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Abstract - This study describes the monitoring work related to the nesting of the Golden Eagle Aquila chrysaetos in
Northern Marches Apennines (Central Italy), in province of Pesaro-Urbino. Monitoring took place between 1983-2023,
when a minimum of 1 and a maximum of 5 breeding pairs nested in the research area. The 16 nesting sites used by
the Golden Eagle were located on cliffs with niches, ledges and high shallow caves, at an average height of 744.43 m
(¥249.7 m) a.s.l. The average number of nests per territory was 3.2 (+2.28 SD). The exposure of nest sites was
heterogeneous. The maximum density for the species was 0.60 pairs/100 km?and the Nearest Neighbor Distance was
8.84 km £2.5. Most of the first incubations occurred in March and within the study period, at least one incubation was
always observed. Incubation and fledging periods lasted on average 44.70 days (+1.78 d) and 81.76 days (+6.45 d),
respectively. Over the study period, the breeding pairs raised a total of 98 chicks, of which 75 fledged successfully.
Across the 41 years of monitoring, the productivity rate recorded was 0.65 (N. fledglings /N. pairs), the reproductive
success 0.94 (N. fledglings /N. pairs with confirmed incubation), the fledging success 1.14 (fledglings/N. success pairs)
and the nestling mortality was 23.5%. In 13.6% of the total successful breeding events, two fledglings were raised per
nest. Only in three years of monitoring, no fledgling was raised.
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INTRODUCTION

The Golden Eagle Aquila chrysaetos is one of the most intensively monitored species in Italy and a recent update
of the national breeding population has led to an estimation of 630-729 breeding pairs, of which 52-62 are in the
central Apennines (Fasce & Fasce 2017). The monitoring of the Golden Eagle population in the Umbria-Marches
mountain range began in 1979 (Magrini et al. 2001, Perna et al. 2004) and the area’s current population is estimated
around 18-20 pairs, with over an 80% increase compared to the period 1979-1990 (Angelini et al. 2017). In 2014, 18
breeding pairs were counted in Umbria-Marches Apennines (Angelini et al. 2017) and the present study aims to
update and increase the data relative to the northern Marches.

Generally, in the Marches region the species is considered sedentary-nesting, irregularly migrating and irregularly
wintering (Giacchini 2003), but in the province of Pesaro-Urbino, in the northernmost part of Marches region, it is
considered sedentary-nesting and irregularly migrating (Pantalone et al. 2022), thus essentially sedentary (Pandolfi &
Giacchini 1995). In the latter province, the Golden Eagle was certainly already nesting in the 16th century on M.
Nerone (Felici 1982, Pandolfi & Zanazzo 1993, Pandolfi & Giuliani 1993) and in 1753 in the Sasso Simone-Simoncello as
well as on M. Carpegna (Loppi 1753).

In the 19th century the species has been reported nesting in Furlo Gorge, on M. Catria and M. Nerone
(Matterrozzi Brancaleoni 1808-1812, Salvadori 1872, Falconeri di Carpegna 1892, Gasparini 1894). Chiavetta (1981)
indicates a general population increase in the post-war period and a subsequent decrease until the end of the 1970s.
This decrease also affected the province of Pesaro-Urbino, where, in the same years, no breeding pairs were detected
(Pandolfi 1975). It is likely that poaching played an important role in this demographic collapse and hindered the
colonization of new territories by the Golden Eagles even after 1979, the year of its return to M. Catria as a nesting
species (Pandolfi & Giacchini 1995).

The improvement in the species” demographic status in the Umbria-Marches sector in the last twenty-five years
has been associated with a more stringent protection regime through the establishment of numerous protected areas
(Magrini et al. 2013). Indeed, the number of breeding pairs on the provincial territory increased from two-three in the
period 1990-95 (Pandolfi & Giacchini 1995) to four in 2013 and then five in 2022. In order to contribute to a more
complete and up-to-date understanding of the presence of the Golden Eagle in the Marches Apennines, this work
presents the results from the continuous long-term monitoring of nesting pairs in the province of Pesaro Urbino
between 1983 and 2023 (i.e. Fasce & Fasce 2004).

MATERIALS AND METHODS

Study area

The study area includes the Apennine mountainous areas falling within the borders of the province of Pesaro-Urbino
(Marches region, Fig. 1): M. Catria (1701 m a.s.l.), M. Nerone (1525 m a.s.l.), Furlo Gorge (between the M. Paganuccio
and the M. Pietralata, respectively 976 m and 889 m a.s.l.), M. Petrano (1162 m a.s.l.) and Sasso Simone-Simoncello
(1221 m a.s.l.). The provincial territory considered suitable for the Golden Eagle was identified considering all the
areas falling within the main mountainous prominences, with a minimum altitudinal limit corresponding to 400 m
a.s.l., which is the lowest value of the range in the central southern Apennines (Borlenghi et al. 2014; Brichetti &
Fracasso 2018). The calculation of the surface to measure the breeding density was made using TINITALY (Tarquini et
al. 2007), a digital elevation model of Italy with 10 m cells-grid (Version 1.0). The study area extends over 828 km? and
includes mostly calcareous or calcareous-marly environments. The lithology and tectonics favour the presence of
extensive rocky areas, gorges (Furlo and Burano) and limestone blocks rising from the reliefs (Sasso Simone and
Simoncello). The vegetal landscape has extensive forest formations on the slopes (oak forests, beech forests, ilex
forests, etc.) and large secondary grasslands in the summit areas (Ballelli & Pedrotti 1992, Barbadoro & Barbadoro
1997, Biondi 2007, Biondi et al., 2007, Saltarelli & Pantalone 2023), the latter being fundamental hunting sites for the
Golden Eagle (Ragni 2004). Average annual precipitation is between 1100 (M. Nerone and M. Petrano) and 1300 mm
(M. Catria), while average temperatures range between 10° (M. Catria) and 12° C (M. Nerone, M. Paganuccio and M.
Petrano) (Crescentini & Klaver 1997). The vast majority of the study area includes protected areas, where many of the
Golden Eagle's usual preys are present (Pedrini & Sergio 2001; Poggiani & Dionisi 2015).

