
This is a self-archived version of an original article. This version 
may differ from the original in pagination and typographic details. 

Author(s): 

Title: 

Year: 

Version:

Copyright:

Rights:

Rights url: 

Please cite the original version:

CC BY 4.0

https://creativecommons.org/licenses/by/4.0/

Will legal international rhino horn trade save wild rhino populations?

© 2020 The Author(s). Published by Elsevier B.V.

Published version

Eikelboom, Jasper A. J.; Nuijten, Rascha J. M.; Wang Yingying X., G.; Schroder,
Bradley; Heitkönig, Ignas M. A.; Mooij, Wolf M.; van Langevelde, Frank; Prins,
Herbert H.

Eikelboom, J. A. J., Nuijten, R. J. M., Wang Yingying X., G., Schroder, B., Heitkönig, I. M. A., Mooij,
W. M., van Langevelde, F., & Prins, H. H. (2020). Will legal international rhino horn trade save
wild rhino populations?. Global Ecology and Conservation, 23, Article e01145.
https://doi.org/10.1016/j.gecco.2020.e01145

2020



Global Ecology and Conservation 23 (2020) e01145
Contents lists available at ScienceDirect
Global Ecology and Conservation

journal homepage: http: / /www.elsevier .com/locate/gecco
Review Paper
Will legal international rhino horn trade save wild rhino
populations?

Jasper A.J. Eikelboom a, *, Rascha J.M. Nuijten b, Yingying X.G. Wang a, c,
Bradley Schroder a, d, e, Ignas M.A. Heitk€onig a, Wolf M. Mooij f, g, Frank van
Langevelde a, h, Herbert H.T. Prins i

a Wildlife Ecology and Conservation Group, Wageningen University and Research, Droevendaalsesteeg 3a, 6708 PB, Wageningen, the
Netherlands
b Department of Animal Ecology, Netherlands Institute of Ecology (NIOO-KNAW), P.O. Box 50, 6700 AB, Wageningen, the Netherlands
c Department of Biological and Environmental Science, University of Jyv€askyl€a, P.O. Box 35, 40014, Jyv€askyl€a, Finland
d Welgevonden Game Reserve, P.O. Box 433, Vaalwater, South Africa
e Arkaba Conservancy, Flinders Ranges Way, Hawker, SA, 5434, Australia
f Department of Aquatic Ecology, Netherlands Institute of Ecology (NIOO-KNAW), P.O. Box 50, 6700, AB, Wageningen, the Netherlands
g Aquatic Ecology and Water Quality Management Group, Wageningen University and Research, Droevendaalsesteeg 3a, 6708 PB,
Wageningen, the Netherlands
h School of Life Sciences, Westville Campus, University of KwaZulu-Natal, Durban, 4000, South Africa
i Department of Animal Sciences, Wageningen University and Research, De Elst 1, 6708 WD, Wageningen, the Netherlands
a r t i c l e i n f o

Article history:
Received 30 March 2020
Received in revised form 29 May 2020
Accepted 30 May 2020

Keywords:
CITES
Conservation
Socioeconomics
South Africa
Traditional Chinese medicine
Wildlife crime
* Corresponding author.
E-mail address: jasper.eikelboom@wur.nl (J.A.J. E

https://doi.org/10.1016/j.gecco.2020.e01145
2351-9894/© 2020 The Author(s). Published by Elsev
4.0/).
a b s t r a c t

Wild vertebrate populations all over the globe are in decline, with poaching being the
second-most-important cause. The high poaching rate of rhinoceros may drive these
species into extinction within the coming decades. Some stakeholders argue to lift the ban
on international rhino horn trade to potentially benefit rhino conservation, as current
interventions appear to be insufficient. We reviewed scientific and grey literature to
scrutinize the validity of reasoning behind the potential benefit of legal horn trade for wild
rhino populations. We identified four mechanisms through which legal trade would
impact wild rhino populations, of which only the increased revenue for rhino farmers
could potentially benefit rhino conservation. Conversely, the global demand for rhino horn
is likely to increase to a level that cannot be met solely by legal supply. Moreover, cor-
ruption is omnipresent in countries along the trade routes, which has the potential to
negatively affect rhino conservation. Finally, programmes aimed at reducing rhino horn
demand will be counteracted through trade legalization by removing the stigma on
consuming rhino horn. Combining these insights and comparing them with criteria for
sustainable wildlife farming, we conclude that legalizing rhino horn trade will likely
negatively impact the remaining wild rhino populations. To preserve rhino species, we
suggest to prioritize reducing corruption within rhino horn trade, increasing the rhino
population within well-protected ’safe havens’ and implementing educational pro-
grammes and law enforcement targeted at rhino horn consumers.
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1. Introduction

The majority of wild vertebrate populations are in severe decline and one-third of all mammal and bird species are
currently under threat by unsustainable subsistence hunting, poaching and wildlife trade (IPBES, 2019; Rivalan et al., 2007;
Scheffers et al., 2019). Large-scale poaching operations are taking place all over the world, heavily impacting the remaining
number of rhinoceros, elephants, vultures, pangolins and numerous other animal species (Conrad, 2012; Fischer, 2004;
Rademeyer, 2016). Their horns, tusks, claws, scales, bones and other body parts are smuggled in large quantities mainly to
Southeast and East Asia, where they are processed into products that function as status symbols and traditional medicines
(Milliken and Shaw, 2012). Illegal trafficking of animal products, e.g., rhino horn, is often undertaken by international crime
groups, which can be both opportunistically formed collectives or structured and organised networks, that may have ties or
are involved with conservation, tourism and/or trophy hunting industries (Ayling, 2013; Rademeyer, 2016, 2012; Van Uhm,
2012). Especially rhino horns are extremely valuable on the black market, being sold between US $ 30,000 and 65,000 per
kg in Vietnam, thereby being worth more than gold, heroin or cocaine (Rademeyer, 2016; Van Uhm, 2012). The poachers may
be locals that live near nature reserves who can earn between US $ 500 and 20,000 per poached rhino, depending on the role
they fulfil (Rademeyer, 2016). However, there seems to be a trend towards more professionally outfitted and trained poachers
(Van Uhm, 2016). Rhino horns are also harvested via ’pseudo-hunting’, by using rhino trophy hunting as a cover-up for the
illegal killing and trafficking of rhino horns to Southeast Asian markets (Ayling, 2013; Rademeyer, 2016; Van Uhm, 2018a).

The poaching rate of the two African rhinoceros species (the white rhino Ceratotherium simum and black rhino Diceros
bicornis) increased significantly since 2007 (Fig. 1), which has generated substantial global concern (African Wildlife
Foundation, 2014; Biggs et al., 2013; Milliken and Shaw, 2012; Rubino and Pienaar, 2017). It has been estimated that Afri-
can rhinos could already become extinct in the wild around the year 2036 (Haas and Ferreira, 2016). In 2010 it was estimated
that South Africa was home to 95% (~19,000) of all remaining white rhinos and 40% (~1900) of all black rhinos (Emslie et al.,
2016; Rubino and Pienaar, 2017). The survival of the South African rhino population could therefore likely determine the fate
of both African rhinoceros species.

The rhino conservation sector, especially in southern Africa, has responded to this alarming extinction risk in a number of
ways. First, intensive patrols with anti-poaching rangers are being undertaken, fences have been built or improved around
protected areas, scouting drones have been deployed, horns of living rhinos have been equipped with RFID chips and in-
formation technology has been included at various levels to stop poaching (Cambron et al., 2015; Conway-Smith, 2013; Penny
et al., 2019; SANParks, 2015; Wildlife ACT, 2014). Second, education and awareness campaigns have been set up to decrease
the illegal demand for rhino horn (African Wildlife Foundation, 2014; Greenfield and Veríssimo, 2019; Save the Rhino, 2013;
Veríssimo and Wan, 2019; WildAct Vietnam, 2019). Third, synthetic horns have been proposed to replace real ones and with
that disturb the illegal market (Save the Rhino, 2016a). Fourth, cargo is being checked more intensively for animal body parts
and negotiations with Asian governments are taking place to further enforce the ban on domestic sales of rhino horn in an
effort to control the illegal trade (Save the Rhino, 2015, 2013). Fifth, horns of living rhinos have been dyed, poisoned or
removed to devalue rhino horn (Ferreira et al., 2014; Rubino and Pienaar, 2017; Save the Rhino, 2016b). All these efforts have
not been able to stop rhino poaching from taking place, but have possibly assisted in the decrease of rhino poaching events
Fig. 1. Number of recorded poached rhinos in South Africa from 2007 until 2019 (Save the Rhino, 2020).
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recorded in South Africa from 2014 to 2019 (Fig. 1). However, reduced rates of successfully tracking down rhino, because of
their dwindling numbers, may also be invoked as an explanation for the decrease of poaching incidents. Furthermore, some
state that the overall decrease of rhino poaching incidents is largely a result of the decrease in poaching in Kruger National
Park, where protectionwas improved in response to the high poaching rate (Rademeyer, 2016). As a response, rhino poaching
incidents have increased in other areas (Rademeyer, 2016), notably in Hluhluwe-Imfolozi Park and private game reserves.
Unfortunately, the current poaching rate is still so high that it poses a serious threat to the survival of both African rhino
species (Haas and Ferreira, 2016).

With the aim to reduce the rapid population decline of vulnerable species, international commercial trade bans of animal
products have been implemented through CITES since 1975 (Ayling, 2013). International rhino horn trade has been banned
since 1977, which was followed by a decrease in rhino poaching rate at first (Ayling, 2013). However, the increase in the
population size of white rhino between 1977 and 2007was likely not attributed to this trade ban, but to an increase in private
ownership and trophy hunting (Leader-Williams et al., 2005) and the protection in the South African National Parks.
Furthermore, the population size of black rhino has decreased substantially since the implementation of the trade ban from
approximately 65,000 individuals in 1970e2400 individuals in 1995 (Leader-Williams et al., 2005). It is unlikely that the ban
directly led to the increase of black rhino poaching, as this was likely caused by rapid economic and population growth in
Southeast Asia (Milliken et al., 1993). Moreover, the poaching rate of both African rhino species increased dramatically since
2007 despite the trade ban (Fig. 1).

Given the failure of an international trade ban to fully stop rhino poaching, a substantial number of scientists, policy
makers, conservationists and rhino owners have argued to lift the current ban on international rhino horn trade as a potential
solution for the ongoing rhino poaching crisis (Biggs et al., 2013; Rubino and Pienaar, 2020; Taylor et al., 2017). This was based
on the reasoning of "use it, or lose it", as substantiated by the Principles and Guidelines for the Sustainable Use of Biodiversity
by the Convention on Biological Diversity (SCBD, 2004). Rhino horn, which is comprised only of keratin, can be harvestedwith
no ill effect to the animal’s health (Biggs et al., 2013; Rubino and Pienaar, 2017). However, others are strongly opposed to
lifting this ban for both ethical reasons and concerns about a further increase in rhino poaching (Cheung et al., 2018b; Prins
and Okita-Ouma, 2013; Save the Rhino, 2018). This topic has been discussed during several CITESmeetings, which led to votes
in 2016 and 2019 that twice rejected proposals to lift the ban (CITES, 2019; Save the Rhino, 2018). Furthermore, scientists have
been studying the potential effects of a rhino horn trade ban lift for approximately two decades now (e.g., Ayling, 2013; Biggs
et al., 2013; Cheung et al., 2018b; Collins et al., 2016; Conrad, 2012; Fischer, 2004; Rivalan et al., 2007; Taylor et al., 2017).
Overall, this debate has become polarized, which has led to an apparent deadlock in the discussion (Committee of Inquiry,
2016; Taylor et al., 2017).

