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�Facultative Versus Obligate Scavengers

In 1877, Sanborn Tenney, a professor of natural history at Williams College in 
Massachusetts, USA, wrote about scavengers as those animals using or removing 
what others have ignored or discarded (Tenney 1877). Scavenging is likely to have 
been common since the very first origins of vertebrates. Many theropod dinosaurs, 
which dominated terrestrial ecosystems for more than 160 million years, likely 
gained an important part of their energetic requirements by feeding on carrion 
(Kane et al. 2016). In the Pleistocene, when mammalian megafauna was abundant 
(Martin 1989; Ruxton and Houston 2003), scavenging was common among carni-
vores, and even among early hominins, which were better scavengers than hunters 
(Blumenschine and Cavallo 1992; Moleón et al. 2014a).

Later on, with large carcasses becoming scarcer (Barnosky et al. 2004), the tem-
poral patchiness of carrion availability might have inhibited evolution towards strict 
specialisation for scavenging in most vertebrates. As a result, obligate scavengers, 
i.e. species that rely entirely or near entirely on carrion as food resource, are rare. In 
the recent past, no reptiles or mammals have evolved into obligate scavengers 
(DeVault et al. 2003). Some benthic scavengers (e.g. hagfish: family Myxinidae) 
rely widely on carrion and may be considered obligate scavengers (Smith and Baco 
2003; Beasley et al. 2015). However, among terrestrial vertebrates, only vultures 
(families Accipitridae and Cathartidae) have evolved into obligate scavengers 
(DeVault et al. 2003; Beasley et al. 2015; Moleón et al. 2014b).

Even so, facultative scavenging is fairly common and scavenging activity 
appears to be pervasive across the animal kingdom (DeVault et al. 2003; Wilson 
and Wolkovich 2011; Beasley et al. 2015; Mateo-Tomás et al. 2015). Facultative 
scavengers are animals that scavenge at variable rates but that can subsist on 
other food resources in the absence of carrion. All mammalian predators (e.g., 
raccoons Procyon lotor, wolves Canis lupus, bears -family Ursidae-, foxes 
Vulpes spp., hyenas Hyaena spp., lions Panthera leo), birds of prey (e.g., kites, 
eagles, buzzards-family Accipitridae) and corvids (e.g., ravens, crows-family 
Corvidae) are facultative scavengers (DeVault et al. 2003; Selva 2004; Wilson 
and Wolkovich 2011; Moleón et al. 2014b; Pereira et al. 2014). Some species, 
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typically regarded as strict predators, also scavenge frequently, like the northern 
goshawk (Accipiter gentilis), the weasel (Mustela nivalis, Selva 2004) and the 
European otter (Lutra lutra, O’Sullivan et al. 1992). Some omnivores which are 
not strict predators (e.g. wild boar Sus scrofa) also consume carrion frequently 
(Selva et al. 2005). Woodpeckers and tits feed on carcasses during winter, and 
other passerines exploit resources provided by carcasses, like maggots or hairs 
to build nests (Moreno-Opo and Margalida 2013). An amazing spectrum of ani-
mals will consume carrion if the opportunity arises, including the hippopotamus 
(Hippopotamus amphibius), white-tailed deer (Odocoileus virginianus), and 
many snake species (DeVault and Krochmal 2002; Beasley et al. 2015). Carrion 
is by far the most important food for some reptiles (e.g. the lace monitor, 
Varanus varius, Guarino 2001).

�Morphological, Physiological and Behavioral Adaptations 
to Scavenging

�Terrestrial Scavengers

The adaptations shown by vultures includes morphological characters facilitating 
the dismembering of and access to the interior of large corpses, like long necks, 
strong beaks and scarce feather coverage on head and neck to prevent fouling 
(Kruuk 1967; Houston 1975, 1979). Vultures have excellent visual abilities, and 
some species like vultures from the genus Cathartes also possess a well-developed 
sense of smell to locate carrion (Houston 1986; Ruxton and Houston 2004). Their 
large body size allows vultures to cope with periods of food scarcity. In addition, 
vultures reduce the potential lethal effects of toxins and pathogens due to a number 
of physiological and immunological adaptations, including an acid digestive pH 
(Houston and Cooper 1975). Vultures have also developed foraging strategies to 
exploit randomly distributed resources, i.e. to explore large areas by gliding, and the 
transmission, active or passive, of information (Houston 1974; Buckley 1996; 
Ruxton and Houston 2004; Jackson et al. 2008). These adaptations make vultures 
very efficient scavengers compared to mammalian carnivores, which show a more 
limited mobility due to territoriality and the higher energetic costs of walking 
(Houston 1979; Ruxton and Houston 2004; Moleón et al. 2014b). Similar adapta-
tions are shown by avian facultative scavengers. Corvids, and common ravens 
Corvus corax, in particular, actively recruit each other to carcasses, and share infor-
mation about carrion location at their communal roosts (Heinrich 1988; Marzluff 
and Heinrich 1991; Heinrich et al. 1993; Marzluff et al. 1996; Wilmers et al. 2003a; 
Wright et al. 2003).

A scavenging lifestyle often involves watching and following others, both at the 
intra- and inter-specific levels. The transfer of social information within the scav-
enging guild is quite fluid (Moleón et  al. 2014b). Avian scavengers may follow 
mammalian predators to feed on their kills. Vultures have been observed circling 
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over large carnivores before hunting and being attracted to sounds of hyaenas 
(Attwell 1963; Kruuk 1967, 1972). Ravens associate with wolves (Stahler et  al. 
2002), polar bears Ursus maritimus (Gilchrist and Robertson 2000), and Siberian 
tigers Panthera tigris altaica (Matyushkin 1974) to feed on their kills. Ravens also 
react to gunshots and have learned to exploit gut piles left by hunters (White 2005). 
Mesopredators also follow large predators to feed on their kills, e.g. red Vulpes 
vulpes and arctic foxes Vulpes lagopus are reported to follow wolves and polar 
bears, respectively (Stirling and Archibald 1977; Jędrzejewska and Jędrzejewski 
1998). Large scavenging birds, and particularly vultures and eagles, observe the 
activities of smaller birds, like crows or magpies, which are usually first to discover 
carcasses (König 1974; Prior and Weatherhead 1991; Vogeley 1999). Flocks of cor-
vids are an unequivocal sign of carrion presence and often attract eagles and other 
raptors (Knight and Knight 1983; Selva 2004). Raptors often act as producers of 
information, while vultures are information scroungers (Kane et al. 2014). Griffon 
vultures Gyps fulvus use socially acquired information and they follow vultures that 
sink vertically to land to increase carcass location success (Cortés-Avizanda et al. 
2014). Mammals also respond to aggregations of scavenging birds; hyenas and 
jackals react to alighting vultures by running towards the place where they have 
come down (Kruuk 1967).

