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============= RESEARCH ARTICLES ============= 

A group of griffon vultures in Kresna Gorge was studied for its visit on the feeding station next to Rakitna Village 
after being reintroduced in the area. A camera trap method was used for a better understanding of the breeding 
behaviour of the griffon vulture, including the intra- and inter-species relations. A statistically significant dif-
ference was found between the independent feeding events during the pre-incubation and incubation periods of 
vultures. The duration of those events also differs, the ones in the second period being longer. Furthermore, a 
statistically significant difference was observed between the number of vultures per photo for the two sample pe-
riods, as a result of a different number of unmarked wild birds and different activity patterns of the nesting pairs. 
In spite of the fact that the terrestrial predators are also active during the night, their daytime presence leads to 
a high enough overlap between the two ecological groups, showing that the carnivores are a disturbance factor 
for the scavengers. The raven is the most abundant species at the feeding site and thus is a food competitor to the 
griffon vulture. The two species have adapted their behaviour to use the feeding station more successfully during 
the different biological periods. A significant decrease in the activity overlap between the individuals of the suc-
cessfully nesting pairs was observed on the feeding station after the beginning of the incubation period. On the 
other hand, the activity overlap of the unsuccessfully nesting pairs increased in the second sample period. Cam-
era traps can be used in further studies of the mating ecology for individual breeding pairs, when a direct obser-
vation on the nest is hard or impossible. This can be a cheap alternative of the time-consuming field observations.
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Introduction
The four European vulture species: Griffon 

vulture (Gyps fulvus Hablizl, 1783), Cinereous 
vulture (Aegypius monachus Linnaeus, 1766), 
Egyptian vulture (Neophron percnopterus Lin-
naeus, 1758), and Bearded vulture (Gypaetus bar-
batus Linnaeus, 1758), are currently under severe 
threat by humans (Margalida & Colomer, 2012). 
Some of the biggest conservation threats include 
loss of habitat and food resources, which can lead 
to the change of the scavengers’ feeding behaviour 
(Zuberogoitia et al., 2010; Margalida et al., 2011). 
This calls for the need of creating vulture feed-
ing sites, when the natural food resources are low 
(Margalida et al., 2017).

The feeding stations (also called feeding sites 
or vulture restaurants), are specialised areas with 
restricted human access where carrion is being de-
posited. The presence of these feeding sites is one 
of the most important anthropogenic factors, which 
have impact on the abundance of the scavengers, 

which use those (Kane et al., 2016). Griffon vul-
ture colonies successfully use feeding stations in 
the proximity up to 9 km from the breeding site, 
without significant pressure by other colonies (Xi-
rouchakis & Andreou, 2009). The birds spend most 
of the day searching for food, and the presence of a 
feeding site lowers the time needed for that. 

The observations on the vulture restaurants can 
provide valuable information about the dynamics 
of the vulture population. On the feeding stations, 
the age structure of the group can be identified by 
comparing the molting patterns of the individuals. 
The number of the vultures visiting the station can 
be used as an index of its abundance. The ratio be-
tween the marked and unmarked birds can provide 
information about the population size (Wolter & 
Whittington-Jones, 2011).

Kresna Gorge in Bulgaria is a very important 
hotspot for bird species of conservation significance 
(Stoynov et al., 2014). Although the Griffon vul-
ture was categorised as Least Concern (LC) by the 
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IUCN (BirdLife International, 2017), it disappeared 
from Kresna Gorge during the 20th century. In 2009 
the Fund for Wild Flora and Fauna (FWFF) started 
a reintroduction program for the species in this area 
which persisted with success till the end of 2016 
(Stoynov & Peshev, 2012, 2013, 2014, 2015; Pe-
shev et al., 2016, 2017). The first breeding attempts 
of the Griffon vulture dated back to 2010 (Stoynov 
& Grozdanov, 2011), but the first successfully raised 
fledglings left the nests only in 2016.

