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Abstract. The breeding distribution and productivity of the last Egyptian vultures in SE Bulgaria has been 
studied since 1990. The 13 known localities declined to four by 2000 and no territory has been occupied since 
2006. The breeding productivity was below population replacement rate. Clutches with addle eggs were the 
most important natural factor for decreased breeding success. The frequency of addled eggs increased 
significantly following the decrease in livestock production. Breeding success rate decreased significantly 
with this change, but increase in unsuccessful breeding attempts happened due to poaching. Principal losses 
from human causes were destruction of the nests containing eggs, and shooting to the youngs and to the 
bird’s pairs. The shooting led to 50% extirpation (n=6) of the known nesting sites in the Strandzha Mountains. 
Actions undertaken to protect pairs based on the National Nature Protection Legislation were not sufficient 
to save the Egyptian vulture. Construction of the artificial nests and follow-up monitoring were the only 
actions with positive impact on the breeding population. 
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Introduction 
 
The large decline of the Egyptian vulture Neophron 
percnopterus population is documented in its 
breeding range in southern Europe, Africa, the 
Middle East, Central Asia and the Indian subcon-
tinent in recent decades (Cuthbert et al. 2006, 
Cortés-Avizanda et al. 2009). The European popu-
lation of this medium-size opportunistic scavenger 
is estimated to number 3,300-5,050 pairs and has 
declined by over 50% in the last three generations 
(IUCN 2013). Among the main mortality factors 
affecting their population, illegal poisoning has 
been considered as one of the most important 
(Cortés-Avizanda et al. 2009, Hernández & Mar-
galida 2009, Margalida 2012). 

About 40-45 pairs bred in Bulgaria in 2007 af-
ter a decline of 55% in the last two decades (Kur-
tev et al. 2008) and only 28 pairs remained in 2013 
(BSPB 2013). Egyptian vulture is categorized as 
“endangered” in the Bulgarian Red Data Book. 
The major reasons for the decline are: 1) use of 
poisons in agriculture, to control large carnivores 
and rodents in garbage dumps; 2) declining food 
supply; 3) electrocutions; and 4) disturbances 
caused by construction and stone quarry works 
(Kurtev et al. 2011). The measures to halt the de-
cline and promote possible recovery have been the 
main aims of the conservation action plans for the 
EU and Bulgaria (Iñigo et al. 2008, Kurtev et al. 
2008). 

In this study we report data on the breeding 
distribution and success, protective actions and 
factors that caused the extirpation of the Egyptian 
vulture population in SE Bulgaria since 1990 that 
differ from those described by Kurtev et al. (2008, 
2011) for Bulgaria as a whole.  
 
 
Material and methods 
 
Study area 
The study area of approximately 10,000 km² is delimited 
by the Bulgarian-Turkish border on the south, the Black 
Sea coast on the east and the Sazliyka and Maritza rivers 
on the west. The Hisar, Bakadzhik and St. Iliyski hills 
mark its northern border (Fig. 1). The relief is hillier in the 
south and flatter in the north and west. The region is part 
of the Transitional Mediterranean Climatic Zone 
(Galabov 1982). Deciduous forests predominated by oaks 
Quercus spp. which cover most of the Strandzha Moun-
tains (its highest peak being 1031 m, in Turkey) and hill-
tops and steeper slopes of the Derventski Hills (556 m) 
and Sakar Mountains (856 m). The area along the border 
with Turkey is sparsely populated by aging village popu-
lation. Malko Tarnovo District (747.4 km²) averaged 5.1 
people/km² with 39% of population consists of more than 
60 years old (NSI 2012). Economy in the area was based 
on logging, extensive livestock husbandry and farming. 
The livestock population has declined sharply for the last 
two decades and as result the only 8% of the 1988 live-
stock was available in the Malko Tarnovo Municipality in 
2010 (unpubl. data of Malko Tarnovo Municipality). Ar-
able lands were abandoned on a mass scale, but intensi-
fied agriculture has resumed in Sakar Mts and the Der-
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ventski Hills over the past triennium (see also Milchev et 
al. 2012). 
 
