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Abstract:

The Egyptian vulture (Neophron percnopterus) is a globally endangered species distributed in Eurasia and

Africa, with a declining population in most of its range. Even though the species is well-studied, some as-
pects of its breeding behaviour, more precisely the share of parental care between the sexes within the pair
(i.e. nest building, incubation, food provisioning), still remain poorly documented. We used trail cameras
as a tool to monitor the breeding behaviour of six Egyptian vulture pairs in Bulgaria during 22 breeding
attempts between 2011 and 2021. We found that the male contributes more than the female to the nest ar-
ranging (x> = 4, p = 0.04), and females participate less in nest buildings than males (y2= 92.5, p < 0.05).
The rate of copulations recorded in the nest is similar throughout the years (H=11.95, df =7, p=0.1). Both
sexes seem to contribute almost equally (7.14 + 0.126 SD hours per day on average for the female and 5.87
+ 0.123 SD on average for the male) to the incubation across the entire period (y> = 0.125, p = 0.72). Only
23% of the food delivered to the nest would be found in the remains at the end of the breeding season.
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Introduction

The Egyptian vulture Neophron percnopterus is
a globally endangered raptor (BIRDLIFE INTERNA-
TIONAL 2023) and one of the most studied vulture
species. Many research outcomes have been directly
incorporated into different conservation manage-
ment actions aiming to halt the population decline
of the species (CORTES-AvizanDA et al. 2016, Do-
BREV et al. 2016, OPPEL et al. 2017, NIKOLOV et al.
2022, BIRDLIFE INTERNATIONAL 2023), including
studies on its biology and ecology (DOBREV et al.
2016, DoBrEy et al. 2021, OpPEL et al. 2021). In that
context, breeding behaviour and diet represent piv-
otal knowledge as they can inform important con-
servation measures (OPPEL et al. 2016, ARKUMAREV
et al. 2022). Like in any other raptor, the Egyptian

vulture’s breeding cycle can be divided into five
main stages: pre-laying, laying, incubation, chick-
rearing and post-fledgling (NEwTON 1979). During
the breeding season, the species shows high fidelity
to its territories, which are used for many years, and
defended from intruders (ELOSEGI 1989, CARLON
1998). In European breeding grounds, the Egyptian
vulture returns from wintering around the end of
March (CraMpP & Smmmons 1980). During the pre-
laying period, the main activities include nest build-
ing and copulation (NEwTON 1979). Both activities
can play an important role for the breeding outcome,
as they are significant effort and energy cost invested
by the birds during this period (DOBREV et al. 2021).
The incubation starts in April, several weeks after
the return from the wintering grounds (ARKUMAREV
et al. 2018). According to NEwToN (1977), the
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clutch consists of two eggs (but see ANGELOV et al.
2013), which are usually laid at 2 to 4 days intervals,
and then incubated for around 40—42 days by both
partners (CRaMP & SIMMONS 1980, MENDELSSOHN
1983). Nevertheless, most of the studies so far have
not used a robust method to detect these important
events and their variations from a close distance but
mostly by physical observations (DONAZAR 1994,
DoBREv et al. 2021).

