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Abstract

Bushmeat is not only an important source of fat, micronutrients, and
macronutrients, but it also has medicinal uses. Extensive human—wildlife in-
teractions may lead to pathogen exchange and trigger zoonotic infectious
disease outbreaks such as severe acute respiratory syndrome, Ebola, and
coronavirus disease 2019. In the tropics, bushmeat has become one of the
most threatened resources due to widespread habitat loss and overexploita-
tion, largely driven by increased global demand, weak governance, and lack
of enforcement. Unsustainable harvesting, consumption, and production
practices are common, although drivers are complex and intertwined and
vary regionally, pointing to a looming rural nutrition security and wildlife
conservation issue. Growing demand in fast urbanizing markets coupled
with easy access fuels the illegal trade of bushmeat, medicinal products, and
wildlife-based luxury goods. Although bushmeat contributes significantly to
rural people’s income and poverty alleviation, overharvesting impacts those
who are most dependent on the forest. To balance the rural and cultural
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importance of bushmeat with conservation and public health priorities, strategies to safeguard
tropical biodiversity, sustainable harvest of wildlife with reduced health risk for nutrition and
medicine are urgently needed.
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1. TWO WILDLIFE PRODUCT USES AND THE GLOBAL CRISES

Wildlife continues to be an important source of protein, nutrition, and traditional medicine across
the tropics (1-6). However, wildlife has become one of the most threatened resources due to
widespread habitat loss, overexploitation, and other factors (1, 2, 7). Unsustainable harvesting
practices are common, although drivers are complex and intertwined, pointing to a looming rural
nutrition security and wildlife conservation issue (8). Sustaining bushmeat consumption becomes
critical for biodiversity conservation and poverty alleviation, particularly in tropical developing
countries. Because wildlife conservation issues are closely tied to traditional livelihood sustainabil-
ity, it becomes necessary to assess bushmeat sustainability and its feedback on traditional livelihood
over time.

The effects of market forces and trade, which have a narrow goal of rural livelihood sustain-
ability, on sustainable consumption are also not widely understood (9). Due to the growing threat
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of emerging infectious disease outbreaks with increasing wildlife contacts that may directly or
indirectly impact livelihood sustainability, there is an urgent need to consider it (5). As such,
ensuring the sustainable harvesting of bushmeat and medicinal products is imperative for halting
further loss of biodiversity, improving rural livelihoods and enhancing rural people’s health and
nutritional and food security, and lowering public health risks.

1.1. Wildlife in Multiple Value Chains

In this section, we illustrate the importance of tropical wildlife as a source of protein, nutrition, and
livelihood, as well as traditional medicine. We also highlight that due to widespread unsustainable
exploitation, the dwindling of this valuable resource is intimately connected to present bushmeat,
biodiversity, nutritional security, and public health crises worldwide.

1.1.1. Protein, nutrition, and livelihood. Humans throughout the world have long depended
on wild meat as a source of food and medicine (1-3). Wildlife is important in both the developed
and developing world for its consumptive and nonconsumptive uses, present and potential nutri-
tional value, medicinal uses, luxury uses, ecological role, and sociocultural significance for human
societies (4, 5). Bushmeat is not only an important source of fats, micronutrients, and macronu-
trients, but it also has medicinal uses, particularly in the tropics (5). For example, in the diets of
urban and peri-urban inhabitants within the Tres Fronteras Amazonian region, households con-
suming bushmeat take in higher levels of micronutrients such as iron, zinc, and vitamin C than
households that do not, and hence are at a lower risk of anemia in the near term and other chronic
health problems in the long term (10).

The harvest of animals also provides benefits to local people and their livelihoods worth mil-
lions of dollars annually and represents approximately 6 million tons of animals extracted yearly
(11). Millions of the poorest people in the tropical world are almost entirely dependent on forests
for their household income, making forest resources some of the most important sources of in-
come security. For many, the income from forest products, including game or bushmeat, can be
substantial. In Asia, for instance, forest product income represents a significant revenue source
for rural people, with an average contribution to household income of approximately 20% in the
populations sampled (12). The contribution of bushmeat to cash and noncash income of local
communities within managed Sangha Tri-National and Dja-Odzala-Minkebe Tri-National forest
landscapes in Central Africa illustrates how crucial it is for livelihoods (13). As such, wildlife is a
critical source of food and income for rural people in the tropics.

1.1.2. Traditional medicine. Traditional medicine derived from wildlife products is deep-
rooted in many cultures across the tropics, which have been harvesting many species for thousands
of years. Wild animals are particularly crucial to the culture of rural people, who use animals in
religious festivals and traditional medicines (6). The use of animals (e.g., birds, primates, and rep-
tiles) is common as a major source of local medicine for people’s well-being in tropical rural and
urban areas. For instance, researchers study the medicinal purposes, body parts used, and cost of
medicinal animal species traded and used in traditional medicine in Brazil, Vietnam, and Nigeria
(6, 14, 15).

Certain countries such as Mauritius possess valuable knowledge on a plethora of animal-based
therapies used in the treatment and/or management of human diseases (e.g., 31 animal species
belonging to 12 taxonomic groups were used in traditional medicine) (16). Also, atleast 130 species
are known to be sold for medicinal purposes and used to treat more than 100 illnesses and/or
symptoms in Brazil, including species that are endangered (17). In Amazonia, many ethnic and
traditional communities are primarily dependent on the traditional medicinal system for their
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primary health care, particularly for natives living adjacent to protected and extractive areas [e.g.,
Northern Brazil (18)]. Therefore, rural people in the tropics also depend on wildlife for medicine.

1.2. The Crises: Bushmeat, Biodiversity, Nutritional Security, and Public Health

However, as currently practiced, bushmeat harvesting and consumption have become mainly un-
sustainable across the tropics, and numerous crises are developing simultaneously. Rural people
rely heavily on wild meat, but in many areas, this vital source of food and income is being de-
pleted (1, 7). Due to the widespread unsustainable exploitation of wildlife, the challenges of con-
servation and the unsustainable use of wildlife-based resources have led to the global bushmeat
crisis (2). Comparing two main tropical moist-forest regions, the Amazon and Congo basins, it
was estimated that more than 5 million tons of wild mammal meat feed millions of local peo-
ple in Neotropical and Afrotropical forests annually. The current state of bushmeat extraction in
African rainforests, however, is unsustainable and will only get worse (19). On the basis of model
projections, even if bushmeat harvests could be sustainable in the Congo Basin, many of its coun-
tries would still be greatly affected by the resulting lower wild protein supply. To exacerbate issues,
nonbushmeat protein options cannot meet the projected shortfall and are insufficient to feed most
of these populations. Therefore, it is likely that many forest mammals could become extinct soon
and that protein malnutrition will increase if nutritional security in the region is not urgently
addressed (20).

