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Abstract. Egyptian vulture (Neophron percnopterus) is a globally endangered raptor species, whose populations are declining across 
its range. Although Turkey has one of the largest population in Western Palearctic Region, studies on the species are quite limited, 
and data on its diet in the country are almost non-existent. To fulfil some of these gaps, we undertook a study on the breeding 
success and the diet of the Egyptian vulture population in Middle and Upper Sakarya Region in 2013 and 2014, during which 53 
territorial pairs were located. The breeding success rate of the population was 1.09 in 2013 and 1.21 in 2014, while the fledgling rates 
were 1.35 and 1.27, respectively. Egyptian vultures in Middle and Upper Sakarya Region have a wide diet spectrum: remains of 
Greek Tortoise (Testudo graeca) with 12.4 % were the most frequent items in the examined samples. Remains of sheep (Ovis aries) and 
fox (Vulpes vulpes) with 10 % are second most frequent item. The studied population with its high breeding parameters is of 
importance for the species conservation in a regional context. 
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Introduction 
 
The Egyptian vulture (Neophron percnopterus) is a medium-
sized scavenger raptor with a broad distribution from South-
ern Europe through the Middle East and Caucasus to India 
and in Africa, mostly north of the Equator (Ferguson-Lees & 
Christie 2001). It is a migratory raptor species in Europe and 
some part of Asia (Donázar 1993), whereas the species is 
resident in India, Africa, Saudi Arabia and the Spanish ar-
chipelagos (Ferguson-Lees & Christie 2001).  

Turkey possibly holds the largest Egyptian vulture 
population in Europe, estimated to be between 1000 and 
2000 pairs (BirdLife International 2017). Although the popu-
lation status is stable in some European Union countries, the 
global population has declined dramatically in the last dec-
ade. Therefore, it has been classified as “Endangered” in the 
IUCN red list (BirdLife International 2017, Ogada et al. 
2015). It became extinct in Romania and Crimean Peninsula 
in the 1950s, and in Croatia, Moldova, Montenegro Bosnia-
Herzegovina and probably in Serbia after 1980 (Iñigo et al. 
2008, BirdLife International 2017, Velevski et al. 2015). 

Egyptian vulture is monogamous species; the female lays 
1-2 eggs in a breeding season. Juveniles hatch following 42 
days of incubation, and spend 70-90 days in the nest before 
fledging. Both adult and juvenile birds migrate to their win-
tering grounds in Africa the end of the breeding season 
(Cramp & Simmons 1980, Ferguson-Lee & Christie 2001, 
Meyburg et al. 2004, Garcia-Ripolles et al. 2010, López-López 
et al. 2014, Oppel et al. 2015). 

The Egyptian Vulture is an opportunistic scavenger with 
a wide diet spectrum. Prey items include carcasses and fae-
ces of various vertebrates and eggs. It visits garbage dumps 
in search of wasted food and also hunts invertebrates and 
small vertebrates easy to catch (Negro et al. 2002, Hidalgo et 
al. 2005, Milchev et al. 2012, Şen et al. 2017, Dobrev et al. 
2016).  

Several anthropogenic factors have a significant negative 
impact on the vulture populations at regional and global 
level. Major threats include are direct and indirect poisoning, 
food source reduction, poaching, habitat loss, electrocution 

and wind turbine collisions (Camina 2004, Cuthbert et al. 
2006, Iñigo et al. 2008, Zuberogoitia et al. 2008, Hernández & 
Margalida 2009, Margalida et al. 2010, Angelov et al. 2013). 
Poisoning arising from consuming the poisoned carrions, di-
rect persecution and food shortage are the main reasons of 
decline (Iñigo et al. 2008, Ogada et al. 2012, BirdLife Interna-
tional 2017). The food shortage problems are the result of de-
creasing pastoral activities and stringent sanitary legisla-
tions, making the access to animal carcasses increasingly dif-
ficult (Iñigo et al. 2008). Decrease in nutritional resources has 
been associated with territory abandonment and low nest 
site quality and productivity in some populations in Spain 
and Italy (Liberatori & Penteriani 2001, Carrete et al. 2007). 
Contrary to this, there is no relationship between diet limita-
tions and reproductive parameters, and changes in food 
availability do not lead to local extinctions according to stud-
ies from the Balkan Peninsula  (Milchev et al. 2012, Dobrev 
et al. 2016). 

