02

<0.05

WIND STRENGHT

0.02

0.01

2.95

<0.01

N WINDS

1.17

0.33

3.52

<0.001

S WINDS

1.10

0.49

2.25

<0.05

Plateau
S WINDS

1.44

0.52

2.75

<0.05

WIND STRENGHT

0.03

0.01

3.35

<0.001

N WINDS

1.09

0.37

2.92

<0.01

Mountain ridge

Table 2. Factors affecting the visible migration of juvenile European Honey Buzzards in the study area (whole area, plateau, mountain ridge) late in the season.
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Table 3. Factors affecting the visible migration of Western Marsh Harriers in the
study area (whole area, plateau, mountain ridge).
Expl. term

Estimate

Std. Error

z value

Pr(>|z|)

Western Marsh Harriers: whole area
N WINDS

0.71

0.35

2.06

<0.05

NW WINDS

1.14

0.29

3.87

<0.001

SW WINDS

0.94

0.39

2.41

<0.05

W WINDS

2.93

0.57

5.17

<0.001

Plateau
NW WINDS

1.04

0.36

2.90

<0.05

W WINDS

3.21

0.62

5.21

<0.001

Mountain ridge
10:00-10.59 HR

0.75

0.38

1.96

<0.05

NW WINDS

0.83

0.33

2.49

<0.05

SW WINDS

0.92

0.43

2.12

<0.05

W WINDS

1.22

0.55

2.21

<0.05

Fig. 3.
Proportion of juvenile and adult Western Marsh Harriers
passing over the plateau and along the
mountain ridge during the observation
period.
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DISCUSSION

Italy, most buzzards probably tend to
head towards the Strait when they are
North of our study area, thus leaving
the ridge of the mountain chain and
passing mostly over the Aspromonte
plateau. Unlike adults, juvenile European Honey Buzzards do not know
the shortest route to cross the central Mediterranean and, during their
first migration, they tend to orientate
along an innate NE-SW axis showing
a broad front of migration and undertake longer water crossings (Agostini and Logozzo 1995, Agostini et al.
2002, 2004, Hake et al. 2003, Panuccio
and Agostini 2010). Our study showed that juveniles migrated through this area of southern continental
Italy indifferently over the plateau
and along the ridge. Apparently, at
least on a small scale, their pattern of
migration was not affected by lateral
winds. In contrast, studies made by
satellite telemetry showed that, unlike adults, juvenile European Honey
Buzzards are susceptible drifting by
crosswinds (Thorup et al. 2003). Visible passage of both adult and juvenile European Honey Buzzards was
positively affected by wind strength.
During strong wind conditions thermals are weaker and migrants that
soar in deflection updrafts are more
visible to observers on the ground
because they are flying at lower altitudes and at lower speeds (Bildstein
2006, Duerr et al. 2012). In addition, a
recent study made in an isthmus area
in southern continental Italy (Mount
Covello; fig. 1), showed that adults
tend to migrate at lower altitude in
strong lateral winds, limiting the use
of soaring flight probably in order to

European Honey Buzzards mostly use
soaring/gliding flight during migration to reduce energetic costs (Kerlinger 1989). For this reason, we expected
that they would concentrate their passage along the ridge of the mountain
chain, where thermals are stronger.
We found that adult buzzards actually, concentrated their passage along
the Apennines crest just during midday and early afternoon, when optimal conditions for soaring flight
occur, and during the last hour of
observation birds were probably moving to roost in the forest. However,
when considering the total number of
European Honey Buzzards reported
between 23 August and 12 September, a greater proportion of birds was
detected over the plateau. Adult European Honey Buzzards are expected
to cross the sea between southern
continental Italy and eastern Sicily at
the Strait of Messina (Fig. 1) although,
unlike spring movements (Agostini
1992), our observations exclude their
concentration through its narrowest
point. After reaching eastern Sicily
European Honey Buzzards head towards western Sicily and cross the
sea at the Channel of Sicily, the narrowest crossing point of the central
Mediterranean (approx. 150 km wide;
fig. 4). This route largely retraces their
spring movements (Agostini and Panuccio 2005) and shows true navigational abilities which avoids longer
water crossings between southern
Sicily and North Africa (Agostini et
al 2000, 2004). As a result, when passing through southern continental
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compensate for drift effects (Panuccio
et al. 2010). Actually, westerly winds positively affected the numbers of
adult European Honey Buzzards seen
over the plateau probably because
during such wind conditions adults
avoid being blown off from the Strait
of Messina by overcompensating the
effects of crosswinds (Klaassen et al.
2010). Winds with tail component had
a negative effect on the visible migration of adult European Honey Buzzards in the whole study area, while
head winds had a weak positive effect
along the mountain ridge. These results would suggest that raptors tend
to migrate at higher altitudes to optimize the use of soaring/gliding flight
to increase their travel speed during
favorable (tail) winds and often pass
undetected. Conversely, during unfavorable (head) winds, adults perhaps
flew at lower altitude along the
mountain chain to limit the negative
impact on the travel speed. In the case
of juvenile birds, they apparently behaved like adults during strong winds, but were detected mostly along
the ridge with tail winds. Passing later
in the season, when thermals are weaker, juveniles probably were detected
also during ideal weather conditions
(tail winds). During head winds they
apparently chose to fly at lower altitude concentrating over the plateau.
Finally, unlike adults, fewer juveniles
were detected during the last hour of
observation. Migrating late in the season, they probably roost earlier than
adults.
During migration Western Marsh
Harriers, like other harriers, are less
dependent from soaring flight than

most of Accipitriformes (Spaar and
Bruderer 1997). Having relatively long
wings (Kerlinger 1989), they frequently use powered flight undertaking
long sea crossings during both spring
and autumn movements (Agostini
and Panuccio 2010). As a result, they
are less affected by thermal conditions
and time of day when migrating over
land (Panuccio et al. 2005). In particular, unlike a typical soaring bird (e.g.,
the European Honey Buzzard), Spaar
and Bruderer (1997) observed harriers
increasing flight altitudes throughout
the day, culminating toward sunset.
Recent simultaneous observations
made in autumn at P2 and over Panarea (a small volcanic island about
65 km NW off the Strait of Messina;
Fig. 1), reported the passage of comparable numbers of Western Marsh
Harriers over land and over water,
moving parallel to NE-SW flyways
independent of the direction of lateral
winds (Panuccio et al. 2005). As with
adult European Honey Buzzards, Western Marsh Harriers were mostly recorded over the plateau although they
were not expected to cross the sea at
the Strait of Messina. As mentioned
above, moving along NE-SW flyways,
those passing through southern continental Italy are expected to bypass
the Strait of Messina heading towards
southern Sicily and to cross the Central Mediterranean at its widest point
concentrating over the island of Malta
(Fig. 4; Agostini et al. 2003, Sammut
and Bonavia 2004). In this picture,
their concentration over the plateau
could be related to their flight style
since these raptors less actively search for thermal currents. In addition,
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movements of these two species and
probably affect migration counts.

the strong influence of northwest and
west winds on the number of birds detected over the plateau could suggest
at least a partial drift effect on birds
passing along the Tyrrhenian coast.
In agreement with previous observations (Panuccio et al. in press.), our
data suggest that Western Marsh
Harriers, unlike adult European Honey Buzzards, partially compensate
for the drift effects of crosswinds.
In conclusion, local weather conditions, topographical features and
geography had different effects on
migration patterns and detectability
of European Honey Buzzards and Western Marsh Harriers passing through
the “toe” of the Italian peninsula. In
particular, different flight styles, water crossing tendency and age seem to
play a role in shaping the pattern of
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RRH: MIGRATION OF SHORT-TOED SNAKE-EAGLES
ABSTRACT. – Migratory behavior of raptors is affected by several factors, including weather, geography, and topographical features. Here we provide information on how these factors may affect the behavior and detectability of the
Short-toed Snake-Eagle (Circaetus gallicus). We observed passage of Short-toed
Snake-Eagles at two watchsites along mountain chains in northeastern Greece
(Mount Olympus) and northwestern Italy (Arenzano) during the peak periods
of migration in autumn 2009 and spring 2010. More Short-toed Snake-Eagles
were observed in spring than in autumn; this difference was more evident at
Arenzano. Temperatures influenced the number of migrants observed. In particular number of individuals observed decreased drastically when temperatures
were higher than 24° C during post-reproductive movements. At both sites,
daily patterns showed a lower proportion of raptors observed during midday
and early afternoon in autumn than in spring. These results suggest that, during autumn, individuals may pass undetected by flying at higher altitudes
during midday and in early afternoon at both sites. The lack of difference in
number of eagles observed during westerly (lateral) winds compared to other
wind directions at Mount Olympus suggests that these birds may be able to
compensate for drift effect toward the Aegean Sea. Wind strength and lateral
northerly wind negatively affected the number of migrants observed at Arenzano during spring movements.
KEY WORDS: Short-toed Snake-Eagle; Circaetus gallicus; geography; migration; visible migration; weather
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Most raptors migrate using one or
both of 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 (Klassen et al. 2011, Vardanis et al. 2011).
In particular, the daily movements of
raptors and their detectabilities are
strongly influenced by wind direction
and strength, temperature, barometric
pressure, and relative humidity (Kerlinger 1989, Alerstam 1990, Maransky
et al. 1997, Agostini et al. 2002b, Panuccio et al. 2010, Panuccio 2011). It is
generally assumed that flight strategies have been shaped by selection to
minimize the costs of migration such
as flight time and energy expenditure
(Hedenstrom 1993). This latter factor
influences the migration strategies of
broad-winged species such as eagles
and vultures (Kerlinger 1989). The
Short-toed Snake-Eagle (Circaetus gallicus) is a long-distance migrant that
uses mostly soaring-gliding flight
and therefore exploits thermal currents and updrafts to reduce energetic
costs. As a result, migrating snake-eagles concentrate at isthmuses, straits,
and along mountain chains. In doing
so, they sometimes undertake long
detours overland between their wintering grounds south of the Sahara
desert and their breeding grounds in
Europe to cross the Mediterranean Sea
at its narrowest points: the Strait of Gibraltar and the Bosphorus. Birds breeding in central-southern Greece and in
the Italian Peninsula, use the so-called
“circuitous migration” that involves
movements that are opposite to the
main migration direction, southward

