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Abstract:

Movements and sojourn of the griffon vulture Gyps fulvus in Bulgaria are poorly known. In the light of
multiple reintroductions of the species in Bulgaria and by means of introduction of modern technologies, a
lot of new data were collected. Here we analyze data of seven birds tracked by GPS/GPRS transmitters in
South-western Bulgaria and additional five vultures from other colonies in the country and adjacent areas.
Our results indicate that immature griffon vultures travel long distances across Bulgaria and neighbouring
countries (maximum daily distance = 234.3+£87.2 km; minimum convex polygon = 28,347+42,439 km?;
home-range 95% kernel = 7,893+20,645 km? and core area 50% kernel =772+1,826 km?). However, they
almost exclusively roost and feed in already established griffon vulture colonies or join seasonal gathering
of conspecifics, which are usually found within a zone of 15 km radius from a complex of feeding site or
abundant, easily accessible food in close proximity to suitable roosting places. Strategically placed and per-
manently supplied vulture restaurants in close proximity of roosting sites, may concentrate large numbers
of griffon vultures in a relatively small and possible to control areas. This, in combination with implementa-
tion of site based conservation activities (e.g. creation of Vulture Safe Areas), may buffer the impact of any,

otherwise, hardly controlled and acting on large scale threats, such as poisoning and electrocution.
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Introduction

The griffon vulture was widely spread in Bulgaria
throughout the 19" Century, being numerous in
many places of the country until the first half of 20™
Century (CrAMP & SIMMONS 1980, DEMERDZHIEV
et al. 2007, 2014). As a result of the national cam-
paign for eradication of predators through the use
of poisonous baits, the species disappeared from the
territory of the country in the 1960s and was con-
sidered extinct until 1978, when a small group was
discovered in the Eastern Rhodopes (MICHEV et al.
1980, DEMERDZHIEV et al. 2014). After conservation
efforts, its population increased to over 56 pairs in
2011 (DEMERDZHIEV et al. 2014). The sporadic ob-
servations in Southwest Bulgaria between 1979 and
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1987 were classified as individual cases of wander-
ing birds (YANKOV & PROFIROV 1991).

In 2010, reintroduction of the species was start-
ed in the Kresna Gorge resulting in the release of
63 birds by the end of 2016. The vultures were im-
ported from rehabilitation centres in Spain or from
zoos in Western Europe. All the birds released after
2011 were immature between 0 and 4 calendar year.
The griffon vultures usually reaches sexual maturity
after their fifth year of age and the first successful
nesting of two pairs was recorded in 2016 (PESHEV
et al. 2015, 2017). The newly founded colony has
quickly started to been visited by vultures from all
parts of the Balkan Peninsula, which was proven
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by the many observations of marked birds. Some
of the birds have joined other colonies and constant
movements in both directions between the colonies
in the Kresna Gorge and Macedonia were observed.
During the spring and autumn migrations, the big-
gest aggregations were recorded and 63 vultures
were observed overnight in November 2016 (PESHEV
etal. 2017).

In Southwest Bulgaria there is only one feed-
ing site for birds of prey, which was constructed and
maintained for species reintroduction in the Kresna
Gorge, being supplied 3-4 times a week with 3 to 10
tons corpses of livestock monthly.

Through the use of ringing and radio transmit-
ters, it was proven that griffon vultures and especial-
ly the young specimen undergo distant migrations
(ELoseGur & ErLoseGur 1977, BAHAT et al. 1993,
GRIESINGER 1998, BAHAT et al. 2001, GIL et al. 2009,
XIROUCHAKIS & ANDREOU 2009). A detailed analysis
of the movement and spatial parameters in the be-
haviour of the griffon vulture according to data, col-
lected by satellite transmitters have been conducted
in Spain (GARCIA-RIPOLES et al. 2011).

The goal of the current study is to present and
analyze data on movements of seven griffon vultures
reintroduced in Kresna Gorge, equipped with GPS/
GPRS transmitters. The home-range, core area, daily
movements, nocturnal roosting places and the differ-
ence between seasonal movements are presented and
comparison with data from other colonies provided.
Five more birds from different colonies in Bulgaria
(autochthonous and reintroduced) were equipped
with transmitters and the data compared with the
birds from Kresna Gorge resulting in the first of its
kind analysis of the griffon vulture on the Balkan
Peninsula.

