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A B S T R A C T

Illegal wildlife trade threatens iconic species, such as elephants, rhinos or giraffes, on which poaching pressure
has increased in recent times. By poisoning the carcasses of poached megafauna to prevent the early detection of
poachers, this illegal activity is contributing to push African vultures to the brink of extinction. But poisoning
vultures at poached carcasses of megafauna can also boost belief-based trade of vulture body parts by facilitating
access to otherwise difficult-to-reach species. Since increased vulture availability through megafauna poaching
could stimulate not only domestic, but also international trade, we call for transboundary coordination to ef-
fectively track the real dimension of this pervasive synergy. Existing monitoring schemes of megafauna poaching
(e.g. CITES Monitoring of the Illegal Killing of Elephants, MIKE) and wildlife poisoning (e.g. African Wildlife
Poison Database) can be a promising starting point. For example, by counting the number of vultures with
missing parts at each megafauna carcass, while guiding the implementation of similar monitoring for other
species threatened by poaching. Besides straightforward impacts on target species, illegal wildlife trade affects
non-target species, with collateral damages being increasingly highlighted. Pervasive synergies such as the one
we describe here deserves further international attention to prevent that poaching will spread for other purposes.

1. Megafauna poaching in Africa

Illegal wildlife trade, grounded on poaching and trafficking activ-
ities, is one of the largest illegal business, with an estimated annual
profit ranging between US$7 and $23 billion (TRAFFIC, 2019). This
illicit activity increasingly threatens national and regional security
worldwide (Nellemann et al., 2014; Haenlein and Smith, 2017), as
acknowledged in the recent London Illegal Wildlife Trade Conference
Declaration (2018), signed by 65 nations from all the continents, mostly
in Africa and Asia. Indeed Africa concentrates the biggest number of
large herbivores worldwide (Ripple et al., 2015), including iconic ani-
mals such as elephants, rhinos or giraffes, on which poaching is in-
creasingly pressuring these species across the continent, i.e. from
Central to East and Southern Africa (e.g., Biggs et al., 2013; Wittemyer
et al., 2014; Strauss et al., 2015; Ripple et al., 2016; Poulsen et al.,
2017; Martin, 2019; Schlossberg et al., 2019).

Substantial population declines have been estimated for African
savannah (Loxodonta africana) and forest (Loxodonta cyclotis) elephants
in recent times (Stiles, 2004; Maisels et al., 2013; Chase et al., 2016;
Poulsen et al., 2017). In 1976, the first continental approximation to
elephant numbers in Africa concluded that there were around 1.34M
elephants ranging over 7.3 M km2 (Douglas-Hamilton, 1979). Forty

years later, in 2016, it was estimated 415,428 ± 20,111 elephants,
plus an additional guess from 117,127 to 135,384 animals, in system-
atically and not systematically surveyed areas, respectively, i.e., over a
total area of ca. 1.9 M km2 accounting for 62% of the estimated known
and possible elephant range (Thouless et al., 2016). The CITES pro-
gramme for Monitoring of the Illegal Killing of Elephants (MIKE)
(https://cites.org/eng/prog/mike/) has recorded 9558 carcasses of
elephants poached for ivory between 2002 and 2018 in 67 MIKE
African sites. Increasing poaching rates have been observed across the
continent in recent times (Wittemyer et al., 2014; Schlossberg et al.,
2019). Poaching levels have increased since 2006 peaking in 2011
(CITES, 2016a; Thouless et al., 2016) and existing calculations suggests
that ca. 30,000 elephants might be poached yearly (Wittemyer et al.,
2014).

Similarly, rhino poaching of the two African species (i.e. white
Ceratotherium simum and black Diceros bicornis rhinoceros) for their
horns has escalated in the last years, — due to the growing demand in
traditional Asian medicine, and as a symbol of wealth (Emslie et al.,
2016). For example, in South Africa, the country holding ca. 80% of the
worldwide population of African rhinos (estimated in 20,306 animals in
2015; Emslie et al., 2016), poaching has dramatically increased from
2008 onwards, with 7899 poached rhinos recorded until 2018 (yearly
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averaging 718 rhinos, range 83–1215; between 2000 and 2007 this
figure was 15 rhinos, range 7–25 and a total number of 120 rhinos;
Department of Environmental Affairs, 2019). Rhino poaching has also
been observed in other African countries such as, for example, 210, 130
and 436 poached rhinos recorded in 2008–2015 in Kenya, Namibia and
Zimbabwe, respectively (estimated rhino populations in 2015: 1122,
2768 and 802 rhinos, respectively; Emslie et al., 2016).

