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Abstract

In Africa, overhunting of tropical wildlife for food remains
an intractable issue. Donors and governments remain
committed to invest in efforts to both conserve and allow
the sustainable use of wildlife. Four principal barriers need
to be overcome: (i) communities are not motivated to
conserve wildlife long-term because they have no formal
rights to benefit from wildlife, or to exclude others from
taking it on their land; (ii) multispecies harvests, typical of
bushmeat hunting scenarios, place large-bodied species at
risk of extinction; (iii) wildlife production cannot expand,
in the same way that livestock farming can, to meet the
expected growth in consumer demand; and (iv) wildlife
habitat is lost through conversion to agriculture, housing,
transportation networks and extractive industries. In this
review, we examine the actors involved in the use of
wildlife as food and discuss the possible solutions required
to address urban and rural bushmeat consumption.
Interventions must tackle use and conservation of wildlife
through the application of context-relevant interventions
in a variety of geographies across Africa. That said, for any
bushmeat solution to work, there needs to be concurrent
and comparable investment in strengthening the effective-
ness of protected area management and enforcement of
wildlife conservation laws.
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Résumé

En Afrique, la chasse excessive de la faune tropicale pour
la consommation reste un probleme difficile. Les bailleurs
et les gouvernements continuent a s'engager a investir
dans la conservation et I'utilisation durable de la nature.
Mais il faut vaincre quatre obstacles majeurs: (i) les
communautés ne sont pas trés motivées par la conserva-
tion de la nature a long terme parce qu’elles ne jouissent
d’aucun droit d'en tirer profit ou d’empécher d’autres
personnes d’en tirer de leurs terres; (ii) les collectes de
plusieurs especes, typiques des scénarios de la chasse de
viande de brousse, mettent les plus grosses especes en
danger d’extinction; (iii) la production de viande de
brousse ne peut pas, comme le fait la production de bétail
domestique, répondre a la demande croissante attendue
des consommateurs et; (iv) les habitats de la faune
sauvage sont perdus parce qu'ils sont convertis en terres
agricoles, en lieux de résidence, en réseaux de transports
et en industries extractives. Dans cet article, nous
examinons les acteurs impliqués dans la consommation
de produits de la nature et nous discutons les solutions
possibles nécessaires pour répondre a la consommation
urbaine et rurale de viande de brousse. Les interventions
doivent s'attaquer a l'usage et a la conservation de la
nature grace a des mesures pertinentes adaptées a toute
la variété géographique africaine. Ceci dit, pour qu'une
mesure concernant la viande de brousse marche, il faut
qu’il existe parallelement un investissement comparable
dans le renforcement de l'efficacité de gestion des aires
protégées et de I'application des lois sur la conservation
de la nature.
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Introduction

In Africa, humans have eaten wildlife since before our
lineage separated from other apes, over 6 million years ago
(Stanford & Bunn, 2001). Nowadays, wildlife is still hunted
in forest and savannah regions as a source of meat
(bushmeat), and income to control agricultural crop pests,
reduce threats to livestock and human safety, and as
trophies (Bennett et al., 2007; Nasi et al., 2008; Wilkie
et al., 2011; Lindsey et al., 2013a; Rentsch & Damon,
2013). However, unsustainable bushmeat hunting across
sub-Saharan Africa will lead to the following: (i) the loss of
an important source of dietary protein, micro-nutrients
and income for numerous rural poor (Bennett et al., 2007;
Nasi, Taber & Vliet, 2011), (ii) the imperilment of the
cultural identities of many indigenous and traditional
people for which hunting is part of their heritage and sense
of cultural identity (van Vliet & Mbazza, 2011) and (iii) the
emptying of Africa’s forests and savannahs of large-bodied
species, eliminating the important ecological roles these
play in the functioning of such ecosystems (Nunez-Iturri &
Howe, 2007; Lindsey et al., 2011; Abernethy et al., 2013;
Effiom et al., 2013).

Drivers of and solutions to unsustainable bushmeat
hunting are well understood (Wilkie & Carpenter, 1999;
Wilkie et al., 2005; Laurance et al., 2006; Forget &
Jansen, 2007; Wright et al., 2007; Foerster et al., 2012;
Lindsey et al., 2013a; van Vliet et al., 2016). They vary
according to biome, market access and availability of
alternatives, human population density and urbanization
and wildlife use rights and governance. In this review,
we explore what is currently known about the
challenges to conserving and eating wildlife in Africa,
and offer a number of policy and practice recommenda-
tions to address these issues in both rural and urban
contexts.

First, we review who are currently hunting and
consuming wildlife in Africa. We then explore the
economic drivers of wildlife hunting, trade and consump-
tion and the barriers to balancing bushmeat use and
wildlife conservation. Lastly, we look at three key contexts
where wildlife are consumed (i.e. rural villages surrounded
with wildlife; rapidly growing provincial towns close to
sources of wildlife; and established urban areas where
wildlife have been depleted from nearby areas) and review
opportunities for overcoming barriers to conserving and
eating wildlife.

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol., 54, 402-414
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Current hunters and consumers

Traditional hunter-gatherers

Small, isolated bands of nomadic hunter-gatherers in
Central (e.g. Baka, Mbuti, Efe), East (e.g. Hadza) and
southern Africa (e.g. !Kung) still meet their dietary protein
needs almost exclusively from wildlife (Bogin, 2011; Kelly,
2013; Hewlett, 2014). Camps move when hunting decli-
nes and only return when wildlife populations are expected
to have recovered (Kelly, 2013).

When hunter-gatherer groups are few and range across
large landscapes that they defend as ‘their’ exclusive
territory, hunting of all wildlife species can be sustainable
(Bennett et al., 2007). However, hunting can rapidly
become unsustainable, as has happened in some groups
in Central Africa (e.g. Riddell, 2011), if they switch from
being bushmeat consumers to traders supplying local or
distant markets (Van Vliet et al., 2007; Inogwabini, 2014).
Tropical moist forests in Central and West Africa are
typically an order of magnitude less productive in terms of
wildlife stocks and flows, compared to open woodlands and
savannahs typical of East and southern Africa (Robinson &
Bennett, 2000). The latter can therefore support higher
offtake of wildlife per unit area and time and thus higher
densities of predators including hunter-gatherers.

Village farmers

Across Africa, many sedentary rural communities eat
wildlife as a primary or supplementary source of animal
protein (Abernethy & Ndong Obiang, 2010; Foerster et al.,
2012; Rentsch & Damon, 2013; Schulte-Herbruggen
et al., 2013; Alexander et al., 2014). Dependence on
wildlife for food is greater in moist forests compared to
savannah regions of Africa as the meat of livestock is more
available in the latter (Lindsey et al., 2013a). Typically,
repeated hunting close to settlements depletes large-bodied
wildlife meaning that only small-bodied species, that
reproduce relatively rapidly and are more resilient to
hunting pressure, are available in or near farmers’ fields to
be hunted for food (Muchaal & Ngandjui, 1995; Ngnegueu
& Fotso, 1998; Coad, 2007; van Vliet & Nasi, 2008).
Large-bodied species may still exist but further from
hunters’ homes (Ngnegueu & Fotso, 1998; Kumpel et al.,
2010; Lindsey et al., 2012).

For many rural households, bushmeat can constitute
as much as half of their annual protein requirements
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(Wilkie et al., 2005) but is typically much less than this
in landscapes where wildlife have already been severely
depleted or where livestock production is more common
(East et al., 2005; Foerster et al., 2012; Schulte-Herbrug-
gen et al., 2013). Hunters may consume most of what
they hunt, but can sell their surplus within the commu-
nity or to traders who take it to urban centres (Wilkie &
Carpenter, 1999; Barnett, 2000). Some village hunters
specialize in commercial, typically illegal, hunting to
supply consumers in forestry concessions, mining camps
and urban areas (Auzel & Wilkie, 2000; Barnett, 2000).
Some hunters also engage in poaching of wildlife with
high-value body parts (i.e. tusks and horns) that are
traded internationally.