Detailed data about the movements of the
vultures is of particular importance to analyze the
success of the reintroductions and for conservation
activities of the fragile Balkan griffon vulture popu-
lation. The study provides some fundamental under-
standing about the Griffon Vulture spatial and sea-
sonal movements and presents valuable information
to managers to address effectively the threats for the
species e.g. poisoning, unsecured power lines and
the construction of wind parks in areas, which are
commonly used by the large birds.

Materials and Methods

Bulgaria is situated in the middle of the Balkan
Peninsula. Following dramatic decline since the first
half of XX Century, the griffon vulture has become
extinct from Bulgaria in late 1960s. Although the
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species naturally recovered in Eastern Rhodopes in
late 1970s and after conservation efforts, its popula-
tion increased to over 56 pairs in 2011 (DEMERDZHIEV
et al. 2014). In 2010, projects to restore the species
in Kresna Gorge and at four other places in the coun-
try were initiated. Until 2016, 63 griffon vultures
were released in Kresna Gorge (UTM, FM73) and
this same year the first successful reproduction in the
area was recorded. From 6-8 formed pairs, two laid
eggs and two chicks successfully fledged (PESHEV et
al. 2017).

The idea of the reintroduction of the griffon
vulture in the Kresna Gorge was to connect the in-
creasing Eastern Rhodope population with the de-
clining population in FYR of Macedonia (11-15
pairs), while also supporting the last one with direct
release of birds (restocking).

The Kresna Gorge is situated in Southwest
Bulgaria along the Struma River valley between the
village of Krupnik to the north and the town of Kresna
to the south. The foot of the Pirin Mountain on the
east and the foothills of the Maleshevska Mountain
on the west form the Struma River valley and the
gorge. The climate is transitory Mediterranean.
The Kresna Gorge is a rocky complex on a silicate
base. It features steep stony slopes, a rock massif
with vertical cliff walls and smaller rocky habitats
(KOSTADINOVA & GRAMATIKOV 2007).

Seven griffon vultures, released within the rein-
troduction project, were equipped with GPS/GPRS
transmitters in the Kresna Gorge in the period 2012-
2017. All the birds were immature (<4 years old).
For the purpose of the study we call this group of
birds “Group 1”.

Other five griffon vultures, of which two wild
(native to Balkans) caught at the feeding site in
Kresna Gorge, as well as one released in Kotlenska
Planina, one released in Vrachanski Balkan and one
wild-born in Kotlenska Planina were also fitted with
GPS/GPRS transmitters in the period 2013-2017.
Their data was used to add to the current study for
comparison and for increasing the data sets for cer-
tain analyzes. Since their main occupancy is outside
the Kresna Gorge and represent all the other known
colonies of the species in Bulgaria — the autochtho-
nous in Eastern Rhodopes and the reintroduced ones
(Vrachanski Balkan and Kotlenska Planina — Sinite
Kamani), they are treated separately. For the purpose
of the study we call this group of birds “Group 2”.

The wvultures from Group 1 stayed for ad-
aptation period in aviary next to Rakitna village
(41°50°39.62”N, 23° 9’41.21”E) for a period of 5+2
months. The transmitters were attached during the re-
lease, as the birds were marked with metal and PVC
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rings and wing-tags. The weight of 6 of the transmit-
ters is 90 g (about 1% of the body mass, since <3%
is recommended for flying birds) and were attached
to the back of the birds with teflon ribbon harness,
according to the backpack method (NESBITT et al.
1979, KocHERT et al. 1983, FULLER et al. 2005). A
vulnerable knot, made out of silk rope, was left in
order for the transmitter to fall off and release the
bird after a couple of years. During the placing of
the transmitters, we were trying to reduce the stress
of the birds to a minimum, covering their heads and
reducing the transmitter placement time to less than
ten minutes. In one of the birds a transmitter was
attached to the wing of the bird OX, where the axis
of the device is used to hold the wing-tag in the pa-
tagium. The weight of such a transmitter is 33 g and
is supplied with power by solar panel. The number
of received coordinates per day varies for the time
of the study, due to the battery charge levels, which
were supposed to be kept in certain limits. During
winter, due to the slower rate of recharge of the solar
panel, the number of acquired coordinates is lower.
All data download and transmitter reprogramming
was made remotely via internet.