Data collection 
The breeding distribution of the Egyptian vulture in the 
Bulgarian part of the Strandzha Mts was identified dur-
ing the mapping for the Atlas of breeding birds with 11 
territories, 6 nests in the region in 1988-1990 (Miltschew & 
Georgiewa 1994, Milchev 1994). Data on site occupancy of 
the last four nests in the Strandzha Mts (UTM squares 
NG26, NG27, NG35, NG36; Fig. 1) were collected in late 
April and May 1990-2012. We assessed breeding success 
there at least during the second visit for ringing nestlings 
in late June- early July. Finally, we confirmed fledgling 
success in late August and September. The five territories 
with possible or probable breeding (NG06, NG25, NG37, 
NG44, NG66; Fig. 1) were studied again precisely in 1996-
1998 and partially before and thereafter. 

Rocky habitats across the rest of SE Bulgaria were in-
vestigated for breeding pairs of Eagle owl (Bubo bubo) in 
1994-1996 with opportunistic data collection on breeding 
distributions of other cliff-nesting raptors including the 
Egyptian vulture. The nest in the Sakar Mts (MG24; Fig. 1; 
Borisov 1988) has been monitored since 1999. The nest in 
the Derventski Hills (MG 64; Fig. 1) is situated between 
Bulgarian border installations and Turkish territory, a 
zone very difficult to visit. The nest was found in 2000 
and verified again in 2004 after a two years lack of the ob-
served Egyptian vultures in the region.  

The nearest neighbour distances (NND) were calcu-
lated with nests assumed to be center points of breeding 
territories using the Garmin eTrex Legend GPS and the 
MapSource Software, Version 6.11.6 (Garmin Ltd.). Nest 
site dispersion was analyzed by G-statistics, calculated as 
the ratio between the geometric and arithmetic means of 
squared NNDs. The values range between 0 and 1, and 
values closer to 1 (> 0.65) indicate uniform distribution of 
nests (Liberatori & Penteriani 2001). 

The measures of breeding productivity were: 1) suc-
cess rate: percentage of successful nesting attempts (≥1 
raised fledgling); 2) productivity: number of fledglings 
per occupied territory; 3) breeding success: number of 
fledglings per nesting attempt; 4) fledglings rate: number 
of fledglings per successful pair (Cortés-Avizanda et al. 
2009).  

The criteria used to assess evidence of breeding fol-
low Hagemeijer & Blair (1997), and the breeding distribu-
tion was mapped using 10-km squares of the Universal 
Transverse Mercator grid. Evidence of destroyed nests 
was collected during our visits. Data about disturbances 
and shot birds were gathered from local residents and 
foresters and carefully evaluated.  

All collected egg shells were deposited in the Na-
tional Museum of Natural History in Sofia. The non-
hatched eggs were marked as “addled eggs” because we 
could not distinguish the infertile eggs and these with 
dead embryo during the incubation period.  

Statistical differences in the frequencies of clutches 
with 1 or 2 eggs and nests with 0, 1 or 2 fledglings in the 
Strandzha Mts between the periods 1990-1994 and 1995-
2003 were checked by chi-square tests. The differences of 

the breeding productivity between the same periods were 
calculated using the Mann-Whitney U-test. The reason for 
using two study periods was the change in traditional 
livestock husbandry with pen abolition in 1994, while the 
steep decline in the number of livestock started in 
1991/1992 and continued through the whole study pe-
riod. All means were arithmetic means ± standard devia-
tions. The tests were considered two-tailed and statisti-
cally significant at p < 0.05. 
 
 
Results 
 
Distribution 
The breeding range of Egyptian vulture in the 
southern border mountains and hills has consisted 
of 13 localities over the last 25 years (Fig. 1). The 
first two nests deserted since 1988 were never re-
occupied. Among the territories with probable and 
possible breeding in the Strandzha Mts in 1988-
1990, only the one in square NG37 was occupied 
by a pair in 1994. This pair demonstrated a high 
site fidelity to rocks that were used in the aban-
doned dam’s building. Its behaviour was similar 
to the pair with a collapsed nest in square NG45 
(Miltschew 1996). The Egyptian vulture distribu-
tion was consistently showing an increasing mean 
NND during the process of extinction (Table 1). 
The last two occupied nests in 2004 were at 121 km 
distance from each other. 
 