during spring and northward during
autumn, at the end and at the beginning of their movements, respectively
(Agostini et al. 2002a, Mellone et al.
2011, Panuccio et al. 2012).
Because the migratory behavior of
raptors often changes in relation to
weather conditions and topographical features, monitoring methods that
rely on direct observation may be
biased by these factors. In addition,
weather-related variables may differ
between spring and autumn, affecting
migration counts in the two periods
differently. In this study, we document
the influence of wind, temperature,
barometric pressure, relative humidity, and time of the day on the number
of Short-toed Snake-Eagles observed
migrating along two mountain chains,
through systematic observations at
watchsites located on the slopes of
Mount Olympus (northeastern Greece) and at Arenzano (northwestern
Italy) during both autumn and spring
migration.
STUDY AREA AND METHODS
At Mount Olympus, in northeastern
Greece, the mountain chain (approx.
40° 01’ N, 22° 29’ E) runs parallel to and
approximately 7 km from the coast,
forcing migrants to concentrate over a
narrow corridor of land between the
sea and the mountain (Panuccio et al.
2012). North of Mount Olympus there
is a large flat area and the mountain
chain continues southward (Fig. 1).
At Arenzano, in Italy, the observation
site was at the northernmost point of
the mid-western Mediterranean Basin
(44° 25’ N, 8° 40’ E), where the ridge
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both located less than 15 km from the
watchpoints and provided data on local weather conditions.
In our statistical analysis we used
hourly numbers of observed Shorttoed Snake-Eagles and hourly weather data. In particular, we examined
the effect of the following weather
variables: main wind directions, wind
strength (km/h), temperature (°C),
air pressure (mbar), and air humidity (%). First we used Mann-Whitney
and Kruskall-Wallis tests to compare
weather data across the two seasons
for both sites. Then we divided our
data set into four subsets for season
(autumn, spring) and site (Mount
Olympus, Arenzano). For each series
of data, we determined 33rd and 67th
percentiles in order to divide each
series into low, medium and high
weather conditions (wind strength,
temperature, air pressure and air humidity). Because we made this classi-

of the Ligurian Apennines, after running parallel to the coast, reaches its
closest proximity to the sea (6 km;
Fig. 1). Observations were made with
telescopes and binoculars from 9 September to 1 October 2009 at Mount
Olympus, from 8 to 29 September
2009 at Arenzano, from 6 to 26 March
2010 at Mount Olympus, and from 8
to 29 March 2010 at Arenzano; these
periods corresponded to the peak times of autumn and spring migration
of the Short-toed Snake-Eagle in the
Mediterranean basin (Agostini et al.
2002b, Baghino et al. 2009). Observations were discontinued during
heavy rain or snow. Each day was
divided into four 2-hr periods: 9:0010:59 H, 11:00-12:59 H, 13:00-14:59 H,
and 15:00 H-sunset (solar time). We
used weather data collected from the
Litochoro (for Mount Olympus) and
Genoa (for Arenzano) meteorological
stations every hour. These stations are

Figure 1. The study area: (1) Mount Olympus, (2) Arenzano on the Ligurian
Apennines.
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fication for each season and site, the
classes were not absolute but relative.
We used Kruskal-Wallis tests to test
whether hourly numbers of eagles varied significantly within the different
classes; to do this we ran KruskalWallis tests for each season and site.
When analyzing the average numbers
of birds passing through the study
area per hour with different wind directions, 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 (Fowler and Cohen
1996).
SITE

WEATHER
VARIABLE
Temperatures
(°C)

Mount
Olympus

Barometric
Pressure (hPa)
Relative Humidity
(%)
Temperatures
(°C)

Arenzano

Barometric
Pressure (hPa)
Relative Humidity
(%)

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

RESULTS
Mount Olympus.
Weather variables. Barometric pressure and relative humidity (both higher in spring than in autumn) and
temperatures (higher in autumn than
in spring) were differed significantly
between the two seasons (Table 1).
Winds from NE-NNE-N-NNW-NW
(headwinds in autumn and tailwinds in spring) and SE-SSE-S-SSW-SW
(tailwinds in autumn and headwinds
in spring) commonly occurred in both
periods, whereas in autumn prevailing winds were also from WNW-WWSW (lateral). Wind speed was weak

AUTUMN

SPRING

16
23
22.8
28
1009
1018
1018
1027
29
56
56.1
100
17
24
24.2
30
1008
1018
1018
1025
31
57
59.6
100

0
11
10.7
19
1010
1021
1021
1035
26
66
63.6
94
3
13.5
12.3
19
1006
1018
1018
1032
28
67
65
94

U-TEST

P

N

38528

<0.001

398

14514.5

<0.001

398

14177.5

<0.001

398

30945

<0.001

352

15299.5

>0.05

352

12184.5

<0.001

352

Table 1 - Temperature, barometric pressure and relative humidity recorded during the two seasons at Mount Olympus and Arenzano. Values reported are:
minimum, maximum, median and mean values of each variable for both sites
and seasons. The last column gives results of Mann-Whitney tests used to compare weather variables in the two season for both sites.
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SITE

SEASON

Autumn
Mount
Olympus
Spring

Min.
Median
Mean
Max
Min.
Median
Mean
Max

LATERAL
(WESTERLY)
WIND (km/h)
5.6
11.1
11.7
21.1

Arenzano
Spring

Min.
Median
Mean
Max
Min.
Median
Mean
Max

3.7
11.2
12.9
27.8
1.6
8.0
8.6
47.9

LATERAL
(NORTHERLY)
WIND (km/h)

Autumn

HEAD WIND
(km/h)

7.4
18.5
19.3
33.3
11.1
25.9
25.3
46.3

TAIL WIND
(km/h)
5.6
22.2
20.8
29.6
-

TAIL WIND
(km/h)
5.6
14.8
14.1
22.2
1.7
9.7
12.3
48.2

TEST

P

H = 10.02

>0.05

193

U = 2049

<0.01

119

U = 2146

>0.05

123

U = 2654

< 0.01

137

N

LATERAL
(SOUTHERLY)
WIND (km/h)
7.3
20.4
21.0
38.9

Table 2 – Wind strength of prevailing winds in spring and autumn at Mount
Olympus and Arenzano during the study periods. For each wind categories are
shown minimum, maximum, median and mean wind speeds. The last column
gives results of tests (Mann-Whitney and Kruskal-Wallis) comparing wind
speeds under different directions. Hyphens indicate that such wind conditions
were negligible in the study period.
SITE
Mount
Olympus
Arenzano

HOURLY MEAN ± SE (N)
AUTUMN
SPRING
2.1 ± 1.09 (55)
4.8 ± 1.83 (40)
1.3 ± 0.46 (56)
4 ± 0.45 (79)
1.9 ± 0.38 ( 82)
3.4 ± 0.7 (73)
6.4 ± 2.2 (44)
4.6 ± 0.9 (50)
18.4 ± 3.9 (93)

Head wind
Tail wind
Lateral (westerly) wind
Lateral (northerly) wind
Tail wind
Lateral (southerly) wind

Table 3 – Hourly means counts of Short-toed Snake-Eagles observed with
different wind directions at Mount Olympus and Arenzano in both seasons.
Hyphens in the columns indicate that such wind conditions were negligible in
the study period.
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(<15km/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
(Kruskal-Wallis H = 10.02, P>0.05). In
spring, tailwinds were stronger than
headwinds (U-test = 2049, P<0.01; Table 2).
Migration flight. We observed 367
(maximum daily count: 107 birds on 19
September) and 602 (maximum daily
count: 258 birds on 24 March) Shorttoed Snake-Eagles at Mount Olympus
heading NNE in autumn and SSW in
spring, respectively. At this site, wind
strength did not affect the number of
migrants observed (autumn: H = 3.52,
P > 0.05; spring: H = 3.01, P > 0.05).
Comparison of mean hourly counts
of eagles during different wind conditions (Table 3) indicated 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 Shorttoed Snake-Eagles was affected by
temperature in both seasons (autumn:
H = 7.6, P < 0.05; spring: H = 24.29,
P < 0.001). In particular during autumn higher numbers of eagles were
observed migrating between 22° and
24° C, whereas with lower and higher
temperatures numbers of migrating
raptors decreased. During spring,
hourly numbers of migrating raptors
increased with increasing temperature (Fig. 2a). The number of migrants
recorded did not show a daily peak in
autumn. Conversely, during spring,