In order to implement successful conservation actions for 
the Egyptian vulture, information on of breeding areas, 
population sizes, demography parameters, food preference 
and threats are essential (Liberatori & Penteriani 2001, 
Velevski et al. 2014, Sanz-Aguilar et al. 2015). Although the 
Egyptian vulture population in Turkey is possibly the largest 
European population, there is no detailed information on the 
species for this country. Apart from the limited data about 
distribution (Erdoğan 1995, Eken et al. 2006), the only de-
tailed population study was performed in Beypazarı, where 
a dense population exists (Şen et al. 2017). Information on 
the diet of the Egyptian vulture in Turkey remains largely 
unknown. In order to fill this data gap, the aim of the pre-
sent study is to describe the breeding parameters and the 
diet of the Egyptian vultures breeding in Middle and Upper 
Sakarya Region, Turkey.  
 
 
Material and methods 
 
Study Area 
The study was carried out in Middle and Upper Sakarya Region, in 
the western area of Turkey (Fig. 1). The size of the study area was  
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Figure 1. The study area 
 
 

7970 km² and the altitude ranges from 190 m to 1826 m asl. Domi-
nant climate is continental Central Anatolian thermal regime, except 
Sarıcakaya region which has Mediterranean climate because of the 
microclimatic features. The area receives rain mostly in spring and 
annual rainfall is 307.2 mm. The average temperature of 10.6 °C. Al-
luvial plains, sand stone, clay stone and limestone, basalt, tufa and 
granite rocks are common geological formations. Sakarya and Por-
suk rivers are the main water resources in the region (Gözler et al. 
1985, Eken et al. 2006, Kaymak 2010).  

Pine, oak and juniper forest are widespread in north and south-
west of the study area, whereas mountain and lowland steppes, cul-
tivated areas, grassland and shrub vegetation are mostly found in 
the central and eastern part (Eken et al. 2006). 

Many raptor species breed in the area, such as Griffon vulture 
(Gyps fulvus), Bearded vulture (Gypaetus barbatus), Cinereous vulture 
(Aegypius monachus), Eastern Imperial eagle (Aquila heliaca), White-
tailed eagle (Haliaeetus albicilla), Osprey (Pandion haliaetus), Black kite 
(Milvus migrans), and Levant sparrowhawk (Accipiter brevipes) (Eken 
et al. 2006, Özelmas & Karakaya 2011, Kirazlı & Yamaç 2013). 
 
Nest survey 
A total of 68 field surveys were carried out to determine the number 
of occupied nests and breeding parameters in 2013 and 2014. Nest 
finding process was conducted intensively in April and May, but 
continued until August. Only occupied nests including an egg or any 
individual (one or two adults/juveniles) were recorded. To deter-
mine the breeding parameters, each nest was monitored regularly by 
using binoculars and telescope until September. As the recom-
mended safe distance to nest is approximately 605 m (Zuberrogoitia 
et al. 2008), during our study the observation distance from the nest 
was on average 572 m. Each nest was visited 4-8 times in each breed-
ing season. We refer to territorial pairs as one or more adults ob-
served engaging in territorial defence and or seen in the nest. Breed-
ing parameters were evaluated in four different ways: i) Breeding 
propensity (proportion of pairs starting the breeding); ii) Breeding 
success (juveniles per pair that begun breeding) iii) Productivity (the 
number of juveniles fledged per monitored pair); iv) Fledging rate 
(the number of juveniles fledged per successful pair) (Steenhof & 
Newton 2007, Grubač et al. 2014). Successful pairs were those that 
fledged at least one juvenile in a particular year. The breeding out-
come of some occupied nests could not have been determined. These 

nests were excluded during the evaluation of the breeding parame-
ters. 
 
