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ABSTRACT 

In low and middle income countries (LMICs), wild meat – often called bushmeat – is an 

important source of food and income, but its production threatens species and biodiversity 

conservation. The conservation literature uses empirical work to identify drivers, and levels, of 

wild meat consumption and production, while the economics literature provides insight into 

various actors’ decisions about wild meat harvest, sale, and consumption. We describe these 

literatures by following the path of wild meat from hunting decisions through intermediaries to 

markets and consumers, which emphasizes that decisions in any part of the wild meat system 

ultimately trace back to conservation outcomes. The opportunity cost of land for habitat 

differentiates wild meat production from fisheries and necessitates a landscape perspective. 

Heterogeneity within and across settings in terms of demand characteristics, costs, and species 

attributes complicates the implementation of policies without site-specific information.  
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1. INTRODUCTION 

The production and consumption of wild meat - or bushmeat - contributes to a loss in 

biodiversity and ecosystem services around the world, but also provides a valuable income and 

food source to many households in low and middle income countries (LMICs) (Ingram et al., 

2021). The loss of biodiversity caused by hunting for wild meat causes economic losses through 

reductions in ecosystem services and other use and non-use values of species (Carlier & Treich, 

2020). The wild meat system also poses a risk to public health as a potential source of a zoonotic 

disease outbreak due to wildlife-human contact (Daszak et al., 2000). Yet, forming general 

policy guidelines for wild meat systems faces challenges due to the disparate related literatures, 

the setting-specificity of such systems, and the ambiguity of policy impacts due to multiple 

partially offsetting policy responses across the wild meat systems. In order to spur more 

interdisciplinary and economic research on wild meat systems, we organize and integrate the 

most relevant economics and conservation science literature according to the path of wild meat – 

starting from hunting decisions and working through the supply chain to endpoint consumption 

decisions. This structure helps identify information gaps, prioritize efforts by economists, and 

explore the drivers of ambiguity in policy responses. Most important, this structure and 

discussion emphasizes that policy in any portion of the wild meat system traces back to 

conservation outcomes through many interactions across this path.  

Given the potential for negative impacts on conservation outcomes through wild meat 

production, the conservation literature includes many assessments of wild meat production. 

Ingram et al. (2021) identify challenges in wild meat policy design including a lack of 

knowledge about the ecology of hunted species, the sustainable hunting levels in a location, and 

household dependence on wild meat for protein and income. The conservation and ecology 

literatures provide empirical analysis of the socio-economic drivers of hunting, trading, and 

consumption of wildlife; quantify the trade; and analyze potential policies in various markets 

(see Ingram et al. 2021). They point to a limited understanding of the drivers of the actors in the 

supply chain of wild meat from hunters to consumers and how these actors’ incentives interact. 

Oyanedel et al. (2021) also emphasizes market actor interactions and creates a framework for 

assessing these interactions and demand and supply characteristics. Still, the economics literature 

on wild meat systems provides few frameworks to link decisions around wild meat production 

and sale to conservation outcomes. 

The economics literatures concerning fisheries, the wild-caught pet trade, trophy hunting, the 

international wildlife product trade, and hunting in developed countries consider similar 

questions and policies to those in wild meat production and consumption in LMICs. Yet, the 

specific attributes of the production processes, supply chains, and actors in wild meat production 

and markets differ from these other wildlife-related markets and raise questions about the 

relevance of insights from those markets to inform species conservation through wild meat 

policies. Here, we draw on the small-scale fisheries economics literature to understand actors in 

wild meat systems due to their similarities, but also discuss how economic frameworks of wild 

meat production should differ from those of fisheries.  
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The economics literature addressing wild meat tends to focus on portions of the path from 

production to consumption rather than the path or interactions along that path. For example, 

models of wildlife hunters predict how hunters behave in response to changes in the relative 

price of wild meat by altering production decisions such as land allocation (Bulte & Horan, 

2003) or hunting technique (Robinson, 2008b). Similarly, economic analyses of urban consumers 

of wild meat estimate elasticities of substitution and income (Godoy et al., 2010; Wilkie & 

Godoy, 2001). Yet, less economic analysis considers how interactions of hunters, producers, and 

intermediaries determine conservation outcomes.  

With complex, context-specific drivers and interactions of the actors in the production process of 

wild meat, we call for integrating and expanding the economic and conservation science 

literatures to provide insights for conservation strategies that address wild meat production in 

order to protect valuable ecosystem services and global biodiversity. By structuring this literature 

critique according to the wild meat pathway, we identify key decisions and actions along the 

supply chain to inform conservation policy across policy levers, points in the system, and 

geographic location. In sections 2, 3, and 4, through assessment of the conservation and 

economics literature concerning wild meat, we investigate the economic features of each step of 

wild meat systems, from the production of wild meat via hunting, through accessing urban 

markets, to urban demand for meat, thereby tracing the path of wild meat from source to 

consumer. In section 5, we consider how conservation policies – protected areas, hunting and 

trading rules, and consumer preferences – and non-conservation policies – alternative livelihood 

projects, taxes and subsidies, live market regulations, and roads – operate through this path of 

wild meat to influence conservation outcomes. We identify gaps in the literature with particular 

attention to general economic features across settings and the context-specific aspects of wild 

meat production and consumption.  

2. PRODUCTION OF WILD MEAT: HUNTING 

Wild meat is supplied to markets by households who hunt and trap wildlife. The decisions of 

where to hunt, which species to hunt, how much time to spend hunting, what hunting techniques 

to use and whether to sell wild meat constitute the production decisions that ultimately supply 

wild meat to markets. The economics literature on the production of wild meat consists of 

models investigating hunting decisions made by households (e.g., Skonhoft 1999; Bulte and 

Horan 2003; Robinson 2008b) and the conservation science literature includes empirical 

estimates of the drivers of hunting (see Ingram et al. 2021). The models of households making 

hunting decisions can show the underlying processes at work behind potential causal 

relationships identified by the empirical literature. The general modeling literature can also help 

interpret how variation across sites in terms of initial habitat condition and market setting lead to 

the empirical literature’s findings of site-specific drivers of species choice and outcomes. 

Combining these two types of research provides a more complete understanding of the tradeoffs 

households face when making hunting decisions. Because these hunting decisions directly affect 

the populations of individual species and overall biodiversity, this fuller understanding could 

inform conservation policy analysis.  
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Given the focus of this paper on wild meat systems in low-income countries, the discussion and 

critique of the literature builds on development and agricultural economics literatures’ 

characterization of such settings. For example, agricultural household models depict the labor 

and land use decisions by households with various degrees of links between production and 

consumption that reflect the degree of market involvement of the household (Singh et al., 1986; 

Taylor & Adelman, 2003). The degree of market engagement may be a function of the market 

access transaction or distance costs or endogenously determined by the individual household’s 

opportunity cost of labor (Robinson et al., 2002). The result of conservation and development 

policies depends on which markets – such as labor, land, or resources – a household accesses 

(Muller & Albers, 2004). For example, an alternative livelihood project induces no conservation 

benefits in a complete market setting, increases conservation in a missing labor market situation, 

and decreases conservation in a missing resource market setting. In addition, household labor 

and land constraints also contribute to the response to policy. As in the agricultural household 

modeling literature, the interactions of the market access setting with land and labor constraints 

leads to situations in which the response to policy is ambiguous because some forces induce one 

direction of change while others induce potentially offsetting changes; the net direction of the 

response reflects which force dominates. In the hunting literature discussed here, empirical work 

identifies site-specific responses but generalizing from those specific studies proves difficult 

without understanding the characteristics of the setting – both ecological and socioeconomic – 

that drive the outcome. Yet, the economic modeling work identifies a range of potential 

outcomes including many cases of “ambiguity” because only site-specific information can 

determine which force dominates. Below, we describe the modeling assumptions that drive an 

article’s results, including those that are ambiguous results, in an effort to identify areas of 

needed research both in terms of data collection and framework analysis. While not entirely 

inclusive of the economic factors we emphasize as driving ambiguity along the supply chain, 

Ingram et al., (2021) Figure 3 provides characteristics at each level of the supply chain that can 

be heterogeneous across settings and could drive ambiguous outcomes.  

