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Abstract: We assessed the prerequisites for foraging resources availability in connection with breeding habitat
choice for the golden eagle (Aquila chrysaetos), long-legged buzzard (Buteo rufinus) and peregrine falcon
(Falco peregrinus) along the Balkan Mountains, by applying spatial distribution models of their main
prey species. In the study area, the most probable foraging resources for the golden eagle were the rock
partridge, the common quail and the European ground squirrel, for the long-legged buzzard — the common
vole, and the peregrine falcon — the mistle thrush and the common wood pigeon. In most territories of
the three birds of prey species, there were prerequisites for the presence of at least several prey species.
Reptiles did not make a significant contribution as a food source for the golden eagle and long-legged buz-
zard. Spatial distribution models for assessing the preconditions for foraging resources availability in the
breeding territories of birds of prey can be applied as indirect methods in a reliable alternative approach.
Additionally, this allows the identification of possible contribution of certain prey species in the birds of

prey food spectrum in a given area.
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choice of nesting area for birds of prey and largely
determines the long-term occupation of the territo-
ries, successful reproduction and the establishment
of a stable population in the area.

The main purpose of modelling the prefer-
ences of different species for habitat is to identify
the relationship between habitat characteristics and
species distribution. Often, field research on birds

Introduction

The identification of the habitat quality is a key goal
in the conservation of endangered species, allowing
for their better protection and management (PEDRINI
& SERGIO 2002). The foraging resources are one of
the most important components of the habitat. Birds
of prey, as other predators, to minimise their energy

expenses choose the habitats that are the most suit-
able for hunting (KrEBS et al. 1983). The availability
of appropriate prey is a major factor influencing the

"Corresponding author: djorgova@gmail.com

of prey is costly and time-consuming because the
birds are low in number and live in remote moun-
tainous areas (WATSON 1997). Therefore, identify-
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ing the important areas for these species using spa-
tial models that utilise the ready-made habitat data
is an extremely good opportunity (McLEOD et al.
2002). Spatial models are widely applied in modern
research (McLEoD et al. 2002, LopPEz-LOPEZ et al.
2007). In recent years, habitat modelling has played
an increasingly important role in studying the dis-
tribution of organisms (GUISAN & THUILLER 2005).
Predictive models were used in conservation biol-
ogy for a variety of purposes, including monitoring
rare species, assessing probabilities of changes in
habitat, identifying suitable sites for reintroduction
(YANEZ & FLOATER 2000), design of protected areas
(L1 et al. 1999, LarsoN et al. 2004) and support-
ing their management (BRADBURY et al. 2000), and
even assessment of global impact processes such as
climate change (BERRY et al. 2002, THUILLER 2003,
SkOV & SVENNING 2004). Modelling of prey species
availability is an important pre-requisite for every
good habitat model for predator species.

The golden eagle Aquila chrysaetos (Linnaeus,
1758) and the peregrine falcon Falco peregrinus
Tunstall, 1771 were numerous in Bulgaria until the
beginning of the 20th century but later their popula-
tions began to decline. The current number of the
golden eagle is 150 pairs (PETROV et al. 2015) and
the peregrine falcon is present with about 200 pairs
(Stoyanov et al. 2015). The long-legged buzzard
Buteo rufinus (Cretzschmar, 1827) settled in Bul-
garia as a nesting species in the middle of the 20th
century (Boev 1962); in our days, it has a breed-
ing population of about 800-1000 pairs (VATEV et al.
2015). The main part of the European population of
the long-legged buzzard occurs on the Balkan Pen-
insula.

All three species are of high conservation con-
cern in Bulgaria therefore they are protected by the
Biodiversity Act, Annexes II and III. They are also
listed in the Red Data Book: the golden eagle and
the long-legged buzzard are in the category Vulner-
able (VU) (PeTROV et al. 2015, VATEV et al. 2015),
and the peregrine falcon is in the category Endan-
gered (EN) (Stoyanov et al. 2015).

During the breeding season the golden eagle
is found at rocky cliffs, gorges and areas with high
rocky walls, and in rock formations, near open spac-
es. It nests on cliffs — on platforms under canopy or
in small caves (SIMEONOV et al. 1990); tree nests are
less common (SiMeEONOV et al. 1990, MILTSCHEW
& GEORGIEWA 1992, PETROV et al. 2007). It feeds
mainly on medium-sized mammals and birds as
well as on reptiles and amphibians. In winter, it also
feeds on carrion. Some pairs on the Balkan Peninsu-
la were observed to specialise in feeding on tortoises
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(ARABADZHIEV 1962, BoEv 1980, SIMEONOV et al.
1990, WaTsON 1992, GEORGIEV 2009).

The long-legged buzzard inhabits open hilly
terrains in the foothills near river gorges, deforested
mountain slopes, separate rock formations, stone
quarries with open spaces around them (arable land,
pastures), where it goes for hunting (SIMEONOV et
al. 1990, Vatev et al. 2015). It positions its nests in
niches or on edges of vertical or hard to reach cliffs
(BoOEv 1962, MICHEYV et al. 1984, VATEV 1987, SIME-
onov et al. 1990), as well as in quarries and trees,
often near shrubby areas and high voltage electric
poles (MILCHEV 2009, DEMERDZHIEV et al. 2014).
The diet of the long-legged buzzard includes small
and medium-sized mammals and birds, reptiles, am-
phibians, and large insects (CRaAMP & SIMMONS 1980,
MICHEV et al. 1984, VaTtev 1987, SIMEONOV et al.
1990, SNOw & PERRINS 1998, MILCHEV 2009, ORTA
et al. 2020). Varied prey is hunted with small rodents
being an important part of its diet (PETROV 1964).
The European ground squirrel appears to be a pre-
ferred prey, where available (PETROV 1964, MICHEV
et al. 1984, DupAs & SANDOR 1993). In the area of
the Besaparski hills, a transition to alternative prey
(domestic pigeons) has been observed, as a feeding
adaptation due to the reduction of the ground squir-
rel colonies (DEMERDZHIEV et al. 2014).