Data collection

The data here presented was collected during continuous weekly surveys (in many periods daily), from 1988 to 2023.
About 4,000 days and more than 22,000 hours were dedicated to observations, which were all carried out in the
mountainous areas suitable for Golden Eagle nesting in the province of Pesaro-Urbino. Since 1983 information on the
nesting and flight of the raptor was also collected with interviews (Pesaro-Urbino Provincial Police, local observers)



and consultation of official documents. The continuous field surveys began in 1985 (Giacchini 2019). Stakeouts were
used at a safe distance (average distance between the observation points and the nest: 586.57+162.43 m, range 433-
1047 m), to not disturb breeding activity. For visual observations, 8x42 and 10x42 binoculars were used, as well as
spotting scopes with 20-60x80 magnifications, including digiscoping. For monitoring purposes, pairs observed in
territorial display or reproductive activity (copulation, incubating and chick rearing, Brunelli et al. 2004) were
considered. For the definition of the monitoring effort and reproductive parameters, we largely used Andreotti &
Leonardi 2007 as a reference. The protocol, used since 1988, required a minimum of 4 annual visits to the nesting
areas (Fasce 1988) and each survey required at least 4 consecutive hours of observation (Artese et al. 2017). In the
event of known vacant nests, three prolonged observations of the adults were carried out (between mid-August and
October) to rule out the presence of youngs in that year (Fasce 1988), a circumstance indicating a reproduction event
at unknow sites. On occasions when the exact day of laying could not be ascertained, hatching dates were estimated
from the development of the chicks' plumage (Cramp & Simmons 1980, Mathieu 1985). In order to measure the
elevation of the nesting sites, we used the software Google Earth Pro, using three-dimensional processing of the rocky
ridges and ledges (tolerance of 10-15m). The distance to the nearest neighbour (NND) was calculated as the distance
from the nest’s barycentre of a pair and that of the nearest pair (Tjernberg 1985). This calculation does not take into
account the nesting event that took place in Sasso Simone and Simoncello, a site used only once in 2022.

For the population study, the following demographic parameters were calculated: percentage of laying pairs ([N. of
laying pairs /N. of total pairs] x 100); percentage of pairs with success ([N. of successful pairs/total pairs] x 100, Craig &
Enderson 2004); the reproductive success (N. fledglings / N. pairs with confirmed incubation; Cheylan 1981); the
fledging rate (N. of fledglings /N. of successful pairs; Craig & Enderson 20004); the productivity (N. of fledglings / N. of
checked pairs; Craig & Enderson 2004); the percentage of chick mortality ([N. dead chicks / N. total chicks] x 100;
Whitlock & Schluter 2014).

We further report information on the diet of the Golden Eagle and on the feeding of the chicks, exclusively based on
visual observations of prey items delivered to the nest (a method already used by Borgo & Genero 2017) and assumes
a purely qualitative character.

RESULTS
During the study period we detected five territories occupied by breeding pairs of Golden Eagles, identifiable by the
following toponyms: M. Catria (C), M. Nerone (N), Gola del Furlo (F), M. Petrano (P), Sasso Simone (SS). A sixth
territory was recently occupied by a territorial pair in the Tuscan-Marches ridge (Alpe della Luna) and in the valleys
between the upper Urbino and Montefeltro, but reproduction has not yet been verified (Ricci & Manganelli 2024, pers.
comm.), and has therefore not been considered in the present work. Regarding the nesting pair in the Furlo Gorge, we
are certain that the territory was occupied by the same individuals (identifiable by specific characteristics of the
plumage) from 1990 until 2016.

In the study area, 16 nesting sites (average 3.2 nests/territory, 2.28 SD) were found: three on M. Catria (nests C1,
C2 and C3), six on M. Nerone (N1, N2, N3, N4, N5 and N6), five in the Furlo Gorge (F1, F2, F3, F4 and F5), one on M.
Petrano (P1) and one in Sasso Simone (SS1). At the beginning of this study, the structures of 13 of the sites were at
least in place. Additionally, during the study period, the N6, F4 and SS1 nests were built from scratch, although they
were all used only once. The exposure of the nests is heterogeneous (Table 1): five were exposed to SE (31.2%), five to
SW (31.2%), three to NW (18.7%), two to NE (12.5%) and one to E (6.2%). The nesting site were mostly located on
ledges (75%, N=12). The presence of Holm Oak plants Quercus ilex near three nests (F4, N4 and N5), especially for the
two with a SW exposure, can be interpreted as a way to mitigate the impact of atmospheric agents on the nest
(mainly on the part of sun and wind). In one case (N5) the tree performed a real support function for the outer part of
the nest.

The nests were located at an average elevation of 744.43 m a.s.l. (+249.7 SD, range 518-1190), while the height of
the walls used for nesting was on average 123 m (+51.6 SD, range 52-257). During the study period, the two most used
nesting sites were F5 and C1 (Table 1); F5 was the nest used most consistently (3 consecutive years in 3 different
periods), followed by the P1, consecutively used in 2013-2016 and 2019-2021. The nest that was abandoned for the
longest period was N6, used only once in 2003, the structure of which still exists. The only nest site whose future
reuse appears problematic is F1, due to the rock collapse that has almost entirely covered the niche. Regarding nest
size, nest F5, located inside a cavern about 9 m high, is particularly noteworthy. The structure is ca. 6.5-7 m high and
4-4.5 m wide and has been reported by local inhabitants to already exist in the mid-19th century. The simultaneous
nesting of the present pairs was an infrequent event during the period 1988-2012 (three established pairs), having
occurred in only 2 out of 25 breeding seasons, while in the period 2013-2022 (four established pairs) it was recorded
in 5 out of 10 breeding seasons.

