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The Living Dead: Time to Integrate
Scavenging into Ecological Teaching

MARCOS MOLEON AND JOSE A. SANCHEZ-ZAPATA

In recent years, exciting scientific evidence has emerged highlighting the ecological importance of dead animals (i.e., carrion) and their
consumption (i.e., scavenging), to the point that we could consider this the golden age of scavenging research. We now have a considerable
body of theoretical and empirical work that indicates that scavenging is fundamental to properly understanding not only food web, community,
and population ecology but also evolution, biodiversity conservation, and human well-being. However, universities fail to integrate scavenging
into ecological teaching, as can be judged from the lack of importance of this process in ecology textbooks. We consider this a paramount gap
in ecological education, and we advocate that students should be aware of the important role that carrion and scavengers play in ecosystems.
Integrating scavenging principles and applications into ecology textbooks will broaden the ecological foundation of the next generation of

ecologists.
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Scavenging—carcasivory, or the consumption of
carrion by gatherer animals (Getz 2011)—is not new
among ecologists (Tenney 1877). However, classical food
webs have been regarded as modules of interacting produc-
ers, consumers (e.g., primary, secondary), and top predators,
with no mention of scavengers (figure 1a). The later addition
of nutrient recycling and decomposition into multitrophic
models brought to light the key contribution of detritus to
the dynamics and stability of food webs (figure 1b; Moore
et al. 2004, McCann 2012). In general, detritus refers to small
fragments of decaying organic matter consumed mainly
by invertebrates and microorganisms, but whole animal
carcasses, especially vertebrate carcasses, have been largely
ignored in both theoretical and empirical food web research
for several reasons that range from the human aversion
to decomposing matter to the difficulties of quantifying
scavenged materials in diet studies and the perception of
scavenging as an anecdotal and random process (DeVault
et al. 2003). Moreover, ecologists have tended to accept that
scavenging involves only bottom-up effects, with no influ-
ence on the population dynamics of consumed organisms
(Wilson and Wolkovich 2011).

This is the traditional view that is generally conveyed in
classical ecology textbooks. A review of 20 textbooks com-
monly used by ecology students and found in university
libraries (we reviewed the most recent editions; see supple-
mental appendix S1) clearly shows that scavenging has been
largely ignored. Among trophic interactions, detritivory
and, mostly, herbivory and predation are pervasive and

often considered in individual chapters. In contrast, scav-
enging receives weak or no attention. To illustrate the point,
scavenging is never mentioned in the tables of contents.
Moreover, key terms such as scavenging, scavenger, and car-
rion are almost completely missing from indices (except
in five books in which scavenger or scavenging vertebrates
appear and one book in which carrion consumption is also
mentioned; see appendix S1). In these books, the content
devoted to scavenging ranges from one paragraph to barely
two pages and is always included—in a very descriptive
way—as a part of saprobism, other interactions, or ecologi-
cal succession (in particular, degradative or heterotrophic
succession—i.e., the sequence of local appearances and
extinctions of consumer species on dead organic matter;
Schoenly and Reid 1987).

The scavenging revolution

Several review papers have recently highlighted the growing
body of evidence supporting the essential role of carrion
and scavenging in ecology (DeVault et al. 2003, Wilson
and Wolkovich 2011, Beasley et al. 2012, Barton et al. 2013,
Moleén et al. 2014a, Pereira et al. 2014, Mateo-Tomas et al.
2015). The number of papers dealing with scavenging in
journals within the category Ecology has increased abruptly
during the last decade. A search of the Web of Science using
the term scaveng* resulted in 64 papers (publication period:
1900-2013) with the term in the title (many more included
it in other parts of the manuscripts), with 73% published
from 2004 to 2013. The number of papers that included
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opportunistic scavengers, such as hyenas
that are known to scavenge frequently
(Moleén et al. 2014a). A key milestone
for the growing interest in scavenging
was the recent recognition that most, if
not all, carnivore species (i.e., animals
that eat other animals) scavenge when
opportunities present themselves (e.g.,
DeVault et al. 2003), including many
species commonly believed to never eat
carrion, such as snakes (table 1, figure
3; DeVault and Krochmal 2002). In fact,
scavenging is a pervasive process in
both terrestrial and aquatic ecosystems
(boxes 1 and 2, figure 4; Britton and
Morton 1994, DeVault et al. 2003, Smith
and Baco 2003, Beasley et al. 2012) and
is an important energy-transfer path-
way at the terrestrial-aquatic interface
(table 1; Gende et al. 2002, Schlacher
et al. 2013). It has been pointed out
that food webs clearly underestimate
scavenging links and that the energy
transferred per scavenging link substan-
tially exceeds that transferred per pre-
dation link, which has frequently led
to the inflation of predation impacts
and the underappreciation of indirect
effects (Wilson and Wolkovich 2011).