Urban families

In urban areas distant to sources of wildlife, where
alternative animal protein is available, bushmeat is no
longer a dietary necessity; rather, it is a seldom
consumed ‘treat’ (Wilkie & Carpenter, 1999; Barnett,
2000; Wilkie et al., 2005; van Vliet & Mbazza, 2011;
Lindsey et al., 2012; Bachand, Arsenault & Ravel,
2015). Despite this, given the large numbers of urban
dwellers consuming bushmeat, their impact on wildlife
can be nonetheless substantial (Nasi, Taber & Vliet,
2011; van Vliet et al, 2012). However, in some
provincial towns (e.g. Kisangani, Ouesso and NiaNia)
that have grown rapidly during periods of social conflict,
but are market-isolated and still close to forest areas
with relatively abundant wildlife, bushmeat and wild-
caught fish remain the principal animal protein sources
and their overexploitation is greatly impacting surround-
ing wildlife populations and fish stocks (Van Vliet, Nasi
& Taber, 2011; van Vliet et al., 2012; van Vliet, Nebesse
& Nasi, 2015).

Economic drivers

Bushmeat markets and household income

The sale of bushmeat is an attractive economic activity for
many hunters, particularly those isolated from market
centres (Fa, Currie & Meeuwig, 2003; Fa et al., 2006; van
Vliet & Nasi, 2008; Kumpel et al., 2010; Wilfred &
Maccoll, 2010; Nasi, Taber & Vliet, 2011). In localities
with high transportation times, costs or constraints (i.e.
when hunters have to head-carry produce to market), the

sale of agricultural commodities becomes uncompetitive or
impossible (Brown & Williams, 2003). In these situations,
trading bushmeat is more cost-effective (Willcox & Nambu,
2007), because its value-to-weight ratio is superior to
agricultural crops, and smoked bushmeat is relatively
durable without refrigeration (Bennett et al., 2007; Wilkie
et al., 2011). At short distances to markets, the sale of
agricultural commodities is more economically rational
because farm production can be easily increased to match
demand, and farmers unlike hunters own their crops and
can legally exclude others from harvesting them (Brown &
Williams, 2003).

Participation in an unregulated bushmeat trade is
initially lucrative when wildlife is abundant and can
involve relatively large numbers of families. As wildlife
stocks decline, the overall trade value drops (although unit
prices may increase) as does the number of families the
market can support (Barnes, 2002; Bassett, 2005; Cow-
lishaw, Mendelson & Rowcliffe, 2005; Fa et al., 2015;
McNamara et al., 2016).

Price matters

Consumers are price-sensitive, and bushmeat has a
negative price elasticity of demand (Wilkie & Godoy,
2001; Apaza et al., 2002; Fa et al., 2009; Godoy et al.,
2010; Wilfred & Maccoll, 2010). This means that
bushmeat consumption tends to decrease with increasing
price, and explains why it is chosen by rural consumers
when it is the cheapest meat in the marketplace (Fargeot,
2013; Rentsch & Damon, 2013). Price elasticity also
explains why urban consumers eat bushmeat as an
occasional treat, as it is typically more expensive than
substitutes (Wilkie et al., 2005). We also know that
consumers treat both freshwater and marine fish as
dietary substitutes for bushmeat (Brashares et al., 2004;
Demerode, Homewood & Cowlishaw, 2004), and when
fish prices increase, so too does bushmeat consumption
(i.e. there is a positive cross-price elasticity of demand).
Lastly, there is evidence that bushmeat consumption
follows an inverted U (i.e. Kuznets curve) with household
income (Wilkie & Godoy, 2001). As price-conscious poor
households become wealthier, they can afford to eat more
meat, so bushmeat consumption rises initially with
income. But when households reach a certain income
threshold, consumers switch to the typically more
preferred and expensive domesticated livestock meats,
and bushmeat consumption falls.

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol., 54, 402-414



Barriers to balancing bushmeat use and
conservation of wildlife

There are three principal barriers to conserving wildlife
in situations where bushmeat is a source of food and
income.

Bushmeat is a state-owned, poorly governed, open-access
resource

Across Africa, wildlife is typically a state-owned resource
(i.e. a public good) and governing access to and uses of
wildlife is largely vested in the state (Kabiri & Child, 2014).
Typically, most communities living with wildlife have no
rights to this resource on lands they have traditional
claims over, and no authority to exclude outsiders from
taking wildlife on ‘their’ lands. Most hunting for food or
sale is thus illegal from a law enforcement perspective, and
therefore, hunters can be considered poachers (Gibson,
1999). Many, if not all meat ‘poachers’, consider them-
selves as possessing legitimate rights according to custom-
ary law (Child, 1996; Wilkie, Redford & McShane, 2010).
However, most states are too weak or disinterested to
enforce national wildlife laws.

In the face of such legal and enforcement inconsisten-
cies, hunters who break national laws — which in theory
control access (who can hunt) and meter use (the what,
where, when and how much) — do not fear arrest, let alone
prosecution or punishment (Wilkie, Redford & McShane,
2010). Ironically, this engenders a scofflaw culture where
people break laws with impunity because they sense that
these are mostly illegitimate and unlikely to be enforced.
As both community and commercial hunters do not have
rights to exclude others from hunting, they are perversely
motivated to take as many animals as they can, as quickly
as they can, because if they do not, someone else will. This
situation results in unsustainable hunting for bushmeat
and the depletion of an economically and ecologically
valuable natural resource (Maisels et al., 2001; Abernethy
et al., 2013).

Even where the state has devolved rights to local
communities so they can reap legitimate economic benefits
from wildlife (i.e. CAMPFIRE districts in Zimbabwe, the
ADMADE village areas in Zambia, the conservancies of
Namibia and Kenya, and the Wildlife Management Areas
of Tanzania), the state still retains ownership rights (Jones,
Diggle & Thouless, 2015). Evidence from community
conservancies shows that when people benefit tangibly

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol., 54, 402-414
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from wildlife on their land, they feel that poaching is
stealing from them. Communities are hence highly moti-
vated to regulate their own members, so they conform
with established conservation regulations, and provide
actionable intelligence to national arresting agencies on
outsiders who steal their wildlife (Silva & Mosimane, 2015;
Wilkie, Painter & Jacob, 2015).

Multispecies hunts risk driving large-bodied, vulnerable species
to local extinction

Bushmeat hunting is unlike trophy or sport hunting where
hunters target a single or at most a few selected species or
individuals and cease hunting if target species populations
become scarce (Robinson & Bennett, 2000; Bennett et al.,
2007). Bushmeat hunters target any wildlife species that
provides meat (Fa, Peres & Meewig, 2002; Robinson &
Bennett, 2004). This has two adverse consequences.
Firstly, hunters can afford to use indiscriminate methods,
such as leg-hold snares, because almost anything they
catch can be eaten or sold. Secondly, unregulated multi-
species hunting to meet market demand will eventually
drive large-bodied wildlife species to local extinction
(Wilkie & Godoy, 1996).

Bushmeat hunters pursue a large range of mammals,
birds and reptiles, although they prefer large-bodied species
because they generate a larger return on investment (i.e.
more meat for the time and ammunition spent hunting).
Biologically speaking, populations of large-bodied species
are at greater risk of declines from higher hunting pressure
because most are K-selected — they take longer to reach
sexual maturity, have longer gestation periods and inter-
birth intervals and have relatively fewer offspring over
their lifespan compared to smaller bodied r-selected species.
But, more importantly, the multispecies nature of bush-
meat hunting, combined with hunters’ economic rationale
to target large-bodied wildlife, puts these species at greatest
risk.

In multispecies hunts, like those for bushmeat, optimal
foraging theory shows (Alvard, 1995; Wilkie & Lee, 2004;
Levi et al., 2011) that hunters will always pursue and
attempt to kill large-bodied species when encountered
(Stephens & Krebs, 1986), regardless of how infrequently
that may be the case (e.g. a hunter may only see a Cross
River gorilla once every three years, but will attempt to kill
it every time he sees one). Thus, in places where there are
still sufficient numbers of small-bodied species to motivate
hunters to continue hunting, when encountering large-
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bodied wildlife, regardless of how infrequently, they will
pursue and kill them, hence making them increasingly
scarce. This inexorably will result in the local extinction of
preferred, large-bodied species (Alvard, 1993; Maisels
et al.,, 2001; Van Vliet et al., 2007; Waite, 2007).

