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Abstract. The distribution, population size and breeding density of the Egyptian Vulture Neophron 
percnopterus in Macedonia have been studied in two periods, 1983-1991 and 2003-2011. Results show that its 
population experienced decline of about 83% for the period of 30 years, counting only 22-23 pairs in 2011. The 
decrease has been steepest for the period 1991-2002 (-60.4%), and is mostly owing to single mass poisoning 
incident. Based on the overlap of the home ranges, breeding territories were grouped in clusters, and were 
non-randomly distributed within the clusters. Within the largest cluster, the nearest neighbor distance has 
significantly increased between the beginning and end of the study (from 2668.88 m to 7231.74 m in 
averages), and breeding density fell from 1.29 to 0.60 pairs/100 km2. Breeding parameters (2006-2011) were 
similar to the previous studies - productivity (0.84±0.2), breeding success (0.93 ± 0.2) and the fledging rate 
(1.19 ± 0.16). Poisoning is considered as the primary reason for population decrease, and posed the most 
serious threat for the breeding population. It was also noted that some of the pairs do not return to the 
breeding territories, indicating possible losses along migration routes and/or in wintering regions. Urgent 
conservation measures are needed to safeguard the species in Macedonia, primarily by restricting the use of 
poison baits, which are the most important non-natural mortality factor. 
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Introduction 
 
The Egyptian Vulture Neophron percnopterus is a 
medium-sized raptor and opportunist scavenger, 
feeding on large variety of dead animals, includ-
ing large carcasses, small and medium-sizes ver-
tebrates, sometimes taking live prey, insects and 
human waste on rubbish dumps (Cramp & Sim-
mons 1980, Donázar 1993). The European popula-
tions are migratory, except those living in the Ca-
nary and Balearic Archipelagos (Cramp & Sim-
mons 1980, De Pablo 2000); birds breeding in the 
Mediterranean region spend winter in Sub-
Saharan Africa (Meyburg et al. 2004, Ceccolini et 
al. 2009, García-Rípollés et al. 2010). 

Its current distribution spans from South 
Europe, through the Middle East, Caucasus and 
Central Asia, to the Indian subcontinent and Af-
rica north of the equator (Ferguson-Lees & 
Christie 2001). The global population is estimated 
to 13,000-41,000 adult individuals (BirdLife Inter-
national 2008), with about 3,300-5,050 breeding 
pairs in Europe (Iñigo et al. 2008). Over the last 
three decades, its population underwent strong 
decline. In Europe, the Spanish population de-
clined for 25% in the period 1987-2000 (Donázar 
2004), Italian for 69% from 1970 to 1999 (Liberatori 
& Penteriani 2001) and Bulgarian at least 79% in 

the period 1960’s -2007 (Kurtev et al. 2007). On the 
Balkan Peninsula the remaining populations in 
Albania, Bulgaria, Greece and Macedonia are 
known to have undergone strong declines (Vla-
chos et al. 1998, Kurtev et al. 2007, Iñigo et al. 
2008), and the species is considered extinct from 
Croatia (Sušić & Grbac 2002), and likely extinct 
from Bosnia and Herzegovina, Montenegro and 
Serbia (Iñigo et al. 2008). The Indian population 
declined by 80% between 1999 and 2003 (Cuthbert 
et al. 2006). Due to this recent rapid decline in In-
dia and continuous long term decline in Europe 
and West Africa, since 2007 its global conservation 
status has been considered as Endangered 
(BirdLife International 2008). 

Anthropogenic factors, particularly poisoning, 
habitat loss, reduction in food availability and dis-
turbance are considered to be the most important 
threats during the breeding season in Europe 
(Donázar 2004, Carrete et al. 2007, Zuberogoitia et 
al. 2008, Hernández & Margalida 2009). The mi-
gratory Palearctic population is exposed also to 
threats along the migration flyway and in the Af-
rican wintering quarters, such as low juvenile sur-
vival in dry years, and electrocution (Grande et al. 
2009, Angelov et al. 2013). 

As an opportunistic scavenger, the Egyptian 
Vulture should not be significantly affected by a 
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decrease in number of available carcasses of live-
stock to a certain threshold (Margalida & Colomer 
2012), although in regions without predictable 
food sources, the extinction of the breeding territo-
ries has been related to the reduction of livestock 
numbers (Mateo-Tomás & Olea 2010). Therefore, 
loss of traditional farming practices and improved 
sanitary regulations might negatively affect its 
population trend.  