the number of migrants recorded appeared to peak in the early afternoon
(contingency table: χ² = 191.78; df=3;
P<0.001; Fig.3a). Higher barometric pressures favored the passage of
Short-toed Snake-Eagles in autumn
but not in spring (autumn: H = 7.87,
P<0.05; spring: H = 2.5, P > 0.05). Interestingly, barometric pressure was negatively correlated with temperature
in autumn (r = - 0.26; P < 0.01) but positively correlated with temperature
in spring (r = 0.23; P < 0.01). Finally,
relative humidity affected the number of migrants observed at Mount
Olympus in spring (higher numbers
with mean values) but not in autumn
(autumn: H = 3.24, P > 0.05; spring:
H= 6.93, P<0.05). On the peak autumn
migration day, temperature did not
exceed 23° C with weak lateral winds;
the peak spring migration day occurred on a day with very little wind and
warm temperatures (up to 19° C).
Arenzano.
Weather variables. Relative humidity (higher in spring than in autumn)
and temperatures (higher in autumn
than in spring) were differed significantly between the two seasons but
barometric pressure did not (Table
1). At this watchsite, wind strength
was higher than at Mount Olympus
in both seasons (autumn: U = 11069,
P < 0.001; spring U = 5314, P < 0.001).
During autumn, the difference between strengths of prevailing winds (headwind vs. lateral northerly wind)
was not significant; however, during
spring, lateral northerly winds were
stronger than lateral southerly ones
(Table 2). Finally at this site, as at
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Figure 2 - Hourly numbers of Short-toed Snake-Eagles seen migrating at (a)
Mount Olympus and (b) Arenzano during autumn and spring in the three different classes of air temperatures.
Mount Olympus, barometric pressure
was positively correlated with temperature in spring (r = 0.31; P < 0.001).
Migration flight. We observed 896
(maximum daily count: 302 birds on
19 September) and 2250 (maximum
daily count: 830 birds on 17 March)
Short-toed Snake-Eagles at Arenzano
in autumn and spring, respectively.
When comparing the proportions of
eagles observed at each site in the two
seasons, we recorded a greater difference between spring and autumn at
Arenzano than at Mount Olympus
(contingency table: χ² = 30.29; df = 1;
P < 0.001). Eagles reached the observation post from the ENE-E and left
the site heading SW in autumn and
vice versa during spring. As at Mount
Olympus, passage of Short-toed Snake-Eagles was influenced to a similar
extent by temperature in both seasons
(Fig.2b; autumn: H = 5.49, P< 0.05;
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spring: H = 25.12, P < 0.001). Along the
Ligurian Apennines, wind strength
influenced the number of migrants
recorded during spring migration (H
= 24.99, P < 0.001) but not during autumn (H = 3.68, P > 0.05). The comparison of mean hourly passage of
eagles during prevailing wind conditions (Table 3) indicated that wind
direction affected the number of raptors detected at the site during spring
(lateral northerly wind vs. lateral southerly wind: Z =2.67, P < 0.05) but not
during autumn (tail wind vs. lateral
northerly wind: Z = 1.01, P>0.05). During autumn migration, the number
of migrants increased during the day,
whereas during spring the number of
migrants appeared to peak during
midday (contingency table: χ² = 105.9;
df = 3; P < 0.001; Fig.3b). Unlike at
Mount Olympus, barometric pressure
affected the number of raptors obser-
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Figure 3 - Number of Short-toed Snake-Eagles migrating throughout the day
(A = 9:00-10:59 H, B = 11:00-12:59 H, C = 13:00-14:59 H, D = 15:00 H-sunset; solar
time) during autumn and spring at (a) Mount Olympus and (b) Arenzano.
DISCUSSION

ved during spring, with higher numbers of eagles observed with high air
pressure (H = 10.42, P<0.001), while it
did not occur in the autumn (H = 2.68,
P > 0.05). Similarly, relative humidity affected the passage of Short-toed
Snake-Eagles in spring, with higher
numbers observed with mean values
(H = 22.81,
P< 0.001), but it did
not affect the migration in autumn
(H=3.35, P > 0.05). At Mount Olympus, the day of peak autumn passage was characterized by weak lateral
winds and relatively cool temperatures, for the season (up to 23° C). In
contrast, the day of peak passage in
spring was characterized by strong
winds (up to 25.9 km/h) coming from
southern and eastern quadrants (ESESSE) and temperatures cooler than at
Mount Olympus (up to 14° C).
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Effects of Wind on Migration. The
lack of difference between numbers
of eagles observed during westerly
(lateral) winds and during other wind
directions (headwinds + tailwinds)
in autumn at Mount Olympus suggests that migrants compensated for
the drift effects of such lateral winds
when passing through that study area,
to avoid being blown out over the
Aegean Sea. As reported in previous
studies, raptors are able to compensate for drift effects 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 (Kerlinger 1989, Klassen et al. 2011, Panuccio
et al. 2010). Also, tailwinds and headwinds did not affect counts at the
site during spring and autumn, which
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may be explained by the fact that such
winds were weak during our observation periods although, during spring,
tailwinds were significantly stronger
than headwinds.
At Arenzano during spring migration, few Short-toed Snake-Eagles
were observed during strong winds
with lateral northerly components.
Perhaps, in this period, strong lateral
winds pushed migrants toward the
coastline, slowed their travel speed
and/or influenced them to fly at very
low altitudes (below our observation
post) to avoid being blown out over
the Ligurian Sea, thus passing undetected. The influence of north winds
however may have similar effects on
visible migration at this site also in autumn (see also Baghino 2008, Baghino
et al. 2009).
Effects of Air Temperature. During
autumn (but not spring) migration,
adult and juvenile Short-toed SnakeEagles from the populations breeding
in Greece and Italy tend to migrate at
the same time, increasing the number of migrants expected to pass the
observation sites during post-breeding-season movements (Agostini et
al. 2002, Panuccio et al. 2012). However, in our study, larger numbers of
migrants were seen during the spring
than during the autumn migration at
both sites and such difference between the two seasons was more evident
at Arenzano. Detectability rates may
have been affected by different thermal conditions in the two seasons
along the two mountain chains. In
particular, the temperature in northern Greece and northwestern Italy
was higher, and consequently, ther-

mal conditions stronger, in September than in March. During spring, as
expected for a soaring bird (Maransky
et al. 1997), the number of Short-toed
Snake-Eagles observed increased with
temperature. Conversely, in autumn,
the number of migrants detected decreased dramatically with higher temperatures. Since raptors increase their
travelling speed with higher temperatures, faster cross-country speeds
are generally attained soon after local
noon (Mellone et al. 2012). Therefore
Short-toed Snake-Eagles would have
had to increase their travelling speed
during favorable thermal conditions
showing a daily peak during midday
and 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. Because the most important factor influencing detectability of migrants is their
distance from the observers (Kerlinger
1989), we suggest that during midday
and early afternoon, when stronger
thermal conditions occurred, large
numbers of Short-toed Snake-Eagles
may have passed out of sight at both
sites. This daily pattern of migration
was described at other watchsites and
called “midday lull” (Heintzelman
1975, Bruderer et al. 1994). 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,
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Spaar 1995). Moreover, during such
temperature conditions, 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 Common Buzzards of
the subspecies termed Steppe Buzzards [Buteo buteo vulpinus]; Spaar
and Bruderer 1996). Data collected by
radar in Israel also showed that migrating birds flew at higher altitudes
in autumn than in spring, particularly
in early spring when flight altitudes
were much lower (Spaar et al. 2000,
Dinevich and Leshem 2010). Kerlinger
(1989) reported that “Thermals are the
predominant source of lift most migrants use”. This statement was confirmed by a recent study comparing
flight performances of migrating Golden Eagles (Aquila chrysaetos) using
ridge lift and thermal currents. In that
study, flight speed of the eagles was
slower when using slope-soaring, and
they also drifted off their migratory
direction. In contrast, eagles exploiting
thermals stayed on course and had faster gliding speeds (Duerr et al. 2012).
Conclusions. It appeared that air temperatures influenced the visible migration of Short-toed Snake-Eagles more
than wind direction and wind strength
during our study. Thus, it is possible
that visual counts of Short-toed Snake-Eagle migration along mountain
chains may be biased by season due to
differences in thermal conditions. As
a caveat, we also cannot exclude the
possibility that slight differences in
migration routes may have influenced
differences in counts between spring
and autumn.

ACKNOWLEDGMENTS
We thank Keith Bildstein, Chris Farmer, and an anonymous referee for
the suggestions to an earlier version
of the manuscript. We appreciate the
improvements in English usage made
by Christina Riehl and Peter Lowther through the Association of Field
Ornithologists’ program of editorial
assistance. We wish to thank Paola
Carnevale of the Regione Liguria for
giving the permission to use the data
recorded at the Arenzano migration
watchsite. These data were collected
in the monitoring program financed
by POR-FESR 2007-2013 Misure 4.2.
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.
LITERATURE CITED
AGOSTINI, N., L. BAGHINO, C. COLEIRO , F. CORBI, AND G. PREMUDA. 2002a. Circuitous autumn migration in the Short-toed Eagle (Circaetus
gallicus). Journal of Raptor Research
36:111-114.
----------------, -----------------, M. PANUCCIO, AND G. PREMUDA. 2002b.
A conservative strategy in migrating
Short-toed Eagles (Circaetus gallicus).
Ardeola 49:287–291.
ALERSTAM, T. 1990. Bird migration.
Cambridge University Press, Cambridge, U.K.

55

Short-toed Eagles Migration: Interplay of Weather and Topography

BAGHINO, L. 2008. Monitoraggio
della migrazione post-riproduttiva
dei rapaci diurni nella Zona di Protezione Speciale IT 1331578 “BeiguaTurchino”. Annali Museo Civico di
Storia Naturale “G. Doria”, Vol. XCIC,
Res Ligusticae CCLIII: 513-534.

