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1

Background

Action D5 is focused on remote tracking of the year‐round movements of lesser kestrels breeding in the
project areas, with the following aims: 1) to identify the migration routes and wintering areas of the main
Italian lesser kestrel populations, that are very poorly known; 2) to identify autumn pre‐migratory staging
areas, that are considered of major importance for conservation according to the species’ European Action
Plan; and 3) to investigate movement patterns during the breeding season. To achieve these goals, in 2016
the University of Milano, in collaboration with the University of Palermo, deployed a total of 35
miniaturized (ca. 4 g), solar driven, remote‐downloading GPS‐UHF tags (model NanoFix GEO+RF, provided
by PathTrack Ltd., UK) (Fig. 1.1) on adult lesser kestrels in two study areas, one located in the core project
area (municipalities of Gravina and Altamura, Apulia, 25 deployed tags) (Fig. 1.2) and the other located in
the SPA ‘Monte Capodarso e Valle dell’Imera Meridionale’ (site code ITA050004, 10 deployed tags) (Fig.
1.3). In spring 2017, we downloaded the data from the returning individuals, and deployed a further 30 GPS
tags in the core project area. These additional tags were provided by PathTrack Ltd. in replacement of non‐
functioning tags (unfortunately, GPS tags deployed in 2016 failed in most cases after a few months, likely
because of accumulation of static electricity on tags, and subsequent damage to internal tag structures).
Here we summarize the main results of the GPS tracking activities carried out during the breeding and post‐
breeding seasons 2016 and 2017, and during the migration period 2016‐2017.

Fig. 1.1. Pictures of a female (left) and a male (right) lesser kestrel equipped with PathTrack GPS devices.
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Fig. 1.2. Map of the Gravina (top) and Altamura (bottom) study sites, and position of the study sites within
Southern Italy (inset). The position of subcolonies (1 in Gravina and 3 in Altamura) where individuals had
been tagged is marked with red stars.
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Fig. 1.3. Map of the Capodarso study site, and position of Capodarso within Sicily (inset). The position of
nest sites of GPS‐tagged individuals is marked with red stars.
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Identification of migration routes and wintering areas

The conservation of migratory bird species critically depends on adequate knowledge of migration routes
and wintering areas. These information are lacking for the Apulian lesser kestrel population, one of the
largest European populations of the species. We were able to track the post‐breeding southbound
migration of three individuals from the Apulian population. Departures for autumn migration occurred
between 16 September and 3 October. All three birds headed straight south towards Calabria, where they
began sea crossing (Fig. 2.1), and performed a 1000‐1500 km non‐stop flight across the Mediterranean sea
and part of the Sahara desert directed to wintering areas located in southern Niger‐northern Nigeria (Fig.
3.5), ca. 3000 km from their breeding colony. With the exception of one individual, which experienced an
eastward deflection of the migratory path while crossing the Mediterranean, likely caused by strong
crosswinds, the autumn migration paths were rather straight. Stopovers during migration were rare: one
single bird performed a prolonged stopover of four days in Lybia, in an agricultural settlement (Wádí al
Hayáh) right on the border of sand dunes (Fig. 2.2), where it presumably foraged and refuelled, before
resuming its southward flight. In general, while crossing the Mediterranean and desert, birds actively
migrated during both daytime and nighttime, limiting night stopovers on land at a minimum. Autumn
migration lasted between 5 and 14 days, implying a migration speed ranging between 270 and 660 km/day.
Once in the wintering areas, birds performed short‐ to medium‐range movements, mostly in the range of
120‐150 km (Fig. 2.3). We could track the entire wintering period of a single individual (the other two tags
failed on November 19 and December 9) (red track in Fig. 2.3): this bird moved between 4‐5 centres of
activity, all within 120‐150 km of each other, between Niger and Nigeria, until the tag ceased functioning
on March 26, when it likely departed for spring migration towards the breeding areas.

An exploratory analysis of flight altitudes recorded by the GPS for two individuals revealed the occurrence
of regular, almost daily flights by the birds at heights up to 2000‐2500 m, followed by subsequent flights at
low altitudes (Fig. 2.4). This suggests a soaring‐gliding flight mode, whereby birds exploit favourable
thermal lifts during the hot hours of the day (these flights typically occurred around 12:00 UTC) to reach
high altitudes, and then progressively moving by gliding towards lower altitudes, which would reduce the
energetic costs of flight and the risk of overheating and dehydration (considering that temperature
decreases at increasing altitudes). During sea crossing, both birds performed part of the flight right above
sea level (flight altitudes between 0 and 100 m a.s.l.). Apparently, such peculiar behaviour occurred during
night flights or in the early morning hours.
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Fig. 2.1. Autumn migration tracks and wintering areas of three lesser kestrels equipped with GPS during
spring 2016. The desert stopover of one individual is highlighted with a red arrow (see details in Fig. 2.2).