The bushmeat crisis is also a food security issue across the tropics, given that protein and nu-
trition from bushmeat and rural livelihoods are intrinsically linked. The current bushmeat crisis
is tightly coupled with the tropical biodiversity crisis and requires immediate action (Figure 1).
Unless there is a drastic change to make wildlife exploitation, including for luxury (nonessential)
products, more sustainable, the tropics will most certainly lose most of its iconic species, and many
others, in the coming decades (8). Because of our close interactions with wildlife, the emergence
and spread of zoonotic infectious diseases and epidemics may escalate into public health crises [in-
cluding Ebola and severe acute respiratory syndrome (SARS)] (5). Addressing the multiple crises
will likely involve a multidisciplinary strategy, including political, socioeconomic, and scientific
input, to which all major stakeholders (government, nongovernment, national, and international
organizations) must contribute (2, 21).

This review on the harvesting of wildlife products for food and medicine in tropical Africa,
the Americas, and Asia addresses the following questions: What are the key complex drivers of
wildlife harvesting for bushmeat and traditional medicine? What are the impacts of harvesting
on biodiversity, environment, and humans? What are the feasible recommendations to promote
sustainable harvesting? Finally, what are the emerging issues for sustainable consumption, pro-
duction, and trade of bushmeat and wildlife medicinal products across the tropics?

2. COMPLEX DRIVERS OF WILDLIFE HARVESTING FOR BUSHMEAT
AND TRADITIONAL MEDICINE

The crises are driven in part by a burgeoning global demand and shrinking forests as well as weak
enforcement and regulation of protected areas and protected species, respectively (1, 2, 7, 8, 22,
23). Drivers of the recent increase of harvesting and hunting for bushmeat and medicinal products
include deforestation; improved access (including road infrastructure) to forests and markets; im-
proved hunting technology; and growing demand in the expanding national, regional, and global
markets (8, 23). In this section, we focus on unraveling the following notable complex interrelated
drivers of wildlife harvesting for food and medicine as evidenced across the tropics: wildlife trade,
urbanization, livelihood opportunities, and culture and tradition.
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Figure 1

A schematic of the interacting drivers of unsustainable bushmeat consumption in the tropics. The drivers and impacts of unsustainable
bushmeat consumption are the ones observed and reported in this review (nonexhaustive list) for the African, Amazonian, and Asian
tropics. Figure adapted from Reference 143 (http://creativecommons.org/licenses/by/4.0/) (CC BY 4.0).

2.1. Wildlife Trade Drives Overexploitation

The growing animal wildlife (i.e., mammals, birds, reptiles, and amphibians) trade, including ille-
gal trade, is a major threat to tropical biodiversity (9) (Figure 1). Commercial poaching, particu-
larly of mammalian species, to supply regional markets and beyond with bushmeat and traditional
medicinal products puts immense pressure on wildlife populations in tropical regions (24). As an
example, the Javan rhino (Rbinoceros sondaicus annamiticus) was declared extinct from Vietnam in
2010, primarily due to extensive poaching motivated by global markets and weak law enforcement
(25).In African biomes (e.g., savannas), the impacts of the trade vary from edge effects around pro-
tected areas, to disproportionate declines of some species, to severe wildlife declines in areas with
inadequate antipoaching activities (26).
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Across the tropics, the increasingly commercialized trade to meet the surging demand in rural
areas, urban centers, and even international cities transitions from a source of protein to house-
hold income, particularly for the low-income urban and rural populations (26, 27). For instance,
conservative estimates from carcasses during a 5-month period across nearly 90 urban and rural
markets in a 35,000-km? area between the Cross River (Nigeria) and the Sanaga River (Cameroon)
indicate that almost a million reptiles, birds, and mammals are sold every year by the rural and
urban population, which corresponded to approximately 12,000 tons of terrestrial vertebrates (27).

Wildlife trade is in turn driven by a series of factors including human encroachment of wildlife
areas, poverty and food insecurity, and inadequate legal frameworks to enable communities to
benefit legally from wildlife, which are exacerbated by inadequate wildlife laws and enforcement
and in some areas, political instability and conflict (26). Illegal wildlife trade TWT) is presently a
global conservation issue that threatens thousands of species, with many actors involved, including
harvesters, intermediaries, and consumers and common IW'T network configurations in domestic
and international markets (28). For example, wildlife overexploitation is severe in Indonesia, espe-
cially on Sulawesi Island, where human resources and funding are inadequate to monitor trade and
enforce existing laws. Over a two-year period, thousands of illegally trafficked wild mammals en
route to markets were encountered and nearly a hundred thousand wild mammals were observed
during market surveys (29).

The Convention on the International Trade of Endangered Species of Wild Fauna and Flora
(CITES) is recognized as the most important global initiative to monitor and regulate the inter-
national trade of wildlife. Due to the lack of ability to enforce CITES, as shown by the trade of
large volumes of illegally sourced animals in many parts of the tropics, IWT has weakened the
treaty (30). Illegal global wildlife trade is estimated to be a multi-billion dollar market, making it
one of the largest illegitimate businesses globally, and it often involves transnational criminal net-
works (31). This complexity has obstructed enforcement of laws on IW'T, which have been most
ineffective in tropical countries. A key driver of the bushmeat crisis is booming local, regional,
and international wildlife trade. As such, there is a need to consider a diversity of disciplinary per-
spectives to better understand the economic, social, and political factors influencing illegal and
unsustainable wildlife trade in the tropics (32).

2.2. Urbanization and Trade Flows Lead to Rising Demand

Strong links exist between urbanization and regional and global wildlife trade and markets
(Figure 1). In particular, urbanization leads to rising demand, and connectivity and marketiza-
tion facilitate wildlife trade (including illegal trade). In some tropical countries, such as Vietnam,
wild meat is widely consumed by successful, high-income, high-status males of all ages and edu-
cational levels—and is used as a way of signaling prestige and obtaining social influence (33). In
addition, in some countries many from the middle class view bushmeat as a luxury and a status item
for private possession or “investing in extinction” (34). Moreover, the rarer something becomes,
the more attractive and more valuable it becomes (35). In sum, a growing human population, in-
creased buying power, globalization, and social preferences have all contributed to higher demand
for wildlife products (36). Hence, the urban residents’ attitudes toward bushmeat consumption,
particularly as a luxury product, are critical in understanding the social drivers of the wildlife trade.

Huge improvement to existing infrastructure has greatly facilitated the wildlife trade across
the tropics. Improved infrastructure has made forested areas more accessible, creating the oppor-
tunity for rural areas to trade wildlife products with distant urban markets (23). Road expansion
and associated increases in hunting pressure are rapidly growing threats to Amazonian and African
tropical wildlife. In the Yasuni Biosphere Reserve of Ecuador, the presence of roads was associated
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with a twofold increase of the extraction area. Rates of bushmeat extraction and trade were higher
closer to markets than away from them. Although there are some exceptions in Amazonia, roads
within protected areas can undermine their capacity to sustain wildlife populations, as well as po-
tentially threaten the livelihoods of indigenous groups (37). In the rainforests of southern Gabon,
even moderate hunting pressure can drastically change the structure of mammal communities in
central Africa. Roads had the greatest impacts on large and small ungulates, where road avoidance
by the ungulates increases with growing local hunting pressure (38).