The daily distances covered by the vultures
were calculated summing the straight-line distances
between successive locations on the same day. The
home-range shows the 50% (core area) and 95%
home-range (FIEBERG 2007) of the vultures. It is
calculated using the classical kernel method (kern-
elUD, points, extent=0.1) (CALENGE 2006).

We took out all coordinate locations acquired
between 20:00 and 06:00h and they were used only
for defining nocturnal roosting places. The analysis
was made using QGIS 2.18.9, OpenJUMP HoRAE
toolbox for OpenJUMP GIS 1.7.1 (STEINIGER &
Hunter 2012), the package adehabitat for the R
software, R package, Version 3.4.0 (MAECHLER et
al. 2013). We calculated the overall foraging range
as the Minimum Convex Polygon (MCP) encom-
passing all GPS locations obtained for each bird
(WorTON 1989).

We made the same calculations for the birds of
“Group 2”.

The nocturnal roosting places were defined by
taking the coordinates acquired during every night
(from 20:00 to 06:00) and were used for roosting for
more than 3 inconsistent days. Furthermore, we con-
sidered that locations less than 300 m away from one
another are the same roosting place.

In order to compare the movements of the birds
and the occupied territories during the different parts
of the year, we divided the four seasons based on
the winter and summer solstices (21.06 n 22.12)

and the spring and autumn equinox (20.03 u 23.09),
although we were observing immature birds, this
separation coincides with the life-cycle of the vul-
tures (hatching eggs during the winter, raising young
during the spring and summer, chick independence
from September to December).

We calculated 50% and 95% home range and
the daily distance covered by every bird for those
periods.

The birds were tracked for a different period of
time and during different seasons. For the seasonal
dynamics we removed seasons with less than 40
days with data. Unfortunately, we had only one win-
ter of the birds from Group 1, when we were able to
track a vulture OX and we did this analysis for all the
vultures — Group 1 and Group 2 together.

We split the year again, this time in two parts:
from 21 March to 22 September (spring-summer)
and from 23 September to 20 March (autumn-win-
ter); to compare the difference in vulture movement
in the half-year with a longer daylight from that with
a shorter one.

Results

The seven transmitters from Group 1 sent 37,397
daily GPS coordinate locations. Average for a trans-
mitter is 5,342+3,787 (range 1,002-10,782). The
tracking period for the birds on average is 237+152
days (range 48—425), but due to technical reasons
(broken files during data transmission or lack of
GSM network coverage, resulting in file transition
failure and loss), the acquired data on average is
195+131 days (range 30—418). The average number
of coordinates per day is 28.5+10.4 (range 16-47).

In total, the vultures flew over 33,796 km, mean
for vulture 4,82843,426 km (range 648—7,874).

All data for the griffon vultures from Group 1
and Group 2 are given in the Table 1.

Daily movement

The average distance of the daily flights is 25+10.5
km (range 11-42.5), where the maximum distance
covered in a single day from the birds from Group 1
is 190.9£75.1 km (range 95-312.2) and Group 2 is
295.2+67.5 (range 222-378.2).

Home Ranges Estimation

The total area occupied by all seven vultures from
Group 1 calculated as Minimum Convex Polygon
(MCP) is 30,190 xm?, which includes the whole of
Southwest Bulgaria, the Eastern part of Macedonia
and parts of Northern Greece. Average area of MCP
for all vultures in Group 1 is 9,494+7,243 km? (range
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Table 2. Seasonal tracking data, daily movement and home-range of twelve Eurasian griffon vultures (Group 1 and

Group 2) tracked by GPS satellite telemetry in Bulgaria.

Mean of Daily distances Core areas (within 50% UD Home range area (within 95% UD
Season (meanz standard isopleths), (mean+ standard isopleths), (mean+ standard
deviation), km deviation), km? deviation), km?

