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Abstract. The narrow ecological niche and the vulnerability of the griffon vulture in terms of its habitat and trophic requirements 
make it a good model species for assessing the state of agro-pastoral systems. The environmental niche of the species was studied in 
Bulgaria using a set of 109 cases of griffon vulture presence observations in breeding habitat and a maximum-entropy (MaxEnt) 
modeling approach. MaxEnt can generate a model based on relatively low number of presence locations and is therefore a powerful 
tool for modeling species distribution. We employed a set of bioclimatic and environmental variables to determine species’ optimal 
distribution. According to our results, griffon vulture’s optimal habitats included areas with a slope over 400, which are 
advantageous for the breeding of the species as they often outline rocky habitats. The griffon vulture environmental niche model 
underlined the significance of the open landscapes that are essential for the species’ foraging, as well as territories with higher mean 
temperature, low precipitation and high density of livestock. The suitability threshold of the model equal to 0.0738 and we 
estimated that 0.69% (769 km2) of Bulgaria is optimal for the breeding of the species and that 2.8% (3085 km2) is of high suitability 
for the griffon vulture. The results of the current survey aim to provide an important background for the management and 
conservation of the griffon vulture in Bulgaria. Such estimates are essential whenever investment plans, conservation programs or 
other management interventions are considered in the territories neighbouring or/and within the range of the griffon vulture. 
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Introduction 
 
The Eurasian Griffon vulture is a large raptor considered 
globally a ‘Least concern’ species with a vast range from Por-
tugal to the Himalayas region (Birdlife International 2019). 
In Bulgaria the griffon vulture was widely distributed in the 
country numbering probably over 1000 pairs in the past 
(Demerdzhiev et al. 2014). Indefinite number of colonies 
were known from the plateau regions of northern Bulgaria, 
Dobrudzha, Danube (Farman 1869, Elwes & Buckley 1870, 
Alleon 1886) and from most of the large mountain ranges, 
namely Balkan Mountains, Rila, Pirin, Vitosha and the 
Rhodopes between 1865 and 1950 (Reiser 1894, Stresemann 
1920, Prostov 1964, Nankinov 1981, Spiridonov 1988, 
Stoyanov 2010, Demerdzhiev et al. 2014). However, exact 
numbers and/or estimates are missing from that period 
(Demerdzhiev et al. 2014). Due to broad-scale poisoning 
campaigns against large carnivores in Bulgaria and the re-
gion, the species was brought to near extinction in the 70’s. 
At the end of that decade, the first colony of the species was 
rediscovered in the Eastern Rhodopes, numbering no more 
than 28 birds (Michev et al. 1980). The species originally sur-
vived only in this mountain range and has been a subject of 
large-scale conservation efforts ever since then (Demer-
dzhiev et al. 2014, Dobrev et al. Early access). Currently, this 
breeding nuclei reached over 100 pairs distributed in the 
Eastern Rhodope Mountains in Bulgaria and Greece. Fur-
thermore, species’ reintroduction was initiated in four of its 
former breeding sites in the Balkan Mountains range and in 
Pirin in 2010. Its main objective was to secure the survival of 
the species in Bulgaria by establishing colonies outside the 
species’ indigenous breeding range in the country. As a re-
sult, the species started breeding again in 3 sites there and 
the national population nowadays exceeds 130 pairs distrib-
uted in 5 breeding nuclei (Demerdzhiev et al. 2014, Stoynov  

et al. 2018, Dobrev et al. Early access). 
As an obligate scavenger (Cramp & Simmons 1980) 

searching food at great distances through an evolutionary 
adaptation for social communication, this species plays a 
keystone role in the natural ecosystems (Houston 2008, Mo-
rales-Reyes et al. 2017). The relationship between species and 
its habitat and trophic niche can be used to determine the 
state of extensive agro-pastoral systems and natural food 
chains (Parra & Telleria 2004, del Moral 2009, Botha et al. 
2017). In that context, studies predicting habitat suitability 
and modeling species distribution are increasingly growing 
in Europe (Ripolles et al. 2005, Lopez-Lopez et al. 2006, 2007, 
Mateo-Tomas & Olea 2010). Entropy-based models such as 
MaxEnt were successfully used to predict the griffon vulture 
distribution and population development in the Cantabrian 
Mountains in Northern Spain. Analysis on a number of 
landscapes, biotic and abiotic variables revealed that the cliff 
abundance and livestock density were the main predictors 
for the species distribution there (Mateo-Tomas & Olea 
2010).  