The distances between the different nests of the same pairs were on average 53 m #SD= 6.10 (M. Catria), 532 m
1+SD= 441 (M. Nerone) and 505 m +SD= 307 (Furlo). The maximum relative density of the species in the study area was



0.60 pairs/100km? (5 pairs in 828 km?), while the distance to the nearest neighbour (NND) was on average 8.84 km *
2.5 (range: 5.4 - 11).

Out of a total of 127 breeding seasons, 115 were monitored. In the 35 cases in which the pairs did not nest,
equalling 30.4% of the total, we observed mating in 8 cases, while in 2 cases the reproductive failure was associated
with the replacement of one of the two partners. In 58 broods it was possible to date the laying of the first egg (Fig. 2),
which mostly occurred in March. In the Furlo Gorge, the start of hatching appears earlier than that of the other three
pairs, where the earliest laying date was 22" of February (in 5 consecutive years, 2019-2023) while the latest was 30"
of March_(nest C1 in 1999 and nest P1in 2014). The average duration of the hatching period was 44.70 days (+tSD=1.78;
range: 40-48 d; N=51), in line with what is known in the literature (Brichetti & Fracasso 2013, Cauli & Genero 2017,
Katzner et al. 2020). In the case of 18 broods, it was possible to determine by direct observation the exact number of
eggs laid. In four deposition events the failure to hatch eggs was ascertained, while on two occasions, both in the Furlo
Gorge, the presence of three eggs in the same nest was detected. Singular was the episode of the failure of a clutch of
two eggs (2001), which sunk in the very high litter of the nest after 30 days of brooding, followed by the vain attempt
by the female to continue the brooding and to remove, during the following month, the layer of branches that
separated her from the eggs.

The mortality rate of the chicks in the nest was 23.5%. Only two cases of cainism were observed, one in 1997 (a
brood of three chicks) and one in 2023 (a brood of two chicks). Both took place in Furlo Gorge, and the two chicks
both died within the first week of life. In one case (M. Nerone, 1988) the death of the chick, after the disappearance of
its father, has been attributed to the female's difficulty in carrying out the breeding on her own. In 1991, the death of
the chicks from Furlo Gorge has been associated with the temporary abandonment of the nest by the parents, maybe
caused by the presence of tourists on the crags near the nesting site.

Out of 80 breeding seasons (69.6% of the total) in which laying was attempted, 66 (82.5%) had successful breeding
and 98 chicks were produced, of which 75 fledged (summarised per monitoring location in Table 2; Table 3). The pairs’
productivity during the study period was 0.65 chicks/pair, the reproductive success is 0.94 chicks/laying pair, and the
fledgling success is 1.14 chicks/successful pair. Compared to the total number of pairs with ascertained chicks (N=76),
72.3% (N=55) had one chick, 26.3% (N=20) had two chicks, while only in one case (1.3%) three chicks were observed
(Fig. 3).

The percentage of double fledgling correspond to 13.6% of the total of successful nesting events. The percentage
of pairs with fledglings compared to the total checked pairs is 57.5%. The were three years without any fledglings
produced (1991, 1992 and 2012). For 17 of the nesting events in the Furlo Gorge it was possible to determine the date
of fledgling: 81.76 days (£6.45 SD; range 72-96 days), in line with data from the literature (Brichetti & Fracasso 2013,
Cauli & Genero 2017, Katzner et al. 2020). The highest fledging age recorded was 96 days (nest F4, year 2010).

During the rearing of the youngs, nine prey species could be identified: among mammals the Wild Boar Sus scrofa,
the Common Hare Lepus Europaeus, the Fox Vulpes vulpes, the Badger Meles meles, the Common Squirrel Sciurus
vulgaris and the Weasel Martes foina; among birds the wild Pigeon Columba livia f. domestica and the common
Pheasant Phasianus colchicus while among reptiles the Aesculapian snake Zamenis longissimus. In addition to the wild
species, there were also some domestic animals such as the Turkey Meleagris gallopavo f. domestica, the Cockerel
Gallus gallus f. domestica and the domestic cat Felis catus.

DISCUSSION

The present work on the breeding behaviour of the Golden Eagle represents the first study at a provincial scale to
span over a 40-year time (1983-2023). The study showed that the longest-established pairs occupied almost all the
main provincial mountain areas characterised by morphologically optimal territories for the species (presence of
incised valleys, accentuated slopes and differences in height, high availability of cliffs, presence of large cacuminal
meadows). The detected pairs show a tendency to optimise reproduction by nesting in the same locations as in
previous years, probably also because these locations offer a wide choice of suitable or ideal nesting sites. This results
in a low average distance between breeding sites within the same pair across breeding seasons.

Our observations confirmed the preference of the species for nesting on rocky walls with ledges, niches and
terraces, as in the rest of the national territory (Pandolfi & Giacchini 1995; Angelini & Giuliani 2001; Pedrini & Sergio
2001, Brichetti & Fracasso 2018). The infrequency of cave nesting (only 1 case in our study) probably correlates to the
scarce availability of this type of habitat in the study area, whose use is common especially in Veneto region (Tormen
& De Col 2017). The abundance of walls in the study area and the absence of old-growth forests make tree nesting
unlikely, and this is an uncommon occurrence even in the Central Apennines (where plants of considerable height are
used; Ceccarelli & Agostini 2017).



