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ABSTRACT
Vultures are one of the most threatened bird groups globally. Although many of the threats faced by vultures have been 
identified, the impact of human activities on the social life of vultures has received little attention. In this paper, we em-
phasize the need to integrate vulture sociality into conservation practice. First, we summarize current knowledge on 
vulture social behavior, and the evolutionary and ecological roots of their breeding systems. We describe the existence 
of contrasting gradients in social foraging strategies and hierarchical social structures among colonial and territorial 
breeders associated with species (and population) reliance on carrion differing in size and predictability. We also high-
light the potential role of vulture gatherings in maintaining population-level social structures and for mate-finding given 
high mate-selectivity. Next, based on this social framework, we discuss the impact of human activities on social foraging, 
territory structures, resource partitioning processes, and mating dynamics. However, little is known about how disrup-
tions of social habits may have contributed to vulture population declines and/or may impede their recovery. Lastly, we 
provide directions for future research on vulture socio-ecology that may improve current conservation efforts. We en-
courage researchers and wildlife managers to pay more attention to natural carrion diversity underlying vulture social 
system diversity, especially when implementing supplementary feeding programs, and to consider the complex mating 
and settlement dynamics in reintroduction programs. Overall, we stress that understanding the complex social life of 
vultures is critical to harmonize their conservation with anthropogenic activities.

Keywords: anthropogenic impacts, breeding systems, conservation, social behavior, socio-ecology, vultures

Integrando el comportamiento social de los buitres en la práctica de la conservación

RESUMEN
Los buitres constituyen uno de los grupos de aves más amenazados a nivel global. Aunque muchas de las amenazas 
a las que se enfrentan han sido identificadas, el impacto de las actividades humanas en la vida social de los buitres 
ha recibido muy poca atención. En esta revisión, hacemos hincapié en la necesidad de integrar los aspectos 
sociales de los buitres en la práctica de la conservación. Primero, sintetizamos el conocimiento actual sobre el 
comportamiento social de los buitres, así como en las raíces evolutivas y ecológicas de sus sistemas reproductivos. 

LAY SUMMARY
•  Although many of the threats faced by vultures have been identified, the impact of human activities on the social 

life of vultures has received little attention.
•  We provide a comprehensive review of current knowledge of vulture social behavior and the evolutionary and 

ecological roots of their social systems.
•  Within this social framework, we discuss aspects as diverse as vulture breeding and mating systems, foraging 

techniques, social hierarchies, territorial and gathering behavior, and interspecific interactions.
•  Overall, we stress that advancing our socio-ecological understanding of the rich social life of vultures is critical to 

harmonize their conservation in this rapidly changing world.
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Describimos los gradientes existentes en las estrategias de forrajeo social y las estructuras sociales jerárquicas entre 
reproductores coloniales y territoriales, los cuales se relacionan con la dependencia de las distintas especies (y 
poblaciones) hacia carroñas de distinto tamaño y predictibilidad. También resaltamos el papel potencial de los 
agrupamientos de buitres en el mantenimiento de las estructuras sociales a nivel de población, además de en 
el emparejamiento, dado el alto grado de selectividad a la hora de buscar pareja. Basándonos en este marco so-
cial, discutimos el impacto de las actividades humanas en la búsqueda social de alimento, las estructuras de los 
territorios, los procesos de segregación de los recursos y la dinámica de los emparejamientos, si bien se conoce muy 
poco sobre cómo las perturbaciones de los hábitos sociales pueden haber contribuido al declive de las poblaciones 
de buitres o impedir su recuperación. Finalmente, aportamos ideas para estudios futuros sobre la socioecología de 
los buitres que podrían ayudar maximizar el rendimiento de los actuales esfuerzos de conservación. Animamos a 
los investigadores y gestores del medio natural a prestar más atención a potenciar la diversidad del recurso carroña, 
sobre la que se asienta la diversidad de los sistemas sociales de los buitres, especialmente a la hora de implementar 
programas de alimentación suplementaria. Además, los programas de reintroducción deberían considerar las 
complejas dinámicas de emparejamiento y asentamiento. En general, nuestra revisión destaca la importancia de 
entender mejor la complejidad de la vida social de los buitres para así armonizar su conservación con las actividades 
humanas.

Palabras clave: Buitres, sistemas reproductivos, socioecología, comportamiento social, impactos humanos, 
conservación

INTRODUCTION

Vultures are the only obligate scavengers among terres-
trial vertebrates, comprising 23 species of 2 independent 
phylogenetic lineages: New World vultures (Cathartidae, 
7 species) and Old World vultures (Accipitridae, 16 spe-
cies; Ferguson-Lees and Christie 2010). They constitute 
one of the most threatened groups of birds worldwide 
(Buechley and Şekercioğlu 2016); most vulture species 
have experienced dramatic declines on a global scale 
(with the exception of some New World species; Ogada 
et  al. 2012). Vultures play a crucial role in ecosystem 
functioning and stability (DeVault et  al. 2016), and the 
reduction in their numbers has substantial ecological, 
social, and economic implications related to regula-
tory and cultural ecosystem services (Becker et al. 2005, 
Markandya et  al. 2008, Margalida and Colomer 2012, 
Morales-Reyes et al. 2015, DeVault et al. 2016). Although 
the anthropogenic causes of their declines have been 
extensively discussed in several recent reviews (Ogada 
et al. 2012, 2016a, Buechley and Şekercioğlu 2016), the 
impact of human activities on the social life of vultures 
remains largely overlooked.

Vultures are highly social animals with a diverse range of 
breeding systems both within and among species, ranging 
from strict territoriality to various forms of social breeding 
(Ferguson-Lees and Christie 2010). Their degree of soci-
ality also varies widely irrespective of breeding system, 
with some species showing permanent forms of group 
living, whereas others have much more fluid social systems 
characterized by fission–fusion dynamics linked to food 
bonanzas, communal roosting, and other social gather-
ings (Donázar 1993). Despite this fascinating complexity, 
significant gaps remain in our knowledge regarding many 
basic aspects of their ecology, social life, and the ecological 
factors underlying their breeding systems. Given the steep 

drop in vulture numbers worldwide, an urgent need exists 
to establish the functional links between their behavioral 
ecology and conservation (Caro 2007, Blumstein and 
Fernández-Juricic 2010, Berger-Tal et al. 2011).

