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Abstract: We used VORTEX 9.99 to run 21 simulations on the viability of the population of the Egyptian Vulture
Neophron percnopterus in Macedonia. Our baseline scenario indicated that there is a high probability of
total extinction of the Egyptian Vulture from Macedonia within 50 years, with mean and median time
periods to first extinctions being 26 and 25 years, respectively. Productivity rates have little influence on
the persistence of the population, and conservation actions should be focused on reduction in the mortality
rate not only in the breeding regions but also along the migration routes and in the wintering quarters. The
possible supplementation of population would be justified only if the programme is accomplished together
with some in-sifu conservation measures. The number of the released juveniles in such a programme will
have a clear effect on the viability of the population. Further research is urgently needed in order to iden-
tify the migration routes and wintering areas of the birds that breed or fledge in Macedonia, as well as to
determine the actual mortality rates among the different age classes, since our results have indicated that
the numbers used in this study may be considered too optimistic. Great care in planning of the future infra-
structural and touristic development of the country and more efforts to control the illegal use of poison are
also needed in order to protect the Egyptian Vulture from extinction in Macedonia. Currently, the species
should be considered as Critically Endangered at national level.
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Introduction

The aim of the Population Viability Analyses (PVAs)
is to estimate the probability of survival of a popula-
tion for a certain time interval by considering factors
such as demographic parameters (age-specific rates
of survival and reproduction, and their variances),
variability of the environment, catastrophes, ac-
cidental genetic events, demographic stochasticity
and others (Boyce 1992, Bovyck et al. 2007). That
type of analyses is particularly useful in determin-
ing the most important demographic parameters that
have an impact on population survival (BEISSINGER,
McCurLoucH 2002). PVA is often used to provide
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recommendations for management of rare, threatened
or harvested populations of various species from di-
verse taxonomic groups (an overview in AKGAKAYA
2000). The debate over the risks that PVA may carry
(e.g. ELLNER et al. 2002), seems to be settling (Brook
et al. 2002), since, notwithstanding the uncertainty
of the results (which is mostly associated with the
need of gathering huge amount of data about the
species lifestyle), PVA really offer a possibility of
ranking different management practices (AKCAKAYA,
S10GREN-GULVE 2000, ELLNER, FIEBERG 2003). On the
other hand, PATTERSON, MURRAY (2008) noted that a
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wider philosophical approach to the realization and
accurate and objective interpretation of those analy-
ses was yet to be expected.

At present the most reputed PVA software is the
VORTEX (LAcy et al. 2009), that enables creation
of different scenarios with various input parameters
for a population. This software performs individual-
based simulations (creation and tracking of the rep-
resentations of individuals and recording their sex,
origin and age), which are grounded on events from
the typical lifestyle of a diploid organism with sex-
ual reproduction. VORTEX takes into account the
effects of the demographic and deterministic factors,
as well as the stochastic events that arise from the
genetics and environmental variability in order to
predict the most likely viability of a population for a
given time period. The software has originally been
developed to model bird and mammal populations
and then upgraded to be used in other taxonomic
groups (MILLER, Lacy 2005). It has been frequently
used to assess the viability of vulture populations
(BusTAMANTE 1996, 1998, Pavokovic, Susic 2006,
GRANDE 2006, CARRETE et al. 2009, GARcCia-RIPOLLES,
Lopez-Lopez 2011).

In the present study, we have used VORTEX
to assess the extinction probability of the endan-
gered Egyptian Vulture Neophron percnopterus in
Macedonia. The vulture is a long-lived (up to 25
years, GRANDE 2006) opportunistic scavenger with
generation time of 13 years (GRANGE 2006, GRANDE
et al. 2009, Acupo et al. 2011), which starts its repro-
duction at age 6-7 years (GRANDE 2006, CARRETE et
al. 2009), and shows a trade-off between the age of
recruitment into the breeding population and the ter-
ritory quality (GRANDE et al. 2009). The reproduction
is long-term monogamy (DoNAzar 1993), and high
turnover rates for adults (annual survival rate of 0.9)
have been found (Acupo et al. 2011). Productivity
(number of fledglings/number of monitored pairs)
has been found to vary between 0.48 and 1.10, with
fledgling rates (number of fledglings/successful
pairs) being between 1.09 and 1.75 (see LIBERATORI,
PenTERIANT 2001, GARcia-RipoLLES, LoOPEZ-LOPEZ
2006, KurTev et al. 2007, INigo et al. 2008). The av-
erage values of those two indices recorded recent-
ly in Macedonia were 0.84 and 1.19, respectively
(GruBAC et al. 2014). Different survival rates have
been reported for different age classes and for terri-
torial and non-territorial adults (GRANDE et al. 2009).
The same study reveals importance of the territory
quality for survival of the fledglings. Direct man-in-
duced mortality is known to affect the species on the
breeding grounds (CARRETE et al. 2007, HERNANDEZ,
MaRrGALIDA 2009). Environmental factors, such as
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changes in primary productivity, degradation of hab-
itats, livestock carcass availability and decrease in
numbers of wild ungulates, as well as persecution
and electrocution have been suggested or confirmed
to have impact on the species in its wintering regions
(RonDEAU, THioLLAY 2004, THioLLAY 2006b, 2007b,
ANGELOV et al. 2012, CARRETE et al. 2013).

The Egyptian Vulture has been declining range-
wide, on long term in the European part of the range
(IniGo et al. 2008), and rapidly in India (CUTHBERT
et al. 2006) and Africa (RoNDEAU, THIOLLAY 2004,
TuioLLAy 2006b, 2007b). The decline on the Balkans
has started also decades ago (at least since 1970s
in Macedonia, GRUBAC et al. 2014), and the present
population is estimated at 60-70 pairs, grouped
within 4-5 core areas (S. Nikolov, L. Sidiropoulos,
B. Hallmann, pers. comm.; authors’ unpublished
data). Designation of protected areas in some re-
gions where the species lives, along with some soft
conservation measures (incl. supplementary feeding
on one permanent and three more irregular feeding
places, as well as education and capacity building in
order to prevent poisoning), which were implement-
ed in the last decade in Macedonia, do not appear to
have succeed in stopping the population crash. It has
been found that the Egyptian Vulture populations in
Spain are more sensitive to some threats, such as
poisoning, wind turbines, disturbance, in compari-
son with other ones (e.g., livestock reduction and
closure of predictable food sources) (CARRETE et
al. 2007, 2009, ZuBEROGOITIA et al. 2008, DONAZAR
et al. 2010, Garcia-RiporLLEs, Lopez-Lorez 2011).
However, there is a significant and critical differ-
ence between the Spanish populations subjected to
PVA, and the Macedonian one (or more general,
the Balkan one): the size of the latter remained af-
ter the long period of decrease on the Balkans. In
fact, on the grounds of our long-term monitoring
(GruBAC et al. 2014), we are convinced that our
present study should not seek an answer to whether
the Macedonian population of this endangered vul-
ture will become extinct, but how much time is left
for urgent conservation actions, and which man-
agement strategies and activities are most likely to
change the population viability.