Therefore, understanding and investigating the factors 
that shape griffon vulture distribution, fragmentation and 
occurrence may be of key importance to identify the most 
relevant conservation actions across its range (Martinez et al. 
2003, Munoz et al. 2005, Margalida et al. 2008, Mateo-Tomas 
& Olea 2009, Olea & Mateo-Tomas 2011, Donazar et al. 2016).  

In the Balkans such studies are scarce. Small scaled and 
limited surveys were restricted to certain territories (Polce 
2004, McIntyre 2010). Bulgaria lies at the crossroads between 
Europe and Asia and harbours small, but one of the few vital 
griffon vulture subpopulations left on the Balkan Peninsula 
(Demerdzhiev et al. 2014, Dobrev et al. Early access). Never-
theless, the impact of large scale threats may be detrimental 
in the current situation. Within addition to that, since 2010 a 
long-term species re-introduction process has been executed  
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in the country (Stoynov et al. 2018). Therefore, determining 
the griffon vulture ecological niche and suitable territories is 
of key importance for the future conservation of the species 
in Bulgaria and the Balkans. In the current study, we per-
formed habitat suitability modeling to identify species’ op-
timal habitats in Bulgaria, to highlight the griffon vulture 
sites of conservation importance next to its current range 
and to suggest a general evaluation approach in the man-
agement of the species . In this regard, the objectives of the 
current survey were: 1) to determine the major factors shap-
ing species’ distribution at landscape scale, 2) to evaluate the 
suitable breeding habitats and 3) to identify the priority of 
conservation of fundamental sites of the griffon vulture in 
the country by suggesting unified management framework. 
 
 
Material and Methods 
 
Study area and design 
The study was conducted in Bulgaria, encompassing a territory of ca. 
111,000 km2. Data on the griffon vulture distribution was obtained 
by thorough literature review and current distribution presence-only 
data following Demerdzhiev et al. (2014). Thus, we reviewed 32 
literature sources. We then obtained 83 historical localities of nesting 
sites and observations of griffon vultures in suitable breeding habi-
tats between 1865 and 2019. We also included 269 contemporary 
breeding localities of the griffon vulture presence as input to the 
ecological niche model. Past species records were also considered in 
our study as they to a great extent coincide with the current reintro-
duction sites and vulture dispersal of the reintroduced population 
(Stoynov et al. 2018). We considered any historical record valid if 
only refered to a certain geographic or settlement name. Those data 
were analyzed and prepared for further analyses with Quantum GIS 
3.0.3 (QGIS Development Team 2016). In order to overcome with the 
geographical autocorrelation, we divided the study area into a grid 
of 1 km x 1km square size. In any of the cases where two localities fit 
into one and the same square, we randomly discarded one of the 
points to be further analyzed (Fourcade et al. 2014). Using this meth-
od, we depicted 109 out of 352 localities to be used for the modeling 
process. However, MaxEnt can generate a model based on relatively 
low number of presence locations and is therefore a powerful tool 
for modeling species distribution (Phillips et al. 2017). We used 24 
variables of four types – bioclimatic, topographic, trophic (continu-
ous) and habitat (categorical). The 19 bioclimatic variables were ob-
tained from the freely available WorldClim v. 2 (original resolution ≈ 
1 km2 cell; average for 1970–2000 (Fick & Hijmans 2017) (Table 1). 