In addition, global trade has made it more profitable for many rural, subsistence hunters. In
some cases, the increased demand from cities has led to unsustainable harvests as it became more
profitable for local people from villages to sell bushmeat to markets than to retain it for their
subsistence use. In much of Cameroon, bushmeat is being transported to cities, in particular from
the Savannah and central provinces, which are rich in wildlife and contain national parks and
safari hunting areas (39). And in Laos, due to market expansion into remote areas, households
are navigating the transition from subsistence to market economies (40). The new exposure to
external market forces has led to drastic changes in rural communities, with the development of
village collectives to manage resources and negotiate with outside traders, for example (41). As
such, urbanization has led to rising demand for wildlife beyond tropical rural regions, placing
immense pressure on the regions’ biodiversity and rural populations’ well-being (including health
risk to zoonotic diseases).

Opverexploitation in China is widespread and is carried out by China’s larger, poorer, and more
rural population, who operate in the trade of wildlife products (42). The large volume of both
legal and illegal trade in wildlife is driving many species to local extinction, with substantial trade
occurring in the Guangxi, Yunnan, and Qinghai provinces (43). A growing human population,
increased buying power, urbanization, and globalization have led to higher demand for products
derived from wildlife including those used in traditional medicines (36). Unlike bushmeat for food,
the global surge in demand for traditional medicine, particularly traditional Chinese medicine
(TCM), has little known consequences for wildlife species and must be examined more closely.

2.3. Rural Livelihood Opportunities and Wildlife Dependency

Whereas increased urbanization and a growing middle class are driving demand for bushmeat
and fueling lucrative IWT, rural people’s wildlife dependency is intricately tied to their livelihood
opportunities, thus affecting their food and nutritional security (Figure 1). The economic impor-
tance of bushmeat to rural households was examined from thousands of households in hundreds
of communities across more than 20 tropical and subtropical countries in Latin America, Asia,
and sub-Saharan Africa. Hunting is more prevalent than generally assumed (39%) but contributes
less to rural household income than expected (2%) and mainly through own consumption (87%).
Also, bushmeat is the most important to rural households as a source of protein and micronu-
trients unavailable through their existing domestic animal and staple crop production (44). Only
poverty alleviation plans can deter illegal consumption for poor city dwellers without affordable
alternatives to eating wildlife (45).

Bushmeat consumption patterns can have profound effects on biodiversity conservation and
poverty alleviation in the tropics. Understanding the role of hunting and bushmeat consumption
in the daily lives of tropical rural communities will be crucial. In Madagascar, most species are
eaten; however, few are preferred over domestic meat. Hunting is regarded as a secondary pursuit,
carried out opportunistically during the course of other activities, although its importance spikes
in times of food stress (46). Management focused on increasing domestic meat availability and
directing hunting effort away from sensitive species may improve the sustainability of hunting, but

www.annualreviews.org o Wildlife for Bushmeat and Medicine

151



152

interventions to reduce forest dependence may be required to promote conservation and poverty
alleviation simultaneously (46).

Conflicts (e.g., civil wars) may also affect hunting patterns, where cases of overhunting or re-
duced hunting pressures have been documented. In Sierra Leone, West Africa, access to alterna-
tive livelihood options and the severity of the war’s impact shaped fluctuating patterns in hunting
participation across different communities. As such, adaptive management approaches that can
adjust management strategies to account for spatial or temporal variations in hunting behavior
will be vital (47). In the Colombian Amazon, the increased dependency on industrial chicken in
rural communities poses important food security issues because it provides less nutritional balance
than wild foods, and access to this protein is dependent on cash availability. Whereas the harvest of
wild proteins poses a sustainability issue, industrial foods produce a substantial ecological footprint
(48). Therefore, the availability of rural livelihood opportunities can have direct consequences for
the sustainability of wildlife harvesting and food and nutritional security.

2.4. Cultural Values, Preferences, and Traditions

Cultural values, preferences, and traditions may play a strong role in driving the consumption
of wildlife for food and medicine in the tropics. Primates used in traditional folk medicines and
magic-religious rituals and remedies are often linked to folk beliefs (3). The widespread use of
primates in traditional medicine points to the need to consider sociocultural factors when estab-
lishing management plans concerning the sustainable use of this mammalian group, particularly
when approximately half of the primates are threatened with extinction (3). Furthermore, some
species are hunted around the world for the perceived potency of certain body parts in traditional
medicine and in cultural practices. In Africa, for example, many cultures require animal parts for
a wide range of traditional and religious practices, leading to the hunting of a few hundred bird
species (49).

Zoo therapies form an integral part of some cultures, and information about animals is passed
from generation to generation through oral folklore with many animal species playing an impor-
tant role in healing practices. In the semiarid region of Northeastern Brazil, animals are used in
the form of amulets and charms in magic-religious rituals and ceremonies (50), whereas fetish
beliefs are important to the culture of African people (51). The medicinal value of animal species
depends on the local ethnopharmacological knowledge that exists within local communities, so
the conservation and sustainable use of these species will aid in the preservation of local medicinal
knowledge and culture for future generations (52).

The popularity of wildlife consumption may also point to the influence of animals as social
objects. In the present context of rapid social and environmental change across Laos, consuming
wildlife is widely seen as a form of national identity that combines an idealized tradition with a
status-conscious modernity (53). In Vietnam, wild porcupines cost half the price of farmed ones,
which leads to more demand for wild animals; thus, prevailing relative pricing is a significant driver
of the trade (54). In the semiarid regions of northeastern Brazil, the preference for bushmeat over
livestock is traditional and is not tied to the requirement for protein supplementation from the
wild but rather about the taste (55).

In Amazonia, respondents from households where hunting and bushmeat consumption oc-
curs more frequently attributed higher material value to forests. But households living in more
deforested landscapes and those that visited forests less often attributed lower nonmaterial value
to forests. Conversely, a vicious cycle may develop: Low forest cover and the loss of connection
with forests may erode forest values and facilitate further deforestation and associated decline in
wildlife (56). As seen across the tropics, cultural values and factors, preference, and traditions can
impose a strong influence on the consumption of wildlife for food and medicine.
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3. IMPACTS OF WILDLIFE HARVESTING

The documented impacts of wildlife harvesting for food, livelihood, and traditional medicine are
organized into two broad sections. As concerns of biodiversity and the environment, we discussed
the impact of hunting, the signs and consequences of overharvesting, and the unsustainable harvest
of traditional medicinal products. With regard to humans and livelihoods, we addressed the dif-
ferential impacts on socioeconomic groups and nutrition and livelihood insecurity, and the emer-
gence of zoonotic infectious diseases and their impacts on public health.

3.1. On Biodiversity and the Environment

The following sections illustrate the various impacts of hunting, the indicators and cascading ef-
fects of overharvesting such as defaunation and the disruption of ecosystem functioning and ser-
vices. Also, we present some details uncovered on the unsustainable harvest of traditional medic-
inal products.