Mammalian scavengers, Cathartes vultures and reptiles use the sense of smell 
to locate carcasses. In the case of small carrion items, chemical cues are the domi-
nant stimuli used by scavengers to locate them (DeVault and Rhodes 2002). In 
snakes, olfaction also seems to be the principal sensory modality to detect carrion 
(DeVault and Krochmal 2002). They often consume carcasses of small animals 
like rodents, birds, fish, frogs and other snakes, which are inaccessible to avian 
and large mammalian scavenging competitors. Many snake species are attracted 
to decomposing odors and carrion (DeVault and Krochmal 2002). Scavenging is 
also widespread among crocodiles. They detect carrion, even concealed carcasses 
and/or at large distances, by chemical cues in the water and air, and promote olfac-
tion by gular pumping (Weldon et  al. 1990; Weldon and Ferguson 1993). Like 
vultures, crocodiles also possess a low stomach pH that inhibits bacteria from 
putrefying meat (Diefenbach 1975, in Platt et al. 2007) and can survive long peri-
ods without food.

Many major scavengers are social species. Vultures and corvids aggregate in 
flocks at carcasses and are commensal with other species. Some reptiles, like the 
Komodo dragon Varanus komodoensis, often feed communally at large carcasses 
(Bull et  al. 2010). Within avian scavenger guilds, interspecific competition has 
been reduced by divergent eco-morphological characters and dominance hierar-
chies that lead to an ordered resource partitioning (Kruuk 1967; Wallace and 
Temple 1987; Houston 1988; Hertel 1994). The costs of adaptation to obligate 
scavenging are high, as evidenced by the small portion of terrestrial vertebrates 
relying exclusively on carrion (DeVault et al. 2003). Probably the most critical 
adaptations are related to detection (including the costs of locomotion) and detox-
ification of carrion (Shivik 2006). However, scavenging seems highly beneficial 
as an occasional energy acquisition strategy, given the fact that a large number of 
terrestrial vertebrates are facultative scavengers (DeVault et al. 2003; Wilson and 
Wolkovich 2011).
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Fig. 1  Examples of scavengers in different ecosystems (from top to bottom): polar bears congre-
gate at a whale carcass in the Arctic (photo by Alexander Gruzdev); wolves are often followed by 
raven flocks to feed on their kills (photo by Dan Hartman); the scavenger community of the African 
savanna is one of the richest (photo by Sarah C. Jones); condors and other vulture species rely 
often on livestock carcasses in Patagonian steppes (photo by Manuel de la Riva)
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�Aquatic Scavengers

There are numerous fish species which scavenge. Across a depth range of 800–
5000 m, around 22% of the fish assemblage is thought to be scavengers and this 
proportion is relatively consistent across this range (Yeh and Drazen 2011). 
Scavenging requires a different set of sensory and swimming performance charac-
teristics than are required for herbivorous and predatory fish. Food resources are 
less predictable, requiring some degree of endurance to allow fish to reach their next 
meal, but can be large (e.g. whale carcasses) when obtained (see chapter “Carrion 
Availability in Space and Time”). Carrion does not attempt to escape and so there is 
no requirement for burst swimming performance, though animals may need to com-
pete for, or defend, carrion. Unlike on land, carrion may move with the current, but 
in general scavengers must detect this resource without the aid of prey movement as 
a signal. The characteristics of marine carrion shape the physiology, behavior and 
morphology of swimming scavengers. Scavenging fish have been studied in the 
deep sea for decades, in spite of the difficulty of working in this environment. 
Observations of scavenging fish in the abyss by Isaacs and Schwartzlose (1975) 
changed forever the scientific view of the deep ocean by showing that “active ani-
mals” were present even in this environment with few food resources.

There is strong evidence that carrion is usually detected from the odor plume 
emitted from the carrion. Observations at bait show fish arriving from downstream 
of the bait (Wilson and Smith 1984), indicating that the fish had either followed a 
trail of chemicals released from the carrion (chemotaxis) or swum generally up-
current (rheotaxis) after detecting that carrion was in their vicinity. Because most 
studies of scavengers are conducted by still or video photography of bait, scientists 
seldom have information on how the scavengers behaved prior to arrival. Løkkeborg 
(1998) tracked cod Gadus morhua in fjords and observed fish turning towards bait 
and swimming to it. These results indicated that fish were active prior to bait detec-
tion at ranges of up to 700 m. Deep sea researchers also fed transponders to fish 
inside small bait packages at a photographic lander (a free-falling autonomous vehi-
cle) to track them for periods of 3–9 h, at ranges of up to 500 m from the camera 
lander (Bagley et al. 1994, 2004). Photography at the lander allowed the species and 
size of the scavenger to be determined, while a current meter measured the direction 
and speed of currents. Evidence from the tracks of the fish suggested that abyssal 
grenadiers (Coryphaenoides spp.) swum perpendicular to the current direction. This 
behavior would maximize their chance of crossing an odor plume being emitted by 
a carrion item on the seafloor (Bagley et al. 2004).

Bailey and Priede (2002) used a simple mathematical model to predict the arrival 
time patterns of fish using different search strategies. These were “cross-current” 
scavenging, where fish swam across the current until detecting a plume and then 
turned upstream to swim to the bait; “sit and wait”, where the scavenger remained 
stationary unless an odor plume was detected; and “drifting”, where scavengers 
went with the current until coming close enough to the carrion to hear scavengers 
feeding or detect other evidence of activity (e.g. stimulated bioluminescence). 
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Using a range of assumptions, the arrival patterns predicted that the “cross current” 
model was the best fit to real data for abyssal fish.

All models assumed that once in the vicinity of the bait the fish would localize it 
using sound, hydrodynamic disturbance or bioluminescence, but at that time the 
process had not been studied. Using video at bait showed deep sea fish “pole-
dancing” around the lander, repeatedly circling the legs of the vehicle and other 
structures in the field of view. A combination of video analysis and anatomical 
investigation showed that the fish were using a chin barbell to taste their way around 
the vicinity of the bait. It appears that for these fish the odor plume got them close 
to the bait, after which the signal was not clear enough for them to locate it directly. 
Tasting the seabed until the carrion was obtained seemed to be the solution (Bailey 
et al. 2007).