The potential conservation benefit of legalizing an animal product market can be divided into two aspects: 1) a legal
competing market could offset poaching, and 2) a legal market could provide financially viability to keep, protect and breed
animal populations (see Appendix). Past cases show that the legal commercialization of animal products can go both ways
regarding the conservation of a species; with a (potentially) positive effect in the case of bison meat, crocodilian skins and
trophy hunting, but with a (potentially) negative effect for elephant ivory and lion bones (see Appendix). There are thus
situational- and/or context-dependent mechanisms that determine how an animal population responds to a legal animal
product trade (Tensen, 2016). It is important to gauge how the rhino populations could respond to a legalization of inter-
national rhino horn trade.

Here we present an integrative review on the pros and cons of legalizing international rhino horn trade for the sustained
preservation of rhinos in thewild by drawing insight, plausible reasoning, modelling results and empirical data from scientific
and grey literature of multiple disciplines (Snyder, 2019). In this review, we discuss four mechanisms (in no specific order)
that change or come into play if international rhino horn tradewould be legalized and how these mechanismswill potentially
impact wild rhino populations (Fig. 2). We identified the following mechanisms as the most frequently occurring ones in
scientific literature, in grey literature, and in the arguments of conservationists, policy makers and private rhino owners: 1)
financial viability for private rhino owners, 2) rhino horn demand, 3) laundering of rhino horns, and 4) behaviour of rhino
horn consumers. These four mechanisms were selected by the authors after thoroughly familiarizing themselves with the
topic through past work experience and reading top results from literature search engines about wildlife trade and farming,
but without strong a priori hypotheses about how each of the mechanisms would influence the study’s conclusion. The
authors varied in their initial ideas about whether or not rhino horn trade could benefit rhino conservation, thereby limiting a
potential researcher bias in the selection of the mechanisms. However, we do not suggest that the selected four mechanisms
provide a complete description about what will happen if rhino horn trade is legalized, but we do posit these mechanisms to
be of major importance. We collected and studied the literature ad hoc to get a thorough understanding about the mecha-
nisms and how these would influence rhino populations in the case of a horn trade legalization. We did this by first reading
the top results from literature search engines while searching for keywords related to these mechanisms and wildlife trade
and farming. Upon noticing contradictions in views or knowledge gaps, we continued our search by using more specific
keywords. These latter search results were often read with the purpose to retrieve an answer on specific questions, in order to
get a complete overview of the effects of the mechanisms.

After discussing the four aforementionedmechanisms, we combine our insights into a conclusionwherewe evaluate each
mechanism and whether it will have a positive, negative, or still unknown effect on the future wild rhino population size. We
weigh the relative importance of these mechanisms and their potential effect on the wild rhino population through plausible
reasoning to come to an overall recommendation about legalizing international rhino horn trade. We conclude by giving



Fig. 2. Conceptual diagram of the international legal rhino horn trade scenario with farmed and wild rhino populations, legal and illegal markets, and four
identified mechanisms (as discussed in the four main sections of this study): a) financial viability for private rhino owners, b) rhino horn demand, c) laundering of
rhino horns, and (d) behaviour of rhino horn consumers. Green arrows represent a potential positive effect (higher/larger source leads to a higher/larger
destination), red arrows a potential negative effect (higher/larger source leads to a lower/smaller destination) and green/red arrows both a potential positive and
negative effect. An improved financial viability for private rhino owners has been hypothesized to benefit both farmed and wild rhino populations, rhino horn
demand has been hypothesized to increase with a legal market, laundering has been hypothesized to allow for an increase in illegal horn trade with a legalized
market, and it has been hypothesized that programmes aimed at changing the behaviour of rhino horn consumers will be less effective with the existence of a
stigma-removing legal rhino horn market. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this
article.)
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suggestions for future research and for a policy agenda that would benefit rhino conservation themost according to our study.
In our study we focus primarily on the two African rhino species and often in the setting of South Africa (as South Africa
harbours the majority of all rhinos on Earth at present), even though we acknowledge the importance of other countries with
rhino populations and the situation of the more rare Asian rhino species. Nevertheless, since illegal wildlife trade is an
interlinked and global system, we posit that our review provides a valid overview for the situation of all rhino species by
primarily considering the world’s largest rhino population as a case study.
2. Financial viability of private rhino ownership

The majority of South African rhinos (both black and white) currently live in either government-owned national parks or
privately owned game reserves and farms (Child et al., 2012; Knight et al., 2015). In national parks, large amounts of money
are often spent onwildlife protection, paid for by revenues from tourism as well as by affluential external donors and the state



J.A.J. Eikelboom et al. / Global Ecology and Conservation 23 (2020) e01145 5
(Annecke andMasubelele, 2016). Privately owned game reserves and farms on the other hand, need to be financially viable as
a business model. For private rhino owners, the revenue from keeping rhinos on their lands traditionally comes from tourism,
trophy hunting and live animal sales. When in the early 1990s the subsidy to agricultural commercial farmers stopped in
South Africa, a large number of farmers reverted to game farming as South African law allowed for private ownership of
wildlife (Child et al., 2012; Taylor et al., 2015). Private wildlife ownership is currently only allowed in South Africa, Namibia
and Zimbabwe (Muir-Leresche and Nelson, 2000), where private wildlife owners have to abide to the national nature pro-
tection laws. Populations of large game animals have increased in southern Africa through this form of farming (Child et al.,
2012). As 80% of the land in South Africa is privately owned (Cousins et al., 2008), it is thought that private ownership of rhino
on these lands can play a critical role in the recovery and long-term conservation of the species (Collins et al., 2016; Rubino
and Pienaar, 2017). It is estimated that 33% of the total rhino population in South Africa is now privately owned (Rademeyer,
2016; Rubino and Pienaar, 2017).

For private rhino owners, the increasing security costs of protecting their rhino from poaching pose a major problem
(Rubino and Pienaar, 2020). Income from the traditional sources (tourism, trophy hunting and/or live sales) is in many cases
not sufficient to cover the increased costs for protection and at the same time create a financially sustainable enterprise
(Minnaar and Herbig, 2018; Rubino and Pienaar, 2017). It is estimated that in 2016, 70 of the approximate 400 private rhino
owners in South Africa have removed rhinos from their land due to financial difficulties and the personal security risks posed
by poachers, amounting to a loss of about 200,000 ha of land available for rhino conservation (CITES, 2016).

The problem sketched above has fuelled the plea for a lift on the trade ban and legalization of the market, with private
rhino owners being prominent advocates (Private Rhino Owners Association, 2017; Rubino and Pienaar, 2020). Lifting the
trade ban could enable private rhino owners to exploit an extra way of gaining revenue from keeping rhinos by selling
sustainably harvested horns (Rubino et al., 2018). This increased revenue could in turn be used to pay for extra anti-poaching
measures by private rhino owners. An additional advantage that is to be expected when legalizing the trade is that the
viability of rhino farming will get an impulse, leading to more entrepreneurs and land-owners being interested in keeping
rhinos. This will increase the population of captive rhinos, which benefits the global population of this threatened species.
Although the conservation value of a captive population of rhinos is less than that of a healthy wild population (Redford et al.,
2011), a captive population could be an important buffer in case rhinos become extinct in the wild.

Another frequently used argument is that tax raised from legally traded horns could flow back to the protection of wild
rhino populations and can be invested in livelihood development for communities surrounding these parks, which currently
form the cradle of poachers (Di Minin et al., 2015; Rademeyer, 2012). Di Minin et al. (2015) concluded in a modelling study
that this reinvestment of profit from legal sales would actually be a prerequisite for a positive effect of legalizing the market
on rhino conservation. Given that the black market price for rhino horn is currently between US $ 30,000 and 65,000 per kg
and rhino horn farming is profitable from approximately US $ 11,500 per kg onwards (Rademeyer, 2016; Rubino et al., 2018),
there is ample room for legal sales to yield substantial financial resources to potentially protect rhinos in such a way that
poaching becomes less profitable (Collins et al., 2016; Di Minin et al., 2015). However, it is unlikely that most of the tax raised
through rhino horn sales will be reinvested inwild rhino conservation, since health care, housing and education of previously
disenfranchised people are politically more urgent for many African governments. Capitalist governments have independent
processes of harvesting and distributing wealth, meaning that sectors that are taxed for a certain amount are not compen-
satedwith an equal amount of governmental funding. Furthermore, it is questionablewhether private rhino owners aremajor
stakeholders in wild rhino conservation or not, because they only have an indirect financial incentive to bargain with the
government for a reinvestment of taxes to the protection of wild rhinos. Less poached rhino horns could of course lead to
more consumers for farmed rhino horns, but the significance of this phenomenonwill fadewhen therewould be substantially
more farmed rhinos than wild rhinos.

Legalizing the rhino horn trade would thus have two main advantages through the mechanism of increased revenue for
rhino owners. First, the owners will have an incentive for sustaining a viable captive population of rhinos. Second, there will
be money available for the protection of both private (through sustainably harvested horn sales) and wild rhinos (through
taxes), which in turn can discourage poaching. However, it is unclear if a substantial amount of the raised taxes will be
reinvested in the protection of wild rhinos.