We have 3 aims. First, we provide a comprehensive re-
view of current knowledge of vulture social behavior and 
the evolutionary and ecological roots of their social sys-
tems. We highlight current gaps in knowledge about vul-
ture socio-ecology and social system diversity. Variation 
in vulture social systems are defined by species differences 
in (1) social organization regarding breeding systems, (2) 
foraging and social information-use strategies, (3) com-
munal roosts and other social gatherings, (4) hierarchical 
social structure associated with foraging and food exploit-
ation, and (5) mating and parental care systems. Second, 
based on this framework, we describe species-specific 
consequences for vulture social systems of human activ-
ities (poisoning, poaching, habitat destruction and modi-
fication), showing that anthropogenic influences on the 
social dynamics of local vulture populations may be sub-
stantial and affect a wide range of population processes. 
Third, we propose directions for future research and pro-
vide examples of conservation problems where knowledge 
about vulture social biology could be particularly benefi-
cial. Overall, we wish to stress that increased awareness of 
the complex social life of vultures is of critical importance 
for more effective management and conservation of dif-
ferent vulture species.

THE SOCIO-ECOLOGY OF VULTURES:  
THE STATE OF THE ART

Despite vultures being a small group of birds, they dis-
play outstanding socio-ecological diversity. However, 
the types of vulture social behaviors and their functions 
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remain poorly described in the scientific literature. Below 
we synthesize the current knowledge about the different 
components of the social habits of vultures. For this pur-
pose, we used the Web of Science to conduct a system-
atic review (Haddaway et  al. 2015) of English language 
scientific articles published before December 2019. Our 
search string included the following terms in the title: 
“vulture AND social*” (n  =  19 papers found), “vulture 
AND breed*” (n = 116), “vulture AND forag*” (n = 26), 
“vulture AND roost*” (n = 32), and “vulture AND par-
ental” (n = 4). We repeated these searches changing “vul-
ture” to “condor”, as researchers studying condors rarely 
use the term vulture, and obtained 25 additional art-
icles. Then, we refined the final number of articles used 
by reading the title and, if needed, the abstract and full 
content. We excluded articles that did not explicitly deal 
with any social aspect. Then, we followed a “snowball” 
procedure, identifying additional relevant literature 
from the reference lists of the previously selected art-
icles. Finally, we also consulted several monographs on 
vultures (Wilbur and Jackson 1983, Mundy et  al. 1992, 
Donázar 1993, Snyder and Snyder 2000, Houston 2001, 
Dobado and Arenas 2012), raptors (Newton 1979, Del 
Hoyo et al. 1994, Ferguson-Lees and Christie 2010), and 
birds (Newton 1998).

Social and Non-social Breeding Habits
According to patterns of aggregation and spacing of 
nesting sites, vulture breeding habits can be broadly cat-
egorized into 4 groups: (1) territorial, (2) solitary, (3) 
loose colonial, and (4) cohesive colonial (Table 1). The 
distinction between territorial and solitary breeding 
species depends on whether they defend a foraging 
area or their nesting site against conspecifics (Donázar 
1993), although this question remains poorly quanti-
fied and understood for most species. Considerable dif-
ferences may also exist in distances between nest and 
degrees of territorial defense between and within popu-
lations of the same species (Donázar 1993, Fargallo et al. 
1998, Anderson 1999, Martinez and Blanco 2002). Loose 
colonial breeding is characterized by relatively small and 
patchy breeding aggregations, most commonly in trees. 
Nest spacing in these species can be highly variable, 
sometimes including different nests within the same 
tree. Cohesive colonial Gyps species may form large 
breeding aggregations of hundreds of nests, usually on 
cliffs.

Foraging and Social Information-Use Strategies
Different vulture species evolved distinct physio-
morphological adaptations (e.g., body size, beak shape, 
olfactory sense, soaring capacity) for the exploitation 
of carcasses differing in size and predictability (Hertel 

1994, Ruxton and Houston 2004). Often, these adapta-
tions are related to complex patterns of interspecific re-
source partitioning and facilitation in so-called “vulture 
guilds”, whereby small-bodied species may detect/signal 
the presence of carrion and large-bodied species may fa-
cilitate access to carcasses by tearing open skin with their 
powerful beaks (Africa: Kruuk 1967, König 1983, Kendall 
et al. 2012; Americas: Wallace and Temple 1987a, Houston 
1988, Lemon 1991; Europe: Cortés-Avizanda et  al. 2012, 
Moreno-Opo et  al. 2016, 2020). Facilitative interactions 
also occur among vultures and facultative scavengers such 
as other raptors, corvids, and large mammalian carnivores 
(Kane et al. 2014, Moleón et al. 2014a). A notable excep-
tion is the frugivorous Palm-Nut Vulture (Gypohierax 
angolensis), which does not rely exclusively on carrion to 
survive (Carneiro et al. 2017).

There are 2 main foraging strategies in vultures: soli-
tary, when individuals or pairs forage alone, and loosely to 
highly dispersed groups, in which individuals observe the 
behavior of other individuals to find food (Giraldeau and 
Caraco 2000). Foraging strategies and breeding habits are 
closely associated, and ultimately linked to species-specific 
specializations for carrion differing in size, density, and 
predictability (Table  1). For example, colonial Gyps vul-
tures feed almost exclusively on (individually) indefensible 
food resources (mainly wild ungulate [Mundy et al. 1992, 
Houston 2001] and livestock carcasses [Donázar 1993, 
Parra and Tellería 2004, Xirouchakis 2005]), and they rely 
heavily on social information for finding food (Jackson 
et  al. 2008, Deygout et  al. 2010, Dermody et  al. 2011, 
Cortés-Avizanda et al. 2014). This contrasts with the ma-
jority of territorial and solitary breeding vulture species, 
which exploit a mixture of small/medium-sized and large 
carcasses (Old World vultures: Hiraldo 1976, König 1983, 
Ceballos and Donázar 1990, Margalida et  al. 2009, 2012, 
Karimov and Guliyev 2017; New World vultures: Coleman 
and Fraser 1987, Hiraldo et al. 1991, Kelly et al. 2007), with 
small-bodied species also relying on carrion pieces of large 
carcasses left by more powerful vultures. The detection and 
consumption of small- and medium-sized carcasses typic-
ally does not require complex social strategies and can be 
performed by solitary individuals, in part because of the 
often higher densities of these carrion items (DeVault et al. 
2003), but also given specific morphological adaptations 
(e.g., eye size and wing-loading in Lappet-faced Vultures 
[Torgos tracheliotos] [Spiegel et  al. 2013]; olfactory sense 
in species from the genus Cathartes: Turkey Vultures 
[C. aura] [Houston 1986, Grigg et al. 2017], Lesser Yellow-
headed Vultures [C.  burrovianus] [Houston 1988], and 
Greater Yellow-headed Vultures [C. melambrotus] [Gomez 
et al. 1994]). Although Andean Condors (Vultur gryphus) 
and California Condors (Gymnogyps californianus) forage 
and breed solitarily, they feed mostly on large carcasses 
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(Lambertucci et al. 2009), including those of marine mam-
mals such as whales (Chamberlain et al. 2005, Lambertucci 
et al. 2018). The dietary breadth of these huge scavengers 
can neverthless be diverse, as 22.5% of carrion taxa con-
sumed by Andean Condors may be European hare (Ballejo 
et al. 2018), whereas a variety of large and medium-sized 
mammals has been reported in the diet of the California 
Condor (Collins et al. 2000).