In general, we know little about how fish respond to carrion, which is surprising 
as the scavenging behavior by fish is the basis of the long-line fishing and fish trap-
ping industries (Stoner 2004). Whereas deep sea fish are often surprisingly tolerant 
of competitors around carrion, given how sparse these resources might be, this is 
definitely not the case for other taxa (Stoner 2004). Wolffish Anarhichas denticula-
tus have been observed aggressively defending bait (Godø et al. 1997) and prevent-
ing cod and haddock Melanogrammus aeglefinus from obtaining it. Aggression 
between shallow-water fish clearly reduces the numbers of fish able to feed on car-
rion (Dunlop et al. 2015) by scaring smaller individuals away from this food source. 
The extent of aggression around carrion was density dependent, with fish being 
more likely to interact aggressively at high densities. Carrion-defending and aggres-
sive behaviors probably affect the importance of scavenging across fish assem-
blages, with some taxa and size ranges dominating the resource. Density-dependent 
aggression of the type observed by Dunlop et al. (2015) will tend to reduce the dif-
ference in catches between areas (and times) of high and low population density. As 
a result, the effects of spatial management, or trends with time, could be hidden by 
differences in fish behavior. This is a very practical example of how an understand-
ing of scavenger ecology is essential to management.

�Scavengers Across the World

�Tundra and Polar Regions

The tundra is a relatively simple ecosystem inhabited by many endemic species 
adapted to low productivity and cold temperatures, like the Arctic fox and the 
polar bear. Tundra food webs are marked by complex temporal fluctuations; the 
best known example is the cycles of voles and lemmings (Killengreen et al. 2011 
and references therein). In high latitudes, carrion is a key food resource used to 
survive periods of food scarcity and overcome harsh environmental conditions. 
Carrion resources, mostly of marine origin, are associated with seabird and seal 
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colonies, carcasses of marine mammals washed ashore and other marine subsi-
dies, like dead fish (Fig. 1).

Giant petrels Macronectes halli and M. giganteus are the principal scavenging 
seabirds in the Antarctic ecosystems, and feed mainly on penguin and seal carrion. 
Seal carrion is highly important for giant petrels during the breeding season, par-
ticularly for males. These species also scavenge on floating carcasses during pelagic 
trips (Hunter 1985; González-Solís et al. 2002). Giant petrels are also frequent scav-
engers at penguin colonies, together with kelp gulls Larus dominicanus, lesser 
sheathbills Chionis minor and sub-Antarctic skuas Catharacta lonnbergi (Hunter 
1991). The populations of some seal species in the Antarctic have expanded, pro-
moting an increase in carrion and placenta availability, which has benefited scaven-
gers like the skuas (Phillips et al. 2004).

In the northern polar regions, carrion may come additionally from carcasses of 
large herbivores, like the reindeer Rangifer tarandus or muskox Ovibos moscha-
tus, and from polar bear kills. Polar bears kill mostly ringed seals Phoca hispida 
and bearded seals Erignathus barbatus, and leave behind a substantial portion of 
the carcasses, which are scavenged afterwards by Arctic foxes and eventually also 
by other polar bears (Stirling and Archibald 1977). Polar bears can also kill bigger 
prey, like beluga whales Delphinapterus leucas, even in high numbers when they 
are entrapped in ice. Lowry et al. (1987) documented the killing of more than 40 
belugas in an ice entrapment and observed 15 polar bears feeding on them. Twelve 
days later, carrion was distributed widely and at least 30 polar bears were recorded 
feeding. Such bear aggregations have been recorded scavenging on large whale 
carcasses (Bentzen et al. 2007; Fig. 1). Ivory gulls Pagophila eburnea and glau-
cous gulls Larus hyperboreus are important avian scavengers in Svalbard (Gjertz 
and Lydersen 1986). In the Canadian Arctic, ravens, gulls, arctic foxes, and even 
wolves have been also recorded scavenging on polar bear kills (Stirling and 
Archibald 1977).

The Arctic fox is the mammalian scavenger per excellence in the tundra and 
polar habitats. Their use of carrion and marine subsidies is highest during winter 
and lemming population declines (Roth 2002). Carrion storage, and food caching in 
general, is particularly common among Arctic foxes as a response to trophic pulses 
and fluctuating environments (Careau et al. 2007; Samelius et al. 2007). With the 
shrinking ice cover and tundra under global warming, the influx of predator-
scavengers from neighboring ecosystems (e.g. red foxes from boreal forests) is 
increasing competition and eventually could exclude Arctic foxes from carcasses 
(Killengreen et al. 2011, 2012).

�Temperate and Boreal Forests

Temperate and boreal forests are complex ecosystems where scavenging is wide-
spread. Although there are very few obligate scavengers (e.g. turkey vultures 
Cathartes aura), all predators are scavengers to some extent. Most important are 
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avian and mammalian scavengers. For instance, predators such as the goshawk and 
the weasel, or insectivores like shrews and woodpeckers also consume carrion when 
the opportunity arises. More than 30 species of birds and mammals were recorded 
consuming carrion in the forests of Bialowieza, northeastern Poland (Selva 2004). 
Typically, the bulk of the carrion found in these forests are ungulates, mainly pro-
vided by large predators such as wolves, by harsh winters, or by human-caused 
mortality like hunting (Houston 1978; Wilmers et al. 2003a, b; Selva and Fortuna 
2007; Mateo-Tomás et al. 2015). Carrion is a very important food resource for ver-
tebrates in winter and early spring, and support hibernating species like the brown 
bear Ursus arctos (Green et al. 1997). Scavengers, and particularly the brown and 
black bear Ursus americanus, also rely on carrion pulses from spawning salmon 
that arrive every year in some rivers of these forests (Fortin et al. 2007; Levi et al. 
2015, see chapter “Ecological Functions of Vertebrate Scavenging”). Caching food 
(i.e. storing it in locations hidden from the sight of conspecifics and other species) 
is common among the main scavengers like corvids and canids.

The most efficient and frequent scavenger in northern forests is probably the 
common raven (Wilmers et  al. 2003b; Selva et  al. 2005; Wikenros et  al. 2013; 
Fig. 1). Other corvids like jays, magpies, crows and nutcrackers are frequent visitors 
to carcasses (Wilmers et al. 2003b; Selva et al. 2005; Wikenros et al. 2013; Ray 
et al. 2014). Among raptors, the common buzzard Buteo buteo, as well as eagles 
(e.g. white-tailed eagle Haliaeetus albicilla, golden eagle Aquila chrysaetos and 
bald eagle Haliaeetus leucocephalus) rely on carrion during some periods and effi-
ciently exploit hunter-kills, often concentrated in space and time and exposed in 
more open areas within the forest (Wilmers et al. 2003a; Selva et al. 2005; Mateo-
Tomás et al. 2015; Fig. 1).