3. Demand for rhino horn

The debate about whether or not to legalize international rhino horn trade often focuses on what will happen to the
market demand (viz., in terms of quantity of rhino horn given current prices or potentially lower or higher prices), i.e., will the
overall demand (legal, viz., supplied mainly by farms, and illegal, viz., supplied by poachers, combined) increase and howwill
the current illegal market respond to a legal market? To adequately answer these questions it should first be known how large
the current demand for illegal rhino horn is. Some estimated the overall demand for rhino horn by looking solely at the
current illegal supply, concluding that demand for rhino horn can be met with 5000 captive white rhinos through regular
non-lethal harvesting of their horns in South Africa alone (Biggs et al., 2013; Milliken et al., 2009). However, there are many
concerns about this estimation. First, the current illegal demand is already far greater than the current illegal supply (USAID
Vietnam, 2018; USAID Wildlife Asia, 2018). The United States Agency for International Development concluded via inter-
viewing 1400 Vietnamese people that are financially able to buy rhino horn (from five different cities that sustain a black
market in rhino horn) that in Vietnam 10% of the people find it acceptable to buy or own rhino, of which 10% are currently
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wealthy enough to afford it (USAID Vietnam, 2018). This suggests that there is a demand for rhino horn from about a million
people in Vietnam alone. In the 14 times more numerous Chinese population, the USAID surveyed 1800 people (from six
different cities that have a rhino horn black market) and concluded that 16% have purchased rhino horn in the past, of which
8% in the past 12 months (USAID Wildlife Asia, 2018). China and Vietnam combined are thus home to millions of potential
rhino horn consumers. Second, Kotze (2014) argued that rhino horn farming will produce too few horns to meet the demand
in the near future, considering the horn growth rate of only 6 cm per year on average (Pienaar et al., 1991) and the low
reproduction rate of one calf per 3e5 years (Patton et al., 1999; Swaisgood et al., 2006). Third, Prins and Okita-Ouma (2013)
argued that Biggs et al. (2013) overlooked the demand for the other four rhino species; the suggested yield of legal supply is
often based on rhino farming in southern Africa and overlooks Asian rhino species, which are not currently farmed and are
desired for their horns nonetheless. To conclude, current illegal demand is likely far greater than current illegal supply, with
the current estimation of potential buyers far exceeding the amount a legal supply could realistically meet in the (near) future
(USAID Vietnam, 2018).

Current demand for rhino horn will likely not stay the same with a legalization of rhino horn trade and it should thus be
estimated how the overall demand will change. First of all, future overall demand is likely to increase with economic and
population growth in Asia, regardless of rhino horn trade legalization (Tensen, 2016; Vigne et al., 2007). Furthermore, if the
trade ban is lifted new forces will start to influence the demand for rhino horn as well (Fischer, 2004). An important new force
is the removal of the stigma that comes with buying illegal products. Although Biggs et al. (2013) assumed that with a legal
rhino horn trade "the demand does not escalate to dangerous levels as the stigma associated with the illegality of the product is
removed", plenty of other studies argued that the demand will likely increase significantly because of the removal of the
stigma (e.g., Collins et al., 2013; Fischer, 2004; Prins and Okita-Ouma, 2013), at least for law-abiding consumers (Fischer,
2004; USAID Vietnam, 2018; USAID Wildlife Asia, 2018). Another market force that could result in an increased demand
after legalization is the reawakening of old markets, particularly markets that were active in the 1970s and 1980s in Taiwan,
Japan, Singapore and Yemen (Prins and Okita-Ouma, 2013), which could thus reverse the decreased demand in these old
markets (Graham-Rowe, 2011). In addition to traditional consumer countries, there are also new (e.g., African) countries that
sell Traditional Chinese Medicines in their drug stores and where people start to believe that wildlife products (including
rhino horn) can cure diseases (Cyranoski, 2018). These new local markets are often overlooked in the estimation of demand.
Moreover, a substantial increase in demand (both legal or illegal) could further promote the tragic positive feedback loop
between demand and the rhino extinction rate, which is coined the Anthropogenic Allee Effect (Challender and MacMillan,
2014; Hall et al., 2008). The Anthropogenic Allee Effect indicates that when the abundance of an animal species decreases, the
demand for its products will increase due to its rarity (Hall et al., 2008). Accounting for all the aforementioned market forces,
the overall demand for rhino horn is expected to grow significantly with a legalized market, although the recent COVID-19
pandemic may affect people’s attitudes towards using products of wild animals in unforeseen ways (Lam et al., 2020).

Ideally, with a legal market that would be supplied mainly by rhino farmers, the illegal demand for poached horns would
disappear or at least become substantially smaller. Unfortunately, how the illegal demand for rhino hornwill respond exactly
is uncertain (Fischer, 2004). From an economic perspective, illegal traders and farmers can compete with each other in
multiple ways that could either benefit or devastate rhino conservation (Damania and Bulte, 2007). From a social perspective,
people that fear heavy penalties for consuming illegal products will likely shift from the illegal to the legal market when
effective law enforcement is in place. The same applies to people that care about animal welfare or conservation. These three
deterrents have been mentioned by 71e76% of the 242 interviewed Vietnamese illegal rhino horn consumers (USAID
Vietnam, 2018), so it can be assumed that a substantial portion of the current illegal consumers will consider switching to
a legal market. On the other hand, some people have a preference for illegally harvested (’wild’) horns, e.g., those that prefer
to buy larger horns as a status symbol and those that believe that the suffering of the animal enhances the ’potency’ of the
medicine (Cheung et al., 2018a; Hanley et al., 2018; Tensen, 2016). It is thus likely that an illegal market will always persist
parallel to a legal market and this should not be neglected in the debate around the legalization.

Given the high likelihood of a substantially increasing demand with trade legalization, it is important to consider effective
market forces to regulate this increase to avoid it leading to the detriment of wild rhino populations. Price is such a force that
many studies proposed to influence the market demand (e.g., Milner-Gulland, 1993). However, the effect of price on the
overall demand as well as on the illegal demand is ambiguous andmay yield counterintuitive results. For the overall demand,
lower prices make on the one hand rhino horn affordable to more buyers, which could lead to an increase in overall demand
(USAID Vietnam, 2018). On the other hand, a lower price could also weaken the effect of the Anthropogenic Allee Effect, i.e., a
lower price makes it less attractive for people that are after luxurious or rare products. For the illegal demand, Biggs et al.
(2013) argued that lower prices in the legal market will likely diminish it. While it is true that a lower legal price can
motivate people to move from the illegal to the legal market, it is not always the case. Like with marijuana, a legal market is
more likely to reduce the illegal market when its price can compete with the illegal market (Morris, 2018). Wildlife product
markets are very different from perfect competition markets, suggesting that lowering the price may not be a good strategy,
as it is hard to make sure that the price in the legal market is always lower than the illegal price. For example, farmed tiger
bones are 50e300% more expensive than from poached tigers (EIA, 2013). Also, illegal elephant tusks were sold for only a
third of the price of legal tusks (Fischer, 2004). As for rhino farming, the minimum price for rhino horn to be profitable is
approximately US $ 11,500 per kg (Rubino et al., 2018). If crime networks are able to supply horns at a lower price it is still
likely that consumers will buy illegal products. However, 63% of the 242 Vietnamese illegal rhino horn consumers would be
willing to pay more if the product is scientifically tested by a trusted supplier and 72% would still buy rhino horn with a 10%
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increase in price (USAID Vietnam, 2018). So a substantial portion of the current illegal consumers is likely to move to the legal
market, even if legal prices cannot fully compete with illegal prices. On the other hand, consumers often overstate their
willingness to pay a premium (Katt and Meixner, 2020). Furthermore, these results also show that price is only a minor
concern to current rhino horn users (USAID Vietnam, 2018; USAID Wildlife Asia, 2018). This is backed up by the notion that
demand for rhino horn is inelastic to price changes (Crookes and Blignaut, 2015; Milner-Gulland, 1993). For instance, the
demand for rhino horn rose substantially in Yemen despite a 40% increase in price within four years (Vigne et al., 2007) and
modelling studies have suggested that reducing the price of rhino horn will not curb rhino poaching (Crookes, 2017). These
results suggest that the overall demand for rhino horn is insensitive to an increase or decrease in price.

The improbability of price being able to control the demand urged researchers to look into social instead of economic
forces. These social forces turned out to be more effective than price in a modelling study about the rhino horn case (Crookes
and Blignaut, 2015). First, the consumption motives of rhino horn buyers in Southeast and East Asia should be known to be
able to adequately respond to it. According to results of interviews with 242 Vietnamese illegal rhino horn buyers, the two
main drivers of purchase are that rhino horns "are worth their price no matter how expensive" and "indicate wealth, power and
social status" (USAID Vietnam, 2018). The status and cultural pride of the elite increases when the prices of ’must-have’ status
symbol products are high. The way to reduce the demand of these Vietnamese people are for example strategies related to
heavy penalties and a focus on animal cruelty (USAID Vietnam, 2018). In a similar study, 140 Chinese illegal wildlife product
buyers primarily mentioned that rhino horn "brings good health" and "cures illness" (USAIDWildlife Asia, 2018). In addition, an
underestimated driver for buying rhino horn in China is the art and antiques market (Gao et al., 2016). Therefore, eliminating
concerns about modern medical practices and increasing public awareness about animal conservation are key to reducing
wildlife consumption in China. Understanding and anticipating the underlying consumption motives of rhino horn buyers
thus seems more helpful in reducing demand than price changes.

In short, demand for rhino horn is currently much larger than supply and is expected to increase with economic and
population growth in Asia (Tensen, 2016; USAID Vietnam, 2018; USAID Wildlife Asia, 2018; Vigne et al., 2007). With legali-
zation of the market, demand is likely to increase further (in current, old and new markets) when the stigma around buying
rhino horn is removed and potentially also due to the Anthropogenic Allee Effect (Challender andMacMillan, 2014; Hall et al.,
2008). It will most likely be impossible to satisfy the demand with legal horns alone, due to a preference of some consumer
groups for illegal (’wild’) horns and the potentially lower price of illegal horns (Cheung et al., 2018a; Hanley et al., 2018). The
demand for illegal horn could however be reduced through a simultaneous increase in law enforcement combined with
severe penalties for buying illegal horn (Tensen, 2016).

4. Laundering of rhino horns

The issues and debates about the demand for rhino horn suggest that legal and illegal markets are likely to co-exist after
trade legalization, not only for consumers but also for suppliers (Fischer, 2004). Illegal rhino horn traders are likely to remain
in business after trade legalization and could start laundering their products into the legal market (Collins et al., 2013; Fischer,
2004). This is the case with legal ivory trade as well, where ’ghost ivory’ (post-1947 ivory being sold as pre-1947 ivory) and
’look-alikes’ (e.g., elephant ivory fraudulently mislabelled as mammoth ivory) are being sold to the unsuspecting and un-
educated buyers (CITES, 2019; Collins et al., 2017). Under such conditions, a legal market can actually give an incentive to
illegal suppliers by lowering the chances of being caught in an illegal exchange, as corruption reduces the rhino horn
confiscation rate (Fischer, 2004; Van Uhm, 2018a). For example, corruption amongst government officials, e.g., via threats and
commission payments (Collins et al., 2016; Rademeyer, 2012), can allow for the entering of illegal products into legal markets
(Bennett, 2015). A similar situation was found for the legal trade of ivory, in which eight of the twelve African countries that
are home to the majority of elephant populations belong to the top 40% of the world’s most corrupt countries (Transparency
International, 2013; UNEP et al., 2013).

Widespread corruption exists and expands to all nodes in a trade chain (Bennett, 2015). Examples of wildlife trade related
corruption exist in justice, economic and political systems (Wyatt et al., 2018), where acts of corruption on an individual level
include bribes, patronage, diplomatic cover and permit abuse (Corruption Tracker, 2011; Nshuli, 2013; Walker, 2009; Wyatt
et al., 2018). For example, a number of rhinos were actually poached by people who were employed to guard them in Africa
during the 1970s and 1980s (Fischer, 2004). More recently in South Africa’s Kruger National Park, police officers and rangers
were directly involved in poaching (Anderson and Jooste, 2014). Similar situations were discovered in other rhino poaching
hotspots in Africa as well (Smallhorne, 2013). For example in Kenya, the stronghold of the eastern black rhino (containing 87%
of the subspecies’ population), the internal government corruption worsened the problem of population decline (Anderson
and Jooste, 2014).

