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Abstract. Little is known about the spatial ecology and ranging behaviour of vultures in Europe. In this paper we used
GPS satellite telemetry to assess home-ranges of eight non-breeding Eurasian Griffon Vultures in Spain, trying to
answer the main questions on when (i.e. the time of the day), how far (i.e. hourly and daily distances) and where vul-
tures range (i.e. home-range size). Results indicated that vultures ranged extensively mainly in areas where traditional
stock-raising practices and pasturing were still common, also including some vulture restaurants, which were visited
occasionally. Eurasian Griffon Vultures concentrated their hourly and daily movements in the middle of the day, when
the availability of thermal updrafts was higher, favouring foraging activities. The overall foraging range, calculated as
Minimum Convex Polygon (MCP) (7419 km?), or as 95% and 50% kernel contours (4078 km? and 489 km?, respective-
ly), was higher than those reported in previous studies. The precise knowledge of the ranging behaviour and spatial
parameters is particularly important for the conservation of scavenger species inhabiting human-dominated areas

where human activities may jeopardize vulture populations in the long term.
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INTRODUCTION

To date, Spain holds more than 95% of the
European population of the Eurasian Griffon
Vulture Gyps fulvus, and still maintains one of the
healthiest populations of the scavenger guild all
over the world (Ferguson-Lees & Christie 2001,
Del Moral 2009). The Eurasian Griffon Vulture
population has experienced an overall increase in
the Spanish stronghold, where it has increased
from 2283 to 25541 breeding pairs between the
first censuses carried out in late 70s until present
(Del Moral 2009). The species is globally and
regionally catalogued as “Least Concern” (Del
Moral 2009, BirdLife International 2011). Habitat
loss, rural abandonment, intensification of farm-
ing practices, and rising of non-natural mortality
caused by poisoning (Gangoso et al. 2009), pollu-
tant ingestion (Herndndez & Margalida 2008,
Lemus et al. 2008) and collision with wind-farms
(Telleria 2009, Martinez-Abrain et al. 2012), are the
main threats to vulture populations (Garcia-
Ripollés & Lopez-Lopez 2011).

Traditionally, Spanish farmers have dumped
organic remains of dead cattle in the so-called
“vulture restaurants” or “supplementary feeding
stations”. Vulture restaurants are broadly distrib-
uted all over inner Spain, mainly close to tradi-
tional livestock areas, and are commonly located
in remote regions (Garcia-Ripollés et al. 2004,
review in Dondazar et al. 2009). Although there
are geographic variations in the management pro-
cedures, vulture restaurants normally work all
over the year (at least in the study area) and the
contribution of carrion is continued, varying
usually from weekly to fortnightly. However,
since the outbreak of the neurodegenerative dis-
ease in cattle, Bovine Spongiform Encephalop-
athy (BSE), mandatory regulations of the
European Union led to the temporary closure of
existing vulture restaurants in order to avoid
the likely risk of transmission to humans (the
Creutzfeldt-Jakob disease). Consequently, owing
to this temporal food shortage, the populations
of scavengers seem to have been affected, with
survival and breeding success being reduced
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(Camina & Montelio 2006, Martinez-Abrain et al.
2012).

The Eurasian Griffon Vulture is a long-lived
species characterised by delayed maturity, long-
lifespan and low reproductive rates (Ferguson-
Lees & Christie 2001) and most of the studies have
focused on breeding ecology of the species (e.g.
Olea et al. 1999, Lopez-Lopez et al. 2004, Garcia-
Ripollés et al. 2005, Van Beest et al. 2008).
However, little is known about ranging behaviour
and spatial parameters. This is key to help man-
agers to improve conservation measures aimed at
combining the maintenance of scavengers” popu-
lations with sanitary legislation, as well as for the
installation of wind-farms, which also constitute a
potential source of mortality (Telleria 2009,
Martinez-Abrain et al. 2012). Traditional ringing
schemes and radio-tracking studies have shown
that the species ranges extensively, particularly
juveniles (e.g. Elosegui & Elosegui 1977, Bahat et
al. 1993, Griesinger 1998, Bahat 2001, Gil et al.
2009, Xirouchakis & Andreou 2009), but accurate
data about Eurasian Griffon Vulture’s spatial ecol-
ogy and ranging behaviour still remains unknown
(Mundy et al. 1992, Donézar 1993, Ferguson-Lees
& Christie 2001). The first available data regarding
Eurasian Griffon Vulture ranging behaviour were
based on Argos satellite tracking of one juvenile
tracked experimentally in the early 90’s, when
satellite tracking was still a promising method
(Berthold et al. 1991). This bird was tracked over a
two-month period from late September to late
November 1990, covering a total distance of 2000
km from the breeding ground in the Pyrenees to
the eastern coast of Spain. Since then, only a few
papers based on Argos satellite tracking of
Eurasian Griffon Vultures have been published
(Bahat et al. 2001, McGrady & Gavashelishvili
2006). However, to the best of
our knowledge, the available literature does not
report the satellite tracking of Eurasian Griffon
Vultures based on accurate Global Positioning
System (GPS) locations so far. The main im-
provement of GPS satellite tracking is that it pro-
vides more accurate locations than Argos technol-
ogy (Argos 2011), and therefore it gives rise to
address old questions which still remain
unsolved.