Contrastingly, despite poaching being considered an important
threat for giraffes (Giraffa spp.) (Caro, 2008; Strauss et al., 2015; CITES,
2019a), estimates of poached individuals are lacking across most of
Africa (Caro, 2008; Muller, 2008). Giraffes are poached for their meat
(bushmeat), bones, hides or because of cultural beliefs (e.g., tails are
appreciated by many African cultures) (Okello et al., 2015; CITES,
2019a). Approximately 3.5 times less giraffes than African savannah
elephants (ca. 97,500 vs. ca. 352,000 individuals) roam in Africa (Chase
et al., 2016; Muller et al., 2018), and, in the last three decades, its
populations have plunged by 36–40%, being recently uplisted as
“Vulnerable” by the IUCN (Muller et al., 2018). The United Nations
Convention on Migratory Species has recently listed the species under
its Appendix II, acknowledging the increasing threat of poaching (CMS,
2017). On August 2019, the 18th Conference of the Parties agreed to list
giraffes under Appendix II of CITES (CITES, 2019b). This will tighten
the monitoring and regulation of the species international trade, re-
ducing the uncertainty around its extent and contributing to fight
against illegal practices (López-Bao, 2019).

Megafauna poaching, however, does not only exert pernicious ef-
fects on the targeted species, but on African wildlife. Because the car-
casses of poached megafauna are increasingly poisoned, apparently to
avoid vulture overhead cycling revealing poachers activity (BirdLife,
2009; Simmons et al., 2015; Ogada et al., 2016a), poaching entails also
a major threat for species such as vultures and other scavengers (e.g.,
large carnivores).

2. The decline of African vultures

The populations of the eight species of African vultures have
plummeted by an average of 62% in only three decades (Ogada et al.,
2016b; Botha et al., 2017), with their ranges decreasing, between 3%
and 58% within this period (Fig. 1). Severe population reductions,
of> 50% decline over three generations, have been estimated in at
least 27 vulture populations in 15 African countries; with strong de-
clines, of> 25% over three generations, detected for other 58 national
vulture populations across the continent (Ogada et al., 2016b). Con-
tinent-wide population changes projected for African vultures range
from −70% over three generations for the bearded vulture (Gypaetus
barbatus) up to −96% for the white-headed vulture (Trigonoceps occi-
pitalis) (Ogada et al., 2016b). Poisoning outstands as the major cause of
these declines, accounting for the 61% of the vulture known mortality
(n=7819 dead vultures recorded in the 1972–2014 period; Ogada
et al., 2016b), followed by trade in traditional medicine (Ogada et al.,
2016b).

Although the causes of vulture poisoning are several (e.g., unin-
tended victims of illegal predator control; Ogada et al., 2016a), mor-
tality figures at poisoned megafauna carcasses in Africa greatly out-
weigh other poisoning events for vulture species in the continent and
elsewhere. For example, a mean of 191 dead vultures recorded at ele-
phant carcasses versus a mean of 6 dead vultures at other poisoning
events in Africa (Ogada et al., 2016a), and a total of 34 condors (Vultur
gryphus), 70 Egyptian vultures (Neophron percnopterus), and 23 white-
rumped vultures (Gyps bengalensis) dead at mass poisoning events re-
corded in Argentina, Macedonia and Cambodia, respectively (Plaza
et al., 2019).

As an illustrative example of the potential impact of poisoned
megafauna carcasses on African vultures, if only half of the poached
elephant carcasses annually recorded by MIKE across Africa in recent
times (a mean of 791 carcasses/year in 2010–2018) would be laced

with poison, and assuming an average mortality of 191 vultures/carcass
(extracted from Ogada et al., 2016a),> 75,000 vultures could be killed
annually. This would be equivalent to 28% of the white-backed vulture
(Gyps africanus) population, the most abundant African vulture, with an
estimated population size of 270,000 individuals (Botha et al., 2017).
This species is rapidly declining (−90% over the last three generations;
Ogada et al., 2016b), being uplisted from “Least Concern” in 2004 to
“Critically Endangered” in 2015 by IUCN (Botha et al., 2017).