Due to the aforementioned effects of corruption and laundering, legalizing rhino horn trade would at least need a highly
regulated trading system if rhinos are to be preserved. A Central Selling Organization, the systemwith the largest control, was
proposed by Biggs et al. (2013). To reduce the effects of corruption, they suggested to shorten the market chain between
suppliers and buyers (Biggs et al., 2013). However, an illegal supply can in reality always be present as corruption within the
Central Selling Organization could still support laundered poached horns to end up on the legal market (Bennett, 2015;
Fischer, 2004). This was the case in the highly controlled diamond trade, where an estimated 5e10% of the world’s legal
diamond market consisted of ’blood diamonds’ (Baker, 2015). Considering the huge demand for rhino horn and the small
rhino population (USAID Vietnam, 2018), a potential 5% illegal horns would already be problematic for the survival of the



J.A.J. Eikelboom et al. / Global Ecology and Conservation 23 (2020) e011458
species. Biggs et al. (2013) also proposed DNA profiling to track the legality of individual horns. However, this will not only
inhibit the potential use of synthetic horns, but also that of buffalo horn and wood that circulate as ’rhino horn’ and which
currently comprise a substantial proportion of the market (Collins et al., 2013; Save the Rhino, 2016a). The demand for
genuine rhino horn could therefore increase, together with the negative consequences (Collins et al., 2013). Furthermore, DNA
profiling will likely increase the price of legal rhino horns.

In short, corruption is unfortunately a large problem worldwide, also along the rhino horn trade route in Africa and Asia
(Emslie and Brooks, 1999; Wyatt et al., 2018). The illegal supply of rhino horn is therefore likely to increase when legalizing
international rhino horn trade due to laundering and corruption (Van Uhm, 2018a), even with a highly regulated trading
system (Bennett, 2015; Collins et al., 2013; Fischer, 2004).
5. Long-term behavioural change of rhino horn consumers

It is generally thought that the ultimate solution to stop rhino poaching lies in a change of the consumers’ behaviour
(Litchfield, 2013). The demand can be drastically reduced if not eliminated, by creating a uniform morality that it is wrong to
purchase products that have such a clear negative effect on the survival of a threatened species and by providing alternatives
to fulfil the need for the product (Litchfield, 2013). This can only be accomplished by a global change in consumer behaviour.
Despite the efforts of non-governmental organisations and conservation incentives (Biggs et al., 2013; Holden et al., 2019; St
John et al., 2010), this has not been achieved yet, as illustrated by the high poaching rates and large demand for rhino horn and
other wildlife products (Save the Rhino, 2019; USAID Vietnam, 2018; USAID Wildlife Asia, 2018).

Environmental awareness programmes are believed to increase knowledge and concern (Sampei and Aoyagi-Usui, 2009),
but there seems to be a value-action gap remaining in the general public (Kollmuss and Agyeman, 2002). Furthermore, the
outcome of programmes to reduce consumer demand for wildlife products are only known for about 37% of the programmes,
and the ecological impact has been reported for only 9% (Veríssimo and Wan, 2019). An extra complication in the rhino
poaching crisis is the scale of the problem. While local awareness programmes can have strong positive effects on local
environmental problems, e.g., overexploitation by subsistence hunting (Campos-Silva et al., 2017) or humanwildlife conflicts
(King et al., 2017), the illegal rhino horn trade represents an international conservation crisis that involves many stakeholders
other than the local consumers (Milliken and Shaw, 2012; Sutherland et al., 2014). Especially with the current rise in
popularity of Traditional Chinese Medicine, as promoted by the Chinese government (Cyranoski, 2018; Master, 2019) and
supported by the World Health Organisation (Matthews-King, 2019; WHO, 2013), the market for perceived medicinal uses of
rhino (and other wildlife) products is increasing (Master, 2019; Tang et al., 2018). Furthermore, half of all planned purchases of
rhino horn products in Vietnamwere motivated by the advice of a traditional medical doctor (USAID Vietnam, 2018). Current
rhino horn buyers in Vietnam indicated that although they were aware of the extinction risk for rhinos, they do not feel
responsible for the killing themselves as they "are one of many consumers", "do not kill the animals themselves" or "do not buy
products regularly nor in high quantities" (USAID Vietnam, 2018). These beliefs in combination with the commercial and
governmental lobby for the use of Traditional Chinese Medicine make it difficult to campaign for the exact opposite However,
the incrimination of pangolins as the origin of the COVID-19 pandemic may put traditional misuse of wild animals in a new
unfavourable light (Lam et al., 2020).

In addition to environmental awareness programmes, law enforcement on the consumer side of the trade could also
change the behaviour of potential buyers of rhino horn (Olmedo et al., 2018). Buyers of rhino horn in both Vietnam and China
indicated that the top deterrents for future purchases are the link of rhino products to organised crime and the personal risk
of violating the law (USAID Vietnam, 2018; USAID Wildlife Asia, 2018). When prioritized by the governments of consumer
countries, more severe penalties for rhino horn owners could be implemented and effective law enforcement established.
This has the potential to change the behaviour of consumers in both the short and long term (Olmedo et al., 2018).

Legalizing the market can be considered the complete opposite of campaigning to reduce consumer demand. By making it
legal to sell and buy rhino horn products, the stigma around these products is removed and a signal that it is acceptable and
useful to buy rhino horn is implicitly given (Biggs et al., 2017b). This may hamper critical thinking by consumers about their
own behaviour and limit the impact of education programmes on the matter. As a comparison, legalization has increased the
demand for other products in the past (see Appendix). For marijuana the total consumption rose after legalization due to an
increase in new users and extended consumption by regular users (Pacula, 2010). Furthermore, after legalizing crocodilian
skin trade, the demand remained robust for the high-end products (alligator and crocodile skins) and increased dramatically
for the lower-cost (caiman) products (MacGregor, 2002).

In the long term, involving consumers and informing them about the consequences of their choices is an essential aspect
of saving the rhino as a species (Biggs et al., 2017a). This can perhaps best be achieved by emphasizing the lack of efficacy of
rhino-based Traditional Chinese Medicine by engaging professional medical doctors in China, who have essentially the same
ethical standards as their counterparts in the U.S.A. (Nie et al., 2015). In the long run, such demand-reduction programmes
may be more cost-effective and better able to tackle the complexity of the trade than increasing anti-poaching enforcement,
independent of the initial price of wildlife products or ecological parameters (Challender and MacMillan, 2014; Holden et al.,
2019). However, for demand-reduction programmes to become truly effective, conservationists need to adopt more rigorous
impact evaluation strategies (‘t Sas-Rolfes et al., 2019; Olmedo et al., 2018; Veríssimo andWan, 2019). Nevertheless, given the
current critical situation of rhino populations, more short-termmeasures, e.g., law enforcement (Olmedo et al., 2018), should
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be implemented as well to ensure the survival of the rhino species. In either scenario, legalizing the rhino horn market will
likely hamper any demand-reduction strategy.
6. Discussion

Evaluating the effects of the four mechanisms separately on the rhino population in the situation of a legalized trade
(Fig. 3), we can summarize that 1) an improved financial viability of private rhino ownership will likely have a positive effect
on the captive rhino population in countries that allow private wildlife ownership, i.e., South Africa, Namibia and Zimbabwe
(Muir-Leresche and Nelson, 2000). However, it is questionable if this will lead to a substantial conservation benefit for wild
rhino populations. 2) It will most likely be impossible to satisfy the demand with legal horns alone in the near future (Tensen,
2016; USAID Vietnam, 2018; USAID Wildlife Asia, 2018). Therefore, legal and illegal trade circuits would probably exist in
parallel due to a preference of some consumer groups for illegal (’wild’) horns and the potentially lower price of illegal horns
(Cheung et al., 2018a; Hanley et al., 2018; Rubino et al., 2018). 3) Corruption is widespread and likely to remain present in all
nodes of the trade chain and can stimulate the illegal trafficking of poached rhino horns through laundering channels into the
legal market (Van Uhm, 2018a), thereby keeping the poaching incentive alive. Furthermore, even in a tightly controlled
market system corruptionwill most likely still allow for an influx of poached horns from African countries, as is the case with
blood diamonds and ivory (Baker, 2015; Bennett, 2015; Fischer, 2004; Wasser et al., 2015). 4) Behavioural change of rhino
Fig. 3. The mapped conservation benefit (y-axis, from red to green) and certainty (x-axis, from grey to transparent) of the four discussed mechanisms (financial
viability for private rhino owners, rhino horn demand, laundering of rhino horns, and behaviour of rhino horn consumers) on rhino populations: a) business as
usual scenario for wild rhinos, b) legal trade scenario for farmed rhinos, and c) legal trade scenario for wild rhinos. The symbols are identical to Fig. 2. (For
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
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horn consumers has often been suggested as the ultimate solution to stop rhino poaching, but legalizing the rhino horn
market could likely negatively affect efforts taken in this direction (Biggs et al., 2017b). By legalizing the rhino hornmarket the
stigma around buying illegal products of poached and threatened animals will be removed, which could cause an overall
increasing interest in rhino horn (as happened for crocodilian skins and marijuana) in the future (MacGregor, 2002; Morris,
2018; Prins and Okita-Ouma, 2013).