In this section, we examine the production process of wild meat; specifically focusing on general 

hunter extraction decisions and how they compare to those in the fisheries and non-timber forest 

product (NTFP) literatures, as well as the characteristics of those involved in extraction, the 

interaction of landscape and hunting decisions, and hunter decisions to sell the wild meat or to 

consume it. We conclude the section by drawing connections between hunting decisions and 

conservation outcomes.  

2.1 Hunting Decisions 

The economic literature characterizing the production of wild meat has both commonalities with, 

and distinctions from, economic literatures on fishery harvest and on NTFP extraction. Hunters 

independently make hunting decisions including labor allocation, gear, and species choices. 

Households or agencies also make land use allocation decisions between habitat for wildlife and 

other valuable land uses that influence hunting. For some species, households and wildlife 

agencies consider the nuisance costs of wildlife on agriculture. Considering these factors and 
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characteristics of the supply chain that influence prices, hunters determine how much, and 

possibly which types, of wild meat to produce.  

For a particular amount of land or habitat that supports wildlife, economic models of fishery 

extraction provide the basis for wild meat extraction decisions. Typically, a bioeconomic 

framework connects a resource growth equation to harvest decisions, often with a logistic growth 

function and a Schaefer production function. In such frameworks, open access to the wildlife 

leads to overexploitation of the resource from a social perspective, while community 

management or government regulation moves hunting toward a socially preferred level of 

harvest that considers dynamic and static stock effects. Also akin to the fishery economics 

literature, hunters may make choices about gear – guns, arrows, spears, traps, etc. – and which 

species of wildlife they pursue. Individual hunters or the aggregate of hunters make a decision 

about how much effort to employ in hunting, which leads to a steady state level of hunting and 

wildlife population size. 

NTFP extraction has considerable similarities to hunting choices, including the hunting 

literature’s choice of effort often reflecting a labor allocation choice between hunting labor and 

other labor opportunities, such as agricultural production (see Bulte and Horan 2003; Bulte and 

Rondeau 2007; Albers and Robinson 2013). For example, improvements in agricultural prices 

induce a conservation response by inducing households to allocate less labor to NTFP extraction, 

with similarity to the hunting response (Gunatileke & Chakravorty, 2003). These labor allocation 

tradeoffs and hunting technology decisions lead to situations in which it is difficult to determine 

the impact of wild meat price changes on hunting for wild meat and on the resulting wildlife 

stocks. Damania et al. (2005) model the decisions of a household allocating their labor between 

gun hunting, snare hunting, and agriculture, with different possible species being hunted. They 

show that when agricultural prices increase so does the rural demand for wild meat, which can 

cause households to use the more efficient and expensive hunting techniques. The ability of 

hunters to switch techniques while reducing hunting labor hours can result in ambiguity in the 

effect of a reduction of hunting labor hours on the wildlife stock. Furthermore, hunting 

techniques may be discriminatory or non-discriminatory across species, which results in different 

species being harvested, potentially at the detriment of more endangered species (Robinson, 

2008b). As with dynamite fishing’s impact on carrying capacity, hunting gear choices may also 

influence wildlife populations and their behavior.  

2.2 Who Hunts?  

Whether a household allocates labor to hunting is a function of the relative values of their labor 

activities and their wealth level. The empirical NTFP literature considers the relationship 

between household poverty and reliance on NTFPs, which can include wild meat, with 

differences between the share of income versus the absolute value of income from natural 

resources or “environmental income” (Angelsen et al., 2014; Narain et al., 2008). Households 

with higher levels of wealth tend to earn more income from NTFPs, but those with lower wealth 

tend to earn a higher percentage of their income from NTFPs, meaning poorer households are 

more reliant on these goods (Mahapatra et al., 2005). These poorer households also generally 

have smaller landholdings and less education than wealthier households and face the largest 
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losses from conservation policies that limit or ban NTFP collection (Mulenga et al., 2014). 

Increases in the efficiency of agriculture can reduce NTFP extraction reliance (Illukpitiya & 

Yanagida, 2010), though NTFP extraction can be used by households to mitigate risks associated 

with agriculture and climate (Dash et al., 2016). The relationships identified in the empirical wild 

meat literature show that the likelihood of being a hunter is negatively associated with area of 

land owned in Cote d’Ivoire (Bachmann et al., 2019) and, in the central Amazon in Brazil, 

farmers consume more wild meat than people in other professions (Chaves et al., 2017). 

Empirical explorations differentiate between income motives for hunting – which implies market 

participation – and food motives for hunting; these motives can drive the choice of species 

hunted (Bachmann et al., 2020). Bachmann et al. (2020) found in Cote d’Ivoire that hunters 

reliant on the income from hunting hunted primates and duikers, but hunters reliant on hunting 

for protein hunted rodents. The potentially different drivers and conservation outcomes of 

commercial versus subsistence hunting are rarely distinguished in the literature, though the 

motives for hunting may be identified in surveys. In Serengeti National Park, Loibooki et al. 

(2002) found a majority of hunters arrested reported they hunted primarily for cash income, 

while only a quarter reported hunting primarily for food. However, interviews with households 

around Serengeti National Park found that most households depend on wild meat as a source of 

protein and only about a quarter reported hunting wild meat for income (Mfunda & Røskaft, 

2010). Coad et al. (2010) determine the reliance of households on their wild meat income for 

food security in Gabon. They found that household food purchases decreased with increased wild 

meat offtake but increases in cash income from wild meat were largely spent on cigarettes and 

alcohol by males in the household - indicating that while wild meat consumption is important for 

household food security, the income from wild meat was not.  

The distinction between what drives the quantity of wild meat offtake and what drives hunters to 

enter the market is made to determine what increases or decreases the number of wild meat 

hunters. Hunters may enter the market because of unemployment and would therefore leave the 

market if comparable wage labor was available (Van Vliet et al., 2019). When hunters and 

intermediaries in the wild meat system earn wages above the local wage rates, it prevents them 

from leaving the market (Bachmann et al., 2019). Choice experiments across Tanzania identify 

characteristics that could reduce hunting, including increases in the number of cattle owned and 

increases in the local wage rate (Moro et al., 2013; Nielsen et al., 2014). Arrested hunters in 

Serengeti National Park were found to be mostly young men with no income and few livestock, 

reinforcing the importance of household livestock ownership for reducing hunting (Loibooki et 

al., 2002). Other characteristics that could reduce hunting trips include access to microcredit, 

access to markets, and increases in the likelihood of being arrested (Moro et al., 2013). 