The species used to be common and wide-
spread in Macedonia in the beginning and the 
middle of the 20th century. Micholitsch (1957) is 
the only author reporting an Egyptian Vulture 
roost in Macedonia, in Pelagonia plain. There on 
17th June 1956 he observed 12 adult and three im-
mature birds. The species was described as com-
mon in Macedonia in the period 1977-1981 (Vasić 
et al. 1985). Its population was estimated at ca. 40 
breeding pairs with stable trend. Nest robbery was 
reported as a conservation problem (Vasić et al. 
1985). Trpkov (1987) was the first that arbitrarily 
classified the Egyptian Vulture as endangered 
species in (the former) Yugoslavia and Macedonia 
noting several-fold population decrease since 
1963. He considered direct persecution and food 
shortages as the main reason for decline. In the pe-
riod 1980-1986 Grubač (1989) estimated the popu-
lation to about 60 breeding pairs in Macedonia, 
distributed mostly in southern and central parts of 
the country. Poisoning, direct persecution and nest 
robbery were identified as the most important 
threats at that time. Later, based on improved 
data, Grubac (2000) corrected the population esti-
mation to at least 109 pairs for the period 1980-
1991, noticing slight increase in the period 1985-
1991. He also reported a large poisoning incident 
on a rubbish dump in September 1992 (this inci-
dent actually took place in September 1993), when 
ca 60-70 individuals were poisoned. 

Since 1996 the Egyptian Vulture in Macedonia 
has been protected under the Law on hunting, and 
since 2012 it is listed as strictly protected species 
under the Law for protection of nature. 

The aims of this study are: i) to assess the po-
pulation status, distribution and population trend 
of the Egyptian Vulture in Macedonia between 
1983 and 2011 on the basis of field data coming 
from two different study periods, ii) to analyze 
changes in the spatial distribution of the pairs and 
breeding densities, iii) to present breeding success 
information for the species during the recent pe-
riod (2006-2011) and iv) to identify the most im-
portant threats leading to population decline. 

Material and methods 
 

Study area 
The Republic of Macedonia is small (25,713 km2) country 
on the Balkan Peninsula (Fig. 1). Its relief is characterized 
by central lowland regions surrounded by mountain 
chains to west, east and partially south, as well as a cen-
tral mountainous massif. Most of the country surface 
(44.1%) ranges at altitudes between 500–1000 m a.s.l. 
(State Statistical Office of the Republic of Macedonia 
2011). In 2010 forests occupied 36.9% of the territory, 
19.8% was cultivated land and 23.8% pastures (State Sta-
tistical Office of the Republic of Macedonia 2011). Large 
portions in the central part of the country (roughly, the 
area north of Kumanovo, towards Probištip and Štip on 
the east, Demir Kapija on the south and Kavadarci and 
Veles on the east) are of steppe-like character. 

The climate is sub-Mediterranean in the southern 
lowland parts (average annual temperatures 13.8–14.5oC), 
continental throughout most of the country and moun-
tainous above roughly 1,500 m a.s.l. altitude (with annual 
averages temperature from –0.6 to 8.7oC). The average 
annual precipitation is 742 mm, ranging from 471 mm at 
Ovče Pole plain to 1,096 mm at Mt Šar Planina Mt. (Laza-
revski 1993, State Statistical Office of the Republic of Ma-
cedonia 2011).  