The range of the number of nests used per pair is entirely comparable to the one found by Angelini & Giuliani 2001 e
Bionda 2017, but it appears to be higher than that of the Umbria-Marches Apennines (Angelini & Giuliani 2001). The
use of the nest N2 for several consecutive years and at various times is in apparent contradiction with the species’
tendency to alternate nests (Fasce 1988, Brichetti & Fracasso 2013, Katzner et al. 2020), interpreted as a defensive
behaviour against parasitosis (Newton 1997, Watson 2010). The continuous use of this nest could be explained by the
low sun exposure, as the nest is located in a very sheltered niche. The occurrence of several alternative nests is an
important visual sign of territory occupation (Watson 2010), which is even more accentuated by a particularly
voluminous secular nest (F5) in the Furlo Gorge. This nest is the largest and most well-known in the study area (Fig. 4).
Its size, when compared with that of other nests described in the literature (5.2 m height of the tallest Scottish nest;
Brown 1976; 6.0 m of two nests in British Columbia, Canada, and Wyoming, USA, Bent 1937, Ellis 1986); 7.0 m of a
nest in Montana, USA, Ellis et al. 2009), make it one of the largest at national and European level, as well as one of the
oldest: the nest has in fact been standing for at least a century and a half, therefore for longer than the 48 years of
nest use cited by Katzner et al. 2020 for Scotland.

The density of the species in the study area is 6 pairs/1000 km?, higher than the density found for Abruzzo region
(3.5 pairs/1000 Km? Artese et al. 2017) and for the Northern Apennines (2.5-4.6 pairs/1000 Km?; Schiassi et al. 2013,
Nardelli 2017). Although such studies used different methodologies to calculate the total area on which to estimate
pair density, the area we calculated on the isohypsa 400 m a.s.l. may be overestimation, supporting the indication that
the pair density may actually higher than in other Apennine areas. These differences in reproductive values between
other Apennines areas and the ones monitored in this study, which are relatively close to one another, and belong to
the same mountain range seem to reflect an uneven distribution of resources (e.g. better trophic and orographic
conditions, and greater availability of suitable habitats our monitored areas). This is also the case in the Alpine and
pre-Alpine areas in the central-eastern Alps (Pedrini & Sergio 2002). The high density in Pesaro-Urbino can be
explained by a favourable territory quality for the Golden Eagles (Fasce & Fasce 2004), characterised by a good and
stable availability of prey, supported by the fact that there was not a single year without egg laying within the study
period. Additionally, in this region numerous suitable nesting sites are present, which can allow to cope with the
different weather conditions across years (Dunk et al. 2019).

The average elevation of the nests is similar to that found in other areas of the Apennines (860 m a.s.l. in the
Umbrian-Marche Apennines, Angelini & Giuliani 2001; 868 m a.s.l. in Sicily, Brichetti & Fracasso 2018; 755 m a.s.l. in
Aspromonte, Martino et al. 2017), suggesting that the nest height is stable in relation to the elevation of the mountain
peaks above them (i.e. Borlenghi et al. 2014). Indeed, the vertical development of this chain is modest if compared to
the Alps, where the breeding sites are located on average at higher elevations (Tormen & De Col 2017; Pedrini &
Sergio 2001).

Several breeding sites are located on slopes exposed to the SE and SW, unlike what has been found by other
authors in the central Apennines (Armentano & Ragni 1981, Ragni et al. 1986), which have shown preference for
shaded exposures (N, N, N, NE and E); shelter from prolonged sunlight is considered a positive factor, especially during
the rearing of chicks (Watson 2010). However, in majority of cases, the shading of the nests was ensured by the
vegetation or by the morphology of the territory. In the monitoring location of M. Petrano, for example, the nest is
sheltered from the sun by the trees and vegetation that grow higher up on the top of the ridge, while the nests of the
Furlo Gorge are in the shade for most of the day, apart from a nest very sun-exposed, that had been abandoned. We
hypothesize that the earlier egg laying date observed in this site compared to other, more inland territories, can be
linked to the greater proximity to the sea and lower elevation.

Both reproductive success (0.94 chicks/laying pair) and productivity (0.65 chicks/pair) show values that are among
the highest when compared with those found in other works, in particular within the Apennine range (for the
northern Apennines: reproductive success 0.76, productivity 0.51, Nardelli 2017; for the Umbria-Marches Apennines:
productivity 0.55, Angelini et al. 2017; reproductive success 0.82, productivity 0.58, Borlenghi 2017). The high
percentage of occurrences with two fledged chicks (13.6% of successful nesting, N = 9) contributed to such high values.
Moreover, out of 23 chicks that died before fledging (23.5% of the hatched chicks born) only two died from cainism
(both in two nests in the Furlo Gorge and within the first 20 days of age, as described by Watson 2010). Taken
together, these data can be interpreted as an indication of good trophic capacity of the territory (Newton 1997,
Watson, 2010, Clouet et al. 2017). In this regard, the observations of prey deliveries to the nest confirmed the species
reported by Angelini & Giuliani 2001 and Pandolfi et al. 1996.

The long-term monitoring of the Golden Eagle in the province of Pesaro-Urbino, although limited to a small
population, has allowed to acquire the main reproductive biology parameters and shown an increase in the breeding



pairs and the colonisation of new territories. This increase is also confirmed in Apennine regions in close geographical
continuity with our study area (Angelini et al. 2017; Nardelli 2017; Artese et al. 2017). Important changes in national
legislation on fauna and the establishment of protected areas have led to a stricter regime for the protection of these
raptors, their prey and the mountain habitats in which the species concentrates its vital activities. This has probably
contributed to an improvement of the demographic state, since its dramatic status at the end of the 70s of the last
century due to illegal killings. We believe that the significant attenuation of this conflict is largely attributable to the
depopulation of the mountains, which has been followed by the gradual increase of available habitats for wild animal
populations, and therefore also for the Golden Eagle’s prey species (Borlenghi et al., 2014).