3.1.1. Impact of hunting. An increase in hunting pressure to supply growing regional and
global markets is the gravest threat to the survival of most endangered vertebrates. In some regions
and countries, some highly in-demand species have gone extinct, even within the protected-area
networks (22, 57). Evidence from multiple sites in Asia indicated that the populations of game
species have been declining since approximately 1980, and many species are now extirpated from
substantial portions of their former ranges (8, 23). While hunters typically take common species
for subsistence, they take rarer species opportunistically and sell surplus meat and commercially
valuable products, often targeting high-value species (8). In certain parts of Amazonia, the local
depletion of species, reduction in total biomass, and abundance in different size classes can be at
least partially explained by subsistence hunting of wildlife in the region (58). In Africa, wildlife is
severely hunted, and bushmeat hunting and trade are major forms of direct human pressure in the
backdrop of mineral- and oil-driven and extractive economies (59).

However, although the hunting pressure is immense, the hunting impact on wildlife may vary
regionally, due to mediating social factors. For instance, in eastern Madagascar, bushmeat species
are not particularly preferred and are often considered inferior to fish and domestic animals. Fur-
thermore, taboos have afforded protection to some species, particularly the endangered Indri,
although this taboo is rapidly disappearing (60). In another area in Madagascar, knowledge of
laws, level of education, involvement in ecotourism, traditional cultural values, taste preferences,
opportunity, and human-wildlife conflict are barriers to lemur hunting (61). To discourage illegal
hunting and improve the survival of endangered wildlife populations, it is important to consider
improving rural human health and welfare.

3.1.2. Signs and consequences of overharvesting. More than 300 terrestrial mammal species
are threatened with extinction because of an increase in bushmeat hunting to supply an increase
demand in cities (22). In Gabon, vertebrate composition and diversity decrease along a defaunation
gradient radiating from rural villages, with lower abundances of large mammals such as monkeys
and ungulates observed near local communities (62). In a nearly decade-long study monitoring
the sales of an endangered, endemic, protected species of wild pig (i.e., babirusa) in Sulawesi,
Indonesia, dealers were observed traveling significantly farther to buy wild pigs, paying more for
them, and buying fewer pigs over time, suggesting a sign of resource depletion (63).
Defaunation as a consequence of overhunting can have negative outcomes and cascading effects
on biodiversity and ecosystem services and functioning (e.g., carbon storage). Declining popula-
tions of game species can affect plant distribution and structure ecosystems, through seed dispersal
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and predation, grazing, browsing, rooting, and other mechanisms, as well as plant-animal inter-
actions (11). For instance, overhunting has caused persistent changes in tree population spatial
structure and dynamics, leading to a consistent decline in local tree diversity over time in Lambir
Hills, Sarawak (64). In the Brazilian Amazon, large-bodied Atelinae primates and tapirs provide
nonredundant seed-dispersal services for many large-seeded Neotropical tree species that on aver-
age have higher wood density than smaller-seeded and wind-dispersed trees. As such, defaunation
of harvest-sensitive species such as tapirs will lead to losses in aboveground biomass and carbon
storage of as high as 26.5-37.8% (65).

Over a duration of four decades, herbivores have been observed to be the most common
trophic animal guild hunted and traded in West and central Africa, suggesting an imminent
reduction of large-bodied herbivores with cascading effect on superpredators (66). The scale of
hunting across the island of Borneo represented a serious threat to the long-term survival of
flying fox populations and their role as key pollinators and dispersers, and could have serious
public health implications (e.g., emerging infectious diseases; discussed below) due to increasing
human-wildlife contacts (67). Consequently, the local extinction of species may also have an
impact on local culture, through the loss of local ecological knowledge among the younger gener-
ation, as was reported in southwest China (68). Throughout the tropics, we uncovered signs and
impacts of overharvesting on biodiversity and environment, with cascading effects on humans.

3.1.3. Unsustainable harvest of traditional medicinal products. Similar to wildmeat, tradi-
tional medicine products are often unsustainably harvested across the tropics, particularly Asia,
driven by increasing human populations and consumer demand, and greater affluence, coupled
with shrinking forest habitat. Unfortunately, some of these targeted species are globally endan-
gered. Threatened species such as the rhinos, elephants, and tigers (including harvest for medicinal
purposes) will require novel conservation initiatives, policies, and frameworks that can safeguard
the long-term future of these iconic species (69). Increasing access to markets and hunting large
fauna for medicinal purposes, even for short durations, have a dramatic impact on population num-
bers. Anecdotal evidence from interviews with local hunters and park staff suggests that hunting
for bezoar stones (visceral excretions found in langurs and used in traditional medicine) was the
key reason behind the significant decline in Hose’s langur in East Kalimantan, Indonesia, in only
a seven-year period (70).

Vultures, hornbills, and other large birds, such as bustards, are most threatened by selective har-
vesting for the traditional medicine trade and bushmeat among markets across Africa (e.g., Benin,
Burkina Faso, and South Africa) and therefore should be prioritized for conservation action (47).
Many animals, including reptiles, are traded in fetish markets and used for traditional medicine and
for their perceived magical properties. In the largest fetish market of West Africa (Lome, Togo), a
total of more than 1,500 reptile individuals, belonging to 37 different species (chameleons, snakes,
and the puff adder were frequently traded), were recorded in just a month (49).

TCM has been practiced for thousands of years in China, and it is now increasingly practiced
outside Asia (71). Historically, TCM recipes recommend including various animal tissues such
as pangolin scales; tiger bones; antelope, buffalo, or rhino horns; deer antlers; and bear or snake
bile that are mixed with medicinal herbs. However, ecological, ethico-legal, and health and safety
concerns such as hunting, breeding, and trade with endangered species (originating from the
tropics), risks of transmission of zoonoses, product quality, and substitutes from endangered
species persist (72). In many instances, the use of endangered, trade-restricted species parts as
TCM ingredients directly challenges CITES legislation. In Taiwan for instance, the observed
levels of usage and trade of turtle shells for traditional medicine appear to be unsustainable
and likely have a great impact on the chelonian fauna from source areas in tropical Asia (73).
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Pangolins across the tropics are commonly used as food and their scales as a medicinal ingredient
in TCM in Asia. These animals are a prized resource, for which solid demand has led to their
rapid decline and listing on the CITES appendix (74).

3.2. On Humans and Livelihoods

Below, we highlight how wildlife harvesting impacts different human population groups and af-
fects nutrition and livelihood security across the tropics. Increasing human contacts with wildlife
during harvesting also facilitate the emergence of zoonotic infectious diseases and public health
crises.

3.2.1. Differential impacts and nutrition and livelihood insecurity. Overharvesting of wild
meat can threaten nutritional and income security of millions of people in the tropics. Economic
analysis suggests that local communities in southern Cambodia, whose traditional livelihoods de-
pend on the sustainable use of Ream National Park, will likely lose the most from the exploitation
of timber and marine resources, whereas commercial loggers and fishing fleets will likely gain the
most (75). In Ghana, where protein-energy malnutrition is a serious issue, bushmeat is a critical
protein source that could also act as a safety net for reducing household expenditure in times of
financial hardship (76).