At the beginning of 2017 a significant part of 
the new colony was eradicated by deposited poi-
soned bait near one of the villages in the region. 
The use of poison is one of the main reasons of 
mass vulture deaths in Europe, as well as the usage 
of antibiotics for the livestock which further was 
transferred to the vultures with the dead animals 
(Green et al., 2004; Margalida et al., 2010; Green 
et al., 2016). From the conservation point of view 
keeping the vultures away from the poison baits by 
providing a ready to use food source had proven to 
be the best practice. All these circumstances call 
for the need to gather more information about the 
frequency with which the vultures are using the 
safe feeding stations, their feeding behaviour and 
habits of the other scavengers to visit these sta-
tions as a disturbance factor. The best approach for 
studying these aspects is the noninvasive method 
of camera trapping, which allows for collecting 
data in a non-intrusive way, by removing the pres-
ence of a human factor near the station. Nowadays 
the camera traps are mainly used for medium and 
large mammal observations (O’Connell et al., 
2011). The camera trap method is widely used in 
mammal research in Bulgaria, for example, the first 
hard evidence of the Eurasian lynx (Lynx lynx L.) 
after more than 60 years of extinction in Bulgaria 
was obtained through such a study (Zlatanova et 
al., 2009). There are many other mammal studies 
in Bulgaria that also employ camera trapping; this 
method is often used in the practice of state or pri-
vate game units too. 

There is no developed camera trap study de-
sign or structured analyses for vultures, especially 
for feeding sites, yet. Even more, there are only 
a few studies of the avian fauna ever made with 
automated cameras (Demo et al., 2013; Samson 
& Ramakrishnan, 2017). This is why the current 
research is important, aiming to set the grounds 
for evaluation of the vulture restaurants usage by 
griffon vultures, estimation of their feeding period-
icity, the intraspecies dynamics and the intra- and 
inter-species relations.

Material and Methods
Study area and research objects
The feeding station is located next to Rakitna 

Village (Simitli Municipality/Blagoevgrad Prov-
ince, Bulgaria), above the Kresna Gorge (Fig. 1). 
The vulture restaurant is inside two nature pro-
tected areas by the Natura 2000 network: Kresna 
(Special Protection Area for Birds BG0002003) 
and Kresna-Ilindenci (Site of Community Impor-
tance BG0000366). In close proximity are located 
the rock massifs, used by the colony as roosting 
and nesting sites.

The feeding station is an enclosure contain-
ing the adaptation aviary and surrounded by an 
electric fence. The carcasses deposit station is lo-
cated right next to the aviary, which intends to 
increase the numbers of the wild and released 
vultures to the station. Carcass remains (bones, 
skin, horns, etc.) are not removed from the sta-
tion after cleared from meat to attract additionally 
the scavengers. A new carcass is deposited at least 
four times per week. In 2016, a total of 50 tons of 
carcasses were left there.

One camera trap has been positioned on the 
metal frame of the aviary (Fig. 1), and the observa-
tion field contained the deposited food. The camera 
trap was placed before the vultures were provided 
with an access to the station. There is no obvious 
and intended behaviour from the vultures to the 
camera trap which ensured us that the presence 
of the camera trap is not having any influence on 
the vulture behaviour as they perceive it as a part 
of the surrounding area. A small area outside the 
fence was also included in the viewing field of the 
camera trap. The device was positioned around 1.5 
meters above the ground, and approximately 6 me-
ters from the deposited carcasses, under an angle 
of about 10°, as suggested by Wilson (2015).

The camera trap model was Bushnell 119327. 
It is equipped with a 5 megapixels sensor and pro-
duces JPEG pictures with size of 3264 by 2832 
pixels. The device was active 24 hours per day and 
uses both a movement sensor and an infrared sen-
sor. For night photos, it uses an infrared flashlight. 
It uses eight AA batteries, and was set to make only 
photos with 15 seconds interval between them. The 
photos are downloaded on a hard drive whenever 
carcasses were being deposited.

The object of the current research is the group 
of griffon vultures in Kresna Gorge that visit the 
feeding station next to Rakitna Village after being 
reintroduced in the area by the Fund for Wild Flora 
and Fauna (FWFF). 
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Fig. 1. Location of the feeding station (with star on the overview map) and the setting of the feeding site and the camera trap used.