The data collected indicate that the settled territories, which have occupied many of the mountain sectors suitable
for the species, currently ensure the breeding population positive reproductive outputs, despite the most common
threats for this species persist in the area: the ingestion of prey poisoned by rodenticides and lead, electrocution and
disturbance - caused by hikers, rock climbers and photographers - which can lead to the abandonment of nests
(Viggiani 2001), to a less frequent use of them (Borgo 2001) or to a decrease in parental care (Steidl & Anthony 2000,
Arroyo & Razin 2006, Gonzalez et al. 2006). In the study area, in addition to these factors, there is the deterioration of
the summit meadows (M. Catria and M. Petrano), due to, among other things, tourism infrastructure (M. Petrano, M.
Catria and M. Nerone) and noise pollution from motor vehicles (Furlo Gorge). The return of the species to the
northern range of our study area (M. Carpegna-Sasso Simone and Simoncello, an area with documented historical
presence of the raptor), and the frequentation of the Tuscany-Marches ridge by a young territorial pair, indicate that
the process of recolonization of the Apennines is still ongoing. Therefore, we believe it is essential to enhance
monitoring of Golden Eagle breeding activity and human disturbance in this area to obtain an accurate picture of the
Golden Eagle distribution in the Marches Apennines and the challenges they may be facing.

Acknowledgements

The most heartfelt thanks must go to Giulio Costantini and Rino Clementi, who have shared data from their
observations in the period 1983-1988 and in subsequent years since the beginning of the study. A great thank to the
Pesaro-Urbino Provincial Police, the Forestry Carabinieri and all the staff of the "Gola del Furlo" State Nature Reserve
for their constant support and availability, first and foremost Maurizio Bartoli and Simone Marocchi. For the same
reasons, we express great gratitude to all the staff of “Unione Montana Alto e Medio Metauro”, “Unione Montana del
Catria e Nerone” and the “Sasso e Simoncello” Interregional Park, for the latter Silvia Soragna and Andrea Gigliotti for
their availability. A heartfelt thanks to Domenico Leli, who shared decades of fieldworks, to Andrea Cecconi, Luca
Romani and Massimiliano Martinelli for shared observations, to Mario Posillico for his statistical help and advice, to
Marco Bianchini for the altitudinal map to Marco Manganelli and Ubaldo Ricci of “Golden Eagle Northern Apennines
Group” (GAAS) for the pair's reports on the Tuscan-Marches ridge, to Enrico Bassi and Christian Couloumy for
information on the size of Alpine nests. We express great gratitude to Bernardetta Ligi and Francesca Passeri, for their
support and care over all these years of study and fieldwork, to Laura Bohin for the accurate translation and to
Antonello Collesi for the Badger predation. Special thanks to the anonymous reviewers, who have contributed to
streamlining and, above all, greatly improving this article. Fieldwork was conducted under the law of Italian Republic
on the Protection of Wildlife (February 25, 1992), with all required permits and authorizations to access the study sites.
This study has received no official, public or private, funding.

REFERENCES

Andreotti A. & Leonardi G., 2007. Proposta per una standardizzazione del monitoraggio delle popolazioni di rapaci
rupicoli nidificanti in Italia, pp. 66-70. In: Magrini M., Perna P. & Scotti M. (eds), Atti Conv. Aquila reale, Lanario
e Pellegrino nell’ltalia peninsulare - Stato delle conoscenze e problemi di conservazione. Atti del Convegno,
Serra San Quirico (Ancona), 26-28 marzo 2004. Parco Regionale della Gola della Rossa e di Frasassi: 25-34.

Angelini J. & Giuliani A., 2001. Status e conservazione dell’Aquila reale (Aquila chrysaetos) nell’Appennino umbro-
marchigiano.

Atti del Convegno “Studio e attivita di conservazione dei rapaci in Italia”, Miratoio di Pennabilli (PU) 5 giugno 1999 —
Ente Parco Naturale Regionale del Sasso Simone e Simoncello: 57-62.

Angelini J., Armentano L., Gambaro C., Magrini M. & Perna P., 2017. The Golden Eagle Aquila chrysaetos in the
Umbria- Marche Apennines. Avocetta 41: 69-70.

Armentano L. & Ragni B., 1981. Note sulla popolazione di Aquila reale nell’Appennino Umbro-Marchigiano. Boll. Zool.
48:15.

Arroyo B. & Razin M., 2006. Effect of human activities on bearded vulture behaviour and breeding success in the
French Pyrenees. Biological Conservation, 128: 276-284.



Artese C., Allavena S., Baliva S., Bernoni M., Borleghi F., Carfagnini M., Cirillo M., Darmiani G., Di Benedetto S., Lalli G.,
Morini P., Pellegrini M., Pinchera F. & Ricci F., 2017. Status of the Golden Eagle Aquila chrysaetos in Abruzzo.
Avocetta 41:77-80.

Ballelli S. & Pedrotti F., 1992. Le Emergenze botanico-vegetazionali della Regione Marche. Regione Marche. Tip.
Aniballi, Ancona.

Barbadoro F.& Barbadoro D., 1997. ltinerari storico-naturalistici sulle montagne del Catria e dell'Acuto. Az. Sp. Cons.
del Catria, Frontone.

Bent, A. C.,1937. Life histories of North American birds of prey, Part 1. United States National Museum Bulletin 167.

Bionda R., 2017. Status of the population of Golden Eagle Aquila chrysaetos in the province of Verbano Cusio Ossola.
Avocetta 41:39.

Biondi E. (eds), 2007. Carta fitosociologica della vegetazione delle Marche. Regione Marche, Universita di Ancona,
Universita di Camerino.