Mammalian scavengers in temperate and boreal forests are also well represented. 
As in other biomes, canids such as red foxes, coyotes Canis latrans, raccoon dogs 
Nyctereutes procyonoides, and wolves are among the most frequent scavengers 
(Selva et al. 2005; Wikenros et al. 2013). Wolves not only subsidize other scaven-
gers with carrion, but also facilitate scavenging of large ungulate carcasses by open-
ing them (Selva et  al. 2003). Some mustelids, like martens Martes spp. and 
wolverines Gulo gulo, are quite dependent on carrion, particularly in years when 
alternative sources of prey (e.g. rodents or hares) are scarce (Jędrzejewski et  al. 
1993; Koskela et al. 2013). Felids are not frequent users of carrion, and often suffer 
kleptoparasitism by larger species like the brown bear, the wild boar, and the wol-
verine, with a limited or significant effect on lynx predation rates depending on the 
area (Selva 2004; Mattisson et al. 2011; Krofel et al. 2012).

�Mediterranean Regions

Scavengers in these regions have been traditionally associated with cattle farming. 
Carrion has been mostly supplied through livestock carcasses, hunting of wild 
ungulates, and more recently, artificial feeding stations or vulture restaurants and 
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dumps (Oro et al. 2013). The scavenger species at these carrion supplies are the 
same, but the number of individuals of these species, as well as their time of detec-
tion and consumption is very different (Cortés-Avizanda et al. 2010, 2012, 2014, 
Moreno-Opo et al. 2015a, b, 2016). Within the Mediterranean region, Spain is home 
to >90% of the obligate European scavengers (Eurasian griffon vulture Gyps fulvus, 
Egyptian vulture Neophron percnopterus, bearded vulture Gypaetus barbatus and 
cinereous vulture Aegypius monachus, Fig. 1) and of a rich community of faculta-
tive scavengers which includes some threatened species like the Spanish imperial 
eagle Aquila adalberti, the red kite Milvus milvus, and the Iberian lynx Lynx pardi-
nus. The guild of obligate avian scavengers in other Mediterranean countries, like 
Italy, France, Portugal or Greece, constitutes less than 10% of the vulture popula-
tion in the European Union (Deinet et al. 2013; Margalida et al. 2014). This has 
promoted several reintroductions to recover the scarce populations of some avian 
scavengers, like the bearded vulture in the Alps (Austria, Italy, France and 
Switzerland) and Massif Central (France), the Eurasian griffon vulture in Italia, 
Israel and France or the cinereous vulture in France (see reviews in Terrasse 2001; 
Margalida and Heredia 2005; Eliotout 2007; Donázar et al. 2009).

Among avian scavengers, Eurasian griffon vultures and common ravens are the 
most habitual species scavenging carrion resources in the Mediterranean (Cortés-
Avizanda et al. 2010; Mateo-Tomás et al. 2015; Moreno-Opo et al. 2015a, 2016). In 
this sense, griffon vultures play important ecosystem services eliminating ca. 10 
thousand tons of meat per year, and, in the case of bearded vultures, 200 tons of 
bones (Margalida and Colomer 2012; Margalida et  al. 2012). Other corvids that 
frequently visit carrion resources are the carrion crow Corvus corone, magpie Pica 
pica and Eurasian jay Garrulus glandarius. Among raptors other than vultures, the 
common buzzard, the red and black kite, the golden and Spanish imperial eagles 
and, more occasionally goshawks, obtain additional food resources from carrion 
subsidies (Sánchez et  al. 2009; Sánchez-Zapata et  al. 2010; Mateo-Tomás et  al. 
2015; Moreno-Opo et al. 2016; Margalida et al. 2017). In particular, non-adult indi-
viduals of golden and Spanish imperial eagles are prone to use scavenging as a 
feeding strategy in winter, coinciding with low levels of their main natural prey and 
the occupancy of low quality habitats (Sánchez et al. 2009; Sánchez-Zapata et al. 
2010; Margalida et al. 2017). With respect to mammalian scavengers in 
Mediterranean areas, the most frequent are the red fox, the stone marten Martes 
foina and the wild boar (Mateo-Tomás et al. 2015).

�Savannas

The earliest studies on scavengers were mostly conducted in the African savanna, 
which encompasses the majority of the savanna regions on the planet. This is not 
surprising because this continent is home of probably the most emblematic scaven-
gers: vultures and hyaenas (Fig.  1). Classic studies by Petrides (1959), Attwell 
(1963), Kruuk (1966, 1967, 1972) and Houston (1974, 1975, 1979) on these species 
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have inspired, and still do, many scavenging ecologists worldwide. The scavenger 
communities of savanna regions of South America, Asia and Australia are poorly 
known, so here we focus on African scavengers. However, the general characteris-
tics of the scavenging fauna are probably pervasive among continents, with the 
exception that there are no obligate scavengers in Australia.

The savanna regions of the African continent support the richest community of 
vultures in the world, including ten resident and one wintering species, eight of 
which are endemic or near-endemic (Del Hoyo 1994). This species array ranges 
from consumers of meat and other soft tissues (e.g. Rüppell’s vulture Gyps rüppel-
lii) to bone eaters (bearded vulture) and even one species that rarely scavenges and 
has evolved to exploit palm-nuts and capture small prey (palm-nut vulture 
Gypohierax angolensis). Foraging habits among African vultures are also variable, 
including species that forage solitarily (e.g. white-headed vulture Aegypius occipi-
talis) and species that forage in pairs (e.g. lappet-faced vulture A. tracheliotos) and 
in groups (e.g. white-headed vulture Gyps africanus). The morphological, ecologi-
cal and behavioral diversity of African vultures, together with dominance hierar-
chies at carcasses, results in an ordered resource partitioning that likely reduces 
competition for carrion (Kruuk 1967; Hertel and Lehman 1998; Kendall et al. 2012; 
Kendall 2013). Such a variety has been related to the high diversity of large mam-
malian herbivores, whose carcasses provide major feeding resources for scavengers. 
Indeed, Houston (1983) suggested that the evolutionary origin of vultures was 
closely related to the presence of long-distance migratory ungulates, which still 
survive in a few African regions.

The community of facultative scavengers inhabiting the African savanna is also 
diverse and includes omnivorous species such as corvids (e.g. white-necked raven 
Corvus albicollis), medium-sized predators such as birds of prey (e.g. tawny eagle 
Aquila rapax) and mammalian carnivores (e.g. side-striped jackal Canis adustus), 
and apex predators such as hyaenas and large cats (Fig. 1). In areas with resident 
herbivore populations, spotted hyaenas (Crocuta crocuta) and lions can outcompete 
vultures and consume most of the ungulate carrion biomass (Moleón et al. 2015). 
The brown hyena (Parahyaena brunnea), i.e. the mammal species most specialized 
to use carrion (up to 90% of its diet; Skinner and Chimimba 2005), is found in the 
driest savannas of Southern Africa.