Breeding productivity 
Observations for a total of 46 breeding attempts in 
6 localities showed a success rate 57.1% ±33.8 (Ta-
ble 2). It was significantly different before and af-
ter 1994 (U=3, p<0.05). Clutch size was determined 
in 46 occasions, being double (two eggs) in 43.5% 
occasions and single (one egg) in the remaining 
56.5%. In the Strandzha Mts, clutch size no varied 
between periods taking into account before and af-
ter the change in traditional livestock husbandry 
(χ²1 = 1.1, p>0.05). Fourteen clutches (30.4%, n=46) 
contained 18 addled eggs (29.5%, n=61 eggs ex-
cluding 5 eggs in nests destroyed by people). The 
frequency of addled eggs in clutches increases 
significantly during the period 1995-2003 (χ²1 = 3.9, 
p<0.05). Out of total of 28 broods, in 9 occasions 
(32.1%) fledged two chicks and in 19 (67.9%) 
fledged one chick, raised 37 fledglings (56.1%, 
n=66 eggs) in total. The frequency of nests with 0, 
1 or 2 fledglings in the Strandzha Mts before and 
since 1994 was significantly different (χ²2 = 8.7, 
p<0.05). The number of unsuccessful pairs was 
significantly less and successful pairs raising one 
fledgling were more frequent in 1990-1994  
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Figure 1.  Breeding distribution of the Egyptian vulture Neophron percnopterus in 10-km atlas squares 
in SE Bulgaria; Data to 1990 according to Miltschew and Georgiewa (1994) and Milchev (1994);  
1 – possible breeding up to 1990; 2- probable breeding: grey – up to 1990, black – up to 2000;  
3 – confirmed breeding – up to 1988; 4 - confirmed breeding: grey – up to 1990, black – up to 2000; 
5 - confirmed breeding up to 2003. 

 
 

Table 1. Changes in the nearest neighbor distances (NND) with the decline  
of the Egyptian vulture Neophron percnopterus in SE Bulgaria. 

 

Strandzha Mts Sakar Mts – Derventski Hills  
pre-1988 1989-2000 2001-2005 1994-2001 

Occupied nests 6 4 2 2 
mean (km) 8.8±3.7 9.6±3.2 28±0 39±0 
range (km) 5.8-15.1 6.5-12.9   
G-value 0.77 0.86   

 
 
Table 2.  Breeding characteristics of the Egyptian vulture Neophron percnopterus in SE Bulgaria, 1990-2005 (without  

occupied territory 2006-2012): number of eggs (addled eggs)/number of fledglings; ? – unknown number of eggs;  
* destroyed nest with clutch, ** destroyed nest with hatch; S- shot pair; C- collapsed nest; R- repaired nest;  
+ - observed birds; –  - no observed birds; SP- success rate; P- productivity; BS- breeding success; FR- fledgling rate. 

 

Strandzha Mts Sakar Mts Dervent Hills year 
NG27 NG26 NG35 NG45 MG24 MG64 

SR % P BS FR 

1990 1/1 1/1 2(1)/1 2/2   100 1.25 1.25 1.25 
1991 1/1 2(2)/0 2(1)/1 2/2   75 1 1 1.33 
1992 2/1 2/2 2/0** C   66.7 0.75 1 1.5 
1993 1/1 2/2 1/1 C; R   100 1 1.33 1.33 
1994 1/1 1/1 1/1 R + + 100 0.75 1 1 
1995 2/2 2(1)/1 1/0* 2/2 + + 75 1.25 1.25 1.67 
1996 2/2 2(2)/0 1/0* 1/1 + + 50 0.75 0.75 1.5 
1997 1/0** 1(1)/0 1/0* 2/2 + + 50 0.5 0.5 1 
1998 1/1 2(2)/0 1/0*S,R 2(1)/1 + + 50 0.5 0.5 1 
1999 1/1 2/2 – 1/1 2/0 + 75 1 1 1.33 
2000 – 1(1)/0 S – 1(1)/0 1(1)/0 ?/1 25 0.25 0.25 1 
2001 – – – 1ad. 1(1)/0 + 0 0 0 0 
2002 – – – 1(1)/0 – – 0 0 0 0 
2003 1(1)/0 – – ?/0* 2(1)/1 – 33.3 0.33 0.33 1 
2004 – – – 1ad. 1ad. –     
2005 1ad. – – – – –     

 
 
compered to 1995-2003, when the frequency of the 
unsuccessful breeding attempts increased and the 
number of pairs with one fledgling decreased. 

