Frontispiece: Powerful and magnificent, this female surveys her island domain. Does she feel sorrow that the land she inherited

from thousands of generations is so degraded that soon it may be insufficient for her progeny? Only man can ensure her future.
Photo: Domenico Margarese.

Title page (right): An adult Golden Eagle from a pair on Sicani Mountain, Sicily, being mobbed by a pair of Red-billed Choughs
Pyrrhocorax pyrrhocorax. Photo: Domenico Margarese.
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All past naturalists of the 18" and 19" centuries mentioned the
presence and breeding of the Golden Eagle (Aquila chrysaetos)
in Sicily. The species was likely more common in the western
provinces until the 19" century as Mongitore (1742) and
Palazzotto (1801) listed its presence in sites around Palermo
(e.g., Mount Grifone, Mount Pellegrino) and Trapani (Mount
Saint Giuliano), which were later deserted (Mina-Palumbo
1857, Doderlein 1869, 1874). Current research on the Golden
Eagle in Sicily has been mainly devoted to the assessment of its
distribution during fieldwork for 3 regional atlases of breeding

birds (Massa 1985, Lo Valvo et al. 1993, AA. VV. 2008) and
investigating the breeding ecology during a post-doctoral grant
(Di Vittorio 2011). This study elicited a conservation project
in the Madonie Regional Park (Sara et al. 2011) and allowed
further investigation on Golden Eagle habitat preferences on
the island (Di Vittorio and Sara 2009, Di Vittorio and Lépez-
Lépez 2014). More recently, Sara et al. (2017) reviewed new
field data and recent publications through 2016. Here I update
field data through 2018, and modelled population trends and
territory occupancy to better describe this insular population.
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DISTRIBUTION

Breeding atlases (Massa 1985, Lo Valvo et al. 1993, AA. VV.
2008) and other published contributions (e.g., Di Vittorio
and Sara 2009, Sara et al. 2011), combined with personal
observations, records from ornithologists, and ornithological
databases (www.ornitho.it) for the period 2010-2018 outlined
Golden Eagle distribution in Sicily based on cells of 10 x 10
km in the Universal Transversal Mercator (UTM) grid. The
first survey of the Golden Eagle population recorded 10
confirmed breeding pairs plus 3 probable pairs in 13 UTM
cells (Massa 1985). Successive surveys (AA.VV. 2008, Di
Vittorio and Sara 2009, Di Vittorio and Lépez-Lépez 2014)
recorded 16-17 pairs, but the cross-check of databases and
new fieldwork confirmed the existence of at least 24 recent
territories (Sara et al. 2017). These 24 territories are scattered
across the northern ridge of the island from west (Trapani
mountains) to east (Peloritani), encompassing 62 UTM cells
(Fig. 1). The south-western Sicani mountains house a separate
group (1-3 pairs) of breeding birds. Pairs living in the Aetna
nest between the Nebrodi and Peloritani mountains. The

+

Golden Eagle was never recorded as breeding in the south-
east corner of the island (Erei and Iblei mountains).

The 62 UTM cells cover nearly 5800 km?* of mountain
and highlands territories, corresponding to 22.5% of the island
and representing all potential habitat of the species. Modelling
of habitat preference (Di Vittorio and Sara 2009, Di Vittorio
and Lépez-Lopez 2014) showed that the mean elevation
(masl) and the slope of the territory are the most important
topographic variables. Forests and shrub-land cover predict
the occurrence of the Golden Eagle at the regional scale (Fig.
2-3).

The mean nearest neighbour distance (NND) between
the 24 sites is 15.30 = 1.52 km (range = 6.81-37.22 km).
NND is an aggregation measure, and the G statistic was
used to estimate the regularity (G > 0.65) or randomness
(G £ 0.65) of spacing among sites (Brown 1975). The G
value for the Sicilian population (0.697 + 0.007) indicates
regular spacing. This value is always above the threshold of
regularity after 100 bootstrap resampling (95%, LCL-UCL
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Figure 1. Golden Eagle distribution in Sicily on the UTM grid (10 x 10 km cells). Dark-grey cells include 17 territories (1 cell has 2
active territories) continuously occupied by pairs or an unpaired adult/subadult in 2014-2018. Blue-grey cells include 7 territories of
possible presence in 2014-2018, 5 of which were frequently deserted (without any occupant) or had only an irregular presence of
an unpaired individual. Two other cells had possible breeding. Light-grey cells include hunting and other potentially used habitats
pertinent to the 24 territories. White cells include the rest of the island where the species is usually absent.
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Figure 2. Mountain habitats of Golden Eagles in Sicily. Photos: Maurizio Sara.