[ — Biomass flux from resources to consumers
"""""" > State shift to detritus
---> State shift to carrion

. — > Scavenging

Importantly, thanks to the direct and
indirect effects that emerge when con-
sidering the facultative consumption of
carrion by predators, scavenging also
involves top-down effects on the popu-
lations of consumed species (Mole6n
J et al. 2014a). Facultative scavenging by

predators also leads to a close connec-

Figure 1. Food web models. (a) Classical models typically include producers
(P), primary consumers (herbivores; Hv), secondary consumers (carnivores;

Cv), and top predators (TP). (b) Classical models can be improved by including

detritivory (D) by detritivore species (Dv). (c) Modern, more realistic models
should also recognize scavenging or the consumption of carrion (C) by both

tion between predation and scavenging
(Nolting et al. 2008, Moledn et al. 2014a,
Pereira et al. 2014, Moleén et al. 2015),
two processes that had traditionally
been regarded as independent. Also, car-

obligate (OS) and facultative scavengers (Cv and TP).

carrion and vulture (two terms closely related to the scav-
enging process) in the title was 149 and 188, respectively,
of which 52% and 65% were published in the last decade
(figure 2). For comparison, the percentage of papers with
the terms detritivor*, decompos*, predat*, and herbivor*
in the title published in the last 10 years (2004-2013) were
50% (total N for the period 1990-2013 = 129), 39% (total
n =2267), 52% (total n = 13,265) and 35% (total n = 6562),
respectively.

Previously, scavenging had been mainly associated
with obligate or specialist scavengers, such as vultures,
which depend entirely on carrion, and some facultative or

1004 BioScience « October 2015/ Vol. 65 No. 10

rion is significantly involved in disease

dynamics (Gulland 1995, Getz 2011,
Turner et al. 2014). Growing evidence supports the idea
that scavenging networks can be highly structured (Selva
and Fortuna 2007, Cortés-Avizanda et al. 2012, Killengreen
et al. 2012, Sebastian-Gonzalez et al. 2013, Allen et al. 2014,
Mateo-Tomas et al. 2015, Moleén et al. 2015). Overall,
scavenging has the potential to stabilize ecosystems, such as
through increasing the number of feeding links and enhanc-
ing multichannel feeding (DeVault et al. 2003, Wilson and
Wolkovich 2011, Moledn et al. 2014a). These findings may
be fundamental to comprehensively understanding not only
food web, community, and population ecology but also evo-
lution, biodiversity conservation, and human well-being.

http://bioscience.oxfordjournals.org
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Figure 2. The number of papers published in SCI journals within the category
Ecology that include the terms scaveng®*, carrion, and vulture in the title (source:
Web of Science). Results are shown since 1969, when the first scaveng* paper
was published. The vertical dashed line indicates the beginning of the last decade

(2004-2013).

For instance, scavenging by early hominins was decisive
in triggering our lineage, and interactions with scavengers
have provided a multitude of ecosystem services through-
out the course of human evolution (e.g., improving human
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culture, disease control, and ecotourism;
Moleén et al. 2014b).

Unfortunately, the scavenging pro-
cess is threatened by the increasing
human pressure that the planet Earth
is currently facing (DeVault et al.
2003, Wilson and Wolkovich 2011,
Beasley et al. 2012, Barton et al. 2013,
Moleén et al. 2014a, 2014b, Pereira
et al. 2014, Mateo-Tomas et al. 2015).
For instance, drastic changes in the
spatiotemporal availability of carrion
(e.g., through predictable anthropo-
genic food subsidies, emerging infec-
tious diseases, and the application of
controversial sanitary regulations) are
leading to important alterations of
the behavior and survival of particu-
larly sensitive species, from insects
to vultures, and the functioning of
whole scavenging assemblages (e.g.,
Butman et al. 1995, Pain et al. 2003,
Chamberlain et al. 2005, Donazar
et al. 2009, Margalida et al. 2010,

Martin-Vega and Baz 2011, Cortés-Avizanda et al. 2012,
Margalida and Colomer 2012, Ogada et al. 2012, Oro
et al. 2013, Mateo-Tomas et al. 2015). Consequently,
much research has been devoted in the last years to

Table 1. Main groups of scavengers consuming vertebrate carcasses, according to different ecosystems and biomes.