That difference became insignificant if we include 
the number of fledglings raised from nests demol-
ished by people (χ²2 = 3.5, p>0.05). The average  
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Table 3.  Causes for unsuccessful breeding of Egyptian Vultures Neophron percnopterus  
in SE Bulgaria, 1990-2005: number of causes and percentages. 

 

Cause of breeding failure Incubation Fledging Unknown period 
Addled eggs 10 clutches (43.5%)   
Collapsed nest   1 (4.3%) 
Shooting/killing 1 pair (4.3%) 1 fledgling (4.3%) 1 unsuccessful pair (4.3%) 
Destroyed nests with eggs/young 5 (21.7%) 2 (8.7%)  
Capture of an adult   1 (4.3%)  
Human disturbance near the nest site 1 (4.3%)   
Total 17 (73.9%) 4 (17.4%) 2 (8.7%) 

 
 
productivity was 0.67±0.4, the breeding success 
0.73±0.5 and the fledgling rate 1.1±0.5 in SE Bul-
garia during the study period without any signifi-
cant differences of the three breeding perform-
ances before and after 1994. 
 
Causes for unsuccessful breeding 
Breeding failures occurred mainly during the in-
cubation period (73.9%, n=23; Table 3). The natu-
ral causes such as clutches with addled eggs and a 
collapsed nest comprised 47.8% of the failures. 
Failures related to people (52.2%) predominated, 
and the most frequent cause was the destruction 
of nests with eggs or nestlings. In one case, after 
human disturbance near the nest site scared off the 
incubating bird, we found in the nest two pecked 
eggs, most probably by Common ravens (Corvus 
corax).  
 
Protection actions and their results 
The rocks and their surroundings in squares 
MG24, MG64 and NG35 are declared as protected 
areas according to the national Protected Areas 
Act based on our proposal to protect the habitats 
around the nest from substantial alteration. How-
ever, the management of the protected areas does 
not provide real protection to the birds and their 
nests. Consequently, it led to continuation of nest 
destruction and bird killing. 

Two nests were built to replace the naturally 
collapsed nest and another demolished by a 
poacher. A pair bred successfully in the first five 
times rearing with seven fledglings. The birds did 
not add new branches to the base of the nest, but 
introduced only soft materials for the nest cup. As 
a result the nest base was repaired artificially 
twice during the following 11 years. 

The entrance of the niche with nest in NG27 
was gradually obscured by hornbeam (Carpinus 
bettulus). The tree was logged and the niche was 
still used 15 years afterwards. 

All plastic materials (fibre, string, packings)  

and wires were regularly extracted from the nests. 
 
 
Discussion 
 
Distribution 
The time of extinction of the breeding Egyptian 
vultures in SE Bulgaria is almost impossible to de-
termine, if we accept the data from the latest pub-
lications on the species. Kurtev et al. (2007) indi-
cated 15 breeding localities of the Egyptian vulture 
in SE Bulgaria in 1890-1966, although only six ter-
ritories were known from Michev (1968) and 
Baumgart (1991). Kurtev et al. (2007) mapped 21 
breeding localities in this region in 1990-2000 and 
none of the localities were occupied in 2001-2005. 
However, Kurtev et al. (2008) mentioned four oc-
cupied territories in 2003 and one in 2004. Con-
trary to these two newer sources, Kurtev et al. 
(2011) produced a map with only two localities in 
SE Bulgaria for the period 1985-2003. These great 
differences with our results are most probably the 
consequences of missing real mapping of the re-
gion and impossibility to copy the maps of Milt-
schew & Georgiewa (1994) and Milchev (1994) on 
the 10-km UTM grid (see also Milchev 2010). 