We further used the following topographic variables for the 
model: altitude (m), aspect (degrees) and slope (degrees) obtained by 
Digital Elevation Model (DEM) to 40 m cell size and extracted by the 
GIS software. The data on the livestock density for each settlement 
was obtained through the official state reports of the Bulgarian food 
safety agency (BFSA 2018) and assigned to each locality. The habitat 
types in the study area were obtained according to the Corine Land 
Cover (CLC) classification (Bossard et al. 2000) (Table 1). We 
downscaled all original rasters (except for the DEM based ones) to 40 
m cell using “cubic convulsion” resampling so that they all have the 
same size, scale and geography like DEM based variables (Young et 
al. 2011). Since we used breeding locations only and the griffon vul-
ture is a species with large home range this resolution fits known 
ecological requirements of the vulture and is considered thus ade-
quate (Phillips et al. 2006). 

 
Statistical procedures 
The Ecological Niche Model based on this set of variables was gen-
erated using the software MaxEnt 3.4.1 (Phillips et al. 2017). MaxEnt 
is widely used presence only computer software that deducts the 
relative entropy between two known densities in the covariate ma- 

Table 1. Environmental variables selected for this study. 
 

Environmental 
variable 

Description Units 

Alt Altitude meters 
Asp Aspect degrees 
Isoterm Isotermality - Mean Diurnal Range of 

temperatures divided by the Tempera-
ture Annual Range *100 (BIO3= 
BIO2/BIO7*100) 

degrees 

MTWQ Mean Temperature of Wettest Quarter 
(BIO8) 

degrees 

MTDQ Mean Temperature of Driest Quarter 
(BIO9) 

degrees 

MTWQ Mean Temperature of Warmest Quarter 
(BIO10) 

degrees 

PDM Precipitation of Driest Month (BIO14) millimeter 
precipitation 

PS Precipitation Seasonality (Coefficient of 
Variation) (BIO15) 

millimeter 
precipitation 

PWQ Precipitation of Warmest Quarter 
(BIO18) 

millimeter 
precipitation 

LU Density of the livestock whereas 1 LU = 
1 sheep/goat; 5 LU = 1 
horse/donkey/cow; 2 LU = 1 pig 

density per 
square  

kilometer 
OpenH Categories from the Corine Land Cover 

describing the open habitat types se-
lected by the model (code 321 - Natural 
grasslands; 324 - Transitional wood-
land-shrub; 231 – Pastures; 243 - Land 
principally occupied by agriculture, 
with significant areas of natural vege-
tation; 112 - Discontinuous urban fab-
ric; 333 - Sparsely vegetated areas; 131 - 
Mineral extraction sites; 142 – Open 
sports and leisure areas; 332 - Bare 
rocks) 

square  
kilometer 

Slp Slope degrees 
 
 
trix. We therefore selected species-specific variables and used inde-
pendent sample for the evaluation of our model in order to obtain 
the most reliable results (Radosavljevic & Anderson 2013). For our 
model, we first started a preliminary model with all the variables in-
cluded. We generated 100,000 random points and associated to them 
the corresponding values of all the variables included in the sample. 
The software randomly depicts a percent of the data to be used for 
verification of the model and power test of the data. The model was 
set at 100 repetitions and bootstrap validation for 25% of the data. 
We then calculated the Spearman Rank Order Correlations and set 
r=0.7 as a threshold for the resulted data of the preliminary model. 
All the correlating variables were removed as we only kept those 
with highest % of contribution to the Ecological Niche Model (ENM) 
for the final model. As a consequence, 12 variables of all types were 
selected for the final model. We used a regularization multiplier set 
to 1 to overcome the subjective results (Warren & Seifert 2011). The 
selection of the model was interpreted based on the AUC (Area un-
der curve) values. The resulted mean values of our model were 
thresholded to suitable/unsuitable space based on the “Maximum 
test sensitivity plus specifity logistic threshold” calculated by 
MaxEnt as MaxSSS as one of the best selection methods for pres-
ence/absence data (Liu et al. 2005, 2016). The remaining data were 
assigned to three classes of suitability (Low, Medium and High) for 
data analysis, using Jenks Natural Breaks. 
 