2.3 The Hunting Landscape: Habitat, Protected Areas, and Wildlife Movement 

Fishery economics typically takes the area of fishing as a given location or pre-determined set of 

“patches” in a metapopulation, with reefs or patches providing habitat resources to fish that may 

move beyond those particular sites (e.g. Speers et al. 2016). In fishing settings, the opportunity 

cost of creating marine reserves to provide habitat largely depends on the net loss (or gain) of 

fish harvest to the region rather than an alternative productive use of that site. Unlike fishery 
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settings, hunting occurs in and near areas that provide habitat for wildlife but also have 

significant opportunity costs in terms of other land uses, such as agriculture or urbanization 

(Bulte & Horan, 2003; Skonhoft, 1999). The amount of habitat can be incorporated into wildlife 

biomass functions, where the growth is a function of the wildlife stock and the size of the area in 

habitat. With a logistic growth function, the carrying capacity can be a function of the habitat 

area (Skonhoft, 1999; Swallow, 1990). This land opportunity cost of habitat creates a distinction 

between choices and policies around fish harvesting and wildlife hunting.  That distinction 

implies that analysis of hunting requires addressing the habitat size, who makes decisions about 

that habitat size, and tradeoffs across valuable land uses rather than relying on fishery 

frameworks alone. In addition, as in fishery metapopulation models, wildlife moves across 

landscapes rather than remaining in designated habitat areas, often imposing nuisance costs. 

Last, the addition of the land allocation decision to extraction frameworks poses questions about 

the role of protected areas within the landscape and enforcement of habitat as a land use. 

2.3.1 Incorporating land allocation into extraction models 

In contrast to typical fishery settings with low opportunity cost of the fishing area, Skonhoft 

(1999) finds the socially optimal allocation of scarce land between habitat and agriculture and of 

limited labor between hunting and farming; the habitat that permits hunting has an opportunity 

cost in terms of its value in agriculture. That framework includes non-hunting and non-

consumptive values of species, such as existence values or tourism, which reflects the public 

good nature of wildlife as wildlife as opposed to the private value of wildlife for wild meat. 

Wildlife can also create nuisance costs, such as destroying agricultural crops. As above, more 

habitat shifts the growth function for the stock of wildlife and reduces the amount of land for 

agriculture. Although the opportunity cost of habitat and the non-use value operate in expected 

ways on the allocation of land to habitat or agriculture in Skonhoft’s socially optimal decision, 

the impact of changes in prices for wild meat are ambiguous. All else equal, a higher wild meat 

price leads to more harvesting and a lower stock while a higher wild meat price makes habitat 

more valuable and increases habitat size. Taken together, however, the increase in habitat size 

influences both stocks and harvest costs, which generates an ambiguous response of stock size to 

wild meat prices. In contrast, when the habitat land has no opportunity cost, the impact of policy 

and parameters mimics those of the standard fishery economics case (Skonhoft, 1999).  

Bulte and Horan (2003) also extend the classic Gordon-Schaefer fishery extraction model by 

incorporating several aspects of terrestrial species hunting, including that the opportunity cost of 

land in habitat stems from land’s value in agriculture. Unlike Skonhoft (1999), instead of 

exploring the socially optimal land and labor allocations, they explore a framework in which a 

set of individuals make labor allocation decisions between hunting and farming, and land use 

allocation decisions between habitat and agriculture, under open access for both land and 

wildlife, without a labor market. As in Skonhoft (1999), each activity’s opportunity cost of time 

is based on the returns from allocating labor to the other activity and converting habitat to 

cropland which reduces the growth and stock of the landscape’s wildlife. This analysis results in 

multiple steady states, each with different levels of habitat and hunting. Comparative static 

analysis finds many analytically ambiguous situations in which policies changing key parameters 
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can increase or decrease welfare and wildlife conservation; for example, whether reducing the 

effective price of wild meat leads to less hunting and more wildlife depends on the steady state 

considered. The ambiguity stems from direct and indirect effects that alter the relative values of 

both the labor allocation decision and the land allocation decision.  

Bulte and Horan (2003) also explore this framework for a case in which perfect cooperation 

among individuals occurs through common property management. In this article, in contrast to 

resource management, without both a labor and a land allocation decision, many situations arise 

in which cooperation under common property management leads to less habitat and lower 

wildlife stocks than the open access scenario, albeit with higher aggregate income. Whether 

people cooperate or operate under open access, the link between land allocation decisions and 

labor allocation decisions introduces situations in which the impact of policy on wildlife 

conservation and hunting levels is unclear. In a modeling framework, the addition of the tradeoff 

in time spent between agriculture and hunting implies that the decline in long run stocks 

predicted by a transition of habitat land to agriculture land is partially mitigated by less time 

being spent hunting because more time is spent on agriculture (Bulte & Horan, 2003). In 

addition, the literature does not contain exploration of the impact on habitat and wild meat 

production of the privatization of common property resources, with such privatization being 

difficult to prevent or reverse (Robinson, 2008a). 

Bulte and Horan (2003) discuss their assumption that conversion of habitat to agriculture is 

instantly reversible and provide examples of abandoned agriculture providing species habitat 

benefits immediately but do not explore the case of conversion to habitat requiring costly 

restoration activities or long recovery times. Incorporating such time or input costs to land 

allocation decisions would require models of land allocation decisions by forward-looking agents 

that include transition periods surrounding land use change and account for time preferences, 

which could produce quantitatively and qualitatively different landscape management outcomes 

(Albers, 1996; Albers & Robinson, 2007). In addition, converting some habitats to other land 

uses can prove economically or technically irreversible (Albers, 1996). For example, species that 

depend on mature habitat may be driven to local extinction following land use conversion and 

not re-colonize the area once the habitat is restored. Similarly, conversion of primary tropical 

forests causes permanent losses in habitat for species whose habitat requirements are not met by 

secondary forests. Analysis of the impact of costly reversibility or complete irreversibility of 

habitat conversions could produce different dynamic pathways for both land and labor 

allocations that influence hunting dynamics and long-term conservation outcomes.  

Throughout this literature, the inclusion of land allocation decisions between habitat and 

alternative uses in species extraction frameworks proves critical in defining conservation 

outcomes and differentiates the cases of wild meat and fishery production. Even without an 

explicit land allocation choice, in practice, how much land is in land uses such as habitat and 

agriculture creates the initial condition in which hunting decisions and responses to policy occur. 

Similarly, the attributes of the habitat in terms of quality for different ecosystem services 

including species conservation contribute to hunting decisions. Land allocation changes could 

also influence the types of species being hunted, where conversion to crop land could provide 
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habitat for different species for wildmeat, such as rodents. Outcomes will also differ with land 

ownership types, where an individual has less influence over land owned by the communities or 

by government.  

2.3.2 Wildlife nuisance costs and wildlife movement 

In many settings, proximity to habitat leads to costs imposed on farmers by nuisance species that 

damage crops. Agencies, communities and individuals making land allocation decisions may 

consider these predation costs in determining the socially optimal level of habitat land (Skonhoft, 

1999). In land use patterns with protected areas bordering agriculture, the issue of nuisance 

species is particularly acute (Johannesen & Skonhoft, 2004). Wildlife agencies may compensate 

farmers for lost crops or lost life, although such processes can be slow (Gross et al., 2022). 