Materials and Methods

We used Vortex 9.99 (Lacy et al. 2009) to model
the viability of the Egyptian Vulture’s population in
Macedonia. We developed the baseline scenario on
the grounds of the population size (the number of
known pairs — 21) for 2012. In the initial popula-
tion size we also included the most likely number
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of individuals in each of the age classes from 1 to
6 years (GRANDE 2006, CARRETE et al. 2009), based
on calculations using the fledgling rates from the pe-
riod 2003-2011 (GRruBAC et al. 2014). In absence of
empirical data on mortality from the study area or
the Balkans in general, for both the mortality rates
in the baseline scenario and the estimation of the
initial population size we used the survival rates
from Spain (GRANDE 2006, GRANDE et al. 2009). As
we have never observed non-territorial adults, and
in order to avoid double counting, we excluded the
estimated number of birds at age of 6 years (4 in-
dividuals) from the initial population size, assum-
ing that those birds are immediately recruited in the
breeding pool. After adjustment for equal number of
males and females, the initial population size was set
to 82 birds. We specified the exact age distribution
for the non-adults, and used another VORTEX file to
generate stable age — class distribution for the adults
(using the number of adult birds in 2012 as an ini-
tial population size). We set the age of first offspring
at 6 years, and maximum reproductive age at 25
years (CARRETE ef al. 2009). The maximum number
of progeny was set to 2, while the sex ratio at birth
was assumed to be 1:1. We assumed availability of
males for every female, and no density dependant
reproduction. We set up the carrying capacity K to
650 individuals, a value derived from breeding pop-
ulation estimate for 1983 (137 pairs, GRUBAC et al.
2014), which also includes estimation of the prob-
able number of non-adults. Although this number is
probably an overestimate of the real situation, this
was of no importance for the simulations, as in none
of the simulated populations the carrying capacity
was approached (see Results). We did not account
for environmental variables in the K, because they
were not measures in the field, and the number of
lethal equivalents was left to 3.14, with percent due
to recessive lethals set at 50 (in absence of data and
as recommended by MiLLER, Lacy (2005). We have
not considered genetic management.

Having in mind the high natal philopatry of the
Egyptian Vulture (GRANDE 2006, CARRETE et al. 2007,
ELORRIAGA ef al. 2009), and the recent disintegration
of its Balkan population into core areas .distanced
apart for about the maximal usual dispersal range re-
corded (150 km, GRANDE et al. 2009), we considered
the Macedonian population as isolated one, although
it is likely that some emigration and immigration
events are possible, as it has been shown for the pop-
ulation of the Canary Islands (AGupo et al. 2011).

Detailed input parameters for the baseline and
the derived scenarios are presented in Table 1.

We developed additional 20 scenarios based on
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the baseline scenario. Parameters in most of them
were changed within two scales — low effect (chang-
es of 10% from the baseline scenario), and high
effect (changes of 30%) (Pavokovic, Susic 2005,
Garcia-RipoLLEs, LopEz-LorEz 2011). Because of
the low number of individuals and continued popu-
lation decline in the last four decades, we did not
consider density dependence in our models (GRANDE
2006, CARRETE et al. 2009, Garcia-RipoLLES, LOPEZ-
Lorez 2011).

The first group of scenarios tested the increase
and decrease in the breeding parameters by changing
simultaneously the percentage of population breed-
ing, percentage of successful pairs and percentage of
females with two offspring.

The second group of scenarios considered
changes in the mortality rates either simultane-
ously for all age classes or only for subadults and
adults. We noted that there was significant differ-
ence among the birds under three years old with re-
gard to the distribution and territory ranges. Part of
those birds usually stay in Africa throughout the year
(DoNAzAR 1993, but see Yoser, ALoN 1997), while
the birds of older age return to the breeding regions,
which results in difference between the effective-
ness of implementation of conservation measures
in the breeding and wintering ranges of the species.
This might lead to uneven changes in the survival
rates, considered already in some earlier analyses
(GrANDE 2006). However, having in mind the recent
increase in knowledge on the ecology and threats of
the Egyptian Vultures (and other raptors) in Sahel
region in Africa, along with development of conser-
vation actions that aim at improving the survival of
non-breeding populations, we assumed that possi-
ble changes in the survival rates might be achieved
among all age classes. We further checked the ef-
fect on the increase of survival rate for subadult and
adult birds only. In absence of mortality rates from
from the Balkan region, these scenarios also tested
the possible response of the population to the mor-
tality rates that are potentially higher than those re-
corded in the population from the Ebro River valley
(GRANDE 2006; GRANDE et al. 2009).

The third group of scenarios combined the
changes in the productivity and mortality rates, us-
ing the same input parameters as in the previous two
scenario groups.

Finally, the fourth group of scenarios consid-
ered restocking activities by means of supplementing
the population with 4 (2 male and 2 female) and 8 (4
male and 4 female) juveniles (GRanDE 2006), without
changes in the mortality or productivity rates, produc-
tivity rates, and with minor positive changes. We set
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the restocking process to begin 10 years after the sce-
nario starts, as we believe this is realistic time to finish
the needed preparatory activities for such a programme
in Macedonia. We assumed that the restocking pro-
gramme lasts 20 years, in order to be able to control
how viable the population is after the programme has
ended. We did not consider taking of birds from nature
(harvest) to found the breeding stock.

Post-hoc, we decided not to introduce catas-
trophes in our models, as many of the simulations
showed negative trend (see Results), and as catastro-
phes are unlikely to happen in Macedonia (e.g., there
are no gathering sites in Macedonia where in case of
poisoning incident large number of adult individuals
will be lost). Thus, we probably underestimated the
risk of catastrophes along the migration routes or in
the wintering regions.

Based on the different input parameters for
productivity and mortality, we proposed the most

likely circumstances under which they can occur. In
the end, we discussed management possibilities for
conservation of the Egyptian Vulture at national and
regional level, in light of the biodiversity conserva-
tion programmes and national strategies.

Results

The baseline scenario affirms with high probability
the extinction of the Egyptian Vulture population in
Macedonia within 50 year period (PE=1, SE=0.0005),
with median time to first extinction of 25 years.
According to this scenario, 1999 out of 2000 simu-
lated populations are extinct. The negative stochastic
growth rate (stoc-r = -0.127) is consistent with the
observed long-term decline of the population.

In the all 21 scenarios tested, we have never ob-
tained positive average stoc-r values (Table 2, Fig.
1). In 15 of the scenarios there is a high probability
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= == +30% productivity
== - 10% productivity
_ = == -30% productivity
=
§ wwewes - 10% mortality subadults
2 and adults
= = +-30% mortality all age
- classes
E =— «- 30% mortality subadults
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Fig. 1. Probability for survival (mean values) of the population of Egyptian Vulture in Macedonia for
50 years period for selected scenarios, without (a) and with (b) supplementation
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(>80%) of population extinction within 50 years,
and in only 3 scenarios this probability is under 20.

Population sizes show continuous decline in 17
of the analyzed scenarios (Fig. 2). In the remaining
four scenarios, which are scenarios that include sup-
plementation of the population with 8 juveniles an-
nually, a positive population growth rate is observed
only during the supplementation programme.

Our simulations indicate that the population

a)

productivity has a negligible impact on the popula-
tion size. A slight increase in the productivity (by
10%) does not result in substantial changes in the
mean number of the survived individuals either
within the 30 or within the 50 year period. However,
if the productivity substantially increases (by 30%),
then the probability of total extinction will decrease
drastically for the period of 30 years and the median
time period to first extinction will be prolonged with

100
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\
b %
s<; : -\
\ “"'-"-". \
20 B