Trust for Ornithology, London, U.K.
HEDENSTRÖM, A. 1993. Migration
by soaring or flapping flight in birds:
the relative importance of energy cost
and speed. Philosophical Transactions
of the Royal Society of London: Biological Sciences 342: 353-361.

----------------, M. CAMPORA AND G.
CATTANEO. 2009. Il Biancone. Biologia e migrazione nell’Appennino
Ligure. Edizioni il Piviere S.r.L. Gavi
(AL), Italy. 1–120.

HEINTZELMAN, D.S. 1975. Autumn
hawks flight: the migration in eastern
North America. Rutgers University
Press, New Brunswick, NJ U.S.A.

---------------- AND G. PREMUDA.
2007. Nuovi dati sulla migrazione
primaverile “a circuito” del biancone
Circaetus gallicus in Italia. Avocetta
31:70-72.

KERLINGER, P. 1989. Flight strategies
of migrating hawks. University of
Chicago Press, Chicago, IL U.S.A.
------ AND S.A. GAUTHREAUX.
1985. Flight behavior of raptors during spring migration in south Texas
studied with radar and visual observations. Journal of Field Ornithology
56:394-402.

BRUDERER, B., S. BLITZBLAU, AND
D. PETER. 1994. Migration and flight
behaviour of Honey Buzzards Pernis
apivorus in southern Israel observed
by radar. Ardea 82:111-122.

KLAASSEN, R.H.G., M. HAKE, R.
STRANDBERG, AND T. ALERSTAM.
2011. Geographical and temporal flexibility in the response to crosswinds
by migrating raptors. Proceedings of
the Royal Society: Biological Sciences
278: 1339–1346.

DINEVICH, L. AND Y. LESHEM.
2010. Radar monitoring of seasonal
bird migration over central Israel.
Ring 32:31-53.
DUERR, A.E, T.A. MILLER, L. LANZONE, D. BRANDES,J. COOPER, K.
O’MALLEY, C. MAISONNEUVE, J.
TREMBLAY AND T. KATZNER. 2012.
Testing an emerging paradigm in migration ecology shows surprising differences in efficiency between flight
modes. PLoS one doi:10.1371/journal.
pone.0035548.t001.

MARANSKY, B., L.J. GOODRICH,
AND K.L. BILDSTEIN . 1997. Seasonal shifts in the effects of weather on
the visible migration of Red-tailed
Hawks at Hawk Mountain, Pennsylvania, 1992-1994. Wilson Bulletin
109:246-252.

FOWLER, J. AND L. COHEN. 1996.
Statistics for ornithologists. British

MELLONE, U., R.H.G. KLAASSEN,
C. GARCIA-RIPOLLÉS, R. LIMINA-

56

Short-toed Eagles Migration: Interplay of Weather and Topography

NA, P. LOPEZ-LPPEZ, D. PAVON, R.
STRANDBERG, V. URIOS, M. VARDAKIS AND T. ALERSTAM. 2012.
Interspecific Comparison of the Performance of Soaring Migrants in Relation to Morphology, Meteorological
Conditions and Migration Strategies.
PLoSone 7(7): e39833.doi:10.1371/
journal.pone.0039833.

SPAAR, R. 1995. Flight behavior of
Steppe Buzzards (Buteo buteo vulpinus) during spring migration in southern Israel: a tracking-radar study.
Israel Journal of Zoology 41:489-500.
----------- AND B. BRUDERER B. 1996.
Soaring migration of Steppe Eagles
Aquila nipalensis in southern Israel:
flight behaviour under various wind
and thermal conditions. Journal of
Avian Biology 27:289-301.

MELLONE U., R. LIMIÑANA, E.
MALLÌA, AND V. URIOS V. 2011.
Extremely detoured migration in an
inexperienced bird: interplay of transport costs and social interactions.
Journal of Avian Biology 42: 468-472.

-----------, F. LIECHTI, AND B. BRUDERER. 2000. Forecasting flight altitudes
and soaring performance of migrating
raptors by the altitudinal profile of
atmospheric conditions. Proceedings
of XXVI OSTIV Congress in Technical
Soaring XXIV 2: 49-55.

PANUCCIO, M. 2011. Wind effects on
visible raptor migration in spring at
the Strait of Messina, southern Italy.
Journal of Raptor Research 45:88-92.

VARDANIS, Y., R.H.G. KLAASSEN,
R. STRANDBERG, AND T. ALERSTAM . 2011. Individuality in bird
migration: routes and timing. Biology
Letters 7(4): 502-505.

----------------, N. AGOSTINI , G. LUCIA , U. MELLONE , J. ASHTONBOOT , S. WILSON , G. CHIATANTE,
AND S. TODISCO. 2010. Local weather conditions affect migration strategies of adult Western Honey Buzzards
(Pernis apivorus) through an isthmus
area. Zoological Studies 49:651-656.

Received 15 March 2012; accepted 26
September 2012

----------------,
----------------,
AND
G. PREMUDA G. 2012. Ecological
barriers promote risk minimization and social learning in migrating Short-toed Snake Eagles. Ethology Ecology & Evolution, DOI:
10.1080/03949370.2011.583692.

Associate Editor: Christopher J. Farmer
1. Email address: panucciomichele@
gmail.com

PREMUDA, G., U. RICCI AND F. VIVIANI . 2010. Rapaci delle Alpi Apuane. Parco Alpi Apuane, Pacini Editore, Pisa, Italy.

57

58

V

59

RAPTOR MIGRATION AT THE BOSPHORUS:
SPECIES SPECIFIC BEHAVIOR IN RELATION TO WIND DRIFT

MICHELE PANUCCIO, NICOLANTONIO AGOSTINI
AND ANTONINO DUCHI

ABSTRACT:
During migration raptors mostly use soaring/gliding flight over land avoiding
long water crossings to reduce energetic costs. Raptors passing at the Bosphorus
Channel (NW Turkey) mi-grate through an area similar to an isthmus, between
the Sea of Marmara and the Black Sea. The aim of this study was to investigate,
by direct visual observation, the influence of lateral winds, dominant during
autumn migration, time of the day and other weather variables on the behavior
of raptors passing at the site. Observations were made using an observation
post (Toygar Tepe) located in the Asian side of the isthmus, about 20 km north
of the Sea of Marmara and 10 km south of the Black Sea. The Lesser Spotted Eagle was the only species affected by time of the day, showing an evident peak in
late morning. Lateral winds affected the passage of European Honey Buzzards
(Pernis apivorus), Steppe/Common Buzzards (Buteo buteo) and Levant/Eurasian Sparrowhawks (Accipiter brevipes/Accipiter nisus). In particular these
raptors were seen mostly during southerly winds while very few were detected
during northerly winds. Conversely, the passage of Les¬ser Spotted (Aquila
pomarina), Booted (Aquila pennata) and Short-toed Snake Eagles (Circaetus
gallicus) were not affected by lateral winds. It is suggested that eagles compensated the drift effect of lateral winds to avoid to be blown off over the Sea
of Marmara and over the Black Sea. For this species both these bodies of water
seem to be real ecological barriers. It is supposed that during nor¬therly winds
European Honey Buzzards, Steppe/Common Buzzards and Levant/Eurasian
Sparrowhawks concentrated the passage along the southern side of the isthmus
and perhaps over the Sea of Marmara.
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INTRODUCTION
Each year, billions of birds breeding
in the northern Hemisphere head
southwards in autumn, to spend the
winter, flying back in spring to occupy their reproductive territories. In
doing so, migrants undertake expensive journeys, but can rear juveniles
avoiding competition with resident
species in the wintering grounds and
exploiting areas that are rich of food
in a relatively short period (Newton
2008). During these movements, most
raptors tend to use soaring/gliding
flight exploiting thermal currents and
deflection updrafts over land avoiding long water crossings to reduce
energetic costs. Such currents are very
week over water and rarely raptors
are able to exploit them successfully
during the crossing (Kerlinger 1989).
In addition, since raptors cannot roost
over water, the risk of mortality increases with the absolute distance of
the crossing as unpredictable changes
of weather conditions could result in
death (Kerlinger 1989). As a result,
these birds concentrate their passage
through peninsulas, isthmuses, straits
and islands. However, among Accipitriformes, there are species with
different degrees of dependence on
soaring flight. Several studies have
shown that the tendency of a given
species to cross the water barriers is
a positive function of its aspect: birds
with relatively long wings are better suited to fly on water surfaces of
birds with relatively short wings. The
wings relatively long in fact decrease
the induced drag and thus the energy
needed for the powered flight (Kerlinger 1985, 1989, Agostini 2005). This

feature is present in some species of
Accipitriformes as ospreys, harriers
and kites that undertake long water
crossings (> 100 km). Conversely, broad winged species like eagles and vultures, undertake long detours during
migration, sometimes using pathways
which involve movements that are
opposite to the main direction (Agostini et al. 2002, Meyburg et al. 2002,
Mellone et al. 2011, Panuccio et al.
2012) and concentrating where water
crossings are shorter. The European
Honey Buzzard (Pernis apivorus) has
an intermediate flight morphology
and, for this reason, it can exploit both
soaring/gliding flight over land and
powered flight through wide water
surfaces (Kerlinger 1989). During migratory movements, several species
of raptors breeding in Europe and
wintering in Africa cross the Mediterranean Sea concentrating at its narrower points: the Strait of Gibraltar and
the Bosphorus. The Bosphorus is a 30
km long, 1.5 – 3 km wide, N-S strait,
located between two peninsulas that
form an area similar to an isthmus
between the Sea of Marmara and the
Black Sea oriented in a WNW-ESE
direction (Fig. 1). At this watchsite,
during autumn migration, systematic observations were made mostly
at two hilltops (Küçük and Büyük
Çamlica) on the southern Asian side
of the strait (Nisbet and Smout 1957,
Porter and Willis 1968, Beaman 1973,
Beaman and Jacobsen 1974, Somsag
1981, Bijlsma 1987). Only between 8
September and 1 October 1988 observations were made using synchronously three posts: the two hilltops
and a third one located about 15 km
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variables (air humidity, temperature,
air pressure) on the visible migration
of raptors in the northern side of the
Bosphorus, to verify the existence of
eventual species specific behaviors in
relation to wind drift as supposed by
Van den Bossche and Lens (1994).