Sustainable wild meat production cannot meet dietary protein
requirements

There have been calls for wild-harvested or ranched
wildlife to become a source of food for people (Stelfox
et al., 1983; Chardonnet, 1991; NRC, 1991; Feer, 1993;
Cooper, 1995; Ntiamoa-Baidu, 1998; Hoffman &
Cawthorn, 2012; Cawthorn & Hoffman, 2014).

In a context of shrinking habitat and increasing human
populations, wildlife will provide an increasingly small
proportion of the diets for even rural families living in
close proximity to wildlife. Moreover, wildlife ranching,
without intensive selective breeding, will unlikely ever be
cost-effective relative to raising domesticated livestock
where water is not a constraint. That said, wildlife
ranches have been shown in South Africa to contribute to
the local economy (Taylor et al., 2016). However, to
increase the annual production of wild-roaming animals
would require expanding their habitat, removing livestock
competitors, removing predators or even providing sup-
plementary feedstuff, none of which is practical in most
locations.

Mockrin, Bennett & Labruna (2005)reviewed available
evidence and concluded that inefficient feed-conversion
ratios and long time frames to reach market weight made
wildlife farming uncompetitive compared to domesticated
livestock. Despite this, there is still much support for
wildlife farming. For example, a recent appeal (Nogueira &
Nogueira-Filho, 2011) suggests that collard peccary
farming should be considered as an alternative to
unsustainable hunting in neotropical forests. The study,
however, fails to explain why raising collared peccaries
would be more efficient and produce a more valued meat
product, than simply expanding production of domesti-
cated pigs that are raised and consumed in huge numbers
throughout South America.

The most important reason that harvesting or ranching
wildlife is never likely to compete with raising domesti-
cated livestock is that the latter have been selectively bred
for millennia for increased docility, tolerance of crowding
and most importantly to maximize their feed-conversion
efficiency (FCR, i.e. the ratio of feed consumed to meat

produced) and to minimize time to reach market weight
(Feer, 1993). Feed-conversion ratios (e.g. kg feed dry
matter intake per kg live mass gain) for domesticated
livestock range from a low of 1.6 : 1 for tilapia to a high of
8 : 1 for cattle (3 : 1 = pigs, 2.5 : 1 = rabbits, 2 : 1 =
poultry) and time to slaughter weight ranges from a few
weeks (12-16 = poultry) to months (6 months = pigs,
12-18 = cattle). In contrast, cane rats (Thryonomys
swinderianus) take 6-13 months to reach a marketable
(adult) weight of 4-5 kg (Houben, 1999) and the green
iguana (Iguana iguana) takes 3 years to reach a slaughter
weight of 3 kg (Werner, 1991). Similarly, captive rearing
of pacas (Agouti paca), although feasible, is economically
irrational because the meat would have to be sold for over
$20 per kilogram to cover production costs (Smythe,
1991).

Where water is severely limited or where livestock
diseases like sleeping sickness are endemic, free-roaming or
ranched wildlife may offer an alternative source of animal
protein. Evidence from the Hopcraft Ranch on the Athi
Plains in Kenya suggests that when water can be provided
using boreholes, a mix of domesticated livestock and
wildlife within a fenced area may generate the best returns
and smooth production during droughts (Stelfox et al.,
1983).

The way forward

Today, and in future, managing hunting and consumption
of wildlife as food should focus differently on (i) rural
families living with wildlife, (ii) families in rapidly growing
towns close to the source of wildlife and (iii) families in
urban centres where wildlife has been depleted from
nearby areas.

Rural families living with wildlife

Throughout sub-Saharan Africa, families living in rural
areas that are poor, isolated from markets, and with little
access to protein from domesticated animals still rely
heavily on wildlife as food. For these families, eating
wildlife and wild-caught fish is not just nutritionally
important; it is also a valuable source of income where
few jobs exist. In some communities, hunting and eating
wildlife is part of their cultural identity. Although popu-
lation density in rural areas is lower than in urban areas,
because of higher per capita consumption, rural con-
sumers in aggregate eat as much bushmeat as is currently
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consumed in cities (Barnett, 2000; Wilkie et al., 2005;
Foerster et al., 2012; van Vliet et al, 2016). Rapid
urbanization and rural outmigration may change this
soon.

Devolve rights and authority over wildlife. Historically,
rural communities in sub-Saharan Africa had little vested
interest in managing wildlife sustainably because they
have no rights to benefit from wildlife nor authority to
exclude outsiders or regulate access to and meter use of
wildlife they live with (Child, 2013). As a result, these
communities were often in a race with themselves and
others to extract what wildlife and fish they could when it
still existed. For rural communities to have a vested
interest in protecting wildlife and managing their sustain-
able use, it is important, where feasible and appropriate, to
help them secure formal legitimate and exclusive rights to
benefit from wildlife and fish within lands and waters over
which they have traditional claims (Murphree, 2009;
Agrawal & Ribot, 2012; Child, 2013; Ribot & Larson,
2013). Southern and East Africa have made considerable
headway in devolving rights and authority over wildlife to
local communities by legally establishing and supporting
community conservancies (Pye-Smith, 2013; NACSO,
2014). Central Africa has only recently begun the process
of devolution.

Benefits to devolution include, in some but not all
contexts, food, income from the sale of resilient species,
and fees and salaries from trophy hunting and tourism
enterprises. Where appropriate devolution could be mod-
elled on Southern and East African community conser-
vancies where rural families not only have the rights to
benefit from wildlife, they also have the authority to
co-manage wildlife. In Central Africa, this would require
substantial reforms of land rights policies particularly
where ex-colonial laws vest all lands and natural resources
in the state. It would also require, based on experience
with the USAID-funded LIFE programme in Namibia (App
et al., 2008), considerable long-term investment in gover-
nance capacity training and mentoring and would require
the timely and competent support of national agencies
with the authority to arrest suspected lawbreakers (Wilkie,
Painter & Jacob, 2015). Lastly, given the risk that
multispecies hunts pose to large-bodied wildlife species,
communities with devolved rights would need to establish
norms that restrict the use of indiscriminate methods of
hunting and place restrictions on harvest levels of at-risk
species.

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol., 54, 402-414
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Smoothing consumption during shocks. Rural families have
long used wildlife and fish as insurance to smooth
consumption and pay for unplanned events during and
after ecological, economic, political and health shocks,
thus reducing the risk that they will spiral down into
poverty (Paumgarten, 2005; Nielsen, Pouliot & Bakke-
gaard, 2012; Enuoh & Bisong, 2014; FAO, 2015). Loss of
crops and livestock from drought and other climatic shocks
risks impoverishing millions of families is a huge drag on
economic growth and often forces families to mine rather
than steward natural resources (FAO, 2016).

Schemes for compensating landowners for the loss of
their animals and crops to wildlife whose presence on the
land is valued, at least, by the conservation community
has a long and largely successful history (Woodroffe,
Thirgood & Rabinowitz, 2005; Treves et al., 2006; Dick-
man, Macdonald & Macdonald, 2011; Karanth et al.,
2012). Judicious use of compensation schemes can not
only ensure that poor rural families do not unjustly
shoulder the costs of living with wildlife, but also help build
a constituency for conservation and encourage rural
communities to steward rather than mine wildlife
resources. In fact, the success of insurance schemes to
indemnify rural families from crop and livestock losses
from wildlife could be extended to cover additional loss
factors such as severe weather and disease. Index-based
livestock insurance has proven highly cost-effective in
Ethiopia, Kenya and Mongolia (Linnerooth-Bayer, Mechler
& Hochrainer-Stigler, 2011; Jensen, Barrett & Mude,
2015) and could be more widely tested as a conditional
incentive (Ferraro, 2011; Clements et al., 2013; Ingram
et al., 2014) for rural families to comply with hunting,
fishing and trade regulations. More broadly, the efficacy of
health and life insurance as a mechanism to smooth
consumption during shocks and as a conditional incentive
not to mine wildlife resources should also be piloted and
evaluated.