The breeding adults show sexual dimorphism
by the coloration of their face (NEWTON & OLSEN
1990; CLARK & ScHMITT 1998), the females having
a yellow face whereas the male having an orange-
yellow face. Hence, they can be easily identified
based on these features. During the incubation peri-
od, females invest more energy than males, and both
sexes generally invest the same effort in nestling at-
tendance and food provisioning (ETXEBARRIA et al.
2019). However, the habits during the incubation,
e.g. how the pair shares the duties (proportion of in-
cubation time, number of switches between the part-
ners) remain poorly documented. Furthermore, even
though the partners share duties during the chick
rearing, it is still unclear if this behaviour changes
over the breeding season and if there is difference
in the involvement of sexes. The Egyptian vulture is
also an opportunistic species with a diverse diet that
is using tools and hunting small preys (CRAMP & S1M-
MONS 1980, VAN Lawick GOODALL 1968, DOBREV
et al. 2016). The species carries food to the nest in
the bill rather than by regurgitation; thus, prey re-
mains can be used for diet analysis later (DOBREV et
al. 2016). However, only sampling prey remains col-
lected from the nest tends to overestimate larger prey
species in the diet composition and thus, can lead to
biased data (MARGALIDA et al. 2007, SANCHEZ et al.
2008). Hence, direct observation is considered the
best method for an accurate and unbiased estimate of
diet as it is proven to detect food items that will not
be found later in the nest and are thus underestimated
or neglected (MARGALIDA et al. 2007, REAL 1996).
In this regard, using cameras to observe the nest can
help in filling the gaps in the knowledge about diet
composition (MARGALIDA et al. 2007).

This paper aims to contribute to the knowledge
on the breeding behaviour and phenology of the
Egyptian vulture, and more precisely revealing the
parental role using motion-sensor cameras. In ad-
dition, we investigated the number of the deliveries
of food into the nest and the size of the delivered
food items. Likewise, we studied the difference in
the amount of solid food items (bones, shells, feath-
ers, and other diet components that can be identified
after the breeding season) and soft food items (soft
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tissues that leave no remains) in order to assess more
accurately the food composition and the contribution
of each partner to the food provisioning in the nest.

Materials and Methods

Study area

The study was carried out in the Eastern Rhodopes,
Bulgaria, the core of the Balkan population of the
species with about 50% of the pairs in the whole
peninsula breeding there (ARKUMAREV et al. 2018,
DoBREvV et al. 2023). The selection of the pairs to be
studied was made on two main criteria: (1) a nest
occupied by a pair that have successfully bred in the
previous breeding season, (2) accessibility of the
nest regarding installation and maintenance of the
trail camera.

Installing trail cameras

We monitored the behaviour of six pairs during their
22 breeding attempts with trail cameras between
2011 and 2021. The trail cameras were installed at
the end of February — beginning of March — before
the return of birds from Africa. Natural materials such
as small stones taken from the nest cliff, leaves, and
branches were used to camouflage the trail cameras.
Boly Guard trail cameras with MMS function and
Scout Guard trail cameras were used and set to take
one still image when activated by movement, with a
trigger interval of 30 seconds between shots. The in-
frared option was set off to avoid disturbance during
the night. The MMS trail cameras were set to send 50
pictures daily to an email address using the GSM net-
work. Once the cameras were installed, the targeted
nests were accessed once or twice during the breed-
ing season to change the battery pack and SD card.
The first entry was made once the chicks are at least
three weeks old to minimize the risk of any harm on
vulture breeding (YORDANOV & DOBREV 2021). The
cameras were collected between October and Decem-
ber. Overall, 209,224 photos were analysed.

Pre-laying period

To describe the behaviour of the birds during the
pre-laying period, we focused on nest building and
copulation. We also account for arrival dates and
breeding outcome. For nest building, we considered
the time of the day when they were involved in that
activity in the first place. In this regard, we split
the day into three periods: morning (A) (6:00AM —
10:00AM), midday (B) (10:00AM — 2:00PM) and
afternoon (C) (2:00PM — 7:00PM). We then calcu-
lated the total time spent per partner (male and fe-
male) to arrange the nest and bring materials in or-
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der to measure the contribution of each partner. We
also identified all materials brought to the nest dur-
ing this stage. The daily copulation frequency was
estimated as copulation attempts per hour for the
time-frames between 6:00AM and 8:00PM and the
data for all pairs was pooled together as in similar
studies (DONAZAR et al. 1994, DOBREV et al. 2021).
Furthermore, the copulation frequency was catego-
rized (low, high) following BIRKHEAD et al. (1987).