Cases of trade legalization from the past show that the legal commercialization of animal products can go both ways
regarding species’ conservation; with a (potentially) positive effect in the case of bison meat, crocodilian skins and trophy
hunting, but with a (potentially) negative effect for elephant ivory and lion bones (see Appendix). To determine how the rhino
populations will respond to the legalization of international rhino horn trade, it needs to be evaluated what makes a legal
animal product market sustainable to benefit species conservation (SCBD, 2004; Tensen, 2016). Tensen (2016) determined
that wildlife farming (to supply legal products) can benefit species conservation only if five different criteria are met. First,
consumers should show no preference for products originating from wild-caught animals. This likely does not apply to all
buyers of rhino horn, as larger horns from poached rhinos function better as status symbols and horns from rhinos that
suffered are believed by some to increase their medicinal potency (Cheung et al., 2018a; Hanley et al., 2018). Second, a
substantial part of the demand should be met and the demand should not increase due to a legalized market. This probably
does not apply to rhino horns either, because demand is unlikely to be met by rhino farming in the near future (USAID
Vietnam, 2018; USAID Wildlife Asia, 2018). Third, legal products should be more cost-efficient in order to combat the
black market prices. This criterion likely does not apply to rhino horn as rhino horn farming was estimated to only be
profitable without subsidies when horn is sold at a minimum price of US $ 11,500 per kg (Rubino et al., 2018). In contrast,
poached rhino horn would probably still be profitable at a much lower price if the risks of rhino poaching do not increase
substantially compared to the current situation (Conrad, 2012). Fourth, wildlife farming should not rely on wild populations
for restocking. This would likely hold true for rhino farming if captive populations are well protected, because already more
than 30% of all South African rhinos are privately owned and due to the aridification of farming groundsmore area is expected
to become available for rhino farming in the near future (Rademeyer, 2016; Rubino and Pienaar, 2017). Fifth, laundering of
illegal products into the commercial trade should be absent. This will likely not be the case for rhino horn farming given the
enormous value of the product, the trade network that is already involved and the corruption that is present in many African
and Asian countries (Collins et al., 2013; Fischer, 2004; Wyatt et al., 2018). In short, the case of rhino horn farming complies
with only one of the five criteria that are needed for wildlife farming to benefit species conservation. According to Tensen
(2016) even a minor violation of any of the criteria will result in a negative outcome of wildlife farming to species conser-
vation, but even if a minor violation of these criteria could be compensated for by the other criteria then violating four out of
five criteria will likely not result in a benefit for rhino conservation from farming rhino commercially. Similar to this pre-
diction for the rhino horn trade, a modelling study deemed sustainable harvesting of elephant ivory to be impossible (Lusseau
and Lee, 2016), and an assessment framework study deemed pangolin farming to be unable to yield a conservation benefit
(Challender et al., 2019; Phelps et al., 2014).

Providing recommendations about scenarios that have never happened before (viz., legalizing international rhino horn
trade) is challenging, as this is inherently coupled with a lack of empirical data. As a consequence, all our conclusions could
only be determined with a certain level of certainty (Fig. 3). In order to increase the certainty of inferences that can be made
about potential effects of legal horn trade on wild rhino populations, we would suggest to focus future research on three
topics. 1) Quantify and describe the current demand for rhino horn and the potential demand for legal rhino horn better.
Although recent studies have taken important steps in this direction (e.g., USAID Vietnam, 2018; USAIDWildlife Asia, 2018),
there is potential to better clarify the number of (potential) consumers, the amount of rhino horn they (want to) consume per
time unit, the amount of money they are realistically willing to pay per unit of legal and illegal rhino horn, their reasons for
purchasing rhino horn, and under which circumstances they are willing to switch to a legal market. This can be achieved
through surveys and undercover intelligence in Southeast Asia. This information is critical to make more certain conclusions
about whether or not there is potential for an illegal rhino horn market to exist in parallel to a legal market. 2) Rhino horn
demand-reduction programmes should adopt more rigorous impact evaluation strategies. As demand-reduction is often a
long-term process, studies should ideally be designed in such a way that it allows for demand-reducing strategies to be
effective over multiple years and that the impact of the strategies are quantitively evaluated for multiple times during this
period. Because these programmes are arguably the only solution to stop the demand for rhino horn entirely and because
these are likely to take a long time to take effect, efforts taken in this direction should be properly chosen, evaluated and
ultimately optimized. 3) Economic and political avenues should be explored and substantiated about how a legal market of
farmed rhino horns could benefit wild rhino populations in national parks and private game reserves. The financial benefit for
rhino conservation related to farmed rhinos is clear, but it is not yet clear through which mechanisms this could benefit wild
rhino populations. As both a healthy captive and wild population of rhinos could be important in preserving these species
during the Anthropocene, the benefit of legal horn trade should be clear for the entire gradient of captive to wild rhino.

7. Conclusion

A legal rhino horn trade will most likely not be able to satisfy demand in the near future and will likely even lead to an
increase in demand (Fig. 3c). Omnipresent corruption in countries along the rhino horn trade routes will, together with
demand for illegal (’wild’) horns, facilitate the co-existence of legal and illegal markets. In addition, legalization will remove
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the stigma associated with the consumption of illegal products and will therefore counteract long-term behavioural change
programmes targeted at consumers, which is arguably the ultimate solution towildlife crime. Only one of our four considered
mechanisms (an increased revenue for private rhino owners) will likely have a positive impact on rhino conservation, but
primarily for the captive rhino populations in countries that allow private wildlife ownership. However, this one minor
positive impact for rhino conservation will most likely not be able to offset the other negative impacts of trade legalization
(Fig. 3c). Based on this review, we therefore recommend not to legalize an international trade in rhino horn. Instead, we
suggest to focus efforts on creatingwell-protected ’safe havens’ for the remainingwild rhino populations to bridge the current
period of high demand (short-term approach) and on programmes aimed at reducing rhino horn demand (long-term
approach). We acknowledge that this strategy is not perfect, because rhinos are still poached in well-protected reserves and
behavioural change programmes still need to improve and prove their effectiveness, which is why our proposed strategy
requires substantial (international) effort.

One could argue that rhinos should be preserved as a species, instead of prioritizing rhinos in the wild. Focusing on
preserving rhinos in the wild through a legal trade ban has the likely consequence that far less captive rhinos will be kept.
Even though healthy wild animal populations are generally thought to have a higher conservation value than captive pop-
ulations (Redford et al., 2011), if in spite of all efforts rhinos do become extinct in the wild, then it might complicate future
reintroduction efforts to have fewer captive rhinos. This is a risk that should not be underestimated, which makes our
suggested short-term approach of creating well-protected ’safe havens’ for wild rhino populations all the more relevant (e.g.,
Welgevonden Game Reserve, 2020). Regardless of one’s opinion to legalize an international rhino horn market or not, both
anti- and pro-trade strategies to save the rhino from extinction are likely only possible after corruption has been reduced,
more rhinos have been bred and illegal demand has been reduced (Committee of Inquiry, 2016). The debate about legalizing
the rhino horn market should thus not prevent stakeholders fromworking together to achieve these goals (Sandbrook et al.,
2019).

Authors’ contributions

B.S., J.A.J.E., R.J.M.N., H.H.T.P., F.v.L. and I.M.A.H. conceived the ideas; J.A.J.E., R.J.M.N. and Y.X.G.W. designed the study;
Y.X.G.W., R.J.M.N., J.A.J.E., B.S., I.M.A.H., H.H.T.P. and F.v.L. collected the literature; J.A.J.E., Y.X.G.W. and R.J.M.N. wrote the
manuscript; J.A.J.E. led the writing of the manuscript. All authors (J.A.J.E., R.J.M.N., Y.X.G.W., B.S., F.v.L., I.M.A.H., W.M.M. and
H.H.T.P.) contributed critically to the drafts and gave final approval for publication. All authors declare that they have no
conflict of interest.

Declaration of competing interest

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

Acknowledgements

This research was funded by the Graduate School for Production Ecology and Resource Conservation (PE&RC call "Insti-
tutional Collaboration") and the Netherlands Organisation for Scientific Research (NWO program "Advanced Instrumentation
forWildlife Protection"). We thankMajor-General Johan Jooste from South African National Parks, prof. Joel S. Brown from the
Moffitt Cancer Center, prof. John M. Fryxell from the University of Guelph and dr. Henrik J. de Knegt from Wageningen
University for their input during the early phases of this study.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.gecco.2020.e01145.

References

African Wildlife Foundation, 2014. “Tools of the trade” starring jackie chan (Mandarin). https://youtu.be/sLbLlk3Nsp0 accessed 2.24.17.
Anderson, B., Jooste, J., 2014. Wildlife poaching: Africa’s surging trafficking threat. Africa Secur. Br 1e8.
Annecke, W., Masubelele, M., 2016. A Review of the impact of militarisation: the case of rhino poaching in kruger national park, South Africa. Conserv. Soc.

14, 195e204. https://doi.org/10.4103/0972-4923.191158.
Ayling, J., 2013. What sustains wildlife crime? Rhino horn trading and the resilience of criminal networks. J. Int. Wildl. Law Pol. 16, 57e80. https://doi.org/10.

1080/13880292.2013.764776.
Baker, A., 2015. Blood diamonds [WWW document]. Time. URL. https://time.com/blood-diamonds/. accessed 8.15.19.
Bennett, E.L., 2015. Legal ivory trade in a corrupt world and its impact on African elephant populations. Conserv. Biol. 29, 54e60. https://doi.org/10.1111/

cobi.12377.
Biggs, D., Courchamp, F., Martin, R., Possingham, H.P., 2013. Legal trade of Africa’s Rhino horns. Science 339, 1038e1039. https://doi.org/10.1126/science.

1229998.
Biggs, D., Cooney, R., Roe, D., Dublin, H.T., Allan, J.R., Challender, D.W.S., Skinner, D., 2017a. Developing a theory of change for a community-based response

to illegal wildlife trade. Conserv. Biol. 31, 5e12. https://doi.org/10.1111/cobi.12796.

https://doi.org/10.1016/j.gecco.2020.e01145
https://youtu.be/sLbLlk3Nsp0
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref2
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref2
https://doi.org/10.4103/0972-4923.191158
https://doi.org/10.1080/13880292.2013.764776
https://doi.org/10.1080/13880292.2013.764776
https://time.com/blood-diamonds/
https://doi.org/10.1111/cobi.12377
https://doi.org/10.1111/cobi.12377
https://doi.org/10.1126/science.1229998
https://doi.org/10.1126/science.1229998
https://doi.org/10.1111/cobi.12796


J.A.J. Eikelboom et al. / Global Ecology and Conservation 23 (2020) e0114512
Biggs, D., Holden, M.H., Braczkowski, A., Cook, C.N., Milner-Gulland, E.J., Phelps, J., Scholes, R.J., Smith, R.J., Underwood, F.M., Adams, V.M., Allan, J., Brink, H.,
Cooney, R., Gao, Y., Hutton, J., Macdonald-Madden, E., Maron, M., Redford, K.H., Sutherland, W.J., Possingham, H.P., 2017b. Breaking the deadlock on
ivory. Science 358, 1378e1381. https://doi.org/10.1126/science.aan5215.

Cambron, M.E., Brode, C., Butler, P., Olszewkski, G., 2015. Poacher detection at fence crossing. In: In: SoutheastCon 2015. IEEE, pp. 1e2. https://doi.org/10.
1109/SECON.2015.7132898.

Campos-Silva, J.V., Peres, C.A., Antunes, A.P., Valsecchi, J., Pezzuti, J., 2017. Community-based population recovery of overexploited Amazonian wildlife.
Perspect. Ecol. Conserv. 15, 266e270. https://doi.org/10.1016/j.pecon.2017.08.004.

Challender, D.W.S., MacMillan, D.C., 2014. Poaching is more than an enforcement problem. Conserv. Lett. 7, 484e494. https://doi.org/10.1111/conl.12082.
Challender, D.W.S., Sas-Rolfes, M., Ades, G.W.J., Chin, J.S.C., Ching-Min Sun, N., Chong, J. lian, Connelly, E., Hywood, L., Luz, S., Mohapatra, R.K., de Ornellas, P.,

Parker, K., Pietersen, D.W., Roberton, S.I., Semiadi, G., Shaw, D., Shepherd, C.R., Thomson, P., Wang, Y., Wicker, L., Wu, S.B., Nash, H.C., 2019. Evaluating the
feasibility of pangolin farming and its potential conservation impact. Glob. Ecol. Conserv. 20, e00714 https://doi.org/10.1016/j.gecco.2019.e00714.