Livestock and farmed-fish extension services as conditional
incentives. Provision of small livestock production and
where appropriate fish-farming extension services pri-
marily to communities with at least local market access
should be evaluated as an incentive for rural commu-
nities to steward not mine wildlife resources including
wild-caught fish. Linking this activity with wildmeat
traders may provide viable revenue replacement for
reduced bushmeat trafficking. That said, a recent review

emphasizes how difficult it has proven to implement
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effective ‘alternative’ livelihood projects in the past
(Wicander & Coad, 2015).

Families in rapidly growing towns close to the wildlife source

Second, rural to urban migration is happening throughout
sub-Saharan Africa and provincial towns relatively close to
sources of wildlife are growing. As these towns are
populated with ex-rural families accustomed to eating
wildlife, they may increase important sources of demand
for wildlife as food. Consumption surveys are needed to
evaluate this question.

In Central Africa particularly, relatively market-isolated
towns have seen rapid increases in population numbers as
people in-migrate to secure employment in extractive
industries (e.g. logging and mining) or in search of greater
safety during periods of war and civil unrest. This has seen
towns like Ouesso and the Pokola logging camp in
northern Congo grow to 35,000 and 20,000, respectively.
In Democratic Republic of Congo, the civil unrest and its
insecure aftermath saw the sleepy rural towns of NiaNia
and Mambasa grow to huge regional centres. Kisangani
located on the Congo River was once an economic
powerhouse connected by road to the coffee, cotton and
oil palm plantations of the north-east, and by river to the
capital Kinshasa. A decade of civil strife and collapse of
industrial agriculture has left Kisangani an enclaved city of
over a million residents with few options other than eating
wildlife and what remains of a heavily depleted riverine
fishery.

All these regional towns share a common problem: their
large and growing populations often have limited access to
locally produced or imported sources of livestock or farmed
fish. As a result, many are almost wholly dependent on
meeting their dietary protein needs by importing bushmeat
from rural sources. In Central Africa, these trade networks
can extend hundreds of kilometres and are extending
further each year as more proximal sources of wildlife get
depleted.

Livestock production and farmed-fish as a substitute for
bushmeat. Livestock and fish-farming are two of the
fastest-growing sectors in agriculture, presenting opportu-
nities for economic growth and poverty reduction in rural
areas (Thornton, 2010; Robinson et al., 2011; Beveridge
et al., 2013; Herrero et al., 2014; Waite et al., 2014), as
well providing alternatives to the unsustainable use of

wildlife as food.

In towns like Ouesso, NiaNia and Kisangani, the scale of
demand for wildlife as a source of protein is exceeding local
supply, depleting nearby wildlife populations and forcing
traders to extend their networks. This unsustainable
consumption of wildlife will continue unless domestic
livestock production including fish-farming, or, if feasible,
importation of fresh, frozen or canned meat or fish can be
substantially increased so that the supply of affordable
nonwild animal protein balances consumer demand.

To meet growing demand, it is vital to increase
consumer access to reliable, affordable, safe alternative
sources of animal protein. Chickens have the most
favourable feed-conversion ratios of common domesticated
livestock, and they reach market weight quickly. They are
prone to the highly contagious Newecastle disease
(paramyxovirus), but use of a thermostable vaccine has
been demonstrated to protect flocks from the disease
(Spradbrow, 2013).

For chicken to substitute for bushmeat such that offtake
of wildlife is sustainable, production has to meet a
substantial portion of annual consumption of bushmeat
and be priced competitively. Too few birds sold at too high
a price will do nothing to change demand for and
consumption of bushmeat by urban dwellers. That said,
consumer access to competitively priced and readily
available alternative sources of animal protein, such as
chickens, has huge potential to reduce demand for
bushmeat, particularly in towns that are close to sources
of wildlife.

An alternative to factory farming would be to encourage
increased family-level production of livestock but at scale
sufficient to generate enough protein to meet demand. The
latter, although logistically more complicated, has the
advantage that it provides a new income stream for
families and most particularly women and does not require
centralized feed production and management. Tropical
tolerant breeds with low input requirements could be
introduced from India where they have proven to sub-
stantially increase productivity of village-raised chickens
(pers. com. Donald Nkrumah, Bill and Melinda Gates
Foundation).

Possibly, the most promising solution to provide protein
to families in rapidly growing towns close to sources of
wildlife is a mixed production system that combines crops
(e.g. rice, millet, maize, legumes) with small livestock (e.g.
chickens or rabbits) and fish-farming, where the tilapia or
catfish are raised on crop residues and algae fertilized with
chicken and rabbit manure (Ogello et al., 2013; Milder
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et al., 2014; Oben, Molua & Oben, 2015). This, however,
may increase forest clearing in peri-urban areas.

Wildlife ranching and mixed livestock—wildlife production
systems. Fenced and unfenced community conservancies
in Namibia and Kenya and private game ranches in South
Africa have been successful in mixing wildlife and livestock
production. In Namibia, income from wildlife comes
predominantly from fees paid by trophy hunters and fees
and salaries associated with visual tourism (NACSO,
2014). In 2013, there were 79 registered community
conservancies covering 19.4% of the nation, generating
$5 million in income and 542,280 kg of game meat for
the conservancies 175,000 residents. In northern Kenya,
visual tourism, reduced cattle rustling and improved access
to urban beef markets are providing more secure income to
communities (Pye-Smith, 2013). A similar approach was
developed at the Savé Valley Conservancy in Zimbabwe,
where in 2010 wildlife cropping produced 75,500 kg of
meat for 10,000 community members (http://www.rp-
pcp.org/projects/completed/eu-parsel).

Mixed wildlife-livestock production can increase income
for poor rural families in open woodlands and savannahs
of Africa particularly when wildlife are sold to hunters as
trophies or as meat to high-value tourist lodges and export
markets (Lindsey, Roulet & Romanach, 2007; Lindsey
et al., 2013b). However, given that even successful con-
servancies in Namibia (NACSO, 2014) and Zimbabwe
(Perrotton et al., 2011) only provided communities with 3
and 0.5 kg/household/year of wildlife meat, respectively, it
appears doubtful that wildlife meat generated from trophy
hunting and game cropping can provide a significant
portion of the protein requirements of local communities
(c.f., Lindsey et al., 2013b). This mixed system is unlikely
to be appropriate for low-productivity tropical forests in
Africa with lower potential for trophy hunting and visual
tourism.

Urban families where wildlife have been depleted from nearby
areas

We have long known that large metropolitan areas are
markets for bushmeat (Wilkie et al., 2005, 2011; Nasi
et al., 2008) and that urban consumers rely on bushmeat,
typically, for <2% of their annual dietary protein require-
ments (Wilkie et al., 2005). Bushmeat is eaten here not as
a dietary necessity but as a prestige treat or to reconnect
them to their rural heritage.
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Where urban consumers are eating wildlife on
occasion as a luxury item primarily for cultural reasons,
access to affordable substitutes alone is unlikely to curb
demand for bushmeat. To prevent wurban luxury
demand from driving rare wildlife species to local
extinction, it is important to regulate what is currently,
in most locations, an illegal but unenforced black market

trade.

Selective bans on wildlife sold as food. An outright ban on
all bushmeat sales in urban markets may result in a
consumer backlash that political leaders may want to
avoid, and might simply drive this black market trade
further into the shadows. Rather, it is better to deploy
policies designed to tilt sellers and buyers towards
resilient r-selected wildlife (e.g. small antelope and most
importantly rodents) and away from at-risk K-selected
species (e.g. primates and large-bodied ungulates). This
can be done at least in the short to medium term
without explicitly legalizing bushmeat markets and
incurring the substantial transaction costs of bringing
bushmeat traders into the formal economy (Wilkie et al.,
2006). It can also be done without arresting and fining
market sellers.

One policy option is for police in partnership with public
health staff (there are zoonotic disease risks associated with
hunting, butchering and eating wildlife) to frequently visit
public markets and transportation hubs, on a random
schedule, and confiscate all endangered and at-risk species
on display for sale. This approach may be less open to
corruption than imposing fines on market sellers, as long
as the confiscated meat is not resold. Most importantly,
confiscation is a financial disincentive to market sellers to
purchase protected species from traders because it
amounts to a de facto tax or fine on selling protected
species. This approach is likely politically easier than
arresting and prosecuting bushmeat sellers and is unlikely
to result in a significant public backlash, as it does not
depend on the actions of a corrupt judicial system and does
not prohibit all bushmeat sales. This approach should be
seen as an incremental step to halting all demand for and
consumption of unsustainably hunted bushmeat in urban

areas.