\ supplementation with 4 juveniles

/

10

- = = \"
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-
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Fig. 2. Mean number of surviving individuals in the Macedonian population of the Egyptian Vultures under selected
scenario settings, for 50 years period, without (a) or with (b) supplementations
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Table 2. Basic demographic parameters of the simulated scenarios of Egyptian Vulture populations in Macedonia at

the end of the 50 year simulation period

Scenario det-r stoc-r SD(r) | MedianTE | MeanTE
1 | baseline -0.113 -0.127 0.168 25 26.1
2 | +10% productivity -0.103 -0.119 0.166 27 275
3 | +30% productivity -0.082 -0.104 0.164 31 31.1
4 | - 10% productivity -0.125 -0.135 0.17 24 24.7
5 | -30% productivity -0.15 -0.151 0.168 22 222
6 | - 10% all age classes mortality -0.083 -0.1 0.16 32 32.2
7 | - 10% mortality subadults and adults -0.093 -0.108 0.162 30 30
8 | - 30% mortality all classes -0.031 -0.052 0.119 0 42.8
9 | -30% mortality subadults and adults -0.061 -0.078 0.148 41 38.7
10 | + 10% mortality all age classes -0.145 -0.155 0.178 21 21.5
11 | +30% mortality all age classes -0.204 -0.204 0.191 16 16.7
12 | - 10% mortality all age classes productivity +10% -0.073 -0.093 0.156 34 34.1
13 | - 30% mortality all age classes +30% productivity 0.001 -0.014 0.076 0 453
14 | Supplementation with 4 juveniles -0.113 -0.074 0.159 44 424
o . . .
15 +.10 % monallty all age classes and supplementation with 0.145 -0.081 0.176 40 398
4 juveniles
N . . .
16 +3.0A) moﬁallty all age classes and supplementation with 0.204 0.091 0.209 35 35.8
4 juveniles
0o . o .
17 10% mortaht.y all age c}asses.-ﬁ-lOAJ productivity and 0.073 0.06 0135 0 452
supplementation with 4 juveniles
18 | Supplementation with 8 juveniles -0.113 -0.065 0.154 49 45.6
N . . .
19 +1.0A) moﬂallty all age classes and supplementation with 0.145 0.073 0.175 44 432
8 juveniles
N . . .
20 +§OA) rportahty all age classes and supplementation with 0.204 -0.084 0217 39 39
8 juveniles
- 0, 1 0, w1
71 10% mortall?y all age c'lasses'+10 % productivity and 20.073 0.047 0.122 0 474
supplementation with § juveniles

Abbreviations: det-r: deterministic growth rates; stoc-r — stochastic growth rates; SD(r) — Standard deviation of the stochastic
growth rates; Median TE — median time to first extinction (years); Mean TE — mean time to first extinction (years)

6 years (Tables 2 and 3). Similarly, a decrease by
10% in the productivity does not cause a substantial
change in the population size, but a decrease by 30%
shortens the time to first extinction with 3-4 years.

A small decrease in mortality in all age classes
leads to a higher probability of survival (0.59) for
the 30 year period, and prolongs substantially the
median time to first extinction (with 7 years). At the
same time, the average estimated number of sur-
vived individuals at the end of the 50 year period
remains very low (only 4 individuals). If the mortal-
ity is reduced only in the subadult and adult classes
(i.e, for individuals that can be subject to manage-
ment in the breeding areas), then the probability of
population survival during the first 30 years will
decrease to 0.44.

More optimistic results are obtained when mor-
tality is reduced by 30% in all age classes. Such sce-
nario shows only 70% probability of survival within
50 years. Again, if mortality is reduced only in the
subadult and adult classes, then the extinction prob-
ability will be 17% for the 50 year period, and at the
end of this period there will be only one survived
individual. However, in both cases, the median time
to the first extinction is much longer (41 years with
10% reduction in the mortality) or the extinction
does not occur in the first 50 years of the simulation
(with 30% reduction of the mortality) compared to
the baseline scenario.

If the survival rates of the different age classes
are indeed underestimated, or the threats that cause
higher mortality, increase in the future, then the sim-
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ulations will show a reduction in the median time to
the first extinction by 4 years (with 10% decrease in
the survival rates), or as much as by 9 years (with
30% decrease).

The combination of a small increase in fecun-
dity and a decrease in mortality (by 10%) for all age
classes again leads to a high probability of extinction
for the period of 50 years (96%). Only if these val-
ues are dramatically improved (by 30% each), then
the results will show survival of a relatively high
number of individuals for both periods of 30 and 50
years (68 and 50 individuals), but the population will
still undergo an overall decrease.

Scenarios that include supplementation of the
populations show that the population continues to
persist for the duration of the supplementation pro-
gramme (the first 30 years), even if only a small
number of juveniles is released, and mortality rates
are significantly higher than those in the baseline sce-
nario. The average number of estimated individuals
that survived in this period, however, ranges almost
two-fold between the number in the scenarios with
high (+30%) mortality rates and that in the scenario,
in which the natural fecundity increases (by 10%)
and simultaneously the mortality throughout all age
classes (by 10%) decreases. Although in all cases,
after the termination of the supplementation pro-
gramme, the population at the end of the 50-year pe-
riod becomes extinct or reaches very low numbers,
there is very big difference in the mean number of
survived individuals at the end of the 30-year period
between scenarios that consider restocking, and sce-
narios that simulate increased mortality rates.

Discussion

Although we kept the ecological parameters of the
species (productivity and mortality) within the lim-
its of the observed values and proposed reasonable
management actions, we were not able to find a
scenario that would lead to the population growth
of the Egyptian Vulture in Macedonia. The conser-
vation measures implemented in the period 2003-
2011, if continued with the same intensity, will be
far from sufficient to stop the extinction of the spe-
cies in Macedonia. According to the basic scenario,
the population of the Egyptian Vulture will certainly
disappear in 50 years, but actually the median and
mean time of first extinctions indicate that it might
become extinct in half of that time. Similar scenarios
with negative trend for the Egyptian Vulture were
found in Ebro Valley (Granpe 2006), three out of
five regions in Spain (GARciA-RIPOLLES, LOPEZ-LOPEZ
2011) and Italy (AnpREOTTI, LEONARDI 2009), all of

the mentioned authors used the mortality rates from
Ebro Valley (GRANDE et al. 2009). We should note,
however, that the values for survival rates given by
Garcia-RiporLes, Lopez-Lopez (2011) (Table 1 in
their paper) do not correspond (i.e, are lower) to the
values given by the source they provide (GRANDE et
al. 2009). If this inconsistency is more than a techni-
cal mistake, it may lead to unreliable results regard-
ing the trends in the remaining two Spanish sub-pop-
ulations. The time period, in which the Macedonian
population decreases by 40% (about 10 years), is
much shorter than the period of similar population
decrease in Ebro Valley, Spain (25 years, GRANDE
2006). In that case, the author suggested possible im-
migration of adults from other regions to contribute
to the population persistence. Such rescue effect is
very unlikely for the Macedonian population, as the
entire Balkan population is in steep decline. As the
general productivity rates of the Macedonian popu-
lation are similar to those found in Spain (GRANDE
2006, Garcia-RiroLLES, LoPEZ-LoPEZ 2006, CORTES-
Avizanpa et al. 2009), such steep decrease in the
Macedonian population presumably owes to higher
mortality rates, and therefore, the baseline scenario
that uses mortality data from Spain might well be
considered optimistic. We should further note that if
mortality rates are indeed higher than in Spain, then
our initial population size should be smaller than the
one we used in our simulations (since it was derived
on the basis of observed numbers of fledged juve-
niles in the period 2006-2011 and the survival rates
found in Spain), this will inevitably lead to even
shorter time period to first extinctions.