The productivity of the colony (the number of 
successfully raised fledglings per number of pairs) 
is 25%, while the breeding success (the number 
of the successfully raised fledglings per laid eggs) 
is 100%. The ratio between the productivity and 
the breeding success is 25%, which is significantly 
lower compared to another stable European colo-
nies (natural and reintroduced) – 65% for Crete 
(Xirouchakis & Mylonas, 2005) and 79.6% for 
Central France (Sarrazin et al., 1994).

The current griffon vulture reintroduction and 
reinforcement projects include transportation of 

birds from Western Europe, which are placed in 
an adaptation aviary. They are marked with wing 
marks and rings, allowing them to be individually 
recognised and after an adaptation period they are 
released in the wild. In 2016, eight vulture breed-
ing pairs were registered in the wild in Kresna 
Gorge (Table 1). For six of the pairs both indi-
viduals are marked, while for two of them the fe-
males are unmarked wild birds. Two of the pairs 
nested, laid an egg, and raised a fledgling success-
fully. One of the chicks was marked in the nest by 
the FWFF (Peshev et al., 2017).

Table 1. Breeding pairs of marked (and wild) griffon vultures, nest occupation dates, first recorded copulation dates, egg 
laying dates and egg hatching dates

Male Female Nest occupation First copulation Egg laying Egg hatching
B35-P B61 12.2015 unknown 29.01.2016 27.03.2016
M60-X B39-H 01.2016 22.11.2015 05.02.2016 03.04.2016
B17-M B95-5 01.2016 28.01.2016 – –

K44 K47 01.2016 31.01.2016 – –
F96-6 B00-A 01.2016 16.02.2016 – –
B34-O G92 01.2016 16.02.2016 – –
B19-C wild – – – –

K wild – – – –
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The analysed data is from two pre-chosen 
periods – pre-incubation and incubation. The 
pre-incubation period is from 01.01.2016 till 
18.01.2016 (n = 18 days) and includes the com-
pletion of the nests, just before the first egg in 
the colony was laid by the B35-P(♂) – B61(♀) 
pair. The incubation period is from 29.01.2017 
till 17.03.2017 (n = 49 days) and includes the in-
cubation of the two eggs in the colony. Between 
the two periods a 10-day gap in the data was left 
for ensuring that they will not be any overlap (to 
avoid a temporal error in the identification of the 
first egg laying date).

Analyses
The analysed data pool contains photos 

from the 67 camera trap days, i.e. 18 from the 
pre-incubation period and 49 from the incuba-
tion period. A total of 8042 pictures were anal-
ysed (2872 for the pre-incubation and 5170 for 
the incubation period), grouped in 966 indepen-
dent events (registrations of the bird visiting 
the site separated with at least 30 minutes gap 
from the next visit).

The JPEG pictures with EXIF files were sys-
tematised and analysed via a specialised Micro-
soft Access database – Camera Base 1.7 (Tobler, 
2015), adapted, developed and translated in Bul-
garian (Zlatanova, 2014: personal communica-
tion). The program was further adapted to cut the 
processing of the data with a new field for the 
number of the ravens (Corvus corax Linnaeus, 
1758). Additionally, a special spreadsheet table 
was created, containing information about the 
marked vultures.

Since the pre-incubation and the incubation pe-
riod are different in length, for the aim of compari-
son, the data were standardised as a detection rate 
(DR) index. It represents the number of the regis-
tered independent events per one camera trap day:

,

where DR – detection rate index; ni – number 
of the independent events; T – length of the period 
in days;

The map was created with QGIS (2.18.10) 
(QGIS Development Team, 2017). The statistical 
analyses were performed with SigmaStat 3.5 (Sy-
stat Software, 2007), SigmaPlot 11.0 (Systat Soft-
ware, 2008) and R 3.4.0 (R Core Team, 2017).

The numbers of the independent events, the 
numbers of the feeding events and the numbers of 

the independent events with marked vultures were 
tested for a statistically significant difference for 
the two periods using the χ2 (chi-square) test. The 
differences between groups in the pre-incubation 
and incubation periods were tested with the Mann-
Whitney U-test.