Conclusions

Although the available evidence guides us towards likely
effective interventions, none have been rigorously tested
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and evaluated under a range of conditions. Prior to
deploying any set of interventions to conserve and eat
wildlife in Africa, a clear theory of change needs to be
elaborated for each test in each geographical area. This
will make explicit the underlying assumptions as to how
integrated interventions are expected to result in desired
outcomes. Clear theories of change also provide a frame-
work for monitoring that allows rigorous evaluation of the
effectiveness of interventions over time and a clearer
understanding of what works in what combination under
which conditions. Sufficient funding and effort needs,
therefore, to be allocated to assess rigorously the effective-
ness of the different mixes of bushmeat interventions in
different urban and rural settings (Ingram et al., 2015).

Given the scale differences between sustainable supply of
wildlife as food and the demand for bushmeat, policy-
makers’ intent on both conserving and eating wildlife must
focus on providing solutions for rural and urban
consumers.

The human population of the planet is predicted to
increase from 7 to over 9 billion by 2038 and much of that
growth will be in sub-Saharan Africa. With ecological
constraints on wildlife production and continuing conver-
sion of wildlife habitat to crop lands, supply of wildlife as a
source of food will only decrease per capita in future.
Wildlife can only, realistically, be considered an interim
source of dietary protein for rural people until production
of livestock or nonanimal alternatives increase to meet
basic needs.

References

ABERNETHY, K. & NDONG OBIANG, A. (2010) Bushmeat in Gabon/La
viande de Brousse au Gabon. Technical Report to the Directeur
Général des Eaux et Forets, Président du Comité Inter-ministériel
de la Stratégie Nationale de Gestion de la Viande de Brousse.
Ministere des Eaux et Foréts Gabon, Gabon.

ABERNETHY, K.A., CoAD, L., TAYLOR, G., Leg, M.E. & MATISELS, F.
(2013) Extent and ecological consequences of hunting in
Central African rainforests in the twenty-first century. Phil.
Trans. R. Soc. Lond. B Bio. Sci. 368, 20120303.

AcrAWAL, A. & RiBoT, J. (2012) Assessing the effectiveness of
democratic accountability mechanisms in local governance.
Report commissioned for USAID by Management Systems
International (MSI) Project, 03—-11.

ALEXANDER, J.S., MCNAMARA, J., ROWCLIFFE, J.M., OPPONG, J. & MILNER-
GULLAND, E.J. (2014) The role of bushmeat in a West African
agricultural landscape. Oryx 49, 643-651.

ALVARD, M.S. (1993) Testing the “Ecologically noble savage”
hypothesis: interspecific prey choice by Piro hunters of
Amazonian Peru. Hum. Ecol. 21, 355-387.

ALVARD, M.S. (1995) Intraspecific prey choice by Amazonian
hunters. Curr. Anthropol. 36, 789-818.

ApPAZA, L., Wikig, D.S., BYron, E., Huanca, T., LEONARD, W., PEREZ,
E., REYES-GARCIA, V., VADEZ, V. & Gopoy, R. (2002) Meat prices
influence the consumption of wildlife by the Tsimane
Amerindians of Bolivia. Oryx 36, 382—-388.

App, B., MoSIMANE, A.W., REscH, T. & ROBINSON, D. (2008) Usaid
Support to the Community-Based Natural Resource Management
Program in Namibia: Life Program Review. USAID Biodiversity
Assessment and Technical Support (BATS) Program,
Washington, DC.

AuvziL, P. & Wik, D.S. (2000) Wildlife use in northern Congo:
hunting in a commercial logging concession. In: Hunting for
Sustainability in Tropical Forests (Eds J. G. Roeinson and E. L.
Bennert). Columbia University Press, New York.

BAcHAND, N., ARSENAULT, J. & RAVEL, A. (2015) Urban household
meat consumption patterns in Gabon, Central Africa, with a
focus on bushmeat. Hum. Dimens. Wildl. 20, 147-158.

BARNES, R.F.W. (2002) The bushmeat boom and bust in West and
Central Africa. Oryx 36, 236-242.

BARNETT, R. (2000) Food for thought: the Utilization of Wild Meat in
Eastern and Southern Africa. TRAFFIC/WWF/IUCN, Nairobi,
Kenya.

Bassert, T.J. (2005) Card-carrying hunters, rural poverty, and
wildlife decline in northern Cote d'Ivoire. Geogr. J. 171, 24-35.

BEnNETT, E.L., BLENCOWE, E., BRANDON, K., BROWN, D., Burn, R.W.,
CowrisHaw, G.U.Y., Davies, G., DusLiN, H., FA, J.E., MILNER-
GuLLAND, E.J., ROBINSON, J.G., ROWCLIFFE, J.M., UNDERWOOD, F.M. &
Wikig, D.S. (2007) Hunting for consensus: reconciling
bushmeat harvest, conservation, and development policy in
West and Central Africa. Conserv. Biol. 21, 884-887.

BEVERIDGE, M., THILSTED, S., PHiLps, M., METIAN, M., TROELL, M. &
HALL, S. (2013) Meeting the food and nutrition needs of the
poor: the role of fish and the opportunities and challenges
emerging from the rise of aquaculture. J. Fish Biol. 83, 1067—
1084.

BoaIN, B. (2011) ! Kung nutritional status and the original affluent
society: a new analysis. Anthropol. Anz. 68, 349-366.

BRASHARES, J.S., ARCESE, P., Sam, M.K., CoprpoLILLO, P.B., SINCLAIR,
A.R.E. & BALMFORD, A. (2004) Bushmeat hunting, wildlife
declines, and fish supply in West Africa. Science 306, 1180—
1183.

BrROwN, D. & WiLLiams, A. (2003) The case for bushmeat as a
component of development policy: issues and challenges. Int.
Forest Rev. 5, 148-155.

CAWTHORN, D.-M. & HorrmaN, L.C. (2014) The role of traditional
and non-traditional meat animals in feeding a growing and
evolving world. Anim. Front. 4, 6-12.

CHARDONNET, P. (1991) Wildlife ranching: making the right choice.
In: Wildlife Production: Conservation and Sustainable Development

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol., 54, 402-414



(Eds L. A. Renecker and R. J. Hupson). University of Alaska,
Fairbanks.

CHILD, G. (1996) The role of community-based wild resource
management in Zimbabwe. Biodivers. Conserv. 5, 355-367.

CHILD, B. (2013) Parks in Transition: “Biodiversity, Rural
Development and the Bottom Line”. Earthscan, London.

Crements, T., RAINEY, H., AN, D., Rours, V., Tan, S., THONG, S.,
SUTHERLAND, W.]. & MILNER-GULLAND, E.J. (2013) An evaluation
of the effectiveness of a direct payment for biodiversity
conservation: the bird nest protection program in the Northern
Plains of Cambodia. Biol. Conserv. 157, 50-59.

Coap, L.M. (2007) Bushmeat Hunting in Gabon: Socio-Economics and
Hunter Behaviour. Doctoral dissertation, University of
Cambridge, Cambridge, UK.

CooPERr, J.E. (1995) Wildlife species for sustainable food
production. Biodivers. Conserv. 4, 215-219.

CowLISHAW, G., MENDELSON, S. & RowcLiFrg, J.M. (2005) Evidence
for post-depletion sustainability in a mature bushmeat market.
J. Appl. Ecol. 42, 460-468 (469).

DEMERODE, E., HomMEwooD, K. & CowLisHAW, G. (2004) The value of
bushmeat and other wild foods to rural households living in
extreme poverty in Democratic Republic of Congo. Biol. Conserv.
118, 573-581.

DickMAN, A.J., MACDONALD, E.A. & MACDONALD, D.W. (2011) A
review of financial instruments to pay for predator conservation
and encourage human-carnivore coexistence. Proc. Natl Acad.
Sci. 108, 13937-13944.