Individuals may also make labor allocation decisions based on hunting’s value in reducing 

nuisance species or undertake defensive actions to prevent wildlife predation (Bulte & Rondeau, 

2005). Using variation in the catchability parameter, Bulte and Rondeau (2007) find that 

compensation for wildlife damages to crops causes an increase in the amount of agricultural land 

because of increased returns to farming when households allocate their time between farming, 

hunting, and crop defense. Yet, with the introduction of the time tradeoff in Bulte and Horan 

(2003), the additional agricultural land can cause wildlife stock depletion by a reduction in 

habitat land, which can be offset by a reduction in time spent hunting (Bulte & Rondeau, 2007). 

The effect of habitat reduction on the wildlife stock is most likely to be greater than the effect of 

reduced hunting pressure when agricultural land is a poor substitute for natural habitat and for 

species that have a lower catchability parameter (Bulte & Rondeau, 2007). In the empirical 

literature, Duonamou et al. (2021) found that since 2001 there has been an increase in the sale of 

species that consume crops in Guinea, indicating a species’ nuisance behavior could be a 

significant factor in its hunting and therefore conservation outcomes, although the relative 

availability of these species may also drive hunting.  

2.3.3 Protected areas 

While the fisheries and terrestrial extraction literatures differ in the opportunity cost of habitat 

area, they both include the reactions of extractors to protected areas, which informs both the 

conservation and welfare outcomes from such tools. The fishery economics literature tends to 

focus on the impact of a marine reserve on seascape fish stocks, often with the perfectly-enforced 

reserve creating a high density of fish that then disperse to lower density areas that permit fishing 

(e.g. Sanchirico and Wilen 1999). Those analyses find that while the seascape fish stock may 

increase with marine reserves, the dispersal of fish to non-reserve locations offsets the economic 

losses from the lack of fishing in the reserve only in particular cases (Sanchirico & Wilen, 2001). 

Other analyses reflect the differences between open-access and managed settings outside the 

reserve (Costello & Polasky, 2008), while others determine the optimal size and location of 

marine reserves when both fish and people move across space explicitly and reserves may not be 

perfectly enforced (Albers et al., 2020, 2021). In contrast, the terrestrial conservation economics 

literature, including the NTFP economics literature, rarely emphasizes the dispersal of species 

beyond a protected area to locations in which they may be hunted. In a unique example, 

Johannesen (2007) poses the question of how expanding an existing protected area (PA) will 
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affect wildlife populations at the landscape level. With perfect enforcement against hunting in 

the PA, the density of the wildlife population in the PA causes wildlife to move throughout the 

landscape. As in the marine reserve economics literature, when the PA expansion occurs on land 

with no opportunity cost beyond lost hunting area, the PA expansion promotes wildlife 

conservation. In the case in which the PA expansion occurs on agricultural land however, the 

outcome is less clear. The expanded PA decreases the area available to agriculture and modifies 

the agriculture-hunting labor allocations, yet the impact on landscape wildlife populations is 

ambiguous. Again, because people make tradeoffs between labor allocation to hunting and to 

agriculture, in the presence of an opportunity cost to the land included in a PA, the impact of PA 

expansion does not always increase wildlife populations on the landscape, even with perfect 

enforcement against hunting in the PA (Johannesen, 2007).  

Much of the NTFP extraction literature considers the impact of enforcement against extraction in 

PAs on locations of extraction and on sizing of PAs and buffer zones. In that work, people make 

spatial decisions about extraction in response to the probability of detection and penalties (Albers 

& Robinson, 2013). Similarly, Albers et al. (2020) explore the optimal sizing and enforcement of 

MPAs when people make fishing location decisions; costly enforcement and budget constraints 

lead to incomplete enforcement, and fish move across the marinescape. In those models and 

empirical assessments, enforcement budgets are often far too low to induce perfect compliance 

with hunting restrictions. Yet, to the best of our knowledge no economic analyses combine the 

spatial responses of hunters with the spatial response of wildlife to determine optimal PA sizes, 

zones, and enforcement levels with limited budgets.  

The economic literature on hunting enforcement includes (Robinson, 2008b) exploring the case 

in which a conservation manager must generate their own enforcement budget through fines and 

permit sales, which connects the probability of detection to the level of the fine, while focusing 

on a case in which the rarest animal is both of highest value to the PA manager and the most 

valuable animal for wild meat. Using a Poisson arrival model that has more rare – that are 

assumed also to be more valuable – animals arriving less frequently than other animals, the 

model considers the response to enforcement of hunters who can and cannot discriminate 

between species prior to killing them. A discriminating hunter decides whether to shoot less or 

more valuable species while a non-discriminating hunter decides whether to take the animal it 

kills, depending on the species’ value, permits, fines, and probability of detection. When the 

wildlife management agency must generate their enforcement budget, the best options for 

protecting rare species include permitting hunting of common species and promoting hunting 

technologies that enable hunters to discriminate between species prior to killing them (Robinson, 

2008b). Enforcement becomes more challenging when, as in real world settings, hunters butcher 

meat on site to disguise illegal species.  

The empirical literature on hunting enforcement includes Moro et al. (2013)’s choice experiment 

in villages adjacent to Serengeti National Park. They found the benefits of wild meat hunting 

were generally seen to outweigh the risks of arrest, despite the households participating in the 

experiment not being hunters themselves. Nielsen et al. (2014) found known hunters or 

intermediaries of wild meat surveyed in the Kilombero Valley in Tanzania had a small reaction 
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to changes in enforcement and fines. Further, many people in this experiment who had been 

caught illegally hunting or trading wild meat reported that they were able to provide bribes rather 

than paying the formal fine, which could partially explain the lack of responsiveness to fine and 

enforcement changes.  

2.4 Home Consumption or Sale? 

The production function for wild meat reflects household tradeoffs and those households also 

determine whether they will consume the wild meat or become suppliers to the market. Most of 

the hunting economics literature assumes that hunting households are perfectly integrated with 

markets and make decisions about producing and selling wild meat based on market prices (e.g. 

Skonhoft 1999; Damania et al. 2005; Bulte and Rondeau 2007). Damania et al. (2005) determine 

the proportion of wild meat that a household consumes versus sells in a market. They find that 

higher prices for a particular wild meat typically leads to a higher fraction being sold at market 

while higher prices for agricultural output have an ambiguous impact on the proportion of wild 

meat consumed at home versus sold in the market. A household’s decision to consume or sell 

their harvest can also change the spatial patterns of hunting. In Ghana, a study of the fruit bat 

supply chain shows that when urban markets cannot source bats locally because local hunters 

consume their own harvest, vendors source bats from more distant locations to supply the market 

(Kamins et al., 2011).  