The differential use and dependency of forest resources across different income groups are ap-
parent. Despite wildlife depletion, bushmeat continues to make a substantial contribution to pro-
tein consumption, especially during poor agricultural harvest seasons. Income shortages among
farmers would likely prevent the purchase of bushmeat or its substitutes, suggesting that wildlife
depletion may result in malnutrition, particularly for vulnerable households (77). New migrants
who use traditional means of survival require more assistance to supplement livelihoods and to
reduce their dependence on forest resources, compared to native residents who do not. The lack
of land tenure and the uneven distribution of resources affects the landless segments in society
disproportionately (78).

Sustainable consumption may shape the way people value forests, which in turn may affect the
level of harvest of bushmeat and forest conservation. And because marginal, degraded, and multi-
use landscapes are increasingly widespread across the tropics, it is important that the most vul-
nerable demographic groups (high forest dependency) have a good understanding of the benefits
associated with a heterogeneous landscape (79). Because of the linkages between natural resource
management, poverty, and malnutrition, nutritional and income security may be enhanced for the
poor in rural areas by managing the landscapes and ecosystems. Due to the multifaceted nature of
this crisis, it is crucial to work at the interface of rural livelihood improvement and conservation
of natural forests to determine how the goals of poverty alleviation and forest conservation can be
optimally aligned (80).

3.2.2. Emergence of zoonotic infectious diseases and public health. The global wildlife
trade enables the disease transmission mechanisms that lead to human disease outbreaks as well
as threaten livestock, international economies, rural livelihoods, native wildlife populations, and
the health of ecosystems (81). Understanding pathogen exchange among human, wildlife, and
livestock populations, and the varying ecological and cultural contexts in which it happens, be-
comes a major challenge to maintaining biodiversity, human well-being, and public health (82).
Several pathogens in bushmeat are found to be zoonotic and potentially transmissible to humans
through consumption or through exposure to body fluids and feces. The high concentration of
IWT seizures in tropical areas make the tropics a hotspot for future emerging infectious diseases,
creating a potentially serious public health risk (83).
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The illegal trafficking of large volumes of animals and bushmeat has led to the introduction
and spread of pathogens (83). Indeed, through a surveillance program, samples collected at sev-
eral international airports in the United States, one of the largest wildlife-importing countries,
uncovered parts originating from nonhuman primate and rodent species from tropics carrying
retroviruses and/or herpesviruses (84). Large-scale importation of bushmeat from West and Cen-
tral Africa into Europe has also been reported. In 2010, all bushmeat samples seized at Charles de
Gaulle Airport in Paris, France, had viable counts of aerobic bacteria considered unsafe for human
consumption, as well as zoonotic bacterial pathogens (85).

Wildlife trade poses a threat to human health, as highlighted by the 2003 SARS coronavirus
outbreak, where a Chinese subtropical wildlife market was found to have facilitated pathogen
transmission (86). When illegal wildlife and bushmeat are sold in legal markets, where they are
poorly enforced, quarantined, and supervised, the convergence of wild and domestic animals
allows the exchange of pathogens among diverse species and the spillover from wild hosts to
humans (83). In seven markets in Laos, nearly 2,000 alive or freshly dead mammals were observed
for sale over 3 years, including mammals from a dozen taxonomic families previously known to
host 36 zoonotic pathogens. With high wildlife volumes, high-risk taxa for zoonoses, and poor
biosafety, these markets greatly increase the potential for pathogen presence and transmission
87).

One of the two great pandemics, HIV/AIDS, appears to have originated from bushmeat hunt-
ing in Africa before emerging globally (88). One of the lessons from the 2003 SARS coronavirus
outbreak is that the origins of emergent zoonotic diseases may lie in the biodiversity crisis, with
massive species loss resulting from overexploitation of wild animal populations and the destruc-
tion of natural habitats by increasing human populations (86). As more species are hunted for food
and medicine consumption and trade, the probability of global epidemics increases. It is projected
that with local biodiversity loss and increasing rates of wildlife trafficking, and trade and trans-
portation of wild animals to urban cities—where there is a greater potential for human-to-human
transmission—the probability of disease outbreaks grows exponentially (89).

Indeed, the ongoing novel zoonotic coronavirus COVID-19 pandemic has hinted at the role
of wildlife trade in facilitating the transmission of zoonotic infectious diseases from wild hosts
to humans (90). The genetic epidemiology revealed that the earlier cases were retrospectively
traced to an urban wildlife market in Wuhan, China (90). In just a matter of weeks, the infection
was rapidly spread by national and international travel over the Lunar New Year holidays, killing
thousands and infecting hundreds of thousands, and devastating economies worldwide, thereby
becoming a global public health and socioeconomic concern (90).

4. SUGGESTED RECOMMENDATIONS AND RESEARCH NEEDS
TO PROMOTE SUSTAINABLE HARVESTING

This section presents potentially feasible suggestions and relevant research needs to promote sus-
tainable harvesting of wildlife for bushmeat and traditional medicine. The recommendations and
further research needs can be categorized into four main areas: (#) improve monitoring of wildlife
harvesting, (b) provide better resource management and governance, (¢) meet demand for food
and medicine, and (d) combat IWT.

4.1. Improve Monitoring of Wildlife Harvesting

In this section, we focus on some key measures of harvesting as documented in the literature. In
addition, we discuss the need to understand the bushmeat commodity chain.
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4.1.1. Measures of harvesting. For more sustainable harvesting of bushmeat, it is important to
understand the rates of harvest through monitoring systems. We present some promising harvest-
ing measures that could aid in monitoring the precious resources. While the supply of, and access
to, wild food may be diminishing for dependent societies as natural habitats suffer from numerous
pressures (e.g., increased development, more conservation exclusions, and agricultural expansion),
itis difficult but critical to measure the extent of the decline (91). By quantifying hunting effort, for
example, harvest rates and wild meat consumption and sales (in markets), it is possible to evaluate
if the hunting of certain native and threatened species might be sustainable (92). In Equatorial
Guinea, locally based catch and effort of hunting trips have been shown to accurately reflect those
recorded with the more professional standard measures; this approach can be particularly useful
when there is an absence of national and local capacity for monitoring and management (93).

In Papua New Guinea, major sources of marsupial mammal game and their annual harvest
have been indirectly used to estimate extraction and maximum sustainable production, which is
regarded as an estimate of the sustainability of hunting (94). Hunters frequently exhibit pref-
erences for large body size and trophy value, and thus it may be possible to understand local
population dynamics and sustainability through hunter interviews (95). Other desirable indica-
tors of sustainability include the price of bushmeat and level of penalties for illegal trade, both of
which are known to affect hunter behavior in terms of amount of bushmeat sold in the Ecuado-
rian Amazon (96). Long-term, spatially explicit studies are important for the assessment of the
sustainability of the wildlife trade, as they provide the potential for disentangling the influences
of market dynamics from population declines, and contribute to understanding changes in prices
and quantities on sale in end markets (63). Throughout the tropics, there is an urgent call for a
better assessment of a sustainable level of exploitation; initiatives to make regulatory mechanisms
more effective (e.g., monitoring selected wildlife trade hubs); and better licensing, registration,
and science-based monitoring of harvested populations (36).

