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Abstract

Background: The Western Marsh Harrier (Circus aeruginosus) is a partial migrant with the populations from Eastern
and Northern Europe migrating south to sub-Saharan Africa. During the autumn migration, that is peaking in Septem-
ber, harriers move on a broad front heading SW and undertake long sea-crossings en route to their wintering quar-
ters, passing in substantial numbers through Italy and Malta with the highest concentrations recorded at the Strait

of Messina. Most of the individuals migrating across the Strait are heading for the wintering quarters in Africa, while

fewer spend the winter in Sicily.

Methods: Ina 5-year study (2011-2015), between 26 August and 30 September, we determined age and sex of
autumn migrating harriers through this flyway. In 2014 we determined, by marine radar and optical range finder, the

flight altitude of migrating harriers.

Results: A total of 10,261 Western Marsh Harriers were counted during the whole study, with an average of 2052 per
autumn season. Adults outnumbered juveniles and males outnumbered females. Harriers flew at lower altitudes dur-
ing the morning while large flocks flew lower than single birds or small flocks.

Conclusions: Our observations are consistent with previous surveys and confirm that adult males have a tendency
to migrate over a long distance, while substantial numbers of adult females and juveniles do not head for the winter-
ing quarters in Africa. Finally, flight patterns recorded can be explained by a more pronounced flapping flight of

Western Marsh Harriers during migration.
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Background

The Western Marsh Harrier (Circus aeruginosus) is a rap-
tor showing a leap-frog migration pattern, with popula-
tions from Eastern and Northern Europe migrating south
to Sub-Saharan Africa (Ferguson-Lees and Christie 2001;
Panuccio et al. 2013a). Unlike broad and rounded winged
species, which mostly migrate over land using soaring
flight exploiting thermals and updrafts, harriers move
on a broad front, undertaking long sea-crossings (for a
review see Agostini and Panuccio 2010). Since thermals
are very weak over water, at least in temperate zones, sea
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crossing implies a long powered flight with considerable
expenditure of energy (Kerlinger 1989). Yet, harriers have
morphology and size allowing them to use this flight style
for a long duration (Spaar and Bruderer 1997; Panuccio
et al. 2013b; Agostini et al. 2015). During both spring
and autumn, large numbers of Western Marsh Harriers
move through the Central Mediterranean flyway where
substantial concentrations have been reported at sev-
eral watchsites, peaking in late March/early April and in
September, respectively (Agostini and Panuccio 2010).
Previous field surveys made at different watchsites and
during specific autumn migrations in 1996 and 2002 have
suggested that, among adult Western Marsh Harriers,
larger numbers of males head to the wintering quarters in
Africa (Agostini and Logozzo 1997, 2000; Agostini et al.
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2003; Panuccio et al. 2005). The aim of this study was
to verify these results by analyzing data collected over
5 years. We used visual observations to count the birds
and determine age and sex, and during 2014 we addition-
ally deployed a marine radar and an optical range finder
to measure the birds’ flight altitude.

Methods

Study area

Along the central Mediterranean flyway, involving Italy,
Tunisia, Malta and western Libya, the highest concentra-
tion of Western Marsh Harriers was found at the Strait
of Messina (Agostini and Panuccio 2010), the narrowest
water surface (minimum distance about 3.5 km) between
southern continental Italy and eastern Sicily. Observa-
tions were carried out in southern continental Italy at
a watchsite (38°12/54”N, 15°49/25"E) on the Calabrian
Apennines on a flat highland (Aspromonte plateau, alti-
tude 1000 m a.s.l.) west of the major mountain ridge in
this area (Fig. 1).
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Visual observations