The present study clearly shows the uniform 
distribution of the Egyptian vulture in the 
Strandzha Mts that value increases since the end 
of the 1980s during the process of extinction of 
breeding localities, and extension of the mean of 
NNDs. Liberatori & Penteriani (2001) described a 
similar situation in Italy during the decline of the 
Egyptian vulture population there. The minimum 
and mean NNDs were several times greater com-
pared to the data reported by Baumgart (1991) for 
minimum distance in the "better times" of the spe-
cies in Bulgaria, that is, a minimum of 0.6 km and 
a mean of 3 km. Kurtev et al. (2008) indicated a 
mean distance 9.8 km (range 1.3-57.7 km) for the 
Bulgarian population. But the last breeding locali-
ties in the Strandzha Mts were further than 120 km 
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from the nearest site in the Sakar Mts and 150 km 
from the existing population in the East Rhodopi 
Mts. During the same time no occupied locality 
was known in the neighboring Turkish part of the 
Strandzha Mts to the south (YMBP 2010).  

The last localities are situated at much bigger 
distances compared to the median distances of the 
post-natal dispersal of 19.7 km (range 0–150 km, 
n=26) in Spain, although breeding one time was 
confirmed at 550 km from the bird’s birthplace 
(Carrete et al. 2007, Elorriaga et al. 2009). The high 
level of isolation of the localities in the Strandzha 
Mts from localities to the west was indirectly con-
firmed by the behavioral inability of local Egyp-
tian vultures to prey on live juvenile tortoises 
(Milchev et al. 2012). The absence of new breeding 
localities and reoccupied vacant territories cor-
roborated the alteration of the region into an unat-
tractive site for the adult vultures. But a breeding 
male in the East Rhodopi Mts at least between 
2003 and 2007 (Angelov 2008) was ringed as a nes-
tling in the Strandzha Mts in 1994. Its breeding 
dispersal was about 140 km. Most probably this 
longer post-natal dispersal related to better situa-
tion for the species in the East Rhodopi Mts. In 
Spain, when habitat conditions for Egyptian vul-
tures are good, some breeding populations have 
increased by immigration (García-Ripollés & 
López-López 2006). 
 
Breeding productivity 
The Egyptian vulture reproduction in SE Bulgaria 
declined and the average productivity of 0.67 
fledgling/pair/yearly is a low value compared to 
other sites in Europe (0.8-1.1; Cortés-Avizanda et 
al. 2009). But all pairs at occupied nests have 
started breeding in SE Bulgaria whereas Kurtev et 
al. (2008) found only 67.2% (n=177) of pairs started 
breeding in all of Bulgaria during 2003-2007, while 
Liberatori & Penteriani (2001) reported 65.1% 
(n=126) in Italy, and Donázar & Ceballos (1988) 
79.2 % (n=70) in Spain. In other territorial vulture 
species such as the bearded vulture the percentage 
of pairs that start breeding varies between 41.9-
70.6% (Margalida et al. In press). There were no 
significant differences in productivity characteris-
tics before and after the changes in the livestock-
breeding except the success rate. It had lower val-
ues in the second period, when the unsuccessful 
breeding attempts increased due to poaching. 
However, in other vulture species a delay in lay-
ing dates and a regressive trend in clutch size, 
productivity, flight rate and survival have been 

documented (Margalida et al. In press) following a 
sharp reduction in food availability as conse-
quence of changes in sanitary policies (Donázar et 
al. 2009, Margalida et al. 2010, 2012). The results 
support the conclusion that the breeding pairs 
were unable to produce typical numbers of young 
over the second period. 
 