Given the difficulty of observing vultures in the wild, 
solitary food searching and social feeding habits in gen-
eral remain poorly quantified (but see Byrnes et al. 2019 
and Holland et  al. 2019 for studies on sympatric Black 
Vultures [Coragyps atratus] and Turkey Vultures). Most 
vultures are opportunistic foragers that are attracted to 
large carcasses or food bonanzas by local enhancement 
(i.e. to other feeding vultures; Cortés-Avizanda et al. 2014). 
However, the presence of large groupings at carcasses may 
bias the perceived importance of this resource type, es-
pecially taking into consideration the often high levels of 
competition that limit individual food intake rates. In ter-
ritorial/solitary breeding species, the choice between soli-
tary food-searching vs. collective feeding may depend not 
only on the availability of small/medium carrion resources 
(Cortés-Avizanda et al. 2011), but also on individual traits 
such as sex, age, social rank, and territorial status (van 
Overveld et al. 2018).

Communal Roosting and Other Social Gatherings
Floaters, especially immature birds, of most species are 
gregarious, resulting in an intense pre-breeding social life 
with continuous interactions of variable intensity and na-
ture (e.g., aggressive, cohesive, and sexual) depending on 
context (Newton 1979, Donázar 1993). However, once re-
cruited into the reproductive population, territorial species 
generally adopt a more solitary lifestyle when roosting and 
foraging (Newton 1979, Donázar 1993, Ferguson-Lees and 
Christie 2010). Year-round, solitary living is nevertheless 
rare, and individuals of all species eventually converge into 
aggregations of varying size (i.e. so-called “open” groups 
where individuals come and go at different rates, similar to 
many corvids; see Boucherie et al. 2019), depending on en-
vironmental and individual conditions (age and breeding 
status), and the overall abundance of each particular vul-
ture species.

While communal night roosting is a key element of 
the social organization of the majority of vulture species, 
this behavior seems absent in some territorial species 
(e.g., Bearded Vultures [Gypaetus barbatus], Red-headed 
Vultures [Sarcogyps calvus], White-headed Vultures 
[Trigonoceps occipitalis]; Table 1). Past studies have mainly 
focused on these gatherings as centers of information for 
food exploitation (Ward and Zahavi 1973). In some spe-
cies, it has been claimed that roosts facilitate foraging (e.g., 

Griffon Vultures [Gyps fulvus] and Black Vultures, both 
of which form loose foraging groups), either through in-
formation transfer (Rabenold 1987a, Buckley 1997, Harel 
et  al. 2017) or by facilitating the formation of foraging 
groups (Buckley 1996, Dermody et al. 2011). Such benefits 
may not apply to other species, such as Turkey Vultures 
(Prior and Weatherhead 1991, 2004, Buckley 1997), which 
tend to be more solitary foragers (owing to their well-
developed sense of smell), although they regularly (al-
though not exclusively) roost in mixed flocks with Black 
Vultures (Holland et al. 2019).

Nocturnal communal roost sites are nowadays often 
situated close to anthropogenic and highly predictable 
food resources, such as garbage dumps and feeding sta-
tions (Table 2). This suggests an important underlying role 
of roosts as a food insurance strategy aimed at reducing the 
time energy of movements to obtain food resources. In the 
majority of species, communal roosts are also character-
ized by strong seasonal social dynamics, whereby the com-
position of the roost varies according to territorial status 
and/or age class (immature vs. adult), migratory status, 
and the presence of newly fledged birds (Table 2). Roosts 
may therefore serve an important function as centers of so-
cial information (c.f. Bijleveld et al. 2010), where individ-
uals update social information on conspecifics, search for 
mates, and newly born birds become integrated into the 
local population (see Blanco and Tella 1999 for an example 
on social corvids).

Evidence suggests that gatherings around carcasses 
may also function as meeting places for social purposes. 
For example, observations of individually marked Griffon 
Vultures revealed that some individuals may visit carcasses 
on consecutive days, even when they are satiated from 
their first visit, as assessed by their full crop (Acha et al. 
1998). Mundy et  al. (1992) suggested that Lappet-faced 
Vultures feed on small prey, and attend large animal car-
casses mainly for social interaction. Canarian Egyptian 
Vultures (Neophron percnopterus majorensis) aggregate 
in large numbers at supplementary feeding stations, es-
pecially outside the breeding season. At these gatherings, 
individuals display a wide range of affiliative and agonistic 
behaviors not linked to food exploitation (van Overveld 
et  al. 2020). Gatherings with a specific socializing func-
tion have also been reported for Egyptian Vultures living 
in Socotra (Yemen) (Porter and Quiroz 2010, Porter and 
Suleiman 2012). Many vulture species also form large 
gatherings after feeding, often near water sources, but the 
possible social functions of these gatherings have been 
largely unstudied. However, Sauer (1973) provided a de-
tailed description of the behavior of Lappet-faced Vultures 
and Cape Vultures (Gyps coprotheres) at diurnal gath-
erings in Namibia and suggested they constitute an im-
portant function as meeting places, where vultures gather 
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for “social contact, rest and maintenance performance”. 
Diurnal gatherings may not necessarily be restricted to 
resting or foraging places as, for example, Griffon Vultures 
may perform extensive group soaring above their col-
onies, especially during the pre-breeding period (T.  van 
Overveld et al. personal observation; see also Xirouchakis 
and Mylonas 2007).