3. Megafauna poaching and belief-based trade of African vultures

Besides the direct impact of megafauna poaching on African vulture
declines resulting from the consumption of poisoned carcasses, a new
pervasive threat emerges for this guild. By killing large numbers of
vultures at once — as illustrated by the recent massive poisoning of 537
vultures from five species at poached elephant carcasses in Botswana
(de Greef, 2019)—, megafauna poaching comes out as a remarkable
and easy source of vulture body parts for belief-based trade, otherwise
limited by the difficulty of accessing vulture corpses (Mander et al.,
2007; Groom et al., 2013; Saidu and Buij, 2013). For example, while a
mean of 26 vultures were found in three poisoning events serving tra-
ditional medicine, 65 out of 191 vultures poisoned at a poached ele-
phant carcass lacked their beaks (Fig. 2), a clear sign of belief-based use
(Mander et al., 2007; Groom et al., 2013; Vulture Conservation
Foundation, 2019).

Trade in traditional medicine is considered the second largest threat
for African vultures, accounting for 29% of the dead vultures records
between 1972 and 2014 (Ogada et al., 2016b). So far, vulture trade in
traditional medicine has been reported in at least 15 African countries,
from Morocco to South Africa (Fig. 3; Saidu and Buij, 2013; Buij et al.,
2016; Ogada et al., 2016b). In countries like Nigeria and South Africa,
traditional use of body parts is considered a major cause of the sharp
declines experienced by vulture species (e.g. -50% in white-backed
vulture over a 27 -year period in South Africa; McKean et al., 2013;
Murn et al., 2013). It is estimated that at least 160 vultures are sold
yearly in eastern South Africa markets, with ca. 59,000 consumers
annually purchasing vulture body parts from some 1230 traditional
healers supposed to prescribe vulture use in the area (McKean et al.,
2013). Similarly, 93% of traditional medicine dealers in Nigeria had
vultures, or their body parts, on offer; with prices increasing from US$
10–20 up to US$ 100 per vulture in one decade (1999–2011; Saidu and
Buij, 2013).

In addition to the health risks of consuming poisoned vultures,
megafauna poaching could boost the already unsustainable levels of
vulture harvesting for traditional medicine (Mander et al., 2007; Saidu
and Buij, 2013; Ogada et al., 2016b), increasing access to highly-valued
large vultures. Large vulture species, such as, for example, those of the
genus Gyps, are otherwise difficult to access for trade because they have
become scarcer (Saidu and Buij, 2013; Buij et al., 2016), after experi-
encing the largest declines across Africa (e.g., > 20% range lost for
white-backed, Rüppell's G. rueppellii and lappet-faced Torgos tracheliotos
vultures, Fig. 1; Ogada et al., 2016b; Botha et al., 2017). Thus, in-
creased vulture availability through megafauna poaching could in turn
stimulate not only domestic, but also international belief-based trade. It
has been reported that after the collapse of Nigerian vultures, traders in
this country deal with vultures from an area encompassing at least from
Burkina Faso to Chad (Fig. 3; Saidu and Buij, 2013; Buij et al., 2016).

4. Transboundary collaboration to monitor an emerging threat

Considering this scenario, and the large foraging ranges of African
vultures (e.g., recorded up to>580,000 km2, and across six different
countries, in less than one year; Phipps et al., 2013) — with records of
poisoned vultures at poached elephants 1000 km away from their tag-
ging sites (IUCN, 2013; Botha et al., 2017) —, international action is
mandatory, with especial focus on transboundary coordination. African
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vultures are listed in CITES Appendix II, which obliges to regulate and
monitor their international trade (CITES, 2017a). Additionally, an
African Wildlife Poison Database exists to gather information on poi-
soning incidents across the continent (Peregrine Fund and the
Endangered Wildlife Trust, 2019). This, together with the ongoing
monitoring schemes of megafauna poaching, such as, for example, the
MIKE database on elephant poaching, provides a unique opportunity to
realize the magnitude of this emerging threat for African vultures. Re-
cording the number of vultures with missing parts at each megafauna
carcass (as in Groom et al., 2013) would help to track the pervasive
synergy that could be emerging among megafauna poaching, poisoning
and belief-based trade; disentangling, for example, if vultures poisoned
at such carcasses are also taken by poachers or opportunistically by
others. To this end, the existing monitoring of megafauna poaching
should be improved (e.g. through enhancing coordination and data
sharing among countries and institutions) and expanded, e.g., a pro-
gramme similar to MIKE could be implemented for other megafauna
species, such as giraffes and rhinos.

