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Abstract

Despite widespread occurrence of seasonal sociality among animals, little is still known about the social drivers and population-
level social implications of seasonal grouping behaviours, especially in birds. Here, we studied the combined effects of ecological
and social factors on seasonal grouping patterns in a sedentary population of Egyptian vultures living on the Eastern Canary
Islands. We focussed on the social significance of large-scale gatherings taking place outside the breeding season at a highly
preferred feeding station and a nearby temporary roost. Group sizes at this feeding patch followed a strong seasonal pattern
characterized by distinct monthly changes in group composition, according to sex, age and territorial status. In between repro-
ductive periods, vulture numbers at the feeding station may reach up 50% of the total population on a single day. GPS-tracking
showed that this increase in vulture numbers was in part due to a shift in foraging range towards the centre of Fuerteventura by
low-ranked territorial birds breeding in remote areas. During this period, vultures may spend on average 30% of their monthly
time in a social gatherings context, depending on social status. We show that seasonal grouping patterns are shaped by the
complex interplay between ecological factors (reproductive constraints, resource seasonality, food predictability), age-specific
traits and social competitive processes, while social attraction may be an important additional component. We propose that for
facultative social foragers living in highly despotic territorial systems, collective foraging may be of particular relevance regard-
ing the development of hierarchical social relations and maintenance of population-level social cohesion.

Significance statement

We show that seasonal grouping patterns in a sedentary island population of a territorial vulture are shaped by the complex interplay
between ecological factors (reproductive constraints, resource seasonality, food predictability), age-specific traits and social compet-
itive processes. We argue that vultures visit large gatherings also for social purposes. Group foraging events may be of special interest
to vultures, given opportunities for rank maintenance/improvement, but also for conspecific evaluation and mate-seeking, and play an
important role in the social structuring of populations. Vultures may serve as important model species to test the role of scavenging
and fission—fusion social dynamics in driving the evolution of avian social cognition, or avian social complexity in general.
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social factors also contribute (Sueur et al. 2011; Silk et al.
2014). However, it is increasingly recognized that many birds
and mammals live in social systems that are structured by
long-term affiliative and agonistic relations (Massen 2018;
Kappeler 2019). Recent work suggests that seasonal aggrega-
tions may fulfil a crucial role in the development and mainte-
nance of social relationships (Fishlock and Lee 2013; Smith-
Aguilar et al. 2016; Uhl et al. 2018) and importantly contrib-
ute to the social structuring of populations (Aureli et al. 2008;
Sueur et al. 2011; Boucherie et al. 2019). To date, however,
detailed studies investigating the combined effects of ecolog-
ical and social factors underlying seasonal aggregations are
still scarce, hampering a more comprehensive understanding
of the social significance of this phenomenon.

While considerable attention has been given to the structure
and dynamics of mammalian social groupings (Kappeler et al.
2019), information about the relative complexity of avian so-
cial systems is still limited and largely restricted to research
performed on corvids (Boucherie et al. 2019). Members of
this family are renowned for their sociality and well-
developed socio-cognitive skills (Emery and Clayton 2004;
Emery et al. 2007). Most species live in social systems that
are structured by clear dominance relations, often consisting
of social alliances among young subdominant birds (Dall and
Wright 2009; Boucherie et al. 2016). They maintain their
strong social relations by providing each other social support
(Fraser and Bugnyar 2012), by complex forms of conflict
management (Fraser and Bugnyar 2011) and through sophis-
ticated ways of social reasoning, allowing a fine-scaled assess-
ment of the dominance rank of conspecifics as well as their
own social position within groups (e.g. Paz-y-Miiio et al.
2004; Massen et al. 2014). Their habit of living in ‘open
groups’ (Richner 1989; Marzluft and Heinrich 1991), charac-
terized by high degrees of fission—fusion dynamics (Aureli
et al. 2008), is assumed to be a key driving force behind the
evolution of corvid cognition and social complexity
(Boucherie et al. 2019). Especially outside the breeding sea-
son, the composition of these groupings may be socially com-
plex, consisting of a mixture of new visitors (i.e. dispersers,
fledglings) and breeders that meet again after a period of re-
production (Loretto et al. 2017; Uhl et al. 2018). Repeated
interactions with conspecifics at these groupings may promote
the development of new social relationships but also select for
enhanced cognitive skills needed to reorganize social struc-
tures and/or to re-establish existing relationships (Ramos-
Fernandez et al. 2018; Boucherie et al. 2019). So far, however,
little is known about levels of social complexity in other
groups of bird displaying similar forms of fission—fusion
sociality.

A group of species that show strong parallels in socio-
ecology with corvids are vultures. Both groups of species
are scavengers, with vultures being obligate carrion con-
sumers that rely almost exclusively on ephemeral,
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unpredictable food resources (Campbell 2015). Like corvids,
vultures are well known for their complex grouping dynamics.
Although foraging often occurs solitarily, or in small, highly
dispersed groups, individuals frequently merge to form large
gatherings around carcasses, communal roosts or resting areas
(Campbell 2015). Vultures show a marked diversity in breed-
ing systems, ranging from strict territoriality to various forms
of social breeding, characterized by distinct species-
differences in group foraging, hierarchical social structures
and mating behaviours (reviewed in TvO et al. unpublished
data). Although vulture grouping dynamics have been exten-
sively studied from a social foraging perspective (e.g. Buckley
1997; Dermody et al. 2011; Cortés-Avizanda et al. 2014;
Harel et al. 2017), other aspects of their social living remain
largely unexplored. In fact, despite the highly threatened sta-
tus of many vulture species (Ogada et al. 2012; Buechley and
Sekercioglua 2016), their behavioural and socio-ecology still
remains among the least understood of birds.