Easr, T., KumpeL, N.F., MILNER-GULLAND, E.J. & RowcLIFFE, J.M.
(2005) Determinants of urban bushmeat consumption in Rio
Muni, Equatorial Guinea. Biol. Conserv. 126, 206-215.

Erfiom, E.O., NUNEZ-ITURRI, G., SmiTH, H.G., OTTOSSoN, U. &
OLssoN, 0. (2013) Bushmeat hunting changes regeneration of
African rainforests. Proc. R. Soc. Lond. B Biol. Sci. 280,
20130246.

ExvoHn, 0.0.0. & Bisong, F.E. (2014) Rural Livelihoods
Vulnerabilities and Commercial Bushmeat Hunting Challenges
in Cross River National Park, Nigeria. Nat. Resour. 5, 822.

Fa, J.E., CURRIE, D. & MEEUWIG, J. (2003) Bushmeat and food
security in the Congo Basin: linkages between wildlife and
people’s future. Environ. Conserv. 30, 71-78.

Fa, J.E., Peres, C.A. & MEEWIG, J. (2002) Bushmeat exploitation in
tropical forests: an intercontinental comparison. Conserv. Biol.
16, 232-237.

Fa, J.E., SEYMOUR, S., DUPAIN, J., AMIN, R., ALBRECHTSEN, L. &
MACDONALD, D. (2006) Getting to grips with the magnitude of
exploitation: bushmeat in the Cross-Sanaga rivers region,
Nigeria and Cameroon. Biol. Conserv. 129, 497-510.

Fa, J.E., ALBRECHTSEN, L., JOHNSON, P.J. & MACDONALD, D.W.
(2009) Linkages between household wealth, bushmeat and
other animal protein consumption are not invariant: evidence
from Rio Muni, Equatorial Guinea. Anim. Conserv. 12, 599—
610.

Fa, J.E., OLIVERO, J., FARFAN, M.A., MARQUEZ, A.L., DUARTE, J.,
NACKONEY, J., HALL, A., DUPAIN, J., SEYMOUR, S. & JOHNSON, P.J.

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol., 54, 402-414

Conserving and eating wildlife in Africa 411

(2015) Correlates of bushmeat in markets and depletion of
wildlife. Conserv. Biol. 29, 805-815.

FAO (2015) The Impact of Disasters on Agriculture and Food Security.
Food and Agricultural Organization of the United Nations, Rome.

FAO (2016) Increasing the Resilience of Agricultural Livelihoods.
Food and Agricultural Organization of the United Nations,
Rome.

FArGeoT, C. (2013) La chasse commerciale en Afrique centrale:
Une menace pour la biodiversité ou une activité économique
durable?: Le cas de la république centrafricaine. Université Paul
Valéry-Montpellier III.

FEER, F. (1993) The potential for sustainable hunting and rearing
of game in tropical forests. In: Tropical Forests, People and Food:
Biocultural Interactions and Applications to Development (Eds C. M.
Hrabik, A. Hrapik, O. F. Linares, H. Pacrzy, A. Sempere and M.
Habrey). UNESCO, Paris.

FERRARO, P.J. (2011) The future of payments for environmental
services. Conserv. Biol. 25, 1134-1138.

FOERSTER, S., WILKIE, D., MORELLI, G., DEMMER, J., STARKEY, M.,
TELFER, P., STEIL, M. & LEWBEL, A. (2012) Determinants of
bushmeat consumption among rural households in Gabon,
Central Africa. Conserv. Biol. 26, 335-344.

ForaGer, P.-M. & JANSEN, P.A. (2007) Hunting increases dispersal
limitation in the tree Carapa procera, a Nontimber forest product.
Conserv. Biol. 21, 106-113 (108).

GIBsoN, C.C. (1999) Politicians and Poachers: the Political Economy of
Wildlife Policy in Africa. Cambridge University Press, New York,
U.S.A.

Gopoy, R., UNDURRAGA, E.A., WILKIE, D., REYES-GARCIA, V., HUANCA,
T., LEONARD, W.R., McDADE, T., TANNER, S. & VADEz, V. (2010)
The effect of wealth and real income on wildlife consumption
among native Amazonians in Bolivia: estimates of annual
trends with longitudinal household data (2002-2006). Anim.
Conserv. 13, 265-274.

HERRERO, M., HAVLIK, P., MCINTIRE, J., PALAZZO, A. & VALIN, H.
(2014) African Livestock Futures: Realizing the Potential of
Livestock for Food Security, Poverty Reduction and the Environment
in Sub-Saharan Africa. Office of the Special Representative of the
UN Secretary General for Food Security and Nutrition and the
United Nations System Influenza Coordination (UNSIC) Geneva,
Switzerland.

HewtreTrT, B.S. (2014) Hunter-Gatherers of the Congo Basin: Cultures,
Histories, and Biology of African Pygmies. Transaction Publishers,
New Brunswick, NJ.

HorrmaN, L.C. & CAwTHORN, D.M. (2012) What is the role and
contribution of meat from wildlife in providing high quality
protein for consumption. Anim. Front. 2, 40-53.

HougeN, P. (1999) Elevage d’aulacodes au Gabon. Canopée 15, 7—
8.

INGRAM, J.C., WILKIE, D., CLEMENTS, T., McNAB, R.B., NELSON, F.,
Baur, E.H., SAcHEDINA, H.T., PETERSON, D.D. & Forey, C.A.H.
(2014) Evidence of payments for ecosystem services as a
mechanism for supporting biodiversity conservation and rural
livelihoods. Ecosyst. Serv. 7, 10-21.



412 David S. Wilkie et al.

INGRAM, D.J., CoaDp, L., CoLLEN, B., KUMPEL, N.F., BREUER, T., FA, J.E.,
GILL, D.J., MAISELS, F., SCHLEICHER, ]. & STOKES, E.J. (2015)
Indicators for wild animal offtake: methods and case study for
African mammals and birds. Ecol. Soc. 20, 40.

INoGwABINI, B.-I. (2014) Bushmeat, over-fishing and covariates
explaining fish abundance declines in the Central Congo Basin.
Environ. Biol. Fishes 97, 787-796.

JENSEN, N., BARRETT, C. & MUDE, A. (2015) The favourable impacts
of Index-Based Livestock Insurance: Evaluation results from
Ethiopia and Kenya.

Jones, B.T.B., DiGare, R.W. & THoutEss, C. (2015) From exploitation
to ownership: wildlife-based tourism and communal area
conservancies in Namibia. In: Institutional Arrangements for
Conservation, Development and Tourism in Eastern and Southern
Africa (Eds. R. Van Der Dumv, M. Lamers and J. Van Wik).
Springer, Dordrecht, the Netherlands.

KaBIrI, N. & CHiLp, B. (2014) Wildlife governance in Africa. In:
Adaptive Cross-scalar Governance of Natural Resources (Eds G.
Barnes and B. Cuip). Earthscan, London.

KARrANTH, K.K., GopALASWAMY, A.M., DEFRIES, R. & BALLAL, N.
(2012) Assessing patterns of human-wildlife conflicts and
compensation around a central Indian protected area.

KerLy, R.L. (2013) The Lifeways of Hunter-Gatherers: the Foraging
Spectrum. Cambridge University Press, New York.

KumperL, N.F., MILNER-GULLAND, E.J., COWLISHAW, G. & ROWCLIFFE,
J.M. (2010) Incentives for hunting: the role of bushmeat in the
household economy in rural Equatorial Guinea. Hum. Ecol. 38,
251-264.

LAURANCE, W.F., CrOES, B.M., TCHIGNOUMBA, L., LAHM, S.A., ALONSO,
A., Leg, ML.E., CampBELL, P. & ONDZEANO, C. (2006) Impacts of
roads and hunting on Central African rainforest mammals.
Conserv. Biol. 20, 1251-1261 (1211).

Levi, T., Lu, F., Yu, D.W. & MaNGEL, M. (2011) The behaviour and
diet breadth of central-place foragers: an application to human
hunters and Neotropical game management. Evol. Ecol. Res. 13,
171-185.