Incubation

We analysed three aspects of the incubation behav-
iour:

(i) the mean time spent for incubation per in-
dividual per day, across the entire incubation period
(45 £ 2.86 days);

(ii) the daily time frame (11.88 + 0.14 hours
per day) during which each partner is seen incubat-
ing through the entire incubation period (45 days
/11.88 hours per day/);

(iii) the night incubation, namely accounting
for the last bird seen before dusk and the first before
dawn to incubate.

Likewise, we were able to calculate how long
the incubation period lasts.

Chick rearing and provisioning of food

To estimate the food composition, we classified the
delivered pieces of food in the nest by their size as
follows: ‘small’ (1) — a piece of food smaller than
the head, ‘medium size’ (2) — a piece of food similar
to the head’s size, and ‘large’ (3) — a piece of food
larger than the head. As a second step, food items
were also separated into the following categories:
flesh (every kind of soft tissues that would not be
found in the nest after the breeding season), flesh
and bone, bone and unknown, with taxon identified
if possible. Thus, we also account for the proportion
of food that will not be later found in the nest, which
might lead to misinterpreting quantities in diet stud-
ies. We also compared each partner’s contribution in
to food deliveries and chick feeding to describe the
feeding behaviour during the chick-rearing period.

Data analysis

We used y*test to compare each partner’s contribu-
tion to the nest building, incubation and food deliv-
ery. Furthermore, we used the Kruskal-Wallis test
to understand if the copulation rate was different
between years, and to test if the number of male
and female switches during incubation remained
the same over the years. All analyses were made
in RStudio — 2022.7.1.554 (R StubpI10 TEAM 2020).
The statistical significance was set at p < 0.05.

Results

The earliest date of arrival of the adults from the win-
tering grounds detected with trail cameras was 17" of
March and the latest one was 24™ of April, but in most
cases 37.20% (n=16), the event took place between
29" March and 4™ April. However, we observed two
extreme cases when the male bird from the same ter-
ritory for two consecutive years arrived after the first
egg was laid by his early arrived partner (1st case was
on 16™ May, 2020 and the 2nd case was on 26™ May,
2021). The earliest start of incubation was registered
on 31% March and the latest on the 6™ May. Neverthe-
less, in most of the cases — 45% (n = 9), the first egg
was laid between 18" and 23" of April. The two eggs
were laid with an interval of 6 + 0.49 days. The in-
cubation of each egg continued for 41.8 & 0.25 days.
Furthermore, the earliest date of hatching of the first
chick is the 20™ of May and the latest date is the 6 of
June, but in 53.8% of the cases (n = 7) this event took
place between the 1 and 6™ of June, with 5.4 £ 0.48
days between the hatching of both chicks. In 18 out
of all 22 breeding attempts of the six pairs, 35 eggs
in total were laid whereas in only one case the laid
egg was just one. Furthermore, 16 of the breeding at-
tempts (73%) were successful, 28 of the eggs hatched
successfully and 25 juveniles fledged.

The nest building was taking place mainly in
the morning (in 49.6% of the cases), and the contri-
bution of the male was higher (y2= 92.5, p < 0.05).
The contribution of the male was also higher in the
nest arrangement (2= 4, p = 0.045). Each pair de-
livers, on average 21.4 + 18.4 objects per breeding
season, mainly branches and wool, brought in the
nest in the beak (Fig. 1).

The rate of copulation in the nest was the same
throughout the years (H = 11.946, df =7, p = 0.1),
and the daily frequency was high (> 2 copulations
per day), with most of the copulations detected
either in the morning or in the afternoon (Fig. 2).
Copulation was recorded for the first time in the nest
on average 7.1 £1.9 days before the laying of the
first egg and was only seen once after laying (we
detected 74 copulations in nests in total).