The Canarian Egyptian vulture (Neophron percnopterus
majorensis), living on the Eastern Canary islands
(Fuerteventura and Lanzarote), provides an excellent model
species to study vulture social dynamics and complexity. They
are long-lived and highly social birds that aggregate when
feeding and roosting but display high levels of territoriality
during the breeding season. Insular populations of Egyptian
vultures are sedentary (Donézar et al. 2002a; Porter and
Suleiman 2012), probably resulting in a higher frequency of
repeated interactions among individuals and more intense so-
cial conditions compared to migratory mainland populations.
In previous work, we showed that their social system is char-
acterized by strong female-dominance social structures, with
non-territorial and young individuals of both sexes having a
lower social position that increases with age (van Overveld
et al. 2018). Dominant females rely more on predictable food
provided at a feeding station located in the centre of
Fuerteventura, and breed closer to this site, while subdominant
females and dominant males rely more on farms as their main
source of food. However, outside the breeding season, indi-
viduals form large gatherings at this specific feeding patch,
which is visited by both low- and high-ranked individuals,
despite the presence of other feeding stations on both islands
(van Overveld et al. 2018). In the same period, vultures also
form a large temporary roost located at ca 5 km distance from
the central feeding station.

Here, by combining different sources of data (visual obser-
vations of individually marked vultures, GPS-tracking and
behavioural observations), we assess the different ecological
and social drivers underlying their seasonal grouping patterns.
Our main aims were twofold: (1) to quantify different aspects
of seasonal social dynamics, in particular temporal variation in
group size and structure (i.e. the number and composition of
vultures visiting the feeding station) and temporal variation in
socializing activities (i.e. time-activity patterns at both the
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feeding station and mountain roost) and (2) to extend previous
findings on the interplay between ecological factors (breeding
activities), individual traits (sex, age, territorial status, social
rank) and social competition underlying seasonal changes in
grouping habits.

Our predictions were as follows: First, we hypothesise that
seasonal variation in vulture numbers at the feeding station is
associated with distinct seasonal changes in group composi-
tions. In particular, we predict a decrease in the number of
adult breeders during the breeding season, but also in the
number of unpaired birds because of information gathering
on adult breeding activities (van Overveld et al. 2018).
However, we expect the number of young birds (immatures)
to remain relatively constant throughout the year given their
poor foraging skills. By contrast, we predict non-breeding
gatherings to be visited by the majority of vultures within
the population (including most recently fledged juveniles
and vultures from the nearby island of Lanzarote), despite
increased levels of competition for food and the availability
of carcasses at other feeding sites. Second, we hypothesise
that seasonal changes in activity patterns at the feeding station
(i.e. vulture numbers and time spent at this site) are part of an
overall shift of vulture activities towards the centre of
Fuerteventura (i.e. reflecting broad-scale seasonal fission—
fusion dynamics at the population-level). We expect that adult
breeders increasingly abandon their territory during the non-
breeding season, but that territorial structures remain intact
throughout the year, given the high value of this resource,
especially for high-ranked breeders. In addition, we expect
the mountain roost to fulfil a specific role as a gathering place
for unpaired birds and low-ranked breeders that are less at-
tached to territories. Lastly, we provide descriptive informa-
tion about antagonistic (ritualized dominance displays, esca-
lated fights) and affiliative behaviours (non-reciprocal
allopreening) displayed at the feeding station, to show that
vulture gatherings are more than simple aggregations at food
resources.

Methods
Study population

The endemic Canarian subspecies of Egyptian vulture was
once abundant throughout the Canarian archipelago, but its
range is currently restricted to the eastern islands (between
27.62°-29.42°N and 13.33°-18.17°W) (Donazar et al.
2002a). The species almost went extinct during the second
half of the twentieth century with only 20 occupied territories
present on Fuerteventura and Lanzarote in the mid-nineties
(Donazar et al. 2002b). Extensive research and the application
of several protection measures have resulted in a current esti-
mated population size of ca. 350 birds in 2018 (TvO et al.

unpublished data). Fuerteventura (1662 km2) is the stronghold
of'the population (68 breeding pairs in 2018), while Lanzarote
(845.9 km?2) and adjacent islets are home to six breeding pairs.
Yearly ringing of fledglings and trapping of adults (through
cannon-netting) has resulted in over 90% of the total popula-
tion being marked allowing individual identification in the
field.

As part of the species’ recovery plan, three feeding stations
were created on the islands and are maintained all year-round
by local administrations. One feeding station is located in the
centre and one in the north of Fuerteventura (created in 1999
and 2008 respectively, and separated by approximately 40 km
distance) and one on the East coast of Lanzarote (created in
2016, distance ca. 60 and 100 km from the other two feeding
stations; Fig. 1). Although each of the three feeding stations is
provided with goat and sheep carcasses by local farmers, the
central feeding station is also provisioned with slaughterhouse
remains (=200 kg per week consisting of pig heads and vis-
cera). In the past, slaughterhouse remains were also provided
at the northern feeding station, but this was stopped because
few birds visited this site (JAD and MdIR, pers. obs.).