north (Sarıyer) at the European side of
the Strait (Van den Bossche and Lens
1994; fig. 1). In contrast to Porter &
Willis (1968), who supposed that autumn migration north of the Çamlicas
only occurred on days with strong
southerly winds, these authors reported “that migrants were more numerous in the north nearly each day, and
that southern winds only enlarged the
numbers north of Çamlica.”. Van den
Bossche and Lens provided a descriptive study but did not verify using a
statistical analysis the influence of lateral winds and other weather variables on the migratory flow and did not
make observations early in the season,
during the peak passage of European
Honey Buzzards (late August – early
September), nearly all adults at the
site (Schmid 2000). The aim of this
study was to investigate the influence
of lateral winds, dominant during autumn migration in this area, as well as
of the time of day and other weather

STUDY AREA AND METHODS
A total of 400 hrs of observations, aided with binoculars and telescopes,
were made between 22 August and 1
October 2010, each day between 7:30
and 17:30 hr (solar time), using a post
(Toygar Tepe; 41°12’N, 29°14’E; 309 m.
a.s.l.) located in the Asian side, about
20 km north of the Sea of Marmara
and 10 km south of the Black Sea (Fig.
1). Observations were interrupted on
September 12 because of heavy rain,
therefore this day was not considered
in the analysis. Woodlands dominate
the northern part of the two sides of
the Strait. We considered all the main
species of raptors observed: Europe-

Figure 1 - The Study area. 1) Küçük and Büyük Çamlicas, 2) Toygar Tepe;
3) Sarıyer.
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an Honey Buzzard (Pernis apivorus),
Lesser Spotted Eagle (Aquila pomarina), Common/Steppe Buzzard, (Buteo
buteo) Booted Eagle (Aquila pennata),
Eurasian Sparrowhawk (Accipiter nisus), Levant Sparrowhawk (Accipiter brevipes), Short-toed Snake Eagle
(Circaetus gallicus). For each species
we chose a seasonal window which
excluded the passage of the last 5% of
birds in the case of European Honey
Buzzards, a species peaking earlier in
the season, and the passage of the first
5% of migrants in the case of the other
species, peaking later in the season
(after the first ten days of September;
Porter and Willis 1968). To investigate the daily pattern of migration, each
day of observation was divided into
10 time periods lasting one hour. In
our statistical analysis we used hourly
numbers of raptors observed at the
site and hourly weather data. In addition, The passage of raptors was reported along three corridors: northern
(north of the observation post), central
(overhead) and southern (south of the
observation post) corridor. Weather
data were provided by the Meteorological Station of Istanbul Ataturk
Airport located on the European side
of the Strait and available at the website www.wunderground.com. In the
analysis of the passage in relation to lateral winds Eurasian Sparrowhawks,
Levant Sparrowhawks and unidentified individuals of the category Eurasian/Levant Sparrowhawk, were
considered together because of their
similar morphology (Kerlinger 1989).
In particular, to evaluate the effect of
wind drift we compared numbers of
raptors observed per hour under la-

teral wind conditions. Lateral winds
(northerly and southerly) were the
commonest winds across all the study period. Excluding 16 hours with
changeable winds, we had 64.6% of
observation hours with winds showing a northerly component, 31% with
winds showing a southerly component. In addition, since large numbers
of juvenile Short-toed Snake Eagles
were seen migrating later in the season, we divided the migration of this
species in two shorter periods (early:
14-24 September, peak passage of
adults; late: 25 September-1 October,
peak passage of juveniles) to verify if
different proportions of inexperienced
(juveniles) birds in the two samples
affected the results in relation to wind
drift. We used Mann-Whitney U-tests
to compare hourly numbers of raptors
observed under northerly and southerly winds.
For some species (Lesser Spotted Eagle, Booted Eagle, Common/Steppe
Buzzard, Short-toed Snake Eagle) it
was possible to run models showing
a good fitness (normal distribution of
the residue of the models). In these cases we considered as dependent variables hourly numbers of raptors of each
species. In this analysis we did not
considered hours without observed
raptors to improve the model fitness.
We applied Generalized Linear Models (GLM) with negative binomial
or Poisson distribution, depending on
the distribution of the data. Models
were tested using ANOVAs. We used
as independent factors: i) wind direction, ii) wind speed (km/h), iii) temperature (°C), iv) air pressure (mbar),
v) humidity (%) and vi) time of day,
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to explain variation in hourly counts
of each species. Wind direction was
divided into three categories: northerly, southerly and other winds. In
doing so we included wind direction
* time of the day and air pressure *
humidity interactions. When interactions between two variables were
not significant we concluded that the
two factors affect migration independently. Therefore we recomputed the
models using variables without interactions. A Spearman test was run to
avoid collinearity between variables.
Wind strength was not considered in
the models because it correlates with
wind direction. Moreover since temperatures and wind direction often
correlates with air pressure and humidity we used those variables alternatively. We used logarithmic transformation of original data when necessary.

(max. one day count 278 on 28 September), 1.958 Steppe/Common Buzzards (max. one day count 535 on 30
September), 497 Booted Eagles (max.
on day count 51 on 16 September),
456 European Honey Buzzards (max.
one day count 237 on 28 August) and
334 Levant/Eurasian Sparrowhawks
(180 Levant Sparrowhawks, 134 Sparrowhawks and 20 unidentified individuals; max. one day count 90 on 27
September). Other raptors counted
during the study were: 1 Goshawk
(Accipiter gentilis), 4 Greater Spotted
Eagles (Aquila clanga), 5 Eastern Imperial Eagles (Aquila heliaca), 1 Steppe Eagle (Aquila nipalensis), 1 Griffon
Vulture (Gyps fulvus), 2 White-tailed
Eagles (Haliaaetus albicilla), 20 Black
Kites (Milvus migrans), 1 Red Kite
(Milvus milvus), 11 Egyptian Vultures (Neophron percnopterus), 7 Longlegged Buzzards (Buteo rufinus), 9
Western Marsh Harriers (Circus aeruginosus), 9 Hen Harriers (Circus
cyaneus), 1 Pallid Harrier (Circus macrourus), 2 Montagu’s Harriers (Circus pygargus), 1 Lesser Kestrel (Falco

RESULTS

We reported a total of 24.725 raptors,
19.325 Lesser Spotted Eagles (max.
one day count 5.972 on 24 September), 2.034 Short-toed Snake Eagles

Figure 2 - Passage of
migrants (LSE = Lesser Spotted Eagle; ES/
LS = Eurasian/Levant
Sparrowhawk;
CB/
SB = Common/Steppe
Buzzard; STSE = Shorttoed Snake Eagle; BE =
Booted Eagle; EHB =
European Honey Buzzard) trhough northern,
central and southern
corridor.
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naumanni), 19 Hobbies (Falco subbuteo), 1 Kestrel (Falco tinnunculus),
1 Red-footed Falcon (Falco vespertinus). In 25 cases it was not possible to
identify the species. Raptors reached
the observation post from ENE and
disappeared towards ESE. Considering the passage through the three corridors, the European Honey Buzzards

was the species showing the higher
proportion of birds passing south of
the observation post, the Lesser Spotted Eagle north of the post (Fig. 2).
The results of the Mann-Whitney Utest show two different behaviors:
European Honey Buzzards, Steppe/
Common Buzzards, Levant/Eurasian
Sparrowhawks and Short-toed Snake

Table 1- Effect of crosswinds on migrating raptors at the Bosphorus.
Wind
Mann-Whitney
Species
Hourly Mean ± SE
direction
U-test
European Honey Buzzards

Eurasian/Levant Sparrowhawks

Lesser Spotted Eagles

Booted Eagles

Common/Steppe Buzzards

Short-toed Snake Eagles

Short-toed Snake Eagles (early)

Short-toed Snake Eagles (late)