Spring 40.3+19.8 2,513+5,726 11,840+26,741
Summer 38.2+18.5 2,159+5,691 10,049+23,729
Autumn 10.4+7.4 217+540 1,036+2,557
Winter 20.4+9.8 3,727+7,435 18,388+33,458
Spring — Summer 39.6+19 1,8424+5,279 10,113+26,085
Autumn — Winter 13.5+7.1 717+1,662 5,301+13,335

¥ o

Poleto M
o 2

Krupnik

Fig. 3. Map of nocturnal roosting places of Griffon Vultures of Group 1 in the Kresna Gorge and the vulture feeding
site. The size of the circle is proportional to the use of the roosting site by the vultures.

1,337-12,682) and 57,740+58,150 (range 6,845—
127,206) km? for Group 2. Mean area of the home
range (95% kernel) and core area (50% kernel) for
Group 1 was 835+810 km? (range 106— 2,673) and
53.4+£70 km? (range 10-207), respectively.

Seasonal dynamics

No seasonal differences in core area size (according
to 50% kernel) (Kruskal-Wallis test: H (3, N=40) =
5.228902, p=0.1558) were observed, while there was
seasonal differences in home-range size (according
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to 95% kernel) (Kruskal-Wallis test: H (3, N=40)
=9.258590, p=0.0260), and in average distance of
the daily flights between seasons (Kruskal-Wallis
test: H (3, N=40) = 19.44866, p=0.0002).

The analysis showed that during the spring-
summer half of the year, the griffon vultures travel
about three times longer distances per day than in
the other half (autumn-winter). One of the vultures
K77, crossed significant distances during the winter
of 2015, which increased the average score for this
period of the year for all birds. In contrast, all other
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vultures had larger areas of kernel 50 and 95% in the
spring-summer season. Despite the huge distances
that K77 flew in the winter, as with other birds, its
daily distances are much larger in the spring-sum-
mer season.

Nocturnal roosting places

The vultures used multiple nocturnal roosting places
(Fig 3.), the most commonly used were on average
seven for a bird (7£5, range 2—15). In the Kresna
Gorge, there is only one vulture feeding site and the
average distance in a straight line to most used roost-
ing places is 2.6£2.2 km (range 0.9-6.1 km).

Discussion

This study provides a first preliminary insight of
the territory use of the reintroduced and native to
Balkans immature griffon vulture in four vulture
areas (Kresna Gorge, Vrachanski Balkan, Eastern
Rhodopes and Kotlenska Planina-Sinite Kamani) in
Bulgaria with emphasis on Southwest Bulgaria with
centre the Kresna Gorge. The northern part of the
Kresna Gorge, where the vulture feeding site is found,
together with the nearby cliffs and 400 kV pylons is
the core zone of the newly established colony in the
area. Flights of the soaring birds are becoming easier
in warmer months and the griffon vultures move to
Pirin National Park, Rila National Park and to lesser
extent Maleshevska Mts. and FYR of Macedonia,
and sometimes make large-distant and short-time
excursions of 190.9+75.1 (range 95-312.2) km a
day. However, roosting is rarely happening outside
the usual few sites, and feeding outside the vulture
restaurant in the Gorge or any other such special-
ized site in Bulgaria, FYROM and Greece was rare.
Exception is the sojourn of the entire colony of grif-
fon vultures from Kresna Gorge in the treeless zone
of Pirin National Park, where each summer, together
with summering guest birds from other colonies are
feeding on carcasses of free ranging cattle.

For more remote flights, the vultures used the
mountains’ ridges in the area, as well as the high
hills. They clearly avoided the lowland intensively
cultivated areas in the Struma Valley, and elsewhere
in Bulgaria, Greece and FYR of Macedonia, which
was also observed for the Black Vultures in Dadia
National Park in Greece (VasiLakis et al. 2005).
Probably the absence of thermal lifts affects nega-
tively the selection of these areas for foraging, along
with the intensive human presence.

Seasonal movement data showed that the flight
length is greater in summer and spring and much
smaller in winter, this is related to the shorter length

of the day and the worse conditions for flying, and
the concentration of even non-breeding vultures
around breeding pairs that begin to prepare for the
following season.