Observations, aided with binoculars and telescopes, were
carried out from 26 August to 30 September 2011-2015,
each day from 9.00 a.m. until dusk. We divided the
36 days of observation into seven periods (one six-day
in August and six five-day in September) and focused on
the migration of adult males, adult females, and juveniles
(first calendar year birds) based on the birds’ plumage
attributes (Forsman 1999, 2016), when possible. Other
individuals were not identified to a specific age and sex
class. The totals of adult males, adult females and juve-
niles were derived following the method used by Kjellén
(1992). In particular, to limit a possible bias resulting
from an easier identification of adult males, a propor-
tion of Western Marsh Harriers (18%; total n = 10,261)
was labelled “fem/juv” meaning that they were either
adult females or juveniles. Then, the group “fem/juv” was
divided between females and juveniles according to their
proportions among identified individuals for each period.
The total proportions of different sex and age classes
were estimated on the basis of the sample of identified
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Fig. 1 The study area (C Circeo Promontory, M Marcellinara Isthmus, SM Strait of Messina, A Antikythira island). The asterisk shows the watchsite
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individuals after this “correction’, weighted by the total
number of individuals in each of the seven periods. For
example, if 20% of the identified Western Marsh Harri-
ers (after “bias correction”) in the last five-day period of
September during the 5 years were juveniles, 20% of the
unidentified (individuals not identified to a specific age
and sex class and not labelled as fem/juv) Western Marsh
Harriers in this period were also assumed to be juve-
niles (see also Agostini and Logozzo 2000; Agostini et al.
2003).

Radar and optical range finder data

In autumn 2014 we used a 12-kW, X-band (9.1 GHz)
marine surveillance radar with a 7.1-foot antenna set
vertically and rotating at 38 rpm. The radar and the orni-
thologists carrying out the observations were in close
proximity (i.e., 50 m) from each other. When possible,
radar echoes were assigned to a specific observed indi-
vidual of a particular species or flock of birds for which
flock size was determined, following a method described
in a previous study (Panuccio et al. 2016). We recorded
1 Hz videos of the radar screen that were processed
using the radR package in R software (Taylor et al. 2010),
allowing the assignment of coordinates and time stamps
to radar detected targets. Furthermore, echo data were
imported into QGIS software (QGIS2015) for visual
inspection. We measured the flight altitudes of raptors
passing close the observers using a Leica optical range
finder (Rangemaster 1600).

Statistical analysis

Data were analyzed using Mann—Whitney U tests to
examine if bird abundance and flight altitudes varied
during the day among three time intervals correspond-
ing to the morning (09:00-11:59), midday (12:00-14:59)
and afternoon (15:00-sunset, solar time) hours using
paired tests (morning vs. midday; morning vs. afternoon;
midday vs. afternoon). A linear regression was used to
examine the relationship between flock size (independ-
ent variable) and flight altitude (dependent variable). We
evaluated the model fitness checking the normal distri-
bution of the model residuals by applying a Shapiro—Wilk
test.

Results

A total of 10,261 Western Marsh Harriers was counted
during the 5-year period, on average 2052 + 271 (SE) per
autumn season (Table 1). It was possible to determine age
and sex or at least to label as fem/juv a total of 5599 birds
(54.6% of the birds counted; adult males = 2087; adult
females = 706; juveniles = 963; fem/juv = 1843) and this
allowed to estimate the passage of 6502 (63.4%) adults
and 3759 (36.6%) juveniles during the seven periods
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Table 1 Number of Western Marsh Harriers counted at the
watchpoint inland of the Strait of Messina between 26
August and 30 September 2011-2015

Year Number of Western Marsh Harriers
2011 2070
2012 1397
2013 2541
2014 1496
2015 2757

along the season, as explained above. Overall, the migra-
tory flow was characterized by two peaks during the
season, from 6 to 10 and from 21 to 25 September. Note-
worthy, both juvenile and adult numbers were the high-
est in the second peak of harriers along the season (21-25
September; Fig. 2). Among adults, males (58%) outnum-
bered females (42%).