Cheung, H., Mazerolle, L., Possingham, H.P., Biggs, D., 2018a. Medicinal use and legalized trade of rhinoceros horn from the perspective of traditional Chinese
medicine practitioners in Hong Kong. Trop. Conserv. Sci. 11, 1e8. https://doi.org/10.1177/1940082918787428.

Cheung, H., Wang, Y., Biggs, D., 2018b. China’s reopened rhino horn trade. Science 362, 1369. https://doi.org/10.1126/science.aav9392, 80.
Child, B.A., Musengezi, J., Parent, G.D., Child, G.F.T., 2012. The economics and institutional economics of wildlife on private land in Africa. Pastor. Res. Policy

Pract. 2, 18. https://doi.org/10.1186/2041-7136-2-18.
CITES, 2016. Information Document for Amendment Proposal CoP17 Prop. 7 (CoP17 Inf. 17) (Johannesburg, South Africa).
CITES, 2019. Updates on decisions made on proposals to amend Appendices I and II at CoP18. https://cites.org/eng/updates_decisions_cop18_species_

proposals accessed 8.17.19.
Collins, A., Fraser, G., Snowball, J., 2013. Rhino poaching: supply and demand uncertain. Science 340. https://doi.org/10.1126/science.340.6137.1167-a,

1167e1167.
Collins, A., Fraser, G., Snowball, J., 2016. Issues and concerns in developing regulated markets for endangered species products: the case of rhinoceros horns.

Camb. J. Econ. 40, 1669e1686. https://doi.org/10.1093/cje/bev076.
Collins, A., Cox, C., Pamment, N., 2017. Culture, conservation and crime: regulating ivory markets for antiques and crafts. Ecol. Econ. 135, 186e194. https://

doi.org/10.1016/j.ecolecon.2017.01.018.
Committee of Inquiry, 2016. Summary Report (Johannesburg, South Africa).
Conrad, K., 2012. Trade bans: a perfect storm for poaching? Trop. Conserv. Sci. 5, 245e254. https://doi.org/10.1177/194008291200500302.
Conway-Smith, E., 2013. South Africa Sics Drones on Rhino Poachers. https://www.pri.org/stories/2013-01-11/south-africa-sics-drones-rhino-poachers.

accessed 2.24.17.
Corruption Tracker, 2011. Ivory smuggling exposes massive graft at ports: Tanzania Corruption Tracking System [WWW Document]. http://www.

corruptiontracker.or.tz/dev/index.php?option¼com_content&amp;view¼article&amp;id¼199%3Aivory-smugglingexposes-massive-graft-at-
ports&amp;catid¼26%3Awhat-mediasays&amp;Itemid¼50&amp;lang¼br accessed 9.12.13.

Cousins, J.A., Sadler, J.P., Evans, J., 2008. Exploring the role of private wildlife ranching as a conservation tool in South Africa: stakeholder perspectives. Ecol.
Soc. 13, 43. https://doi.org/10.5751/ES-02655-130243.

Crookes, D.J., 2017. Does a reduction in the price of rhino horn prevent poaching? J. Nat. Conserv. 39, 73e82. https://doi.org/10.1016/j.jnc.2017.07.008.
Crookes, D.J., Blignaut, J.N., 2015. Debunking the myth that a legal trade will solve the rhino horn crisis: a system dynamics model for market demand. J. Nat.

Conserv. 28, 11e18. https://doi.org/10.1016/j.jnc.2015.08.001.
Cyranoski, D., 2018. Why Chinese medicine is heading for clinics around the world. Nature 561, 448e450. https://doi.org/10.1038/d41586-018-06782-7.
Damania, R., Bulte, E.H., 2007. The economics of wildlife farming and endangered species conservation. Ecol. Econ. 62, 461e472. https://doi.org/10.1016/j.

ecolecon.2006.07.007.
Di Minin, E., Laitila, J., Montesino-Pouzols, F., Leader-Williams, N., Slotow, R., Goodman, P.S., Conway, A.J., Moilanen, A., 2015. Identification of policies for a

sustainable legal trade in rhinoceros horn based on population projection and socioeconomic models. Conserv. Biol. 29, 545e555. https://doi.org/10.
1111/cobi.12412.

EIA, 2013. Hidden in Plain Sight: China’s Clandestine Tiger Trade (London, UK).
Emslie, R., Brooks, M., 1999. African Rhino: Status Survey and Conservation Action Plan. Gland, Switzerland.
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, CoP17 (Rev. CoP15).

Ferreira, S., Hofmeyr, M., Pienaar, D., Cooper, D., 2014. Chemical horn infusions: a poaching deterrent or an unnecessary deception? PACHYDERM 55, 54e61.
Fischer, C., 2004. The complex interactions of markets for endangered species products. J. Environ. Econ. Manag. 48, 926e953. https://doi.org/10.1016/j.

jeem.2003.12.003.
Gao, Y., Stoner, K.J., Lee, A.T.L., Clark, S.G., 2016. Rhino horn trade in China: an analysis of the art and antiques market. Biol. Conserv. 201, 343e347. https://

doi.org/10.1016/j.biocon.2016.08.001.
Graham-Rowe, D., S101eS103, 2011. Biodiversity: endangered and in demand. Nature 480. https://doi.org/10.1038/480S101a.
Greenfield, S., Veríssimo, D., 2019. To what extent is social marketing used in demand reduction campaigns for illegal wildlife products? Insights from

elephant ivory and rhino horn. Soc. Market. Q. 25, 40e54. https://doi.org/10.1177/1524500418813543.
Haas, T.C., Ferreira, S.M., 2016. Conservation risks: when will rhinos be extinct? IEEE Trans. Cybern. 46, 1721e1734. https://doi.org/10.1109/TCYB.2015.

2470520.
Hall, R.J., Milner-Gulland, E.J., Courchamp, F., 2008. Endangering the endangered: the effects of perceived rarity on species exploitation. Conserv. Lett. 1,

75e81. https://doi.org/10.1111/j.1755-263X.2008.00013.x.
Hanley, N., Sheremet, O., Bozzola, M., MacMillan, D.C., 2018. The allure of the illegal: choice modeling of rhino horn demand in Vietnam. Conserv. Lett. 11,

e12417 https://doi.org/10.1111/conl.12417.
Holden, M.H., Biggs, D., Brink, H., Bal, P., Rhodes, J., McDonald-Madden, E., 2019. Increase anti-poaching law-enforcement or reduce demand for wildlife

products? A framework to guide strategic conservation investments. Conserv. Lett. 12, e12618 https://doi.org/10.1111/conl.12618.
IPBES, 2019. Summary for Policymakers of the Global Assessment Report on Biodiversity and Ecosystem Services of the Intergovernmental Science-Policy

Platform on Biodiversity and Ecosystem Services (Bonn, Germany).
Katt, F., Meixner, O., 2020. A systematic review of drivers influencing consumer willingness to pay for organic food. Trends Food Sci. Technol. https://doi.org/

10.1016/j.tifs.2020.04.029.
King, L.E., Lala, F., Nzumu, H., Mwambingu, E., Douglas-Hamilton, I., 2017. Beehive fences as a multidimensional conflict-mitigation tool for farmers

coexisting with elephants. Conserv. Biol. 31, 743e752. https://doi.org/10.1111/cobi.12898.
Knight, M.H., Emslie, R.H., Smart, R., Balfour, D., 2015. Biodiversity Management Plan for the White Rhinoceros (Ceratotherium simum) in South Africa 2015-

2020 (Pretoria, South Africa).
Kollmuss, A., Agyeman, J., 2002. Mind the Gap: why do people act environmentally and what are the barriers to pro-environmental behavior? Environ.

Educ. Res. 8, 239e260. https://doi.org/10.1080/13504620220145401.
Kotze, D., 2014. Why legalising trade in horn will hasten the demise of rhinos. Africa Geogr. Mag. 22.
Lam, T.T.-Y., Shum, M.H.-H., Zhu, H.-C., Tong, Y.-G., Ni, X.-B., Liao, Y., Wei, W., Cheung, W.Y., Li, W.-J., Li, L., Leung, G.M., Holmes, E.C., Hu, Y., Guan, Y., 2020.

Identifying SARS-CoV-2 related coronaviruses in Malayan pangolins. Nature. https://doi.org/10.1038/s41586-020-2169-0.
Leader-Williams, N., Milledge, S., Adcock, K., Brooks, M., Conway, A., Knight, M., Mainka, S., Martin, E.B., Teferi, T., 2005. Trophy hunting of black rhino

Diceros bicornis: proposals to ensure its future sustainability. J. Int. Wildl. Law Pol. 8, 1e11. https://doi.org/10.1080/13880290590913705.

https://doi.org/10.1126/science.aan5215
https://doi.org/10.1109/SECON.2015.7132898
https://doi.org/10.1109/SECON.2015.7132898
https://doi.org/10.1016/j.pecon.2017.08.004
https://doi.org/10.1111/conl.12082
https://doi.org/10.1016/j.gecco.2019.e00714
https://doi.org/10.1177/1940082918787428
https://doi.org/10.1126/science.aav9392
https://doi.org/10.1186/2041-7136-2-18
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref20
https://cites.org/eng/updates_decisions_cop18_species_proposals
https://cites.org/eng/updates_decisions_cop18_species_proposals
https://doi.org/10.1126/science.340.6137.1167-a
https://doi.org/10.1093/cje/bev076
https://doi.org/10.1016/j.ecolecon.2017.01.018
https://doi.org/10.1016/j.ecolecon.2017.01.018
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref25
https://doi.org/10.1177/194008291200500302
https://www.pri.org/stories/2013-01-11/south-africa-sics-drones-rhino-poachers
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
http://www.corruptiontracker.or.tz/dev/index.php?option=com_content&amp;view=article&amp;id=199%3Aivory-smugglingexposes-massive-graft-at-ports&amp;catid=26%3Awhat-mediasays&amp;Itemid=50&amp;lang=br
https://doi.org/10.5751/ES-02655-130243
https://doi.org/10.1016/j.jnc.2017.07.008
https://doi.org/10.1016/j.jnc.2015.08.001
https://doi.org/10.1038/d41586-018-06782-7
https://doi.org/10.1016/j.ecolecon.2006.07.007
https://doi.org/10.1016/j.ecolecon.2006.07.007
https://doi.org/10.1111/cobi.12412
https://doi.org/10.1111/cobi.12412
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref38
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref39
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref40
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref40
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref40
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref42
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref42
https://doi.org/10.1016/j.jeem.2003.12.003
https://doi.org/10.1016/j.jeem.2003.12.003
https://doi.org/10.1016/j.biocon.2016.08.001
https://doi.org/10.1016/j.biocon.2016.08.001
https://doi.org/10.1038/480S101a
https://doi.org/10.1177/1524500418813543
https://doi.org/10.1109/TCYB.2015.2470520
https://doi.org/10.1109/TCYB.2015.2470520
https://doi.org/10.1111/j.1755-263X.2008.00013.x
https://doi.org/10.1111/conl.12417
https://doi.org/10.1111/conl.12618
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref54
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref54
https://doi.org/10.1016/j.tifs.2020.04.029
https://doi.org/10.1016/j.tifs.2020.04.029
https://doi.org/10.1111/cobi.12898
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref59
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref59
https://doi.org/10.1080/13504620220145401
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref62
https://doi.org/10.1038/s41586-020-2169-0
https://doi.org/10.1080/13880290590913705


J.A.J. Eikelboom et al. / Global Ecology and Conservation 23 (2020) e01145 13
Litchfield, C.A., 2013. Rhino poaching: apply conservation psychology. Science 340. https://doi.org/10.1126/science.340.6137.1168-a, 1168e1168.
Lusseau, D., Lee, P.C., 2016. Can we sustainably harvest ivory? Curr. Biol. 26, 2951e2956. https://doi.org/10.1016/j.cub.2016.08.060.
MacGregor, J., 2002. International trade in crocodilian skins: review and analysis of the trade and industry dynamics for market-based conservation. In:

Proceedings of the 16thWorking Meeting of the Crocodile Specialist Group of the Species Survival Commission of IUCN - the World Conservation Union.
IUCN - The World Conservation Union, Gland, Switzerland, pp. 12e18.