Each core area (50% kernel), for all tracked
birds, encompasses the vulture restaurant and all the
most commonly used roosting sites and the radius of
15 km around them. The distance of 14-15 km around
the main colony as the most used is mentioned in a
number of other studies (GArcia-RipoLEs 2011, GIL
et al. 2009, XIROUCHAKIS & ANDREOU 2009).

Compared to the study in Spain, our results
match the overall median foraging range, calcu-
lated as MCP (7,419 km?). Median daily distances
ranged around 3 to 40 km in both studies. For the
95% and 50% kernel contours, medians are small-
er in Bulgaria. This might be attributed to feeding
sites network density, which is bigger in Teruel and
Castellon Provinces in Spain — average distance
among them of 71.53 km (n=16), while in Bulgaria
and the nearby Greece and FYR of Macedonia it is
192.7£100.4 (range 9-407) km (n=10). The birds
then concentrate their movements around them,
which reduces the size of the kernels, although the
distances that birds fly every day are the same in
Spain and Bulgaria.

This gives us a proof that the national and pan
Balkan network of vulture restaurants is playing an
important role for Balkan native and reintroduced
griffon vulture population. Furthermore, this greatly
supports the concept of GRozDANOV et al. (2018) for
the need of establishment of a network of Vulture
Safe Areas (VSA), where in relatively small areas
the full spectrum of threats for the species could
be addressed and mitigated. In such areas through
maintenance of permanent feeding sites, the vultures
might be concentrated and kept in safe environment,
while avoiding threats like poisoning and electrocu-
tion, which are: 1. acting on vast territory; 2. unpre-
dictable in space and time; and 3. hardly controlled
in short —term. The vultures will then move among
them and keep staying in the VSAs, using them as
safe stepping stones during their migrations and so-
journ in across the Balkans.

Out of the known wvulture restaurants in
Bulgaria, FYR of Macedonia and Greece, the vul-
tures rarely stayed overnight on-passage and nev-
er were feeding with exception of few places that
should be given priority for application of urgent
vulture conservation measures and to secure them
as VSAs instead playing roles of ecological traps.
These are Kaymakchalan Peak on the border be-
tween Greece and FYR of Macedonia; Pirin National
Park in Bulgaria; the Valley of Krumovitsa River
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and the hills to the west of it in Eastern Rhodopes in
Bulgaria; the area between the Dadia National Park
and Kompsatos River valley in Greece, with centre
around the village of Esochi.

The lack of a much higher sample size, the lim-
ited duration of the transmitters’ batteries and the
lack of adult individuals constitute limitations pre-
venting us from deeper analyses.

Ongoing research projects will grant comple-
mentary information about breeding individuals
and inter-sexual and inter-age differences that will
improve our understanding of the spatial ecology
and behaviour of the griffon vulture in Bulgaria and
Balkans.

Conclusions

We are now aware that effectively, a colony of grif-
fon vultures could be protected by concentrating
conservation efforts in an area 15 km radius of a
vulture restaurant in complex with suitable roosting/
breeding sites.

It seems that strategically placed and perma-
nently supplied vulture restaurants, may concentrate
large numbers of griffon vultures in a relatively small
and able to control areas. This, in combination with
implementation of site based conservation activities,
may buffer the impact of any hardly controlled and
acting on large scale threats, such as poisoning and
electrocution.

The natural instinct of the griffon vultures to
travel long distances is not necessarily related with
taking food outside their well known areas. This
conservatism together with the gregariousness of the
species may be used for its conservation. The only
serious problem for this approach appears, when the
deadly threat (poisoning, electrocution, direct per-
secution etc.) appears in the core of the presumed
Vulture Safe Area — thus turning it into a deadly eco-
logical trap. This increases the level of responsibility
of the managers of any VSA. However, the sole role
of each such area may be reduced if their number
and density is increased and the vultures have more
such sites to move along and sojourn.

Ethics Statement: The study was not specifi-
cally approved by an ethical committee as a permit
for equipping vultures with loggers was provided
as part of the license of team members of the NGO
Fund for Wild Flora and Fauna (FWFF), according
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protected species and mark them (with rings or any
other device like GPS units).
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