Biondi E. et al., 2007. Carta della vegetazione della Riserva Naturale Statale del Furlo. Provincia di Pesaro e Urbino,
Pesaro.

Borgo A., 2001. Ecologia ed evoluzione della popolazione di Aquila reale Aquila chrysaetos nel Parco Naturale Dolomiti
Friulane, Avocetta 25 (1):176.

Borgo A. & Genero F., 2017. Status of the Golden Eagle Aquila chrysaetos in the region of Friuli Venezia Giulia.
Avocetta 41: 59-62.

Borlenghi F., Cianconi M. & Ranazzi L., 2014. Evoluzione trentennale, status e parametri riproduttivi delle coppie di
Aquila reale

Aquila chrysaetos nell’Appennino laziale (Italia centrale). Alula 21 (1-2):3-16. Borlenghi F., 2017. The Golden Eagle
Aquila chrysaetos in the Apennines of the Lazio region (Central Italy): updates on its status. Avocetta 41:73-75.

Brian A. Millsap, Teryl G. Grubb, Robert K. Murphy, Ted Swem, James W. Watson, 2015. Conservation significance of
alternative,nests of  golden eagles, Global  Ecology and  Conservation. 3: 234-241.
https://doi.org/10.1016/j.gecco.2014.11.017

Brichetti P. & Fracasso G., 2013, Ornitologia italiana, vol. 1 — Parte Terza: Pandionidae-Falconidae. Edizione elettronica
riveduta e aggiornata. Oasi Alberto Perdisa Editore, Bologna, pp. 259-271.

Brichetti P. & Fracasso G., 2018. The Birds of Italy. Volume 1. Anatidae-Alcidae. Edizioni Belvedere, Latina, pp. 234-236.
Brown, L.H., 1976. Eagles of the World. Purnell, Cape Town, South Africa.

Brunelli M., Allavena S., Borlenghi F., Corbetti L., Fanfani S. & Simmi F., 2004. L’Aquila reale Aquila chrysaetos, il
Lanario Falco biarmicus e il Pellegrino Falco peregrinus nel Lazi. Atti del Convegno, Serra San Quirico (Ancona),
26-28 marzo 2004. Parco Regionale della Gola della Rossa e di Frasassi: 103-105.

Cauli F. & Genero F. (a cura di), 2017. Rapaci d’Italia. Edizioni Belvedere, Latina, pp.143-149.

Ceccarelli P.P. & Agostini N., 2017. Unprecedented nesting activity by the Golden Eagle Aquila chrysaetos in the
Foreste

Casentinesi, Monte Falterona and Campigna National Park. Avocetta 41 : 71-72.

Cheylan G., 1981. Introduction. In : Cheylan G., Thibault J.C. (eds.), Rapaces Méditerranéens. Annales du Centre de
Recherches Ornithologiques de Provence, 1:3-5.

Chiavetta M., 1981. | rapaci d’Italia e d’Europa. Rizzoli, Milano, pp. 247-256.

Clouet M., Gerard J.F., Goulard M. & Rebours J., 2017. Diet and Breeding Performance of the Golden Eagle Aquila
Chrysaetos at the Eastern and Western Extremities of the Pyrenees: An Example of Intra-Population Variability.
Ardeola 64 (2): 347-361.

Craig G.R. & Enderson J.H., 2004. Peregrine Falcon biology and management in Colorado (1973-2001). Technical
Publication No. 43, Colorado Division of Wildlife, Fort Collins, USA.

Cramp S. & Simmons K.E.L., 1980. Handbook of the birds of Europe, the middle East and Nord Africa, vol. 2, Hawks to
Bustards, Oxford University, Oxford, U.K.

Crescentini R. & Klaver J.M.l.,, 1997. Orchidee spontanee della Provincia di Pesaro e Urbino con osservazioni sulle
specie delle Marche - iconografia e distribuzione, Provincia di Pesaro Urbino.


javascript:ApriFinestra('pop_up.php?lingua=it&id_sezione=29&id_gestione=100&record=1287&tabella=pubblicazione%27,480,360,%27YES%27)
https://www.fs.usda.gov/research/about/people/tgrubb
https://doi.org/10.1016/j.gecco.2014.11.017
https://doi.org/10.1016/j.gecco.2014.11.017
javascript:ApriFinestra('pop_up.php?lingua=it&id_sezione=29&id_gestione=100&record=89&tabella=pubblicazione%27,480,360,%27YES%27)
javascript:ApriFinestra('pop_up.php?lingua=it&id_sezione=29&id_gestione=100&record=89&tabella=pubblicazione%27,480,360,%27YES%27)

Ellis D.H., 1986. Extremely tall eagle nests. Natl. Geogr. Res. 2:517-519.
Ellis D. H., Craig T., Craig E., Postupalsky S., LaRue C.T., Nelson R.W., Anderson D.W., Henny C.J., Watson J., Millsap B.A.,

Dawson J.W., Cole K.L., Martin E.M., Margalida A. & Kung P., 2009. Unusual raptor nests around the world. Journal of
Raptor Research 43 (3): 175-198.

Falconeri di Carpegna G., 1892. Sull’avifauna della provincia di Pesaro e Urbino. Boll. Soc. Romana Studi Zoologici, vol. I:
1-56.

Fasce P. & Fasce L., 2004. Stato delle ricerche sull’Aquila reale Aquila chrysaetos in Italia. In Magrini M., Perna P. &
Scotti M. (eds) 2007: Aquila reale, Lanario e Pellegrino nell’'ltalia peninsulare. Stato delle conoscenze e
problemi di conservazione. Atti del Convegno, Serra San Quirico (Ancona), 26-28 marzo 2004. Parco Regionale
della Gola della Rossa e di Frasassi: 25-34.