North

0.4931 ± 0.2

U-test = 2703.5

South

6.396 ± 3.5

P = 0.001318*

North

0.9126 ± 0.15

U-test = 3046.5

South

2.917 ± 0.9

P = 0.02591*

North

116.8 ± 27.8

U-test = 2898

South

111.1 ± 19.8

P = 0.1451

North

2.453 ± 0.27

U-test = 1797

South

2.741 ± 0.77

P = 0.8115

North

3.615 ± 0.6

U-test = 2712

South

21.07 ± 4.7

P = 0.002462*

North

6.87 ± 1.09

U-test = 2480.5

South

15.5 ± 2.29

P = 0.0002611*

North

7.523 ± 1.26

U-test = 852

South

8.125 ± 2.01

P = 0.1878

North

3.588 ± 1.4

U-test = 191.5

South

19.32 ± 3.2

P = 0.001352*
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Eagles were observed along the northern side of the Bosphorus during
southerly rather than northerly winds. Conversely, Lesser Spotted Eagles
and Booted Eagles did not show significant differences in numbers observed under the two examined wind
conditions (Tab. 1). In the case of the
Short-toed Snake Eagle it was possible
to age a large numbers of birds (N =
519). By dividing the peak period (14
September-1October) in the two shorter periods and estimating the total
number of birds belonging to the two
age classes according to their proportion in the sample of birds aged in each
period, it was possible to highlight
that juveniles peaked later than adults
(Fig. 3). By analyzing the influence of
lateral winds in the two periods, during the first one the result was not
consistent with that concerning the
whole peak period of the species (14
September-1 October), conversely higher numbers of migrants were reported during southerly winds between
25 September-1 October.
Using the GLM test, the only variable
significantly affecting the passage of
Lesser Spotted Eagles at the site was
the time of the day (Estimate: 4.01; F

= 2.02; P<0.05); in particular higher
number of individuals passed in the
late morning between 10:30 and 11:29
(solar time; fig. 4). Conversely, the
passage of Booted Eagles was negatively affected by temperature (Estimate: -0.23; F = 9.4; P< 0.01) and air humidity (Estimate: -0.05; F = 10.4; P<0.01)
while in the case of Short-toed Snake
Eagles, as in the previous analysis,
birds passing during the whole peak
period such as those passing later in
the season (between 25 September and
1 October) were strongly influenced
by wind direction (F = 4.2282; P< 0.05
- F = 3.4; P<0.05) with higher numbers
observed during southerly (Estimates:
0.6; 0.86) rather than northerly winds
(Estimates: -0.5; 0.3504). The passage
of Common/Steppe Buzzards was
strongly influenced by wind direction
(F = 8.9; P<0.001) and by air humidity (Estimate: -0.02; F = 4.2; P< 0.05). In
the case of this species, it is interesting
to note that when running a second
model using air pressure instead than
wind direction, this term resulted significant in explaining the variation of
its passage (Estimate: 0.02; F = 42.7; P<
0.001).
Figure 4 - Estimated
numbers of adult and
juvenile Short-toed Snake Eagles reported at the
Bosphorus (Toygar Tepe)
between 14-24 September (early period) and 25
Semptember -1 October
(late period) 2010.
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Figure 4 - Variation of the migratory floe of Lesser
Spotted Eagle during the day between 7:30 – 17:30
(solar time) considering 10 onehour periods.

DISCUSSION
Our results suggest species specific behavior in relation to wind drift
among raptors passing at the Bosphorus during autumn migration.
Lesser Spotted Eagles, Booted Eagles
and Short-toed Snake Eagles passing earlier in the season, during the
peak of adult birds, compensated the
deviation of lateral winds probably
to avoid to be blown over the Sea of
Marmara during northerly winds and
over the Black Sea during southerly
winds. As mentioned above, broader
winged birds like eagles, avoid water crossings exploiting soaring flight
over land. However, in the case of
the Short-toed Eagle, the tendency
to compensate lateral displacements
could be age dependent, since when
considering birds migrating later in
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the season (25 September-1 October)
when the peak passage of juveniles
was recorded, birds were seen along
the northern side of the Bosphorus
mostly during southerly winds apparently showing wind drift. Although,
in this species, mixed age flocks are
regularly reported during autumn
migration favoring social learning
(Agostini et al. 2002, Mellone et al.
2011, Panuccio et al. 2012), we suggest that larger numbers of juveniles
did not migrate in mixed flocks with
adults during the last short period (25
September-1 October) and did not benefit from their compensatory ability
affecting our results. As matter of fact,
juveniles (inexperienced birds) cannot
have, during their first migration, map
information that allow adults (experienced birds) to detect and correct for

Raptor Migration at the Bosphorus

lateral displacement (Drost 1938).
Unlike eagles, European Honey Buzzards, Common Buzzards and Levant/Eurasian Sparrowhawks were
reported mostly during southerly
winds from our observation post,
suggesting that these raptors did not
compensate the drift effect. This result
partially agrees with previous studies
made by satellite and direct visual
observation on the autumn migration
of European Honey Buzzards showing that adults compensate, to a large
degree, leaving only a limited winddrift effect (Thorup et al. 2003, Panuccio et al. 2010). Perhaps, at least for this
species, the Sea of Marmara (20-65 km
wide) is not a huge ecological barrier.
Since northerly winds are dominant
during autumn migration at the Bosphorus (this study, Porter and Willis
1968, Van Den Bossche and Lens 1994),
we suppose that large numbers of European Honey Buzzards undertake
its crossing during such atmospheric
conditions while those crossing the
Bosphorus concentrate their passage
over the Çamlicas. In agreement with
this conclusion, the European Honey
Buzzards was the species showing
the higher proportion of birds passing
along the southern corridor during
our study while, in 1971, large numbers of these raptors were reported
passing over the Princes’ Islands (Beaman and Bijlsma 1987). This migration
strategies would explain why, if compared with recent counts made in the
Çamlicas area during autumn (5527
individuals in 2005, 5515 in 2006;
Smith and Yardım unp. data), very
few European Honey Buzzards were
reported along the northern side of the

Strait in our study. As mentioned above, during migratory movements, this
species is able to exploit both soaring/
gliding flight over land and powered
flight through wide water surfaces. In
particular, every year, thousands of
European Honey Buzzards cross the
Channel of Sicily (150 km wide) while
birds breeding in Greece concentrate
the passage between Crete and Libya
undertaking a non-stop powered
flight of more than 250 km over water
(Agostini and Panuccio 2005, Agostini
et al. 2012). In addition, recent observations made over Cyprus, thus just
along the eastern pathway involving
the Bosphorus, reported the passage
of thousands of European Honey Buzzards probably en route to Lebanon
and Israel during northerly winds in
early September (Roth and Corso
2007, Agostini and Panuccio 2008),
while observations made over the
island of Marettimo and Pantelleria
(Channel of Sicily) showed that wind
and geography interact shaping migration paths of this species through
that wide body of water (Agostini et al
2005). Conversely, about 10.000 European Honey Buzzards migrate through the northern side of the Bosphorus
during spring migration (Üner et al.
2010). Perhaps, in this period, these
raptors would tend to concentrate in
this area since they face the wider water surface of the Black Sea, a real ecological barrier for this species, especially when compared to the Sea of
Marmara. In the case of Common Buzzards, although recent observations
made over the island of Antikythira
(southern Greece) have shown that
they are able to fly at least some tens
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of kilometers over water (Lucia et al.
2011), at the Bosphorus they could
compensate the lateral displacement
of northerly winds just when passing
along the southern side of the Strait
concentrating over the Çamlicas area
to avoid the passage through the Sea
of Marmara. Finally our results confirm what previously suggested by
Nisbet and Smout (1957). They have
hypothesized that large numbers of
Levant Sparrowhawks could pass
through the Sea of Marmara, being
drifted by southerly winds towards
the Çamlicas.
The daily migration patterns reported
in our study do not confirm those reported by Van Den Bossche and Lens
in 1998. In particular these authors
recorded higher numbers of migrants
along the northern side of the Strait
during the morning and afternoon
suggesting that this pattern was due
to the vicinity of the Belgrade Forest,
an important roosting site for raptors. In particular, in the case of Lesser Spotted Eagle, in the afternoon
birds passed close to the roosting area
from 14:00-15:00 onward. However,
in our study, higher numbers of Lesser Spotted Eagles were reported in
late morning while for the other species the time of day did not affect the
visible migration. This result is not
expected for soaring birds since they
should increase their travelling speed
during favorable thermal conditions,
thus showing a daily peak during
midday and early afternoon (Kerlinger 1989, Panuccio et al. 2010). Only
in the case of Common/Steppe Buzzards air pressure positively affected
the number of migrants indicating

that they were detected mostly during
ideal weather conditions for thermal
producing and thus for soaring flight.
Conversely, the visible migration of
Booted Eagles was negatively affected
by temperature and air humidity.
However, both species did not show
a real peak passage during the day.
In conclusion, since raptors were not
attracted in late afternoon by the roosting area, to explain the lack of the
expected peak during the day, we cannot exclude that during midday and
early afternoon large numbers of migrants may have passed out of sight,
at higher altitudes, despite the presence of the Bosphorus Strait, as reported at other watchsites (Heintzelman
1975, Bruderer et al. 1994, Panuccio et
al. in press).
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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.
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D

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 aeruginosus 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

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

*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.

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

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
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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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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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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
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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.