The analyses on the activity and the overlap 
of the different visits at the feeding station was 
done via the overlap package (Meredith & Ridout, 
2017) for R. Overlap coefficients were calculated 
with nonparametric estimators ∆1 and ∆4 (Schmid 
& Schmidt, 2006; Ridout & Linkie, 2009). ∆1 was 
used when the lesser of the two samples was with 
n < 50, and ∆4 when it was with n > 75. The coef-
ficient of overlap varies between 0 and 1, where a 0 
means that the activity patterns of the two species/
individuals do not overlap at all, and a 1 is when 
the overlap is total.

For the analyses of the overlap two ap-
proaches were possible. Firstly, the hour of ev-
ery photo is considered only once, despite the 
number of individuals on the picture, because 
most of the times when more than one individual 
is observed, it is a constant group of individuals 
during that period. Secondly, the hour of each 
photo is considered as many times, as the indi-
viduals in that photo are. The latter was chosen, 
because it adds more weight to hours when more 
vultures were registered.

Apart from the vulture presence, the presence 
of other species – raven (Corvus corax Linnae-
us, 1758), fox (Vulpes vulpes (Linnaeus, 1758)), 
stray domestic cat (Felis catus Linnaeus, 1758) 
and dog (Canis lupus familiaris Linnaeus, 1758) 
as well as humans – was recorded and analysed 
to account for the intra- and inter-species interac-
tions and their effects on the vultures’ visitation 
on the feeding site.

Results and Discussion
Analyses of the independent events
The data about the registered independent 

events are presented in Table 2. The feeding 
events are independent events containing photos 
of feeding vultures (min  =  1 and max  =  30 re-
corded griffon vultures per picture for the pre-
incubation period, min = 1 and max = 27 for the 
incubation period). The independent events with 
marked vultures are all independent events con-
taining photos of marked individuals (min = 1 and 
max  =  20 marked birds per picture for the pre-
incubation period, min = 1 and max = 19 for the 
incubation period).
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Table 2. Number and DR of independent events, number and DR of feeding events, number and DR of independent events 
with the participation of marked vultures for the pre-incubation period, the incubation period and in total

Period No. of indepen-
dent events

DR
Independent events 

per day

No. of feed-
ing events

DR
Feeding events 

per day

No. of indepen-
dent events with 
marked vultures

DR
Registration of marked 

vultures per day

Pre-incubation 241 13.39 100 9.33 20 1.11

Incubation 725 14.8 140 4.61 46 0.94

Total 966 14.42 240 5.88 66 0.99

Note: No. – number, DR – detection rate.

The χ2 (chi-square) method was used for test-
ing the difference between the numbers of the inde-
pendent events, the numbers of the feeding events 
and the numbers of the independent events with 
marked vultures for the two periods. These were 
tested for a statistically significant difference using 
an expected ratio of 18:49 (according the length 
of the two periods). For the numbers of the inde-
pendent events and the numbers of the independent 
events with marked vultures no statistically signifi-
cant difference was found (χ1

2 = 1.81, χ3
2 = 0.40, 

p > 0.05 for both, df = 1). For the numbers of the 
feeding events a statistically significant difference 
was found (χ2

2 = 26.76, p << 0.05, df = 1). This 
shows that the frequency of marked vultures us-
ing the feeding station remains similar for the two 
periods (DRpre = 1.11, DRinc = 0.94), while the fre-
quency of the feeding events lowers significantly 
after the beginning of the incubation (DRpre = 9.33, 
DRinc = 4.64). This disparity is a result of a differ-
ence between the numbers of the unmarked griffon 
vultures using the site in the two periods.

During this study 30 marked vultures were 
registered on the feeding station with a total of 66 
feeding events (DR = 0.99) with their participation. 

The feeding events for the incubation and the 
pre-incubation period for marked vultures (Fig. 2) 
do not show a statically significant difference. Com-
parison between the two samples with the Mann-
Whitney U-test shows the same result (U = 395.50, 
p > 0.05). The maximal number of feeding events 
with marked vultures per day for the pre-incubation 
period is 9, and 6 for the incubation period.