Social Hierarchies
Social hierarchies within vulture guilds have been well 
studied, showing species-specific dominance ranks de-
pending on body size with additional effects of age (im-
mature vs. adult) and sex within species (Old World 
vultures: König 1983, Moreno-Opo et  al. 2020; New 
World vultures: Wallace and Temple 1987a, Houston 
1988). Social hierarchies at the individual level have only 
been studied in Egyptian Vultures, where social struc-
ture is governed by sex- and age-dependent relation-
ships, in which the slightly larger females are dominant 
over males, and non-territorial and young individuals of 
both sexes have a lower social position that increases with 
age (van Overveld et al. 2018, 2020). The social systems 
of territorial breeders seem to be characterized by either 
female or male dominance, depending on the degree of 
sexual size-dimorphism (e.g., male dominance in Andean 
Condors [Donázar et al. 1999, Marinero et al. 2018], fe-
male dominance in Egyptian and Bearded Vultures 
[Negro et al. 1999, van Overveld et al. 2020]). Competitive 
interactions during feeding in territorial/solitarily 
breeding species are often characterized by relatively few 
or low-level physical fights (e.g., Egyptian Vultures [van 
Overveld et al. 2020], Figure 1A; Turkey Vultures [Lemon 
1991, Prior and Weatherhead 1991]), or by aggression dir-
ected to specific individuals in larger bodied species (e.g., 
Bearded Vultures [Moreno-Opo et  al. 2020], Figure  1B; 
Cinereous Vultures [Aegypius monachus] [Moreno-Opo 
et al. 2020]; Lappet-faced Vultures [Bamford et al. 2010]). 
Several territorial species evolved ritualized dominance 
displays to diffuse aggression (e.g., “duels” in Egyptian 
and Bearded Vultures, whereby birds parade face-to-face 
and erect head feathers; van Overveld et al. 2020), or the 
“threatening march” by Cinereous Vultures (Moreno-Opo 
et  al. 2020) and Lappet-Faced Vultures (König, 1983), 
and/or specific traits indicative of contest ability (e.g., 
flushing of the face: color changes caused by increased 
blood flow through vascularized skin; Andean Condors 
[Marinero et  al. 2018]; Lappet-faced Vultures [Bamford 
et  al. 2010]; Hooded Vultures [Necrosyrtes monachus] 
[Negro et  al. 2006]), or, as in Bearded Vultures, by a 
marked expansion of the scleral ring during intraspecific 
encounters (e.g., fights) or when the birds feel threatened 
(e.g., when handled) (Negro et  al. 1999). Black Vultures 
are an exception to these patterns. Although this species 

shows solitary breeding, their collective foraging habits 
resemble that of a colonial breeding species (see below, 
Figure 1C). They are renowned for displaying high levels 
of inter- and intraspecific aggressiveness during food ex-
ploitation, despite being relatively small (Buckley 2020), 
allowing them to outcompete larger species, including 
Andean Condors (Carrete et al. 2010). In Black Vultures, 
it has been also claimed that feeding groups may consist 
of coalitions composed of family members, and even kin 
from other families, which provide each other with so-
cial support in contests over food (Rabenold 1986, Parker 
et al. 1995).

In Gyps spp., feeding interactions are characterized by 
extensive physical fighting or pecking among conspecifics 
(Figure 1D). Their threat displays and ornaments are gen-
erally less elaborate, although not absent, including vas-
cular skin on wing patches and various dominance poses 
(e.g., wing-spreading; T. van Overveld et al. personal ob-
servation). In colonial species, in general, social hierarchy 
at carcasses seems to be shaped by 3 factors: hunger, size, 
and age, with the hungriest, largest, and most experi-
enced individuals having advantage against conspecifics 
(Donázar 1993, Bosè and Sarrazin 2007, Bosè et al. 2012, 
Moreno-Opo et  al. 2020). However, there are strong dif-
ferences in aggressiveness among species during food ex-
ploitation (Hille et al. 2016; J.A. Sánchez-Zapata personal 
observation).

Despite the scarcity of detailed work on intraspecific 
agonistic relationships, studies point towards a gradient 
in hierarchical social structure, with a strong hierarchal 
lifestyle typifying territorial species. However, subtle dif-
ferences may exist in the nature and patterning of social 
relationships among territorial breeders. For example, 
Canarian Egyptian Vultures frequently engage in social-
izing activities outside a pair-living context (through non-
reciprocal allopreening), sometimes including members 
of the same sex and unrelated adults and immatures (van 
Overveld et  al. 2020). Although the function of this be-
havior is not yet clear, this type of allopreening behavior 
is absent in the closely related, but more solitary, Bearded 
Vulture (A. Margalida personal observation). Allopreening 
is also commonly observed in other social vulture species 
such as the Black Vulture (Rabenold 1986) and Andean 
Condor (McGahan, 2011). In Turkey Vultures, domin-
ance status may vary according to migratory status, with 
wintering individuals being dominant over residents (Kirk 
and Houston 1995). This indicates not only that local hier-
archical social structures may temporally change, but also 
that baseline levels of individual aggressiveness can vary 
among populations of the same species. Hierarchical social 
structures in Turkey Vultures also seem more pronounced 
compared to Black Vultures (Prior and Weatherhead 
1991), pointing towards additional differences in social 
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organization between these 2 sympatric species (Byrne 
et al. 2019, Holland et al. 2019).

Mating Behavior and Parental Care
Vultures typically form life-long relationships, in which pair 
formation is associated with complex, ritualized courtship 
displays including acrobatic flights (plunges and twists, and 
so-called “tandem-flights”), dancing behaviors, and ritu-
alized head movements (Del Hoyo et al. 1994, Ferguson-
Lees and Christie 2010). The presence of elaborate head 
ornamentation in territorial breeding species (e.g., colorful 
facial skins and structures such as bulbs and wrinkles), 
while largely absent in colonial breeders, indicates some 
fundamental differences in the role of traits reflecting indi-
vidual quality (e.g., health [Negro et al. 2002, Blanco et al. 
2013], social status [see above]), in species defending ter-
ritories and/or exhibiting more solitary foraging strategies. 

Age- and sex-dependent patterns of breeding recruitment 
and pairing also differ between territorial and colonial spe-
cies. For instance, in colonial Gyps vultures, individuals 
with subadult plumage can form an appreciable propor-
tion of the breeding populations (Mundy et al. 1992, Blanco 
et al. 1997), especially females (Blanco and Martínez 1996). 
However, breeding before acquiring full adult plumage is 
highly exceptional in Egyptian, Bearded, and other terri-
torial vultures (Mundy et al. 1992, Donázar 1993).