The peregrine falcon inhabits rocky terrains
near open spaces with groups of trees and small
groves. It is very rare in the alpine areas of the moun-
tains above the tree line and in settlements (SIME-
oNov et al. 1990, StoyNnov et al. 2007, STOYANOV
et al. 2015). It feeds mainly on birds, and sometimes
on small mammals (ARABADZHIEV 1962, SIMEONOV
et al. 1990, Stoyanov 2003, RaGgyov et al. 2008,
WHITE et al. 2020).

The golden eagle, the long-legged buzzard
and the peregrine falcon are one of the most com-
mon diurnal birds of prey in the Balkan Mountains
Region with overlapping distribution. To assess the
prerequisites for foraging resources availability in
connection with these three species breeding habi-
tat choices we applied spatial distribution model-
ling for prey species in the study area and conducted
analyses according to three research questions: (1)
According to the suitable habitats in the study area,
what were the key prey species in the breeding terri-
tories of the three target birds of prey species? (2) In
the study area what was the degree of the breeding
territories heterogeneity in terms of main prey spe-
cies diversity? (3) What are the differences between
the different parts of the Balkan Mountains in terms
of main prey species suitable habitats for the respec-
tive bird of prey?
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Materials and Methods

Study area

The Balkan Mountains are a well pronounced moun-
tain range in Bulgaria with an area of 11,596 km?. It
is about 530 km long and between 15 and 45 km
wide. It is divided into three parts — Western, Central
and Eastern Balkan. Its average altitude is 722 m,
and its highest altitude is 2376 m (Botev Peak). In
the Balkan Mountains, a mountainous variety of the
temperate continental climate predominates, and the
seasonal distribution of precipitation characterises
it as an area with a temperate continental retention
regime.

Deciduous forests predominate, composed of
European beech (Fagus sylvatica), common horn-
beam (Carpinus betulus), durmast oak (Quercus
petraea), with patches of Moesian beech (Fagus
sylvatica moesiaca), sweet chestnut (Castanea sa-
tiva), Turkey oak (Quercus cerris) and Balkan pine
(Quercus frainetto). The coniferous forests do not
form a continuous vegetation belt. Forests of Nor-
way spruce (Picea abies), less woods of Scots pine
(Pinus sylvestris) and remnant woods of Balkan pine
(Pinus peuce) predominate. Alpine grass vegetation
is widespread in the highest parts of the mountain
(KopraLEv 2002).

The fauna of the Balkan Mountains is charac-
terised by significant species diversity. Forest fauna

species predominate, and alpine species are also
found in the high mountain belt (GRUEV & Kuz-
MANOV 1994). The study area covers about 46% of
the territory of the Balkan Mountains and parts of
the sub-Balkan fields (Fig. 1).

Fieldwork

The data on the nest locations of the golden eagle,
the long-legged buzzard and the peregrine falcon on
the territory of the Balkan Mountains were collected
in 2006-2010 during the breeding season (March to
July). Prior to the study, potential nesting sites such
as cliff formations and solitary cliffs were identified
based on reports of previous cases of nesting, also,
a survey of topographic maps and maps of Google
Earth™ was performed.

Potential locations were explored from an op-
timal distance, depending on the field conditions.
The terrain was scanned using Leica 8 x 42 HD-B
binoculars with a laser rangefinder and a 20-60x
Swarovski spotting scope. The centres of the breed-
ing territories were mapped through triangulation
based on data from a GPS device (Garmin MAP
60CSx), laser rangefinder of the binoculars, and
compass. When a position with direct visibility to
the active nest was not available and its location
could not be determined with the adopted accuracy,
the centre of the breeding territory was set to the
place most vigorously defended from other raptors,
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Fig. 1. Map of study area with the breeding territories of the golden eagle, the long-legged buzzard and the peregrine falcon.

387



Djorgova N., Ragyov D., Popgeorgiev G., Biserkov V., Biserkov Y., Zlatanova D. & Nikolov B. P.

Table 1. Potential prey species covered by the analyses
for the golden eagle, the long-legged buzzard and the per-
egrine falcon

N° | Potential prey species Aquila Buteo FalcF)
chrysaetos | rufinus | peregrinus

1 | Rupicapra rupicapra X

2 Lepus europaeus X X

3 | Spermophilus citellus X X

4 Microtus arvalis X

5 Anthus spinoletta X

6 Alauda arvensis X

7 Alectoris graeca X X X

8 | Columba palumbus X

9 Coturnix coturnix X X X
10 Perdix perdix X X X
11 Turdus viscivorus X
12 Testudo graeca X

13 Testudo hermanni X

14 | Coronella austriaca X

15 | Dolichophis caspius X

16 Lacerta viridis X

or to an inactive nest near indications of being used
in previous years. As a total, 38 territories of the
golden eagle, 54 territories of the long-legged buz-
zard and 20 territories of the peregrine falcon were
identified (Fig. 1).

Of all prey species found in the survey area, in
the present study we considered the following: eight
prey species of the golden eagle, nine species from
the food spectrum of the long-legged buzzard and
seven species from the food spectrum of the pere-
grine falcon (Table 1). The selection of the species
from the food spectrum of the three species of birds
of prey for the present study was based on: (1) Liter-
ature data on the food spectrum of the three species
of birds of prey within their habitats. (2) The scarce
literature data on the food spectrum of the three spe-
cies of birds of prey in the study area. (3) Expert
assessment of the presence, abundance and degree
of overlap of the habitat preferences of the species
from the food spectrum with the open spaces, which
are preferred hunting areas for all three species of
birds of prey.