A difference between the registered marked 
birds per photo during a feeding event was also 
observed (Fig. 3). A maximum of 20 marked vul-
tures were observed during the pre-incubation, 
and up to 19 were observed during the incuba-
tion period. The sample range between the two 
periods is almost identical, but the mean for the 
first is x̄pre = 2.59 ± 0.09 marked birds per picture, 

while for the second it is x̄inc = 1.55 ± 0.05. When 
compared with the Mann-Whitney U-test the two 
samples have a statistically significant difference 
(U = 6394349.50, p << 0.05). It is probably due of 
the breeding behaviour of the griffon vulture: dur-
ing the incubation the male and female individu-
als alternate incubating the egg, with the change 
happening every 37.4 ± 0.5 hours (Xirouchakis & 
Mylonas, 2007), which means that at any given 
moment only one of the two birds can be feeding/
present at the station.

The length of the feeding events (Fig. 4) also 
differs for the two periods. The shortest regis-
tered feeding event during the pre-incubation is 
minpre = 0.11 minutes, while for the incubation it 
is mininc  =  0.10. The longest are maxpre  =  61.15 
and maxinc = 85.17 minutes respectively, and the 
means are x̄pre = 10.51 ± 1.73 and x̄inc = 19.08 ± 
2.35 minutes. The Mann-Whitney U-test shows 
that there is a statistically significant difference 
in the distribution between the two samples 
(U = 2036.50, p < 0.05).

These results show that the duration of the 
feeding events gets longer during the incubation 
period. This change combined with the lower num-
ber of those independent events during the second 
sample period can be explained with the fewer dis-
turbance factors after the first egg was laid.

Disturbance factors
At the feeding stations many terrestrial 

predators have been observed like wolves (Ca-
nis lupus Linnaeus, 1758), dogs, jackals (Ca-
nis aureus Linnaeus, 1758), cats, red foxes, etc. 
During the researched period of our study only 
feral dogs, domestic cats and foxes were regis-
tered. No grey wolves were recorded, and it is 
not clear whether they are a disturbance for the 
griffon vultures’ presence, or whether they are 
actually benefiting from the scavenger popula-
tions (Stoynov et al., 2015).
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Fig. 2. Frequency of the feeding events during the pre-in-
cubation and incubation periods for marked vultures. The 
lower line of the box shows the 10th and the 25th percentile, 
and the median (M = 0.00 for both periods). The upper line 
of the box shows the 75th percentile. The whisker marks the 
90th percentile. With dotted line is represented the mean value 
(x̄pre = 1.11 ± 0.54, x̄inc = 0.94 ± 0.20).

Fig. 3. Number of registered vultures per photo during the 
pre-incubation and incubation periods. The lower line of the 
box shows the 10th and the 25th percentile, and the median 
(M = 0.00 for both periods). The upper line of the box shows 
the 75th percentile. The whisker marks the 90th percentile. 
With dotted line is represented the mean value (x̄pre = 2.59 ± 
0.09, x̄inc = 1.55 ± 0.05).

Fig. 4. Duration of the feeding events during the pre-incuba-
tion and incubation periods. The lower line of the box shows 
the 25th percentile. The line inside the box represents the me-
dian (Mpre = 4.40, Minc = 12.90). The upper line of the box 
shows the 75th percentile. The whiskers mark the 10th and 90th 
percentiles. With dotted line is represented the mean value 
(x̄pre = 10.51 ± 1.73, x̄inc = 19.08 ± 2.35).

The terrestrial predators visit the feeding site both 
during the day and the night, while the vultures are 
typical diurnal visitors. The overlap of the activity on 
the feeding station of the two groups (vultures and ter-
restrial predators) is Δ4 = 0.54 (Fig. 5). For the griffon 
vultures there are four peaks in the activity (two bigger 
at 10:55 and 14:27 and two smaller at 9:00 and 16:15) 
within the whole research period, while for the carni-
vores the visiting activity is more fluent and smoother 
with two peaks during the day. The biggest peak for 
the scavengers coincides with the biggest for the terres-

trial predators (at 10:55). After that there is a significant 
decline in the activity of the vultures on the site, most 
probably because of different disturbance factors.