We collected 114 records of flight altitudes. The mean
flight altitude was 321.7 £+ 14 (SE) meters above the
ground level. We found a negative relationship between
flock size and flight altitude (5 = —13.0 & 4.0; t = —3.2,
df = 1, p < 0.01; model residual: Shapiro—Wilk test:
W = 0.99, p > 0.05), indicating that the altitude of larger
flocks was lower than that of single individuals and small
flocks (Fig. 3). Moreover, flight altitude varied during
the day (Fig. 4) being lower during the morning (mean
279.3 £+ 13 (SE); median 226.1) than, both, during mid-
day (mean 408.0 £ 39.5 (SE); median: 397.4; morning vs
midday: U = 675.5, p < 0.001) and during the afternoon

Il Juveniles
4500 [ ]Adult females
Il Adult males
40001
3500
3000

2500

2000

1500

Number of individuals

1000

500

0+

\)g
:b,\‘? ,\YDG"
a©

R R

&)

Q o N ) N
NS IR T A o

Fig. 2 Pooled number of adult male, adult female, and juvenile West-
ern Marsh Harriers estimated during autumn migration 2011-2015 at
the Strait of Messina, according to their proportion among identified

individuals. The monitoring period is divided into seven periods along

the season (see “Methods”)
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Fig. 4 Flight altitude of Western Marsh Harriers during the day, recorded in 2014 in the Aspromonte mountain (Strait of Messina). The horizontal
bold lines show the median flight altitude of each slot. The bottom and top of boxes show the 25 and 75 percentiles, respectively. The horizontal line

range of the data. Points are outliers

(mean 513.1 £ 94 (SE); median: 411.8; morning vs after-
noon: U = 125.5, p = 0.002). The flight altitude of har-
riers was not statistically different between midday and
afternoon (U = 247, p = 0.3).

Discussion

Our results are consistent with previous surveys carried
out during a single season in central (Circeo promontory;
Agostini et al. 2003) and southern Italy (Marcellinara
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Isthmus; Agostini and Logozzo 2000), Malta (Agostini
et al. 2003), and southern Greece (Antikythira; Panuc-
cio et al. 2013b; Fig. 1) and confirm that adult birds are
observed in larger numbers than juveniles, and that adult
males are more frequent than adult females. This is in
accordance with the hypothesis that adult males migrate
over a longer distance to the wintering quarters in Africa,
while many adult females (Agostini et al. 2003) and many
juveniles may stay in relatively higher latitudes during
the winter (Agostini and Logozzo 2000; Panuccio et al.
2005). In particular, age and sex composition of birds
recorded in our study was similar to that recorded in pre-
vious surveys made in 1996 at the Marcellinara Isthmus
(approx. 100 km NE of the Strait of Messina) and in 2002
at the Circeo promontory (Agostini and Logozzo 2000;
Agostini et al. 2003). Conversely, a higher proportion of
adult males was reported over Malta in 2002 (Fig. 5), pos-
sibly because significant numbers of adult females win-
ter in Sicily (Agostini and Logozzo 2000; Panuccio et al.
2005). Similarly, a higher proportion of adult females and
juveniles was reported in northern Greece rather than
in southern Greece during autumn migration (Panuc-
cio et al. 2013b). The stronger tendency of male West-
ern Marsh Harriers to migrate over longer distances
has been related by some authors to their smaller body
size and the need to avoid intraspecific sex competition
(Agostini and Logozzo 2000; Panuccio et al. 2005). In
fact, according with the “body size hypothesis” (Berg-
mann’s rule), the smaller male harriers (Cramp and Sim-
mons 1983), might be disadvantaged when competing
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Fig.5 Percentage of adult males, adult females and juveniles
recorded at the Strait of Messina (this study), at the Marcellinara Isth-
mus (in 1996; Agostini and Logozzo 2000), at the Circeo promontory
(in 2002; Agostini et al. 2003) and over the islands of Malta (in 2002;
Agostini et al. 2003) and Antikhytira (in 2009; Panuccio et al. 2013b)
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with the larger females in the same areas during winter
time, since females may tolerate colder weather, could
fast for a longer duration and may capture larger preys
(Bergmann 1847; Newton 1979; Clarke 1995; Blackburn
et al. 1999; Simmons 2000; Olson et al. 2009). Therefore,
males may move further south to avoid both competi-
tion and harsher environmental conditions. As suggested
by Agostini et al. (2003), this conclusion may predict
a male-biased population of Western Marsh Harriers
that over-winter in Africa, which nevertheless may also
include juvenile and immature male birds. Male harriers
are smaller than females both among adults and juveniles
(Cramp and Simmons 1983). Finally, our data confirm
a large overlap in the migration periods of individuals
belonging to the two age classes (see Agostini and Panuc-
cio 2010).