GIS analyses

The analyses and maps were created using ArcGIS
10.6 (ESRI, Redlands, CA, USA). The following
input layers used in the analyses: (1) Centres of
breeding territories (point layers), created by GPS
coordinates. (2) Nesting territories (polygon lay-
ers) obtained by conditionally buffering the cent-
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ers of the breeding territories with a radius of 6000
m for A. chrysaetos (McGRADY et al. 2002) and
4000 m for B. rufinus (ALIVIZATOS & GOUNTER
1997) and F. peregrinus. (3) Spatial distribution
models of 16 species from the food spectrum of
the golden eagle, the long-legged buzzard and the
peregrine falcon.

All models were built on actual data on the
presence of the prey species both in the target area
and outside it, using MaxEnt program (PHILLIPS et
al. 2006, PHILLIPS & DubIk 2008, PHILLIPS et al.
2017). Three models have been developed earlier
— common vole model (at 30 m resolution, Popov
2015), the European ground squirrel and the cham-
ois models (at 20 m resolution, prepared by V. Pop-
ov under the project “Mapping and determination of
the conservation status of natural habitats and spe-
cies Stage I” under the operational program “Envi-
ronment 2007-2013” of the MOEW). The models of
the rest of the 13 prey species and were developed
at 40 m resolution especially for the current study.
The models were built with the following number
of locations for each prey species: Lepus europaeus
— 560, Anthus spinoletta — 350, Alauda arvensis —
1690, Alectoris graeca — 45, Columba palumbus —
980, Coturnix coturnix — 380, Perdix perdix — 850,
Turdus viscivorus - 1830, Testudo graeca — 1458,
Testudo hermanni — 2865, Coronella austriaca —
680, Dolichophis caspius — 129, Lacerta viridis —
12,380. The data on the locations of the birds were
provided by BSPB, and the rest were from the per-
sonal archive of the authors.

The modelling procedure was based on 23 var-
iables: 19 bioclimatic variables from WorldClim v.
2, averaged for the period 1970-2000, with original
pixel size approx. 1 km? (Fick & Humans 2017);
topographic variables — altitude (m), exposure (°)
and slope (°), calculated using Spatial Analyst in
ArcGIS from a digital elevation model (DEM) with
a resolution of 20 m; CORINE Land Cover — CLC
2006.

The scale of the original raster (excluding
DEM-based ones) was reduced to a pixel size of
40 m, using “cubic convulsion” resampling in Arc-
GIS. Metric projection coordinate system WGS 84,
UTM zone 35N was used in all analyses. For the
final version of the model, 100 replicates with the
“Bootstrap” option and 25 % of the points selected
randomly for verification of each replication were
set. 100 000 background points and a logistic stand-
ard for the source data were used to facilitate their
interpretation (Fig. 2, AP).

Parameters analysed included: 1. Cumulative
area (m?) of habitats with probability of prey spe-
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Fig. 2. Spatial models of 16 species from the food spectrums of the golden eagle, the long-legged buzzard and the peregrine falcon.
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cies presence over 50 %. It is calculated as a sum of
raster cells for the habitat areas of each prey species,
calculated for each breeding territory of the target
birds of prey species. 2. Areas (m?) of habitats in
which the probability of each prey species presence
was over 50 %. Those were registered individually
for each of the prey species in each breeding terri-
tory of the target birds of prey species. The analyses
included each of the eight species for the golden ea-
gle, nine species for the long-legged buzzard, and
seven species for the peregrine falcon (Table 1). 3.
Pairs’ shared areas (m?) of the habitats with foraging
resources — areas of the habitats with foraging re-
sources in which each pair of the target birds of prey
species used independently or shared either with
birds of the same species and other species, regis-
tered for each breeding territory of the target birds
of prey species.

Statistical analyses

Statistical data analyses were performed using STA-
TISTICA, v. 12 (Data Analysis Software System,
STaTSOFT INC. 2014) and PAST software (HAMMER
et al. 2001). Descriptive statistics were used to cal-
culate the following parameters: (1) Percentage of
the prey species habitats cumulative areas from the
areas of the target birds of prey breeding territories;
(2) Percentage of habitat areas for the eight golden
eagle prey species, nine long-legged buzzard prey
species and seven peregrine falcon prey species. The
habitat areas were calculated for each prey species
with the cumulative areas in the breeding territory
of each target species of birds of prey; (3) Percent-
age of the breeding territories of the three species of
birds of prey according to the prey species diversity;
(4) Percentage of the cumulative habitat areas of the
prey species from the area of the breeding territories
of the three species of birds of prey in Western, Cen-
tral and Eastern parts of the Balkan Mountains; (5)
Percentage of the habitat areas of each of the eight
prey species for the golden eagle, of the nine prey
species for the long-legged buzzard, and of the sev-
en prey species for the peregrine falcon in Western,
Central and Eastern Balkan, from the cumulative ar-
eas of the breeding territories of target species; (6)
Percentage of the areas of the habitats with forag-
ing resources employed independently and of the
areas of the habitats with foraging resources, shared
with birds of prey of the same species and the other
target species, from the cumulative habitats of the
prey species in the territories of the golden eagle, the
long-legged buzzard and the peregrine falcon.

Prey species diversity in the nesting territories
of the golden eagle, the long-legged buzzard and

the peregrine falcon was defined by the Shannon
diversity index (H) calculated in PAST software
(HAMMER et al. 2001). The comparison of the three
species according to different parameters, as well
as the comparison of the prerequisites for the avail-
ability of foraging resources in the three parts of
the Balkan Mountains for each of the target spe-
cies was performed using non-parametric one-way
ANOVA.