Changes in demand can fuel poaching and trade, threatening target
species in a few years (Frank and Wilcove, 2019). A paradigmatic ex-
ample is that of pangolins, considered as the most poached mammals in

the world, with ca. 1M pangolins traded illegally in 2000–2013, mainly
for their meat and scales, which are used in traditional Asian medicine
(Challender et al., 2014; CITES, 2016b; Heinrich et al., 2017). As a
result, between 2008 and 2013, the eight pangolin species were up-
listed in their threat categories by IUCN, with all species being con-
sidered as “Vulnerable” (4 species), “Endangered” (2 species) or “Cri-
tically Endangered” (2 species) (CITES, 2016b). In 2019, only two
species remain listed as “Vulnerable”, 3 species are listed as “En-
dangered” and other 3 as “Critically Endangered” (IUCN, 2019).
Moreover, all pangolin species have been recently uplisted to the Ap-
pendix I of CITES, with a ban of international trade of wild taken in-
dividuals (CITES, 2017b). Besides the straightforward impacts of illegal
trade on target species, collateral impacts of poaching activities on non-
target species, and even on ecosystems, are increasingly highlighted.
Examples range from vulture and carnivore mortality associated to
large herbivore poaching in Africa (Ogada et al., 2016a) to the dramatic
situation for vaquitas (Phocoena sinus), indirectly being affected by
poaching on totoaba (Totoaba macdonaldi) (Goldfarb, 2016; Rodríguez-
Quiroz et al., 2019), or atypical trophic alterations caused by rhino
poaching (Everatt et al., 2016).

Considerably less attention has been however paid to pervasive

AA B Fig. 2. A). A total of 184 dead white-
backed and lappet-faced vultures were
found at the poisoned carcass of an
African elephant poached for ivory in
the Gonarezhou National Park,
Zimbabwe, in 2012. B). Upper beaks
were harvested from at least 65 vul-
tures, probably for traditional medi-
cine. See further details of this case in
Groom et al., 2013. Photos: Rosemary
Groom. (For interpretation of the re-
ferences to colour in this figure legend,
the reader is referred to the web ver-
sion of this article.)

Fig. 3. Vultures, and other wildlife, are sold for traditional medicine in markets (A, B) across Africa, from Benin or Nigeria to South Africa (C, D, E). Photos: (A)
jbdodane and (B) Alexander Sarlay, from Wikimedia Commons under Creative Commons Attribution 2.0 Generic and Attribution-Share Alike 4.0 International
license, respectively, (C) Gerhard Nikolaus, (D) Joseph Onoja, and (E) Vivienne L. Williams.
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synergies involving illegal wildlife trade, such as, for example, those
arising when poaching of target species facilitates access to (initially)
non-target species, potentially boosting their otherwise limited trade.
Our example brings therefore attention to an emergent threat for spe-
cies being indirectly impacted by poaching, which deserves further
international attention. African vultures can be originally considered as
a collateral damage from megafauna poaching, which, by increasing the
accessibility to vulture body parts, may in turn boost their trade. As a
consequence, we face the risk that the poisoning of poached megafauna
carcasses to prevent the early detection of this illegal activity, will
spread for other purposes, affecting not only vultures, but many other
African wild species.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.biocon.2019.108389.

CRediT authorship contribution statement

Patricia Mateo-Tomás: Conceptualization, Data curation, Formal
analysis, Funding acquisition, Investigation, Methodology, Project ad-
ministration, Resources, Software, Supervision, Validation,
Visualization, Writing - original draft, Writing - review & editing. José
Vicente López-Bao: Conceptualization, Data curation, Formal analysis,
Funding acquisition, Investigation, Methodology, Project administra-
tion, Resources, Software, Supervision, Validation, Visualization,
Writing - original draft, Writing - review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgements

J.V.L.B. was supported by a Ramón & Cajal research contract (RYC-
2015-18932) from the Spanish Ministry of Economy, Industry and
Competitiveness.

References

Biggs, D., Courchamp, F., Martin, R., Possingham, H.P., 2013. Legal trade of Africa's rhino
horns. Science 339 (6123), 1038–1039.

BirdLife, 2009. Wildlife Poisoning in Africa. https://www.africanbirdclub.org/news/
wildlife-poisoning-africa. Accessed 9th November 2019.

BirdLife International and Handbook of the Birds of the World, 2017. The IUCN Red List
of Threatened Species. https://www.iucnredlist.org, Version 2019–2 (Downloaded
on 15th October 2019).