s Figure 3. Mean percentage (= 95% CL)
composition of land-uses in the 62 UTM
040 cells occupied by the Golden Eagle. Habitats
at landscape scale were sketched by
035} considering 7 variables of land-use extent in
hectares within each 10 x 10 km UTM cell of
030 | Golden Eagle presence. These variables were
g obtained from GIS databases of CORINE
E 025 | Land Cover digital maps of Sicily and coded
= at the first and second hierarchical level
E- of CORINE Land Cover (EEA 2000). URB =
E 020 urban areas, artificial soil and infrastructures,
H ARA = arable lands, PER = permanent crops,
0.15 HET = heterogeneous agricultural areas, FOR
= forests and woodlands, SHR = shrubby
010 vegetation associations, OPE = natural
grasslands and sparsely vegetated areas,
INW = inland waters.
0,05 m I—}l
0.00 = a]

URE ARA PER HET FOR SHR OPE INW



> .
308 | THE GOLDEN EAGLE AROUND THE WORLD
'ulh

= 0.683-0.710). Yet, limiting the analysis to the 17 certain
sites, produces a larger NND of 28.02 + 6.70 km (range =
6.81-122.60 km) and a G value (0.534 + 0.007) below the
0.65 threshold, hence indicating randomness of spacing
among sites, after 100 bootstrap resampling (95%, LCL-

UCL = 0.519-0.548). NND value for the 24 sites of Fig. 1 is
almost 2-fold larger than other Italian alpine populations
(Bassi 2017, Bionda 2017), however it is comparable to
that of Central Apennines populations (Artese et al. 2017,
Borlenghi 2017).

LONG-TERM POPULATION TREND

Knowledge of a pair’s territory allowed the choice of vantage
points with a good view over cliffs, valleys, and habitats used
from which to monitor the focal sites across years (Andersen
2007). To obtain a better description of the population trend,
field observations were analysed with TRIM (TRends and
Indices for Monitoring data; Pannekoek and Van Strien
2005).

The population trend of Golden Eagles during the last
30 years is expressed in terms of occupied territories (1 =
pair present; 0.5 = unpaired adult or sub adult individual;
0 = deserted) and is reported in Fig. 4. Given the annual
fluctuation in the number of occupied territories highlighted
in Fig. 4, I searched for the best model that could describe
this variability effectively. Model selection occurred after their
ranking according to AIC values from the lowest (best) to the
highest (worst) and to AIC weight (Symonds and Moussalli
2011). The ‘linear trend with significant years as change-
points’ model gave the best support to data of occupied
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territories in the last 30 years (AIC = 727.28, AIC weight =
96%) with respect to the model without time effects (AIC =
734.42, AIC weight = 3%), or to that with a linear trend (AIC
=735.67, AIC weight = 1%).

In practice the population of Sicily are stable (overall
slope value = 0.996 + 0.003) and fluctuated across years
around the 1990-baseline value of 23 territories and within the
restricted range of 18-24 territories. Nonetheless, the stepwise
procedure of the model, searching for meaningful change
points in the 1990-2018 period, retained 4 years (1996, 1997,
2011 and 2016), that caused statistically significant changes in
slope. The stable trend in the 30-year period can be broken
into at least 5 time intervals (Fig. 4). A constant period from
1990 to 1996; then a 16% decrease of occupied territories in
1996-1997; a new 21% increase from 1997 to 2011; another
slight 7% decrease in 2011-2106; and eventually a slight 9%
increase period from 2016 to 2018. Note that every percentage
of change is related to the preceding period.