Results

The highest percentage of cumulative areas was
found for the peregrine falcon — 65.51 % (SD =
60.49; n = 20), followed by long-legged buzzard
with a very similar value — 63.07 % (SD = 53.97;
n = 54), and by the golden eagle — 31.13 % (SD =
26.78; n = 38) (Fig. 3). Statistically significant dif-
ferences were found between the golden eagle and
the long-legged buzzard for the cumulative areas
(Kruskal-Wallis test: H, |, = 11.866, P = 0.0027).

In the breeding territories of the golden eagle,
the highest average area percentage of the suitable
habitats was for A. graeca — 29.13 % (SD=21.89;
n=38), followed by C. coturnix — 27.31 % (SD
=20.97; n = 38) and S. citellus — 25.03 % (SD =
31.49; n=38). Lower percentages were found for P,
perdix —4.88 % (SD = 5.19; n = 38), L. europaeus
—4.74 % (SD = 10.28; n = 38), T. hermanni — 4.51
% (SD =14.36; n = 38) and R. rupicapra — 4.34 %
(SD = 5.60; n = 38). Almost no habitats suitable for
T. graeca were found — 0.06 % (SD = 0.37; n = 38)
(Fig. 4A).

In the territories of the long-legged buzzard,
cogently the highest average area percentage of the
suitable habitats was for M. arvalis — 42.55 % (SD
=17.65; n = 54), followed by S. citellus — 14.11 %
(SD =17.99; n = 54), A. graeca — 14.05 % (SD =
13.46;n=>54) and C. coturnix—12.99% (SD=14.32;
n = 54). The percentage was lower for the suitable
habitats of C. austriaca — 7.48 % (SD = 7.29; n =
54), L. viridis —4.00 % (SD = 11.62; n = 54), L. eu-
ropaeus —2.57 % (SD = 5.75; n = 54) and P. perdix
—1.99 % (SD =2.57; n =54). The percentage of the
suitable habitats for D. caspius was negligibly low
—0.25 % (SD = 1.16; n = 54) (Fig. 4B).

In the territories of the peregrine falcon, the
highest average area percentage of the suitable hab-
itats was for 7. viscivorus — 35.96 % (SD = 10.70;
n = 20), followed by C. palumbus —27.13 % (SD =
13.29; n = 20), 4. graeca — 19.03 % (SD = 13.30;
n = 20) and C. coturnix — 10.91 % (SD = 15.70; n
=20). The percentage was the lowest for the habi-
tats suitable for A. spinoletta — 3.41 % (SD = 5.42;
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Fig. 3. Percentage of cumulative habitat areas of the prey species from the areas of the breeding territories of the golden

eagle, the long-legged buzzard and the peregrine falcon.

Table 2. Percentage distribution of the breeding territo-
ries of the golden eagle, the long-legged buzzard and the
peregrine falcon according to the prey species diversity

Prey species Distribution of breeding territories [%]
diversity Aquila Buteo Falco
in breeding chrysaetos rufinus peregrinus
territories (n=38) (n=54) (n=20)

1 prey species 2.63 0 0

2 prey species 7.89 0 0

3 prey species 5.26 0 10

4 prey species 0 9.26 10

5 prey species 15.79 1.85 10

6 prey species 60.53 12.96 10

7 prey species 7.89 24.07 60

8 prey species 0 48.15

9 prey species 3.7

n = 20), A. arvensis —2.77 % (SD = 2.24; n = 20)
and P. perdix —0.80 % (SD = 1.13; n = 20) (Fig. 4C).

The average Shannon (H) index value for the
nesting territories of the golden eagle was found to
be 1.03 (SD = 0.34; range 0 — 1.66; n = 38). It was
1.25 (SD = 0.24; range 0.54 — 1.53; n = 54) for the
long-legged buzzard, and 1.30 (SD = 0.27; range
0.74 — 1.74; n = 20) — for the peregrine falcon. The
percentage distribution of the breeding territories of
the golden eagle, the long-legged buzzard and the
peregrine falcon according to the prey species diver-
sity is presented in Table 2.

The results showing the presence of suitable
habitats for 16 potential prey species in the territo-
ries of the golden eagle, long-legged buzzard and
peregrine falcon in the three parts of the Balkan
Mountains are presented in Fig. 5 (A-C). For results
of the descriptive statistics, see Table 3.
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When comparing the prerequisites for the
availability of foraging resources in the territories
of the golden eagle, located in the three parts of the
mountain (Fig. 5A), statistically significant differ-
ences were found between the Western and Eastern
and the Central and Eastern parts of the mountain
for A. graeca (Kruskal-Wallis test: H, ., = 15.539,
P = 0.0004), S. citellus (Kruskal-Wallis test: H, .
= 13.161, P = 0.0014), P. perdix (Kruskal-Wallis
test: H, , = 12.620, P = 0.0018) and R. rupicapra
(Kruskal-Wallis test: H, ., = 15.789, P = 0.0004).
Statistically significant differences in the cumula-
tive areas between Western and Eastern Balkan
(Kruskal-Wallis test: H, ., =7.089, P=0.0289). The
differences between Central and Eastern Balkan
were very close to the reliable ones.