�Steppes

Steppes are located in several regions of the world, mainly Eurasia, North America 
and South America. This cold, dry grassland is an important biome for scavengers.

In the Americas there are seven species of obligate scavengers, all of them from 
the family Cathartidae (known as vultures from the New Word). These vultures 
occur from high mountains to the coastline and from woodlands to the steppes. 
Apart from them, other facultative scavengers, both mammals and birds, aggregate 
and compete in carcasses found in those open areas.
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In South American steppes, three are the species of obligate scavengers, the 
Andean condor Vultur gryphus, the turkey vulture and the black vulture Coragyps 
atratus (Fig.  1). Other bird species that facultatively consume carcasses are the 
southern Caracara plancus and chimango Milvago chimango caracaras, and the 
black-chested buzzard eagle Geranoaetus melanoleucus (Travaini et  al. 1998; 
Lambertucci et al. 2009a). Mostly during the dark hours, carcasses are also con-
sumed by mammals such as pumas Puma concolor, foxes Lycalopex spp., skunks 
Conepatus spp., and armadillos Zaedyus pichiy, and also by passerines and lizards 
(Travaini et al. 1998; Elbroch and Wittmer 2012). Currently, all these species scav-
enge mainly on carcasses from domestic animals since steppes have been histori-
cally used for extensive livestock raising, which has produced a sharp decline in the 
populations of native herbivores (Fig.  1). Scavengers also feed on carcasses of 
exotic wild species, such as the red deer Cervus elaphus and the European hare 
Lepus europaeus. Native species such as guanacos Lama guanicoe, and rheas Rhea 
pennata that once were the main supply of carrion are currently much less con-
sumed in many areas due to their low numbers which brought them to an ecological 
extinction (Novaro et al. 2000; Lambertucci et al. 2009b).

As in other biomes, competition for carrion is important and seems to relate to 
the size of the species. Generally, bigger species (condors) dominate over the 
carcasses (Wallace and Temple 1987). However, when the number of individuals 
of other species strongly increases, the size-related hierarchy could be alternated 
and smaller species can dominate at carcasses (Carrete et  al. 2010). In South 
American steppes this is the case of black vultures, that can reach very high densi-
ties in the surroundings of human settlements and might oust Andean condors at 
carcasses where generally they would be dominant (Carrete et al. 2010; Barbar 
et al. 2015).

Scavenger composition is also influenced by the size of the carcass, with few 
individuals of few species feeding on hare carcasses (Travaini et  al. 1998) and 
more species in larger numbers feeding on larger carcasses like sheep, guanaco or 
horse (e.g. Lambertucci et al. 2009a). The place where the carcass is located can 
modify the order of arrival and consumption patterns. Carcasses close to roads are 
mainly used by smaller bird scavengers as caracaras, while larger species as con-
dors and turkey vultures are the first to eat at carcasses far from roads (Lambertucci 
et  al. 2009a). Moreover, bird scavenger composition can also be affected by 
weather conditions, and for instance, in gusty or very windy days carcasses are 
mainly used by larger species (Shepard and Lambertucci 2013). This is particu-
larly relevant in Patagonian steppes which have cold-temperate climate with 
strong winds.

Regarding mammals, pumas, the largest carnivore in the area, can be observed 
scavenging, but they are more important as suppliers of carcasses for other species. 
In fact, they can provide large amounts of meat which are used by at least 12 species 
in the Patagonian steppes. Pumas need to increase their kill rate to compensate for 
the losses due to scavengers (Elbroch and Wittmer 2013). Two species of fox 
(Lycalopex cualpaeus and Lycalopex griseus) are commonly observed displacing 
smaller species in order to feed on puma kills.
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�Tropical Forests

In tropical forests Cathartidae and Accipitridae vultures constitute important mem-
bers of the scavenger community (Houston 1979), but they differ substantially in 
their distribution and the habitats they occupy. For example, in the tropical forests 
of Asia and Africa, obligate vulture species are rare when compared to neotropical 
forests, where species such as Cathartidae vultures are well represented. Two New 
World vulture species, the turkey vulture and the greater yellow-headed vulture 
Cathartes melambrotus, are the most common vultures of neotropical forests. In 
these forests, mammalian carnivores are rather inefficient at locating carcasses. This 
is a consequence of their limitations in the daily foraging areas covered and the 
trade-off between the energy invested to search for food and the distance travelled 
to find temporal and unpredictable food resources. Thus, mammalian carnivores are 
probably outcompeted by avian scavengers and consume carrion just when the 
chance appears. Avian scavengers, which use little energy in soaring (Pennycuick 
1983) and can quickly cover large areas of forest, are more efficient carrion foragers 
(Houston 1984, 1986).

With respect to obligate vulture species, the consumption of carrion in forest 
habitats is possible thanks to the well-developed olfactory lobe and sense of smell 
which is used for finding food in forested areas (Chapman 1929; Houston 1984, 
1986). The three Cathartes species—the turkey, the greater yellow-headed and the 
lesser yellow-headed Cathartes burrovianus—differ only in their wing and tail 
shape and in the color of their heads, having the remarkable ability to locate food by 
smell (Houston 2001). American black vultures and king vultures Sarcoramphus 
papa are also frequent on tropical forests but have no sense of smell; they often rely 
on Cathartes vultures behavior to find food.

�Agricultural and Other Human-Modified Landscapes

Despite human domination over much of the planet (Waters et al. 2016), scavenging 
ecology often has been studied in relatively natural environments (e.g., Houston 
1974; Wilmers et al. 2003b; DeVault et al. 2004; Selva et al. 2005). However, stud-
ies conducted in agricultural and other human-dominated environments suggest that 
vertebrate scavengers are also very active in such habitats. In this section, we briefly 
review studies investigating carrion use by vertebrates in heavily-altered landscapes, 
focusing on agricultural habitats, a major land use across the world where diversity 
is often reduced and vertebrate communities are dominated by a few generalist spe-
cies (Swihart et al. 2003).

In an intensively farmed region of northern Indiana, USA, small carrion items, 
such as mouse carcasses, were scavenged extensively by two species of generalist 
mesopredators: raccoons and Virginia opossums Didelphis virginiana (DeVault 
et al. 2011). The high scavenging efficiency by vertebrates in the agricultural region 
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was attributed to elevated densities of raccoons and Virginia opossums, and the 
reduced search area for carrion in the sparsely distributed forested habitat islands 
(DeVault et al. 2011). For larger carcasses in the same northern Indiana agricultural 
area, Olson et al. (2016) found that 87% of raccoon, Virginia opossum, and rabbit 
Oryctolagus spp. carcasses were fed upon by 16 species of vertebrate scavengers, 
and included more bird scavengers (seven species) than was found for the smaller 
mouse carcasses in the earlier study (DeVault et al. 2011). Other studies have inves-
tigated scavenging efficiency by vertebrates on carcasses (usually birds) found in 
agricultural fields themselves. Scavenging efficiency ranged from 38% to 92% for 
small bird carcasses (Balcolm 1986; Tobin and Dolbeer 1990; Linz et  al. 1997; 
Kostecke et al. 2001) and was 96% for large birds (mallards Anas platyrhynchos; 
Peterson et al. 2001).