Master, F., 2019. As China pushes traditional medicine globally, illegal wildlife trade flourishes. https://www.reuters.com/article/us-china-tcm/as-china-
pushes-traditional-medicine-globally-illegal-wildlife-trade-flourishes-idUSKCN1R90D5 accessed 8.2.19.

Matthews-King, A., 2019. World Health Organisation’s recognition of traditional Chinese medicine “could push species into extinction”. https://www.
independent.co.uk/news/health/china-medicine-wildlife-poaching-conservation-world-health-organisation-a8933061.html accessed 11.25.19.

Milliken, T., Shaw, J., 2012. The South Africa e Viet Nam Rhino Horn Trade Nexus: A Deadly Combination of Institutional Lapses, Corrupt Wildlife Industry
Professionals and Asian Crime Syndicates (Johannesburg, South Africa).

Milliken, T., Nowell, K., Thomsen, J.B., 1993. The Decline of the Black Rhino in Zimbabwe: Implications for Future Rhino Conservation.
Milliken, T., Emslie, R.H., Talukdar, B., 2009. African and Asian Rhinoceroses e Status, Conservation and Trade (CoP15 Doc. 45.1 Annex). Gland, Switzerland.
Milner-Gulland, E.J., 1993. An econometric analysis of consumer demand for ivory and rhino horn. Environ. Resour. Econ. 3, 73e95. https://doi.org/10.1007/

BF00338321.
Minnaar, A., Herbig, F., 2018. The impact of conservation crime on the South African rural economy: a case study of rhino poaching. Acta Criminol. South Afr.

J. Criminol. 31, 147e168.
Morris, J., 2018. Does legalizing marijuana reduce crime? https://reason.org/wp-content/uploads/does-legalizing-marijuana-reduce-crime.pdf accessed 8.

25.19.
Muir-Leresche, K., Nelson, R.H., 2000. Private Property Rights to Wildlife: the Southern African Experiment, ICER Working Papers (Torino, Italy).
Nie, J.-B., Smith, K.L., Cong, Y., Hu, L., Tucker, J.D., 2015. Medical professionalism in China and the United States: a transcultural interpretation. J. Clin. Ethics

26, 48e60.
Nshuli, R., 2013. Les conditions de travail des ecogardes sur le terrain: le metier d’ecogardes: statut, missions, risques, valorisation. In: Journees Des Aires

Protegees d’Afrique Centrale. RAPAC, Libreville, Gabon, p. 22.
Olmedo, A., Sharif, V., Milner-Gulland, E.J., 2018. Evaluating the design of behavior change interventions: a case study of rhino horn in Vietnam. Conserv.

Lett. 11, e12365 https://doi.org/10.1111/conl.12365.
Pacula, R.L., 2010. Examining the Impact of Marijuana Legalization on Marijuana Consumption: Insights from the Economics Literature. Santa Monica, USA.
Patton, M.L., Swaisgood, R.R., Czekala, N.M., White, A.M., Fetter, G., Montagne, J.P., Rieches, R.G., Lance, V.A., 1999. Reproductive cycle length and pregnancy

in the southern white rhinoceros (Ceratotherium simum simum) as determined by fecal pregnane analysis and observations of mating behavior. Zoo
Biol. 18, 111e127. https://doi.org/10.1002/(SICI)1098-2361(1999)18:2<111::AID-ZOO3>3.0.CO;2e0.

Penny, S.G., White, R.L., Scott, D.M., MacTavish, L., Pernetta, A.P., 2019. Using drones and sirens to elicit avoidance behaviour in white rhinoceros as an anti-
poaching tactic. Proc. R. Soc. B Biol. Sci. 286, 20191135. https://doi.org/10.1098/rspb.2019.1135.

Phelps, J., Carrasco, L.R., Webb, E.L., 2014. A framework for assessing supply-side wildlife conservation. Conserv. Biol. 28, 244e257. https://doi.org/10.1111/
cobi.12160.

Pienaar, D.J., Hall-Martin, A.J., Hitchins, P.M., 1991. Horn growth rates of free-ranging white and black rhinoceros. Koedoe 34. https://doi.org/10.4102/koedoe.
v34i2.426.

Prins, H.H.T., Okita-Ouma, B., 2013. Rhino poaching: unique challenges. Science 340, 1167e1168. https://doi.org/10.1126/science.340.6137.1167-b.
Private Rhino Owners Association, 2017. DEA gazette notice 74 of 2017 ‘great news’ to rhino owners [WWW document]. www.rhinoalive.com/dea-gazette-

notice-74-2017-greatnews-rhino-owners/. accessed 3.25.17.
Rademeyer, J., 2012. Killing for Profit: Exposing the Illegal Rhino Horn Trade. Penguin Random House, Cape Town, South Africa.
Rademeyer, J., 2016. Tipping Point: Transnational Organised Crime and the “War” on Poaching (Geneva, Switzerland).
Redford, K.H., Amato, G., Baillie, J., Beldomenico, P., Bennett, E.L., Clum, N., Cook, R., Fonseca, G., Hedges, S., Launay, F., Lieberman, S., Mace, G.M.,

Murayama, A., Putnam, A., Robinson, J.G., Rosenbaum, H., Sanderson, E.W., Stuart, S.N., Thomas, P., Thorbjarnarson, J., 2011. What does it mean to
successfully conserve a (vertebrate) species? Bioscience 61, 39e48. https://doi.org/10.1525/bio.2011.61.1.9.

Rivalan, P., Delmas, V., Angulo, E., Bull, L.S., Hall, R.J., Courchamp, F., Rosser, A.M., Leader-Williams, N., 2007. Can bans stimulate wildlife trade? Nature 447,
529e530. https://doi.org/10.1038/447529a.

Rubino, E.C., Pienaar, E.F., 2017. Applying a conceptual framework to rhinoceros conservation on private lands in South Africa. Endanger. Species Res. 34,
89e102. https://doi.org/10.3354/esr00844.

Rubino, E.C., Pienaar, E.F., 2020. Rhinoceros ownership and attitudes towards legalization of global horn trade within South Africa’s private wildlife sector.
Oryx 54, 244e251. https://doi.org/10.1017/S0030605318000030.

Rubino, E.C., Pienaar, E.F., Soto, J.R., 2018. Structuring legal trade in rhino horn to incentivize the participation of South African private landowners. Ecol.
Econ. 154, 306e316. https://doi.org/10.1016/j.ecolecon.2018.08.012.

Sampei, Y., Aoyagi-Usui, M., 2009. Mass-media coverage, its influence on public awareness of climate-change issues, and implications for Japan’s national
campaign to reduce greenhouse gas emissions. Global Environ. Change 19, 203e212. https://doi.org/10.1016/j.gloenvcha.2008.10.005.

Sandbrook, C., Fisher, J.A., Holmes, G., Luque-Lora, R., Keane, A., 2019. The global conservation movement is diverse but not divided. Nat. Sustain. 2,
316e323. https://doi.org/10.1038/s41893-019-0267-5.

SANParks, 2015. Media Release: SANParks receives air support for anti-poaching operations. https://www.sanparks.org/about/news/?id¼56336 accessed 2.
24.17.

Save the Rhino, 2013. Tackling the demand for rhino horn. https://www.savetherhino.org/rhino_info/thorny_issues/tackling_the_demand_for_rhino_horn
accessed 2.24.17.

Save the Rhino, 2015. The transportation industry and the illegal wildlife trade. https://www.savetherhino.org/rhino_info/thorny_issues/the_
transportation_industry_and_the_illegal_wildlife_trade accessed 2.24.17.

Save the Rhino, 2016a. Synthetic/bio-fabricated rhino horn: will it save the rhino? https://www.savetherhino.org/rhino_info/thorny_issues/synthetic_
rhino_horn_will_it_save_the_rhino accessed 2.24.17.

Save the Rhino, 2016b. Dyeing rhino horn and elephant ivory. https://www.savetherhino.org/rhino_info/thorny_issues/dyeing_rhino_horn_and_elephant_
ivory accessed 2.24.17.

Save the Rhino, 2018. A legal trade in rhino horn. https://www.savetherhino.org/thorny-issues/legal-trade-in-rhino-horn/ accessed 5.16.19.
Save the Rhino, 2020. Poaching stats. https://www.savetherhino.org/rhino-info/poaching-stats/ accessed 5.29.20.
SCBD, 2004. Addis Ababa Principles and Guidelines for the Sustainable Use of Biodiversity. Published. Montreal, Canada).
Scheffers, B.R., Oliveira, B.F., Lamb, I., Edwards, D.P., 2019. Global wildlife trade across the tree of life. Science 366, 71e76. https://doi.org/10.1126/science.

aav5327.
Smallhorne, M., 2013. Think local to save rhino [WWW Document] Mail Guard. https://mg.co.za/article/2013-11-01-00-think-local-to-save-rhino. accessed

8.5.19.
Snyder, H., 2019. Literature review as a research methodology: an overview and guidelines. J. Bus. Res. 104, 333e339. https://doi.org/10.1016/j.jbusres.2019.