When comparing the percentage of the habitats
of potential prey from the territories of long-legged
buzzard in Western, Central and Eastern Balkan
(Fig. 5B), statistically significant differences for S.
citellus between the western and central parts of
the mountain were established (Kruskal-Wallis test:
H, ;, = 14.605, P = 0.0007). The differences for C.
austriaca were statistically significant between the
Western and Central and between the Western and
Eastern parts (Kruskal-Wallis test: H, ,, = 13.462, P
=0.0012). Statistically significant differences for L.
europaeus were found between the Western and the
Central and between the Central and Eastern parts
(Kruskal-Wallis test: H, ., = 19.014, P = 0.0001).
The differences between the Western and Eastern
Balkan were statistically significant for M. arva-
lis (Kruskal-Wallis test: H, , = 6.923, P = 0.0314)
and P perdix (Kruskal-Wallis test: H, ., = 7.893, P
= 0.0193). Statistically significant differences were
also established between the Western and Central
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Figure 4 (A-C). Area percentage of the habitats of eight prey species in the territories of the golden eagle
(A), nine prey species in the territories of the long-legged buzzard (B) and seven prey species in the
territories of the peregrine falcon (C)

Fig. 4. Area percentage of the habitats of eight prey species in the territories of the golden eagle (A), nine prey species
in the territories of the long-legged buzzard (B) and seven prey species in the territories of the peregrine falcon (C).

Balkan in the cumulative areas (Kruskal-Wallis test:
H, ,, = 14.402, P = 0.0007).

Comparing the prerequisites for the presence
of foraging resources in the territories of the per-
egrine falcon located in the three parts of the Balkan
Mountains (Fig. 5C) revealed statistically significant
differences only for two of the prey species covered
by the analyses: for C. palumbus between Western
and Central Balkan and between Western and East-
ern Balkan (Kruskal-Wallis test: H, ,; = 10.929, P
=0.0042), and T viscivorus between Western and

Central Balkan (Kruskal-Wallis test: H, , = 8.643, P
= 0.0133). No significant differences were found in
terms of cumulative areas with present prey among
the three parts of the Balkan Mountains.

When comparing the cumulative areas with pre-
sent prey in the Western, Central and Eastern Balkan,
statistically significant differences in the western and
eastern parts of the mountain were found among the
three species of birds of prey. In the Western Balkan,
the differences were significant between the golden
eagle and the long-legged buzzard (Kruskal-Wallis
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Fig. 5. Percentage of the cumulative and individual (for each prey species) areas of the suitable habitats of eight spe-
cies of potential prey in the territories of the golden eagle (A), nine species of potential prey in the territories of the
long-legged buzzard (B) and seven species of potential prey in the territories of the peregrine falcon (C) in Western,

Central and Eastern Balkan.

test: H, ,, = 7.209, P = 0.0272). In Central Balkan,
no differences were registered among the three spe-
cies by this parameter. In Eastern Balkan, differences
were proven statistically between the golden eagle
and the long-legged buzzard and between the long-
legged buzzard and the peregrine falcon (Kruskal-
Wallis test: H, ;= 10.906, P =0.0043).

The golden eagle used alone in its territories on
average 58.84 % (SD = 22.23; n = 38) of the areas
with prey, and on average 41.16 % (SD = 22.23; n

= 38) of the prey areas were shared 16.60 % (SD =
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13.96; n = 38) with birds of the same species, and
24.56 % (SD = 19.12; n = 38) with birds of the oth-
er two species. In the territories of the long-legged
buzzard, the areas used by the species alone were on
average 53.39 % (SD = 21.58; n = 54), and these,
which share were on average 46.61 % (SD =21, 58;
n=54)-10.49 % (SD = 9.48; n = 54) - with birds
of the same species, and 36.12 % (SD = 23.27; n =
54) with birds of the other species. The peregrine
falcon used alone in its territories on average 77.17
% (SD = 12.27; n = 20) of its prey areas; on average
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Table 3. Results of the descriptive statistics for the areas of the suitable habitats of eight species of potential prey
in the territories of the golden eagle (A), nine species of potential prey in the territories of the long-legged buzzard
(B) and seven species of potential prey in the territories of the peregrine falcon (C) in Western, Central and Eastern
Balkan

‘West Balkan Central Balkan East Balkan

A Agquila chrysaetos

Prey N | Mean | Min. | Max. | SD | N | Mean | Min. | Max. | SD | N | Mean | Min. | Max. | SD
R. rupicapra 12 | 454 | 0.02 | 1586 | 5.13 | 18 | 7.26 | 0.02 | 16.81| 645 | 8 | 0.05 | 0.00 | 0.24 | 0.10
L. europacus 12 | 3.98 | 0.00 | 10.30  3.87 | 18 | 2.56 | 0.00 |31.96  7.45 | 8 | 1021 0.00 |46.55 | 18.90
S. citellus 12| 9.86 | 0.16 | 39.78 | 13.10| 18 | 16.44 | 0.00 | 83.64 | 2530 | 8 | 68.24 | 21.48 |100.00| 25.59
A. graeca 12 |27.63 | 5.18 | 54.44 | 1452 | 18 | 4276 7.59 | 74.16|20.73 | 8 | 4.07 | 0.00 | 1937 | 7.72
C. coturnix 12 [ 33.15| 0.00 | 73.32 | 28.15 | 18 | 23.61 | 1.29 | 60.23 | 1427 | 8 | 16.99 | 0.00 | 39.48 | 11.70
P, perdix 12| 6.56 | 0.00  19.80 | 6.16 | 18 | 7.37 | 0.00 | 19.80| 5.17 | 8 | 0.15 | 0.00 | 1.17 | 0.41
T graeca 12 | 0.00 | 0.00 | 0.00 | 0.00 | 18 | 0.00 | 0.00 | 0.00 | 0.00 | 8 | 0.28 | 0.00 | 2.27 | 0.80
T, hermanni 12 | 14.28 | 0.00 | 6537|2327 | 18 | 0.00 | 0.00 | 0.00 | 0.00 | 8 | 0.00 | 0.00 | 0.00 | 0.00
acr‘;z“lanveprey 12 | 40.16 | 8.19 | 92.87 | 29.06 | 18 | 39.46  3.90 |90.18|29.46| 8 | 9.32 | 420 | 14.70 | 3.39
B Buteo rufinus