In many LMIC settings, households vary in their market access, as explored in agricultural 

household models (Singh et al., 1986). For example, subsistence households for wild meat 

consume exactly what they produce while households with costly access to markets may or may 

not interact with wild meat markets. Brashares et al. (2011) found in a survey of 2,000 

households across Ghana, Tanzania, Cameroon, and Madagascar that in communities furthest 

from urban markets, a majority of hunted wildlife was consumed by hunters, while in 

communities closest to the urban markets a majority of hunted wildlife was sold. This transition 

from hunters primarily hunting for subsistence to primarily hunting for income may occur as 

prices increase for wild meat closer to the urban market. Although not well developed in the 

hunting economics literature, the general NTFP extraction literature emphasizes that the 

relationships between the opportunity cost of extraction labor and the cost of market access 

determine which NTFP extractors interact with the market to buy or sell NTFPs and which 

households do not interact with the market and extract for subsistence use only (Robinson et al., 

2002). Robinson (2008b) determines how hunting households that differ in their opportunity cost 

of labor respond to enforcement and permit schemes in terms of their market access and hunting 

labor allocation. In hunting, due to the range of values across wild meat types, the market 

participation decision for hunters also relies on the particular species hunted, although that 

choice hasn’t been explicitly explored as a function of opportunity cost and market access costs. 

In addition, although hunting of different species can require specific gear choices, the 

probabilistic nature of the type of wild meat produced by less discriminatory methods of hunting 

implies that the market interaction choice may be a function of the particular species that is 

actually harvested.  
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Hunting method is also related to which species are sold at market, with species caught by 

selective methods being more likely to be sold at market, likely because selective methods allow 

hunters to choose species most desirable in urban markets (Allebone-Webb et al., 2011). Market 

access itself also influences the target species hunted. For example, in Equatorial Guinea, the 

market access of a region appears to determine which species are primarily hunted. In areas with 

more market access, species that lead to the highest profits for hunters are hunted, but in areas 

with less market access – where intermediaries are relied on to transport the meat to the market – 

species that yield the highest profits for the intermediaries are hunted (Allebone-Webb et al., 

2011). 

2.5 Hunting and Conservation 

Species conservation outcomes reflect hunting decisions about the amount of wildmeat produced 

and about the harvested species – choices that influence population levels of specific species and 

biodiversity in general. Those decisions include labor allocations to hunting and other activities, 

which species to target, and gear choices, which reflect the opportunities and opportunity costs in 

a particular setting. In addition, while both the fishery setting and terrestrial wild meat setting 

rely on the marinescape or landscape’s ability to generate and maintain habitat for species, the 

land allocation decision becomes critical in most terrestrial settings due to the high opportunity 

cost of land conserved for habitat (Skonhoft, 1999). Whether individuals, communities, or non-

local actors establish habitat areas, land allocation across habitat and other land uses contributes 

to hunting decisions based on a land constraints’ impact on marginal value tradeoffs. In addition, 

the enforcement of protected areas for habitat and the dispersal of species beyond those areas 

also influence hunting levels and hunting species choices. Overall, biodiversity conservation 

relies on hunting choices that are influenced by both individual labor allocation decisions as a 

function of opportunity costs of time and by land allocation decisions as a function of land 

opportunity costs, in addition to landscape level characteristics and wildlife movement. 

3. TO MARKET 

Hunters who do not consume their entire harvest have the option to sell some portion of the 

remaining harvest. A hunter’s decision of where and how to sell their remaining harvest depends 

on the prices offered in different markets or by different actors, and the costs associated with 

reaching those markets or interacting with those actors. Generally, the remaining harvest is either 

traded within hunting communities, sold by hunters at a rural market, sold to an intermediary for 

transportation to an urban market, or sold by hunters at an urban market. Each of these possible 

points of sale presents its own costs and benefits for hunters, with context-specific determination 

of the available options. In this section, we explore the literature on the different types of wild 

meat markets, how hunters access them, and hunters’ market interaction choices. We also discuss 

the role of intermediaries in wild meat markets by examining the better understood role of 

intermediaries in small-scale fisheries. 

3.1 Rural Markets 

In rural settings, hunting households may sell wild meat directly to other rural households at cost 

or through trades that might include exchanges of labor and farm produce (De Mattos Vieira et 



13 

 

al., 2015). Although such local exchange of wild meat within rural communities and community-

level markets where the hunting occurs appears common (Wilkie et al., 2006), little research 

focuses on this local trade. Yet, this local demand creates local prices for wild meat that 

influence hunters’ decisions about time allocated to hunting, areas in which to hunt, and which 

species to hunt, which influences rural welfare and species populations. Similarly, the literature 

rarely distinguishes between the drivers of wild meat demand in rural areas across heterogeneous 

households, including hunting and non-hunting households (Bachmann et al., 2020; Chaves et 

al., 2017). In addition, although local preferences and rural markets influence hunter decisions 

and the resulting species outcomes, species preferences in rural markets are poorly understood 

and may differ from better-studied urban preferences. While rural demand characteristics 

influence which species are consumed locally, urban market characteristics also influence which 

species are consumed locally by determining which species are most valuable to bring to urban 

markets (Allebone-Webb et al., 2011).  

3.2 Accessing Distant Markets 

As with production of agricultural outputs and non-timber forest products produced in rural 

settings, wild meat producers make decisions about local sales as above, transporting the harvest 

to an urban market themselves, or selling the wild meat to an intermediary for transportation to 

urban markets. Transportation costs, whether borne by hunters or other actors in the supply 

chain, introduce a wedge between rural (including farmgate) and urban prices and change the 

profitability of wild meat production across regions as a function of distance and other market 

access costs. For example, charcoal prices to producers decline as a function of distance from 

urban markets due to transportation costs (Hofstad, 1997), which implies different incentives to 

produce charcoal across locations. Many empirical studies of deforestation rely on von Thunen’s 

simple model of transport costs as a determinant of land use patterns (e.g., Robalino and Pfaff 

2013; Fontes and Palmer 2018). The agricultural economics literature examines cropping choices 

as a function of transportation costs, including through agricultural household models in which 

households produce low value food crops rather than higher valued cash crops (Omamo, 1998). 

Both the agricultural and the fishery economics literatures discuss the impact of transportation 

networks and transportation providers on cropping and harvest decisions (Baraka et al., 2021; 

Crona et al., 2010). Although the literature on transportation costs and actors, such as 

intermediaries, is thin for wild meat’s path to urban markets, here we discuss the implications for 

wild meat as observed in these related literatures. 

3.2.1 Hunter market access decision: self-transport or sale to intermediary 

A hunter’s choice to self-transport the meat to the market versus to sell to an intermediary who 

incurs the transportation costs depends on the costs the hunter faces to reach the market, wild 

meat prices at the market relative to local prices, and the hunter’s other market related needs. 

These transportation costs depend on transportation availability, infrastructure, distance to the 

market, the opportunity cost of hunters’ time, jointness of other market engagement, and the 

mass of the load (Cowlishaw et al., 2005). Self-transport may occur through buying truck space, 

taking a taxi, renting a vehicle, or paying extra baggage fees on public transportation (Cowlishaw 

et al., 2005). Hunters may choose to sell some or all of their harvest to intermediaries who act as 
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middlemen between hunters and the urban market vendors. By selling to these intermediaries, 

hunters reduce or eliminate their transportation costs and accept a price below the urban market 

price. As in agricultural and fisheries settings, relationships between intermediaries and local 

producers include one-off agreements, longer-term commitments, and contracts that involve 

credit-price relationships that potentially influence the wild meat producers’ decisions about 

using intermediaries versus self-transporting to urban markets or selling locally (e.g., Russell 

1987; Aggarwal 2008; Crona et al. 2010; Baraka et al. 2021).  