Another disturbance factor is the presence of 
humans at the site for carcass depositing or other 
purposes. For the two periods 33 visits of people 
were registered via the camera trap (5 for the pre-
incubation period and 28 for the incubation). The 
overlap between their and the vultures’ activity pat-
terns is Δ4 = 0.61. Alike the overlap of the terres-
trial predators, a high peak was registered at 10:55, 
which overlaps with the target species’ highest 
peak (Fig. 6). This probably is one of the reasons 
of the fast activity decline of the scavengers.

The most common species on the station is the 
raven, which was registered in a total of 7564 photos 
and in 803 independent events (189 during the pre-
incubation and 614 during the incubation period). The 
raven is a constant visitor, and the activity overlap in-
side the species between the two periods is Δ4 = 0.83 
(Fig. 7). The maximal number of individuals registered 
on a single photo for both periods is by the end of the 
active hours (14:23 and 15:21 for the pre-incubation 
period and 16:46 for the incubation period). The wider 
observed active period at the vulture restaurant during 
the incubation is due to the longer days.

The high density of the common raven visits 
of the feeding station means that the ravens and the 
griffon vulture are food resource competitors. For 
both of the periods the overlap of their activity is 
Δ4 = 0.73 (Fig. 8), which furthermore proves that 
they compete for the resources at the site.
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Fig. 5. Activity overlap between griffon vultures (black line) 
and terrestrial predators (dotted blue line) visiting the feeding 
station. The overlap coefficient is of Δ4 = 0.54.

Fig. 6. Activity overlap between griffon vultures (black line) 
and humans (dotted blue line) visiting the feeding station. 
The overlap coefficient is of Δ4 = 0.61.

Fig. 7. Activity overlap between the ravens visiting the feed-
ing station during the pre-incubation period (black line) and 
the incubation period (dotted blue line). The overlap coef-
ficient is of Δ4 = 0.83. The red lines represent the hours in 
which the highest number of ravens were registered during 
the first period (n = 38). The red dotted line represents the 
hour in which the highest number of ravens were registered 
during the second period (n = 50).

During the first period both species have 
common peaks (11:55 and 14:13) in the density 
of the registrations, but the ravens feed there 
in a longer time period. During the incubation 
the peaks are displaced and the highest points 
in the activity no longer overlap, but the ravens 
no longer use the station in a prolonged peri-
od. This displacement and the fact that over-
lap of the activity remains the same is probably 
an adaptive mechanism for the two species to 
use the resources better during the extremely 
important breeding and incubation period – 
the egg laying for the griffon vulture is during 
December – February (Xirouchakis & Mylo-
nas, 2007), while for the raven it is February 
– March (Holyoak, 1967).

Comparison of the activity between successful 
and unsuccessful pairs

The overlap between the pre-incubation and in-
cubation activity of the griffon vultures is Δ4 = 0.73, 
alike the ravens’ (Fig. 9). For the first period only two 
peaks with high density of visiting the feeding station 
were observed, while for the second there are three 
main peaks and a secondary one. The two intervals 
with the highest density for each sample overlap. Like 
the ravens, the highest number of registered individu-
als in a single photo is during the second half of the 
daytime presence at the restaurant, and is displaced to 
a later hour during the incubation period.

For the first period, five male individuals (from 
the pairs) and four females were observed alto-
gether in a single photo. For the males (Fig. 10) a 
decline was observed after entering the incubation 
period (x̄♂pre  =  1.82 ± 0.05, x̄♂inc  =  1.40 ± 0.04), 
and similar results were obtained for the females 
(x̄♀pre = 1.51 ± 0.04, x̄♀inc = 0.81 ± 0.03). The Mann-
Whitney U-test for the males (U = 584213.000, p 
<< 0.05) and the females (U  =  471620.50, p << 
0.05) proves a statistically significant difference 
between the incubation and pre-incubation periods.