4.1.2. Wild species as commodities. Understanding the commodity chain of wild animals
(hunting, transportation, trade, consumption) can help target conservation and sustainability ini-
tiatives. Wild meat commodity chain research has focused on the formal trade and less so on the
informal enterprises, although informal enterprises contribute to a large portion of the wild meat
trade. To monitor the trade, there is a need to identify hunting strategies used to capture different
wildlife; analyze patterns of movement of wild meat from the source location to the end consumer;
examine prices, volumes, and venues of sale; and estimate the volume of wild meat consumption
(97). In addition, the socioeconomic importance of the bushmeat sector should be estimated by
assessing the financial and economic benefits of the bushmeat commodity chain (hunters to end
consumers). Only by improving our ability to measure and monitor harvesting indicators and the
trade chain can the wildlife harvesting be sustainable.

4.2. Provide Better Resource Management and Governance

In this section, we present details on the importance of building local management and governance
and co-management partnership in providing better resource management and governance of

wildlife.

4.2.1. Build local management and governance and co-management partnerships. Pro-
tected areas may present an opportunity to reconcile biodiversity conservation and human devel-
opment, particularly in the tropics where there is a high level of dependency on the reserves; to
support local livelihoods, protected areas should be managed by local people and their institutions
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(98). The long-term viability of protected area networks is crucial for both biodiversity conser-
vation and for achieving poverty alleviation and development objectives (e.g., Laos) (99). By ex-
ploring patterns in pricing and condition of bushmeat carcasses, wildlife harvests in and around
protected areas in Nigeria and Cameroon may be managed to minimize depletion of wildlife pop-
ulations, such as marine no-take zones, and be sustainable sources for controlled harvests (100).
To balance conservation with the need for economic development and wild meat intake in Cen-
tral Africa, landscapes should be spatially managed to include protected areas, community hunting
zones, as well as production forests (101).

The market institutions have largely been unsuccessful when it comes to conserving natural
resources globally. The Western notion of resource conservation through complete exclusion is
rejected repeatedly in the tropics. Sustainable wildlife management plans are needed or protected
areas could become “island parks” if buffer zones become empty of fauna and flora, as is being
documented in some Neotropical forests (e.g., Manu National Park in Peru) (102). In contrast,
local community and participatory management of resources may be more effective. Affording
greater power to local people in the management of tropical forests in East Kalimantan, with
clearly defined cobenefits and trade-offs, has led to both environmental and human development
benefits (103).

Nevertheless, considerations such as local conservation agenda, household income, and em-
ployment must be key components of co-management partnerships. In the Udzungwa Mountains,
Tanzania, challenging governance outcomes may emerge due to poor design and implementation
undermining hunters’ willingness to conform with management rules (104). In Amazonia, effective
conservation requires conservation professionals to work closely with indigenous groups to man-
age resource use. For sustainable hunting to work, self-monitoring and biodemographic modeling
of indigenous hunters, for example, can be used effectively in a co-management approach (105).

Although local people overharvest, they can aid in formulating solutions through improved
partnerships that incorporate local ecological knowledge into problem diagnosis. Local people
and reserve managers need to communicate more, initiate joint monitoring and patrolling,
and establish wildlife recovery zones, as demonstrated in Thailand (24). There is evidence
that enhancing community-based conservation to engage local people can reduce the trade in
endangered species of animals (106). Also important is the need to foster a relationship of trust
between conservationists and local people, which is essential in establishing effective collaborative
wildlife management, as shown in southeastern Cameroon (107).

4.3. Meet Demand for Food and Medicine

We explore two ways, i.e., farming and captive breeding and producing alternative protein sources,
to meet the increasing demand of wildlife for food and medicine.

4.3.1. Farming and captive breeding. Another suggestion to make wildlife consumption
more sustainable across the tropics is to find ways to meet increasing bushmeat and wildlife for
medicine demand via popular methods such as farming and captive breeding. It is possible to
improve existing farming techniques to lower dependency on bushmeat and to explore the po-
tential farming of certain wildlife species that are being harvested unsustainably. Although captive
breeding operations may reduce the supplies of wild-caught animals in theory, CITES-registered
and nonregistered programs must be closely monitored and evaluated for legitimacy (108). This is
because there is a known risk that breeding farms may be used to launder illegally caught wildlife
(e.g., green python), as observed in Indonesia (109). Conversely, farming to meet demand may be
controversial. Concerns about the viability of such farming, its cost effectiveness, and its impact
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on wildlife populations will need to be thoroughly looked into. Consequently, farming may not
be an effective tool in reducing demand for illegal wildlife products and may in fact stimulate
greater demand for wild-caught products, as was seen in countries such as Vietnam (110).

4.3.2. Alternative protein sources. Another option to ensure protein and nutritional security
is to look into other nonconventional animal species for food derived from either wild harvesting
or farming. The need to develop cheap protein alternatives to bushmeat and fish in Ghana is
vital, as it was observed that years of poor fish supply coincided with increased hunting in nature
reserves and sharp declines in biomass of wildlife species (111). A lack of alternative protein sources
pushed even the wealthiest among surveyed households to consume bushmeat. As such, providing
affordable, alternative protein sources to all households would likely reduce unsustainable levels
of bushmeat consumption, for example in rural Gabon (112).

However, alternative food programs that fail to consider indigenous and cultural contexts risk
inefficiency, restricted improvement of health outcomes, and the potential to worsen inequities in
the health of indigenous populations, as observed in Peru (113). When considering the compara-
tive food security and nutritional values, rodents may present great potential for becoming large
commercial food commodities (114). Hunting within oil palm plantations, which cover large ar-
eas in Asian tropics, may not only reduce crop damage from wild boar but may also yield large
amounts of wild meat with relatively little bycatch of threatened animals, as reported in Jambi,
Sumatra (115). Regulations may need to be adapted to enable bushmeat harvesting where it is
appropriate, such as harvesting pigs in oil palm estates, but without jeopardizing the protection of
threatened species or protected habitats (115).

4.4. Combat Illegal Wildlife Trade

In this section, we discuss four specific approaches to combat IWT. We need to improve en-
forcement, conduct DNA forensic testing and search for species substitutions, reduce demand for
endangered and protected species, and stem illegal trade and wildlife crimes.

4.4.1. Improved enforcement. Although the evidence is scant, if enforcement efforts can im-
prove, illegal trade may be halted, preventing the unsustainable harvest of wildlife across the trop-
ics. Novel methods, such as social network analysis, for analyzing trade patterns using seizure data
reported in the media revealing key nodes of the illegal wildlife market. Mining for trends and
patterns in seizure data may offer guidance for future law enforcement and policy interventions
for combatting wildlife trade internationally (74). Ensuring better bilateral border control (e.g.,
China—Myanmar and China—Vietnam) and enforcement of existing regulations prohibiting trade
of endangered and overexploited animals will help to ease the harvesting pressure on wildlife (30).
Other challenges to overcome in terms of improved enforcements are the deficiencies in wildlife
trade management (particularly the short supply and low motivation of government personnel)
and ineffective targeting of public awareness initiatives (116). Furthermore, minimum technical
and financial resources must be increased, and wildlife trade-specific training must be provided
to wildlife officials as well as those responsible for market management, transportation, public
security, and border control (116).