Causes for unsuccessful breeding 
The clutches with addled eggs were the most im-
portant and clear natural factor decreasing breed-
ing success in this study as in Italy (26.5%; Libera-
tori & Penteriani 2001), but their impact on the 
productivity in SE Bulgaria was almost twice as 
high. The frequency of addled eggs increased sig-
nificantly with the changes in the livestock rearing 
that had been the main source of carrion for Egyp-
tian vulture here (Miltschew & Georgiewa 1994, 
Milchev et al. 2012). The breeding productivity of 
raptors is highly dependent on the food supply 
(Newton 1979), but the negative change in food 
supply alone could not be the only cause for the 
increased frequency of addled eggs in our study. 
Vlachos et al. (1998), Hidalgo et al. (2005), Mar-
galida et al. (2012) and Milchev et al. (2012) re-
ported about Egyptian vultures moving opportu-
nistically to other food sources when the main 
food was scarce. The frequency of clutches with 
one or two eggs and the fledgling rate remained 
uninfluenced by the change in the livestock rear-
ing in SE Bulgaria. A possible explanation is re-
lated with the diet plasticity of the species that al-
lows to adapt Egyptian vultures to exploit alterna-
tive food resources without affecting their popula-
tion dynamics (Margalida et al. 2011, Margalida & 
Colomer 2012) if non-natural mortality factors are 
operating in the area. 

The negative impacts related to people were 
prominent in our study but they are different from 
the main reasons posited by Kurtev et al. (2011) 
for the Bulgarian population. In SE Bulgaria, evi-
dence of poisoned birds, electrocutions or distur-
bances by construction and extraction works was 
not present. The main losses corresponded to de-
struction of nests with eggs/young and the result 
was a significant increase in the frequency of un-
successful breeding attempts after 1994. Distur-
bance by people and their activities have been an 
important negative factor, as also observed in Italy 
and Spain (Liberatori & Penteriani 2001, Sarà & Di 
Vittorio 2003, Zuberogoitia et al. 2008, Sarà et al. 
2009). The affected pairs used the same nest in 
next year and could breed successfully in SE Bul-
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garia. A more crucial factor was shooting pairs of 
Egyptian vultures because fatalities from shoot-
ings resulted to permanent extirpation of 50% 
(n=6) of the known breeding places (NG26, 35, 55) 
in the Strandzha Mts. Permanent abandonment of 
the nests after the death of a pair as a result of the 
poisoning was a typical process in Greece (D. 
Bakaloudis pers. comm.) and Spain (Margalida et 
al. 2012). There, the higher mortality of adult birds 
in a decreasing and fragmented population was 
one of the main factors associated with the nega-
tive population trend of the Egyptian vulture 
(Carrete et al. 2007, 2009, Cortès-Avizanda et al. 
2009, Hernández & Margalida 2009).  

Predation or displacements of the Egyptian 
vulture from its breeding place caused by other 
raptors (Fernandez & Donázar 1991, Kurtev et al. 
2008) were not a factor in SE Bulgaria. The semi-
demolished nest in Sakar Mts had been restored 
and was used by a pair of Long-legged buzzard 
(Buteo rufinus) five years after the extinction of 
Egyptian vultures. All other abandoned nests have 
not been occupied by other rock-nesters. Libera-
tori & Penteriani (2001) ascertained a robbery of a 
clutch by a Raven after a human disturbance near 
the nest site as we found that it also happened ac-
cidentally in our study. 
 
Protection actions and their results 
Iñigo et al. (2008) indicated the Strandzha Mts is 
one of the most important sites for the Egyptian 
vulture in the European Union. Many projects and 
programs for the protection of nature and sustain-
able development in the region have started since 
1993, but they have been unable to improve the 
condition of both birds and local people. The abdi-
cation of the state from the really protecting Egyp-
tian vultures with guards at protected areas, the 
refusal of the local RIEW and the Forestry offices 
to actually pursue and prosecute cases against 
poachers and inadequate actions of their officers 
hampered efforts to stop extirpation of Egyptian 
vultures; all contributed to the decline of the 
breeding population. The building of the artificial 
nest and following monitoring could be a good 
practice for regions with limited supply of rocks. 
Cleaning the nest sites of rope, strings and other 
plastic waste fragment when vulture pairs are 
feeding mainly at landfills is a necessary measure 
to prevent fledglings from getting entangled and 
strangled in the plastic debris (Milchev & Geor-
giev 2012).  

Our findings concerning the unsuccessful ef- 

forts to preserve the Egyptian vulture population 
in SE Bulgaria should be taken into account in the 
planning of conservation actions. 
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