Vultures may use small roosting sites (fewer than five
birds) throughout the islands but concentrate in four large
communal roosting areas throughout the year (usually with
more than 30 birds) all on electricity pylons located near sites
with a predictable food supply. They also gather at two sites
located in the mountains in the centre of the island at respec-
tively 5 and 8 km distance from the central feeding station
(Fig. 1; Fig. S1, distance between sites 6 km). Note that these
sites are used both as a diurnal and nocturnal roost.

Seasonal dynamics of social gatherings

To quantify seasonal variation in gatherings at the central
feeding station, we used data on visual observation of ringed
birds from a hide (using telescopes) between February and
September 2016. We included only observations made on
the first day of fresh food supply. We focussed on this specific
year because we performed additional extensive observations
on agonistic interactions (> 500 h, see below), in addition to
the standard monitoring work. This period covers the entire
reproductive season (March—June), the months when the tem-
porary roost is formed (August—September) and the pre-
breeding period (February) during which many pairing activ-
ities can be observed. We calculated the proportion of adult
unpaired and paired birds, immatures and juveniles (newly
fledged birds) visiting this feeding station relative to the total
population composition, the latter being quantified by using
all available visual observations of ringed birds collected
throughout the year at feeding stations, roost-sites and breed-
ing territories (see Table 1 for details).

We used GPS-tracking data of 45 birds (UvA-BITS www.
uva-bits.nl, The Netherlands, » =26 and e-obs Digital
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Fig. 1 Overview of the study area, Lanzarote (top) and Fuerteventura
(bottom) and the location of the feeding stations (squares), garbage
dumps (dots) and temporary mountain roost (triangles). The movements
of four territorial females in May 2016 (chick-rearing period, panel a) and
September 2016 (social gathering period, panel b) are shown (same

Table 1 Overview of the population structure and age-composition of
birds marked with PVC-rings (n=277) and GPS-trackers (n=42) in
2016

PVC Age GPS  Age

Category N Median Range N Median  Range
Paired

Males 44 10 5-22 9 6 5-10

Females 56 10.5 4-20 13 9.5 5-13
Unpaired

Males 45 4 3-16 10 5 3-7

Females 33 6 3-19 10 6.5 3-7
Immatures

Males 39 2 12

Females 21 2 12
Juveniles

Males 21

Females 18

@ Springer

colour lines correspond to the same individual). Note the shift in foraging
range towards the centre of Fuerteventura associated with the abandon-
ment of territories. Also note the clear preference to forage at the centrally
located feeding station, despite the presence of other supplementary feed-
ing patches

Telemetry, Griinwald, Germany, » = 19) tagged between October
2015 andDecember 2017 to assess between-year consistency in
patterns of gathering at both the feeding station and resting area.
Sample size slightly differed between study years: 2015, n =43;
2016, n=45; 2017, n=42, and some trackers were re-used in
case individuals died. GPS-tags were attached to the bird using
backpack harnesses. The total weight of the system varied be-
tween 31 g (UVA-BITS) and 54 g (e-obs), representing 1.4-2.4%
of the bird body mass, which is well below the percentage as-
sumed to be harmless to the individual (Sergio et al. 2015) .

Given the difficulty in observing vulture numbers and iden-
tities at the mountain resting sites, we could only use GPS-
tracking data to quantify seasonal variation in vulture num-
bers. An estimate of actual vulture numbers was made by
extrapolation of the relationship between vulture numbers
and GPS-tracked birds at the central feeding station. Note that
these extrapolated numbers represent a rough estimate since
the relationship between GPS-tagged birds and total vulture
numbers at both sites is unclear.
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Monthly activity budgets

To construct monthly activity budgets, we used GPS-fixes be-
tween sunrise and sunset, excluding data from night-time, and
distinguished between time allocated to flight vs. non-flight
behaviour (including resting and foraging) using a threshold
ground speed 3 m s~ (following similar procedures as in van
Overveld et al. 2018). We used data from paired and non-paired
males and females tracked over a 12-month period between
June 2016 and May 2017 (details in Table 1). GPS-loggers
were programmed to record locations every 1 to 5 min, but data
were re-sampled to a resolution of 10 min (range 9—11 min, R-
function developed by D.S. Viana, see Suppl. Mat.) to allow
direct comparison between individuals and both GPS devices.
GPS locations with intervals exceeding this 10-min resolution
(i.e. owing to battery and/or satellite reception issues) were
removed from the dataset. Year-round, non-flight behaviour
was further subdivided into time allocated at the mountain
roosts (daytime only, see above), feeding stations and the nest
location by using the number of GPS locations within a buffer
zone of 300 m, 75 m and 1 km around the centre of each place,
respectively. Note that in the latter case, behaviour may not
include only resting but also feeding at natural available carrion
resources. We excluded time spent at the territory and mountain
roost of one female with a territory in close proximity to the
mountain roost (< 50 m).