Livestock rearing used to be primary occupation of 
the population until about 1950es, when migrations to cit-
ies begun, resulting with drastic decrease in livestock 
numbers (review in Velevski et al. 2003). Cattle decreased 
for about 25% since 1950s, to number about 260,000 in 
2010 (Statistical Office of the Republic of Macedonia 
2011). About 10% of them are of the local race ‘busha’ 
(unpublished data of the Food and Veterinary Agency of 
Republic of Macedonia), which is typical for the remote 
regions and is almost completely free-ranging. Although 
there is no precise information available, it is to be ex-
pected that the numbers of this breed largely declined for 
this period in favor of more productive farm-kept breeds. 
For the same period, buffaloes, counting about 20,000 
heads, went completely extinct. Sheep decreased about 
62%, counting about 780,000 heads in 2010 (Statistical Of-
fice of the Republic of Macedonia 2011). They are tradi-
tionally kept in small flocks that are moved from summer 
(mountainous) to winter (lowland) pastures. There are no 
historical data available on goats’ numbers, as their 
breeding was prohibited in order to preserve and increase 
forest cover. They counted about 95,000 in 2010 (Statisti-
cal Office of the Republic of Macedonia 2011) and their 
numbers seems to be fluctuating. Although sanitary regu-
lations require destruction/burial of carcasses, it is rarely 
practiced, especially in the remote regions, and carcasses 
can often be found left on pastures, or dumped not far 
from villages or farms, in which case they are not always 
readily available for vultures due to people and/or dog 
disturbance. Swine is the only farm animal whose num-
bers have been increasing (Velevski et al. 2003). Large ma-
jority are kept in large farms for meat production, and 
slaughter-house offal is readily available for Egyptian 
Vultures on several dumping sites and farms (but not for 
Eurasian Griffon Vultures Gyps fulvus due to heavy hu- 
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man disturbance). 
 

Data collection 
The Egyptian Vulture population in Macedonia was 
monitored in two separate periods: (1) during the general 
vulture survey carried out in the period 1983-1991 and (2) 
within the Vulture Conservation Project in Macedonia, 
between 2003 and 2011. In the first period the species was 
not in the main focus of the work, while in the second pe-
riod the study was more comprehensive, covering about 
95% of the country’s territory. 

We defined occupied territory as an area where the 
presence of a pair in the beginning of the breeding season 
(March-April) can be found. We eliminated the possibility 
of double-counting of pairs by search for nests, and we 
were taking care to note all uses of alternative nests by 
same pairs. Besides the direct observations, inquiries of 
the locals for the presence of the species were regularly 
carried out, taking advantage of the familiarity of the lo-
cal hunters and livestock breeders with the species. To ob-
tain more precise estimation of the historical population 
size, we also used earlier published data (Viereck 1917, 
Stresemann 1920, Banzhaf 1931, Thorpe et al. 1936, Kara-
man 1949, Makatsch 1950, Niestle 1952, Matvejev 1955, 
Terrasse & Terrasse 1961, Bodenstein & Kroymann 1967, 
Terrasse et al. 1969, Kalaber 1971, Danko & Szilard 1971, 
Trpkov 1987) or unpublished information from other or-
nithologists and birdwatchers. 

All data were classified in five categories on the basis 
of their precision and origin: 

1 – own observations; 
2 – precise literature data or unpublished informa-

tion from other ornithologists (at least breeding cliff 
known); 

3 – imprecise literature data or information from 
other ornithologists (at least micro-region of probable 
breeding known); 

4 – precise inquiry data – data without any doubt re-
ferring to Egyptian Vultures, where old nest, nest niche or 
nesting cliff were shown to us or unambiguously de-
scribed by locals; and 

5 – imprecise inquiry data - data without any doubt 
referring to Egyptian Vultures, but only the micro-region 
of the probable breeding was known to the locals.  

All territories indicated in the literature or by the in-
quiries were visited between once (only two territories) 
and several (up to 10) times in the period 2003-2011, and 
only when our results were negative, we assigned the ter-
ritory to one of the categories 2 to 5.  

Only the first two categories were used in the GIS 
analyses, but the remaining three have helped us to de-
termine the historical range and more precisely estimate 
the population size of the species. 

In the cases when we had no information on the con-
tinuity of the territory, we assumed that all territories we 
have known at the end of the study also existed in the pe-
riod 1983-1991, based on findings that lower-quality terri-
tories are lost earlier than high-quality ones (Carrete et al. 
2007) and philopatry of the species (Grande et al. 2009, 
Elorriaga et al. 2009). Although it has been known that lo-
cal territory losses and re-colonization can take place 

(Carrete et al. 2007), in absence of detailed monitoring of 
the population before 2003, we believe that this assump-
tion results in more precise estimation of the species’ dis-
tribution, population size and trend. 