After mating, pairs maintain strong pair bonds, as 
shown by extensive, sometimes year-round, allopreening 
sessions displayed by most species. Frequent observations 
of copulations outside the fertile period, even after chicks 
have hatched (e.g., Egyptian Vultures: Donázar et al. 1994, 
Cugnasse 2000; Bearded Vultures: Bertran and Margalida 
1999; White-headed Vultures: Murn and Holloway 2014; 
California Condors: Mee et  al. 2004; Griffon Vultures: 

FIGURE 1. Examples of group foraging for vultures with different social systems. (A) Egyptian Vultures (Neophron percnopterus) are ter-
ritorial breeders but aggregate in large numbers at abundant food resources and roosts, especially outside the breeding season. Their 
group foraging is characterized by strong hierarchical relationships with few physical fights (photograph courtesy of T. van Overveld). 
(B) Bearded Vultures (Gypaetus barbatus) display year-round territoriality and forage and roost solitarily (or in couples). Intra- and in-
terspecific encounters at food resources are characterized by aggressive fights between specific individuals, in this case 2 immatures 
(photograph courtesy of A. Margalida). (C) Black Vultures (Coragyps atratus) are solitary breeders and renowned for displaying high 
levels of intraspecific aggressiveness during food exploitation, despite being relatively small. Group foraging resembles that of colonial 
breeding species (photograph courtesy of M. de la Riva). (D) Colonial Griffon Vultures (Gyps fulvus) rely on large, individually indefen-
sible carcasses and group foraging is characterized by extensive fighting (photograph courtesy of M. de la Riva).
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Xirouchakis and Mylonas 2007; Cape Vultures: Robertson 
1986), may point towards an additional pair-bonding func-
tion of this behavior. The existence of tight pair bonds is fur-
ther illustrated by observations of pairs foraging together 
and/or arriving at carcasses simultaneously, especially in 
territorial/solitary breeding species (e.g., King Vultures 
[Sarcoramphus papa] [Wallace and Temple 1987a, Haenn 
et  al. 2014]; Lappet-faced Vultures [Mundy et  al. 1992]; 
Red-headed Vultures [Bhusal and Paudel 2016], Egyptian 
and Cinereous Vultures [T. van Overveld, G. Blanco per-
sonal observation]). Strong pair bonds are typical for bird 
species with high levels of parental cooperation during 
breeding (Kenny et al. 2017). Most studies show that both 
sexes contribute to parental tasks (Table 1), although some 
subtle differences may exist with higher contributions of 
males to territorial defense (Bearded Vultures: Margalida 
and Bertran 2005) or chick-feeding (Andean Condors: 
Lambertucci and Mastrantuoni 2008), and females to in-
cubation (Egyptian Vultures: Etxebarria et al. 2019). Long 
development times of nestling vultures, together with 
prolonged periods of post-fledging care, may lead to bi-
annual breeding patterns in some species (e.g., California 
Condors: Snyder and Snyder 2000).

While social monogamy and biparental care of offspring 
is the most common mating and care strategy in vulture 
breeding systems, in some territorial species breeding 
strategies can be remarkably diverse. For example, Bearded 
Vultures in the Spanish Pyrenees frequently form poly-
androus trios (Heredia and Donázar 1990, Carrete et  al. 
2006a; see also Krüger 2007 for an example of a polyan-
drous trio in South Africa) or even quartets (Margalida 
et al. 1997), and polygynous trios are also occasionally re-
ported (Fasce and Fasce 2011, Gil et al. 2017). Polyandrous 
trios have also been observed in Egyptian Vultures in 
mainland Spain (Tella 1993). Canarian Egyptian Vultures 
may regularly form both polyandrous and polygynous 
trios (T.van Overveld, M. de la Riva, J.A. Donázar per-
sonal observation). Polygynous trios have also occasion-
ally been recorded in other species, such as Cinereous 
Vultures (Dobado and Arenas 2012). Although evidence 
suggests that trio formation is linked to high population 
densities in Bearded Vultures (Carrete et  al. 2006a), the 
causes and consequences of these alternative reproductive 
tactics in vultures are generally poorly understood. High 
levels of sexual conflicts among males in polyandrous trios 
often may lead to reduced reproductive output (Carrete 
et  al. 2006a, Bertran et  al. 2009). Males in polyandrous 
trios regularly engage in homosexual behaviors (male-
male mountings, often followed by allopreening; Bertran 
and Margalida 2003), while females occasionally display 
reverse-mountings (Bertran and Margalida 2006). These 
observations again point towards an important social 
bonding function of copulations, in this case conflict man-
agement promoting cooperation (Bertran et al. 2009).

ANTHROPOGENIC IMPACTS ON VULTURE SOCIAL 
DYNAMICS

Disruptions of Social Foraging
Low vulture population densities caused by human per-
secution may cause social disturbance by affecting overall 
levels of social cohesion in populations, so that individuals 
become less well connected (Sih et  al. 2009). A  decrease 
in interaction patterns may be particularly harmful for 
species that rely heavily on social information use during 
foraging, for example, in colonial species such as Gyps spp. 
(Table  1), but potentially also affect the social foraging 
dynamics of pre-breeding territorial and solitary species, 
which usually show more social habits than adults. Some 
modeling studies have shown the potential for Allee effects 
reducing foraging efficiency in colonial breeders (Jackson 
et al. 2008, Dermody et al. 2011).

In addition, negative effects of population density de-
clines on social foraging may be exacerbated by changes 
in population phenotypic composition (Farine et al. 2015) 
through the disappearance of keystone individuals (e.g., 
old, dominant birds with extensive social and environ-
mental knowledge; Sih et  al. 2009) or by changes in the 
distribution of behavioral phenotypes (e.g., “personality” 
types differing in exploration and risk-taking tendencies; 
Réale et  al. 2007, Spiegel et  al. 2017). Selective mortality 
among older birds and/or more explorative individuals 
may create perturbations in social foraging by affecting 
producer–scrounger relationships (i.e. “producers” search 
for food themselves or rely on previously acquired infor-
mation, while “scroungers” follow others to collect food 
resources; Vickery et al. 1991) and/or social learning pro-
cesses, resulting in the loss of knowledge about food lo-
cations and/or novel food resources (Brakes et  al. 2019). 
As many vulture species also importantly rely on inter-
specific information to locate carcasses, any changes in 
the abundance of species with a “finding/producing” role 
(small-bodied vultures and facultative avian and mamma-
lian scavengers), could have reverberating effects on car-
cass detection rates.