This paper presents data of GPS satellite track-
ing of eight Eurasian Griffon Vultures in Spain.
Our aim is to provide information on ranging
behaviour of Eurasian Griffon Vultures, trying to
answer the main questions on when (ie. the
time of the day), how far (i.e. hourly and daily

distances) and where vultures range (i.e. home-
range size). We also provide information about
frequently-used roosting places and their relation-
ship with the vulture restaurants located in the
study area. Finally, we discuss our results in rela-
tion to previous studies about banded and tracked
birds.

METHODS

Seven adults and one subadult Eurasian Griffon
Vultures were equipped with satellite platform
transmitter terminals (PTTs) (Table 1). Birds were
aged according to plumage characteristics
(Ferguson-Lees & Christie 2001). Blood samples
were not taken during the vulture trapping so
molecular sexing could not be carried out. All
birds were non-breeders according to fieldwork.
Six birds were captured on April 2007 and two
birds were captured on October 2009 in a vulture
restaurant (40°33'N, 0°13'W) located in the
Cinctorres district (Castellon province, East of
Spain), using a remotely activated cage built ad
hoc. In all cases, a Microwave Telemetry’s 70g
solar-powered GPS-PTT was fixed to their backs
using a Teflon harness sewed with a cotton ribbon
to allow birds to lose the harness after the end of
the PTT’s life cycle (Garcia-Ripollés et al. 2010).
The PTTs were programmed to record one GPS
position per hour from 07:00 to 21:00 hours (local
time) for the whole annual period.

Hourly flight distances were obtained by cal-
culating the straight-line distance between
consecutive locations (segments) that were sepa-
rated by one hour within the same day. Daily
activity (i.e. a measure of daily activity) was com-
puted as the frequency of segments for which an
effective movement was recorded, this is, move-
ments further away of the nominal accuracy of the
GPS (% 25 m). We also calculated the daily dis-
tances covered by the Eurasian Griffon Vultures as
the sum of straight-line distances covered
between consecutive locations in the same day.
Since the daily distance correlates strongly with
the number of fixes recorded (R* = 0.21, p <
0.0001), we only used days with at least (N + 1)
locations for computing, where N is the median
number of locations separated by one hour
obtained for each day (in our case N = 5) (Urios et
al. 2010). We used the non-parametric Kruskal-
Wallis test to explore hourly and daily differences
in distances covered among individuals (Sokal &
Rohlf 1994).
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We estimated the vultures’ home-range by
means of a kernel density approach (Kenward
2001). Home-range analyses were performed with
the “Animal Movement” extension for Arcview 3.2
(Hooge & Eichenlaub 1997). Fixed 95% and 50%
kernel density contours were calculated to esti-
mate home-ranges (Fieberg 2007). Least Squares
Cross Validation method (LSCV) was used to
calculate the smoothing parameter (h) (Silverman
1986). Additionally, we also calculated the overall
median foraging range as the Minimum Convex
Polygon (MCP) encompassing all GPS locations
obtained for each bird (Worton 1989). These esti-
mates were computed to facilitate comparisons
between studies and regions (Vasilakis et al. 2008).
Individual’s data were partitioned among seasons
of the year (i.e. spring, summer, autumn and
winter). Then, we used a Kruskal-Wallis test to
explore differences: (i) among seasons of the year,
pooling data of all individuals; and (ii) among sea-
sons of the year within individuals (Sokal & Rohlf
1994). Differences between age classes were not
computed due to low sample size (six adults vs.
one subadult). Statistical analyses were computed
in Statistica 6.0. (StatSoft Inc, www. statsoft. com).
Significance level was established at p < 0.05.