Social interactions at the central feeding station

Data on social dominance were collected in February 2016
(pre-breeding season) and August—September 2016 (post-
breeding season). We recorded all agonistic displacements
between ringed individuals around baits between sunrise and
sunset. In total, we observed 4593 interactions between 141
individuals being involved in more than 20 displacements
(average 65.1+3.0 SE, range 20—175). Rank scores for each
individual were determined using David’s score corrected for
chance of encounter and thus independent of group size or
visiting rate (Gammell et al. 2003) using the ds.R function
within the ‘compete’ package (Curley 2016) for R software
(R Core Team 2017). Rank was scaled between 0 and 1 with 1
being the most dominant bird. Rank order relationships ac-
cording to sex, age and territorial status are presented in Fig.
S2.

In addition, we provide descriptive information on agonis-
tic and affiliative behavioural displays. Although we quanti-
fied social competitive interactions according to intensity on a
scale between 1 and 3 (1 =push/non-contact displacement,
2 =peck or kick and 3 =more elaborate physical contact),
most (90%) of interactions were scored as 1s or 2s.
Although during initial crowd-foraging for food (in case of
viscera) interactions can be slightly more intense and difficult
to assess, overall levels of aggression during food exploitation

(pig heads/goat carcasses) are typically low. Therefore, we
provide video examples of their ritualized dominance displays
and rare occasion of escalated fights (see discussion) which
we consider highly illustrative and informative for under-
standing low levels of aggression and their hierarchical way
of living. We also provide information about allopreening be-
haviours displayed outside a pair-living context between indi-
viduals of known sex, age and, in most cases, degree of kin-
ship. Note that these observations are not an indication of the
frequency of the behaviour, as it was not the main focus of
behavioural observations. Also, we only include information
of the behaviour in case where we were able to read the ring of
at least one individual. It was not possible to record data blind
because our study involved focal animals in the field.

Data analyses

Patterns of activity of GPS-tagged birds were analysed using
SAS 9.4 software (SAS Institute Inc., Cary, NC). First, we
assessed whether seasonal time-activity patterns at the central
feeding station (June 2016 to May 2017) differed between
individual categories using a linear mixed model (LMM).
We included sex, territorial status, social rank and month as
fixed terms plus all interactions. Since seasonal time-activity
patterns varied in a non-linear manner, we included month?
and a four-way interaction term (month? x sex x territorial sta-
tus x social rank) to test for trait-specific differences in season-
al time activities. Second, we assessed whether time spent at
mountain resting area (September/October 2016) differed be-
tween categories, using a similar model, but without testing
for seasonal effects. Lastly, we assessed whether time activi-
ties differed between sites, using a similar model, but includ-
ing a categorical variable ‘site’ (feeding station or mountain
resting area) as a fixed term. We also tested whether birds that
did not visit the mountain resting area (n = 12) also spent less
time at the feeding station, by including a categorical variable
‘presence’ (yes or no). We performed additional analyses on
territorial birds to test for dominance-specific seasonal chang-
es in time spent at territories (June 2016-May 2017). We fitted
separate models for males and females and included month?
and a two-way interaction (month? x dominance rank) in both
models. Note that month was included as a continuous vari-
able in models on time spent at the feeding station and terri-
tories, but as a categorical variable in models on time spent at
the mountain resting area. All dependent variables (percentage
of monthly time) were square-root transformed to attain nor-
mality of residuals. Bird ID was included as a random term in
all models.

Data availability

The datasets generated and/or analysed during the current
study are available in the [Figshare] repository, [Egyptian
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vultures seasonal sociality: https://doi.org/10.6084/m9.
figshare.11339807].

Results
Social gatherings at the central feeding station

GPS-tracking revealed a clear seasonal pattern in the number
of'individuals visiting the central feeding station (Fig. 2), with
lowest numbers during the breeding season (Jan—Jun) and
highest numbers outside this period (Jul-Dec). Data on visual
observations confirmed this pattern, showing an increase in
vulture numbers towards the end of the breeding season, with
a peak in September, when approximately half of the total
population visited this feeding patch on days of fresh food
supply (Fig. S3). Vulture numbers also showed a clear daily
pattern, with large numbers of feeding birds in the morning,
and an increase in resting vultures in the afternoon, reaching
up to 65 birds in September (Fig. S4). The highest proportion
of unpaired males and females (relative to the total population
of unpaired birds) was reached in February (82% and 67%,
respectively) and August/September (73% and 63%, respec-
tively) (Fig. S5; see also Fig. S6 for an example of large-scale
explorative flights made by males during the breeding sea-
son). The proportion of paired birds increased from March
onwards reaching maximum numbers in September (> 65%
in both sexes; Fig. S5). The number of immature birds was
relatively consistent throughout the year (ca. 60% of both
sexes; Fig. S5), but also increased after the breeding season
(> 80%). A sharp drop in the number of female immatures
occurred in June—July. The total number of birds observed
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Fig. 2 Average monthly variation (error bars represent the standard
deviation) in GPS-tagged birds visiting the feeding station (solid line)
and mountain resting area (dashed line) between October 2015 and
November 2017. Data based on 45 GPS-tagged birds (2015, n=43;
2016, n=45;2017, n=42)
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between 11 Aug 2016 and 29 Sep 2016 was 204 (ca.74% of
the total population), which included five birds (out of five
pairs) with a territory on Lanzarote (two females and three
males, see also Fig. 1; see Fig. S2 for an example of the
movements of a breeding female from Lanzarote to the
centre of Fuerteventura). Nearly all newly fledged juveniles
were observed at this site (92%), including all three juveniles
fledged at Lanzarote. By contrast, vulture numbers recorded at
the feeding station in the North (17 observation days between
February—July) ranged between 2 and 23 individuals,
consisting of four males and five adult females (territory dis-
tance <20 km from this site, but including one male from
Lanzarote), 38 and 16 unpaired males and females respective-
ly and five and two immature males and females respectively.