Fasce P. & Fasce L., 2017. A comment about the meetings results. Avocetta 41 (2): 93-95.

Felici C., 1982, Lettere ad Ulisse Aldrovandi, 1555-1573, a cura di Franco Nonni, Quattro Venti Ed., Urbania.
Gasparini V., 1894. Avifauna marchigiana. Premiata Societa Tipografica Cooperativa, Fano.

Giacchini P., 2003. Check list degli uccelli delle Marche. Riv. Ital. di Orn. 73 (1): 25-45.

Giacchini P. (eds), 2019. Gli uccelli del Furlo. | Quaderni del Furlo, n.5. Provincia di Pesaro e Urbino, Riserva Naturale
Statale Gola del Furlo.

Gonzalez, L.M., Arroyo, B.E., Margalida, A., Sanchez, R. & Oria, J., 2006. Effect of human activities on the behaviour of
breeding Spanish imperial eagles (Aquila adalberti): management implications for the conservation of a
threatened species. Animal Conservation, 9: 85-93.

Katzner T.E., Kochert M.N., Steenhof K., McIntyre C.L., Craig E.H. & Miller T.A., 2020. Golden eagle (Aquila chrysaetos),
version 2.0., in Birds of the World, eds P.G. Rodewald and B.K. Keeney (Ithaca, NY: Cornell Lab of Ornithology).

Loppi V., 1753. Relazione delle cose naturali che si ritrovano nel territorio di Sestino detto altrimenti potesteria del
Sasso Simone e della sua situazione, in Renzi G. (a cura di), 1990. I/ Sasso di Simone. Scritti di naturalisti toscani
del Settecento, Societa di studi storici per il Montefeltro, Nobili, Pesaro.

Magrini M., Perna P., Angelini J. & Armentano L., 2001. Tendenza delle popolazioni di Aquila reale Aquila chrysaetos,
Lanario Falco biarmicus e Pellegrino Falco peregrinus nelle Marche e in Umbria. Avocetta 25:57.

Magrini M., Perna P., Angelini J., Armentano L. & Gambaro C., 2013. Andamento della popolazione di Aquila reale
Aquila

chrysaetos (Linnaeus, 1758) in un’area dell’Appennino centrale tra il 1979 e il 2012. Pp. 188-196. In: Mezzavilla F. &
Scarton F. (eds), Atti 2° Conv. Ital. Rapaci Diurni e Notturni. Quaderni Faunistici 3.

Martino G., Siclari A. & Tralongo S., 2017. The Golden Eagle Aquila chrysaetos in the Aspromonte National Park: first
surveys on its status and ecology. Avocetta 41:81-84.

Mathieu R., 1985. Développment du pousin d’Aigle royal (Aquila chrysaetos) et determination de I'age dans la nature
par

I'observation éloignée. Breive 7:71-86.

Matterrozzi Brancaleoni V., 1808-1812. Memorie ed Osservazioni di V.M.B. per servire alla storia naturale del Monte
Nerone. Manoscritto.

Nardelli R., 2017. Trend and status of the Golden Eagle Aquila chrysaetos breeding population in the northern
Apennines: Results from 20-years of monitoring. Avocetta 41: 63-68.

Newton 1., 1997. Population Ecology of Raptors. Poyser, Berkhamsted.

Pandolfi M., 1975. Note faunistiche sulla Provincia di Pesaro e Urbino. Quaderni dell’ambiente, Provincia di Pesaro e
Urbino, 1: 53-86.

Pandolfi M. & Giuliani A., 1993. Lineamenti storici e ricerca faunistica nella provincia di Pesaro e Urbino e nelle Marche.
Biogeografia (XVII).

Pandolfi M. & Zanazzo G., 1993. Una avifauna dell’Appennino centrale del ‘500: il trattatello “Cognitione degl’uccelli et
animali pertinenti a I'aere” e le lettere di Costanzo Felici da Piobbico ad Ulisse Aldrovandi. Biogeographia 17:
509-530.



Pandolfi M. & Giacchini P., 1995. Avifauna della Provincia di Pesaro e Urbino. Amministrazione provinciale di Pesaro e
Urbino. Assessorato ambiente. Pesaro, pp. 107-108.

Pandolfi M., Vitali I., Giuliani A. & Costantini G., 1996. Feeding habitats and diet of the Golden Eagle (Aquila chrysaetos)
in the Central Apennines. Abst. 2nd Intern. Conf. on Raptors:56.

Pantalone M., Bai S., & Saltarelli M., 2022. Gli uccelli della provincia di Pesaro-Urbino: fenologia e check list. Uccelli
d’Italia, 47 (1-2): 184-205.

Pedrini P. & Sergio F., 2001. Density, productivity, diet and human persecution of Golden Eagles (Aquila Chrysaetos) in
the Central Eastern Italian Alps. J. Raptors Res. 35:40-48.

Pedrini P. & Sergio F., 2002. Regional conservation priorities for a large predator: Golden Eagles (Aquila chrysaetos) in
the Alpine range. Biological Conservation, 103: 163-172.

Perna P., Angelini J., Armentano L., Cristiani G., Gambaro C., Magrini M., Pandolfi M. & Ragni B., 2004. L'Aquila reale
Aquila chrysaetos, il Lanario Falco biarmicus e il Pellegrino Falco peregrinus nelle Marche. In Magrini M., Perna
P. & Scotti M. (eds) 2007: Aquila reale, Lanario e Pellegrino nell’ltalia peninsulare - Stato delle conoscenze e
problemi di conservazione. Atti del Convegno, Serra San Quirico (Ancona), 26-28 marzo 2004. Parco Regionale
della Gola della Rossa e di Frasassi: 95-98.