Nocturnal roosting places were obtained by fil-
tering the early morning locations for each day
(from 07:00 to 09:00 h). A roosting place was con-
sidered re-used when it was visited at least three
times in non-consecutive days. The distance from
frequently-used roosting places to the closest vul-
ture restaurant was also computed. Cartography
was elaborated in ArcMap 9.2 (ESRI Inc.,
www.esri.com).

RESULTS

During the study period a total of 2122 GPS loca-
tions were received (Table 1). The average number
of locations per bird was 265 (SD = 215; range =
82-662). Birds were tracked on average during 197
days (SD = 143, range = 49-401), from April 2007
to September 2010. One bird (vulture #1) was
recovered dead on March 2009 in Castellén
province (Spain). The other birds ceased transmis-
sion for unknown causes: four birds in Teruel
province, one in Zaragoza, one in Ciudad Real
and one in Castellén province. In two cases, the
PTTs were found on the ground and were sent for
refurbishment to the manufacturer. These PTTs
were those fitted to the vultures #7 and #8 in
2009.

Table 1. Tracking histories and home-range parameters of eight Eurasian Griffon Vultures tracked by GPS satellite telemetry in Spain. Abbreviations: Max — maximum, LQ — lower

quartile, UQ — upper quartile, MCP — Minimum Convex Polygon.

50% kernel
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18.62 58.08
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1.58
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47.29
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0.14

0.48 11.51

2.88 36.60
156 47.81
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401
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4
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344
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subadult

7

8.66 31.31

0.71 19.72

84
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01.01.2010
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Eurasian Griffon Vultures covered median
hourly distances ranging from 0.39 to 3.95 km
(Table 1). The maximum distances covered in an
hour ranged from 19.72 to 48.38 km (Table 1).
There were significant differences in the hourly
distances among individuals (Kruskal-Wallis test:
H, g5 = 43.14, p < 0.001). Although Eurasian
Griffon Vultures occasionally perform long-dis-
tance movements, 68.5% of the hourly move-
ments did not exceed 5 km and only 10.7% were
larger than 15 km (Fig. la). The median daily
distances ranged from 2.79 to 47.62 km, and the
maximum distances covered in a day ranged from
37.17 t0 119.98 km (Table 1). There were significant
differences in the daily distances among individu-
als (Kruskal-Wallis test: H, 5, = 39.68, p < 0.001).
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Fig. 1. Hourly distance (A) and daily activity (B) of the move-
ments of eight Eurasian Griffon Vultures recorded in Spain by
means of GPS satellite telemetry. Time is given in hours
according to Spanish local time (GMT + 2 in summer; GMT +
1 during the rest of the year). For the analyses of the hourly
and daily distances the data of all individuals were pooled
together.

Regarding daily activity, both the longest
movements and the largest proportion of long-
distance movements (66.78%) took place between
11:00 and 17:00 h, corresponding with the peak of
daily activities (Fig. 1b). There were individual dif-
ferences in the daily activity (Kruskal-Wallis test:
H; ¢g5 = 14.38, p = 0.045). Although nocturnal data
were not recorded, the locations obtained in early
morning and in late evening suggested no noctur-
nal movement.

The overall median foraging range, calculated
as MCPD for the eight Eurasian Griffon Vultures
was 7419 km? (inter-quartile range, IQR: 2818
15691 km?). For the 95% and 50% kernel contours,
medians were 4078 km?2 (IQR: 613-8075 km?) and
489 km? (IQR: 94-810 km?), respectively (Table 1).
With data of all individuals pooled (n = 8), there
were no differences in home-range size (accord-
ing to 50% kernel) among seasons of the year
(Kruskal-Wallis test: H,,, = 3.61, p = 0.307).
Nevertheless, significant differences in seasonal
home-ranges (according to 50% kernel) were
found among individuals (Kruskal-Wallis test:
H,,, = 15.72, p = 0.028).

The seasonal overlap in home-range within
individuals (according to 50% kernel) was low or
inexistent (median = 0.00, IQR: 0.00-4.27) for
seven individuals (vultures #1-6 and #8). In only
one case (vulture #7), the seasonal overlap in
home-range was high, ranging from 4.56% to
86.13% (median = 23.62, IQR: 5.12-37.82).