 
Results 
 
The generated model of the griffon vulture in Bulgaria re-
sulted in mean AUC of 0.971 (1SD:0.02) (Fig. 3). 
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Figure 1. Habitat suitability map of griffon vulture (Gyps fulvus) in Bulgaria as modeled in Maxent. The probability of species occurrence  

increases with the darker color whereas the areas with the lowest suitability are shown in green and those with highest suitability in 
brown. Grey dots display the distribution of the griffon vulture occurrence points used in modelling process and represent breeding  
locations and observation of the species in breeding habitats. 

 
 
Twelve of the incorporated variables described 100% of 

the determinant’s contribution to the habitat suitability 
model. The most significant determinant for the griffon vul-
ture’s distribution was the slope with a contribution of 54.7% 
to the model (Fig. 2а). Increasing the slope values over 400 
significantly increases the suitability and sites with slope of 
500 - 600 are with the highest probability to sustain a griffon 
vulture colony. According to the obtained results, those cri-
teria are met in areas from the Rhodope Mountains, Pirin, 
Rila and Balkan Mountains, as well as areas with prominent 
topography downgrades related to larger river valleys or 
plateau in the rest of the country (Fig. 1). Habitats of open 
landscapes type (Fig. 2b) contributed significantly for the fi-
nal model (17.3%). Mean temperature in the warmest quar-
ter (Fig. 2c), precipitation in the warmest quarter (Fig. 2d), 
precipitation seasonality, aspect, mean temperature in the 
wettest quarter, altitude, livestock density and mean tem-
perature of the driest quarter showed less significance to the 
model. 

The MaxSSS suitability threshold of the model resulted 
to 0.0738. According to the obtained threshold we calculated 
that 0.69% (769 km2) of the studied territory is optimal for 
the breeding of the species and that 2.8% (3085 km2) of it is 
of high suitability for the griffon vulture. This result showed 
that there is still available habitat for the development of the 
current population. Furthermore, we found that 10.6% 
(11,749 km2) of the surveyed territory is of low suitability for 

the species and 85.9% (95,240 km2) of it is not suitable for 
breeding being below the threshold values of the model 
(Fig.1). The marginal territories, excluded by the model 
(95,240 km2) are mainly situated in the flat rural areas and 
forested regions of Bulgaria. 
 
 
Discussion 
 
Nowadays, the griffon vulture in the Balkans persists under 
various threats (Vasilakis et al. 2017, Dobrev et al. Early ac-
cess). Species’ suitability areas obtained by our survey (see 
Fig.1) may be used to assess the magnitude of any habitat 
constraints (Tapia et al. 2007) and to favour species’ conser-
vation programs (Phillips et al. 2006, Mateo-Tomas & Olea 
2010, Mihoub et al. 2014). Since the griffon vulture distribu-
tion models are processing the real distribution of the spe-
cies only, they cannot tell anything as to the population sta-
tus, dynamics, demography and respective threats. There-
fore, improper or no estimates of the environmental impact 
of different human infrastructures pose a very high risk for 
vulture populations (Mateo-Tomas & Olea 2015, Vasilakis et 
al. 2017). To avoid any unwelcome effects over griffon vul-
ture population and habitats, suitability analysis must be 
performed in advance. Thus, the effects of any investment 
project can be assessed and addressed to preserve the griffon 
vulture’s breeding and foraging habitats by the presented  
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Figure 2. Response curves for the most important environmental variables а) Slp, b) OpenH, c) MTWQ, d) PWQ in the MaxEnt model (black 
line representing the mean response for 100 replicate runs. Description of variables is indicated in Table 1. 

 
 

   
 
 

modelling approach. 
Our results showed that a number of environmental fac-

tors outline the griffon vulture ecological niche (see Fig.3). 
However, the slope and the open habitats had the highest 
impact on the model. Since the griffon vulture is a cliff-
nesting raptor, the availability of breeding substrate is cru-
cial for the selection of the species. On the other hand, open 
landscapes are favourable foraging habitat where the griffon 
vulture searches for food. Similarly, the griffon vulture in 
Spain firstly occupied the most suitable rocky habitats and 
sites of high density of the livestock (Donazar 1990, del Mor-
al 2009). Consequently, the species started occupying the 
neighbouring suboptimal territories and finally the species 
occupied the least suitable habitats with suboptimal abun-
dance of resources (Mateo-Tomas & Olea 2011). The habitat 
selection process is therefore fundamental for understanding 