During the second study period the number of 
known territories progressively increased until 2009, after 
which we were not successful in locating new pairs. In 
this period most of the territories were visited at least 
three times per breeding season (in the pre-breeding or 
incubation period to control for occupancy and start of 
the incubation, during hatching period to assess the 
hatching success, and in fledging period in order to assess 
the number of successfully fledged juveniles). As we were 
not able to monitor all territories during the entire study 
period or throughout the breeding season (the nests were 
either discovered late in the study period, or were inac-
cessible for monitoring during the incubation and hatch-
ling stage), there is likely some bias in our data towards 
the successful pairs (Newton 1979). In order to reduce it, 
we have analyzed the information on the breeding suc-
cess only for the period of 2006-2011, excluding earlier 
years when the number of unknown nests was signifi-
cant. We measured the breeding parameters in three 
ways: i) productivity (the average number of juveniles 
fledged per monitored territory); ii) breeding success (the 
average number of juveniles fledged per breeding pair); 
and iii) fledging rate (the average number of juveniles 
fledged per successful pair). For successful we considered 
pairs rearing at least one juvenile per breeding season. 
We considered juveniles fledged when they were seen 
flying or sitting in the nests after August 10th, which 
should fulfill the achievement of 80% average flight age 
for this species even for the late incubating pairs (Cramp 
& Simmons 1980, Steenhof & Newton 2007). In the few 
cases when the start of incubation was unusually late, the 
observations were extended until the juveniles were seen 
flying. Due to limited resources and in order to avoid dis-
turbance, we were not always able to check for egg or 
hatchling numbers, and therefore we have not calculated 
brood reduction. One pair monitored in 2011 was also ex-
cluded from the analyses, as the entrance of the nest cave 
has been modified to prevent predator access, thus possi-
bly impacting the breeding success. 

 
GIS and statistical analyses 
We performed the GIS analyses of the nest distribution 
using ArcGIS 9.1 (ESRI 2005), on data originating from 
1983 (beginning of the first study period, assumed largest 
population), 2003 (start of the second study period) and 
2011.  
To determine nearest neighbor distances (NNDs) and 
breeding densities while excluding unsuitable habitats 
from the analyses, we introduced clustering of territories 
methods. To delineate the clusters, we created buffer zone 
with radius of 8 km (home range of the breeding pairs, 
Carrete et al. (2007), which closely corresponds with our 
field observations) around all territories of interest (data 
categories 1 and 2), and considered pairs with overlap- 
ping territories belonging to one cluster. We used the out-
ermost points of the clusters to generate the minimal con-
vex polygon (MCP) of the cluster, using Hawth's Analysis 
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Figure 1. Distribution of the Egyptian Vulture territories in Macedonia. Full circles – category 1 data from 2011; 
half-full circles – category 1 data from 2003; square with dot – category 2 data from 2003; empty circles – cate-
gory 1 data from 1983; empty squares – category 2 data from 1983; empty triangles – category 3 data from 
1983; empty rhombs – category 4 data from 1983 and empty stars – category 5 data from 1983. 

 
 

Tools for ArcGIS (Beyer 2004). The analysis on breeding 
density was calculated as number of territories/surface of 
the respective MCP and shown as pairs/100km2. We cal-
culated NND only within the clusters, using ET GeoWiz-
ards extension tools for ArcGIS (ET SpatialTechniques 
2004). In both cases, only the clusters containing mini-
mum of three territories were analyzed. In the cases 
where the pairs used alternative nest between the years 
(seven cases), we used the coordinates of the more fre-
quently used nest. 

The G-statistics as a measure of regularity of nest 
spacing was calculated as the ratio between the geometric 
means and arithmetic means of the squared NNDs 
(Brown 1975, Brown & Rothery 1978), where its values 
range from 0 to 1, and values above 0.65 are considered as 
indicating regularity in nest distribution (Newton et al. 
1977, Liberatori & Penteriani 2001). We compared 
changes in the average NNDs using Kruskal-Wallis test, 
considering only clusters with minimum of 13 territories 
(Zar 2010). For all statistical analyses we used Statistica 
10.0 (StatSoft Inc.). 

 
 

Results 
 
We have gathered information for presence of 166 
occupied territories in the period of 1905-2011. 