Social gatherings at the mountain resting area

The existence of a mountain roost was first observed in early
fall 2002, when 35 individuals of different age classes were
recorded resting on a mountain cliff (corresponding to ca.
30% of the population at that time). A new mountain roost
was located in autumn 2003 at 6 km from the feeding station,
which has become their preferred roosting site in the last
5 years. GPS data revealed that vultures typically form gath-
erings at this site outside the breeding season, showing a peak
around Sep—Oct in all years (Figs. 2 and 3). The number of
different GPS birds visiting the resting area in these months
was 27/27 in 2016 and 27/30 in 2017 (> 60% of total tagged
birds). Extrapolating from the relationships between number
of visually observed birds and GPS-tagged birds at the central
feeding station (Pearson correlation, r=0.84, p <0.001, n=

69, equation: y = 3.95x — 3.08), the estimated daily number of
birds at the resting area in September/October in 2016 was ca.
35 (range 1-80) and ca. 31 (range 1-75) in 2017. ITrregular
visits at this site at the end of August in 2018 seem to confirm
these numbers (ranging between 24 and 44, mostly adults;
TvO, pers. obs.). Although the occurrence of this resting area
overlaps with temporal increases in numbers at the central
feeding station, the daily numbers of GPS birds at both sites
were not correlated (r=—0.11, p =0.24, n =115 days).

Time-activity patterns at the mountain resting area,
feeding station and territories

The average monthly percentage of time spent at the mountain
resting area (during daytime) and feeding station in
September/October 2016 (pooled) was 14.6% + 10.0 SD and
13.9% + 10.8 SD, respectively (details in Table 2). During this
period, the majority of territorial birds also spent a consider-
able amount of time within <1 km of their nest (average
percentage of monthly time 12.9% + 12.4 SD; details in
Table 2, see also Fig. 3).
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Fig. 3 Average monthly time-budgets of GPS-tagged Egyptian vultures
(n=42) on Fuerteventura between June 2016 and May 2017. Individuals
were categorized according to breeding status and social rank (BFB dom-
inant female breeders, n = 7), SFB subdominant female breeders (n = 5),
DMB dominant male breeders (n = 4), SMB subdominant male breeders
(n=5), UF unpaired females (n=10), UM unpaired males (n = 10).

Seasonal time-activity patterns at the feeding station dif-
fered strongly among individual categories and in relation to
social rank (month2 x sex X territorial status X social rank,
F4417=4.66, p=0.0011; Fig. 3). Further analyses revealed
that within non-territorial males and females, there was no
correlation between social rank and time activities at the cen-
tral feeding station (p >0.3), nor were there significant sex-
differences in time spent at this site (p >0.1). However, in
breeding adults, dominant females spent more time at the cen-
tral feeding station throughout the year (p =0.0273; Table 3;
Fig. 3), while no main effect of social status was found in
males (p = 0.89; Table 3; Fig. 3). Outside the breeding season,
subdominant territorial birds of both sexes increased the time
spent at the central feeding station (rank x month?; females:
p=-0.03£0.01, p=0.0061; males: 3 =-0.07+0.02,
p<0.0001; Table 1), while an opposite pattern was found

2016 2017

Monthly time activities were quantified by time spent at the feeding
station (red), mountain roost (green) and territories (purple). The remain-
ing time was categorized as flight (dark blue), non-flight (light blue) and
unexplained (i.e. no signal, orange). The high percentage of time without
signal between March and May is due to birds incubating eggs on nest in
caves or on cliffs with bad reception

for time spent at territories (rank x month?; females: =
0.04+0.01, p=0.0038; males: 3 =0.06+0.02, p<0.0108;
Table 3; see also Figs. 1 and 3).

There were no significant differences in time spent at the
mountain resting area between territorial and non-territorial
males and females (sex: F; 37=0.41, p=0.52; territorial sta-
tus: Fy37=2.92, p=0.10, interactions: p >0.29 for all).
However, non-territorial birds spent more time at the moun-
tain resting area compared to the feeding station (territorial
status X site: Fy 114=14.99, p=0.0002; a similar but non-
significant trend was found for birds visiting both sites:
Fi66=3.52, p=0.0652). For territorial birds, no effect was
detected of distance between the nest-site and mountain rest-
ing area on the time spent at this site (p > 0.8). There were six
females and six males (consisting of four territorial and two
non-territorial birds in each sex) that did not visit the resting
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Table 2 Summary of time spent at the mountain resting area and
feeding station for territorial and non-territorial birds and time spent with-
in territories (< 1 km from nest location) by territorial birds. Data from