Wide-ranging scavengers that use highly altered, agricultural habitats as well as 
more natural habitats have been shown to adjust foraging strategies based upon 
available resources. For example, in the USA, turkey vultures fed extensively on 
domestic farm animal carcasses in an agricultural region (Coleman and Fraser 
1987), whereas their diet was almost exclusively wild vertebrates in a heavily for-
ested area (Kelly et al. 2007). Likewise, in Bulgaria, the diet of the facultative scav-
enging golden jackal Canis aureus included a large percentage of domestic animals 
in an agricultural area, whereas in a forested region wild ungulates were the domi-
nant food items (Raichev et al. 2013).

Scavenging efficiency by vertebrates varies widely across human-dominated 
landscapes, and appears to be influenced by many factors including habitat, compo-
sition of the vertebrate and invertebrate community, and climate. Broadly, it appears 
that carcass use by vertebrates in agricultural regions is equivalent to, or in some 
cases higher than that found in more natural habitats. Smaller carcasses produced in 
agricultural habitats are usually removed by mammalian scavengers, whereas bird 
scavengers often use larger carcasses.

�Deserts

In arid and semiarid environments, water availability is often the limiting factor in 
the decomposition process. Carcasses can desiccate before they are completely 
decomposed in some circumstances (Payne 1965; Parmenter and MacMahon 2009), 
and dried-out carcasses are generally less attractive to vertebrate scavengers than 
those that retain some water (Parmenter and MacMahon 2009). Water loss from 
carcasses is strongly influenced by surface area-to-volume ratios, with smaller car-
casses having higher ratios and, thus, greater water loss rates (Parmenter and 
MacMahon 2009).

Despite water limitations, vertebrate scavengers are active in arid environments 
and usually feed upon available carcasses, especially when temperatures are cool 
(Stoddart 1970; Travaini et al. 1998; Parmenter and MacMahon 2009). Furthermore, 
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carcass use by facultative scavengers can actually increase following water short-
ages because of a relative lack of alternative food resources. Brown et al. (2006) 
showed that carcass use by vertebrate scavengers increased following a period of 
below-average rainfall coincident with the El Niño Southern Oscillation in semi-
arid southeastern Australia.

Like in other ecosystems, a variety of mammal and bird species are prolific scav-
engers in arid and semiarid environments. Stoddart (1970) studied the fate of 45 
black-tailed jackrabbit Lepus californicus carcasses in northwestern Utah, USA. Of 
these, 60% were scavenged by birds (species undetermined). In arid southern 
Australia, corvids (Corvus coronoides and C. bennetti), wedge-tailed eagles Aquila 
audax and red foxes fed extensively on kangaroo offcuts left in the field after butch-
ering (Read and Wilson 2004). Considering smaller carcasses, Rogers et al. (2014) 
found that common ravens, kit foxes Vulpes macrotis, coyotes, and greater roadrun-
ners Geococcyx californianus found and fed upon 20 out of 25 carcasses of small 
migrating birds that died from colliding with power lines in the Sonoran Desert 
(California, USA).

�Coastal Systems

The world’s coastline is an estimated 1,634,701  km long, ranging across all the 
climatic zones, from the polar, through the temperate, to the tropical regions. Coastal 
ecosystems represent the interface between land and sea and provide carrion mainly 
via colonies of mammals, seabirds and reptiles or through deposition of carcasses 
originated at sea (Polis and Hurd 1996; Moss 2017). Vertebrate scavengers inhabit-
ing the coastal surface and exploiting carcasses provided by pinniped and seabird 
colonies include mostly birds and mammals. The procellariids southern and north-
ern giant petrels opportunistically scavenge on dead seals and penguins in Antarctica 
(Bruyn and Cooper 2005). In Southern Chile, black vultures, kelp gull and feral 
dogs Canis familiaris compete for carrion occurring in a sea lion Otaria flavescens 
colony (Pavés et al. 2008). At temperate latitudes, the great black-backed gull Larus 
marinus and the red fox consume placenta and dead pups at grey seal Halichoerus 
grypus breeding colonies (Twiss et al. 2003; Culloch 2012; Quaggiotto et al. 2018; 
Fig. 1). In Namibia (Africa) brown hyenas restrict their range to the coastal area to 
scavenge on carrion produced during pupping season of the Cape fur seal 
Arctocephalus pusillus (Kuhn et al. 2008).

Similarly, marine inputs deposited on the coastline of California attracted coy-
otes to the shore, causing a numerical response in the population density which 
increased between 2.4 and 13.7 times in relation to the adjacent desert (Rose and 
Polis 1998). In experimental conditions, fish carcasses on a sandy beach in Australia 
determined the formation of consumers’ aggregation around the carrion patches. In 
this sub-tropical coastal environment not only the opportunistic Torresian crows 
Corvus orru and silver gull Chroicocephalus novaehollandiae, but also the birds of 
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prey like the white-bellied sea eagle Haliaeetus leucogaster, whistling kite Haliastur 
sphenurus and brahminy kite Haliastur indus, and the lizard lace monitor were 
observed scavenging on the fish carcasses (Huijbers et al. 2015). Marine carrion is 
crucial in environments such as deserts, sandy beaches and tundra, where productiv-
ity is low (Spiller et al. 2010).

On urbanized beaches in Australia the scavenging community feeding on fish car-
casses included rats Rattus spp., domestic cats Felis catus, dogs and red foxes, but not 
raptors. Raptors occurred only in rural areas, where they completely removed carrion 
within 24 h (Huijbers et al. 2013). Mammals scavenging at urban locations did not 
cover the functional role of raptors, as they could not compensate the extent of scav-
enging activity of the avian counterpart (Huijbers et al. 2015). By changing species 
composition of the coastal scavenging community, urbanization has also an impact on 
the scavenging processes occurring in these systems. Furthermore, the effect of inva-
sive species, such as the red fox in Australia, can be detrimental to the endemic scav-
engers. Red foxes, for instance, can remove a large number of carcasses during the 
night and before the diurnal raptors even start foraging (Brown et al. 2016).