Hunters may make the decision to use intermediaries jointly with their target species decisions to 

reflect opportunities in urban markets. In Equatorial Guinea where the supply chain includes 

hunters selling to intermediaries who sell to consumers in urban markets, species harvested using 

selective methods were more likely to be sold in urban markets (Allebone-Webb et al., 2011). 

Species with the highest urban market price or the highest markup were most likely to enter 

urban markets. The opportunity to use intermediaries influences hunter’s decisions including 

whether to enter the wild meat market (Latinne et al., 2020), the species being hunted (Allebone-

Webb et al., 2011), and the locations relative to the urban market where hunting occurs (Latinne 

et al., 2020). 

3.3 The Roles of Intermediaries 

Intermediaries are common in LMIC resource markets when extraction or production of the 

resource occurs at some distance from the market as documented in small-scale fisheries and 

farming literatures (e.g., Ngeleza and Robinson 2013; Van Vliet et al. 2019; Latinne et al. 2020). 

In addition to covering distance costs, these intermediaries provide access to credit, markets, 

technological expertise, and contracts to mitigate risks (e.g., Russell 1987; Aggarwal 2008; 

Crona et al. 2010). However, in some situations, intermediaries capture a majority of the surplus 

and increase risks to local extractors, especially when intermediaries have market power 

(Aggarwal, 2008). The wild meat literature rarely describes the role of intermediaries outside of 

transportation, but some intermediaries in the wild meat system behave similarly to those in 

fisheries by hiring hunters, training them, and transporting them to hunting sites (Latinne et al., 

2020), having market power (Allebone-Webb et al., 2011), and earning the highest profits in the 

system (Morcatty & Valsecchi, 2015). Given the similarities between intermediaries in fisheries 

and in wild meat markets, we interpret the fisheries intermediary literature for the context of wild 

meat supply chains, along with the smaller wild meat intermediary literature.   

Self-transportation and intermediary transportation can differ in ways that influence both wild 

meat profitability – and therefore species conservation – and health safety. As examples, hunter 

and intermediary transportation costs can differ due to distances traveled and the types of 

transportation services used by the two types of actors (Cowlishaw et al., 2005). Some 

intermediaries own their own vehicles that allow them to define their routes to make full use of 

those investments and to avoid rental costs, while extractors may be unable to cover the fixed 

costs of such large purchases as was found with crab harvesters in Brazil (Nascimento et al. 

2017). In addition, Cowlishaw et al. (2005) found that hunters in west Africa transport more of 

their harvest fresh than intermediaries, with potential implications for public health due to the 

differences in disease transmission from fresh carcasses (Peeters et al., 2002).   
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3.3.1 Beyond transportation costs: credit and risk 

Intermediaries in LMIC country resource markets frequently provide credit to harvesters as part 

of the contract, especially to cover capital for resource production or to provide cash for low 

output seasons as seen with private traders and farmers in India (Aggarwal, 2008), middlemen 

and fishermen in Kenya (Crona et al., 2010), and middlemen and hunters in Indonesia (Latinne et 

al., 2020). These pre-harvest contracts create a commitment between the harvester and the 

intermediary, guaranteeing supply to the intermediary and purchase of output to the harvester. 

Even when interest free, as some cultural traditions dictate, loans tie the extractor to the 

intermediary, with  loans often repaid through the sale of the resource to the intermediary (Crona 

et al., 2010). Even without formal contracts, fishermen report being loyal to intermediaries 

unless the intermediary is unable to purchase the harvest. Intermediaries also use these loans to 

recruit people to harvest a resource and pay for transportation, housing, and food to bring 

extractors to an area (Crona et al., 2010; Nascimento et al., 2017). These agreements can also 

reduce risk to the extractor by enabling production and ensuring sale, which improves hunter 

well-being.  

The contracts between extractors and intermediaries can also pose losses to conservation by 

increasing hunting through reducing hunter risk, enabling more periods of hunting, and 

dampening the effect of ecological variation in the harvests. Similarly, intermediaries actively 

recruit harvesters to enter the market, which increases extraction as seen in both small-scale 

fisheries (Crona et al., 2010) and wild meat systems (Latinne et al., 2020). Intermediaries and the 

contract requirements may also induce non-selective harvest or illegal poaching by creating 

pressure to improve harvesting efficiency and by purchasing below legal size in fisheries 

(Nascimento et al., 2017; Pedroza, 2013). Given that the incentives to harvest may be driven by a 

contract or relationship with an intermediary, the structure of these contracts influence 

extractors’ harvesting decisions, such as gear types and species.  

3.3.2 Intermediaries and market power 

When intermediaries are numerous, intermediaries have limited market power – with 

competition driving prices to hunters toward a competitive equilibrium where the difference in 

urban and rural prices reflects market access costs. In such cases, hunters have more control and 

options in their harvest sale decisions (Cowlishaw et al., 2005). A more common setting, 

however, consists of barriers to intermediary entry and intermediary-hunter 

relationships/contracts creating intermediary market power, especially in terms of setting prices 

to hunters. Brazilian crab harvesters reported feeling exploited by the intermediaries due to the 

low prices they were paid (Nascimento et al., 2017).  

Market power arises from an intermediary’s ability to overcome various costs that resource 

extractors face. Entering the market as an intermediary in small-scale fisheries may require large 

amounts of cash upfront to purchase from harvesters, buy or rent a vehicle, and to keep the 

harvest fresh (Nascimento et al., 2017; Pedroza, 2013). In Brazil, 95% of mangrove crab 

harvesters reported not having the infrastructure necessary to bring their crabs to market (e.g., 

transportation, fuel, and insulated boxes to hold crabs), leading to reliance on intermediaries 
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(Nascimento et al., 2017). Intermediary market power is important in driving these systems and 

distances to markets has been found to correlate with the number of fisheries intermediaries 

(Liese et al., 2007). Similarly, fisheries systems in which loans and credit are central to 

operations typically contain many extractors and few intermediaries (Crona et al., 2010; 

Nascimento et al., 2017). Market power varies over space as a function of distance from markets 

and as a function of spatial heterogeneity in opportunity costs and culture, which can drive 

spatial variation in prices to harvesters (Chatterjee, 2019).  

The level of intermediary market power informs wild meat producer decisions and, ultimately, 

species conservation outcomes. In Equatorial Guinea, villages with less market access, more 

intermediary market power, and fewer intermediary visits sell the species with the highest 

markup (larger profits for the intermediary) while villages where intermediaries have less market 

power sell the species with the highest price (larger profits for the hunter) (Allebone-Webb et al., 

2011). In some fisheries settings, the intermediary’s market power generates low prices that 

cause harvesters to use more efficient techniques to increase their incomes by increasing harvest 

levels (Nascimento et al., 2017). The resource economics literature suggests that market power 

leads to higher levels of resource conservation due to low prices incentivizing less harvesting 

effort, leading to the idea that monopolists are conservationists’ friends (Katayama & Abe, 

1998). In the conservation of species literature, that finding extends to fisheries intermediaries 

with market power having a positive impact on species populations by decreasing harvesting 

levels through low prices to fishermen (Tháy et al., 2019).  