Botha, A.J., Andevski, J., Bowden, C.G.R., Gudka, M., Safford, R.J., Tavares, J., Williams,
N.P., 2017. Multi-species Action Plan to Conserve African-Eurasian Vultures.
Coordinating Unit of the Raptors MOU.

Buij, R., Nikolaus, G., Whytock, R., Ingram, D.J., Ogada, D., 2016. Trade of threatened
vultures and other raptors for fetish and bushmeat in West and Central Africa. Oryx
50 (4), 606–616.

Caro, T., 2008. Decline of large mammals in the Katavi-Rukwa ecosystem of western
Tanzania. Afr. Zool. 43 (1), 99–116.

Challender, D.W.S., Waterman, C., Baillie, J.E.M., 2014. Scaling up pangolin conserva-
tion. In: IUCN SSC Pangolin Specialist Group Conservation Action Plan. Zoological
Society of London, London, UK.

Chase, M.J., Schlossberg, S., Griffin, C.R., Bouché, P.J., Djene, S.W., Elkan, P.W., Ferreira,
S., Grossman, F., Mtarima Kohi, E., Landen, K., Omondi, P., Peltier, A., Jeanetta
Seiler, S.A., Sutcliffe, R., 2016. Continent-wide survey reveals massive decline in
African savannah elephants. PeerJ 4, e2354.

CITES, 2016a. Status of elephant populations, levels of illegal killing and the trade in
ivory: a report to the standing committee of CITES, SC69 doc. 51.1. In: 69st Meeting
of the CITES Standing Committee, Geneva, Switzerland.

CITES, 2016b. The status, trade and conservation of pangolins (Manis spp.). In:
Information Document for the 17th Meeting of the Conference of the Parties to CITES,
Johannesburg, South Africa, . https://cites.org/sites/default/files/eng/cop/17/
InfDocs/E-CoP17-Inf-59.pdf.

CITES, 2017a. Appendices I, II and III. https://www.cites.org/eng/app/appendices.php.
Accessed 11th November 2019.

CITES, 2017b. Amendments to Appendices I and II of the Convention Adopted by the
CITES Conference of the Parties at its 17th Meeting. Johannesburg, South Africa.

https://cites.org/sites/default/files/notif/E-Notif-2016-063.pdf.
CITES, 2019a. Consideration of proposals for amendments to appendices I and II. In:

Eighteenth Meeting of the CITES Conference of the Parties, Colombo, Sri Lanka, .
https://cites.org/sites/default/files/eng/cop/18/prop/060319/E-CoP18-Prop-05.
pdf.

CITES, 2019b. Decisions made on proposals to amend appendices I and II. In: Eighteenth
Meeting of the CITES Conference of the Parties, Geneva, Switzerland, . https://www.
cites.org/eng/updates_decisions_cop18_species_proposals.

CITES Monitoring the Illegal Killing of Elephants (MIKE) Programme. https://cites.org/
eng/prog/mike/. Accessed 11th November 2019.

CMS - United Nations Convention on Migratory Species, 2017. Giraffa camelopardalis.
www.cms.int/en/species/giraffa-camelopardalis. Accessed 11th November 2019.

Department of Environmental Affairs, 2019. Republic of South Africa. https://www.
environment.gov.za. Accessed 12th November 2019.

Douglas-Hamilton, I., 1979. The African Elephant Survey and Conservation Programme.
Final Report to WWF/NYZS/IUCN, Nairobi, Kenya.

Emslie, R.H., Milliken, T., Talukdar, B., Ellis, S., Adcock, K., Knight, M.H., 2016. African
and Asian Rhinoceroses – Status, Conservation and Trade: A Report from the IUCN
Species Survival Commission (IUCN SSC) African and Asian Rhino Specialist Groups
and Traffic to the Cites Secretariat Pursuant to Resolution Conf. 9.14 (Rev. Cop15).
CITES Secretariat, 1, Geneva, Switzerland.

Everatt, K.T., Andresen, L., Ripple, W.J., Kerley, G.I., 2016. Rhino poaching may cause
atypical trophic cascades. Front. Ecol. Environ. 14 (2), 65–67.

Frank, E.G., Wilcove, D.S., 2019. Long delays in banning trade in threatened species.
Science 363 (6428), 686–688.