Land-marine

(e.g., crocodiles, turtles, snakes), invertebrates (e.g.,
flies, stone flies)

Birds (e.g., vultures, birds of prey?, corvids, sea birds),
mammals (e.g., large carnivores, mesocarnivores),
reptiles (e.g., monitors), invertebrates (e.g., crabs,
beetles, flies)

Ecosystem Biome Main scavenger group References
Terrestrial Tundra Birds (e.g., birds of prey?, corvids), mammals DeVault et al. 2003, Killengreen et al. 2011, Wilson
(e.g., large carnivores, mesocarnivores) and Wolkovich 2011, Mateo-Tomas et al. 2015
Boreal forest Birds (e.g., birds of prey?, corvids), mammals DeVault et al. 2003, Wilson and Wolkovich 2011,
(e.g., large carnivores, mesocarnivores) Mateo-Tomas et al. 2015
Temperate Birds (e.g., vultures, birds of prey?, corvids), mammals DeVault et al. 2003, Selva and Fortuna 2007, Wilson
(e.g., large carnivores, mesocarnivores, suids, and Wolkovich 2011, Mateo-Tomas et al. 2015
didelphids)
Mediterranean Birds (e.g., vultures, birds of prey?, corvids), mammals DeVault et al. 2003, Martin-Vega and Baz 2011, Wilson
(e.g., large carnivores, mesocarnivores, suids), and Wolkovich 2011, Mateo-Tomés et al. 2015
invertebrates (e.g., flies, beetles)
Savanna Birds (e.g., vultures, birds of prey?, corvids), mammals Wilson and Wolkovich 2011, Mateo-Tomas et al. 2015,
(e.g., large carnivores, mesocarnivores, suids) Moleén et al. 2015
Tropical forest Birds (e.g., vultures, birds of prey?), mammals DeVault et al. 2003
(e.g., large carnivores, mesocarnivores), invertebrates
(e.g., ants, flies)
Freshwater Reptiles (e.g., crocodiles, turtles, snakes), fish, Wilson and Wolkovich 2011, authors pers. observ.
invertebrates (e.g., leeches, flies)
Marine Birds (e.g., sea birds), mammals (e.g., killer whales, Britton and Morton 1994, Smith and Baco 2003,
dolphins), fish (e.g., sharks, hagfishes), invertebrates Whitehead and Reeves 2005, Furness et al. 2007,
(e.g., amphipods, isopods, crabs, cephalopods, sea Wilson and Wolkovich 2011, Beasley et al. 2012
snails, sea stars, brittle stars)
Land-water  Land- Birds (e.g., vultures, birds of prey?, corvids), mammals  Gende et al. 2002, Wilson and Wolkovich 2011,
interface freshwater (e.g., large carnivores, mesocarnivores, suids), reptiles  authors pers. observ.

Wilson and Wolkovich 2011, Schlacher et al. 2013

Note: 20ther than vultures.
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Large scavengers of the world

- *
NT NT CR NT LC - Vu

CR (o3
Andean Bearded California  Cinereous Kind Lappet-faced Red-headed  Turkey ~White-rumped African Bald Spanish
vulture condor vulture vulture vulture vulture vulture

LC LC vuU LC
Great Northern ~ Short-tailed ~ Southern
albatross fulmar

CR LC LC vu vu LC
Steller's Wedge-tailed
fish-eagle eagle imperial eagle sea-eagle eagle

vulture

American Nile

Brown Brown Eurasian Leopard Lion Polar Spotted Striped Great white
bear hyena lynx NT vu bear hyena hyena LC beaver crocodile shark
LC NT LC vu LC NT LC LC vu

Figure 3. Vertebrate scavengers are represented by many charismatic species throughout all the continents and marine
environments. These scavengers include birds such as vultures and other avian raptors, mammals such as large predators
and smaller species, and species pertaining to other taxonomic groups (see supplemental appendix S2 for scientific
names and photo credits). We indicate the conservation status of each species according to the International Union for
Conservation of Nature Red List of Threatened Species (LC: least concern; NT: near threatened; VU: vulnerable;

CR: critically endangered; DD: data deficient). Many charismatic scavengers, especially vultures and large predators,

are globally threatened.