September and October 2016. The coefficient of variance (CV) refers to
variation in time spent at each location

September October
Days Hours + SD J%time  CV ~ Number days Hours + SD (0\% %time  Number
Time at the mountain resting area
Territorial females 13.8+11.1 47:29+55:16 12.8 1.17 8 134+£63 36:14+17:34 049 102 7
Non-territorial females  17.1 £7.2 79:10 £43:20 214 054 7 144+48 49:54+22:15 044 140 7
Territorial males 22.0+4.7 69:40 £37:16 189 054 4 108 +7.9 35:44+3520 099 10.1 5
Non-territorial males 163+10.6 52:16 £40:50 14.1 077 7 126 +6.9 40:39+27:21 0.67 114 7
Time at the feeding station
Territorial females 16.8 +£6.8 61:25+33:59 172 056 13 17.1+£7.7 57:12+37:51  0.67 165 14
Non-territorial females  15.8 +5.8 58:42+23:53 159 0.40 159+95 55:08+42:29 0.77 155 9
Territorial males 164 +5.5 38:41 £21:44 105 0.58 11.8+69 2838+20:19 0.70 8.1 9
Non-territorial males 14.8£8.5 36:23 £27:09 99 0.75 147+54 3246+17:17 0.53 92
Time spent within territories
Territorial females 15.1+£94 44:05£37:38 119 0.86 106 £9.0 21:42+12:07 0.55 6.1 11
Territorial males 19+12.2 70:57 +£57:36 19.2 0.81 195+9.6 58:09+47:28 082 164 8

area. Vultures not visiting the resting area also did not spend
much time at the feeding station (F, 7,5 =18.06, p <0.001, no
effect of sex and/or territorial status). However, dominant
males did not visit the mountain resting area (3 =—13.2+
5.27 SE, Fy ¢ =6.25, p = 0.0456; Fig. 3).

Allopreening behaviours

Pairs visiting the feeding station often engage in mutual
allopreening, most commonly involving preening of the neck
and head feathers (Fig. 4a). However, we observed 17 cases of
allopreening (involving at least one individually marked bird)
outside a pair-living context (Feb (2x), June (2x), Aug (5x),

Table3  Results of GLMM on seasonal effects and social status on time
spent at the central feeding station (June 2016—May 2017), mountain
resting area (September/October 2016) and time spent < 1 km from the

Sep (5x), Oct (2x), Nov (1x), summarized in Table S1). As
opposed to allopreening between pair members, this behaviour
was usually non-reciprocal (video 1 van Overveld 2019a). In
half of these cases, allopreening behaviour occurred between
young, unpaired birds (median age 4 years, range 27, n=7),
with both males and females acting as initiators or recipients
(Table S1). One unpaired female was observed in allopreening
with three different unpaired males within a 1.5-year period
(Fig. 4b; Fig. S7). In three cases, paired birds were preening
other paired or unpaired birds (Table S1; Fig. 4c; Fig. S8). In
another three cases, allopreening was observed among same-
sex birds (female—female (video 2 van Overveld 2019b), male—
male (video 3 van Overveld 2019c¢)). We twice observed an

nest location for territorial female (n=12) and male (n=9) Egyptian
vultures tracked with GPS-loggers on Fuerteventura. Statistically signif-
icant associations (p <0.05) are denoted in italics

Feeding station (June—May)

Mountain resting area (Sep/Oct)

Territory (June—May)

fixed effects B (SE) FNxumar, pEnar - P B (SE) FNxumdt, DEnat P B (SE) Fnumdt, DENgE P
Territorial females
Social rank 4.20 (1.71) 6.061 141 0.0273 0.95 (2.17) 0.19 1908 0.67 —2.38(5.27) 0.00 ;5 0.98
Month —0.25(0.11)  5.13 1138 0.0250 0.25 (0.28) 0.80 1,103 0.39 0.22 (0.12) 3.29 1108 0.07
Month? 0.06 (0.11) 25.67 1138 <0.0001 n/a n/a n/a —0.05(0.01) 18.12 158 <0.0001
Month®*Rank  —0.03 0.01)  7.77 1138 0.0061 n/a n/a n/a 0.04 (0.01) 8.67 1128 0.0038
Territorial males
Social rank 0.40 (2.79) 0.02 747 0.89 —132(527) 6256 0.0465 —1.48(3.57) 021 1671 0.66
Month 0.10 (0.11) 0.89 1 85 0.35 0.38 (0.19) 394,57 0.0876  0.31 (0.15) 4.58 185 0.0353
Month? 0.03 (0.01) 8.84 g5 0.0038 n/a n/a n/a —0.05(0.01) 15.64 ;s 0.0002
Month®*Rank  —0.07 (0.02) 16.89 45 <0.0001 n/a n/a n/a 0.06 (0.02) 6.79 1 85 0.0108
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Fig. 4 Allopreening birds at the
central feeding station on
Fuerteventura showing a
members of a pair from
Lanzarote, b an unpaired male
preening an unpaired female (note
that a previously preened female
by the same male is sitting next to
him), ¢ a paired female preening a
male of a different pair and d an
adult bird preening a 2-year old
male. Photos: T. van Overveld

adult bird preening immature birds (Fig. 4d). Note that
Canarian Egyptian vultures do not provide post-fledging care
(LG, unpublished data). In none of the cases, allopreening in-
volved family members as based on pedigree data.