Figure 4. Trend

L5 in the number
of Golden

1 Eagle territories
occupied from
1990 to 2018.
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model-predicted
time variation
0,75 for all sites as
predicted with
respect to the
1990 baseline

z
Time variation

====x Model index year.
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TERRITORY OCCUPANCY

Information collected at distant vantage points, on average 1
km (1063.7 + 274.3 m) from the breeding cliff, made possible
the annual assessment of occupancy and reproduction. False
negative observations (i.e., when 1 or more eagles are present
in a site but are not repeatedly detected in 1 or more visits) can
significantly bias the species’ occupancy, and suggest thus a
statistical approach dealing with the separation of true absences
from false absences (MacKenzie et al. 2003). I used a multi-
season occupancy model from PRESENCE 2.12.21 (Hines
2006) to account for imperfect detection during multiple
annual (winter/summer/autumn) visits of 24 potential eagle
sites, and to obtain a reliable inference about possible changes
in species’ occupancy during the years 2014-2018. Models were
fit using maximum likelihood (MLE) techniques (Hines 2006)
and ranked according to their AIC values and weights.

Among the several models of occupancy in which the
probability of parameters was kept constant, or varying with
years, the model which ranked first in its support to data (AIC
= 106.42; AIC weight = 81.5%) considered the probability
of occupancy, colonization, extinction, and detection to be
constant across years. The second model with probability

of detection varying within years did a modest support to
data (AIC = 109.40; AIC weight = 18.4%); whereas all the
other models which showed a combination of parameters
probabilities either kept constant or varying across time did
a null support to data. Naive estimate of occupancy (i.e. the
simple proportion of surveyed sites, where the species was
detected at least once) is 0.83 (20 territories), smaller than
the model estimate of occupancy (psi = 0.871 = 0.070; 21
territories). Thus, according to the first ranked model 21 of
the 24 considered territories should have been occupied
at least by 1 Golden Eagle during 2014-2018. Both MLE
probabilities of new site colonization and site extinction were
zero in the 5 years, while the MLE probability of detection was
0.858 + 0.035, and the population growth parameter across
the 5 years was null. These results yield the conclusion that
the occupancy pattern of the population was relatively stable
in the study period. The seasonal effect on surveys is weak
and not statistically significant, therefore results of visits made
in winter, summer and autumn can be considered equivalent;
however, one might expect to fail to detect a species’ presence
more or less 1 time in 6 visits.

DIET

The diet of the Golden Eagle in Sicily and other
Mediterranean islands is not well known. Table 1 shows
the available data relating to 451 prey collected in different
years and analysed with different methods that could
underestimate or overestimate some groups (cf. Seguin
et al. 1998) and therefore allow only a general idea of
predation in the insular environment. The few data for
Crete are reported only for comparison.

Only 1 case of predation on amphibians (common toad
Bufo bufo) is reported for Sicily (Priolo 1973) and this is
probably an unusual event. The western whip snake (Hierophis
carbonarius), a large colubrid snake is taken in Sicily and
Corsica with an equal frequency, but not in the other 2 islands
(Table 1). The Hermann tortoise (Testudo hermanni) is the
other reptile found in the diet of Sicily and Sardinia.

Different taxonomic groups of birds are preyed upon at
different frequencies in the 3 best-studied islands, however
the total bird consumption was around the 7-9% of each
island sampled. The Golden Eagle preys upon all species of
partridges found in these islands (Alectoris graeca whitakeri
in Sicily, A. barbara in Sardinia, A. rufa in Corsica, and A.
chukar in Crete). In the latter island the Chukar (A. chukar) is
reported as a common prey species (Vagliano 1981). Corvid
species from the largest raven (Corvus corax) to the smallest
jay (Garrulus glandarius) are variably taken; as well as pigeon

and doves (Columba spp.), which are more frequently taken
in Sicily.

Mammals constitute the largest portion of the diet
ranging from 15.1% to over 22% of frequency of each island
sample, and have been divided into those heavier and lighter
than 5 kg (Table 1). In the former group, wild and feral
boars (Sus scrofa), sheep and goats (Ovis aries and Capra
aegagrus hircus) are combined with the European red fox
(Vulpes vulpes) and wildcat species (Felis spp.), while in the
second group are found all other species so far recorded in
the diet such as lagomorphs (rabbits Oryctolagus cuniculus
and hares Lepus spp.), the hedgehog (Erinaceus europaeus),
the pine marten (Martes martes), and the black rat (Rattus
rattus).