Diet analysis 
In order to study the frequency of different food items and prey re-
mains in the local Egyptian vulture population, we collected pellets 
and food remains from under and inside of the nests. Because of the 
rough land structure, approaching or climbing to every occupied 
nest for sample collection was not possible, and in each year, 12 oc-
cupied nests were inspected. Samples were collected after September 
(the end of the breeding season) in order to avoid disturbance.  

Pellets regurgitated by birds contain undigested animal hair, 
feather and small pieces of bone samples which is suitable for de-
termining the diet of some bird species (Redpath et al. 2001, Lesiński 
et al. 2008, Sánchez et al. 2008). The pellets were soaked in water for 
one day in order for raddled hairs to untangle. After drying the un-
tangled hair samples, each of them was analysed using a light micro-
scope. Reference hair samples taken from the animal collection of 
Zoology Museum of Anadolu University were used for comparison 
to mammal species. In addition, relevant literature was used for the 
determination of the hair samples (Griffin et al. 2006, Crutcher 2007). 
Remains other than the hair samples were identified by analysing 
bones, carapace, plastrons and skin samples. Only remains of mam-
mals and one reptile species could be diagnosed to species level. 
 
 
Results 
 
Population size and breeding success 
With the field studies performed during 2013 and 2014, 37 
Egyptian vulture nests were recorded in the study area. We 
also observed 11 pairs and 5 individuals whose nests in the 
area could not be found. These individuals were observed in 
the same area at the same time where a particular nest with a 
pair was already present. This situation helped to separate 
these pairs and individuals from the ones that had a nest in 
the area. Together with the territories with known nest-site, 
53 territorial pairs were recorded in the area in total. 

The breeding outcome could not have been determined 
for 8 occupied nests in 2013 and 7 in 2014. Long monitoring 
distance, poor visual angle of nest, restricted time due to 
large study area and absence of sufficient number of observ-
ers are major reasons for being unable to determine status of 
some nests. These nests were excluded during the evaluation 
of the breeding parameters. Detailed data of breeding pa-
rameters are presented in Table 1.  
 
Food preference 
In order to determine the food remains of the species, 43 and 
35 nest samples which contained pellets and skeletal remains 
were collected from 12 nests. Out of them, 129 remains were 
obtained. The animal remains in the Egyptian vulture diet 
belonged to three vertebrate classes (Table 2): Mammalia (78 
%), Reptilia (14 %) and Aves (8 %). The most abundant re-
mains in the samples were those of the Greek tortoise 
(Testudo graeca) with 12.4 %. Remains of domestic sheep 
(Ovis aries) and fox (Vulpes vulpes) have the second highest  

 
Table 1. Breeding parameters of the Egyptian Vulture in the Middle and Upper Sakarya Region. 

 

 
Number of 
territorial  

pairs 

Number of  
pairs with breeding 

attempts 

Number of  
breeding pairs  

with unknown fate 

Number of 
successful  

pairs 

Number of 
failed pairs 

Number of 
fledgings 

Breeding  
propensity 

Breeding 
success 

Productivity 
Fledging 

rate 

2013 40 29 8 17 4 23 0.52 1.09 0.71 1.35 
2014 35 30 7 22 1 28 0.65 1.21 1 1.27 
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Table 2. Percentages of the identified and unidentified  
remains obtained from 129 materials. 