Fig. 2.2. Prolonged stopover of one individual (Sept 23‐Sept 27 2016) at a wadi within the Sahara Desert
(background: satellite image of landscape) (Wádí al Hayáh, Agial, Lybia). Inset: picture of Wádí al Hayáh
(photo by P. Mrazek, Panoramio, Google Earth)
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Fig. 2.3. Details of the 2016‐2017 winter movements of the three individuals whose autumn migration could
be tracked. The colours are the same as those of Fig. 2.1.
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Identification of the autumn pre‐migratory staging areas

The post‐breeding and autumn pre‐migratory movements of lesser kestrels are poorly known. As
mentioned above, acquiring knowledge about this part of the life cycle of the species is considered a crucial
issue for lesser kestrel conservation. During this period lesser kestrels undergo part of their complete
plumage moult, which is a highly energy‐demanding process, and acquire the necessary fuel load (in terms
of fat stores) for the southbound migration towards their non‐breeding residence areas (wintering areas)
south of the Sahara desert. This implies that the species requires high‐quality habitats during the pre‐
migratory phase of its life cycle.

We obtained information about the post‐breeding and pre‐migratory movements of 7 individuals, 6 in 2016
and 1 in 2017, all from Apulia. The short‐range movements of these birds are shown in Fig. 3.1. All
individuals showed similar behaviour during the post‐breeding/pre‐migratory phase (i.e. before the onset
of autumn southbound migration). With the exception of two birds that performed a few long‐range trips,
they mostly remained mostly in the surroundings of their breeding colony, generally in farmland and semi‐
natural grassland areas within 30‐50 km of the colony site. Interestingly, they appear to concentrate and
spend most of the pre‐migratory period within the borders of the SPA ‘Murgia Alta’ (IT9120007), which
hosts vast areas of Mediterranean pseudo‐steppe habitat. Such habitat thus appears to be of crucial
importance during the post‐breeding period for the lesser kestrels breeding in Altamura and Gravina.

The long‐ranging movements of two birds are shown in Fig. 3.2. One bird, tracked in 2016 (blue track in Fig.
3.2), left the areas around colonies on July 31, heading north‐west and reaching southern Abruzzo (just
south of Pescara), until it reverted its flight and stopped for ca. one month (August 11‐September 4) in an
agricultural area within the municipality of Cerignola (yellow circle in Fig. 3.2), before going back to the
colony area in Gravina, where it stayed a further month before embarking on migration. The other bird,
tracked in 2017 (orange track in Fig. 3.2), performed three distinct exploratory flights through southern
Italy, the third of which resulted in a long stay (August 11‐September 7) in a hilly fodder area of the
Basilicata region, between the municipalities of San Fele and Pescopagano (Province of Potenza) (red circle
in Fig. 3.2). After that, this bird went back to the colony site in Altamura, likely before leaving for migration.

On the whole, these results suggest that lesser kestrels from the Apulian study areas performed mostly
limited post‐breeding movements, spending the autumn pre‐migratory period mostly in the areas
surrounding the colonies. These areas, and especially the SPA ‘Murgia Alta’, appear therefore to be of
major importance for conservation of the species as they are heavily frequented both during reproduction
and in the critical post‐breeding/pre‐migratory moulting and fattening period.
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Fig. 3.1. Post‐breeding and autumn pre‐migratory GPS locations of 7 lesser kestrels from Apulian colonies.
The locations of each individual are shown with a different colour. The position of the Gravina (left) and
Altamura (right) colonies is highlighted with red arrows. The borders of the SPA ‘Murgia Alta’ are shown in
light blue
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Fig. 3.2. Long‐range post‐breeding and pre‐migratory movements of two individuals (blue track: 2016;
orange track: 2017). Important pre‐migratory staging sites are highlighted with circles (see details in text).
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Movement patterns during the breeding season

As all individuals were equipped with GPS tags soon before or just after hatching of the eggs in the nest, we
had the opportunity of gaining some interesting insights into the spatial behaviour of the species during the
reproductive period. Considering only birds whose reproduction was successful (i.e. those birds that
fledged at least one nestling), in Apulia we tracked 18 birds in 2016 and 22 in 2017. In Sicily, we tracked 9
birds in 2016.