Analysis that considers both hunter decisions to access markets themselves if intermediaries’ 

prices are too low and intermediaries’ decisions about with which villages to interact finds a 

more complex relationship (Rushlow, 2021). First, some villages face low enough market access 

costs that hunters prefer to take their harvest to the urban market and intermediaries have no 

impact on harvest levels. Second, in villages where intermediaries profitably provide their 

services, the prices they offer are low enough to induce lower levels of harvest than in a no-

intermediary case, creating a conservation benefit as described in the economics literature. Third, 

however, in villages with high market access costs, no harvest for sale to urban markets occurs in 

the absence of intermediaries, which means that intermediaries increase harvest in such villages. 

In addition, with the lower prices paid to hunters by intermediaries with more market power, 

greater intermediary market power can result in profitable hunting at lower wildlife stock levels.  

Where distance costs dominate market access costs, the advent of intermediaries leads to a net 

conservation outcome that reflects both the intensive margin decrease in harvests and the 

extensive margin increase in harvests.  

3.4 Market Access Costs, Intermediaries, and Species Conservation Outcomes 

Overall, market access costs and intermediaries influence hunter decisions about both which 

species to hunt and how much to hunt, with resulting impacts on specific species and on 

biodiversity conservation. When market access costs or other factors limit hunters to selling or 

bartering wildmeat in rural markets, rural demand and prices influence hunter decisions about 

how much to hunt and which species to hunt to address local preferences. In settings of 

individuals facing more moderate access costs for urban markets, hunters explore the net price 
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they receive from selling in urban markets after incurring those market costs to determine both 

the levels of hunting and the species to hunt. Intermediaries can induce more people to become 

hunters by incurring transportation costs and addressing other concerns like risk and credit 

constraints, in addition to encouraging hunters to produce more wild meat and wild meat of 

species that are desirable in urban markets. Intermediaries in settings in which hunters already 

access urban markets can also increase hunting levels by making time in hunting more valuable 

compared to time in bringing wild meat to markets. The advent of intermediaries with market 

power in such settings, however, can reduce hunting levels by reducing prices to hunters, which 

provides some positive conservation outcome. Yet, intermediaries with market power in 

locations with hunters who do not provide wild meat to urban markets can increase the amount 

of hunting, particularly of species with urban appeal, with those locations experiencing 

conservation losses.  

4. URBAN MARKETS AND DEMAND 

As with many outputs produced in rural areas, wild meat is often traded in urban markets. Urban 

demand and markets are the focus of much of the wild meat literature due to the large quantities 

of wild meat traded in urban markets, the feasibility of conducting research in these markets, and 

the availability of other protein sources for consumers in urban areas (Wilkie et al., 2006). These 

markets vary in their structure and focus, with some wild meat sold in specialty markets and 

“live” markets, other wild meat sold among a wide range of food items, and still other wild meat 

sold directly to restaurants. In addition, urban markets vary significantly in terms of the 

prominence of cash, negotiation, and barter sales. Urban demand and markets determine wild 

meat prices, which ultimately inform hunter production decisions. Drivers of urban and rural 

demand for wild meat can be quite different, including in terms of the elasticities of demand and 

the demand for particular wild meat species. 

4.1 Vendors 

Wild meat is sold in urban markets by “vendors.” These vendors may purchase the wild meat 

from intermediaries or from hunters that transport the wild meat to the market. Vendors sell the 

wild meat to consumers, often either at a market or indirectly through sales to restaurants. Some 

intermediaries are also market vendors who both transport the wild meat and sell it to consumers 

(Randolph et al., 2022). Although anecdotal evidence suggests that vendors can range from 

specializing in wild meat sales to selling many items, little research characterizes their decisions 

and actions. Recent research studies the role of restaurants in the wild meat supply chain, and 

uses restaurant data to characterize urban consumer preferences (Gluszek et al., 2021; Wright et 

al., 2022). Gluszek et al. (2021) find that different restaurant tiers (determined by menu prices) 

have different “hot” products, consistent with wild meat preferences being a function of 

consumer income. 

4.2 Urban Demand 

Demand for wild meat encompasses both demand for wild meat on aggregate and demand for 

wild meat from specific species. Urban wild meat demand characteristics for an individual 

species may vary across countries and within countries for rural and urban areas, environmental 
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settings, and ethnic groups (Fa et al., 2009; Sheherazade & Tsang, 2015). The characteristics of 

urban wild meat demand are determined by the consumer’s preferences, income and price 

elasticities, and substitution and income effects.  

Consumer preferences for wild meat in general and for specific species varies across settings, 

groups, and time. Cultural differences across ethnic groups within the same region lead to 

different preferences for wild meat consumption, including some groups avoiding consumption 

of some species (Fa et al., 2009; Sheherazade & Tsang, 2015). Consumer preferences can change 

and shift demand for wild meat. For example, following the 2014 Ebola outbreak, wild meat 

sales in Nigeria of most species decreased, and during the COVID-19 pandemic, sales declined 

again (Funk et al., 2022). Generational differences can also create different preferences for wild 

meat, with young people in west African cities consuming less wild meat than older generations 

(Funk et al., 2022).  

Although complex, the relationship between household wealth and wild meat demand is 

generally found to be positive in urban settings (Brashares et al., 2011; East et al., 2005; Fa et al., 

2009; Wilkie & Godoy, 2001). In contrast, the effect of income on wild meat consumption is 

often found to be negligible (Godoy et al., 2010; Wilkie & Godoy, 2001). This lack of 

relationship may reflect that research does not separate urban and rural demand and that these 

studies have limited income variation to help understand this relationship (Godoy et al., 2010). In 

contrast to urban demand, wealthier households are often found to consume less wild meat in 

rural areas. However, Brashares et al. (2011) note that identifying a causal relationship in this 

trend is difficult given that wealth measures also correlate with access to wildlife, the 

opportunity cost of hunting, and the relative price of wild meat. Similarly, the negligible effect of 

income changes on wild meat consumption may reflect differences between that relationship in 

rural and urban settings. In rural areas, households that consume wild meat often also sell wild 

meat, which links income, hunting, and consumption in ways that confound regression analysis 

(Brashares et al., 2011). In addition, within one market, some species of wild meat may be 

inferior goods, while other species are normal or luxury goods (Bowen-Jones et al., 2003; 

McNamara et al., 2019). When some species are an inferior good, increases in income can cause 

a decline in demand for those species but an increase in demand for other species that are normal 

goods.  

Price elasticity of demand measures responsiveness of consumers to changes in price, which can 

be influenced by policy and by market power. In Central and South America, Wilkie and Godoy 

(2001) found that wild meat was much more price elastic for households in the upper half of the 

income distribution than for households in the bottom half. When consumers are less responsive 

to changes in price, they could drive species populations toward collapse by continuing to 

demand high quantities of wild meat even at high prices, whereas consumers who are responsive 

to changes in price switch away from a species as it becomes expensive due to scarcity.   

When consumers are faced with changes in relative prices of the goods that they consume, they 

substitute between those goods based on the changes in real income and relative prices. For 

example, if consumers treat wild meat similarly to other fresh food, domestic meat substitutes 

readily when the relative price of wild meat increases (East et al., 2005). Domestic animals and 
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fish are commonly available substitutes for wild meat, and are substituted for wild meat by 

consumers in multiple settings (Wilkie & Godoy, 2001). Variation in protein substitutability 

depends on the household’s surroundings: coastal villages may eat less wild meat because they 

have easier access to fish as a protein source, whereas forest villages consume the most wild 

meat (Fa et al., 2009). The substitutions that consumers choose to make as relative prices of 

goods change affect the prices for wild meat species and therefore the hunting and conservation 

of that species. 

