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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
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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
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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.
Crossing
behavior

Flocks (a)
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)
Crossing

Stopping

Western Marsh Harriers

Solitary individuals (b)
Crossing

Stopping

Flocks (c)
Crossing

Stopping

Solitary individuals (d)
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

Stopping

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
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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

Adults

100 (59%)

Juveniles

238 (55%)

Western Marsh Harriers (b)
Crossing

Stopping

58 (34%)

Flying along
the coast
11 (7%)

148 (48%)

154 (50%)

Flying along
the coast
7 (2%)

157 (37%)

34 (8%)

66 (59%)

43 (38%)

3 (3%)
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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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