Our findings are in accordance with the stud-
ies of GRANDE (2006) and Garcia-RipoLLES, LOPEZ-
Lorez (2011) who showed that the mortality is much
more significant factor in the population dynamics
of the Egyptian Vulture than the productivity. Our
results further show that it will be probably not suf-
ficient to slow down the population decline with
management actions which only aim at improving
survival in adults and subadults. Although poison is
believed to be the main reason for the losses in the
breeding range in Macedonia, losses during migra-
tion and/or wintering are also suspected to be sig-
nificant (GRUBAC et al. 2014). Several factors may
lead to such increased mortality rates in the Egyptian
Vultures in Macedonia:

Risks along migration routes. Exceptionally
high risk of poisoning incidents may occur at some
gathering sites along the migration route, such as the
rubbish dumps (known in Turkey, I. ANGELOV, pers.
comm., VAaasseN 2003, Vaassen, Avkurt 2003), or
at other, still unknown sites that cause high continu-
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ous mortality. Such site is the power line in Sudan,
which since probably the 1950s has killed large num-
bers of Egyptian Vultures (ANGELOV et al. 2013). So
far there are no studies that offer any evidence in this
direction. An additional problem of particular rele-
vance to the inexperienced juvenile birds may be the
selection of migration route. Although most of the
juveniles from the eastern part of the Balkan range
choose safe route via the Dardanelles and Bosporus
(MEYBURG et al. 2004, www.lifeneophron.eu), the
only two satellite-tracked juveniles from the central
part of the Balkans (one from Macedonia and an-
other one from Greece) unsuccessfully attempted to
cross the Mediterranean via Peloponnesus (unpub-
lished data of the Bulgarian Society for Protection
of Birds, the Hellenic Ornithological Society and
the Macedonian Ecological Society). It is known
that the juvenile Egyptian Vultures, which migrate
from Sicily to Africa, follow the adult birds dur-
ing their first migration and choose the safer route
via the island of Marettimo instead of crossing di-
rectly to Africa; presumably they learn this migra-
tion route from the adults (AGosTINI et al. 2004).
Although there are only preliminary information
on migration of the Egyptian Vulture in the central-
eastern Mediterranean available (Lucia et al. 2011),
it seems that the juvenile Egyptian Vultures, which
try to cross the Mediterranean Sea via Crete and
smaller islands, are more numerous than the adults
(8 juveniles vs. 2 adults in 2008 and 4 juveniles vs.
1 adult in 2009), which presumably take the safer
circuitous route, and thus are exposed to higher risk
of unsuccessful sea crossing. The possibility of ju-
venile birds fledged in Macedonia to follow migrat-
ing adults has probably been drastically reduced
after the loss of pre-migration gathering site at the
dumping place near Negotino (GRUBAC et al. 2014).
It was shown that the high mortality rates in win-
tering and dispersal areas among the non-breeders
can significantly contribute to population decrease
due to the impossible recruitment of new birds in the
breeding pool (PENTERIANI 2005). Therefore, in order
to increase the survival of non-breeders (“role” of
the muladares in Spain, DONAZAR et al. 1996) and to
enable the gatherings before migration, it might be
beneficial to facilitate the formation of roost(s) (the
best in the vicinity of the former pre-migratory gath-
ering site) by regular provision of large quantities of
food, and to perform regular monitoring in order to
avoid catastrophic poisoning events.

Negative impact on the wintering territories,
e.g. the general deterioration of the environment in
West Africa induced by about triple increase in hu-
man population in the last three decades has affected
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many raptors and other large birds, and their decline
has been relatively well documented (RoNDEAU,
THioLLAy 2004, TaioLLay 2006c, 2007a, ANADON
et al. 2010). The factors that cause population de-
crease most likely include the reduced food avail-
ability (general decrease of mammals and improved
veterinary practices), poisoning and direct persecu-
tion, as well as the use of vultures in human diet and
religious rituals. The Egyptian Vultures in Western
Africa have apparently decreased by 86% (RONDEAU,
THioLLAY 2004, THioLLAy 2006a), although the au-
thors could not distinguish between resident and
migrant populations. In general, the trans-Saharan
migrants have experienced less pronounced de-
crease (ANADON et al. 2010) which is explained by a
shorter period of exposure to the threats in the win-
tering regions. Furthermore, large birds and raptors
have experienced a less pronounced decrease in the
protected areas (THioLLAY 2006a, 2007a) (however,
no Egyptian Vultures have been found in the pro-
tected areas, THioLLAY 2006a, 2007b) and in areas,
which are less modified and have small human popu-
lation (THioLLAY 2007a, ANADON et al. 2010). That
decrease was explained with the increased hunting
pressure for bush meat (THioLLAY 2006a), which is
found to be significantly lower in the protected areas
(BRrASHARES et al. 2001). The wintering regions of
the Egyptian Vultures breeding in Macedonia are not
known, although they are probably not very different
from those of the birds in Bulgaria and Greece, which
have currently been better understood by means of
satellite-tracking (www.lifeneophron.eu). Those re-
gions are found further east than the wintering areas
of the birds from France, Spain and Italy (MEYBURG
et al. 2004, CeccoLINI et al. 2009, GARcCia-RIPOLLES
et al. 2010, CARrETE et al. 2013). The decrease of
the Egyptian Vultures has been documented in the
central part of the Sahel region as well (THIOLLAY
2001, 2007b). Based on available data, we can con-
clude that the eastern parts of Sub-Saharan Africa
(possible wintering regions of the Egyptian Vultures
from the Balkans) are not very safe as well. There
are reports about negative effects on the population
of Gyps africanus vultures in Kenya as a result of
the use of carbofuran (OTIENO et al. 2010), and about
a general decrease by 40% in the numbers of rap-
tors in the period 2001-2003, with a decrease in the
number of vultures by 70% (Ocapa, KeEesinG 2010),
as well as reports about a general decline of the
Hooded Vulture Necrosyrtes monachus in eastern
Africa (Ocapa, Bui 2011). As present, the protected
areas, which are roughly the wintering regions of the
Egyptian Vultures, appear to have very low coverage
and poor implementation of the protection measures
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(RonDEAU, THIOLLAY 2004, THIOLLAY 20064a). The es-
tablishment of new protected areas and the imple-
mentation of active conservation in the wintering
regions of the birds that originate from the Balkans
should be beneficial for the Egyptian Vulture sur-
vival. However, as survival of the Egyptian Vultures
in the wintering areas also depends on the primary
productivity (GRANDE 2006, GRANDE et al. 2009), the
effective conservation actions may not be easy to im-
plement. Still, there is an urgent need to understand
the migration routes and to determine the wintering
regions of the birds breeding in Macedonia.

Four major trends/groups can be distinguished
among the results of our population simulations:

1. We found a “time buying” scenario (30%
reduction in all mortality rates) that allows for ap-
proximately half of the present population to survive
in the next 25 years. This scenario requires signifi-
cant efforts to control the direct threats that cause
un-natural mortality at the breeding grounds, as
well as in the wintering regions and along migra-
tion routes. Given the ecology of the species (trans-
Saharan migrant), such reduction of mortality will
require substantial international coordination, efforts
and resources. If the conservation measures aiming
at reduction of mortality are focused only on the sub-
adult and adult portion of the population during the
breeding period (i.e, on the birds that breed or search
for territories in Macedonia), the population remain-
ing at the end of the 25 year period will be further
reduced to half. Based on the current experience of
countries thatimplement more intensive conservation
measures, the negative trend can be locally stopped
(e.g., in the Italian Peninsula, primarily owing to the
absence of poisoning and after the establishment
of feeding places, LIBERATORI, PENTERIANT 2001), or
even reverted (e.g., in Sicily, due to decreased dis-
turbance and persecution, but also probably because
of improved survival in wintering regions, SARA, D1
VitTorio 2003). We should note, however, that after
a period of stabilization and/or increase, the Italian
population recently continued to decline both on the
Peninsula and in Sicily (ANDREOTTI, LEONARDI 2009).
Similar cases of population increase have been ob-
served in some regions of Spain: in the Cantabrian
Mountains, a region characterized by low number of
poisoning incidents, where the increase might also
be due at least partially to improved census (MATEO-
ToMmas et al. 2010); and in the Bardenas National
Park, where neither poisoning nor persecution have
been recorded (CorTEs-AvizanDpa et al. 2009). The
establishment of protected areas without the imple-
mentation of specific species-oriented conservation
measures, such as prevention of poison use, distur-

bance and supplementary food provision, has not
been sufficient to stop the decline of the Egyptian
Vulture neither in Macedonia (GRUBAC et al. 2014),
nor in Bulgaria and Greece, where the Natura 2000
network of protected sites under the EU Birds and
Habitats directives has been established (unpub-
lished data of the Bulgarian Society for Protection of
Birds and the Hellenic Ornithological Society).