Both sexes contribute almost equally to the in-
cubation (7.14 + 0.13 hours per day for the female
and 5.87 £ 0.12 for the male) across the entire period
(*=0.125, p = 0.72). It seems that the female invests
a bit more effort into the night incubation than the
male. (> = 11.139, p < 0.05), and the female was ob-
served in 58.31% of the last photos before darkness
and in the first picture in the morning. The number
of switches between partners to incubate (136.81 +
95.11 times on average through the incubation pe-
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Tortoises shell 0,2%

Wool 42%

Rag 4%

Branch, Twig and roots 29%

Dry grass and moss 5%

" Unidentified 12%

Animal excrements 7%

Fig. 1. The proportion of different building materials used by the Egyptian vulture for nest-building.

DWILY COPULATION FREGUENCY

Fig. 2. The daily pattern of copulation frequencies of six pairs of Egyptian vulture during the pre-laying period

(n =74 copulations).

riod) was similar through the years (H=5.67, df =7,
p = 0.57). The total number of switches for the entire
study period for all breeding pairs was 2189. In total,
78.90% (n=1727) of the switches are made in the nest
and 21.10% (n=462) are made outside of the nest.

The total number of food deliveries throughout
the entire study period was 816, and in 751 cases,
the items’ size could be identified (Fig. 3).

Of the delivered 638 food items identified with
the trail cameras, “soft tissues” represented 65%, “bone
and flesh” and “bone” represented 13% and unidenti-
fied taxa 22%. The food deliveries are shared almost
equally between the partners (y>= 1.32, p = 0.25), and
during the chick-rearing period, the chicks were fed at
similar rates by the male and the female (3> = 1.35, p
= 0.24). For the entire study period, the total number
of registered feedings for all studied pairs was 2,064.

Discussion

As in many other migratory birds, the Egyptian
vulture is optimizing its spring migration to return
as early as possible to occupy its breeding territory
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(NiLssoN et al. 2013). In our study, the earliest oc-
cupation date of a nest was the 17" of March, and
the latest arrival of an adult in a nest — 26™ of May.
Generally, the adult Egyptian vultures in the Balkans
return from their wintering grounds in a wide range
of time, and as early as the middle of March as in the
current study (PHrpps et al. 2019). The arrival dates
of Egyptian vultures in the breeding territory might
vary because of weather conditions and individual
qualities of the birds or other factors (LOPEZ-LOPEZ
et al. 2014, AcosTINI et al. 2015). Furthermore, the
significant variation of the arrival dates could also be
explained by the high level of variability at the indi-
vidual level exhibited by the specie in the Balkans
regarding basic migration parameters (PHIPPS et al.
2019). In accordance with other studies (CRAMP &
SmMMoNs 1980, ARKUMAREV et al. 2018), we confirm
that in most of the cases incubation starts between the
18th and 23th of April and the incubation period lasts
41.8 days. The Egyptian vulture is a species that usu-
ally lays two eggs (BROWN & AMADON 1968, CrRAMP
& SIMMONS 1980, NaoroJ1 2006), of which one usu-
ally hatches (Naoros 2006). Our results support
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Medium 46%

- Small 1%

large 42%

Fig. 3. The proportion of different in size food items delivered to the nest: small (84), medium (349) and large (318 cases).

these findings. Furthermore, as in other studies we
registered 73% of the breeding attempts as success-
ful (ARKUMAREYV et al. 2018). Using trail cameras to
detect the duration of incubation and breeding out-
come could be also applied widely in other species in
order to support conservation management programs
(N1koLOV et al. 2022).