 

Classis Species Remains (%) 
Mammalia Ovis aries 10.08 
 Capra aegagrus hircus 5.43 
 Bos primigenius taurus 0.78 
 Equus ferus caballus 1.55 
 Cervus elaphus 1.55 
 Sus scrofa 6.20 
 Canis lupus 2.33 
 Vulpes vulpes 10.08 
 Felis domesticus 6.20 
 Erinaceus concolor 6.98 
 Sciurus anomalus 0.78 
 Lepus europaeus 3.88 
 Microtus arvalis 1.55 
 Spalax leucodon 0.78 
 Mus musculus 1.55 
 Canis lupus familiaris 1.55 
 Rattus rattus 0.78 
 Unidentified remains 16.28 

Testudo graeca 12.40 Reptilia 
Unidentified Serpentes 1.55 

Aves - 7.75 
 
 

frequency (10%). 16.2 % of all remains were unidentified 
mammalian species. The identified wild animal remains 
(64.3 %) had higher ratio in the diet composition in compari-
son with identified domestic animal remains (35.7 %). 
Among the identified mammalian species, wild mammals 
(56.2 %) were observed more frequent than domestic mam-
mals (43.7 %). 
 
 
Discussion  
 
Population size and breeding success 
It is well known that the Egyptian vulture is declining in 
Europe, though there are some populations that show an in-
crease (Garcia-Ripolles & López-López 2006, Lieury et al. 
2015, Tauler et al. 2015). Some populations have faced even 
catastrophic extinction in the past four decades. Since 1980, 
Egyptian vulture populations in the Balkan Peninsula have 
decreased sharply and divided into subpopulations. Accord-
ing to recent data, 26 pairs in Bulgaria, 21 pairs in Macedonia 
(FYR) and 12 pairs in Greece were determined (Velevski et 
al. 2015). A dramatic decrease with 83 % (from 137 pairs to 
22) was shown in Macedonia between 1983 and 2011 
(Grubač et al. 2014). Similarly, it is reported that only about 
10 pairs remained in Italy about a decade ago (Andreotti et 
al. 2009). Iberian Peninsula holds most of the Egyptian vul-
ture population (Birdlife International 2017). Although some 
of the Iberian populations have declined due to several 
negative factors (Ebro Valley and Bardenas Reales Natural 
Park)(Carrete et al. 2007, Cortes-Avizanda et al. 2009), others 
tend to increase as a result of high adult survival rate and in-
flux of new adults to the area (Castellon and central and 
eastern Catalonia) (Garcia-Ripolles & López-López 2006, 
Tauler et al. 2015)  

The population with 53 territorial pairs in our study area 
has a considerable number among other European popula-
tions. Besides the 53 pairs in Middle and Upper Sakarya Re-
gion in this study, at least 81 pairs in Beypazarı (Doğa 

Derneği, İstanbul, pers. comm. 2016) and 35 pairs in Çorum 
(Erciyas, Samsun, pers. comm. 2015) emphasise the abun-
dance in Turkey. Supposedly, more breeding pairs and nests 
could be found with more intensive searches even within 
our study area.  

In our study area, the breeding propensity of the popula-
tion is low (0.52 in 2013 and 0.65 in 2014), when compared to 
the other breeding parameters. Mean breeding success (1.15) 
is relatively higher than those reported from Sicily (0.92), It-
aly (0.99), Spain (0.6-1.11), Bulgaria (0.73) and Macedonia 
(0.93) (Liberatori & Penteriani 2001, García-Ripollés & 
López-López 2006, Cortes-Avizanda et al. 2009, Sarà et al. 
2009, Grubač et al. 2014, Milchev & Georgiev 2014, Tauler et 
al. 2015). Mean fledging rate (1.3) of Sakarya region is similar 
with that from Italy (1.27), Spain (1.17-1.22), Bulgaria (1.3), 
Macedonia (1.19) and Greece (1.3), while it is quite higher in 
comparison with Sicily (0.57) (Liberatori & Penteriani 2001, 
García-Ripollés & López-López 2006, Sarà et al. 2009, Mateo-
Tomás et al. 2010, Grubač et al. 2014, Tauler et al. 2015, Op-
pel et al. 2016). On the other hand, productivity in Mace-
donia (0.84), Bulgaria (0.63), Greece (0.83), Spain (0.8-1.1), 
Portugal (0.78), Italy (0.99) and Sicily (0.9) is similar with the 
mean productivity (0.85) in our study area (Liberatori & Pen-
teriani 2001, Del Moral & Marti 2002, García-Ripollés & 
López-López 2006, Sarà et al. 2009, Mateo-Tomás et al. 2010, 
Grubač et al. 2014, Oppel et al. 2016). 
 