the griffon vulture distribution (Mateo-Tomas & Olea 2011). 
Lack of this essential knowledge, especially in a long-lived 
species, may have further negative effects in a long-term. 
Thus, concrete conservation measures should be applied in 
the areas of highest suitability (areas highlighted in brown) 
(see Fig.1). The breeding habitat is optimal there and its 
preservation is essential for implementation of any following 
measures. If those areas overlap with the current and/or his-
torical range of the species and retain good continuous habi-
tat connections between existing populations they should be 
conserved with the highest priority. This will ensure good 
connectivity among the different breeding nuclei and might 
be used as a stepping stone towards establishing of supple-
mentary feeding stations, extensive livestock management 
practices, anti-poisoning actions and implementation of oth-
er conservation measures. 

Figure 3. Jackknife of AUC test of the 
importance of variables used in the 
griffon vulture MaxEnt model, for 
each variable alone (grey bars), and 
the drop in gain when the variable 
is removed from model (black bars). 
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One оf the primal forces for habitat suitability is the food 
abundance (Hirzel et. al. 2004). The relationship of the grif-
fon vulture and the transhumance animals is essential as 
demonstrated also by our results (Fig.3). Although it is a 
smaller contribution to our model, we can conclude that this 
factor, besides the fundamental breeding habitat, is primal 
for the occurrence of the species (Gavashelishvili & 
McGrady 2006, Olea & Mateo-Tomas 2009, Dupont et al. 
2011). The availability of breeding habitats and high abun-
dance of livestock actually retained the autochthonous grif-
fon vulture population in Bulgaria in the past (Demerdzhiev 
et al. 2014). Thus, areas with suitable breeding habitat, high 
livestock density and abundance of conspecifics are of fun-
damental importance for the griffon vulture (Mateo – Tomas 
& Olea 2009) as confirmed by our study as well. Further-
more, livestock densities and distribution can be used to lo-
cate and estimate the human-wildlife conflicts and identify 
the potential poisoning hot-spot areas (Angelov et al. 2006, 
Stoynov et al. 2014, Arkumarev et al. 2021). This relationship 
has to be examined in the areas of high suitability in the first 
place (see Fig.1). Moreover, supplementary conservation ac-
tions are recommended at these sites. Building and mainte-
nance of feeding sites can positively affect vulture popula-
tions at the early stages of their development (Demerdzhiev 
et al. 2014). Such sites can be used as a management tool to 
supply safe food for vultures, to avoid poisonings by ac-
commodation of species specific feeding techniques (More-
no-Opo et al. 2010, Margalida et al. 2014) and to apply con-
crete anti-poisoning actions. Sites of high abundance of live-
stock can host griffon vultures during their sojourn out of 
the breeding territories and are therefore important for spe-
cies temporal persistence (Tsiakiris 2019). 

The precipitation and temperature can have an impact 
on the selection of breeding cliffs. In fact, temperature ampli-
tudes and torrential precipitation can alter and/or lead to 
breeding failure (Donazar 1993). Very often those variables 
are related also to the altitude and the aspect of the breeding 
colonies. Thus, our model showed species evident attach-
ment to lower altitudes up to 500 – 600 m. The higher the al-
titude, the less favorable conditions and larger the magni-
tude of the climatic factors are. Furthermore, as the species 
avoids northern aspects (Donazar 1993), the best predictor 
for the suitability model is the combination of the said fac-
tors. Hence, territories with high abundance of livestock and 
breeding habitats may stay unoccupied if at a very high alti-
tude and north aspect and vice versa. For example, the rein-
troduced population is breeding in Struma valley rather 
than next to the foraging sites in the high Pirin Mountains 
(Stoynov et al. 2018). Likewise, the natal griffon vulture 
population has retained in the Eastern Rhodopes that are 
low mountainous and are characterized by mild climate de-
termining the possibility for the development of extensive 
animal husbandry throughout the year. Consequently, the 
results presented here should be interpreted along with the 
griffon vulture real distribution and demography rates and 
not by themselves. Thus, the best understanding on species’ 
preferences and dynamics will be achieved. 