Among the larger mammals, the European red fox is
frequently taken in the 3 islands, together with lambs and goat
kids (in Sicily and Corsica) and wild boars (in Corsica and
Sardinia). In Sardinia, probably both the African wildcat (Felis
lybica) and feral cats (F. catus) are also consumed with relative
frequency. In Sicily, predation upon lambs and goat kids is
regular in some pairs living in areas where this livestock is
still common (e.g., Peloritani range, G. Saitta pers. comm.).
In addition, in the Madonie range, hunting of feral boars,
feral goats, and fallow deer (Dama dama) has been personally
observed, with eagles stooping repeatedly and violently when
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Table 1. Diet of Golden Eagles in the largest islands of the Mediterranean Sea. To allow a more direct comparison, the relative
frequency of prey (F%) in each island was calculated from the total number of specimens (n = 451); and the prey have been
assembled in taxonomic groups consistent with the different fauna of the islands and the Golden Eagle trophic ecology. (a) Delivered
prey and nest remains from Priolo (1973), Di Vittorio (2011), and personal observations; (b) Nest and roost remains from Sirigu et al.
(2019); (c) Delivered prey and nest remains from Seguin et al. (1998); (d) Delivered prey and hunting attacks from Xirouchakis (2001).

] siaye Sardinia® Cretet®

_No P No | % No P No. | F%

True toads 1 0.22 0 - 0 0 -
Total Amphibians 1 0.2 0 - 0 - 0 -
Colubrid snakes 31 6.87 0 - 30 6.65 0 -
Other Repitiles 1 0.22 5 1.1 0 0 -
Total Reptiles 32 7.1 5 1.1 30 6.7 0 -
Partridges 4 0.89 9 2.00 9 2.00 4 0.89
Corvids 10 2.22 17 3.77 21 4.66 1 0.22
Pigeons and doves 22 4.88 8 1.77 1 0.22 4 0.89
Other birds 1 0.22 8 1.77 2 0.44 0 -
Total Birds 37 8.2 42 9.3 33 7.3 9 2.0
Mammals (= 5 kg) 37 8.20 42 9.31 61 13.53 1 0.22
Mammals (< 5 kg) 50 11.09 60 13.30 7 1.55 4 0.89
Total Mammals 87 19.3 102 22.6 68 15.1 5 1.1
Total prey 157 149 131 14

these animals are on ledges. The intent seemed to be to drive
them off the cliffs.

As in the Mediterranean climatic zones of France and
Spain (e.g., Iborra et al. 1990), rabbits and hares (Lepus
corsicanus on Sicily and L. capensis on Sardinia) are among
the most important mammalian prey of medium size on

the 2 Italian islands. Furthermore, on Sicily, Ciaccio (1991)
found that pellets from the Aetna pairs are formed exclusively
of rabbit fur, very common on the volcano (AA.VV. 2008).
Similarly, the European hare (Lepus europaeus) is considered
one of the main prey on Crete (Vagliano 1981), while
lagomorphs are not recorded on Corsica.

BREEDING BIOLOGY

The overall pattern of the breeding cycle in Sicily (Massa 1985,
Brichetti and Fracasso 2003), from December to July, is similar
to other southern populations (Ferguson-Lees and Christie
2001). Territorial behaviour and courtship displays start from
mid- to late November and continue into early April. These
displays peak from mid-December to late February, although
the territorial/courtship undulation flight has been observed
also in summer and autumn. Pairs often have alternate nests
(range = 1-3) that are built upon even in winter. Egg laying (1-2
eggs) extends from mid-March to early April. Fledging occurs

from mid-June to late July (recorded range = 12 June-30 July).

Average elevation of breeding sites is 948.7 + 318.7 masl
(range = 200-1382 m, n = 18). Eyries are built at variable
heights above the ground (mean = 122.9 + 106.6 m, range =
18-345 m, n = 17), usually at two-thirds (62.5%) of the cliff
height. Cliffs were from 33-677 m tall (mean =204.5+178.0m,
n =17) (Fig. 5). Only 1 nest (6.3%) is known in a tree (Ciaccio
1991); all others are on cliffs, usually on ledges protected by
more-or-less prominent roofs or in caves (68.8%), or in large
bushes rooted in cliffs (25%).
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Figure 5. One of the most productive sites in western Sicily with insets of nest location on a ledge protected by projecting walls.
Photo: Maurizio Sara.

Directional exposure for 17 eyries was in the narrow range
of 330°-30°, with an average of 358.7° and a bootstrapped 95%
LCL-UCL = 353.1°-364.6°, thus showing a highly significant
preference (x*, = 17.12, P = 0.0001) for north-facing cliffs.
This strict preference prevents the prolonged insolation of the
chick during the hot months of the Sicilian climate.