Twenty-nine of these territories were lost before 
1980, and the distribution of the remaining 137 ter-
ritories is shown on Fig. 1. Thirty-six more territo-
ries were lost between 1983 and 1991. By 2003, the 
number of known territories fell to about 40, and 
in the period 2004-2011 we have witnessed loss of 
further 17 pairs, while no territory has been 
(re)occupied. The decline did not take place at the 
same speed (Fig. 2), and was the steepest in the 
period of 1991-2002. 
The results of the clustering method show that 
Egyptian Vultures territories were not evenly dis-
tributed through the country during both study 
periods. Four clusters (C1-C4, containing between 
72 and 2 territories) and six single pairs not be-
longing to any cluster were identified for 1983 
(Fig. 3a). In 2003 only one cluster (C5, containing 
30 territories) remained (Fig. 3b), while the seven 
remaining territories became outliers. By 2011 this 
large cluster separated in two smaller clusters (C6 
and C7), containing 13 and five territories, while 
four territories remained outside the clusters (Fig. 
3c). 

The average NDD in the southern (the largest) 
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Figure 3. Clusters (C1-C7) of Egyptian Vulture territories in Macedonia in (a) 1983, (b) 2003  
and (c) 2011, with the boundaries of the respective minimal convex polygons. 

 
 

MCP increased from 1983 to 2003 and to 2011, 
while the breeding density constantly decreased 
(Table 1). The NNDs varied greatly (between 5.2- 
and 73.8-fold differences between the minimal and 
maximal values), resulting in low values of the G-
statistics and clearly showing non-random distri-
bution of the territories within the clusters. The 
Kruskal-Wallis single-factor ANOVA by ranks 
found highly significant difference (H (2, N=115) 
=18.55, p =0.0001) among the NNDs from the clus-
ters C1, C5 and C6. Post-hoc multiple comparison 
of ranks found significant differences between C1 
and C5 (z=2.57, p=0.0304) and C1 and C6 (z=3.92, 
p=0.0003), but not between C5 and C6 (z=1.88, 
p=0.182). 

The north-eastern cluster was lost by 2003 
(three outlying pairs remained in 2003, and two in 
2011). The highest local breeding density was 
found in Demir Kapija Gorge in 1989, where 10 
pairs bred in an area of ca. 28 km2. In 2011 there 
were no sites holding more than two pairs within 
1 km radius of each other, and the central-
Macedonian cluster (C7) had the largest density 
(five breeding pairs, 0.72 pa/100 km2).  

A total of 122 breeding attempts with known  

outcome and 16 cases without incubation were fol-
lowed between 2006 and 2011. Large part of the 
monitored pairs was found to have started incuba-
tion (mean = 0.90, SD=0.06), but the productivity 
varied widely (Fig. 4b). Out of the 17 territories 
that were lost between 2003 and 2011, five were 
abandoned after losses probably during migra-
tions or at the wintering regions. The loss of one of 
those pairs occurred after two years of unsuccess-
ful breeding attempts and three more years with-
out attempting breeding. In the case of the second 
pair, the loss occurred following one year of un-
successful breeding and one more year without 
any attempted breeding. The third pair was lost 
after unsuccessful breeding attempt, and in the 
fourth case, single bird held the territory one year 
(2006) after its mate did not return for breeding, 
before complete abandonment in 2007 (but with 
successful breeding in 2005). We have no data on 
earlier breeding success for the fifth pair, discov- 
ered as non-breeding in 2009 and not found any 
more in 2010. For four more territories, we have 
evidence that at least one of the mates was lost at 
the breeding territory. In two of these pairs, poi-
soning was suspected (2007) or proven (2011) 

Figure 2. Population trend of the Egyptian Vulture 
in Macedonia. Percentages show the decrease 
rate for the respective period. 
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cause of death. There are no conclusive data for 
the remaining eight territories, but in one of them 
the pair was unsuccessful in breeding during the 
four final years before it was lost. We have evi-
dence of mate replacement in two pairs (in 2009 
and 2011), in the latter case following poisoning 
incident. Both pairs reused the old nests. 

We have recorded 27 breeding failures in the 
period 2006-2011, two of which occurred during 
the incubation, eight during the nestling period, 
and for 19 it was not clarified whether failure oc-
cured during the incubation or in the nestling pe-
riod. 

In addition to our observations, and in ab-
sence of official data, we have gathered inquiry in-
formation for suspected poisoning of eight more 
birds and shooting of 15-17 birds in the period 
1983-2002. Further 3-4 birds were allegedly lost in 
other incidents (one in collision with electricity ca-
bles, one with unknown reasons of death, and 1-2 
were trapped). 