reconcile human activities and needs with scavenger
conservation and function. Therefore, the good news
is that now we have science-based arguments to guide
management actions in a wide array of ecological situ-
ations. For instance, concise and practical guidelines
have been provided to optimize supplementary feeding
stations for vultures and other threatened scavengers
(e.g., Cortés-Avizanda et al. 2010, Fielding et al. 2014,
Moreno-Opo et al. 2015), to improve the sanitary
regulations and practices that compromised scavenger
populations (e.g., Swan et al. 2006, Donézar et al. 2009,
Margalida et al. 2010, 2012), to minimize avian scaven-
ger mortality in power lines and wind farms (Lehman
et al. 2007, Guil et al. 2011, Carrete et al. 2012), and to
enhance the ecosystem services provided by scavengers
(e.g., Deygout et al. 2009, Dupont et al. 2012, Morales-
Reyes et al. 2015).

1006 BioScience « October 2015/ Vol. 65 No. 10

Perspectives and benefits

Our aim is to call attention to the important mismatch
that exists between scientific evidence of the ecological
significance of scavenging and its teaching as reflected by
its lack of relevance in ecology textbooks. Food webs should
no longer be regarded as only producer-consumer inter-
actions; we need an integrative perspective that includes
scavenging—that is, carrion and its consumption by scav-
engers (figure lc, figure 5). Considering the direct and
indirect trophic interactions associated with scavenging
could improve energy flux models (Getz 2011, Wilson and
Wolkovich 2011, Moleén et al. 2014a). Benefits may be espe-
cially fruitful when addressing the challenges imposed by
global environmental change (DeVault et al. 2003, Wilmers
and Getz 2005, Wilson and Wolkovich 2011, Beasley et al.
2012, Barton et al. 2013, Moleon et al. 2014a, 2014b, Pereira
et al. 2014). For instance, apex predators are able to dampen

http://bioscience.oxfordjournals.org
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Box 1. Whale falls.

Sunken whale carcasses yield massive, long-lasting pulses of organic matter to the deep-sea floor that are exploited by a diverse
and characteristic faunal community, as was revealed by accidental and experimental observations using manned submersibles and
remotely operated vehicles. In the bathyal zone, the consumption of whale carrion (up to 160 metric tons in the case of blue whale,
Balaenoptera musculus, carcasses) passes typically through three main stages. The first stage, which lasts months to approximately
5 years, is dominated my mobile consumers (around 38 macrofaunal species have been described). During this stage, hagfishes, sleeper
sharks (Somniosus pacificus), and invertebrate scavengers such as amphipods and crabs remove around 90% of whale soft tissue (the
soft tissue constitutes around 90% of the total whale weight) at rates of approximately 1.7-2.5 kilograms (kg) per hour. This could
be considered the main “scavenging” stage, which gives way to an increasing representation of detritivores (with sessile species being
more and more frequent) and microorganisms. A numerous community of invertebrates dominated by polychaetes (20,000-45,000
individuals per meter [m] within 1 m of the skeleton) exploit the organically enriched sediments in the vicinities of the carcass and
exposed bones during the months to years before skeleton decomposition, which may last for decades (at least 50 years for the largest
whale carcasses; Smith and Baco 2003).

Calculations taking into account the nine largest whale species indicate that there is a fresh (i.e., retaining soft tissue) whale carcass
at the sea floor every 16-36 kilometers (km; the figure diminishes up to 5 km for older carcasses), although carcass densities may be
higher along whale migration routes and feeding grounds. This suggests that whale falls are regular food resources for marine scaven-
gers. However, it is worth noting that before industrial whaling (i.e., prior to 1800), whale population sizes are thought to have been
50%-90% higher than current estimates. The drastic drop of whale populations and, consequently, sunken whales during the last two
centuries has led to an impoverishment of the deep-sea biodiversity because of the extinction of some of the most specialized whale
carrion feeders (Butman et al. 1995).

Box 2. Scavenging in the African savannah.