Our counts indicated a higher number of birds migrat-
ing over the area compared with surveys made at the
Marcellinara Isthmus between 1992 and 1996, where a
maximum of 460 Western Marsh Harriers was counted
(in 1996) from a single watchpoint (N. Agostini unpub-
lished data; Agostini and Logozzo 1995, 1997). Our
counts were also higher than those reported for Malta
in 1990s (Coleiro et al. 1996), but almost the same as the
most recent ones made over the island (Sammut et al.
2013). In particular, in 1994 and 1995 Coleiro et al. (1996)
reported a total of 526 and 384 individuals, respectively,
while between 2009 and 2012, 2052 + 428 (SE) harriers
were counted on average per autumn season (Sammut
et al. 2013). These results confirm the trend of population
increase recorded both in Eastern and Northern Europe
since 1970 (del Hoyo et al. 1994; Clarke 1995; BirdLife
International 2004).

Flight altitudes of harriers recorded in our study were
lower than those recorded in a previous study with the
radar positioned slightly above sea level on the continen-
tal coast of the Strait of Messina during spring migra-
tion (mean 450 m a.g.l., Mateos-Rodriguez and Liechti
2012). This difference could be explained since during
the crossing of the water body, Western Marsh Harriers
likely did not greatly decrease their altitude by using the
flapping flight to a larger extent than other soaring rap-
tors such as the European Honey Buzzard, which in the
same study was detected reaching the coast flying at lower
altitude (Mateos-Rodriguez and Liechti 2012). Our flight
altitude data were also lower than those reported dur-
ing the autumn migration over land in southern Israel
(550 m a.g.l.) but were similar to the altitudes recorded in
spring at the same location (315 m a.g.l, Spaar and Bru-
derer 1997). In this regard, it is interesting to note that
the mean maximum temperature recorded in September
at our radar station was 23.1 + 1 °C and was very simi-
lar to that reported for the Arava Valley (Israel) in March
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(25 °C), the spring peak period of the Western Marsh Har-
rier, but quite lower than that reported there in Septem-
ber, the autumn peak period (35 °C; Shirihai et al. 2000;
Goldreich and Karni 2001). Therefore, flight altitude may
be primarily dictated by ambient temperature that could
strongly affect the development of thermals that are used
by migrating Western Marsh Harriers during soaring
flight. As a result, Western Marsh Harriers are detected
flying over land at higher altitudes in watchsites and sea-
sons with higher temperatures (e.g. during autumn migra-
tion in southern Israel; Spaar and Bruderer 1997).

Our results concerning the variation of the flight alti-
tude during the day partially agree with those recorded
in Israel where Western Marsh Harriers increased their
flight altitude during the afternoon (Spaar and Bruderer
1997). Furthermore, we found a negative relationship
between flock size and flight altitude. Apparently, unlike
more obligatory soaring species (Kerlinger 1989), West-
ern Marsh Harriers do not use flocking to locate thermals
during migration. This is not surprising when consider-
ing that, as mentioned above, harriers are more prone to
use flapping flight during migration (Spaar and Bruderer
1997; Mellone et al. 2012), showing irregular flocking and
mostly flying singly or in small flocks (Kerlinger 1989;
Agostini and Logozzo 2000; Panuccio 2011).

Conclusions

This 5-year study confirms that among adult, and prob-
ably among juvenile Western Marsh Harriers migrating
along the central Mediterranean flyway, larger numbers
of males head to the wintering quarters in Africa. Rap-
tors increased their flight altitude during midday and
afternoon, partially in accordance with the findings of a
previous radar study. Moreover, birds migrating in larger
flocks were detected at lower altitudes, suggesting that
this species does not use flocking to locate thermals.
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