 
 

Discussion 
 

Our results show that for the almost 30 years be-
tween 1983 and 2011, the population of the Egyp-
tian Vulture in Macedonia declined for about 83% 
(from 137 to 22-23 pairs). The population decline 
was the steepest in the period 1991-2002, but simi-
lar strong decrease is noted for the period 1983-
1991 as well. These periods are characterized by 
large decrease in livestock numbers, but also by 
many poisoning incidents affecting vultures. 
Apart from the single poisoning incident – the one 
in September 1993 and loss of ca. 60-70 adult birds, 
there are only few cases of poisoned Egyptian Vul-
tures reported from the period of 1991-2002, and 
only one or two cases after 2003. This incident cer-
tainly outperformed by the largest population de-
cline between 1991 and 2002. Most of the poison-
ing cases before 2003 probably went unnoticed as 
there was no intensive monitoring program. In the 
same period poisoning incidents causing mortali-
ties among the Eurasian Griffon Vultures have 
been regularly recorded (authors’ unpublished 
data). The conflict among livestock breeders and 
wolves in Macedonia (Lescureux & Linnell 2010) 
has occured since ages; organized wolf poisoning 
campaigns started to take their toll among vul-
tures since 1947 (Naumov 1981). Although use of 
poisoned baits for predator control was banned in 
1985, the practice never stopped among the local 

livestock breeders, and the baits are usually placed 
after wolf packs inflict major damages to the farm-
ers. The wolf population in Macedonia seems to be 
on continuous increase since 1965 (unpublished 
data of the Ministry of Agriculture, Forestry and 
Water Economy of the Republic of Macedonia) 
and with the decreasing numbers of livestock, in-
tensification of this conflict is on the rise. A similar 
human-wildlife conflict scenario occurred in 
northern Spain related with the increase of attacks 
of Eurasian Griffon Vultures to live livestock, pro-
voking the illegal poisoning of 243 Eurasian Grif-
fon Vultures between 2006-2010 (Margalida et al. 
2011). Poisoning of shepherd and feral dogs has 
been reported to us (or we have witnessed such) at 
many villages or livestock farms, and the risk for 
Egyptian Vultures by such actions seems particu-
larly high. Combination of reduction in livestock 
numbers (thus, decrease in potential food source) 
and continuous decrease in numbers of Griffon 
Vultures (authors’ unpublished data) has probably 
increased the risk for finding poison-laced animals 
(commonly used as baits) by Egyptian Vultures. 
Population declines have already been related to 
increase of similar risks in other parts of the spe-
cies’ range. For example, only in Spain during the 
period 1990-2010 more than 4000 vultures were il-
legally poisoned, including a total of 366 Egyptian 
vultures (Margalida 2012). In this sense, Cortés-
Avizanda et al. (2009) have attributed the vulner-
ability of Egyptian Vulture to poisoned baits in 
Spain to decrease in the wild rabbit Oryctolagus 
cuniculus population due to rabbit haemorrhagic 
disease. Following rabbit number decrease, the 
birds were likely forced to search for food in the 
agricultural lands and the hunting grounds 
around the protected area, therefore increasing the 
risk of poisoning. In our study area, protected ar-
eas inside the Egyptian Vulture range lack ranger 
service and inspection, and risk of poisoned baits 
being set is equal to that outside of their bounda-
ries. Cuthbert et al. (2006) attributed increased risk 
of exposure of the species in India to animals 
treated with diclofenac to the decrease in the 
numbers of Gyps vultures and therefore increased 
availability of treated carcasses to Egyptian Vul-
tures. Similar scenario is more likely to happen in 
Macedonia: combination of the decrease in the 
livestock numbers (and therefore available car-
casses), increased number of poisoned baits aimed 
towards the wolves, and decreased number of 
Griffon Vultures, probably increased the risk of 
poisoning of Egyptian Vultures. Unnatural mortal-



B. Grubač et al. 
 

32 

ity rates might not be the only consequence of poi-
son baits. Margalida et al. (2012) point out the pos-
sibility that poisons also affect breeding rates by 
increasing recruitment of inexperienced individu-
als in the breeding population. Such scenario is 
plausible for Macedonia, as poisoning incidents af-
fect our study population usually before the 
breeding is started. The surviving birds have 
enough time to find new mates, which decreases 
the suspicions to poisoning incidents. In absence 
of marking program, this effect can easily go un-
noticed in Macedonia. 