During the pre-laying period, the Egyptian vul-
ture is mostly involved in courtship behaviour and
nest building, similarly to many other raptor species
(NEWTON 1979, MARGALIDA & BERTRAN 2000). The
data on nest building behaviour in raptors is general-
ly scarce and this behaviour is poorly studied (NEw-
TON 1979). In our study, the nest-building activity
started around 15.1 £ 7.7 days before egg laying. It
is performed mainly in the mornings like in other
vultures (MENDELSSOHN & LESHEM 1983, MuUNDY
et al. 1992) and in contrast to the Bearded vultures
(Gypaétus barbatus) known to start building nests
months before laying (MARGALIDA & BETRAN 2000).
Our results evidence that the male Egyptian vulture
has the major role in nest building and arrangement,
as in other vulture species (MARGALIDA & BERTRAN
2000). This is most likely a demonstration of their
reproductive abilities (MARGALIDA & BERTRAN
2000). Nest-building behaviour of males provides
females with information about the quality of their
mates (SOLER et al. 1998). The nest material is car-
ried in the beak (DONAZAR 1993) as observed in the
current study too. We confirmed that wool is mostly
used to line the nest, and materials such as different
branches, twigs and roots are used to strengthen the
structure (OrTA et al. 2020). Given the fact that nest
building and repair can be a significant effort and
energy drain for those involved (CoLLIAS & COLLIAS
1984), this behaviour of less activity on the part of
females will help them avoid excessive energy drain,
which would affect the optimal physical condition

required for successful reproduction (MARGALIDA &
BERTRAN 2000).

Although Egyptian vulture is considered to
copulate outside the nest, with the current study, we
support recent findings that this happens very often
in the nest too (DoNAZAR et al. 1994, DOBREV et al.
2021). We report that first copulations start on aver-
age 7.1 + 1.9 days before laying the first egg, and dai-
ly frequency is high, with peaks between the peaks
of copulations observed outside the nest (DOBREV et
al. 2021). The high frequency of copulation both in
and outside the nest could be explained by the at-
tempts of the male to ensure paternity and to dilute
the sperm of possible competitors, as copulations of
the female with other males are possible (BIRKHEAD
et al., 1987, DONAZAR et al. 1994). Given the fact
that we confirm that the species copulates actively in
the nest, except for reproductive purposes, copula-
tions in the nest might also play a role in strengthen-
ing and maintaining the partnership between the two
birds (NEGRO & GRANDE 2001, DOBREV et al. 2021).

The incubation in raptor species is considered
as essentially held by female birds (NEwTON 1979).
Our results demonstrate that the male and the female
contribute at similar rate to the incubation, and the
frequency of switches is high, with more than 137
per season. Nevertheless, it seems that the female is
laying over the eggs during the night in most cases.
This could be explained by the slightly larger size
of the females, which could better secure the tem-
perature for the eggs on one hand and should be
able to repel intruders more efficiently on the other
(NewTON 1979). Even no evident difference in size
between the sexes is visible in the Egyptian vulture,
most of the females are slightly larger and heavier
in size compared to the males (BSPB, unpublished).
The majority of the switches between the partners
that we registered are made inside the nest. This is
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most probably related to the time optimization and
the urge of the birds to cover the eggs and not leave
them exposed to diverse weather conditions and oth-
er factors (ZUBEROGOITIA et al. 2014).