Goldfarb, B., 2016. Can captive breeding save Mexico's vaquita? Science 353 (6300),
633–634.

de Greef, K., 2019. 500 Vultures Killed in Botswana by Poachers’ Poison, Government
Says. The New York Times. https://www.nytimes.com/2019/06/21/world/africa/
vultures-poisoned-botswana-poachers-elephants.html.

Groom, R.J., Gandiwa, E., Gandiwa, P., van der Westhuizen, H.J., 2013. A mass poisoning
of white-backed and lappet-faced vultures in Gonarezhou National Park. Honeyguide
59, 5–9.

Haenlein, C., Smith, M.L.R., 2017. Poaching, Wildlife Trafficking and Security in Africa:
Myths and Realities. Routledge.

Heinrich, S., Wittman, T.A., Ross, J.V., Shepherd, C.R., Challender, D.W.S., Cassey, P.,
2017. The Global Trafficking of Pangolins: A Comprehensive Summary of Seizures
and Trafficking Routes from 2010–2015. TRAFFIC, Southeast Asia Regional Office,
Petaling Jaya, Selangor, Malaysia.

IUCN, 2013. Vultures – the silent victims of Africa's wildlife poaching. https://www.iucn.
org/content/vultures—silent-victims-africa’s-wildlife-poaching. Accessed 11th

November 2019.
IUCN 2019. The IUCN Red List of Threatened Species. Version 2019[HYPHEN]3. https://

www.iucnredlist.org. Accessed 21st December 2019.
London Illegal Wildlife Trade Conference Declaration, 2018. https://www.gov.uk/

government/publications/declaration-london-conference-on-the-illegal-wildlife-
trade-2018/london-conference-on-the-illegal-wildlife-trade-october-2018-
declaration#impact-of-illegal-trade-in-wildlife. Accessed 8th November 2019.

López-Bao, J.V., 2019. Protect giraffes from wildlife trade. Science 364 (6442), 744.
Maisels, F., Strindberg, S., Blake, S., Wittemyer, G., Hart, J., Williamson, E.A., Bakabana,

P.C., 2013. Devastating decline of forest elephants in Central Africa. PLoS One 8 (3),
e59469.

Mander, M., Ntuli, L., Diederichs, N., Mavundla, K., 2007. Economics of the traditional
medicine trade in South Africa. In: Harrison, S., Bhana, R., Ntuli, A. (Eds.), South
African Health Review. Health Systems Trust, Durban, South African, pp. 189–196.

Martin, B., 2019. Survival or extinction? In: Martin, B. (Ed.), Survival or Extinction? How
to Save Elephants and Rhinos. Springer Nature, Switzerland, pp. 541–567.

McKean, S., Mander, M., Diederichs, N., Ntuli, L., Mavundla, K., Williamns, V., Wakelin,
J., 2013. The impact of traditional use on vultures in South Africa. Vulture News 65,
15–36.

Muller, Z., 2008. Quantifying Giraffe Poaching as Population Threat. The Rothschild's
Giraffe Project. www.girafferesearch.com. Accessed 12th November 2019.

Muller, Z., Bercovitch, F., Brand, R., Brown, D., Brown, M., Bolger, D., Carter, K., Deacon,
F., Doherty, J.B., Fennessy, J., Fennessy, S., Hussein, A.A., Lee, D., Marais, A., Strauss,
M., Tutchings, A., Wube, T., 2018. Giraffa camelopardalis (Amended Version of 2016
Assessment). The IUCN Red List of Threatened Species 2018: e.T9194A136266699.
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T9194A136266699.en.
(Downloaded on 12 November 2019).

Murn, C., Combrink, L., Ronaldson, G.S., Thompson, C., Botha, A., 2013. Population es-
timates of three vulture species in Kruger National Park, South Africa. Ostrich
84, 1–9.

Nellemann, C., Henriksen, R., Raxter, P., Ash, N., Mrema, E., 2014. The Environmental
Crime Crisis: Threats to Sustainable Development from Illegal Exploitation and Trade
in Wildlife and Forest Resources. United Nations Environment Programme (UNEP).

Ogada, D., Botha, A., Shaw, P., 2016a. Ivory poachers and poison: drivers of Africa's
declining vulture populations. Oryx 50, 593–596.

Ogada, D., Shaw, P., Beyers, R.L., Buij, R., Murn, C., Thiollay, J.M., Beale, C.M., Holdo,
R.M., Pomeroy, D., Baker, N., Krüger, S.C., Botha, A., Virani, M.Z., Monadjem, A.,
Sinclair, A.R.E., 2016b. Another continental vulture crisis: Africa's vultures collapsing
toward extinction. Conserv. Lett. 9, 89–97.