2. Our simulations clearly show that the best
results are obtained by combination of the measures
from the previous scenario aiming at mortality re-
duction and the measures aiming at increase of the
productivity of the Egyptian Vultures by 30%. Some
of the measures needed to achieve the effects of the
previous scenario, notably the supplementary feed-
ing, are also expected to contribute to the increase in
the fecundity of the Egyptian Vulture, as has been ob-
served in other obligatory or facultative scavengers
(GonNzALEZ et al. 2006, Oro et al. 2008). However,
evidence for direct positive impact of those meas-
ures on the Egyptian Vulture reproduction is still
missing (ViacHos 1998). Such supplementary feed-
ing should preferably be aimed at individual pairs in-
stead of at formation of large feeding places, which
were reported to bring long-term risks to the popula-
tions (CARRETE et al. 2006, LEmus et al. 2008) and to
facilitate gathering of large number of birds at one
place (Oro et al. 2008). Thus, the risk of mass poi-
soning using the food provided at the feeding places
as bait (as happened in Macedonia in 2011 and led to
the death of three adult Egyptian Vultures) will also
decrease. As the majority of the breeding Egyptian
Vulture population in Macedonia is outside the na-
tional network of protected areas (VELEVsKI ef al.
2010), an establishment of new protected areas for
the species is needed in order to stop the further hab-
itat loss and to reduce the disturbance at the breeding
sites, both factors considered of importance to the
territory persistence (CARRETE et al. 2007) and to the
breeding failure (ZuBerogGoiTia et al. 2008). Active
measures to reduce the poisoning risks will be also
necessary.

3. We have paid special attention in developing
scenarios that consider captive breeding programme.
Restocking in fact means an artificial increase in
the productivity of the population. Our results show
that restocking has low impact on the population
persistence. The main difference from the natural
productivity in our scenarios is that the number of
released juveniles is not dependent on the popula-
tion size once it becomes very small, and thus it has
a stronger positive effect on the population size. We
found that restocking activities without in-situ ac-
tions for the reduction of mortality and increase of
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productivity do not bring any results. Our results
clearly show that the population cannot achieve vi-
ability if the threats are not mitigated, this fact should
be taken into account before every restocking or re-
introduction programme starts (GRIFFITH et al. 1989).
Actually, in our supplementation scenarios that do
not include in-situ conservation measures once the
restocking programme stops the population will drop
to numbers almost equal to the scenarios, which do
not include supplementation of the population. If the
restocking programme is implemented together with
measures aiming at only a slight reduction of mor-
tality and an increase in productivity, then the pro-
gramme will ensure population increase for as long
as it continues. Thus the programme will allow for
the implementation of more successful conservation
actions in-situ and will provide a longer time-period
for general improvement of the environmental fac-
tors. The number of released juveniles (8 versus 4)
substantially influence on the final results. However,
the captivity breeding programmes are expensive to
implement (in Europe, estimations are available only
for the Bearded Vulture, Frey 1998). In the case of the
Egyptian Vultures, we are facing a situation of rela-
tively small European breeding stock (a total of 73 in-
dividuals of the nominotypical subspecies, Neophron
percnopterus percnopterus, are kept in European
zoos with very low breeding rates, PitHarT 2010)
and a lack of funding, knowledge and experience for
the implementation of such programmes. Currently,
except a pair in the zoo of Subotica (Serbia), which
successfully reproduces in captivity (S. Marinkovic,
pers. comm.), and one bird in the Sofia zoo (Bulgaria,
S. Nikolov pers. comm.), no other birds of Balkan
origin are known and can potentially enter a founder
stock for such a breeding programme. Paired adult
Egyptian Vultures seems to accept easily foster ju-
veniles (DoNAzAR, CEBALLOS 1990, D1 VITTORIO et al.
2006), and a hacking technique appeared to provide
good results (Ceccormni, CENERINT 2005) if a release
of juveniles is considered. Such juveniles can start
and finish successfully the migration even if they
originate from parents of different geographic origin
(Ceccoumi, CeneriNt 2005, CeccoLiNt et al. 2009),
most likely by learning the migration routes from the
adults they follow (AGostini et al. 2004). Although
we do not consider harvesting of juveniles from a
wild population for the establishment of a breeding
stock, rescued individuals, which are unfit for sur-
vival in nature, should become a part of the breeding
stock. Such a restocking programme should also plan
measures such as a release of adult instead of juvenile
individuals, or a release of individuals from differ-
ent age-classes, because those measures are expected
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to give better results in long-lived species (SARRAZIN,
LEGENDRE 2008).

4. Finally, in four of the scenarios we simulated
a further deterioration of the situation, by an increase
in the mortality in all age classes (in two scenarios)
and by a reduction in the productivity. An increase
in the mortality will be a possible outcome if the in-
frastructural development projects are implemented
in Macedonia without careful consideration of their
environmental impact and the implementation of
precise mitigation measures. Such projects include
investments in the energy sector (wind farms, hy-
dro-electric power plants, coal mines) and the in-
frastructure (motorways and railways). Wind-farms
were reported to have negative effects on the popula-
tion growth rates of the Egyptian Vultures in Spain
(CARRETE et al. 2009, Garcia-RipoLLES, LOPEZ-L.OPEZ
2011) by causing extra-adult mortality. At least four
of the planned wind farms in Macedonia are in the
foraging (and former breeding) areas of the Egyptian
Vultures, but none of them is in the 15 km risk-radi-
us from the known breeding pair (as determined by
CARRETE et al. 2009). Other land-use changes, such as
habitat homogeneity, intensive agriculture, fragmen-
tation and urbanization, may further deteriorate the
territory quality, and influence negatively on the ter-
ritory selection of the Egyptian Vultures (LIBERATORI,
PenTERIANT 2001, SARA, D1 VitToRIO 2003, CARRETE
et al. 2007). Apart from the direct loss of breeding
and foraging habitats, the infrastructural develop-
ment and the uncontrolled development of alterna-
tive tourism may increase the disturbance rates and
influence the territory abandonment and productiv-
ity (ZUBEROGOITIA et al. 2008). Better enforcement
of the sanitary regulation in Macedonia (presently
many of the dead animals are not collected from the
field) may result in decreased availability of livestock
remains, which were reported to impact negatively
on the vulture populations in general (MARGALIDA et
al. 2007, 2010, 2012, MAaRGALIDA, COLOMER 2012).
Similar risk arises from the termination of the on-
going conservation measures (operation of feeding
places) due to the financial challenges. Furthermore,
the ongoing changes in the management of the
hunting grounds in Macedonia (concessions on the
hunting grounds are also issued to private compa-
nies, instead of only to local hunting associations
and the public enterprise “Macedonian Forests™) in
combination with the current poor law enforcement
regarding the prevention of poison use may lead to
a higher risk of predator control by the poisonous
baits. It may result in a shift in the current peak of
poison use or, more likely, in the introduction of a
second peak from the present February-early April
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(author’s unpublished data) to April-May-June (simi-
lar to Spain, HERNANDEZ, MARGALIDA 2009), and may
cause mortalities that will affect the survival of the
adults, as well as the productivity of the population
(MaraGaALIDA et al. 2012). Garcia-RipoLLEs, LOPEZ-
Lorez (2011) also reported that even a small increase
in the poisoning incidents have a significant effect
on the population trend. Although there is a lack of
regional data on the contamination with pollutants,
we should also consider in future their potential im-
pact on the fecundity rates (LEMus et al. 2008, 2009)
of the Egyptian Vulture.