4.4.2. DNA forensics and substitutes. A strategy for the balance between conservation of
threatened animals and the development of traditional medicine should include both trade mon-
itoring (including law enforcement) and the search for authentic substitutes. Recent advances in
DNA metabarcoding and forensics involve next-generation sequencing of DNA barcodes for the
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simultaneous detection of multiple species in complex samples as well as in processed materi-
als such as TCM containing highly degraded DNA. These powerful techniques can be used for
monitoring the trade of animal species (including identifying the geographic origins of confiscated
specimens), potentially helping to limit unsustainable use and illegal trade of endangered species
and illegal adulterants (117). For instance, new methods could detect if the horns of Mongolian
gazelle (Procapra gutturosa) and red deer (Cervus elaphus) were exploited as a substitute for some
functions of endangered saiga antelope (Saiga tatarica) and sika deer (Cervus nippon) in traditional
medicine, respectively (118).

4.4.3. Demand reduction. As a recommendation, demand reduction efforts are a challenging
undertaking, particularly given the cultural customs and social status associated with many tra-
ditional medicine products. For example, it is difficult to act on personal rather than collective
interests, and the symbolic role of wild meat in a status-conscious society (e.g., Vietnam) makes
reducing demand even more complex (33). Other possible suggestions include cracking down
on the online IWT, increasing public awareness through campaigns, and advocating sustainable
wildlife consumption. This is required particularly when the biological reproduction of some valu-
able species (e.g., rhino and pangolin) in medicinal markets cannot meet global demands, implying
that we need to understand the demographics of wildlife consumers and to find ways to change
their behavior (119). Opinions about wildlife conservation carried out in Hunan Province, China,
before and after the SARS epidemic, revealed that postepidemic consumption may be reduced due
to a threatening disease outbreak related to wildlife consumption, thereby lowering potential pub-
lic health risk (120). Governments should strengthen the capacity of the agencies responsible for
fighting the trade and increase their budgets. There is also a need to use education to encourage
target populations to stop consuming illegal wildlife products (121).

4.4.4. Stemming illegal trade and wildlife crime. International trade in wildlife is a major
threat to biodiversity conservation. Although CI'TES has a noble goal in maintaining sustainability
in IWT, the effectiveness of this mechanism is undermined by the disregard of the economic
reality of wildlife trade. CITES largely fails to accurately monitor supply and to consider the
complex nature of demand and changing market dynamics. Therefore, there is a need to improve
monitoring of supply (both illegal and legal trade) and of demand and prices for wildlife (through
national wildlife consumption surveys) (122). To tackle IWT for instance, it is key to (#) suppress
the illegal wildlife markets and forbid the sale of wildlife in restaurants (consisting of species listed
in national protection lists), (b) increase international cooperation in the control of the trade, (¢)
heighten enforcement of CITES for both countries, (d) control the invasion of exotic species and
disease epidemics in the trade, and (¢) encourage wildlife conservation education (123).

An alternative approach in reducing the IWT is a combination of making it more difficult to
poach (i.e., situational crime prevention) and incentivizing local people to stop poaching (124).
Illegal trade is due in part to an inadequate understanding of the species being traded and is facil-
itated by poor monitoring and enforcement at trade hubs. As an initial step to fight illegal trade
and to better understand the effects of harvest on wild populations, we should increase monitor-
ing and enforcement, improving the knowledge base of species traded and educating consumers
about how their demand affects these species (125).

5. EMERGING ISSUES FOR SUSTAINABLE WILDLIFE CONSUMPTION
AND PRODUCTION

Sustainable consumption and production is one of the sustainable development goals (SDG12).
In the context of bushmeat, SDG12 deserves special attention. Four key emerging issues are
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prioritized and highlighted in this section. The intricately linked issues include the need to assess
the impact of climate change on the sustainable harvest of wildlife for food and medicine, build
resilience of the forest social-ecological system, reduce the risk of zoonotic infectious disease
epidemics, and address the rising traditional medicine demand.

5.1. Assessing Climate Change Impacts

The potential impacts of climate change and how it could impact sustainable bushmeat harvest-
ing and production as a source of food and medicine is a critical issue. In Brazil, infectious disease
outbreaks and climate change events (e.g., El Nifio, heatwaves, floods, higher levels of rainfall)
or environmental changes (e.g., deforestation, urbanization, bushmeat consumption) are tightly
intertwined (126). To avoid or control outbreaks, integrated surveillance and response systems for
emerging zoonotic diseases will need to be reinforced and maintained at national and international
levels (127). Due to strong global and local influence on emergence of infectious diseases, a more
holistic approach is necessary to mitigate or control them in tropical developing nations and be-
yond (126, 128). The current bushmeat crisis should be more widely considered by climate change
experts because by removing the animal dispersers of carbon-rich tree seeds, hunting may be re-
ducing the global carbon sink provided by tropical forests. This degradation of carbon storage can
be driven by overhunting, particularly of large-bodied vertebrates. As such, mitigation strategies
should aim to conserve tropical animals to keep the carbon on the ground into the future (129).

5.2. Building Resilience in Social-Ecological Systems

Complex challenges linked to changing socioeconomic, environmental (e.g., climate change), po-
litical, and cultural conditions continue to disrupt the delivery of ecosystem services (including
bushmeat) to resource-dependent communities. In rural semiarid Ghana, sharing intensifies dur-
ing the long dry season. But it is unclear how this sharing affects rural households’ livelihoods and
ecosystem sustainability under changing conditions (130). To reduce the impact of animal prod-
uct consumption by humans and to meet nutritional needs of local people, bushmeat could be
replaced with poultry, integrated aquaculture, and other more efficient protein sources and rein-
tegrating livestock production away from single-product, intensive, fossil-fuel-based systems into
diverse, coupled systems designed more closely around the structure and functions of ecosystems
that conserve both energy and nutrients (131).

For the Tsimane’ Amerindians in Bolivia, the unsustainable hunting of wildlife for food may
be reduced by making fish more affordable and by regulating the price of meat from domesticated
animals relative to that of wildlife, as the free market price of bushmeat may be inflated by high
demand from the urban rich and middle class in other parts of Amazonia. However, increasing the
production of livestock without causing environmental degradation will require long-term public
investment in agricultural research and extension, and care must be taken with the substitution of
fish for game meat as further overexploitation of fish stocks may resultin the absence of sustainable
management regimes (132).