Prey N | Mean | Min. | Max. | SD | N |Mean | Min. | Max. | SD | N | Mean | Min. | Max. | SD
L. europaeus 220 123 | 0.02 | 338 | 091 | 27 | 2.18 | 0.00 | 23.72| 641 | 5 | 10.58  0.00 | 21.14 | 8.66
S. citellus 22| 500 | 0.03 | 3345 885 | 27 |20.82| 0.16  62.62|21.03| 5 | 17.98 034 |38.94 | 15.01
M. arvalis 2213726 9.35 | 81.58 | 15.18 | 27 | 43.32| 16.10 | 72.94 | 16.80 | 5 | 61.73 | 42.61 | 87.43 | 21.58
A. graeca 22| 10.85 | 2.74 | 2241 | 5.71 | 27 | 1832 | 0.00 | 48.54 | 17.20 | 5 | 5.04 | 0.00 | 10.31 | 4.98
C. coturnix 22 | 22.12| 0.00 | 54.61 | 17.44 | 27 | 7.56 | 0.00 |28.77 | 6.88 | 5 | 2.17 | 0.08 | 6.81 | 3.04
P, perdix 22 3.09 | 0.00 | 881 | 3.13 | 27| 146 | 0.00 | 478 | 1.87 | 5 | 0.00 | 0.00 | 0.00 | 0.00
C. austriaca 22 [ 12.13] 0.13 | 2520| 9.04 | 27 | 475 | 0.00 | 11.64 | 3.16 | 5 | 1.82 | 0.02 | 3.80 | 1.35
D. caspius 22 048 | 000 | 838 | 1.82 | 27| 0.08 | 0.00 | 118 | 025 | 5 | 022 | 0.00 | 0.56 | 0.24
L. viridis 22| 7.84 | 0.01 | 51.30 | 17.38 | 27 | 1.53 | 0.00 | 10.80 | 3.14 | 5 | 0.47 | 0.00 | 1.34 | 0.56
Sr‘;‘;s“latweprey 22 |101.31| 20.84 | 187.74| 64.69 | 27 | 36.33 | 11.80 | 97.69 | 19.02 | 5 | 39.25 | 18.21 | 85.36 | 26.36
C Falco peregrinus

Prey N |Mean | Min. | Max. | SD | N | Mean | Min. | Max. | SD | N | Mean | Min. | Max. | SD
A. spinoletta 10 | 0.83 | 0.00 | 3.16 | 1.23 | 8 | 7.49 | 0.00 | 21.02 | 6.79 | 2 | 0.00 | 0.00 | 0.00 | 0.00
A. arvensis 10 | 3.71 | 000 | 745 | 231 | 8 | 2.14 | 0.00 | 5.94 | 1.91 | 2 | 0.58 | 0.00 | 1.16 | 0.82
A. graeca 10 | 13.64 | 3.66 | 3329| 8.06 | 8 |20.05 10.42|30.70 | 8.13 | 2 | 41.87|19.83 | 63.92 | 31.18
C. palumbus 10 | 35.62 | 22.06 | 48.30 | 7.75 | 8 |23.29| 6.18 |32.39| 853 | 2 | 0.03 | 0.00 | 0.07 | 0.05
C. coturnix 10 | 426 | 0.00 | 1648 | 558 | 8 | 17.68| 1.90 | 63.71 20.62 | 2 |17.09 | 0.61 | 33.57 | 23.31
P, perdix 10 | 039 | 000 252|077 | 8 | 1.51 | 0.00 | 422 | 131 | 2 | 0.00 | 0.00 | 0.00 | 0.00
T, viscivorus 10 | 41.56 | 27.61 | 59.83 | 8.75 | 8 | 27.84 12.07 | 40.01 | 8.69 | 2 | 40.42|34.24|46.60 | 8.74
;2‘;;“]ativeprey 10 | 59.82 | 7.90 15330 46.46 | 8 | 88.14 | 0.84 [228.80| 73.65| 2 | 3.43 | 2.20 | 4.66 | 1.74

22.83 % (SD=12.27; n = 20) were shared - 16.67 %
(SD = 13.38; n = 20) with birds of the same species,
and 6.17 % (SD = 10.78; n = 20) with birds of the
other species (Fig. 6).

Statistically significant differences were found
between the golden eagle and the peregrine falcon,
as well as between the long-legged buzzard and the

peregrine falcon in the prey areas used alone and
to the shared prey areas (Kruskal-Wallis test: H,
p = 19.010, P = 0.0001). There were differences
regarding the prey areas, shared with birds of the
other species (Kruskal-Wallis test: H, | , = 28.881,
P <0.0001) but not for those shared with birds of the
same species.
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Fig. 6. Percentage of the areas of the habitats with foraging resources which were used independently and of the areas
of the habitats, shared with birds of the same species and the other species in the territories of the golden eagle, the

long-legged buzzard and the peregrine falcon.