LiNDsEY, P.A., Router, P.A. & RoMANAcH, S.S. (2007) Economic and
conservation significance of the trophy hunting industry in sub-
Saharan Africa. Biol. Conserv. 134, 455-469.

LiNDSEY, P.A., RoMANACH, S.S., TAMBLING, C.J., CHARTIER, K. &
GrooM, R. (2011) Ecological and financial impacts of illegal
bushmeat trade in Zimbabwe. Oryx 45, 96-111.

LINDSEY, P., BALME, G., BECKER, M., BEGG, C., BEnTO, C., BoccHINO, C.,
DickmaN, A.J., DIGGLE, R., EvEs, H. & FEARNHEAD, P. (2012) Illegal
Hunting and the Bush-Meat Trade in Savanna Africa: Drivers,
Impacts and Solutions to Address the Problem. Panthera/Zoological
Society of London/Wildlife Conservation Society report, New
York, 74.

LiNDsey, P.A., BALME, G., BECKER, M., BEGG, C., BENTO, C., BOCCHINO,
C., DickmMAN, A., DiGGLg, R.W., Evis, H. & HENScHEL, P. (2013a)
The bushmeat trade in African savannas: impacts, drivers, and
possible solutions. Biol. Conserv. 160, 80-96.

LINDSEY, P.A., BARNES, J., NYIRENDA, V., PUMFRETT, B., TAMBLING, C.].,
TAYLOR, W.A. & Rorres, M.T.S. (2013b) The Zambian wildlife

ranching industry: scale, associated benefits, and limitations
affecting its development. PLoS One 8, e81761.

LINNEROOTH-BAYER, J., MECHLER, R. & HOCHRAINER-STIGLER, S. (2011)
Insurance against losses from natural disasters in developing
countries. Evidence, gaps and the way forward. J. Integr. Disaster
Risk Manag. 1, 59-81.

MaiskLs, F., KEMING, E., Kemel, M. & ToH, C. (2001) The extirpation
of large mammals and implications for montane forest
conservation: the case of the Kilum-Ijim Forest, North-West
Province, Cameroon. Oryx 35, 322-331.

MCcNAMARA, J., Rowcrirrg, M., COWLISHAW, G., ALEXANDER, J.,
NTIAMOA-BAIDU, Y., BRENYA, A. & MILNER-GULLAND, E. (2016)
Characterising wildlife trade market supply-demand dynamics.
PLoS One 11, e0162972.

MILDER, J.C., HART, A.K., DOBIE, P., MINAL J. & ZALESKI, C. (2014)
Integrated landscape initiatives for African agriculture,
development, and conservation: a region-wide assessment.
World Dev. 54, 68-80.

MOockKRIN, M.H., BENNETT, E.L. & LABRUNA, D.T. (2005) Wildlife
Farming: a Viable Alternative to Hunting in Tropical Forests?
Wildlife Conservation Society, Bronx, NY.

MucHAAL, P.K. & Ncanpjui, G. (1995) Wildlife Populations in the
Western Dja Reserve (Cameroon): an Assessment of the Impact of
Village Hunting and Alternatives for Sustainable Utilization.
ECOFAC/MEF, Yaounde, Cameroon.

MURPHREE, M.W. (2009) The strategic pillars of communal natural
resource management: benefit, empowerment and
conservation. Biodivers. Conserv. 18, 2551-2562.

NACSO (2014) The state of community conservation in Namibia -
a review of communal conservancies, community forests and
other CBNRM initiatives (2013 Annual Report). Windhoek,
Namibia.

Nast, R., TABER, A. & VLT, N.V. (2011) Empty forests, empty
stomachs? Bushmeat and livelihoods in the Congo and Amazon
Basins. Int. Forest Rev. 13, 355-368.

Nasi, R., BRowN, D., WiLkig, D., Bennert, E., Turin, C., voN Tor, G. &
CHRISTOPHERSEN, T. (2008) Conservation and use of wildlife-
based resources: the bushmeat crisis. Secretariat of the
Convention on Biological Diversity, Montreal, and Center for
International Forestry Research (CIFOR), Bogor. Technical
Series No. 33, 50 pp

NGNEGUEU, P.R. & Forso, R.C. (1998) Chasse Villageoise et
Consequences pour la Conservation de la Biodiversite dans la Reserve
de Biosphere du Dja. ECOFAC, Yaounde, Cameroon.

NIELSEN, MLR., PouLior, M. & BAKKEGAARD, R.K. (2012) Combining
income and assets measures to include the transitory nature of
poverty in assessments of forest dependence: evidence from the
Democratic Republic of Congo. Ecol. Econ. 78, 37-46.

NOGUEIRA, S.S.C. & NoGUEIRA-FILHO, S.L.G. (2011) Wildlife farming:
an alternative to unsustainable hunting and deforestation in
Neotropical forests? Biodivers. Conserv. 20, 1385-1397.

NRC (1991) Microlivestock: Little-known Small Animals with a
Promising Economic Future. National Academy Press,
Washington, DC.

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol., 54, 402-414



Nrtiamoa-Bamu, Y. (1998) Sustainable Harvesting, Production and
Use of Bushmeat. Wildlife Department, Ministry of Lands and
Forestry, Accra, Ghana.

NUNEZ-ITURRI, G. & Howg, H.F. (2007) Bushmeat and the fate of
trees with seeds dispersed by large primates in a lowland rain
forest in Western Amazonia. Biotropica 39, 348-354 (347).

OBEN, B.O., MoLua, E.L. & OBeN, P.M. (2015) Profitability of small-
scale integrated fish-rice-poultry farms in Cameroon. J. Agric.
Sci. 7, 232.

OgeLLo, E.O., MLuINGI, F., NYONJE, B., CHARO-KARISA, H. & MUNGUTI, J.
(2013) Can integrated livestock-fish culture be a solution to east
African’s food insecurity? A review. Afr. J. Food Agric. Nutr. Dev.
13, 8058-8078.

PAUMGARTEN, F. (2005) The role of non-timber forest products as
safety-nets: a review of evidence with a focus on South Africa.
GeoJournal 64, 189-197.

PERROTTON, A., BINOT, A., LE BEL, S. & DE GARINE-WICHATITSKY, M.
(2011) Providing and sharing legal bush meat to local
communities in Southern Africa: case studies and lessons from
Zimbabwe. In: The International Commission on the Anthropology
of Food and Nutrition, 31st symposium, March/April 2011.
Lasseube, France.

Pye-SmrtH, C. (2013) The story of the Northern Rangelands Trust.
Northern Rangelands Trust, Isiolo, Kenya.

RENTSCH, D. & DAMON, A. (2013) Prices, poaching, and protein
alternatives: an analysis of bushmeat consumption around
Serengeti National Park, Tanzania. Ecol. Econ. 91, 1-9.

RiBor, J.C. & LARSON, A.M. (2013) Democratic Decentralisation
Through a Natural Resource Lens: Cases from Africa. Routledge,
Asia and Latin America.

RmbpELL, ML.A. (2011) Hunting and rural livelihoods in northern
Republic of Congo: local outcomes of integrated conservation
and development. Oxford University.

ROBINSON, J.G. & BENNETT, E.L. (2000) Hunting for Sustainability in
Tropical Forests. Columbia University Press, New York.

ROBINSON, J.G. & BennerT, E.L. (2004) Having your wildlife and
eating it too: an analysis of hunting sustainability across
tropical ecosystems. Anim. Conserv. 7, 397—408.

RoBINSON, T., THORNTON, P., FRANCESCHINI, G., KRUSKA, R., CHIOZZA,
F., NOTENBAERT, A., CeccHI, G., HERRERO, M., EPPRECHT, M. &
Frirz, S. (2011) Global Livestock Production Systems. Food
and Agriculture Organization of the United Nations (FAO),
Rome.

SCHULTE-HERBRUGGEN, B., CowLisHAW, G., HOMEWOOD, K. & ROWCLIFFE,
J.M. (2013) The importance of bushmeat in the livelihoods of
West African cash-crop farmers living in a faunally-depleted
landscape. PLoS One 8, €72807.