Okello, M.M., Kenana, L., Maliti, H., Kiringe, J.W., Kanga, E., Warinwa, F., Bakari, S.,
Ndambuki, S., Kija, H., Sitati, N., Kimutai, D., Gichohi, N., Muteti, D., Muruthi, P.,
Mwita, M., 2015. Population status and trend of the Maasai giraffe in the mid Kenya-
Tanzania borderland. Nat. Resour. 6 (03), 159.

Peregrine Fund and the Endangered Wildlife Trust, 2019. https://
africanwildlifepoisoning.org/. Accessed 12th November 2019.

P. Mateo-Tomás and J.V. López-Bao Biological Conservation 241 (2020) 108389

5

https://doi.org/10.1016/j.biocon.2019.108389
https://doi.org/10.1016/j.biocon.2019.108389
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0005
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0005
https://www.africanbirdclub.org/news/wildlife-poisoning-africa
https://www.africanbirdclub.org/news/wildlife-poisoning-africa
https://www.iucnredlist.org
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0015
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0015
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0015
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0020
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0020
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0020
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0025
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0025
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0030
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0030
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0030
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0035
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0035
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0035
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0035
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0040
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0040
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0040
https://cites.org/sites/default/files/eng/cop/17/InfDocs/E-CoP17-Inf-59.pdf
https://cites.org/sites/default/files/eng/cop/17/InfDocs/E-CoP17-Inf-59.pdf
https://www.cites.org/eng/app/appendices.php
https://cites.org/sites/default/files/notif/E-Notif-2016-063.pdf
https://cites.org/sites/default/files/eng/cop/18/prop/060319/E-CoP18-Prop-05.pdf
https://cites.org/sites/default/files/eng/cop/18/prop/060319/E-CoP18-Prop-05.pdf
https://www.cites.org/eng/updates_decisions_cop18_species_proposals
https://www.cites.org/eng/updates_decisions_cop18_species_proposals
https://cites.org/eng/prog/mike/
https://cites.org/eng/prog/mike/
http://www.cms.int/en/species/giraffa-camelopardalis
https://www.environment.gov.za
https://www.environment.gov.za
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0065
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0065
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0070
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0070
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0070
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0070
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0070
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0075
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0075
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0080
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0080
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0085
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0085
https://www.nytimes.com/2019/06/21/world/africa/vultures-poisoned-botswana-poachers-elephants.html
https://www.nytimes.com/2019/06/21/world/africa/vultures-poisoned-botswana-poachers-elephants.html
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0095
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0095
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0095
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0100
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0100
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0105
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0105
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0105
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0105
https://www.iucnredlist.org
https://www.iucnredlist.org
https://www.gov.uk/government/publications/declaration-london-conference-on-the-illegal-wildlife-trade-2018/london-conference-on-the-illegal-wildlife-trade-october-2018-declaration%23impact-of-illegal-trade-in-wildlife
https://www.gov.uk/government/publications/declaration-london-conference-on-the-illegal-wildlife-trade-2018/london-conference-on-the-illegal-wildlife-trade-october-2018-declaration%23impact-of-illegal-trade-in-wildlife
https://www.gov.uk/government/publications/declaration-london-conference-on-the-illegal-wildlife-trade-2018/london-conference-on-the-illegal-wildlife-trade-october-2018-declaration%23impact-of-illegal-trade-in-wildlife
https://www.gov.uk/government/publications/declaration-london-conference-on-the-illegal-wildlife-trade-2018/london-conference-on-the-illegal-wildlife-trade-october-2018-declaration%23impact-of-illegal-trade-in-wildlife
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0110
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0115
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0115
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0115
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0120
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0120
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0120
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0125
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0125
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0130
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0130
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0130
http://www.girafferesearch.com
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T9194A136266699.en
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T9194A136266699.en
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0140
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0140
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0140
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0145
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0145
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0145
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0150
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0150
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0155
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0155
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0155
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0155
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0160
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0160
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0160
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0160
https://africanwildlifepoisoning.org/
https://africanwildlifepoisoning.org/


Phipps, W.L., Willis, S.G., Wolter, K., Naidoo, V., 2013. Foraging ranges of immature
African white-backed vultures (Gyps africanus) and their use of protected areas in
Southern Africa. PLoS One 8 (1), e52813.