Discussion

Despite the widespread occurrence of seasonal sociality
among animals, detailed information about the ecological
and social mechanisms driving seasonal variation in social
dynamics is still scarce, especially for avian social systems
(Silk et al. 2014; but see Uhl et al. 2018). Our study provides
novel insights on how seasonal grouping patterns result from
the complex interplay between ecological and individual-
based social factors and highlights the need of combining
different sources of data (i.e. modern GPS-tracking and basic
behavioural observations) to understand this complex
phenomenon.

As predicted, group sizes at the central feeding station
followed a strong seasonal pattern characterized by distinct
monthly changes in group composition. The number of adult
breeders visiting this feeding patch was typically low at the
start of the breeding season, but their numbers gradually in-
creased from the egg-laying phase onwards, most probably as
a result of nest failure and fledging of young (only 40% of
breeders raise young, unpublished data see also Garcia-Heras
et al. 2013; van Overveld et al. 2018). The low number of
unpaired/non-territorial birds observed during the breeding
season confirms results obtained from GPS-tracking, showing
that these birds, and males in particular, make large-scale ex-
plorative flights in this period, often covering the entire island
of Fuerteventura (van Overveld et al. 2018; see also Fig. S6).
Since unpaired birds were largely absent throughout the entire
breeding season, this seems to suggest that they may not only

search for vacant territories, but also gather information about
the quality of existing territories and their owners (Valone and
Templeton 2002). Lastly, as predicted, a relatively large pro-
portion of immature birds was present at the feeding station
throughout the year, which at least in part could be linked to
their poor foraging skills and limited environmental knowledge,
as shown in many other bird species (e.g. Sanz-Aguilar et al.
2015). Similar factors may also explain why nearly all newly
fledged birds within the population can be found at this site.

While reproductive activities, information gathering and
age-specific foraging constraints may importantly explain sea-
sonal variation in group size and composition, it is striking
that vultures show such a clear preference for the centrally
located feeding station. In between reproductive periods, vul-
ture numbers at this feeding patch (and a nearby temporary
roosting site) may reach up to 30-50% of the total population
on a single day consisting of ca. 80% of the total population of
each individual category. During this period, unpaired and
paired vultures, depending on social status, may spend on
average 30% of their monthly time in a social gathering con-
text. These gatherings are particularly remarkable since vul-
tures largely neglect a feeding station that is located at only
40 km distance from this site (see also van Overveld et al.
2018), while both adults and fledglings from the nearby island
of Lanzarote prefer to spend their summer in the centre of
Fuerteventura, even though a feeding station is also present
on the former island (Fig. 1). Furthermore, although the
mountain resting area may be linked to the use of the central
feeding station, i.e. this roost provides an overview of the
plain where the central feeding site is located, this site is typ-
ically not used year-round, and visited by both local and non-
local breeders (and unpaired birds), although not by high-
ranked territorial males.

The general preference for the central feeding station, and
the formation of a temporary roost nearby, seems importantly
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linked to its location near traditional breeding grounds
(Donéazar et al. 2002b). Although the population has steadily
increased and expanded over the past 20 years (Badia-Boher
et al. 2019), the highest density of breeding pairs can still be
found within this area. This feeding station was the first
established at the start of the study period in 1999, suggesting
that apart from its specific geographic location, historical fac-
tors and habituation effects potentially also play a role (e.g.
‘socially inherited routines’, Valenzuela et al. 2009; Andrew
2017), especially when taking into consideration that almost
all individuals within the population have been feeding at this
site from an early age.

The increase in vulture numbers at the feeding station also
seems to reflect an overall shift in foraging activities towards
the centre of Fuerteventura (Fig. 1). It is possible that vultures
partly abandon their territories because of a seasonal reduction
in the availability of natural carrion resources (Medina 1999).
By gathering in the centre, vultures may reduce searching time
for natural available goat carcasses and those provided at farms
(i.e. through ‘local enhancement’ effects Cortés-Avizanda et al.
2014), while taking advantage of food dumps at the central
feeding station. On the other hand, however, the high density
of vultures in the centre may increase the cost of food exploi-
tation, in particular for individuals from remote areas which are
typically lower ranked (van Overveld et al. 2018). Since there
are many goat farms distributed throughout the island and given
the semi-predictable character of this resource type, the social
foraging benefits for lower-ranked birds are currently not fully
understood. In addition, if food availability would truly be lim-
ited in summer (e.g. driving social foraging tactics), we would
also expect that other feeding stations would be used more
frequently, which is not the case.