Of 239 breeding attempts recorded from 1979 to 2018,
178 were successful and produced 185 fledglings, thus
averaging 1.04 juveniles fledged per successful pair and
0.77 juveniles per monitored pair (Table 2). Because some
successful pairs were reported to repeatedly fledge 2 young
(Di Vittorio 2011) even in years when most other pairs failed
(e.g., in 2007-2011), nesting success is >1 on average. The
0.50 productivity value in 2017 and 2018 for all pairs was the
lowest recorded so far and is consistent with the decreasing

1990-2012 trend recorded in Di Vittorio and Lépez-
Lopez (2014). These data on reduced breeding success are
concerning because long-lived species, like Golden Eagles,
can have a long time-lag before a population crash (Newton
1979). Nonetheless, productivity values recorded in Sicily
are equivalent to those recorded in the central-eastern Alps
(1982-1992: 0.61 £ 0.01; Pedrini and Sergio 2001) and in
the entire Alpine chain (1978-1994: 0.29-0.95; Pedrini and
Sergio 2001). They are even higher than values recorded in
the increasing population from the western Alps (1972-2015:
0.42; Fasce et al. 2017) and northern Apennines (1997-2016:
0.52; Nardelli 2017) or in populations of concern like that
on Crete (1996-1999: 0.52 + 0.05; Xirouchakis 2001) or the
central-western Carpathians (1984-1991: 0.50 + 0.28; Kropil
and Majda 1996).
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Table 2. Reproductive performance (mean + SD) of Golden Eagles in Sicily;

recorded after the publication of Sara et al. 2017.

* includes data from another successful reproduction

Period No. juveniles No. pairs Productivity Productivity (all
i
fledged included (successful pairs) pairs)

1979-1983 1.00 0.76 Massa 1985
1984-1992 31 30 1.15 1.03 Lo Valvo et al. 1993
1993-2006 91 118 1.03 0.77 AA.VV. 2008
2007-2011 14 18 1.17 0.78 Di Vittorio 2011
2014-2016 12 18 1.00 0.67 Sara etal. 2017*
2017-2018 9 18 0.82 0.50 This study
1979-2018 185 239 1.03 £0.13 0.75+0.17

During 2014-2018, 19 territories were checked at least
once in the 5 years, yielding 52 potential breeding events;
44.2% of checks yielded a breeding adult pair, 13.5% a non-
breeding adult pair, 13.5% a mix-age pair, 15.4% an unpaired
individual, and 13.5% had an uncertain record. Interestingly,
in 4 of 7 non-breeding cases, a trio was present, composed
of an adult pair plus a young immature or the third bird was
an adult. These “third birds” were recorded through the early
stages of the breeding season (from courtship to incubation)
and possibly prevented reproduction.

To investigate territory quality, during 2014-2018, I
averaged productivity (number of fledglings/number of years)
for 17 sites and created a site quality index (SQI) from field
observations. SQI was the sum of scoring (2: high, 1: low, -1
absent) for the presence of large potential prey such as feral
goats, feral boars, and fallow deer or domestic livestock such
as goats and sheep and scoring (-2: high, -1: low, 1: absent)
for the frequency of human induced wildfires (Fig. 6), the
frequency of poaching (both of raptors and of eagle prey
like hares, partridges, etc.), and the frequency of human
disturbances (such as climbing, off-road vehicle use, etc.).

Undoubtedly, the productivity of eagles is linked to
territory quality as measured by habitat suitability, prey
availability, human disturbance, influence of territorial
intrusion by other eagles, and/or local weather conditions
(Steenhof et al. 1997, Newton 1998). This general pattern
should apply also to the Golden Eagle population of Sicily,

since the average productivity of sites during 2014-2018 is
correlated (Pearson r = 0.449, P = 0.054, n = 17) with SQI. Sites
that are deserted today or irregularly occupied have the worst
habitat quality scores. Pairs that produce more juveniles are
those that breed more regularly, are less disturbed by humans,
and have more prey available. Human-caused summer
wildfires (Fig, 6) and poaching strongly affect prey availability.
Rabbits, hares, pigeons, doves, and partridges form the bulk
of the diet in the best habitat. Livestock, including feral herds
and fallow deer, are key food components in depleted habitats.