There were 16 vulture restaurants located
across the area encompassed within the vulture
home-ranges, 12 located in Teruel province and 4
in Castellon province. The average distance
among them was 71.53 km (SD = 39.20, range =
10.88-195.45). Eurasian Griffon Vultures made use
of many different roosting places, but re-used fre-
quently an average of four roosting places per
bird (range = 1-10). The average linear distance
from these frequently-used roosting places to the
closest vulture restaurant was 14.05 km (SD =
10.78, range = 1.14-54.55, n = 32) and did not dif-
fer among birds (Kruskal-Wallis test: H7,32 = 9.75,
p = 0.203). In some cases, satellite-tracking data
showed how vultures were temporarily linked to
a particular vulture restaurant, not always match-
ing with food availability (authors’ personal
observation). This was for example the case of the
subadult vulture #7, which remained long peri-
ods in the nearby of a particular vulture restau-
rant, without getting more than 1.5 km away from
it.
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DISCUSSION

Median and maximum daily distances obtained
for the eight Eurasian Griffon Vultures tracked by
GPS satellite telemetry were similar to those
reported in previous reports. For example, Glutz
et al. (1971) reported daily distances between
50-60 km; Elosegui & Elosegui (1977) between
25-75 km; Arroyo & Garza (1995) between 20-80
km; and Gil et al. (2009) between 2-24 km. It
should be taken into account that these studies
were based on direct observations, banding
recoveries or terrestrial radio-tracking, which
may lead to some biases in the estimates of
home-ranges and spatial parameters (Bosch et al.
2010). Our results show that birds wait until cen-
tral hours of the day when thermal updrafts are
available, thus concentrating their daily move-
ments between 11:00 and 17:00 h. In fact, other
studies have reported that Eurasian Griffon
Vultures allocated an average of 7.6 = 1.1 hours/
day to food searching (Xirouchakis & Andreou
2009). Eurasian Griffon Vultures combine soaring
on thermals to gain height, alternating with peri-
ods of gliding for displacing (Spaar 1997). The use
of thermals has also been reported to account for
higher flying activity at midday in a number of
raptor species (Spaar 1997, Garcia-Ripollés et al.
2010).

Our results indicate that vultures range exten-
sively across vast regions in Eastern Spain, encom-
passing large areas of the Maestrazgo region,
between Teruel and Castellén provinces (Fig. 2).
Traditional stock-raising practices and herding are
still common in this region (Lopez-Lépez et al.
2004, Garcia-Ripollés et al. 2005), which still pre-
serves a large portion of the Eurasian Griffon
Vulture population in Spain (Del Moral 2009). It
has been suggested that the maintenance of tradi-
tional farming practices and pasturing is key to
preserve the species across its distribution range
(Olea & Mateo-Tomés 2009). Although occasional-
ly, in certain regions, the presence of wild ungu-
lates could constitute an important food resource
for avian scavengers (Margalida et al. 2011), their
role as a food source in the vulture diet remains
largely unknown in our study area. The lack of a
much higher sample size, the limited duration of
PTTs" batteries and the unknown sex of the indi-
viduals constitute limitations preventing us from
deeper analyses. For example, the effects of how
the temporal closure of some vulture restaurants
(from April 2006 to October 2007, in the case of

Castellén province) affected ranging behaviour
did not led to conclusive results, according to a
preliminary analysis. In fact, at least one vulture
restaurant continued dumping carcasses illegally
(author’s personal observation), thus allowing
food availability in the study area.