Changes in Food Exploitation Patterns
Apart from disruptions in social foraging dynamics, recent 
sanitary legislation aimed at removing livestock (Donázar 
et  al. 2009a) and big game carcasses (Margalida and 
Moleón 2016) are forcing vultures to increasingly rely on 
predictable and clumped food resources of anthropogenic 
origin, such as landfills and supplementary feeding stations 
(Donázar et  al. 2009b, Margalida et  al. 2010, Plaza and 
Lambertucci 2017, Henriques et al. 2018). Such locations 
exert a variety of species-specific pressures, depending 
on species’ traits (e.g., the degree of social foraging, com-
petitive skills) and patterns of abundance, distribution, 
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and predictability and nature of food resources. Although 
anthropogenic feeding locations have been part of the 
foraging environment for Gyps spp. for centuries (Moleón 
et al. 2014b; see also Roller MaMing et al. 2016 for the an-
cient practice of “sky burials”), an increased dependency 
on feeding stations may create a more disadvantageous 
foraging scenario for smaller, competitively inferior spe-
cies. In particular, the high predictability of food supply 
at fixed feeding points diminishes the important role of 
arrival time characteristic for intra-guild feeding pro-
cesses at unpredictable large carcasses (e.g., “finder’s ad-
vantage” for small species/solitary foragers [Kendall et al. 
2013]; see also Cortés-Avizanda et al. 2016 for an exten-
sive discussion of this topic). Alternatively, reductions in 
population densities of “key-stone” hide-tearers (eagles, 
large-bodied vultures), may have reverberating effects on 
carrion consumption patterns by smaller bodied species, 
for instance, by forcing them to feed on carcasses at a later 
stage of decomposition, and possibly, lower carrion quality 
(Parmenter and MacMahon 2009). Lastly, artificially large 
aggregations occurring repeatedly at the same feeding 
sites, sometimes reaching up to thousands of individuals in 
Griffon Vultures in Spain (Acha et al. 1998; J.A. Donázar, 
M. de la Riva personal observation), may increase parasite 
and disease transmission, both intra- and interspecifically, 
as well as exposure to pharmaceuticals (Margalida et  al. 
2014, Pitarch et al. 2017, Blanco 2018).

The social impact and/or adaptive strategies associ-
ated with the exploitation of landfills, or human waste 
in general, tend to be less clear and highly species- and 
context-specific. Some evidence suggest landfills are used 
mainly by inexperienced birds or subdominant individuals 
in Andean Condors (Pavez et al. 2019), which differs from 
the use of feeding stations by dominant birds in Canarian 
Egyptian Vultures (van Overveld et al. 2018). While feeding 
at rubbish may increase the risk of infections and poisoning 
(Plaza and Lambertucci 2018, Plaza et al. 2019), and pro-
mote the consumption of junk (Houston et al. 2007), some 
species such as Black Vultures seem to benefit from the in-
creased presence of anthropogenic resources (de Araujo 
et al. 2018, Plaza and Lambertucci 2018). Hooded Vultures 
are human commensals in several parts of western Africa, 
where they forage and breed in loose groups near towns 
and cities, whereas in southern Africa the species displays 
a more solitary way of living and inhabits dense forests 
(Anderson 1999, Thompson et al. 2020). Egyptian Vultures 
living on the island of Socotra also still provide a key regu-
lating service by disposing of organic waste produced in 
towns (Porter and Suleiman 2012, Gangoso et  al. 2013). 
However, strong population declines in other parts of its 
range have been accompanied by a highly secretive lifestyle.

Changes in the composition of facultative scavenger 
communities and the ratio of facultative to obligate 

scavengers can also impact vulture foraging and competi-
tive social interactions (Moleón et al. 2014a). Strong popu-
lation declines of apex predators globally (Stier et al. 2016) 
may have important cascading effects on food supply and 
carcass signaling to vultures (Moleón et  al. 2014a), with 
potential strong impacts on grouping behaviors and in-
dividual (e.g., experience-dependent) foraging success 
that need scientific attention. Reductions in group size in 
crowd-foraging Gyps spp. may lower their ability to com-
pete with mammalian scavengers such as spotted hyenas 
(Crocuta crocuta) and feral dogs (Canis familiaris) (Butler 
and du Toit 2002).

Perturbations of Social Structures
Changes in the predictability of food resources may lead 
to an overall intensification of inter- and intraspecific 
social competition, affecting overall ranking dynamics 
within populations. However, such effects should be par-
ticularly pronounced in territorial species displaying a 
strong hierarchical way of living. If resources differing in 
predictability also differ in quality (i.e. low-quality gar-
bage dumps vs. high-quality carcasses at feeding station 
or farms; see above), large interindividual differences in 
competitive abilities or changes in the strength of so-
cial interactions may give rise to asymmetric patterns 
of individual, age- and/or sex-specific mortality within 
populations (Hernández and Margalida 2009, Sanz-
Aguilar et  al. 2017). Furthermore, changes in competi-
tive regimes, combined with the frequent disappearance 
of individuals (through human persecution) may create 
unstable dominance structures, possibly leading to ele-
vated stress levels linked to rearrangements of hierarch-
ical relationships (see Sapolsky 2005 for an example on 
social primates).

Changes in resource distribution through the presence 
of supplementary feeding stations and landfills may influ-
ence the quality of territories in the vicinity of these patches 
(Liberatori and Penteriani 2001, Tauler-Ametller et  al. 
2017), and lead to status-dependent settlement patterns 
(van Overveld et al. 2018). Since predictable food resources 
may be more valuable to the dominant sex, this may lead 
to complex situations in which females perceive the value 
of territories differently compared to males, with conse-
quences for mating dynamics. However, although breeding 
close to predictable feeding patches may confer important 
advantages regarding a reduction in food-searching costs 
during chick-rearing (e.g., Liberatori and Penteriani 2001), 
it has been shown to have a negative effect on the repro-
ductive output of Bearded Vultures, possibly because terri-
tory owners may suffer from increased conflicts with birds 
visiting feeding sites (Carrete et  al. 2006b). Predictable 
feeding patches may potentially also lead to changes in local 
population structures by influencing dispersal tendencies, 
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as has often been suggested to be the case for the strong 
philopatric behavior of Bearded Vultures in the Spanish 
Pyrenees (but see Margalida et al. 2016, 2017a).