All these factors can cause rapid extinctions of
the species, and may also compromise the expensive
conservation measures of a possible restocking pro-
gramme.

Presently the national Law on protection of
Nature (Official Gazette of RM 67/2004, 14/2006,
84/2007,35/2010,47/2011, 148/2011,59/2012) does
not foresee a basis for the development of a species
action plan on national level that will impose obliga-
tory conservation targets for the Egyptian Vulture
(and any other endangered species in Macedonia).
Furthermore, in absence of a national red data book
and even a national red list, national funding is un-
likely to be available for imminent conservation
measures. Based on our previous results (GRUBAC
et al. 2014) on the reduction of the species range
(extend of occurrence and area of occurrence), the
period, in which the population decreased, the re-
maining population size, as well as the most likely
survival of the species at national level in three gen-
erations (probability of survival in 39 years = 2%)),
and taking into account the decreasing trend in the
Balkans, the Egyptian Vultures should be consid-
ered as Critically Endangered in Macedonia (CR
A2a+4a;Cl+2a(i);E) (IUCN 2012; IUCN Standards
and Petitions Subcommittee 2013).

We mentioned that the predictions derived
from the PVAs need to be considered as conservative
ones, as one of the key parameters used — the mortal-
ity rate — was taken from a population that decreases
at significantly slower rate. Under one plausible sce-
nario (in which the mortality rates used in our simu-

References

AcosTINI N., G. PREMUDA, U. MELLONE, M. Panuccio, D. LoGozzo,
E. Bassi and L. Cocchi 2004. Crossing the sea en route to
Africa: autumn migration of some Accipitriformes over two
Central Mediterranean islands. — Ring, 26 (2): 71-78.

AcupoR., C. Rico, F. HiraLpo and J. A. DoNAzar 2011. Evidence
of connectivity between continental and differentiated in-
sular populations in a high ly mobile species. — Diversity
and Distributions, 17 (1): 1-12.

lations were 30% higher than those observed in the
Ebro Valley in Spain), the population became extinct
for mean time of 17 years, a period too short for the
implementation of efficient restocking programme
given the overall circumstances in Macedonia. For
this reason, there is an urgent need to collect data on
national or regional mortality rates of different age-
classes in the Egyptian Vultures. As the current ring-
ing programmes that are undergoing in Macedonia,
Bulgaria and Greece focus mostly on ringing of
(limited number of) juvenile birds, important time
may be lost until those individuals are incorporated
in the breeding population, and their turn-over is fol-
lowed. Non-invasive DNA-fingerprinting technique
has been developed (Rupnick et al. 2005). That tech-
nique makes possible the individual identification
of each bird in the breeding population and allows
monitoring replacements in the pairs for much short-
er period of time. Given the high risk of imminent
extinction of the Egyptian Vultures in Macedonia, an
immediate implementation of such activity is highly
desirable. These actions should also give insight in
the spatial dynamics of the Balkan Egyptian Vulture
population. Consequently, this PVA exercise should
be repeated when data on survival rates and dispersal
rates will become available from the Balkans, based
on the combination of initiated ringing, satellite
tracking (mostly on birds from Bulgaria and Greece,
which might also provide additional information on
the threats) and DNA-fingerprinting.

Given the similar steep decline of the Egyptian
Vulture throughout the Balkan Peninsula, our find-
ings probably also have regional validity. Further
studies should also seek to find out whether there are
some dispersal movements between the remaining
Balkan subpopulations and the population in Turkey,
which is also in decline (INiGo ef al. 2008), and even-
tually incorporate them in refined PVAs.

Acknowledgements: Field studies on the Egyptian Vulture
populations in Macedonia were made possible under the Vulture
Conservation Project of Macedonia, and were financially sup-
ported by the Black Vulture Conservation Foundation, Vulture
Conservation Foundation, Frankfurt Zoological Society (2003-
2011) and the Royal Society for Protection of Birds (2012).

AKcAKAYA H. R, S16GREN-GULVE, P. (2000): Population viability
analysis in conservation planning: an overview. — Ecologi-
cal Bulletins, 48: 9-21

Axcakaya H.R. 2000. Population viability analyses with demo-
graphically and spatially structured models. — Ecological
Bulletins, 48: 23-3

ANADON J. D, J. A. SANCHEZ-ZAPATA, M. CARRETE, J. A. DONAZAR
and F. HiraLpo 2010. Large-scale human effects on an

55



Velevski M., B. Grubad, L. Tomovié

arid African raptor community. — Animal Conservation,
13 (5): 495-504.

ANDREOTTI A., G. LEoNarDI (Eds.) 2009. Action plan for the
Egyptian Vulture (Neophron percnopterus). Quaderni di
Conservazione della Natura, 30, Ministero Dell’ambiente
e della Tutela del Territorio e del Mare — Istituto Superiore
per la Protezione e la Ricerca Ambientale. (In Italian).

ANGELOV L., I. HasHim and S. OppEL 2013. Persistent electrocution
mortality of Egyptian Vultures Neophron percnopterus over
28 years in East Africa. — Bird Conservation International,
23 (1):1-6

BEeissinGer S. R., D. R. McCurrouch 2002. Population viability
analysis. Chicago (University of Chicago Press) , 593 p.

Boyce M. S. 1992. Population viability analysis. — Annual Review
of Ecology and Systematics, 23: 481-506.

Bovce M., S. RusartoN and T. Lynam 2007. Does modelling have a
role in conservation? — In: MacpoNALD, D. W. & K. SERVICE
(Eds.): Key topics in conservation biology. Malden-Oxford-
Carlton (Blackwell Publishing Ltd), 307 p.

BrasHARrEs J. S., P. Arcese and M. K. Sam 2001. Human demog-
raphy and reserve size predict wildlife extinction in West
Africa. — Proceedings of the Royal Society of London. Series
B: Biological Sciences, 268 (1484): 2473-2478.

Brook B. W, M. A. BurGgMaN, H. R. Akgakava, J. J. O’Grapy and
R. FranknaMm 2002. Critiques of PVA ask the wrong ques-
tions: throwing the heuristic baby out with the numerical
bath water. — Conservation Biology, 13 (1): 262-263

BusTtamANTE J. 1996. Population viability analysis of captive
and released Bearded Vulture populations. — Conservation
Biology, 10 (3): 822-831.

BusTaMANTE J. 1998. Use of simulation models to plan species
reintroductions: the case of bearded vulture in southern
Spain. — Animal Conservation, 1 (4): 229-238

CARRETE M., G. R. BortoLOTTI, J. A. SANCHEZ-ZAPATA, A. DELGADO,
A. CorTES-AVIZANDA, J. M. GRANDE and J. A. DONAZAR
2013. Stressful conditions experienced by endangered
Egyptian vultures on African wintering areas. — Animal
Conservation, 146 (3) 353-358.

CARRETE M., J. A. DoNAzAR and A. MaARGALIDA 2006. Density-
dependent productivity depression in Pyrenean bearded
vultures: implications for conservation. — Ecological Ap-
plications, 16 (5): 1674-1682.

CARRETE M., J. A. SANCHEZ-ZAPATA, J. R. BENIiTEZ, M. LOBON and
J. A. DoNAzAR 2009. Large scale risk-assessment of wind-
farms on population viability of a globally endangered
long-lived raptor. — Biological Conservation, 142 (12):
2954-2961.

CARRETE M., J. M. GRANDE, J. L. TELLA, J. A. SANCHEZ-ZAPATA, J.
A. DoNAzZAR, R. Diaz-DELGaDpo and A. Romo 2007. Habitat,
human pressure, and social behavior: Partialling out factors
affecting large-scale territory extinction in an endangered
vulture. — Biological Conservation, 136 (1): 143-154.