Discussion

Species distribution models although valuable per
se, are prone to bias, limitations and lack of cred-
ibility due to issues with sampling design, accuracy
and resolution of input maps, biotic interactions and
lack of model evaluation (post hoc validation and
verification) (GUISAN & ZIMMERMANN 2000). In the
current study, we did not perform a post hoc model
evaluation, as our aim was a theoretical study on the
potential presence of prey species through the avail-
ability of suitable habitat. Although the inherited
limitations of such an approach, this is a good start-
ing point for future studies on the prey actual distri-
bution by defining the potentials for their presence.
The golden eagle has a wide food spectrum,
it can use alternative foraging resources, when its
preferred prey is lower in number (Moss 2011,
Karzner et al. 2020), and can adapt its food in
response to anthropogenic changes in the environ-
ment (WATSON et al. 1993). It possesses numerous
adaptive hunting skills (SULKAvA et al. 1998). In the
present study, the outcome of the analyses of the
areas with habitats assessed as suitable for golden
eagle’s prey species indicated that the possible main
foraging resources for the golden eagle in the Bal-
kan Mountains must be the rock partridge, the quail
and the ground squirrel. The data from the modeled
probability of presence of these prey species in the
three parts of the Balkan Mountains, implied that the
quail and the rock partridge played the leading role
as a foraging resource for the golden eagle in the
Western and Central Balkan. The key prey species
for this bird of prey in the Eastern Balkan was (con-
vincingly so) the ground squirrel - with the highest
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degree of probability as the most accessible forag-
ing resource. The presence of the ground squirrel in
the central part of the mountain was much lower,
and in the western very limited. Tortoises, listed as
the main species in the food spectrum of the golden
eagle on the Balkan Peninsula, Bulgaria inclusive
(ARABADZHIEV 1962, Bogev 1980, GRrRuUBAC 1986,
SIMEONOV et al. 1990, WATSON 1992, GEORGIEV
2009), in the study area were extremely sparse in
the territories of the golden eagle. A low percent-
age of habitats suitable for Hermann’s tortoise was
registered in the territories of the golden eagle only
in the Western Balkan, and there was a single habi-
tat suitable for Hermann'’s tortoise in the territory of
only one pair of golden eagles in the Eastern Balkan.
That gave us reason to assume that in the study area,
tortoises did not make a significant contribution as a
food source for the golden eagle.

The long-legged buzzard is a species also with
broad food preferences. Its diet includes representa-
tives of almost all groups of vertebrates (CRAMP &
SiMMONS 1980, SNOw & PERRINS 1998, ORTA et al.
2020). It is able to adapt to local prey abundance
(MRLIK & LANDSFELD 2002) and switch to alterna-
tive food sources (DEMERDZHIEV et al. 2014). The
common vole, with the highest percentage of suit-
able habitats in the territories of the long-legged
buzzard in the study area, stood out as a possible
leading foraging resource. The highest average val-
ues for habitats suitable for the common vole were
found in the Eastern part of the mountain (over 60
%), and the probability of this species presence was
also relatively high in the other two parts (about 40
%). The ground squirrel, which has been pointed out
as a key species in the food spectrum of the long-
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legged buzzard (MICHEV et al. 1984, ALIVIZATOS &
GOUNTER 1997, MiLcHEV 2009, REDpINOV 2010),
had a more tangible presence in Central and Eastern
Balkan, and additionally, it was sparsely distributed
in the Western Balkan. In the Western Balkan, the
quail in the territories of the long-legged buzzard
seemed to hold the second place after the common
vole by the presence of suitable habitats, respective-
ly as a possible foraging resource. In many studies in
other parts of the range of the long-legged buzzard,
reptiles were often found to be present in its food
spectrum (ALIVIZATOS & GOUNTER 1997, GRUBAC
1999, HosSEINI-ZAVAREI et al. 2008, Y1-QuN et al.
2008, FRIEDEMANN et al. 2016). Due to the moun-
tainous nature of the study area, the habitats suitable
for reptiles were more limited. Habitats that suggest
the presence of the smooth snake and green lizard,
often mentioned as a species in the food spectrum of
the long-legged buzzard (MICHEV et al. 1984, VATEV
1987, SiMeEONOV et al. 1990, MiLcHEvV 2009), were
found mainly in the Western Balkans and with a low
percentage, which suggested that the reptiles could
not be considered a reliable food source for the long-
legged buzzard population in the Balkan Mountains.

A characteristic feature of the peregrine falcon
is that its diet is dominated by birds, which are the
most abundant in the area (KARYAKIN & NIKOLENKO
2009). In the territories of the species in the study
area, the mistle thrush had the highest percentage of
suitable habitats, followed by the wood pigeon and
to a lesser extent of the rock partridge and the quail.
When comparing the territories of the peregrine
falcon in the three parts of the Balkan Mountains,
based on the percentage share of suitable habitats,
the mistle thrush could play a leading role as a for-
aging resource. In the eastern part of the mountain,
the percentage of the available habitats suitable for
the rock partridge was present in coverage very
close to this of the mistle thrush, but a relatively low
distribution and abundance of the rock partridge in
that part of the mountain was reported (NIKOLOV et
al. 2007, Boev & Nikorov 2015). Therefore, this
species probably could not contribute significantly
as a source of food for the peregrine falcon in the
Eastern Balkan. The presence of the wood pigeon
in the territories of the peregrine falcon according to
the developed model was most likely concentrated
in the Western and Central Balkan.

The peregrine falcon often feeds on feral pi-
geons (Columba livia f. domestica) (MEARNS 1983,
Stoyanov 2003, RaGyov et al. 2008) and although
not included in the analyses in the present study,
this species could be a possible food source in the
territories located near settlements. The distribu-

tion of the quail in the western part of the moun-
tain was extremely scarce. This species could play a
role as a foraging resource in the other two parts of
the mountain, where the probability of its presence
in the territories of the peregrine falcon was about
17 %. Although there was evidence of a relatively
high percentage of mammals in the food spectrum
of some pairs of the peregrine falcon (about 33% of
its prey biomass) (BRADLEY & OLIPHANT 1991), due
to a lack of information on the presence of mammals
in the food spectrum of the peregrine falcon in the
study area, species of this class were not included as
potential prey in the analyses in this study. The pres-
ence of mammals in the diet of this species could be
the subject of further studies in the future.

As a result of the performed analyses, it was
established that the cumulative areas of the habitats
suitable for the potential presence of prey obtained
by species distribution models were an important
parameter for assessing the preconditions for the
presence of foraging resources. The more important
analysis in this case was not so much what portion
of the bird of prey territory included habitats of po-
tential prey, but how many species (diversity) of po-
tential prey were in that territory.