Lastly, limited attention has been given to the integra-
tion of captive-bred individuals within local population so-
cial structures. Captive-reared young are highly sensitive 
to human behavioral imprint (Schlee 1995, Meretsky et al. 
2000), which may lead to undesired human-orientated be-
haviors (see Walter et  al. 2010 for examples in the early 
stages of the California Condor reintroduction project). 
Feeding stations may act as important release sites for 
captive-reared young where the presence of many other 
wild birds may promote the development of social skills 
(Wallace and Temple 1987b, Walters et al. 2010). However, 
little is known about the social position of reintroduced 
young (or adults) in wild groupings (Utt et  al. 2008) and 
how social factors shape explorative movements following 
introduction.

Mating Problems
Despite the scarcity of information on vulture mating 
behavior in the wild, the complex pairing behavior 
of vultures is a well-known issue in captive breeding 
programs, which typically experience low-matching 
rates in forced pairing settings (Antor et  al. 2007). Low 
pair-matching rates have required that some breeding 
programs, such as that of the Cinereous Vulture, de-
velop specific “dating aviaries” where individuals can 
choose their own mate in the hope of improving pairing 
success (Vulture Conservation Foundation; https://
www.4vultures.org/2019/02/14/dating-the-cinereous- 
vulture-way-helping-captive-birds-find-love/). Mating 
problems also seem to play an important role during re-
introduction projects, which typically require the release 
of a high number of individuals to create self-sustaining 
breeding populations, despite the presence of many ma-
ture nonbreeders (Schaub et al. 2009). In the wild, demo-
graphic imbalance due to human-related mortality could 
reduce the probabilities of finding optimal mates, espe-
cially in territorial vulture species.

DIRECTIONS FOR THE FUTURE

As we have outlined in this review, current anthropogenic 
influences on the social dynamics of vulture populations 
can be substantial and affect a wide range of processes that 
affect population dynamics. Despite the marked diver-
sity in vulture social behaviors, variation in vulture social 
system diversity has been rarely integrated into vulture 
conservation practice. Below we highlight fundamental 
scientific knowledge gaps and future research questions 
that should be addressed for evidence-based conservation 
of vultures and their eco-sociological integrity.

Disruptions of Social Breeding and Foraging
Understanding the social consequences of low popula-
tion sizes is of particular relevance for understanding the 
foraging dynamics of many Gyps spp. living in Asia and 
Africa, with 5 out of 8 species being critically endangered 
and some populations being almost completely wiped out, 
mainly due to intentional (Ogada et al. 2016b) and unin-
tentional poisoning (Green et  al. 2004). Unfortunately, 
little is known about how disruptions in social breeding 
and foraging have further contributed to their declines, or 
may slow down population recovery. In particular, a lack of 
understanding exists about the extent to which reductions 
in colony sizes have affected specific advantages associated 
with colonial breeding (e.g., information transfer, reduced 
predation and mate-finding; Evans et al. 2016, Angulo et al. 
2018), and its potential negative consequences on repro-
ductive output (but see Pfeiffer et al. 2016). Furthermore, 
sparse published information is available on fine-scale dif-
ferences in feeding habits, social structures, and behav-
ioral differences among different species of this genus. It 
remains therefore largely unknown whether population 
declines are more pronounced in cohesive or loose colo-
nial breeders and the extent to which this may be linked 
to differences in social information-use strategies, foraging 
preferences, and competitive skills. Such information 
would also be of particular relevance for an effective im-
plementation of supplementary feeding programs in these 
regions (Hille et al. 2016). Close monitoring of the recovery 
of these species may provide valuable opportunities for 
improvement of knowledge on recolonization processes 
by colonial species (Mateo-Tomás and Olea 2011), as well 
as links between population size and population resili-
ence and stability. Research on social foraging skills should 
also integrate the role of facultative scavengers that may 
naturally provide carrion or information about carrion 
to vultures and with which vultures interact at carcasses 
(Moleón et al. 2014a).

Vulture Supplementary Feeding Programs
While feeding stations are used as an almost universal tool 
to support local vulture populations (Europe: Donázar 
et al. 2009; Asia: Gilbert et al. 2007; Africa: Mundy et al. 
1992, Piper et al. 2005; and, to a lesser extent, the Americas: 
Wallace and Temple 1987b, Walters et al. 2010), the guide-
lines for the management of feeding sites seem still largely 
based on ecological rather than social criteria (e.g., car-
rion availability, physiographic features, intra-guild pro-
cesses; Cortés-Avizanda et  al. 2010, 2016, Moreno-Opo 
et  al. 2015a). However, although a careful consideration 
of the number of feeding sites, their location, and predict-
ability of food supplies may help to mimic the natural dy-
namics of food supply, it seems unavoidable that such sites 
will mainly benefit colonial Gyps spp. Those species are 
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accustomed to feed on large, indefensible carrion quan-
tities, and (semi-) predictable resources associated with 
human farming activities have been part of their resource 
environment for centuries. Moreover, even if smaller, less 
competitive species may benefit from the leftovers pro-
vided by larger species, it is questionable whether this 
would compensate for reductions in small and medium-
sized natural carrion types, of which their diet is essentially 
composed. Furthermore, little is known about the relative 
use of natural food vs. surplus food (Margalida et al. 2011, 
Margalida and Colomer 2012, Moreno-Opo et al. 2015b). 
Although surplus food, or other types of waste and car-
rion produced or provided by humans usually attract large 
numbers of vultures (and other facultative scavengers; 
Oro et al. 2013, Plaza and Lambertucci 2017), it is unclear 
whether this should be interpreted as surplus food being 
important to vultures. Rather, vultures just could be taking 
advantage of the easy availability and/or gathering at these 
sites for social purposes.

Assessments of the effectiveness of feeding stations 
should not be based on interspecific competitive skills 
alone, but also include detailed information about a spe-
cies socio-ecology (carcass size preferences, breeding 
habits, hierarchical structures, social organization). In 
particular, more information is needed about the nat-
ural (solitary) food-searching habits of territorial/soli-
tary breeding species (e.g., Walters et al. 2010, Bakker 
et  al. 2017). Their reliance on small/medium carrion 
items, and the presence of strong hierarchical social 
structures, may in part explain why surplus food may 
only have a limited demographic impact, especially 
taking into consideration historic population sizes 
(Oro et  al. 2008, Margalida 2010, Lieury et  al. 2015, 
Oppel et  al. 2016). By contrast, feeding stations seem 
to have a more clear positive influence on popula-
tion demography in colonial species (Piper et al. 1999, 
Kane et  al. 2015, Schabo et  al. 2017) and serve as an 
important support tool during reintroduction projects 
(Terrasse et al. 2004). However, Gyps spp. are particu-
larly prone to overcrowding effects, requiring a net-
work of small and large feeding stations to minimize 
the formation of artificial large groupings (Duriez et al. 
2012). Moreover, the supply of carcasses from intensive 
farming may expose them to livestock pathogens and 
the pharmaceuticals used to combat them (Blanco et al. 
2016, 2017, Casas-Díaz et al. 2016), as well as synthetic 
hormones and other drugs applied to livestock that can 
interfere with the endocrine system of vultures. These 
pathogens and chemicals represent novel threats al-
tering normal physiology and behavior of wildlife (Zala 
and Penn 2004), with potential but unknown impacts 
on sexual physiology, behavior, and social dynamics of 
vultures.