Bushmeat hunting systems in the tropics are seen as social-ecological systems. There is a need
to understand the complex and dynamic relationships between the hunting ground, its resources,
the stakeholders, and the different exogenous drivers of change that affect the components of
the system across scales. Accordingly, the resilience theory in the context of bushmeat hunting
bypasses the need to assess stocks by incorporating the uncertainty and stochasticity inherent to
complex systems in participatory and adaptive management processes. This approach thus pro-
vides an opportunity for the sustainable use of bushmeat and allows the identification of strategies
to strengthen resilience when the system nears a given threshold (133).
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5.3. Reducing the Risk of Zoonotic Infectious Disease Epidemics

The leading causes of the reemergence of controlled zoonoses are human behavior and modifi-
cations to natural habitats (expansion of human populations and their encroachment on wildlife
habitat), climate change, changes in agricultural practices, and globalization of trade. Instead of
eradicating pathogens or the wild species hosts, a practical approach would include decreasing the
contact rate among species, including humans, at wildlife markets (81). The public in rural areas
and urban centers should be educated about the health risks associated with wildlife, bushmeat,
and exotic pet trades, and proper surveillance systems for zoonotic diseases should be implemented
from sources to markets (134). The development of innovative handling, conservation, and cook-
ing practices, adapted to each sociocultural context, could aid in potentially reducing the negative
impacts of bushmeat consumption on human well-being (5).

During the recent Ebola outbreak in West Africa, it is likely that human dietary behavior and
local attitudes toward bushmeat consumption transformed in response to the crisis, and that the
rate of change depended on prevailing socioeconomic conditions, including wealth and education
(135). This provides an opportunity to understand how disasters affect social-ecological systems
and improve our management of future crises (135). Bats are widely known to be a natural reservoir
for many disease pathogens and can spread several diseases. Despite major campaigns during the
Ebola outbreak, dimensions of risky behavior including disbelief and disregard for some preventive
measures and indifference to post-bat exposure prophylaxis were recorded among a section of the
community (136). Public health education for the communities living near pathogen hosts and
reservoirs must also be a priority.

"To address the real and perceived threat from emerging infectious diseases, a One Health re-
search framework may offer a research and policy-generation strategy to help overcome chal-
lenges posed by emerging zoonoses (128). In essence, the One Health program is a collaborative,
multisectoral, and transdisciplinary approach—working at the local, regional, national, and global
levels—with the aim of attaining optimal health outcomes, and accounting for the interconnect-
edness between people, wildlife, and their overlapping environment (128). Such a holistic effort
might be useful in mitigating and lowering the risk of future zoonotic disease outbreaks in and
out of the tropics. A more interdisciplinary approach that combines the research expertise of ecol-
ogists, conservation scientists, veterinarians, epidemiologists, virologists, as well as human health
professionals fits well in a sustainability research framework (86).

5.4. Addressing Rising Traditional Medicine Demand

With growing demand in Asia and beyond, there is an urgency to understand the attitudes, mo-
tivations, and consumer behavior toward substitutes of wildlife products for traditional medicine.
These substitutes could have potential benefits, by not only taking pressure off wild populations,
but also by removing the health risks that are associated with consuming products from wild an-
imals, particularly by consumers who are not local and are not dependent on them (137). More
research needs to be done to understand if traditional medicine from farmed animals could poten-
tially take pressure off wild populations or instead act as a front for wild harvesting of individuals
(i-e., wildlife laundering) (109).

In a stated preference test, a study demonstrated that when Chinese consumers, on being told
to imagine that they are sick, tend to be willing to pay far more for the wild-based product over
synthesized medicine (138). Public attitude toward the farming of threatened animals may also
guide conservation. A recent attitudinal survey shows that regarding bear bile extraction from live
bears, younger and more educated people tend to oppose such methods on the grounds of animal
welfare (139). As such, conservation measures that seek to promote a transition to farmed animal,
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plant, and synthetic ingredients and provide clear directions for future social marketing, education,
and engagement efforts should be pursued (140). Although it is vital to search for sustainable and
effective substitutes for tiger bone and rhino horn, for example, these products will not be as highly
demanded if people ultimately do not want to use them and begin to question the validity of their
effects (141).

Sometimes, perceptions of a product can shift over time from functional (e.g., curative) to sym-
bolic. Many Vietnamese males reported health benefits, such as body detoxification and hangover
treatment, as the most common reasons for rhino horn usage. Some even believe the horn can
treat cancer, although this has never been recorded in 2,000 years of TCM history (141). Rhino
horn is used to display economic wealth, acquire social status, and initiate business and political
relationships. As such, it becomes crucial to understand the shift in the use of wildlife products to
develop strategies to reduce or prevent further loss of such wildlife (142).

1. Bushmeat has long provided a source of protein, nutrition, and traditional medicine for
local people throughout the global tropics. However, the levels of exploitation for this
important resource are increasingly under pressure due to forest loss and overharvesting,
among other factors.

2. The bushmeat crisis is also a nutritional security issue across the tropics as protein and
nutrition from bushmeat and rural livelihoods are intrinsically linked. The key complex
and interrelated drivers of wildlife harvest for food and traditional medicine include
wildlife trade; urbanization; livelihood opportunities; and cultural values, preferences,
and traditions.

3. Strong links exist between urbanization and regional and global wildlife trade and mar-
kets. Urbanization leads to rising demand and connectivity, and marketization facilitates
wildlife trade (including illegal trade) outside of rural areas and into cities beyond the
tropics.

4. This review highlights the impacts of wildlife harvesting on biodiversity, environment,
and humans. Hunting has decimated wildlife populations in the past decades, particularly
for high-value species.

5. We illustrate signs of overharvesting and highlight that defaunation as a consequence of
overhunting has negative outcomes and cascading effects on biodiversity and ecosystem
services and functioning (e.g., carbon storage), as well as on plant-animal interactions.

6. The harvest of traditional medicinal products is becoming unsustainable, and the grow-
ing demand for traditional Chinese medicine has impacted high-value species in Asia

and beyond.

7. The bushmeat trade and markets are economically important and can alleviate poverty
in the rural tropics. Differential impacts from overharvesting are observed across dif-
ferent socioeconomic groups, with the highly forest-dependent people being the most
vulnerable.

8. The extensive human-wildlife interactions facilitate the exchange of pathogens, can trig-
ger the emergence of zoonotic infectious diseases (e.g., Ebola, SARS), and have led to
public health crises in recent years.
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1. The global community needs to consider the sustainable consumption and production
of bushmeat across the tropics, as it is part of one of the sustainable development goals

(SDG12).

2. Several feasible recommendations and future research proposed for sustainable harvest-
ing have been identified in the areas of improving harvest indicators for monitoring
purposes, developing better resource management and governance, finding alternative
ways to meet the demand for food and medicine, and combating illegal wildlife trade.

3. Emerging issues are intricately linked and they include the need to assess climate change
impacts on bushmeat and nutritional and food security, to build resilience in forest social-
ecological systems, to reduce the risk of zoonotic infectious disease epidemics, and to
address the rising demand for traditional medicine.

4. 'To balance the rural and cultural dependencies on bushmeat in the tropics with con-
servation and public health priorities, we urgently need strategies to safeguard tropical
biodiversity, sustainable harvest of wildlife with reduced risk for food and medicine.
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