For a stable griffon vulture population (both 
natural and reintroduced) the proportion between 
the two genders has to be 1:1 (Bosé et al., 2007). 
For the known pairs six permanent pairs with 
marked birds and two with unmarked wild females 
were observed. The males with wild females were 
not observed nesting, so they are considered not to 
be permanent in the area. Therefore, an offset ratio 
between the genders can be seen (Fig. 10). This 
suggests that the reintroduced colony in Kresna 
Gorge will not be stable enough until the young 
individuals are old enough to equalize the ratio.
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Fig. 8. Activity overlap between griffon vultures (black line) and ravens (dotted blue line) visiting the feeding station during: 
(a) the pre-incubation period. The overlap coefficient is of Δ4 = 0.73. The red line represents the hours in which the highest 
number of vultures were registered (n = 30). The red dotted lines represent the hours in which the highest number of ravens 
were registered (n = 38). (b) The incubation period. The overlap coefficient is of Δ4 = 0.73. The red line represents the hours 
in which the highest number of vultures were registered (n = 27). The red dotted line represents the hour in which the highest 
number of ravens were registered (n = 50).

Fig. 9. Activity overlap between the griffon vultures visiting 
the feeding station during the pre-incubation period (black 
line) and the incubation period (dotted blue line) visiting the 
feeding station. The overlap coefficient is of Δ4 = 0.73. The 
red line represents the hour in which the highest number of 
vultures were registered during the first period (n = 30). The 
red dotted line represents the hour in which the highest number 
of vultures were registered during the second period (n = 27).

Fig. 10. Number of male and female individuals per picture 
during the pre-incubation and incubation periods. The lower 
line of the box shows the 10th and 25th percentile. The line in-
side the box represents the median (M♂pre = 2.00, M♀pre = 1.00, 
M♂inc = 1.00 M♀inc = 0.00). The upper line of the box shows the 
75th percentile. The whisker marks the 90th percentiles. With 
dotted line is represented the mean value (x̄♂pre = 1.82 ± 0.05, 
x̄♀pre = 1.51 ± 0.04, x̄♂inc = 1.40 ± 0.04, x̄♀inc = 0.81 ± 0.03).

The nesting pairs, taking part in the incubation 
of the eggs, take turns at the nest, which happens 
once in every 37.4 ± 0.5 hours. As a result, the ac-
tivity patterns between successfully and unsuccess-
fully nesting pairs is significantly different (Fig. 11).

For the successfully nesting pairs the activity over-
lap at the feeding site drastically lowers after entering 
the incubation period (from Δ4 = 0.70 and Δ4 = 0.68 to 
Δ1 = 0.18 and Δ1 = 0.20). The females visit the vul-
ture restaurant in shorter time diapasons, but with a 
higher visitation density (they feed intensively without 
leaving the station / returning during the same feed-
ing event). As for the males their intervals are much 

more spread, the visitation density lowers and the high 
peaks are almost entirely lost (and they feed in shorter 
intervals, often leaving and returning during the same 
feeding event). Also, during the incubation period the 
two individuals are never seen feeding together.

For the unsuccessfully nesting pairs the ten-
dency is in an opposite direction – an increase of 
the overlap between the two individuals is observed 
(from Δ4 = 0.81 to Δ4 = 0.92). They are also seen 
feeding together in many occasions during both the 
pre-incubation and incubation period. And further-
more, the peaks stay the same for the two vultures 
and no displacement is seen.
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Fig. 11. Activity overlap at the feeding station for: (a) The successfully nesting pair M60-X (black line) and B39-H (blue dot-
ted line) during the pre-incubation period. The overlap coefficient is of Δ4 = 0.70. The red rug represents the hours in which 
the two birds were observed together. (b) The pair M60-X (black line) and B39-H (blue dotted line) during the incubation 
period. The overlap coefficient is of Δ4 = 0.18. (c) The successfully nesting pair B35-P (black line) and B61 (blue dotted line) 
during the pre-incubation period. The overlap coefficient is of Δ4 = 0.68. The red rug represents the hours in which the two 
birds were observed together. (d) The pair B35-P (black line) and B61 (blue dotted line) during the incubation period. The 
overlap coefficient is of Δ4 = 0.20. (e) The unsuccessfully nesting pair B17-M (black line) and B95-5 (blue dotted line) during 
the pre-incubation period. The overlap coefficient is of Δ4 = 0.81. The red rug represents the hours in which the two birds were 
observed together. (f) The pair B17-M (black line) and B95-5 (blue dotted line) during the incubation period. The overlap 
coefficient is of Δ4 = 0.92. The red rug represents the hours in which the two birds were observed together.