Losses outside the breeding territories proba-
bly had important negative impact on the Mace-
donian population in the recent past. The decline 
of the Egyptian Vulture in Greece and Bulgaria 
has already been related to its reduced survival 
during migration and in the wintering areas (Vla-
chos et al. 1998, Kurtev et al. 2007). Exact migra-
tion routes of the Balkan birds are in general 
poorly known, and data available to-date prove 
that migration routes are mostly not only via 
Bosporus and Dardanelles, but also via Pelopon-
nesus and Mediterranean Sea, to central-eastern 
Sub-Saharan Africa (Meyburg et al. 2004, Lucia et 
al. 2011, unpublished data of Bulgarian Society for 
Protection of Birds - BSPB, Hellenic Ornithological 
Society - HOS and the Macedonian Ecological So-
ciety, see also www.lifeneophron.eu). Birds mi-
grating through Turkey are not safe from the risks 
of poisonings and contamination (Vaassen 2003, 
Vaassen & Aykurt 2003).  We can not be conclu-
sive that birds bred in Macedonia are lost not far 
outside their breeding territories within the coun-
try, or in the neighboring Balkan countries (from 
where frequent use of poisonous baits is also 
known, data of the BSPB, the Fund for the Wild 
Flora and Fauna – Bulgaria, HOS and WWF-
Greece), therefore remain undetected with the 
monitoring of the breeding territories. According 
to our data for the period of 2003-2011, poisoning 
incidents in Macedonia usually take place from 
February to early April, when Egyptian Vultures 
are either not present on the breeding territories or 
have not yet started breeding. Therefore, it might 
be difficult to detect poisoned individuals (c.f. 
Spain, where the peak of poisoning is in April, 
May and June, and most poisoned birds are found 
at or close to their nests, Hernández & Margalida 
2009). Urgent research is needed in this direction 
aiming to identify possible sinks in the Balkans, 
along the migration routes and/or in the winter-
ing regions. Assuming stabile age distribution in 

the breeding population, it is also possible that ob-
served losses of adults that follow one or more 
years of unsuccessful breeding attempts, or no at-
tempts at all, might be due to natural age-related 
mortality. Influence of senescence on the breeding 
outcome (older individuals produce less offspring) 
has been suggested for some raptors (Newton 
1979) and other vertebrate species (Skalski et al. 
2005). 

Non-significant difference in the breeding 
densities as revealed by post-hoc multiple com-
parisons of ranks of the NNDs in the south of the 
country between 2003 (C5) and 2011 (C6) should 
be interpreted with caution. Unbalanced sample 
size (number of breeding territories, Table 1) be-
tween the two MCPs as well as the noticeable re-
duction in the surface of C6 compared to C5 may 
partially influence the result. Another possibility is 
that birds that enter the breeding pool positively 
select territories in the south of the country, based 
on presence of conspecifics, the larger number of 
suitable breeding cliffs and the larger number of 
predictable food sources (and therefore smaller 
average distances from the nest sites to the food 
sources). All these factors are important for ex-
plaining breeding densities and territory persis-
tence (Ceballos & Donázar 1989, Carrete et al. 
2007, Grande et al. 2009). The similarity of NNDs 
values found in Macedonia until about 1983 and 
values for Bulgaria from late 1960s to about early 
1980s (Baumgart 1991) show that the species was 
found at high densities probably throughout the 
Balkan Peninsula. The average NNDs found in the 
Macedonian clusters in 2011 are comparable with 
the results obtained by Liberatori & Penteriani 
(2001) for the Ionian range in the period 1970-1990 
(which holds the largest share of Italian popula-
tion), Sicily (1980-2002, Sarà & Di Vittorio 2003), 
the Pyrenean chain in France (Braillon 1979, 1987) 
and Catalonia in Spain (Marco & Garcia 1981). 
This suggest that the decrease in the Macedonian 
(and Balkan) population comes about two to four 
decades later than declines in other European 
countries where the species was common, but 
there are no precise data on the NNDs from the 
earlier periods in the mentioned regions for more 
direct comparison. Similarly to the process of dis-
appearance of the remote clusters and single pairs 
from Macedonia, the species became extinct in two 
out of three other Italian regions (Liberatori & 
Penteriani 2001). Identical trend of higher prob-
ability for extinction of territories that are distant 
from conspecifics was noted in Spain, and ex-
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plained with the high importance of the philo-
patry and conspecific attraction for territory selec-
tion (Carrete et al. 2007). 