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
Greece is located at the southernmost end of the Balkan Peninsula and the shortest distance between Greece and N Africa is roughly 280 km. As raptors mostly
fly over land, exploiting thermal currents, the ecological barrier shaped by the
Mediterranean Sea, around and south of Greece, has a strong impact on the
migration strategy adopted by each species. Using data from recent studies at
three watchsites in Greece (island of Antikythira, Mount Olympus, National
Park of Dadia-Lefkimi-Soufli) we discuss the migratory behaviour of some selected species. The three commonest species were the Eurasian marsh harrier
Circus aeruginosus, the western honey buzzard Pernis apivorus and the shorttoed snake eagle Circaetus gallicus. The former migrates on a broad front over
the sea. A similar migration strategy is adopted also by the Eleonora’s falcon
Falco eleonorae. The western honey buzzard performs a loop migration strategy concentrating over the island of Antikythira in autumn but bypassing it in
spring. The latter, the short-toed snake eagle, avoids the crossing of the Mediterranean Sea performing a long detour and crosses the sea at the Bosphorus.
Observations suggest that the Levant sparrowhawk Accipiter brevipes and lesser spotted eagle Aquila pomarina adopt a similar strategy. Finally species as
the common buzzard Buteo buteo and the sparrowhawk Accipiter nisus do not
cross the Mediterranean Sea but move across Greece to winter in S Greece.
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INTRODUCTION

METHODS & MATERIALS

Greece is located at the southern
end of the Balkan Peninsula that lies
south in an indented coast characterized by peninsulas and islands. The
narrowest point between Greece and
Africa is about 280 km between the
large island of Crete and the Cyrenaica Peninsula in Libya. The barrier represented by the Mediterranean Sea
in this area strongly influences the
migration of birds moving through
the Balkans. In particular, since Accipitriformes tend to move following
land masses, only few species could
attempt to undertake that long water
crossing successfully (Kerlinger 1989,
Lucia et al. 2011). As a result their
main flyways through the Balkans
and in the Eastern Mediterranean
area converge at the Strait of Bosphorus (Kirwan et al. 2010, Panuccio et
al. 2012). Because of the peculiar geography of Greece, the different species use different migration strategies
when moving between the Balkans
and Africa. Until the early years of
this century only patchy information
was available on raptor migration
in Greece (Handrinos and Akriotis
1997) while in the last decade some
research carried out by independent
organizations has drawn migration
strategies performed by the different
species (Agostini et al. 2012, Lucia et
al. 2011, Panuccio et al. 2011a, 2012,
Schindler et al. 2009). The aim of this
paper is to review these recent findings to attempt to give an overall
view.

This review is based on studies made
at three warchsites in Greece: the National Park of Dadia-Lefkimi-Soufli
Forest (DNP) and Mount Olympus
in north Greece and the island of Antikythira in the south (Lucia et al. 2011,
Panuccio et al. 2011a, Schindler et al.
2009; Fig 1), as well as a satellite tracking study of the Eleonora’s falcon in
the Aegean Sea (Kassara et al. 2012).
DESCRIPTION OF WATCHSITES
DNP is a protected area in Thrace, close to the border with Turkey and situated inland along the Evros valley,
ca. 80 km northwest of the Dardanelles Strait. For more details on the main
habitats of the site see Schindler et al.
(2008). In this area migrating raptors
tend to follow the Evros river valley
moving toward North. At the site
raptor migration was monitored during springs 2003 and 2005 (Schindler
et al. 2009).
Mount Olympus (2917 m) is the highest mountain in Greece and is located between the regions of Thessaly
and Macedonia, close to the Aegean
coast, and it is enclosed within a National Park. In this area, migrating
raptors are constrained to fly along a
narrow corridor between the eastern
slope of the mountain chain and the
sea (Panuccio et al. 2012). Since a valuable fraction of the Greek population
of short-toed snake eagles migrates
there it has been proposed to consider
the eastern slope of this mountain as
an Important Bird Area (Panuccio et
al. 2011a). Observations were made in
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autumn 2009 and in spring 2010.
Antikythira is a small island (20
km²; max. altitude 378 m), oriented
in a NW-SE direction, located 32 km
SE of the island of Kythira, 59 km S
of the Peloponnesus and 33 km NW
of Crete, which in turn is located approximately 280 km NE of the Cyrenaica Peninsula. Systematic counts
were made during both spring (2007
and 2008) and autumn (2007, 2008
and 2009). In spring, migrating raptors typically approached from the
southeast, presumably via Crete, and

disappeared towards Kythira to the
northwest while the opposite occurred in autumn (Lucia et al. 2011).
The species taken into consideration
in this review are the Eurasian marsh
harrier, the western honey buzzard,
the short-toed snake eagle, the common buzzard Buteo buteo, the booted
eagle Aquila pennata, the Levant sparrowhawk, the sparrowhawk, the black
kite Milvus migrans, the lesser spotted
eagle, the Egyptian vulture Neophron
percnopterus and the Eleonora’s falcon.

Figure 1 - The locations of the watchsites of the study: Antikythira (Ant), Mount
Olympus (MtO) and : the National Park of Dadia-Lefkimi-Soufli Forest (DNP).
A) The grey solid arrows represent the detour migration, the black arrows the
broad front migration and dotted arrows the funnelled migration of the Honey
Buzzards during autumn period. B) The grey solid arrows represent the detour
migration and the black arrows the broad front migration during spring.
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RESULTS & DISCUSSION

Olympus (Panuccio et al. in press).
These results suggested that , Eurasian marsh harriers tend to travel
along parallel NE-SW flyways using
parallel migration paths over water
and over land, just as they do in the
Central Mediterranean region (Agostini et al. 2003, Agostini & Panuccio
2010). The higher percentage of adult
males observed at the island of Antikythira appears to confirm that in
autumn they tend to migrate earlier
and over longer distances than adult
females; in fact some authors have
hypothesized (Agostini & Logozzo
2000, Panuccio et al. 2005a) a latitudinal segregation of sexes over the
populations of this species that are entirely migratory. This is in agreement
with observations in Greece showing adult males extremely rare in
winter (Handrinos & Akriotis 1997).
Finally, the higher percentage of juveniles observed migrating at Mount
Olympus rather than at Antikythira
could reflect their tendency to follow
leading lines of the mainland during
their first migration (Kjellén 1992; Panuccio et al. 2005b).

Eurasian marsh harrier
No more than 80 pairs breed in Greece, mostly in the N (BirdLife 2004,
Handrinos & Akriotis 1997). On the
other hand the whole country is visited during both migrations such as
during the winter in the main wetlands (De Nobel et al. 1990).
During spring movements few tens of
individuals were observed migrating
at the different watchsites. At DNP
the peak of migration was recorded
in early April, similarly to other Mediterranean sites (Agostini & Panuccio
2010, Schindler et al. in press), while
at the other two sites observations
in the peak period of this species are
lacking (Lucia et al. 2011, Panuccio et
al. 2011a). However, at the island of
Antikythira some tens of individuals
were recorded migrating between
mid-April and mid-May.
In Autumn 268 individuals were reported migrating at Mount Olympus,
while up to 255 were observed at the
island of Antikythira during simultaneous observations (Lucia et al. 2011,
Panuccio et al. in press). A compared
analysis between the two sites suggested that the migratory flow at the
island was not correlated with the
migratory flow at Mount Olympus.
The timing of migration was different at the two sites as well as sex
and age composition of the observed
individuals. In particular the proportion of juveniles was higher at Mount
Olympus than at Antikythira while,
comparing sex classes, adult males
migrated mostly through the island
of Antikythira rather than at Mount

Western honey buzzard
Between 1000 and 2000 breeding pairs are estimated in Greece (BirdLife
2004). The most important watchsite
for this species is the island of Antikythira where up to 1300 individuals
were observed (Lucia et al. 2011). At
this site the peak of migration occurs
during the last ten days of August
when almost all adult individuals
were observed. In September the passage over the island is less intense and
involve mostly juveniles (Agostini et
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al. 2012). At Mount Olympus observations in the peak period of adults
are lacking, however in September
the passage of 177 individuals, mostly juveniles, was reported (Panuccio
et al. 2011a). The Comparison of the
autumn movements of the species
at Mount Olympus and at the island
of Antikythira suggest a correlation
between the two sites . Probably, at
least some of the individuals migrating through continental Greece, once
reached the S Peloponnese, follow
the fingers of the peninsula and cross
the sea via the islands of Kythira, Antikythira and Crete en route to Libya
(Panuccio et al. in press). A similar
migratory behaviour of juvenile birds
was suggested between Central Italy,
Malta and Libya (Agostini et al. 2004).
Differently from the autumn, only few
individuals were observed migrating
in spring in all the Greek watchsites.
This fact could reflect a stronger tendency of western honey buzzards to
migrate over a wider front in spring
rather than in autumn (Agostini et al.
2012).

ned above thermals currents are very
weak over water, thus migrating eagles cannot use soaring-gliding flight
during the crossing, as they do over
land (Kerlinger 1989). The crossing of
the Mediterranean between Crete and
Libya would imply a long powered
flight with a considerable expenditure of energy: in the case of the shorttoed snake eagle the powered flight
would require 8.7 times the energy
needed for the soaring-gliding flight
(Panuccio et al. 2012). Thus birds breeding in Greece perform a long migratory detour reaching the Bosphorus
in order to avoid the crossing of the
Mediterranean Sea. Observations at
Mount Olympus clearly showed this
migratory pattern: hundreds of individuals were seen heading toward
NNE in autumn and toward SSW in
spring (Panuccio et al. 2012). During
autumn mixed flocks of adults and juveniles were observed, while the few
individuals recorded moving south
were all juveniles and one immature.
Since raptors during their first migration use an innate migration route from NE to SW (Kerlinger 1989),
the migration strategy of the shorttoed snake eagle implies information
transmission between adults (experienced individuals) and juveniles
(inexperienced individuals, Maransky
& Bildstein 2001). The high synchronicity in departure times allows the
formation of mixed age flocks. In contrast, juvenile short-toed snake eagles
migrating later cannot learn the safe
detour and attempt to cross the Mediterranean heading south. Some tens
of juveniles were observed passing
over the island of Antikythira in Oc-