The Importance of Natural Carrion
Research to date often still focuses on the use of large 
carcasses (“pulsed” food sources), while few studies have 
examined baseline carrion biomass availability and pre-
dictability of small- and medium-sized vertebrate and in-
vertebrate carcasses (DeVault et  al. 2003). Consequently, 
the role of natural carrion diversity in shaping species’ 
foraging patterns and/or reproductive success remains 
poorly evaluated (but see Carrete and Donázar 2005, 
Margalida et  al. 2012, Donázar et  al. 2020). The use of 
vegetation greenness (i.e. normalized difference vegetation 
index) as a proxy for carrion availability may provide valu-
able insights into the species specificity of natural carrion 
use patterns by solitary and social foraging vultures species 
(Santangeli et al. 2018, Donázar et al. 2020). In particular, 
increased attention should be given to the potential im-
pact of high livestock numbers and associated overgrazing 
effects on primary consumer abundance (rabbits and ro-
dents), which may represent an underestimated negative 
influence on carcass availability to solitary foraging vulture 
species (Donázar et al. 2020).

Overall, an important, but challenging, goal is to better 
quantify baseline carrion availability (Barton et  al. 2019, 
Moleón et al. 2020), including both livestock and wildlife 
carrion. Currently, no up-to-date general overview exists 
of species-specific (or population-specific) foraging and 
behavioral adaptations and dietary breadth in relation to 
local and broad-scale changes in carrion resource land-
scapes (but see Lambertucci et  al. 2009, Donázar et  al. 
2010). However, given the existence of large differences 
in carrion preferences among vulture species, to sustain 
healthy scavenger populations and communities, the main 
focus of conservation efforts should still be on the protec-
tion of foraging and breeding habitat, and restoration of 
carrion resource diversity, rather than the provisioning 
of additional food supply (Cortés-Avizanda et  al. 2016, 
Sebastián-González et al. 2019).

Mating Behaviors and Settlement Decisions
On one hand, little attention has been given to mate choice 
criteria and the behavioral processes leading to pair forma-
tion in vultures, despite its importance in captive breeding 
and reintroduction programs. In general, given seemingly 
complex pairing processes and high mate selectivity, es-
pecially in territorial vultures, any changes to the size and 
composition of the mating pool should be avoided, given 
its potential disrupting impact on pairing, settlement, and 
reproductive behaviors. On the other hand, however, the 
gregarious habits of vultures, combined with their capaci-
ties to travel and disperse over large distances (Alarcón 
and Lambertucci 2018), may act as important mechanisms 
to locate mates, buffering against mate-finding Allee ef-
fects. Lack of knowledge about mate-finding strategies and 
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reproductive decision-making, especially at the individual 
level, and the potential role of social groupings and roosts 
in shaping pairing dynamics, currently hampers a clear 
understanding of local settlement processes and dispersal 
tendencies. Despite the increasing use of global posi-
tioning system transponders, the social factors (roosting, 
mate-finding) shaping vulture movements are rarely taken 
into consideration (but see Spiegel et al. 2015, Byrne et al. 
2018, Holland et al. 2019, van Overveld et al. 2020).

Furthermore, information is virtually absent about vul-
ture reproductive strategies, especially their willingness to 
delay reproduction to be able to compete for preferred ter-
ritories (Sanz-Aguilar et al. 2017) and how such decisions 
relate to the quality and distribution of existent territories 
and affect population expansion processes (Jenny et  al. 
2017). In addition, while clutch and chick removal from 
nests for translocation purposes is sometimes used as an 
alternative, cheaper option to breeding programs (Ferrer 
et al. 2018), the long-term impact of such removal activ-
ities on local population dynamics and viability are poorly 
known and typically difficult to predict (Margalida et  al. 
2015, Margalida et al. 2017b, Colomer et al. 2020). Overall, 
more detailed knowledge about vulture mating behavior 
and strategic reproductive decision-making is crucial for 
a better understanding of the mechanisms and time ne-
cessary for population recovery; importantly, such know-
ledge may improve the cost-efficiency of reintroduction 
programs.

Gathering Behavior and Social Structures
We recommend researchers and conservationists to carry 
out more studies investigating the nature and patterning 
of social interaction at social gatherings. Overall, current 
observations suggest that social gatherings in vultures, 
whether associated with food resources or not, may play 
an important, but scarcely investigated, social role with 
potentially key implications for the social structuring and 
dynamics of vulture populations. The social functions of 
nocturnal roosts and diurnal gatherings should be studied 
as an integral part of vulture social systems, focusing on 
their role in the maintenance of population-level social co-
hesion, the development of social hierarchy structures and 
other social relationships, and mating dynamics. In turn, 
such information would greatly help to better understand 
how reductions in vulture numbers may affect the social 
functioning of roosts/social gatherings, and thereby influ-
ence local population dynamics.

Despite the widespread use of feeding stations, studies 
describing social interactions at these sites are remark-
ably scarce. Although we have addressed a wide range of 
negative effects associated with supplementary feeding 
practices, in some specific situations feeding sites may 
potentially also fulfill an important social role, especially 

when taking into consideration the absence of naturally 
occurring food bonanzas nowadays. Overall, more care-
fully planned supplementary feeding experiments are 
needed, combined with extensive behavioral observations, 
to assess their influence (positive or negative) on the social 
structuring of populations, but also to examine potential 
positive effects on mate-finding and recolonization pro-
cesses (Walters et al. 2010).

Concluding Remarks
With this review, we hope to stimulate more field-based 
research into the causes and consequences of vulture so-
ciality, which is still a relatively neglected area of research; 
we know little about general aspects of the social biology of 
most vulture species. Apart from a more complete under-
standing of vulture social ecology and breeding system 
evolution, such information may help to better inform the 
specific conservation needs of different vulture species, 
including those critically endangered. Improved know-
ledge about the social life of vultures may be a critical step 
in order to harmonize anthropogenic activities with con-
servation programs.
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