SiLvA, J.A. & MOSIMANE, A. (2015) “How could I live here and not
be a member?”: economic versus social drivers of participation
in Namibian conservation programs. Hum. Ecol. 42, 183-197.

SMYTHE, N. (1991) Steps toward domesticating the Paca (Agouti -
Cuniculus paca) and prospects for the future. In: Neotropical
Wildlife Use and Conservation (Eds J. G. Rosinson and K. H.
Reprorn). University of Chicago Press, Chicago.

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol., 54, 402-414

Conserving and eating wildlife in Africa 413

SpraDBROW, P.B. (2013) Thermostable Newcastle disease vaccines
for use in village chickens. In: INFPDE-Conference.

StanrorDp, C.B. & Bunn, H.T. (2001) Meat-Eating and Human
Evolution. Oxford University Press, New York.

STELFOX, J.B., SISLER, D.G., HUDSON, R.]. & HopcrAFT, D. (1983) A
Comparison of Wildlife and Cattle Ranching on the Athi Plains.
Mimeo, Kenya.

STEPHENS, D.W. & KRrEBS, J.R. (1986) Foraging Theory. Princeton
University Press, Princeton.

TAYLOR, A., LINDSEY, P., DAVIES-MosTERT, H. & GooDMAN, P. (2016)
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. Department of
Environmental Affairs, Republic of South Africa.

THORNTON, P.K. (2010) Livestock production: recent trends, future
prospects. Philo. Trans. R. Soc. B Biol. Sci. 365, 2853-2867.

TREVES, A., WALLACE, R.B., NAUGHTON-TREVES, L. & MORALES, A.
(2006) Co-managing human-wildlife conflicts: a review. Hum.
Dimens. Wildl. 11, 383-396.

VAN VLEET, N., NasI, R. & TABER, A. (2011) From the forest to the
stomach: bushmeat consumption from rural to urban settings in
Central Africa. In: Non-Timber Forest Products in the Global
Context, Tropical Forestry, Vol. 7, (Eds. S. SHAcKLETON, P.
SuackieroN and P. SHANLEY), pp. 129-145. Springer, New York.

VAN VLET, N., Nasi, R., EMMONS, L., FEER, F., MBAZzA, P. &
BourGAaREL, M. (2007) Evidence for the local depletion of bay
duiker Cephalophus dorsalis, within the Ipassa Man and
Biosphere Reserve, north-east Gabon. Afr. J. Ecol. 45, 440443
(444).

VAN VLIET, N. & MBAzzA, P. (2011) Recognizing the multiple
reasons for bushmeat consumption in urban areas: a necessary
step toward the sustainable use of wildlife for food in central
Africa. Hum. Dimens. Wildl. 16, 45-54.

vAN VLIET, N. & Nasy, R. (2008) Hunting for livelihood in northeast
Gabon: patterns, evolution, and sustainability. Ecol. Soc. 13, 33.

VAN VLIET, N., NEBessg, C. & Nasi, R. (2015) Bushmeat
consumption among rural and urban children from
Province Orientale, Democratic Republic of Congo. Oryx 49,
165-174.

VAN VLIET, N., NEBESSE, C., GAMBALEMOKE, S., AKAIBE, D. & NasI, R.
(2012) The bushmeat market in Kisangani, Democratic
Republic of Congo: implications for conservation and food
security. Oryx 46, 196-203.

VAN VLIET, N., CORNELIS, D., Bick, H., LINDSEY, P., NAsI, R., LEBEL, S.,
MORENO, J., FRAGOSO, J. & Jorl, F. (2016) Meat from the wild:
extractive uses of wildlife and alternatives for sustainability. In:
Current Trends in Wildlife Research, Wildlife Research
Monographs, Vol. 1, pp. 222-265. Springer, New York.

Wartg, T.A. (2007) Revisiting evidence for sustainability of
bushmeat hunting in West Africa. Environ. Manage. 40, 476—
480.

WaItE, R., BEVERIDGE, M., BRUMMETT, R., CASTINE, S.,
CHAIYAWANNAKARN, N., KAUSHIK, S., MUNGKUNG, R.,
NAWAPAKPILAL, S. & PHILLPS, M. (2014) Improving



414 David S. Wilkie et al.

Productivity and Environmental Performance of Aquaculture. WRI
Working Paper 1, WRI, Washington, DC.

WERNER, D.I. (1991) The rational use of green Iguanas. In:
Neotropical Wildlife use and Conservation (Eds J. G. RopinsoN and
K. H. Reprorp). University of Chicago Press, Chicago.

WICANDER, S. & CoaD, L. (2015) Learning our Lessons: a Review of
Alternative Livelihoods Projects in Central Africa. University of
Oxford & IUCN, Oxford.

WiLEreD, P. & Maccorr, A.D.C. (2010) Income sources and their
relation to wildlife poaching in Ugalla ecosystem, Western
Tanzania. Afr. J. Environ. Sci. Tech. 4, 886-896.

Wiikig, D.S. & CARPENTER, J.F. (1999) Bushmeat hunting in the
Congo Basin: an assessment of impacts and options for
mitigation. Biodivers. Conserv. 8, 927-955.

Wiikig, D.S. & Gopoy, R.A. (1996) Trade, indigenous rain forest
economies and biological diversity: model predictions and
directions for research. In: Current issues in Non-Timber Forest
Products Research (Eds M. Ruiz Perez and J. E. M. Arnorp). Center
for International Forestry Research, Bogor, Indonesia.

Wikig, D.S. & Gopoy, R.A. (2001) Income and price elasticities of
bushmeat demand in lowland Amerindian societies. Conserv.
Biol. 15, 1-9.

Wikig, D.S. & Leg, R.J. (2004) Hunting in agroforestry systems
and landscapes: conservation implications in West-Central
Africa and Southeast Asia. In: Agroforestry and Biodiversity
Conservation in Tropical Landscapes (Eds G. SchrotH, G. A. B. Da
Fonseca, C. A. Harvey, C. Gascon, H. L. Vasconceros and A.-M. N.
Izac). Island Press, Washington, DC.

Wikig, D., PAINTER, M. & JAacoB, A. (2015) Rewards and Risks
Associated with Community Engagement in Anti-Poaching and Anti-
Trafficking. WCS/USAID, Bronx NY and Washington DC.

Wiikig, D.S., REprorD, K.H. & McSHANE, T.0. (2010) Taking of
rights for natural resource conservation: a discussion about
compensation. J. Sustainable For. 29, 1-17.

WIKIE, D.S., STARKEY, M., ABERNETHY, K., EFFA NSAME, E., TELFER, P.
& Gopoy, R. (2005) Role of prices and wealth in consumer
demand for bushmeat in Gabon, Central Africa. Conserv. Biol.
19, 1-7.

WIKIE, D.S., BENNETT, E.L., STARKEY, M., ABERNETHY, K., Fotso,
R.C., MaistLs, F. & Eikan, P. (2006) If trade in bushmeat is
legalized can the laws be enforced and wildlife survive in
Central Africa: evidence from Gabon. J. Int. Wildl. Law Policy
9, 335-349.

Wiikig, D.S., BENNETT, E.L., PERES, C.A. & CUNNINGHAM, A.A. (2011)
The empty forest revisited. Ann. N. Y. Acad. Sci. 1223, 120-128.

Witrcox, A.S. & Namsu, D.M. (2007) Wildlife hunting practices
and bushmeat dynamics of the Banyangi and Mbo people of
Southwestern Cameroon. Biol. Conserv. 134, 251-261.

WOODROFFE, R., THIRGOOD, S. & RaBINowITZ, A. (2005) People and
Wildlife, Conflict or Co-Existence?. Cambridge University Press,
Cambirdge.

WRIGHT, S.J., STONER, K.E., BEcKMAN, N., CorLerT, R.T., DIRZO, R.,
MuLLER-LANDAU, H.C., NUNEZ-ITURRI, G., PERES, C.A. & WANG, B.C.
(2007) The plight of large animals in tropical forests and the
consequences for plant regeneration. Biotropica 39, 289-291
(283).

(Manuscript accepted 25 October 2016)

doi: 10.1111/aje.12392

© 2016 John Wiley & Sons Ltd, Afr. J. Ecol., 54, 402-414