According to the prey species diversity, the
breeding territories of the golden eagle in the study
area varied from extremely homogeneous, in which
there was only one food species (2.63 % of the ter-
ritories) to territories in which there were prerequi-
sites for the presence of seven out of the eight poten-
tial food species, covered by the analyses (7.89 % of
the territories). The majority of the territories (60.53
%) were likely to have around six species of prey.

The prey species diversity in the nesting ter-
ritories of the long-legged buzzard varied from pos-
sible presence of four (9.26 %) up to all nine prey
species (3.70 % of the territories). In almost half of
the breeding territories (48.15 %), there were pre-
requisites for the presence of eight species from its
food spectrum.

The species diversity of the foraging resource
in the territories of the peregrine falcon varied from
three species (in 10 % of the territories) to seven
species (in 60 % of the territories), i.e. in the pre-
dominant part of the territories, there were prerequi-
sites for the presence of all the food species covered
by the analyses.

Considering the fact that in the Balkan Moun-
tain Region, in addition to the main prey species
included in the analyses, there are others potential
prey species inhabiting the open spaces, it can be
said that the breeding territories of target species in
the study area have good trophic potential. In some
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territories, the cumulative areas reached values
above 200 percent (Fig. 3), due to the fact that all
trophic species included in the analyses have similar
habitat requirements — related to open spaces where
target species prefer to hunt.

The values of Shannon (H) were the highest for
the peregrine falcon, which suggests that its territo-
ries had the highest degree of heterogeneity in terms
of the diversity of habitats suitable for different spe-
cies of prey, while those for the golden eagle were
characterised by the lowest degree of heterogeneity.
The average value of Shannon (H) in the territories
of the long-legged buzzard was closer to that found
for the peregrine falcon.

When comparing the cumulative areas of the
habitats suitable for the presence of prey, the golden
eagle was found to have better prerequisites for the
presence of foraging resources in the Western and
Central Balkan. The territories of the species in the
Eastern Balkan were the poorest in terms of forag-
ing resources, which might be an explanation for the
lower number of nesting areas established in that
part of the study area.

When comparing the nesting territories of the
long-legged buzzard, those located in the western
part of the mountain possessed the greatest poten-
tial for the availability of foraging resources. In the
Eastern Balkan, the territories of the long-legged
buzzard were characterised by much better precon-
ditions for the availability of foraging resources,
compared to those of the other two species.

There is a lack of differences among the three
parts of the Balkan Mountains for the peregrine fal-
con in sense of potential for the availability of forag-
ing resources, but this was expected, in the light of the
small number of territories occupied by the species in
the Eastern Balkan. This might be due to the fact that
the potential for prey species presence is there, but it
was not fully realised in actual presence, due to biotic
interactions or/and anthropogenic factors. However,
the Central Balkan appeared to be the richest in forag-
ing resources, followed by the Western Balkan.

No dependence was established between the
cumulative areas of the habitats suitable for the
availability of foraging resources and the number of
nesting areas in the three parts of the Balkan Moun-
tains. That confirmed the opinion that the occupa-
tion of nesting areas depends not only on the avail-
ability of foraging resources but also on many other
factors (DJORGOVA et al. 2021a,b).

Based on the significant differences found in the
cumulative areas between the golden eagle and the
long-legged buzzard, we could assert that in the study
area the long-legged buzzard chose nesting territories
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that were significantly richer in habitats suitable for
prey than the territories of the golden eagle.

The sharing of foraging resources is an essen-
tial aspect of the intraspecific and interspecific com-
petitive relationships among all species, including
birds of prey. It can influence the choice of nesting
area and thus it had been a subject of research and
evaluation in several studies (MARTINEZ et al. 2008,
Evans et al. 2010). In the case of the golden eagle,
no clear boundaries were found between their hunt-
ing areas - they overlapped significantly, sometimes
two or three pairs of eagles hunting on the same hill
at different times (WATsoN 1957). Overlapping ter-
ritories have also been reported for the peregrine fal-
cons, with clear spatial and temporal separation as
birds from different pairs tending not to hunt in the
same area at the same time (JENKINS & BENN 1998).
Comparing the three studied species, the golden ea-
gle and the long-legged buzzard had a similar per-
centage of shared (over 40%) and non-shared (over
50 %) areas in their territories with the habitats with
foraging resources. The difference lay between the
percentage of areas shared with birds of the same
species (higher average values were reported for
the golden eagle) and with birds of the other spe-
cies, where the percentage was higher (but not sta-
tistically significant) for the long-legged buzzard.
The peregrine falcon had the highest percentage of
“own” areas (77.17 %), respectively the percentage
of shared areas was the lowest (22.83 %), of which
16.67 % were shared with birds of the same species
and only 6.17 % - with birds of the other two spe-
cies. Those results obtained for the peregrine falcon
could be explained by the differences in the food
spectrum between it and the other two species.

Conclusion

The use of spatial models as an indirect method for
assessing the availability of foraging resources for
animals and birds of prey in particular is a valuable,
low-cost tool that can predict the distribution of spe-
cies and to some extent even the density of their popu-
lations. It allows identifying the possible contribution
of certain species in the food spectrum of the birds of
prey in a given area and this might serve as a basis
for more targeted research. This approach would be
particularly applicable for areas where there is still a
lack of specific data on the number and distribution of
some prey species. The method is especially useful in
cases where the target birds of prey species have wide
food spectrum, large nesting territories or when the
study covers a large area with rugged terrain while
very limited field resources are available. Undoubt-
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edly, the subsequent verification with field data on the
food spectrum of the studied species would only con-
tribute to increasing credibility of modelling results
and the reliability of the approach.
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