Carrion consumption by coastal scavengers may vary because of human activity 
(e.g. Lambertucci et al. 2018). Ronconi et al. (2014) found that great black-backed 
gulls living on Sable Island (Canada) rely more on seal carrion as food source than 
forty years ago. An increase of the seal population, changes in fish availability, 
reduction of fishery discards and alterations in the surrounding ecosystem could all 
have led to this shift in gull’s diet.

�Marine and Freshwater Systems

In marine systems, carrion is exploited by many invertebrates at any depth, while 
vertebrate scavenging species are mostly found closer to the deep-sea floor. In shal-
low waters, fish observed visiting experimental marine mammal carcasses were 
found to be feeding on the amphipods colonising the carcass (Jones et al. 1998). 
Whale falls in the bathyal zone attract a large number of sleeper sharks Somniosus 
pacificus, hagfish Eptatretus deani and Mixine circifrons, and macrourids which 
scavenge the soft tissue of the whale carcass. These species characterize the first 
stage of the whale consumption, called mobile-scavenger stage, which lasts from 
months to years. Around 4400 m depth, grenadiers Coryphaenoides armatus were 
observed approaching experimental cetacean carcasses, feeding on the amphipods 
at the carcass, rather than scavenging (Jones et al. 1998). Floating whale carcasses 
attract scavenging elasmobranchs, such as the great white shark Carcharodon car-
charias, the tiger shark Galeocerdo cuvier and the blue shark Prionace glauca 
(Long and Jones 1996; Dudley et al. 2000; Curtis et al. 2006). Although it is thought 
that scavenging behavior in sharks is common, this was occasionally observed and 
rarely quantified (Fallows et al. 2013). These large predatory fish congregate or soli-
tarily arrive at carcasses attracted by the olfactory cues released by the decaying 
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whale and transported by wind (Fallows et al. 2013). Juvenile individuals also scav-
enge on dead whales (Dicken 2008). However, adults are the most frequent atten-
dants of such banquet, which are hypothesized to trigger mating between mature 
individuals (Fallows et al. 2013). Scavenging by sharks is common at whale calving 
grounds where both carrion and predatory opportunities increase (Bonfil et  al. 
2010). There is evidence that tiger sharks also scavenge on bird dies-offs at sea 
(Gallagher et al. 2011).

Notoriously, killer whales Orcinus orcas, together with sharks, were the main ver-
tebrate scavengers of whale carcasses and their remains produced by the whaling 
industry. It is likely that killer whales adopted this opportunistic behavior and special-
ized in scavenging on such nutritious resources when these were patchy and temporally 
predictable. Before (and possibly after) the whaling era, instead, scavenging repre-
sented one of the foraging alternatives used opportunistically by these apex predators 
(Whitehead and Reeves 2005). Scavenging seabirds, such as kelp gulls, Antarctic skuas 
Catharacta antarctica, black browed albatrosses Thalassarche melanophris and differ-
ent species of petrels often associate with hunting killer whales to easily gain some 
pieces of food from the remains of the killed prey (Williams et al. 1990).

Carrion in freshwater ecosystems is mainly derived from fish or aquatic birds, 
and it is used by a diverse array of scavengers, even Eurasian otters (O’Sullivan 
et al. 1992). Some freshwater systems experience a carrion pulse every year derived 
from fish migrating to their spawning areas, like salmon (see chapter “Ecological 
Functions of Vertebrate Scavenging”). Such food pulses support high-density popu-
lations of brown bears (i.e. Hilderbrand et al. 1999) and other mammals such as 
wolves, marten, mink, and coyotes, and a diverse array of avian scavengers includ-
ing bald eagles, ravens, jays, mergansers, gulls, and even owls (Levi et al. 2015). 
Some of these predator-scavengers of salmon, like the glaucous-winged gulls (Larus 
glaucescens) and brown bears shifted their spatial distribution together with salmon, 
thus closely tracking the phenology of their main food resource (Schindler et al. 
2013). Mobile scavengers, like gulls, by transporting nutrients derived from fish 
carrion to distant locations, have an important impact on local aquatic communities 
(Payne and Moore 2006).

�Structure of Scavenger Communities

Interactions among obligate scavengers have always been recognized as highly 
organized and driven by competition (Kruuk 1967; Wallace and Temple 1987), 
whereas scavenging has traditionally been viewed as a more random and opportu-
nistic process for facultative scavengers (Hiraldo et al. 1991). In the last decade, 
however, many studies have demonstrated that vertebrate scavenger communities 
can show complex patterns that deviate from random processes (Selva and Fortuna 
2007). We can consider that an assemblage is structured if it is more ordered than 
expected by chance. In random communities, interactions are the result of 
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opportunistic encounters (i.e. a facultative scavenger finding a carcass without an 
active search for it). Structured communities show identifiable patterns and are a 
consequence of one or several interacting processes shaping which interactions are 
possible and which more likely (Selva and Fortuna 2007).

One of the patterns that has been used to study the structure of vertebrate scav-
enger communities is nestedness. A community of interacting species is nested if 
the specialist species interact with a subset of the species that interact with the 
more generalist species (Bascompte et al. 2003). This concept has been widely 
identified in interacting communities, especially mutualistic interactions 
(Bascompte and Jordano 2007), with important implications for the stability and 
persistence of mutualistic networks (Bastolla et  al. 2009; Rohr et  al. 2014). A 
nested pattern in scavenger communities emerges when the species feeding on 
carcasses visited by few consumers are subsets of the assemblage of species feed-
ing on carcasses visited by more consumers (Fig. 2). Selva and Fortuna (2007) 
were the first authors that identified nestedness in a scavenger assemblage. Since 

Fig. 2  Schematic representation of a perfectly nested scavenger community. Light gray circles 
represent carcasses, dark grey circles represent scavengers. A carcass is linked to a scavenger if it 
is consumed by that species. Scavengers are from top to bottom: vulture, fox, wild boar, raven and 
magpie. In this example, the species feeding on carcasses visited by few consumers (i.e. vulture) 
are subsets of the assemblage of species feeding on carcasses visited by more consumers (i.e. first 
carcass on the top, consumed by all the scavengers). Picture performed by E. Sebastián-González. 
Silhouettes from The Noun Project https://thenounproject.com, authors: S.  Laing, A.  Bearne, 
M. Turan Ercan, H. Richir, Bluetip Design and P. Lehmann
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then, we know that nestedness is not universal (i.e. it does not appear in all the 
scavenger communities), and that it depends on many interacting factors, such as 
the type of carcass, composition of the scavenger assemblage, and the competi-
tion degree of the community (Sebastián-González et al. 2013; Allen et al. 2014; 
Moleón et al. 2015).