First of all, data collected during 2016 revealed marked differences in home range size between Apulia and
Sicily, both in terms of seasonal variation, sex differences, and overall size. Home ranges (calculated by the
Minimum Convex Polygon method, 95% MCP) of birds from Apulia were markedly larger, up to an order of
magnitude, than those recorded in Sicily (Fig. 4.1). Home ranges of Apulian birds were in the range of 50‐
100 km2, increasing to up to 250 km2 in the late nestling rearing period. Post‐fledging home ranges were
also very large, but these include post‐breeding dispersal movements and are not particularly meaningful.
Home ranges from Sicily were instead in the range of 5‐25 km2, without any evidence of marked changes
among the different phases of the reproductive period (Fig. 4.1). The home ranges of males and females
did not significantly differ in Apulia (Fig. 4.1), whereas marked differences emerged in Sicily, with males
having much larger home ranges than females during the pre‐hatch and the early nestling period, with
intersexual differences leveling off thereafter (Fig. 4.1).

A comparison of home range size between birds tracked in 2016 and 2017 from Gravina and Altamura
revealed marked differences, home ranges recorded during 2017 being on average 48% larger than those
recorded in 2016 (Fig. 4.2). This might be a consequence of the dramatic drought that affected the entire
Italian peninsula during 2017, which resulted in very low primary productivity and likely lower than average
vertebrate and invertebrate prey abundance for lesser kestrels in the areas surrounding the colonies.
Hence, birds were likely forced to cover greater distances to obtain a sufficient amount of food for their
nestlings in 2016 than in 2017. Apulian data from 2016 also indicate that a strong, statistically significant,
negative correlation (Fig. 4.3) existed between home range size and proxies of breeding output (number of
nestlings alive at day 20), whereas clutch size was unrelated to home range size. This finding suggests that
having a large home range, resulting from depletion of resources in preferred foraging grounds located
near the colony size during nestling rearing, may have negative fitness effects because of reduced offspring
survival. Such a negative association may show up because low quality individuals, likely less efficient
foragers, are forced to extend their home range too much during the nestling period nestlings due to prey
depletion in the immediate surroundings of the colony site.
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Apulia

Sicily

Fig. 4.1. Boxplot of home range size (95% MCP) of male and female lesser kestrels in Apulia and Sicily in
relation to breeding phase. Note the different scales on the Y‐axis.
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Fig. 4.1. Boxplot of home range size (95% MCP) of lesser kestrels tracked in Apulian colonies of Gravina and
Altamura during the entire nestling rearing period in 2016 and 2017.

Fig. 4.3. Breeding success (number of nestlings recorded in the nest at day 20) in relation to individual
variation in home range size (95% MCPs) during the entire nestling rearing phase.
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Finally, data collected during both 2016 and 2017 highlighted a striking pattern of spatial segregation of
home ranges between individuals belonging to the two neighbouring colonies of Gravina and Altamura (Fig.
4.4). The overlap of the home ranges of birds from different colonies was very small, and considerably
smaller than what would be expected by chance, as demonstrated by randomization tests.
This result was surprising and is scientifically important from several points of view. First, to our knowledge,
patterns of spatial segregation of home ranges in colonial birds have been documented to date in seabird
species only. Hence, the present findings would be the first demonstration of spatial segregation occurring
in a colonial landbird. Secondly, it opens new questions about the mechanisms generating it. The most
plausible hypothesis is that each colony acts as an ‘information centre’, whereby individuals share
information on productive foraging grounds by observing neighbours’ behaviour and hunting success. This
may occur because individuals may follow the opposite track of birds returning to the colony with a prey.
Spatial segregation by partitioning of space may represent a very efficient way to buffer the costs of
intraspecific competition for access to food: the areas lying between colonies may in fact rapidly become
overexploited in the course of the breeding season because they are targeted by birds from both colonies,
hence becoming progressively avoided by foraging individuals.

The management implications of this striking pattern of spatial segregation may be non‐negligible. For
instance, it suggests that the conservation of suitable foraging areas is colony‐specific and that loss of
suitable foraging areas of a given colony cannot be easily compensated by birds simply shifting to other
nearby suitable foraging areas, as these may be already exploited by individuals from nearby colonies.
Hence, loss of suitable foraging areas of a given colony may lead to an increase of between‐colony
intraspecific competition for access to resources, which may ultimately result in overall population decline.
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Breeding season 2016
(n = 18)

Breeding season 2017
(n = 22)

Fig. 4.4. Home ranges (95% MCP) of lesser kestrels from Gravina (upper panel: orange; lower panel: blue)
and Altamura (upper panel: green; lower panel: red) during the entire nestling rearing period (i.e. excluding
pre‐hatch and post‐fledging data) in 2016 (upper panel) and 2017 (lower panel). The position of breeding
sites is marked with a red star.
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