CeccoLINt G., A. CeNerINI 2005. Techniques of release for
Egyptian vulture in Italy. Bearded Vulture Annual Report.
F.CB.V, 121-124

CeccoLINI G., A. CENERINI and A. AEBISCHER 2009. Migration and
wintering of released Italian Egyptian Vultures Neophron
percnopterus. First results. — Avocetta, 33: 71-74.

Cortis-Avizanpa A., O. CeBaLLos and J. A. DoNAzar. 2009.
Long-term trends in population size and breeding success in
the Egyptian Vulture (Neophron percnopterus) in Northern
Spain. — Journal of Raptor Research, 43 (1): 43-49.

56

CutHBERT R., R. E. GREEN, S. RANADE, S. SARAVANAN, D. J. PAIN,
V. Prakash and A. A. CunniNgHAM 2006. Rapid population
declines of Egyptian vulture (Neophron percnopterus) and
red-headed vulture (Sarcogyps calvus) in India. — Animal
Conservation, 9 (3): 349-354.

D1 Virtorio M., S. FALCONE, N. DILIBERTO, G. CORTONE, B. MAssa,
M. Sara and F. SErcio 2006. Successful fostering of a
captive-born Egyptian Vulture (Neophron percnopterus) in
Sicily. — Journal of Raptor Research, 40 (3): 247-248.

Donazar J. A, O. CeBaLLOS 1990. Acquisition of food by
fledgling Egyptian Vultures Neophron percnopterus by
nest-switching and acceptance by foster adults. — /bis, 132
(4): 603-617.

DoNAzAR J. A., A. CorTEs-AvizaANDA and M. CARRETE. 2010.
Dietary shifts in two vultures after the demise of supple-
mentary feeding stations: consequences of the EU sanitary
legislation. — European Journal of Wildlife Research, 56
(4): 613-621.

DonNAzar, J. A., O. CeBaLLos and J. L. TELLA 1996. Communal
roosts of Egyptian vultures (Neophron percnopterus): dy-
namics and implications for the species conservation. In:
MUNTANER, J., J. MayoL (Eds.): Biology and Conservation
of Mediterranean Raptors. Monograph, Madrid (SEO), 4:
189-202.

ELLNER S. P, J. FIEBERG 2003. Using PVA for management despite
uncertainty: Effects of habitat, hatcheries, and harvest of
salmon. — Ecology, 84 (6): 1359-1369.

ELLNER S.P., J. FiEBERG, D. Lubpwig, C. WiLcox 2002. Precision
of population viability analysis. — Conservation Biology,
16 (1): 258-261

ELorriaGA J., 1. ZUBEROGOITIA, 1. CASTILLO, A. AZKONA, S. Hi-
DALGO, L. AsTorkia, F. Ruiz-Moneo and A. IRAETA 2009.
First documented case of long-distance dispersal in the
Egyptian Vulture (Neophron percnopterus). — Journal of
Raptor Research, 43 (2):142-145.

Frey H. 1998. Estimation of the costs for captive bred bearded
vultures within the framework of the European bearded
vulture project. — Bearded Vulture Reintroduction into the
Alps Annual Report, 75-77.

Garcia-RiroLLEs C., P. LorEz-LopEzZ 2006. Population size and
breeding performance of Egyptian vultures (Neophron
percnopterus) in Eastern Iberian Peninsula. — Journal of
Raptor Research, 40 (3): 217-221.

Garcia-RirorLes C., P. Lorez-LopPEz 2011. Integrating effects
of supplementary feeding, poisoning, pollutant ingestion
and wind farms of two vulture species in Spain using a
population viability analysis. — Journal of Ornithology,
152 (4): 879-888.

Garcia-RipoLLEs, C., P. LorEz-LopPEz and V. Urios. 2010. First
description of migration and wintering of adult Egyptian
Vultures Neophron percnopterus tracked by GPS satellite
telemetry. — Bird Study, 57 (2): 261-265.

GonzALEzZ L M., A. MARGALIDA, R. SANCHEZ and J. Oria 2006.
Supplementary feeding as an effective tool for improving
breeding success in the Spanish imperial eagle (4Aquila
adalberti). — Biological Conservation, 129 (4): 477-486.

GRANDE J. M. 2006: Natural and human induced constrains on the
population dynamics of long-lived species: the case of the
Egyptian vulture (Neophron percnopterus) in the Ebro Val-
ley. PhD thesis. University of Seville, Spain. (In Spanish).

GRANDE J. M., D. SErrANO, G. TavECcHIA, M. CARRETE, O. CE-
BALLOS, R. Diaz-DELGADO, J. L. TELLA and J. A. DoNAZAR



Population Viability Analysis of the Egyptian Vulture Neophron percnopterus in Macedonia...

2009. Survival in a long-lived territorial migrant: effects
of life-history traits and ecological conditions in wintering
and breeding areas. — Oikos, 118 (4): 580-590.

GrrrriTH B., J. M. ScotTt, J.W. CarPENTER and C. REeD 1989.
Translocation as a species conservation tool: status and
strategy. Science, 245 (4917): 477-480.

GruBac¢ B., M. VELEvskl and V. Avukarov 2014. Long-term
population decline and recent breeding performance of
the Egyptian Vulture Neophron percnopteus population
in Macedonia. — North-western Journal of Zoology, 10
(1): 25-35.

HERNANDEZ M., A. MARGALIDA 2009. Poison-related mortality
effects in the endangered Egyptian vulture (Neophron
percnopterus) population in Spain. — European Journal of
Wildlife Research, 55 (4): 415-423.

IRiGo A, B. Barov, C. OruuN and U. GaLLo-Orsi 2008. Action
plan for the Egyptian Vulture Neophron percnopterus in
the European Union, BirdLife International and European
Commission, Brussels.

TUCN 2012. Guidelines for application of IUCN Red List cat-
egories and criteria at regional levels: Version 4.0. [IUCN
Species Survival Commission. [IUCN, Gland, Switzerland
and Cambridge, UK, 41 p.

TUCN Standards and Petitions Subcommittee 2013. Guidelines
for using the [IUCN Red List Categories and Criteria: Ver-
sion 10, 87 p.

Kurtev M., P. Iankov and I. ANGELov 2007. National action plan
for conservation of the Egyptian Vulture (Neophron perc-
nopterus) in Bulgaria. Bulgarian Society for the Protection
of Birds, Sofia, 44 p.

Lacy R. C., M. Borsar and J. P. PoLLak 2009. Vortex: A stochastic
simulation of the extinction process. Version 9.99. Chicago
Zoological Society, Brookfield, Illinois.

Lemus J. A., G. BLanco, B. ARroYO, F. MARTINEZ and J. GRANDE
2009. Fatal embryo chondral damage associated with
fluoroquinolones in eggs of threatened avian scavengers.
— Environmental Pollution, 157 (8): 2421-2427.

Lemus J. A., G. BLanco, J. GRANDE, B. ARROYO, M. GARCiA-
MontuanNo and F. Martinez 2008. Antibiotics threaten
wildlife: circulating quinolone residues and disease in avian
scavengers. — PLoS One, 3 (1): el1444.

LiBeraTor! F., V. PENTERIANT 2001. A long-term analysis of the
declining population of the Egyptian vulture in the Italian
peninsula: distribution, habitat preference, productivity
and conservation implications. — Biological conservation,
101 (3): 381-389.

Lucia G., N. AgosTini, M. Panuccio, U. MELLONE, G. CHIATANTE,
D. Tarmnt and A. EvanceLipis 2011. Raptor migration at
Antikythira, in southern Greece. — British Birds, 104 (5):
266.