The type of carcass is one of the factors affecting the structure of scavenger 
communities. For example, the contribution to nestedness (i.e. how much a spe-
cies or a carcass follows the nested pattern) was high in carcasses originated from 
human hunting, it was medium for carcasses from predator kills and lower from 
animals dead from disease or starvation (Selva and Fortuna 2007). This pattern 
is related to the spatio-temporal distribution and predictability of the resources. 
Hunter kills are normally aggregated in an area (i.e. hunting spots) and in time 
(i.e. hunting season). This can lead to a super-saturation of the resource, allow-
ing the exploitation of carcasses by more consumers (Wilmers et al. 2003a, but 
see Cortés-Avizanda et al. 2012 for a different perspective of a similar problem). 
In contrast, death by disease or starvation is a much more random process that 
can occur at any time and location, and these carcasses are mainly consumed by 
carrion specialists. Other carcass characteristic found to be very important for 
assemblage structure is size. Scavenger communities consuming larger carcasses 
(>10 kg) were organized under a nested pattern, while small carcasses showed a 
more random organization (Sebastián-González et al. 2013; Moleón et al. 2015). 
Larger carcasses may be partitioned by a higher number of species, promoting 
both competitive and facilitative processes, which can lead to more structured 
communities. Small carcasses, however, are often consumed by a single individ-
ual, increasing the likelihood of opportunistic encounters and the randomness in 
the interactions.

Independently of the characteristics of the carcass, the composition of the 
scavenger community also has important implications for the structure of the 
assemblage. Birds presented a higher contribution to nestedness than mammals, 
indicating that they are the main responsible for the nested structure of the com-
munity (Selva and Fortuna 2007). Moreover, Sebastián-González et al. (2016) 
studied scavenger communities in Spain and found that those assemblages 
including obligate scavengers (i.e. vultures) were nested, while those lacking 
vultures presented a more random organization (see also Sebastián-González 
et al. 2013). Two facilitation mechanisms may be behind the role of key species 
in the structure of the community: carcass location and skin opening. Avian 
scavengers in general, and vultures in particular, are more adapted to scaveng-
ing because of their low energy-demanding search strategies (Selva et al. 2005; 
Jackson et al. 2008). Thus, birds are able to encounter and consume most of the 
carcasses available in an area and can act as indicators of the presence of the 
carcass for other species. If the ability to locate the resource differs among scav-
enger species, the facilitation of carcass location may lead to an increase in the 
nestedness of the assemblage. Vultures can also facilitate carcass use to other 
species by opening thick-skin animals. Many scavengers are unable to consume 
carcasses from intact (i.e. unopened) animals because they lack the tools (e.g. 
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strong beak) or the strength to break the skin. The same mechanism has been 
proposed for hyenas (Moleón et al. 2015), pumas (Allen et al. 2014) and wolves 
(Selva et al. 2003). Limitation of the trophic resources by competitive interac-
tions can also increase nestedness through interspecific dominance hierarchies. 
For example, the presence of black bears in a Californian scavenger community 
increased nestedness by decreasing complementary use of carrion by other spe-
cies (Allen et al. 2014).

Nestedness has been found to be high under stressful conditions in several ani-
mal communities (Worthen et  al. 1998; Baber et  al. 2004; Cook et  al. 2004). 
Theoretical studies on mutualistic interaction networks suggest that nestedness can 
reduce competition among species and enhance coexistence (Bastolla et al. 2009; 
Rohr et al. 2014). Scavenger communities seem to mirror other animal communities 
in their relationship among nestedness and competition. Selva and Fortuna (2007) 
found that the scavenger community in the cold season, when food is scarcer and 
weather is more extreme, was more nested than at the warm season. Moreover, both 
species richness and nestedness are characteristic of scavenger networks that were 
robust to high levels of interspecific competition for carrion (Sebastián-González 
et al. 2016). Thus, nestedness may favor the coexistence of interacting species by 
counterbalancing the effects of high competition.

Thus, we conclude that scavenger assemblages show non-random nested organi-
zations that can emerge when carcasses are not monopolized by a single consumer 
(e.g. because they are small). In general, nestedness in scavenger communities is the 
consequence of three interacting processes: (1) predictability in the availability of 
the resource, (2) facilitative processes provided by key species, and (3) differences 
in the abilities of the scavenger species to compete for the carrion.

�Conclusions and Future Perspectives

Although there are few obligate scavengers, carrion consumption is a foraging strat-
egy widely spread among vertebrates in all biomes. The scavenger species, the num-
ber of obligate scavengers, and even the adaptations to locate and consume carrion 
differ among ecosystems. However, everywhere scavenging is a profitable strategy 
to acquire energy, even if sporadic, at the individual, population and community 
level, and an important path for energy and nutrient cycling.

Recent advances in technology, such as automatic cameras or satellite teleme-
try, have exponentially improved the amount and quality of collected data, which 
have greatly contributed to obtain a complete picture of many scavenger commu-
nities and a better understanding of their functioning. This has been particularly 
important for ecosystems where direct observations have been difficult or impos-
sible, like polar or abyssal regions. Although important achievements in scaveng-
ing ecology have been made in the last decades, there are still pending tasks, such 
as the identification of all scavenger species in some ecosystems and their inter- 
and intra-specific interactions at carrion, or the assessment of the role of carrion 
in the ecology and population dynamics of many obligate and facultative scaven-
ger species.
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Box 1 Vultures in Tibet and Sky Burials
The Himalayan range is the mountain region in the world where more species 
of vultures exist. However, the information on species population numbers 
and ecology for that area is rather limited. Most of the research in southern 
Asia comes from India, and is particularly focused on the vulture crisis suf-
fered there (Green et al. 2004). As much as nine species of vultures are found 
in the southern portion of the Himalayan range. Eight of those species are 
present in China, seven of which are present in the Tibetan plateau as well, 
one of the richest vulture regions in the world (MaMing and Xu 2015).

In the Tibetan plateau, which is over 4000 m asl, vultures are the main scaven-
gers and feed not only on wildlife and livestock carrion, but also on human corpses. 
A common cultural practice in this area are the sky burials. In this type of funeral 
the dead human body is placed on a platform on a mountain from where scavengers 
(mainly vultures) consume it. The remains are disposed for scavengers in as gener-
ous a way as possible (Fig. 3). The Himalayan griffon vulture Gyps himalayensis is 
the most common species at sky burials, and can be counted at hundreds in a single 
funeral; cinereous and bearded vultures are also observed at sky burials (MaMing 
et al. 2016). Tibetans believe that the cessation of breathing is only a first stage of 
death. Tibetan Buddhists view death as the journey from this life to the next one, 
and consider vultures as sacred animals aiding humans in this journey. This makes 
vultures highly important for both their environment and culture.

Fig. 3  Vultures in the Tibet feed on human corpses at the called “sky burials”. Photo credit: Lama 
Rinczen
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