Although large areas of high suitability in Bulgaria exist 
(nearly 4000 km2 according to our results) (see Fig.1) the 
population growth couldn’t sustain occupancy of new sites 
outside the Eastern Rhodopes in Bulgaria prior to the rein-

troductions in the country, initiated in 2010, and also in con-
trast to Western Europe (Stoynov et al. 2018). Although this 
population has one of the highest reproductive rates in Eu-
rope (Demerdzhiev et al. 2014), the low population size and 
the slow recovery of the species in Bulgaria (Demerdzhiev et 
al. 2014) in contrast to Spain (Donazar 1987) and France (Sar-
razin 1998) emphasize the need of more in-depth analysis of 
the focal conditions. Some parts of these territories are occu-
pied nowadays after a long process of population recovery 
(Eastern Rhodopes) and reintroduction programs (parts of 
Balkan Mountains and Pirin) (see Fig.1). We, therefore, rec-
ommend conservation actions to be firstly applied within the 
current species range and secondly in the modelled areas of 
high suitability (see Fig.1). Thereby, the population might 
recover by reoccupying the neighbouring optimal habitats 
(Newton 1979, Hanski 1998). Hence, preserving connectivity 
of territories not currently occupied, but retaining high suit-
ability and/or representing the past species range would 
support species recovery. For example, the corridor of the 
highly suitable territories between the native population in 
the Eastern Rhodopes and the reintroduced one in Pirin 
Mountains can create an opportunity for recolonization in 
the future. Suitability analysis such as ours are normally ap-
plied prior to management decisions (Carrete et al. 2002, 
Cabeza et al. 2004, Poirazidis et al. 2004, Margalida et al. 
2008, Mateo-Tomas & Olea 2010, Margalida et al. 2011, Di 
Vittorio & Lopez-Lopez 2014). As a first step, permanent 
monitoring schemes need to be established to record the 
population status, rates and threats (Mateo-Tomas & Olea 
2011, White 2018). At a second step, this data needs to be 
combined with the model results. Lastly, the management 
decisions should address the highly-ranked threats first and 
emanate from the priority conservation needs. For example, 
conservation translocations have to be conformed along with 
the modeling process, threats analysis, species requirements 
(Donazar 1993) and the population ecology principles in 
general (Rockwood 2006) to reach sustainability in time. Alt-
hough a reintroduction process is currently running in Bul-
garia without suitability modelling, our study may be used 
elsewhere in Bulgaria and the Balkans. For example, future 
releases could be conducted in the intermediate vacancy ter-
ritories of high suitability between the native and/or rein-
troduced breeding nuclei (see Fig.1). Thereby, connectivity 
between the different breeding nuclei could be restored 
(Rockwood 2006). This, on one hand will focus the manage-
ment actions and will keep the breeding nuclei separately 
operating, thus increasing their survival chances if a poison-
ing event occurs on the other. However, any drawbacks 
should be rigorously assessed in advance in order to decide 
if the modelled areas of high suitability are appropriate or 
not (IUCN/SCC 2013). This can improve the outputs (Mi-
houb et al. 2013) and prevent any failures due to major 
threats that may have remained unsolved during the trans-
location process (Peshev et al. 2015, Peshev et al. 2018). 

Our results suggest that species’ suitable habitats basical-
ly encompass territories in Rhodope Mountains, Pirin, Rila 
and Balkan Mountains. Territories of high suitability as 
modelled by our study that comprise past species range, 
continuous suitable habitat and compose corridors between 
the different population nuclei must be managed as a matter 
of priority (White 2018). Finally, optimal results in griffon 
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vulture conservation can only be achieved when the in-
formative decisions are taken based on the completeness of 
the monitoring data and its proper interpretation under the 
modelling conditions. Hence, we recommend that our mod-
elling approach should be applied to the conservation plan-
ning of the species throughout Bulgaria and the Balkans in 
order to help the griffon vulture recovery optimally. 
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