Diet 
According to the analysis of food remains, the Egyptian vul-
ture has wide diet spectrum in the Middle and Upper Sa-
karya Region. With regard to higher taxonomical level of the 
food items of Egyptian vulture in Middle and Upper Sa-
karya Region, mammals take first place accordingly with 
other European populations (Vlachos et al. 1998, Donázar et 
al. 2010, Margalida et al. 2012, Milchev et al. 2012, Dobrev et 
al. 2016). Despite the fact that the domestic mammals are less 
favoured than the wild mammals, sheep is the second most 
consumed species (together with the fox), with remains 
found in 10 % of all food items. 

Comparable to the other European populations (Vlachos 
et al. 1998, Hidalgo et al. 2005, Margalida et al. 2012, Milchev 
et al. 2012, Dobrev et al. 2016), wild animals are preferred 
more than the domestic ones by the studied population. The 
type of food consumed by Egyptian vulture shows altera-
tions in different regions. Whereas in some populations the 
consumption of domestic or wild ungulates is more com-
mon, in other populations the animal remains of Carnivora, 
Insectivora and Lagomorpha are more consumed (Cortes-
Avizanda et al. 2009, Milchev et al. 2012, Serra et al. 2014, 
Lloveras et al. 2014). These differences in diet may be the re-
sults of convenience and abundance of particular species as a 
food supply in the habitats (Hidalgo et al. 2005, Margalida et 
al. 2012, Milchev et al. 2012). Animal husbandry is wide-
spread in our study area. In accordance with the legislation 
of the Ministry of Agricultural and Rural Affairs, as required 
by regulations of controls, procedures and principles of hus-
bandry managements, dead animals need to be disposed of 
by burning and burying. On the other hand, frequency of 
sheep remains in the diet of the Egyptian vulture indicates a 
number of cases in which the law for the carcass disposal has 
not been respected. Red fox is also a common carnivore in 
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the area. Plenty red fox carcases were detected especially by 
the road sides in the study area during the field trips (au-
thors’ personal observation). 

Tortoises were found to be the most consumed food in 
Sakarya, as in the findings from the Balkan Peninsula (Vla-
chos et al. 1998, Dobrev et al. 2016). Although Egyptian vul-
ture is a scavenger, it captures alive injured and slow mov-
ing animals (Vlachos et al. 1998, Hidalgo et al. 2005, Milchev 
et al. 2012). However, it is unclear whether tortoises are cap-
tured alive or not because of the absence of any behavioural 
observation in the study area. Tortoises might be an oppor-
tunistic food source for both adult and juvenile individuals 
since they are abundant in the area and relatively easy to 
catch. In addition, they may be more consumed compared to 
other species because of a reduction in the alternative food 
supply (Vlachos et al. 1998, Milchev et al. 2012). Alterna-
tively, tortoises might be overrepresented because their re-
mains are better preserved in the nest relative to other food 
remains (Milchev et al. 2012). More detailed and long-term 
studies are essential to determine whether tortoises are the 
preferred prey, or appear in high frequency in the diet re-
mains as a result of decrease in other food sources. 

Improper materials for food consumption like rags and 
dirty nappies were found in some nests. Egyptian vulture 
uses clipped wool as a nest material (Stoyanova et al. 2010). 
Rags could have been utilized for nest construction. Nappies 
might have served the same purposes. Another possible ex-
planation of nappies with faeces might be the coprophagous 
behaviour of Egyptian vulture. 
 
Conclusion 
Middle and Upper Sakarya Region is an important breeding 
area for the endangered Egyptian vulture. Additional re-
search is needed on the factors that affect territory selection 
and breeding parameters and it is crucial to study the threats 
that this species faces in the region. Undertaking effective 
conservation measures to maintain the large number of 
breeding pairs and their high productivity rates should be 
priority on national and regional level. 
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