Conclusions
Camera trap methods can be a valuable asset 

for a better understanding of the breeding biology 
of griffon vultures, including the intra- and inter-
species relations especially at the feeding stations 
where multiple interactions occur.

This study has found a statistically significant 
difference between the independent feeding events 
during the pre-incubation and incubation periods. 

A statistically significant difference was also ob-
served between the number of vultures per photo 
for the two sample periods, as a result of a different 
number of unmarked wild birds and different activ-
ity patterns of the nesting pairs.

In spite of the fact that the terrestrial predators are 
active mainly during the night, they have a disturb-
ing impact on the vulture feeding. Another important 
disturbance of the vulture feeding is the presence of 
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people. The raven as the most abundant species at the 
feeding site is a natural food competitor of the griffon 
vulture although the two species have adapted their 
behaviour to use the restaurant more efficiently and 
successfully during different biological periods.

There is a significant difference in the activity 
overlap between the individuals of the successfully 
nesting pairs after the beginning of the incubation 
period and of the unsuccessfully nesting pairs. 

Camera traps can be further used in studies of 
the mating ecology for individual breeding pairs, 
when a direct observation on the nest is hard or 
impossible. This can be a cheap alternative of the 
time-consuming field observations.
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ИСПОЛЬЗОВАНИЕ КОРМОВЫХ МЕСТ БЕЛОГОЛОВЫМ СИПОМ (GYPS 
FULVUS) В БОЛГАРИИ, ВЫЯВЛЕННОЕ С ПОМОЩЬЮ ФОТОЛОВУШЕК

Д. И. Ненов1,*, Д. П. Златанова1, Э. Х. Стойнов2,**, Х. В. Пешев2, А. П. Грозданов1

1Софийский университет имени святого Климента Охридского, Болгария 
*e-mail: dinenov@uni-sofia.bg

2Фонд дикой флоры и фауны, Болгария
**e-mail: pirin@fwff.org

Была изучена группа белоголовых сипов в Кресна Горге во время посещения ими кормовой станции рядом 
с деревней Ракитна после реинтродукции в этом местообитании. Для лучшего понимания репродуктивного 
поведения белоголового сипа, включая внутри- и межвидовые отношения, был использован метод 
фотоловушек. Было обнаружено статистически значимое различие между независимыми случаями кормления 
во время прединкубационного и инкубационного периодов развития сипа. Продолжительность кормления 
также различается. Так, продолжительность второго периода больше. Кроме того, наблюдалось статистически 
значимое различие между количеством особей на фотографию в течение двух периодов выборки в результате 
различного количества немаркированных птиц и различных форм активности гнездящихся пар. Несмотря 
на то, что наземные хищники также активны в течение ночи, их дневное присутствие приводит к достаточно 
высокому перекрытию между двумя экологическими группами, что свидетельствует о том, что плотоядные 
животные являются фактором беспокойства для падальщиков. Ворон является наиболее распространенным 
видом в местах кормления и, таким образом, является конкурентом в отношении белоголового сипа. Эти 
два вида адаптировали свое поведение для более успешного использования мест кормления в течение 
различных биологических периодов. Значительное снижение перекрытия активности особей успешно 
гнездящихся пар наблюдалось на станции питания после начала инкубационного периода. С другой стороны, 
перекрытие активности неудачно гнездившихся пар увеличилось во второй период выборки. Фотоловушки 
могут использоваться при дальнейших исследованиях гнездовой экологии для отдельных пар особей, когда 
прямое наблюдение за гнездованием является затруднительным или невозможным. Это может быть дешевой 
альтернативой трудоемким полевым наблюдениям.

Ключевые слова: белоголовый сип, гнездящиеся и не гнездящиеся пары, фотоловушка
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