MARGALIDA A., D. GARrcia and A. CortEs Avizanpa 2007. Factors
influencing the breeding density of Bearded vultures, Egyp-
tian vultures and Eurasian griffon vultures in Catalonia (NE
Spain): management implications. — Animal biodiversity
and conservation, 30 (2): 189-200.

MARGALIDA A., J. A. DoNAZAR, M. CARRETE and J. A. SANCHEZ-
Zaprata 2010. Sanitary versus environmental policies: fitting
together two pieces of the puzzle of European vulture con-
servation. — Journal of Applied Ecology, 47 (4): 931-935.

MARGALIDA A., J. R. BENITEZ, J. A. SANCHEZ-ZAPATA, E. AVILA, R.
ARreNas and J.A. DoNAzAR 2012. Long-term relationship
between diet breadth and breeding success in a declining

population of Egyptian Vultures Neophron percnopterus.
— Ibis, 154 (1): 184-188.

MARGALIDA A., M. A. CoLomERr 2012. Modelling the effects of
sanitary policies on European vulture conservation. Scien-
tific Reports 2. doi:10.1038/srep00753

Mateo-TomAs P., P. P. OLeA and 1. FomBELLIDA 2010. Status of
the Endangered Egyptian vulture Neophron percnopterus
in the Cantabrian Mountains, Spain, and assessment of
threats. — Oryx, 44 (3): 434-440.

MEYBURG B. U., M. GALLARDO, C. MEYBURG and E. DiMITROVA
2004. Migrations and sojourn in Africa of Egyptian vultures
(Neophron percnopterus) tracked by satellite. — Journal of
Ornithology, 145 (4): 273-280.

MiLLer P. S., R. C. Lacy 2005. VORTEX: A Stochastic Simula-
tion of the Extinction Process. Version 9.50 User’s Manual.
Conservation Breeding Specialist Group (SSC/IUCN),
Apple Valley, MN.

MiLLer P. S., R. C. Lacy 2005. Vortex: A stochastic simulation of
the extinction process. Version 9.50 User’s Manual. Apple
Valley, MN: Conservation Breeding Specialist Group (SSC/
TUCN), 148 p.

Ocapa D. L., R. Bun, 2011. Large declines of Hooded Vulture
Necrosyrtes monachus across its African range. — Ostrich,
82 (2): 101-113.

Ocapa D. L., F. KeesiNG, 2010. Decline of raptors over a three-
year period in Laikipia, central Kenya. — Journal of Raptor
Research, 44 (2): 129-135.

Oro D., A. MARGALIDA, M. CARRETE, R. HEREDIA and J.A. DONAZAR
2008. Testing the goodness of supplementary feeding to
enhance population viability in an endangered vulture. —
PLoS One, 3 (12): e4084.

Ortieno P. O., J. O. LaLan, M. Virang, 1. O. Jonpiko and K.-W.
ScaramM 2010. Carbofuran and its toxic metabolites pro-
vide forensic evidence for Furadan exposure in vultures
(Gyps africanus) in Kenya. — Bulletin of environmental
contamination and toxicology, 84 (5): 536-544

PartErRsoN B. R., D. L. Murray 2008. Flawed population viability
analysis can result in misleading population assessment: A
case study for wolves in Algonquin park, Canada. — Biologi-
cal Conservation, 141 (3): 669-680.

Pavokovic G., G. Susic 2006. Population viability analysis of
(Eurasian) Griffon Vulture Gyps fulvus in Croatia. In:
Houston, D. C. and S. E. Pirer (Eds.): Proceedings of
the International Conference on Conservation and Man-
agement of Vulture Populations. 14-16 November 2005,
Thessaloniki (Natural History Museum of Crete & WWF
Greece). 176 p.

PenTERIANI V., F. OTALORA, F. SERGIO and M. FErrer 2005. En-
vironmental stochasticity in dispersal areas can explain
“mysterious” disappearance of breeding populations. — Pro-
ceedings of the Royal Society B. 272 (1569): 1265-1269.

Prraart K. 2010. Egyptian vulture. — In: D. bE MAN, W. VAN LINT,
A. Garn and C. Henke (Eds.): EAZA Yearbook 2007-2008.
EAZA Executive Office, Amsterdam, 132-135.

RonpEAU G., J. M. ThioLLAY 2004. West African vulture decline.
— Vulture News, 51: 13-33.

Rupnick J. A, T. E. KaTzNER, E. A. BRAGIN, O. E. RHoDES and J. A.
Dewooby 2005. Using naturally shed feathers for individual
identification, genetic parentage analyses, and population
monitoring in an endangered Eastern imperial eagle (Aquila
heliaca) population from Kazakhstan. — Molecular Ecol-
ogy, 14 (10): 2959-2967.

57



Velevski M., B. Grubad, L. Tomovié

SARA M., M. D1 Virtorio 2003. Factors influencing the distribu-
tion, abundance and nest-site selection of an endangered
Egyptian vulture (Neophron percnopterus) population in
Sicily. — Animal Conservation, 6 (4): 317-328.

SarrazIN F., S. LEGENDRE 2008. Demographic approach to releas-
ing adults versus young in reintroductions. — Conservation
Biology, 14 (2): 488-500

TuioLLay J. M. 2001. Long-term changes of raptor populations
in northern Cameroon. — Journal of Raptor Research, 35
(3): 173-186.

TaioLLAY J. M. 2006a. The decline of raptors in West Africa:
long-term assessment and the role of protected areas. /bis,
148 (2): 240-254.

TaioLLAy J. M. 2006b. Severe decline of large birds in the North-
ern Sahel of West Africa: a long-term assessment. — Bird
Conservation International, 16 (4): 353-365.

THioLLAY J. M. 2006¢. Large bird declines with increasing human
pressure in savanna woodlands (Burkina Faso). — Biodiver-
sity and Conservation, 15 (7): 2085-2108.

TaioLLAy J. M. 2007a. Raptor declines in West Africa: compari-
sons between protected, buffer and cultivated areas. — Oryx,
41 (3): 322.

TuroLLay J.M. 2007b. Raptor population decline in West Africa.
— Ostrich, 78 (2): 405-413.

58

VaasseN E. W. A. M. 2003. Poisoning of vultures in Turkey. —
Vulture News, 48: 61

VaasseN E. W. A. M., M.A. Avkurt 2003. Rubbish dumps, their
importance for conservation and monitoring of the Egyptian
Vulture Neophron percnopterus. — Vulture News, 48: 61.

VELEvVskI M., B. HALLMANN, B. GruBAC, T. Lisi¢anec, E. SToynov,
E. Liscanec, V. Avukatov, L. Bozi¢, and B. STUMBERGER
2010. Important Bird Areas in Macedonia: Sites of Global
and European Importance. — Acrocephalus, 31 (147):
181-282.

Viachos C. G., N. K. Parageoragiou and D.E. BakarLoupis 1998.
Effects of the feeding station establishment on the Egyptian
Vulture Neophrom percnopterus in Dadia Forest, North
Eastern Greece. pp. 197-207. — In: CHANCELLOR R., B.-U,
MEYBURG, J. J. FERRERO (Eds.): Holarctic Birds of Prey.
ADENEX-WWGBP. Merida and Berlin.

Yoser R., D. ALon 1997. Do immature Palearctic Egyptian Vul-
tures Neophron percnopterus remain in Africa during the
northern summer? — Vogelwelt, 118: 285-290.

ZUBEROGOITIA 1., J. ZABALA, J. A. MARTINEZ, J. E. MARTINEZ and
A. Azkona 2008. Effect of human activities on Egyptian
vulture breeding success. — Animal Conservation, 11 (4):
313-320.

Received: 15.01.2013
Accepted: 15.08.2013