The Egyptian vulture is an opportunistic scav-
enger whose diet has been studied in some parts of
its range including Bulgaria (MILCHEV et al. 2012,
DoBrEv et al. 2016). Nevertheless, identifying the
diet of a raptor species is always challenging (Smm-
MONS et al. 1991). In contrast with some eagles (DE-
MERDZHIEV et al. 2022), identifying the composition
of the Egyptian vulture’s diet, and particularly identi-
fying what proportion of it consist of soft tissues and
what of items that can be later found in the nest (solid
food items) is difficult (DoBREV et al. 2021). This is
important as can give an idea about the type of food
delivered on one hand, and the habits of the birds on
the other. The development and application of new
technologies create opportunities to look closer into
such details (YORDANOV & DOBREV 2021). In the
current study most of the food items (65%) are soft
tissues which will not be found later in the nest and
thus the proportion of this type of food will be un-
derestimated or unknown (DOBREV et al. 2016). This
detail has an important application as usually the soft
tissues origin from larger carcasses, which are more
likely to be poisoned. This is especially valid in areas
where the human-predator conflict is severe (SKART-
st et al. 2014). Hence, evidence about these specific
feeding habits of the pairs is particularly important.
For example, the proportion of these types of food
items that they deliver to the nest can help to answer
questions regarding their main feeding habits and
sources of food, namely, if they visit vulture feed-
ing sites, collect road kills, hunt on small prey, etc.
(DoBrev et al. 2016). Hence, based on that, targeted
conservation measures could be undertaken for these
pairs to support their survival (OPPEL et al. 2016).
This methodical approach can be used in other frag-
mented and small populations of the species to iden-
tify the feeding habits of different pairs, thus eventu-
ally suggesting specific targeted conservation actions
for them. This could be especially important for rem-
nants of the population of the species throughout the
different clusters in the Balkans for example (VEL-
EVSKI et al. 2015). However, in order to understand
the overall composition of the diet, to identify the
different specimen, the trail cameras method during
breeding should be combined with the method of
searching for food residues after the breeding period.
The results from our study show that most of the food
items that the birds bring to the nest are the size of the
head or bigger. The Egyptian vulture usually feeds
on dead carcasses or visits dumpsites or other food
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sources. This requires mobility and well-adapted diet
habits, during the chick-rearing period. Considering
the presence of competitors on the feeding sites, the
Egyptian vulture should be able to pick and transport
enough amount of food to the nest easily. This could
most probably explain the results in our study show-
ing that most of the deliveries to the nest are made
with medium-sized or large food items. This is also
related with the chick rearing and the feeding of the
chicks, which we proved to be almost equally held
by both parents.

The use of trail cameras is a very good method
for better understanding the birds’ breeding behav-
iour. It can be helpful for more precise characterisa-
tion of breeding parameters, e.g. arrival date, date of
laying, date of hatching, size of the clutch, etc. In
addition, it is a good tool for establishing the quan-
tity of the delivered food and the rate of copulation
in the nest throughout the years. Generally, the bet-
ter knowledge of the phenology and quantity of the
delivered food of the species can be useful in organ-
izing various conservation practices. These include
supplementing feeding of the breeding couples to
provide them with enough food for successful rear-
ing offspring. Furthermore, being familiar with the
fledgling period will allow conservationists to organ-
ise nest-guarding initiatives. This can aid in reduc-
ing chick mortality and, thus, support the population
(DoBREV & NiIkoLOV 2021, OPPEL et al. 2016).

Installing trail cameras in the Egyptian vulture
nests can be a challenge. Furthermore, if not done
correctly it may cause disturbance to the birds and
thus, can lead to abandonment of the nest. From our
experience, we have learned that there are ways to
avoid any of this disturbance. Here, we outlines some
of the practices we use while installing the cameras:

(1) The trail cameras should be installed before
the start of the breeding season and masked in the
best possible way, using natural materials.

(2) If the nest is built in a small niche (height
> 95 cm, depth > 100 cm, width >120 cm), the trail
cameras should not be placed/mounted inside it.
In these cases, no matter how well the camera is
masked, it will disturb the breeding pair, which can
lead to them dislodging the nest.

(3) In case of a small nest niche, the camera is
to be placed outside of the nest. If not possible, no
camera shall be installed.

(4) If placed outside, the distance from the nest
should not exceed 4m. Otherwise, the motion sen-
sor will rarely detect movements, which will signifi-
cantly reduce the number of photos taken during the
day. However, because the camera is further away
from the nest the sensitivity should be set on ‘high’.
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(5) In the nest, the cameras should be as well
camouflaged with natural materials as possible, It is
recommended to use small stones from the rock on
which the nest is located.

(6) Materials such as wool are not recommend-
ed because in strong winds it peels off or can acti-
vates the motion sensor. Birds also pull it.

(7) It is best to use rechargeable UPS batteries.
One UPS battery lasts one season for one camera.
Using rechargeable batteries saves producing addi-
tional waste each season.

(8) Memory cards (SD Cards) should be 32GB
(or 64 GB if trail camera specifications allow) to en-
sure that the SD cards do not fill up before the end
of the breeding season.
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