Figure 6. Frequent summer wildfires destroy habitat, reducing
prey in many eagle territories. Photo: Maurizio Sara.

IS THE SICILIAN POPULATION OF GOLDEN EAGLES A CLOSED

POPULATION?

Lacking satellite telemetry studies on natal dispersal of Golden
Eagles, a partial answer to this question can be found merely
by analysing migration data across sea straits and the presence

of eagles on small islands surrounding Sicily. In sedentary
Golden Eagle populations like the Italian one, most natal
dispersal distances are less than 100 km between an eagle’s



natal and breeding sites. In extreme cases, individuals disperse
up to 500 km from the Alps (Brichetti and Fracasso 2003).
Hypotheses of natal dispersal towards Tunisia (distance:
about 150 km over water) and Sardinia (distance: >300 km
over water) should thus be rejected a priori. The only likely
dispersal route could be through the Messina Strait, a 3 km
wide stretch of sea separating Sicily from continental Italy,
or perhaps through a stepping stone route represented by the
Aeolian Islands where the largest sea stretch is 60 km between
Stromboli Island and Calabrian coasts.

I reviewed the literature (e.g., Galea and Massa 1985,
Agostiniand Logozzo 1997, Agostini et al. 2000, Agostini 2001,
Corso 2001, Agostini et al. 2004, Panuccio 2011, Corso et al.
2013, Mellone et al. 2013, Corso and Gustin 2014, Massa et al.
2015) and blog sites (www.straitobservatory.com) concerning
raptor migration in these areas, looking for Golden Eagle
records, both in spring and autumn, and found only 5 records
of the species. Three were at the Egadi islands (1 capture at
Favignana in 1971, 1 observation in 2009 at Marettimo, and
1 in 2013 at Levanzo), probably coming from nearby Sicily;
and 2 in transit at Pantelleria (1 immature in 2002 and 1 in
2005). These latter could likely come from the Cape Bon pairs
in Tunisia (distance: about 70 km over water).

At the Strait of Messina records seem more regular. In
this area Di Marca and Iapichino (1984) saw 5 immatures in
April and May 1974, 1975, 1981 and 1984; apparently none
crossed the Strait of Messina. Giordano (1991) reported 13
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further observations from 1985 to 1990 (1-6 individuals in
1986-1989, with the species unrecorded in 1985 and 1990).
However, Giordano was very cautious and considered the
observed immatures as regular visitors from the local pairs
(Peloritani mountains), but none actually crossed the Strait.
Corso (2001) reported 22 records (1-6 individuals per year)
from 1996 to 2000, but did not discuss the nature of the record
or the age of the eagle. One more individual was recorded in
2004 (Panuccio 2011).

Golden Eagle adults, juveniles, and immatures are
regularly observed on the Calabrian (mainland) side of
the Strait (www.straitobservatory.com) during autumnal
counts from 2015-2018 (1-2 individuals on 2 days in
2015, 1-2 individuals on 3 days in 2016, 1-3 individuals
on 10 days in 2017, and 3 individuals on 1 day in 2018).
In brief, the species is often reported as present, but is not
listed among migrant birds. This is because the few Golden
Eagles seen are dispersing young and territorial individuals
living near the observation sites (2 pairs are known for
Aspromonte).

This short enquiry led to the conclusion that Golden
Eagles from the nearby pairs are regularly observed at both
the Sicilian and Calabrian observation sites at the Strait
of Messina, but passage across the Strait was never truly
documented from 1974 to 2018. Although it is expected that
individuals are able to cross the Messina Strait, there are no
observations so far of them so doing.

CONCLUSIONS AND CONSERVATION NOTES

Breeding pairs in peripheral populations are often widely
scattered and therefore are of conservation concern (Lesica
and Allendorf 1995, Nielsen et al. 2001). In Sicily, there is an
isolated population of Golden Eagles that likely has limited
gene flow with the continental population and thus could
hold a considerable amount of genetic diversity in a divergent
insular lineage (Nebel et al. 2015). The small size of this
peripheral population, even when compared to that of other
western Mediterranean Sea islands (Sardinia and Corsica),
could be influenced also by being at the margin of the species’
range. The significant Spearman’s correlation coeflicient (r =
0.495; P = 0.031; n = 19) when comparing population density
(pair/km?) and latitude forms a gradient of populations from
northern Italy to Tunisia. Golden Eagle density in Sardinia and
Corsica would thus be higher than that of Sicily, principally
because the 2 islands, being more northerly, have a more
suitable climate and better habitat than found in Sicily. In this
island about the 52% of the region was indeed modelled as not
suitable for the species (Di Vittorio and Sara 2009).