Our results on breeding success, although 
probably slightly positively biased (see Materials 
and methods) are in line with the published re-
sults (Liberatori & Penteriani 2001, García-Ripollés 
& López-López 2006, Kurtev et al. 2007, Iñigo et al. 
2008, Mateo-Tomás et al. 2010, and references 
therein). Increasing productivity and breeding 
success observed during 2010 and 2011 is partially 
owed to extinction of non-breeding pairs and pairs 
with lower average breeding success. Food avail-
ability was considered as one of the most impor-
tant factors affecting productivity on Italian pen-
insula (Liberatori & Penteriani 2001) and in 
Northern Spain, where particularly low breeding 
rates were observed (Cortés-Avizanda et al. 2009). 
Similar breeding rates to ours were also found in 
increasing Egyptian vulture population (García-
Ripollés & López-López 2006). Although livestock 
decrease (as an indicator of food availability) is 
considered to contribute the declining trend in 
north-east Spain (Mateo- Tomás & Olea, 2010), the 
population trends of the Egyptian Vulture as an 
opportunistic scavenger are not expected to be 
highly affected by food shortages caused by only 
partial reduction of large animal carcasses (Mar-
galida & Colomer 2012), and livestock reduction 
was not related to the extinction of the species 
from Eastern Bulgaria (Milchev et al. 2012). Such 
decrease probably has higher influence on breed-
ing parameters than on the species’ population 
trend. Diet diversity, however, was found to sig-
nificantly affect the productivity rates (Margalida 
et al. 2012). Relatively large numbers of carcasses 
and quantities of slaughter-house offal available in 
Macedonia, together with other natural prey of the 
Egyptian Vulture, should provide sufficient food-
source for this species, which might be indicated 
by the relatively high rates of breeding success.  

 
Conservation implications 
Some of our results might be used in developing 
conservation strategies for the Egyptian Vulture in 
Macedonia. The clustered distribution of the terri-
tories and non-random distribution within the 
clusters makes the site-protection approach for 
conservation of the species possible. Only six of 
the remaining pairs breed within the borders of 
protected areas (by one in the monuments of na-
ture "Canyon Matka", "Demir Kapija gorge" and 
"Canyon of river Gradešnička Reka" and three in 

the strict nature reserve "Tikveš"). The most im-
portant sites for the Egyptian Vulture in Mace-
donia, considering both present and past distribu-
tion of the species, have already been identified 
within the important bird areas (IBAs) network 
(Velevski et al. 2010). Proclamation of new pro-
tected areas (based on national or, with the EU ac-
cession process of the country, international legis-
lation - Natura 2000) is needed as the first step to 
secure the future of the species in Macedonia. 
However, so far establishment of protected areas 
has not prevented severe population declines in 
Demir Kapija and Tikveš regions, and will cer-
tainly not be a sufficient measure if it is not sup-
ported by more specific management activities 
(particularly to reduce the  risks of poisoning and 
shooting). Active control of poisonous baits is 
needed not only within and close to the protected 
areas, but also in the unprotected breeding and 
foraging areas of both Egyptian and Griffon Vul-
ture. This would require establishment of efficient 
ranger service in the protected areas of importance 
for the vultures, and coordination with the state 
agencies in charge for enforcement of environ-
mental, hunting and veterinary legislation (whose 
efficiency has improved in the last decade), who 
should also strengthen the control on pesticides 
sales. Our field inquiry data and the few toxico-
logical analyses show that methomyl (carbamate) 
is most commonly abused pesticide in recent poi-
soning incidents. There is still no established na-
tional protocol neither for field procedures nor for 
laboratory analyses in poisoning cases, and exist-
ing laboratories are understaffed and undere-
quipped to routinely provide evidence for poison 
use. Without clear procedures in place, it can not 
be expected that the poisoning risk for vultures 
and wildlife in general is going to be reduced (see 
Margalida 2012), and adoption of models from EU 
countries is urgently needed if Macedonia is to 
preserve this strictly protected species. 
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