07.039.
St John, F.A.V., Edwards-Jones, G., Jones, J.P.G., 2010. Conservation and human behaviour: lessons from social psychology. Wildl. Res. 37, 658e667. https://

doi.org/10.1071/WR10032.

https://doi.org/10.1126/science.340.6137.1168-a
https://doi.org/10.1016/j.cub.2016.08.060
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref72
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref72
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref72
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref72
https://www.reuters.com/article/us-china-tcm/as-china-pushes-traditional-medicine-globally-illegal-wildlife-trade-flourishes-idUSKCN1R90D5
https://www.reuters.com/article/us-china-tcm/as-china-pushes-traditional-medicine-globally-illegal-wildlife-trade-flourishes-idUSKCN1R90D5
https://www.independent.co.uk/news/health/china-medicine-wildlife-poaching-conservation-world-health-organisation-a8933061.html
https://www.independent.co.uk/news/health/china-medicine-wildlife-poaching-conservation-world-health-organisation-a8933061.html
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref75
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref75
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref75
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref76
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref77
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref77
https://doi.org/10.1007/BF00338321
https://doi.org/10.1007/BF00338321
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref81
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref81
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref81
https://reason.org/wp-content/uploads/does-legalizing-marijuana-reduce-crime.pdf
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref83
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref84
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref84
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref84
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref85
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref85
https://doi.org/10.1111/conl.12365
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref88
https://doi.org/10.1002/(SICI)1098-2361(1999)18:2<111::AID-ZOO3>3.0.CO;2&ndash;0
https://doi.org/10.1002/(SICI)1098-2361(1999)18:2<111::AID-ZOO3>3.0.CO;2&ndash;0
https://doi.org/10.1098/rspb.2019.1135
https://doi.org/10.1111/cobi.12160
https://doi.org/10.1111/cobi.12160
https://doi.org/10.4102/koedoe.v34i2.426
https://doi.org/10.4102/koedoe.v34i2.426
https://doi.org/10.1126/science.340.6137.1167-b
http://www.rhinoalive.com/dea-gazette-notice-74-2017-greatnews-rhino-owners/
http://www.rhinoalive.com/dea-gazette-notice-74-2017-greatnews-rhino-owners/
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref96
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref97
https://doi.org/10.1525/bio.2011.61.1.9
https://doi.org/10.1038/447529a
https://doi.org/10.3354/esr00844
https://doi.org/10.1017/S0030605318000030
https://doi.org/10.1016/j.ecolecon.2018.08.012
https://doi.org/10.1016/j.gloenvcha.2008.10.005
https://doi.org/10.1038/s41893-019-0267-5
https://www.sanparks.org/about/news/?id=56336
https://www.sanparks.org/about/news/?id=56336
https://www.savetherhino.org/rhino_info/thorny_issues/tackling_the_demand_for_rhino_horn
https://www.savetherhino.org/rhino_info/thorny_issues/the_transportation_industry_and_the_illegal_wildlife_trade
https://www.savetherhino.org/rhino_info/thorny_issues/the_transportation_industry_and_the_illegal_wildlife_trade
https://www.savetherhino.org/rhino_info/thorny_issues/synthetic_rhino_horn_will_it_save_the_rhino
https://www.savetherhino.org/rhino_info/thorny_issues/synthetic_rhino_horn_will_it_save_the_rhino
https://www.savetherhino.org/rhino_info/thorny_issues/dyeing_rhino_horn_and_elephant_ivory
https://www.savetherhino.org/rhino_info/thorny_issues/dyeing_rhino_horn_and_elephant_ivory
https://www.savetherhino.org/thorny-issues/legal-trade-in-rhino-horn/
https://www.savetherhino.org/rhino-info/poaching-stats/
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref114
https://doi.org/10.1126/science.aav5327
https://doi.org/10.1126/science.aav5327
https://mg.co.za/article/2013-11-01-00-think-local-to-save-rhino
https://doi.org/10.1016/j.jbusres.2019.07.039
https://doi.org/10.1016/j.jbusres.2019.07.039
https://doi.org/10.1071/WR10032
https://doi.org/10.1071/WR10032


J.A.J. Eikelboom et al. / Global Ecology and Conservation 23 (2020) e0114514
Sutherland, W.J., Aveling, R., Brooks, T.M., Clout, M., Dicks, L.V., Fellman, L., Fleishman, E., Gibbons, D.W., Keim, B., Lickorish, F., Monk, K.A., Mortimer, D.,
Peck, L.S., Pretty, J., Rockstr€om, J., Rodríguez, J.P., Smith, R.K., Spalding, M.D., Tonneijck, F.H., Watkinson, A.R., 2014. A horizon scan of global conservation
issues for 2014. Trends Ecol. Evol. 29, 15e22. https://doi.org/10.1016/j.tree.2013.11.004.

Swaisgood, R.R., Dickman, D.M., White, A.M., 2006. A captive population in crisis: testing hypotheses for reproductive failure in captive-born southern white
rhinoceros females. Biol. Conserv. 129, 468e476. https://doi.org/10.1016/j.biocon.2005.11.015.

t Sas-Rolfes, M., Challender, D.W.S., Hinsley, A., Veríssimo, D., Milner-Gulland, E.J., 2019. Illegal wildlife trade: scale, processes, and governance. Annu. Rev.
Environ. Resour. 44, 201e228. https://doi.org/10.1146/annurev-environ-101718-033253.

Tang, H., Huang, W., Ma, J., Liu, L., 2018. SWOT analysis and revelation in traditional Chinese medicine internationalization. Chin. Med. 13, 5. https://doi.org/
10.1186/s13020-018-0165-1.

Taylor, A., Lindsey, P.A., Davies-Mostert, H., 2015. An Assessment of the Economic, Social and Conservation Value of the Wildlife Ranching Industry and its
Potential to Support the Green Economy in South Africa. https://doi.org/10.13140/RG.2.1.1211.1128. Johannesburg, South Africa.

Taylor, A., Balfour, D., Brebner, D.K., Coetzee, R., Davies-Mostert, H., Lindsey, P.A., Shaw, J., t Sas-Rolfes, M., 2017. Sustainable rhino horn production at the
pointy end of the rhino horn trade debate. Biol. Conserv. 216, 60e68. https://doi.org/10.1016/j.biocon.2017.10.004.

Tensen, L., 2016. Under what circumstances can wildlife farming benefit species conservation? Glob. Ecol. Conserv. 6, 286e298. https://doi.org/10.1016/j.
gecco.2016.03.007.

Transparency International, 2013. Corruption perceptions index 2013. https://www.transparency.org/cpi2013/results accessed 2.2.14.
UNEP, CITES, IUCN, TRAFFIC, 2013. Elephants in the Dust - the African Elephant Crisis. A Rapid Response Assessment. Birkeland, Norway.
USAID Vietnam, 2018. Research Study on Consumer Demand for Elephant, Rhino and Pangolin Parts and Products in Vietnam.
USAID Wildlife Asia, 2018. Research Study on Consumer Demand for Elephant, Pangolin, Rhino and Tiger Parts and Products in China.
Van Uhm, D.P., 2012. Organised crime in the wildlife trade. Cent. Inf. Res. Organ. Crime Newsl. 10, 2e4.
Van Uhm, D.P., 2016. Illegal trade in wildlife and harms to the world. In: Spapens, A.C.M., White, R., Huisman, W. (Eds.), Environmental Crime in Trans-

national Context. Ashgate Publishing Ltd., Farnham, UK.
Van Uhm, D.P., 2018a. Wildlife and laundering: interaction between the under and upper world. In: Spapens, A.C.M., White, R., Van Uhm, D.P., Huisman, W.

(Eds.), Green Crimes and Dirty Money. Routledge, London, UK, pp. 197e211. https://doi.org/10.4324/9781351245746.
Veríssimo, D., Wan, A.K.Y., 2019. Characterizing efforts to reduce consumer demand for wildlife products. Conserv. Biol. 33, 623e633. https://doi.org/10.

1111/cobi.13227.
Vigne, L., Martin, E., Okita-Ouma, B., 2007. Increased demand for rhino horn in Yemen threatens eastern Africa’s rhinos. PACHYDERM 43, 73e86.
Walker, J.F., 2009. Ivory’s Ghosts: the White Gold of History and the Fate of Elephants. Atlantic Monthly Press, New York, USA.
Wasser, S.K., Brown, L., Mailand, C., Mondol, S., Clark, W., Laurie, C., Weir, B.S., 2015. Genetic assignment of large seizures of elephant ivory reveals Africa’s

major poaching hotspots. Science 349, 84e87. https://doi.org/10.1126/science.aaa2457.
Welgevonden Game Reserve, 2020. Conservation management vision [WWW document]. URL. https://www.welgevonden.org/conservation-management-

vision/. accessed 3.24.20.
WHO, 2013. WHO Traditional Medicine Strategy 2014-2023. World Health Organization. Hong Kong SAR, China.
WildAct Vietnam, 2019. WildAct. http://www.wildact-vn.org/ accessed 11.22.19.
Wildlife ACT, 2014. GPS and VHF tracking collars used for wildlife monitoring. http://wildlifeact.com/blog/gps-and-vhf-tracking-collars-used-for-wildlife-

monitoring/ accessed 2.24.17.
Wyatt, T., Johnson, K., Hunter, L., George, R., Gunter, R., 2018. Corruption and wildlife trafficking: three case studies involving Asia. Asian J. Criminol. 13,

35e55. https://doi.org/10.1007/s11417-017-9255-8.

https://doi.org/10.1016/j.tree.2013.11.004
https://doi.org/10.1016/j.biocon.2005.11.015
https://doi.org/10.1146/annurev-environ-101718-033253
https://doi.org/10.1186/s13020-018-0165-1
https://doi.org/10.1186/s13020-018-0165-1
https://doi.org/10.13140/RG.2.1.1211.1128
https://doi.org/10.1016/j.biocon.2017.10.004
https://doi.org/10.1016/j.gecco.2016.03.007
https://doi.org/10.1016/j.gecco.2016.03.007
https://www.transparency.org/cpi2013/results
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref132
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref133
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref134
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref135
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref135
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref136
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref136
https://doi.org/10.4324/9781351245746
https://doi.org/10.1111/cobi.13227
https://doi.org/10.1111/cobi.13227
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref140
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref140
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref141
https://doi.org/10.1126/science.aaa2457
https://www.welgevonden.org/conservation-management-vision/
https://www.welgevonden.org/conservation-management-vision/
http://refhub.elsevier.com/S2351-9894(20)30686-7/sref144
http://www.wildact-vn.org/
http://wildlifeact.com/blog/gps-and-vhf-tracking-collars-used-for-wildlife-monitoring/
http://wildlifeact.com/blog/gps-and-vhf-tracking-collars-used-for-wildlife-monitoring/
https://doi.org/10.1007/s11417-017-9255-8

	Will legal international rhino horn trade save wild rhino populations?
	1. Introduction
	2. Financial viability of private rhino ownership
	3. Demand for rhino horn
	4. Laundering of rhino horns
	5. Long-term behavioural change of rhino horn consumers
	6. Discussion
	7. Conclusion
	Authors’ contributions
	Declaration of competing interest
	Acknowledgements
	Appendix A. Supplementary data
	References