In the last 30 years, the Golden Eagle was distributed
over only 25% of the island with no more than 24 pairs present
(Fig. 1). However, the regular spacing of these territories,

with nest-to-nest distances comparable to those of Apennine
populations and the stable population trend, suggest that the
Sicilian population is fluctuating around its carrying capacity.

Density-dependent processes should (1) regulate
fecundity, (2) cause irregular breeding of some pairs, and
(3) lower productivity. All 3 results have been seen in recent
years. Two other phenomena, territory invasion by non-
breeding adults and habitat unsuitability, could also explain
the low productivity characteristic of this island population.
The winter and early spring presence of a third individual
within the pair’s territory (4 cases out of 7 non-breeding
events recorded in 5 years) could evidence interference by
non-breeding territory violators in preventing reproduction.
Also, intraspecific competition for limited food resources
could help explain low productivity (Fretwell and Lucas 1970,
Ferrer and Dondazar 1996).

On the other hand, data are also consistent with the
habitat heterogeneity hypothesis, under which breeding
performances differs among pairs depending on the quality
of occupied habitat. The variance in productivity will likely
become progressively greater as more low-quality habitats
are occupied by non-breeders (Ferrer and Donazar 1996,
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Rodenhouse et al. 1997). The positive relationship between
site quality and productivity supports the hypothesis that
some sites are better than others and more regularly fledge
juveniles. In addition, data grouped in 5-year periods from
1979-1983 to 2014-2018 show declining productivity and
increasing variability (r = -0.701, P = 0.121, n = 6) in breeding
performance. For instance, in 1979-1983 mean productivity
was 0.76 and the coeflicient of variation of the mean was
57.5%, whereas in 2014-2018 mean productivity was 0.57
while the coefficient of variation was 88.5%.

Indeed, interference competition and habitat
heterogeneity are population responses occasioned by the
progressive deterioration of montane habitats, thus limiting
the amount of suitable habitat for the Golden Eagle on the
island. Whatever the explanation, the crucial aspect of site-
dependent population regulation is that a relatively small
number of territories may sustain a much larger population
through source-sink dynamics (Newton 1998). This increases
the concern for the fate of such a small population and strongly
suggests that we should foster vital pairs by identifying and
strictly protecting the best habitat.

In the small Sicilian population, each individual becomes
of crucial importance, because every loss can impact severely
the species’ permanence in the island. From 2016 to 2018, if one
considers every record of mix-age pairs or of unpaired adults,
it is reasonable to conclude that there were 2-3 losses/year and
2-3 wandering individuals arriving each year, so the population
remained unchanged. Nonetheless, the replacement of adults
(losses) with immature individuals (gains) can be a reason of
lower breeding success in recent years.

Recent data about the causes of Golden Eagle death or
injury are few and anecdotal, but informative. For instance,
two or three individuals were shot dead in one territory
that was deserted in 2014 after the electrocution of an adult
female. A second individual has been recently recovered after
a collision with a wind turbine (Fig. 7). Additionally, another
few cases of collision, shooting, poisoning, and starvation
have been recorded, but these few cases that have come to our
attention surely underrepresent actual losses.

In addition, changes in recent agricultural practices
threaten wildlife (Balmford et al. 2009), including bird
communities (Sirami et al. 2008). Since 2000, land use in the
62 UTM cells forming the range of Sicilian Golden Eagles
have suffered a 4.3% decrease of the preferred shrub land and
a 5% increase of unfavourable agricultural areas.

In conclusion, Sicilian Golden Eagles seem to be quite
resistant to all documented and potential impacts that have
occurred in the last 30 years. However, anthropogenic impacts
are increasing and it is questionable whether and for how long
this population will be able to persist on the island.

Figure 7. A juvenile female that collided with a wind turbine
in late August 2017, just 1 month after fledging, and with an
unrecoverable fracture. Photo: Maurizio Sara.
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