As a last explanation, we propose that this feeding patch
may also be visited for social purposes. Besides foraging,
Egyptian vultures display a wide variety of activities at this
site, most notably conflict-settlement (between neighbouring
territorial or between unpaired birds), allopreening (among
and between paired and unpaired birds, see below) and exten-
sive copulation activities (in the pre-breeding period). Social
gatherings may be of particular relevance for territorial vul-
tures that are facultative social foragers, which social struc-
tures are characterized by strong age- and sex-dependent hier-
archical relationships, with social rank also being linked to
territorial status (van Overveld et al. 2018; this study).
Within such highly despotic societies, rank maintenance and
improvement may form an integral part of the daily activities,
beginning as soon as young fledge (Fig. S9). Group foraging
events, where many other individuals can be found in a com-
petitive context, may attract special attention, given opportu-
nities to strengthen/improve social rank, to gain knowledge
about the social rank of conspecifics and potentially also to
update information about their own relative fighting ability/
social status within the population (Rutte et al. 2006). Apart

@ Springer

from food exploitation, feeding sites may importantly contrib-
ute in optimizing decision-making about future interactions
(e.g. to avoid costly conflicts) and potential mates.

Although we acknowledge the inherent difficulty in
assessing whether individuals actively join gatherings for so-
cial purposes, extensive behavioural observations on agonistic
and affiliative interactions nevertheless point towards the ex-
istence of well-developed social communication skills in this
species. Despite the complex fission—fusion dynamics charac-
terizing their group feeding, with individuals coming and go-
ing at different times and rates during the day (or so called
‘open groups’: Boucherie et al. 2019; see also introduction),
Egyptian vultures rarely fight extensively over food and com-
petitive displacements are often subtle. Competitive interac-
tions and aggression levels may be regulated by body-size
differences, but probably also through information on age
and social rank (e.g. Paz-y-Mifio et al. 2004; Massen et al.
2014). During feeding, individuals often first look around
and specifically select a lower-ranked bird of the same sex
and age to be displaced, which suggests the existence of an
active avoidance/attack strategy based on individual recogni-
tion. Furthermore, escalated fights, although rare, typically
attract much attention and are carefully watched by bystanders
(Fig. 5; video 4 Mulet 2019). Social conflicts may also be
settled through ritualized dominance displays (e.g. ‘duels’,
whereby birds erect their head and neck feathers, and ‘parade’
face to face, until one or both birds attacks, or retreats (video 5
van Overveld 2019d). Although threat displays are common
in birds (Hurd and Enquist 2001), we are currently not aware
of other (non-vulture) bird species that evolved such a distinct
and elaborate agonistic repertoire.

Apart from antagonistic displays, vultures also frequently
engage in affiliative interactions through non-reciprocal
allopreening outside a pair-living context. We speculate that
this behaviour may primarily serve a function in mate-seeking

T S R S 4, = v
Fig. 5 Example of an escalated fight between two females outside the
breeding season (August). Note that these fights are carefully watched by
other birds. On some occasions, these bystanders may start to peck on the
defeated individual. Photo: T. van Overveld
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or mate-sampling, since the behaviour is displayed mostly by
unpaired birds at the age of recruitment (e.g. 3—7 years).
Allopreening among paired and (un)paired birds may be
linked to their complex mating strategies, with the frequent
occurrence of both polyandrous and polygynous trios on
Fuerteventura (authors unpublished). However, occasional
observations of the behaviour in more complex social setting,
such as among same-sex birds and unrelated adults and im-
matures, may point towards alternative social functions such
as stress reduction and/or conflict avoidance (Rabenold 1986;
Bertran and Margalida 2003; Radford and du PLessis 2006;
Lewis et al. 2007). An intriguing question is whether these
specific interactions reflect the existence of secondary rela-
tionships (Boucherie et al. 2019) and/or specific post-
conflict repair for social bonding purposes (Fraser and
Bugnyar 2011). Although Egyptian vultures do not form
distinct social alliances during foraging as observed in
some social corvids (Fraser and Bugnyar 2012), it is possi-
ble that hierarchical social relations include more complex
sublayers linked to specific individual strategies for rank
acquisition.

To conclude, our findings show that seasonal grouping pat-
terns are shaped by the complex interplay between ecological
factors (reproductive constraints, resource seasonality and food
predictability), individual traits (age, sex and rank within hier-
archy) and social competitive processes. We argue that vultures
visit large gatherings at food resources also for social purposes.
Group foraging events may be of special interest to vultures
given opportunities for rank improvement/maintenance, but po-
tentially also for mate-seeking/evaluation, and in general act as
important places where young birds become integrated within
local population social structures. An important, but challeng-
ing, goal for future work will be to determine whether (or
which) individuals actively join social gatherings for social pur-
poses and the potential gains in fitness to fully assess its poten-
tial role as a ‘meeting place’. In addition, future studies should
also reveal whether social gatherings fulfil a similar role in
mainland populations and/or to what extent sedentary island
conditions promote the formation of more complex social rela-
tions and/or stronger dominance hierarchies. Lastly, we provid-
ed examples of the agonistic and affiliative repertoire of
Egyptian vultures, further adding to other unique behaviours
displayed by the species such as stone throwing to open eggs
(van Lawick-Goodall and van Lawick 1966; Carrete et al.
2017), mud-bathing (van Overveld et al. 2017) and coprophagy
(Negro et al. 2002). We propose that vultures, like corvids, may
serve as important model species to test the role of scavenging
and fission—fusion social dynamics in shaping the evolution of
avian social cognition, or avian behavioural complexity gener-
ally. Overall, our work highlights the need for more in-depth
knowledge about the rich social life of vultures, which could be
invaluable for understanding vulture social responses to current
environmental changes.
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