A recent study conducted in the African savannah has pointed out that the structure and functioning of vertebrate scavenging assem-
blages is largely dependent on carcass size (Moleon et al. 2015). The relationship between the particle size of the food resource and
community structure and dynamics is pervasive in many food webs and other ecological networks, although it had not been explicitly
explored in a scavenging context to date. Moleon and colleagues (2015) used motion-sensing cameras (as is illustrated by this example
and that in box 1, technological improvement has favored recent scavenging research) to monitor carcasses ranging in size from small
(2 kilograms [kg] domestic chickens) to medium (impalas, Aepyceros melamphus, and nyalas, Tragelaphus angasi) and large carcasses
(from wildebeest, Connochaetes taurinus, to elephants, Loxodonta Africana, weighing 4 metric tons). Carcass consumption time and
rate increased with carcass size, whereas carcass detection time and the percentage of carrion biomass consumed negatively related to
carcass size. Mean scavenging rate ranged from 0.14 kg per hour for small carcasses to 4.45 kg per hour for large carcasses. Compared
with whale falls consumption, the latter rate is much higher (see box 1). Vultures and large predators, mainly lions Panthera leo and
spotted hyenas Crocuta crocuta, consumed most of the carrion available: near 50% for small carcasses and near 100% for medium
and large carcasses. Only horns and a few hard bones (other bones were frequently consumed by hyenas and lions) and skin shreds
remained after 1.6-419.1 hours of carcass placement (see figure 4). The role of invertebrates and microorganisms in consuming the
soft tissue of the studied carcasses was negligible. Scavenging networks tended to be more structured (i.e., nested) at larger carcasses, at
which there were more scavenger species (mean = 4.75 species per carcass) and interspecific interactions. The most diverse scavenger
community was that consuming small carcasses (14 species in total), likely because these carcasses were relatively difficult to find by
dominant scavengers (i.e., vultures, lions, and hyenas). In addition, the lower presence of apex predators at small carcasses and the
subsequent diminished predation risk allowed the presence of mesocarnivores such as genets and mongooses, which were lacking at
medium and large carcases.

fluctuations in carrion production, which are increasing
because of climate change (Wilmers and Getz 2005, Wilmers
and Post 2006, Wilmers et al. 2007). Also, encouraging the
conservation of key scavenger species such as vultures and
large predators, which are in serious jeopardy worldwide
(because of, e.g., poisoning, both intentional and unin-
tentional; shooting; power-line and wind-farm casualties;
road Kkills; lead intoxication; habitat loss and degradation;
Sekercioglu et al. 2004, Ogada et al. 2012, Ripple et al. 2014;

http://bioscience.oxfordjournals.org

also see figure 3), is an urgent need that will be extremely
difficult unless there is broad recognition of their crucial
ecological role, including their provision of ecosystem ser-
vices (Moleon et al. 2014b).

In conclusion, we are witnessing the golden age of scav-
enging research. We already have a considerable body of
theoretical and empirical evidence supporting scavenging as
a ubiquitous, nonrandom, high-magnitude energy-transfer
pathway with wide implications from the individual to
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Figure 4. Scavengers in complex ecosystems such as the African savannah are highly efficient. The large image (a) shows
a 2000-kilogram male white rhino (Ceratotherium simum) carcass site, following its complete consumption by spotted
hyenas (Crocuta crocuta) (b), lions (Panthera leo) (c), and Nile crocodiles (Crocodylus niloticus) (d). Three and a half
days after the rhino death, only a few hard bones remained (small images). The rhino was killed by another male rhino
during a fight. Photographs: Marcos Moleon (scavenger photographs were taking by means of motion-sensing cameras,

which can be seen in the large image).

the population, community, and ecosystem levels; with
close connections to other ecological processes; and with
ramifications for other scientific disciplines. This mod-
ern conception of scavenging should be considered when
planning ecological curriculum in our universities (see
box 3). Although we acknowledge the logical delay between

1008 BioScience « October 2015/ Vol. 65 No. 10

knowledge generation and its incorporation into general
books, we encourage efforts to make students aware of the
important role that carrion and scavengers play in ecosys-
tems. Integrating scavenging principles and applications into
ecology textbooks will broaden the ecological foundation of
the next generation of ecologists.

http://bioscience.oxfordjournals.org
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Figure 5. Considering scavenging is fundamental to comprehensively
understand the structure and functioning of natural communities, in which
carrion is a ubiquitous and high-quality food resource widely exploited not only
by obligate scavengers (e.g., vultures) but also by a plethora of facultative or
opportunistic scavengers pertaining to very diverse animal groups (see table 1
and figure 3). All animals die eventually, and a huge quantity of biomass in the
form of carrion (including leftovers of animals killed by predators) is readily
available to scavengers. Photographs: Marcos Moleén (white rhino carcass) and
David Carmona-Lépez (the rest).
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