The overall foraging range, as calculated as
MCE or as according to 95% and 50% kernels, was
higher than those reported in previous studies.
For example, Xirouchakis & Andreou (2009)
reported range sizes ranging from 390 to 1300 km?
(according to 100% MCP), and 380 km?-64 km?
according to 95% and 50% kernel, respectively;
whereas Gil et al. (2009) reported maximum
home-ranges between 23-161 km? By contrast,
the home-range size reported here was lower
than those reported for satellite-tracked Cape
Vultures Gyps coprotheres in Namibia, which were
21320 km? for adults and 482276 km? for juveniles
(Bamford et al. 2007). Differences in home-range
size could be explained by the availability of
suitable habitat for foraging, individual's age
and sex, as well as the method used for tracking.
In fact, Eurasian Griffon Vultures usually forage
within a few kilometres from their usual roosting
places (14.05 km in this study), which were very
similar to the distances reported in Gil et al. (2009)
(14.3 km), and Xirouchakis & Andreou (2009) (ca.
15 km). Similar results have been reported for
other vulture species such as the Cape Vultures
(< 20 km) (Bamford et al. 2007), or Cinereous
Vulture Aegypius monachus (ca. 30 km in the case
of breeding individuals) (Moreno-Opo et al.
2010). Occasionally, Eurasian Griffon Vultures per-
form long-distance movements for foraging, par-
ticularly dispersing juveniles and subadult birds
(Bahat 2001, McGrady & Gavashelishvili 2006).
The longest displacement recorded in this study
was the case of one adult vulture which moved
from the Maestrazgo region (eastern Spain) to a
vulture restaurant located in the Ciudad Real
province (central Spain), 380 km away from the
tagging site (vulture #2; Fig. 2). The displacement
was carried out in 12 days, remaining in the area
at least eight days until transmission signal ceased
eventually.

Finally, this study provides a first preliminary
insight of the spatial ecology of the Eurasian
Griffon Vulture. Ongoing research projects will
grant complementary information about breeding
individuals and inter-sexual differences that will
improve our understanding of the spatial ecology
and behaviour of scavenger species.
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Fig. 2. Ranging behaviour of eight Eurasian Griffon Vultures according to the kernel home-range analysis. The Minimum Convex
Polygon (solid line), 95% kernel (pale grey) and 50% kernel (dark grey) are shown. Note the scale invariance to allow comparison
of range size among individuals (except for vulture #2). Spanish Administrative units are shown. Individuals (1-8) are shown
from top to down and from left to right.
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STRESZCZENIE

[Wielkos¢ arealéw zerowiskowych nielegowych
sep6w ptowych]

Celem badan bylo okreélenie jak duze sa areaty
osobnicze sepéw plowych, oraz w jakich porach
dnia, i jak daleko moga przemieszczac sie te ptaki,
zar6wno w ciagu jednej godziny jak i posz-
czegdlnych dni. Tak dokladne informacje sa
istotne dla planowania dziatah ochronnych tego
gatunku, szczegdlnie na terenach poddanych
dziatalnoéci cztowieka. Okreélano takze potozenie
najczesciej uzywanych miejsc noclegowych
wzgledem tzw. ,restauracji dla sepéw” — miejsc,
w ktérych wyrzucana jest padlina zwierzat
gospodarskich. Ptaki chwytano w jednym z takich
miejsc, znajdujacym sie w prowincji Castellon, we
wschodniej Hiszpanii. Lacznie o$miu ptakom
zatozono nadajniki satelitarne GPS. Nadajniki
byly zaprogramowane na zapisywanie jednej
lokalizacji na godzine, pomiedzy 7.00 a 21.00
czasu lokalnego. Wszystkie ptaki byly nielegowe
w okresie zbierania danych.

Wyniki wskazuja, ze sepy przemieszczaja sie
po terenach, na ktérych ma miejsce tradycyj-
ny wypas i hodowla bydila oraz w miejscach
gdzie wykladana jest padlina. Stwierdzono, ze
maksymalna odlegtos¢ przemieszczenia sie osob-
nika w ciggu godziny wyniosta 48 km, cho¢ sred-
nio bylo to 0.39-3.95 km, zaleznie od osobnika
(Tab. 1). 68.5% przemieszczeh w ciagu godziny nie
bylo dtuzsze niz 5 km (Fig. 1A), 66.8% przemiesz-
czef zanotowano pomiedzy 11.00 a 17.00 (Fig.
1B), kiedy dostepnos¢ cieptych pradéw wstepu-
jacych jest wysoka. Srednia wielko$¢ areatow
zerowiskowych wynosita 7419 km? (Tab. 1), a
nakladanie sie arealéw byto dos¢ niskie (Fig. 2).
Najdalszy przelot wy-niést 380 km od miejsca zta-
pania (Fig. 2). Na badanym terenie zanotowano
tacznie 16 restauracji dla sepéw. Srednia odlegtoé¢
miedzy nimi a miejscami wykorzystywanymi
najczesciej na nocleg wynosita ok. 14 km.