Plaza, P.I., Martínez-López, E., Lambertucci, S., 2019. The perfect threat: pesticides and
vultures. Sci. Total Environ. 687, 1207–1218.

Poulsen, J.R., Koerner, S.E., Moore, S., Medjibe, V.P., Blake, S., Clark, C.J., Akou, M.E.,
Fay, M., Meier, A., Okouyi, J., Rosin, C., White, L.J.T., 2017. Poaching empties cri-
tical Central African wilderness of forest elephants. Curr. Biol. 27 (4), R134–R135.

Ripple, W.J., Newsome, T.M., Wolf, C., Dirzo, R., Everatt, K.T., Galetti, M., Macdonald,
D.W., 2015. Collapse of the world's largest herbivores. Sci. Adv. 1 (4), e1400103.

Ripple, W.J., Chapron, G., López-Bao, J.V., Durant, S.M., Macdonald, D.W., Lindsey, P.A.,
Corlett, R.T., 2016. Saving the world's terrestrial megafauna. Bioscience 66 (10),
807–812.

Rodríguez-Quiroz, G., Quiñonez, W.V., Ocampo, H.A.G., Rubio, A.O., 2019. Can the va-
quita be saved from extinction? Hum. Wildl. Interact. 12 (2), 284–290.

Saidu, Y., Buij, R., 2013. Traditional medicine use of vulture parts in northern Nigeria.
Vulture News 65, 4–14.

Schlossberg, S., Chase, M.J., Sutcliffe, R., 2019. Evidence of a growing elephant poaching
problem in Botswana. Curr. Biol. 29 (13), 2222–2228.e4.

Simmons, R.E., Brown, C.J., Kemper, J., 2015. Birds to Watch in Namibia: Red, Rare and
Endemic Species. Windhoek, Ministry of Environment and Tourism, Namibia Nature
Foundation.

Stiles, D., 2004. The ivory trade and elephant conservation. Environ. Conserv. 31 (4),
309–321.

Strauss, M.K.L., Kilewo, M., Rentsch, D., Packer, C., 2015. Food supply and poaching limit
giraffe abundance in the Serengeti. Popul. Ecol. 57 (3), 505–516.

Thouless, C., Dublin, H.T., Blanc, J.J., Skinner, D.P., Daniel, T.E., Taylor, R.D., Bouche, P.,
2016. African elephant status report 2016: an update from the African elephant da-
tabase. In: Occasional Paper Series of the IUCN Species Survival Commission, No. 60
IUCN/SSC Africa Elephant Specialist Group. IUCN, Gland, Switzerland.

TRAFFIC, 2019. Wildlife trade monitoring network, illegal wildlife trade. www.traffic.
org/about-us/illegal-wildlife-trade/. Accessed 8th November 2019.

Vulture Conservation Foundation, 2019. Mass poisoning kills at least 27 vultures in
Zululand. https://www.4vultures.org/2019/06/14/mass-poisoning-kills-at-least-27-
vultures-in-zululand/. Accessed 12th November 2019.

Wittemyer, G., Northrup, J.M., Blanc, J., Douglas-Hamilton, I., Omondi, P., Burnham,
K.P., 2014. Illegal killing for ivory drives global decline in African elephants. Proc.
Natl. Acad. Sci. U. S. A. 111 (36), 13117–13121.

P. Mateo-Tomás and J.V. López-Bao Biological Conservation 241 (2020) 108389

6

http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0165
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0165
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0165
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0170
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0170
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0175
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0175
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0175
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0180
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0180
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0185
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0185
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0185
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0190
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0190
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0195
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0195
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0200
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0200
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0205
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0205
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0205
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0210
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0210
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0215
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0215
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0220
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0220
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0220
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0220
http://www.traffic.org/about-us/illegal-wildlife-trade/
http://www.traffic.org/about-us/illegal-wildlife-trade/
https://www.4vultures.org/2019/06/14/mass-poisoning-kills-at-least-27-vultures-in-zululand/
https://www.4vultures.org/2019/06/14/mass-poisoning-kills-at-least-27-vultures-in-zululand/
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0225
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0225
http://refhub.elsevier.com/S0006-3207(19)31879-8/rf0225

	Poisoning poached megafauna can boost trade in African vultures
	Megafauna poaching in Africa
	The decline of African vultures
	Megafauna poaching and belief-based trade of African vultures
	Transboundary collaboration to monitor an emerging threat
	CRediT authorship contribution statement
	mk:H1_6
	Acknowledgements
	References