Short-toed snake eagle
The short-toed snake eagle has a wide
distribution over the Greek mainland
with 300-500 estimated pairs (Birdlife 2004, Handrinos & Akriotis 1997).
The results of the recent researches
did not confirm the previous hypothesis that short-toed snake eagles reach
Africa via Peloponnese and the island
of Crete flying for about 300 km over
the sea (Vagliano 1985); in contrast, a
migration of this species across southern Greece in September is almost
absent (Lucia et al. 2011). As mentio-
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tober some weeks later than the peak
migration of the species (Lucia et al.
2011). At DNP few tens of individuals
(a mean of 45) were reported in spring
moving toward north (Schindler et al.
2009). When referring to short-toed
snake eagles, De Nobel et al. (1990)
reported a spring passage of 316 individuals moving toward west along
to coast of Thrace with a peak in late
March. These non systematic observations along the coastal area of Thrace
probably are related to the same migratory flow observed at the Olympus
mountain. Concerning the migration
timing, also at Mount Olympus and at
DNP the peak of migration is reported
at the end of March, while in autumn
the peak at the first site was observed
the 19th of September (Panuccio et al.
2012, Schindler et al. 2009).
An analysis on the influence of weather conditions on the migration of
this species at Mount Olympus shows
that birds are able to compensate the
drift effect of lateral winds. Moreover
it is likely that the higher temperatures of September may allow at raptors
to reach at higher altitudes, adversely
affecting the counts (Panuccio et al. in
press).

et al. 2009). Unfortunately at the latter site observations in March and
early April are lacking. Finally at
Mount Olympus only few common
buzzards were recorded in spring
and 82 in September moving toward
south (Panuccio et al. 2011a). Along
the coast of Thrace 470 individuals
were counted in spring 1987 moving
toward W and NW peaking during
the second half of March (De Nobel
et al. 1990) In autumn, at the island of
Antikythira a maximum of 105 individuals was reported passing mostly in
October (Lucia et al. 2011). Since this
species rarely undertakes long water
crossings (Agostini et al. 2005, Panuccio et al. 2011b), it is likely that individuals migrating through the island of
Antikythira spend the winter in Crete
where substantial numbers of common buzzards are regularly observed
in winter (Tzortzakaki et al. 2012). On
the other hand, observations at DNP
and along the coast of Thrace indicate that a flyway passing across the
Turkish Straits (De Nobel et al. 1990,
Schindler et al. 2009).
Booted eagle
Few booted eagles have been reported
migrating at the three watchsites; the
highest number (32 birds) was observed in September 2009 at the island of
Antikythira ; among them aged birds
(N = 19) were all juveniles (Lucia et al.
2011, Panuccio et al. 2011a, Schindler
et al. 2009). 50-100 breeding pairs have
been recently estimated in the Country (Birdlife 2004), mainly in N Greece.
In particular,some authors (Handrinos
& Akriotis 1997) suggested that “Booted eagles were apparently not much

Common buzzard
The common buzzard is the commonest raptor in Greece (Birdlife 2004,
Handrinos & Akriotis 1997). The passage of tens or even hundreds of birds
has been observed in all the watchsites. At DNP up to 300 individuals
peaking in mid-March were counted,
while in late April 282 individuals
were observed at the island of Antikythira (Lucia et al. 2011, Schindler
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more numerous in the past”. Unlike
short-toed snake eagles, booted eagles
belonging to the Greek population apparently do not use a circuitous route
bypassing the crossing of the Mediterranean Sea. For this reason it is possible that the scarce number of breeding
pairs in C and S Greece is due to the
limited number of resources available
during winter in S Greece and Crete,
where this species probably winters
(Handrinos & Akriotis 1997). The fact
that all aged individuals observed
migrating at the island of Antikythira were juveniles, could suggest an
age-dependent migration behaviour
with adults wintering mostly in continental Greece. In several species of
partial migrants, birds belonging to
the dominant class (i.e. adults in this
case) take up areas closest to breeding
ranges, while the subordinate class is
forced to migrate farther (Cristol et al.
1999, Gauthreaux 1982).

tes seem to confirm this hypothesis
despite the limited observed numbers (Lucia et al. 2011, Panuccio et
al. 2011a, Schindler et al. in press). In
particular at Mount Olympus, tens of
Levant sparrowhawks were observed
migrating towards N in autumn and
S in spring, suggesting that also this
species could perform a long detour
around the coast of the Aegean Sea
(Panuccio et al. 2011a). In addition,
it interesting to note that during autumn 2009 at Mount Olympus, 14
Levant sparrowhawks seen heading
south were all juveniles (Panuccio
oss. pers.): this behaviour could explain a passage of juveniles migrating
on a broad front during autumn and
passing also across the island of Antikythira (Lucia et al. 2011).
Sparrowhawk
The sparrowhawk is widely distributed over the Greek mainland but
is a rare breeder in Peloponnese and
absent in Crete, while during winter
it is commonly observed in both areas (Handrinos & Akriotis 1997). This
distribution could explain the passage of 144 individuals at the island
of Antikythira in late September 2009
(Lucia et al. 2011); these birds probably migrated on a short distance
wintering in Crete like the common
buzzard. A similar migration was reported at the Italian islands of Pianosa
and Elba in September where tens of
sparrowhawks were observed migrating en route to Corsica and Sardinia
(Paesani & Vanni 2008).

Levant sparrowhawk
This species is a summer resident
in Greece with 1000-2000 breeding
pairs located mostly in Thrace and
Macedonia, while it is uncommon in
central and S Greece (BirdLife 2004,
Handrinos & Akriotis 1997). The main
migratory flow passes across the Bosphorus and individuals belonging to
the Greek populations are expected
to use this migratory pathway during
both spring and autumn (Kirwan et
al. 2008, Porter & Willis 1968). In this
framework, De Nobel et al. (1990)
reported the observation of 256 individuals moving westwards in the
lowland of Thrace during early May
1987. Observations at the watchsi-

Black kite
Only 5-20 breeding pairs
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Greece (BirdLife 2004). Handrinos &
Akriotis (1997) reported that this species was more common in the past. For
this reason it is not surprising that it is
a scarce migrant at all the watchsites.
Only at the island of Antikythira up to
76 individuals were counted during
autumn migration, suggesting that an
important fraction of the Greek population passes through this island (Lucia et al. 2011).

non-systematic observations in Thrace in spring 1987, 83 individuals were
recorded mostly during the second
half of March (De Nobel et al. 1990). In
contrast, in recent years a maximum
of four migrating birds were observed
at DNP while no one has been observed at Mount Olympus during both
spring and autumn (Panuccio et al.
2012, Schindler et al. in press). At the
island of Antikythira Egyptian vulturers were observed mainly during
autumn with a maximum of 10 individuals, mostly juveniles, in 2008 (Lucia et al. 2011) and just one individual
during spring 2012 (Barboutis unp.
data).

Lesser spotted eagle
The total breeding population in
Greece has been estimated between 67
and 90 pairs (BirdLife 2004). It breeds
in northern Greece, mostly in Thrace
and Macedonia (Handrinos & Akriotis 1997, Schindler et al. 2008). This
broad winged raptor migrates through the Bosphorus during both spring
and autumn. Few birds, mostly juveniles, have been reported in S Greece
and Crete during autumn migration
(Handrinos & Akriotis 1997, Lucia et
al. 2011). Among 13 individuals observed in Autumn 2009 at Mount Olympus, 6 were juveniles, 1 was immature
and 2 were adults; it is interesting to
note that the 2 adults migrated toward
N while juveniles disappeared S-SW
(Panuccio unp. data).

Satellite telemetry: the case study of
the Eleonora’s falcon
About 80% of the total population
of the species is located in the Aegean Sea (Dimalexis et al. 2008). Recently, a study made by satellite tracking
revealed migration strategies of the
Eleonora’s falcons breeding in Greece.
Tracked birds left the colony between
the 20th and the 24th of October but
it was not possible to follow the four
falcons equipped with transmitters
until the end of their spring migration.
These individuals did not use any Mediterranean area as stop-over site, as
happened over the other ecological
barriers that they faced during migration like the desert (Lopez-Lopez et
al. 2011, Kassara et al. 2012). This behaviour is probably preferred to maximise the migration speed to overcome the barriers as quick as possible
(Alerstam 2009). Eleonora’s falcons
migrate during day and night-time
without making any detour over the

Egyptian vulture
While the species was abundant during the 19th Century, only 150 breeding pairs located mostly in the N
were estimated in early 00’ (BirdLife
2004). Nowadays there are only 17
occupied territories of the species in
the whole Country (Sidiropoulos et al.
2010). Data from migration watcshites reflect this negative trend: during
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sea (Lopez-Lopez et al. 2011).
Conclusions
The results of these researches, though
incomplete, reveal that the geography
of central-eastern Mediterranean interacted with the morphology of raptors
shaping different flyways reflecting
different migratory strategies. It is
possible to identify at least four different behaviours: 1) detour: the shorttoed snake eagle, and most probably
the Levant sparrowhawk and lesser
spotted eagle, avoid to fly over the
sea, choosing a risk minimisation strategy similarly to individuals breeding
in Italy (Agostini et al. 2002a, 2002b,
Baghino & Premuda 2007). 2) Funnelled migration: the western honey buzzard migrates over the Mediterranean
Sea but is attracted by geographical
features like the island of Antikythira,
which represents a natural springboard in autumn (Agostini et al. 2012).
3) Broad front migration: the Eurasian marsh harrier and, especially, the
Eleonora’s falcon, migrate on a wide
front through the Mediterranean Sea.
4) short-distance migration: common
buzzard and sparrowhawk do not
cross the Mediterranean Sea but they
move across Greece to winter in Peloponnese and Crete.
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