Poggiani L. & Dionisi V., 2015. Mammalia. | mammiferi del bacino del Metauro. Collana “I libri del Lago Vinici” n.3,
Centro Studi Argonauta, Fano.

Ragni B., Magrini M. & Armentano L., 1986. Aspetti della biologia dell’Aquila reale Aquila chrysaetos nell’ Appennino
umbro-marchigiano. Avocetta 10:71-85.

Ragni B., 2004, Trentatre anni di Mal d’Aquila. In Magrini M., Perna P., Scotti M. (eds). 2007. Aquila reale, Lanario e
Pellegrino nell’ltalia peninsulare- Stato delle conoscenze e problemi di conservazione. Atti del Convegno, Serra
San Quirico (Ancona), 26-28 Marzo 2004. Parco Regionale Gola della Rossa e di Frasassi, pp.15-20.

Saltarelli M. & Pantalone M., 2023. Long-term monitoring of the Peregrine Falcon Falco peregrinus nesting in the Furlo
Gorge State Nature Reserve (Marches, central Italy), Avocetta 47 (1): https://doi.org/10.30456/AV0.2023102

Salvadori T., 1872. Fauna d’Italia. Uccelli. Vallardi, Milano.

Schiassi S., Battaglia A., Bonora M., Campora M., Cottalasso R., Del Chiaro L., Mendi M., Pastorino A., Pedrelli M., Ricci
U,

Sesti L. & Nardelli R., 2013. Monitoring of Golden eagle Aquila chrysaetos breeding pairs in the Northern Apennines
(1997-2012), in Mezzavilla F., Scarton F. (eds), 2013. Atti Secondo Convegno Italiano Rapaci Diurni e Notturni.
Treviso, 12-13 ottobre 2012. Associazione Faunisti Veneti, Quaderni Faunistici 3:179-187.

Steidl R.J. & Anthony R.G., 2000. Experimental effects of human activity on breeding Bald Eagles. Ecological
Applications, 10: 258-268.

Tarquini S., Isola I., Favalli M. & Battistini A., 2007. TINITALY, a digital elevation model of italy with a 10m-cell
size (Version 1.0), Istituto Nazionale di Geofisica e Vulcanologia (INGV). https:// doi.org./10.13127/TINITALY/1.0.

Tjernberg, M.,1985. Spacing of Golden Eagles Aquila chrysaetos nests in relation to nest site and food availability. /bis,
127: 250-255.

Tormen G. & De Col S., 2017. Status of the Golden Eagle Aquila chrysaetos in Veneto. Avocetta 41: 55-58.

Viggiani G., 2001, Cause di abbandono di siti di nidificazione di Aquila reale nell’Appennino meridionale. Avocetta 25:
261.

Watson J., 2010. The Golden Eagle. T&A D. Poyser, London.
Whitlock M. & Schluter D., 2014. The analysis of biological data. W.H. Freeman & Co. Ltd., USA.

Received: 5 October 2023

First response: 5 December 2023
Final acceptance: 17 June 2024
Published online:

Editor: Benedetta Catitti


https://doi.org/10.30456/AVO.2023102

Table 1 Environmental characteristics of nesting sites (Ledge = flat ledge on steep rock face; Niche= indentation of rock face; Small
terrace= large rocky ledge on wall).

Nest | Characteristics of nesting sites | Mountain | Exposition | Altitude Wall height Number of

(a.s.l) m (m) years user
C1 | Ledge M. Catria SE 1146 135 15
C2 | Ledge M. Catria SE 1170 160 7
C3 | Ledge M. Catria SE 1190 180 3
F1 | Ledge Furlo Gorge S-SE 597 106 6
F2 | Niche Furlo Gorge NE 534 52 5
F3 | Ledge Furlo Gorge NW 560 110 2
F4 | Ledge Furlo Gorge NW 590 140 1
F5 | Cave with large cavity Furlo Gorge NW 550 100 17
N1 | Ledge M. Nerone SW 540 187 1
N2 | Niche M. Nerone SW 710 110 7
N3 | Ledge M. Nerone SW 770 86 2
N4 | Ledge M. Nerone SW 753 74 2
N5 | Small terrace with Quercus ilex M. Nerone SwW 645 85 1
N6 | Ledge M. Nerone E 518 93 1
P1 | Ledge M. Petrano SE 577 257 9
SS1 | Ledge Sasso NE 1061 100 1

Simone




Table 2 Raw breeding values of Golden Eagles throughout the study period (1983-2023) for each monitored area

M. M. Furlo M. Sasso Simone
Catria | Nerone | Gorge | Petrano
Year of monitoring 40 29 34 11 2
No data years 1 7 3 0 0
Territorial pairs but not breeding 7 9 3 2 1
Territorial mated pairs but not breeding 2 4 2 0 0
Total fledglings (N=75) 26 12 27 9 1
Total fledglings mean 0.65 0.41 0.79 0.81 0.5




Table 3 Summary of breeding information across all sites within the study area during the monitored period (1983-2023) (e.g. Fasce
& Fasce 2017)

Total checked breeding seasons 115
Reproductive events with laying 80 (69.6%)

Average breeding territories per pair 3.2 (n. 16; range 1-6)
Average elevation of nest 744 (n.16; range 518-1190 m)
Total fledged young 75

Productivity 0.65
Reproductive success 0.94

Fledging rate 1.14




Fig. 1 Study area (red), mountainous areas above 400 metres in other neighbouring regions (green). Background DEM, downloaded
from TinITaly (Tarquini et al. 2007).
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Fig. 2 Frequency of the first egg laying between February and April in 4 of the study sites investigated.
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Fig. 3. Brood with three chicks (Furlo Gorge, 1997)
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Fig. 4. Furlo Gorge (M. Paganuccio), historical nest-F5 (2014 and 2007)