4.3 Urban Market Characteristics Alter Conservation Outcomes 

Wildmeat prices in urban markets result from urban consumer preferences for wild meat and its 

substitutes, and for particular species of wild meat. The absolute level of wild meat prices in 

urban markets feeds back to hunter decisions through the market access costs or intermediaries to 

contribute to the levels of hunting undertaken and, thus, the species populations and conservation 

outcomes. Those prices also influence gear choices, which can alter the particular species 

harvested. In addition, the relative prices across types of wild meat can contribute to the hunters’ 

choice of targeted species. The prices in these markets and the market access costs operate 

upstream through the wild meat supply chain to determine both hunting levels and species, 

which determines the conservation outcomes in hunting settings.  

5. POLICY DISCUSSION 

Many policies aim to protect species and conserve biodiversity through reductions in wild meat 

hunting. Other policies influence various actors throughout the wild meat supply chain and 

markets in ways that contribute to conservation outcomes. Protected areas with enforced 

restrictions on hunting, alternative livelihood programs that increase opportunity costs of 

hunting, and local and international regulations that prohibit the hunting of particular species all 

influence hunter decisions and conservation outcomes. Taxes and subsidies, wild meat market 

regulations or closures, incentives for domestic animal husbandry, improving agricultural 

productivity, and improving roads to increase market access also influence conservation 

outcomes as these policies operate through the wild meat market system. Here, we discuss and 

call for analysis that starts from the point of a policy intervention and follows the flow of wild 

meat forward from that point to the urban markets and backward from that point, through 

intermediaries, to the hunting production decisions to elucidate the impact of a policy on species 

conservation outcomes. Although this discussion is general, predicting the impact of policy faces 

two critical issues that create a need for site-specific data to inform policy: heterogeneity across 

settings and information gaps. 

5.1 Protected Areas and Enforcement 

Many countries use protected areas (PAs) – including nature reserves, parks, and multiple use 

areas – as a central component of plans to conserve biodiversity. While PAs provide many 

ecosystem services, their impact on species conservation stems from the PA’s role in providing 

habitat and in preventing over-exploitation of species. Both roles interact with landscapes and 

hunter decisions to influence the impact of the PA on reducing the production of wild meat.  
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The direct impact of a PA on reducing hunting for wild meat operates through changes in 

hunters’ decisions about hunting within the now-PA. Some hunting may be deterred simply 

because it is illegal. Many hunters, however, consider their expected returns from hunting in the 

PA. If the PA undertakes management actions that increase wildlife populations within the PA, 

that additional stock attracts hunters. In contrast, enforcement – including detection and penalties 

– of hunting restrictions within the PA reduce the expected returns from hunting (Albers & 

Robinson, 2013). Much of the conservation science and conservation economics literatures 

recognizes illegal activity within PAs, yet few address the costs of those actions or the 

responsiveness of hunters to those actions (Albers et al., 2021; Albers & Robinson, 2013). In 

practice, many PAs do not have effective management plans or sufficient budgets to protect 

species, with only 20% of PAs considered “well-managed” and many PAs characterized as 

“paper parks” – meaning parks that are legally designated but not effectively managed to 

generate conservation (Albers & Ashworth, 2022; UNEP-WCMC; IUCN; and NGS, 2018; 

Watson et al., 2014). In addition, few data characterize the responsiveness of illegal hunters in 

PAs to incentives or disincentives, which further constrains the ability of a PA siting or 

management plan to predict the impact of the PA on wild meat production. Still, both empirical 

observation and modeling analyses demonstrate that the impact of any PA on reducing wild meat 

production is a function of the PA management, which includes enforcement or incentives to 

reduce hunters’ allocation of labor to hunting in the PA.  

Although some communities or individuals may choose to establish hunting areas, most PAs are 

designated by governments. Establishing PAs in a landscape removes that land from other 

productive uses, like agriculture. That land reduction influences decisions about other land uses 

in the landscape, such as agricultural expansion into remaining hunting areas. Similarly, the 

reduced land availability and the reduced land for hunting both influence the tradeoffs that define 

labor allocation decisions between agriculture and hunting. Whether this reduction in land for 

alternative uses increases or decreases hunting activities outside of the PA is a function of the 

particular context of opportunity costs of labor and agricultural and wild meat prices, with 

ambiguous impact on the level of wild meat production from the landscape as a whole.  

In addition, the establishment of a PA within a landscape can create negative spillover effects on 

nearby land, such as wild animals consuming agricultural crops, preying on livestock, or injuring 

people outside of the PA. In such cases, people living near the PA may increase their 

hunting/trapping activities to limit wildlife nuisance costs or to generate partially offsetting 

income from consuming or selling wild meat. Again, whether an increase in such defensive wild 

meat production in response to a PA generates a net gain or net loss in wildlife at the landscape 

level is highly context specific.  

Establishing a PA, especially with strong management to prevent overexploitation of species 

within the PA, reduces hunting and wild meat production within the PA, thereby conserving 

species within the PA. Yet, the PA is but one part of a landscape for both wildlife and people. 

Overall, the net impact of a PA on wildlife conservation through reductions in wild meat 

production depends on the PA management, the response of species, the availability of land, and 

the response of people to changing land and labor values.  
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5.2 Alternative Livelihoods 

The mechanisms through which alternative livelihood projects are expected to generate 

conservation outcomes include changing incentives and opportunity costs of actions, generating 

good-will that discourages harmful actions, and “conservation by distraction” that limits the 

labor time available for non-conservation (Nicholls, 2004; Wright et al., 2016). Alternative 

livelihood policies aimed at hunters’ harvest levels attempt to change hunter behavior by 

providing an income substitute for the sale of wild meat and by changing the opportunity costs of 

labor time allocated to hunting. Yet even projects that successfully provide incomes may 

generate negative impact on conservation when considering the net impact of the project on 

hunters, intermediaries, and demand for wild meat. Hunting households whose income is 

increased by these programs may increase their demand for wild meat (Damania et al., 2005). 

Hunting households may change their hunting technique when faced with less time to hunt, 

which could alter which species are threatened by hunting (Robinson, 2008b). Alternative 

livelihood practices do not directly affect other actors in the wild meat supply chain, which 

means that intermediaries may cause a shift of wild meat hunting to other areas with its own 

impact on regional conservation. Similarly, if alternative livelihood projects lead to a reduction 

in wild meat supply, demand in rural and urban markets may drive higher prices that then 

increase hunting and limit net conservation outcomes.  

When a domestic species provides a close substitute for a popular wild meat species, investments 

in the production of the domestic species can reduce wild meat consumption and offer alternative 

livelihoods for hunters (McNamara et al., 2019). As with many “integrated conservation-

development projects,” however, failure to effectively link alternative livelihood projects to 

conservation actions limits the impact of such programs on conservation outcomes. For example, 

many of these livelihood programs do not require that participating households not hunt, and 

therefore could be providing additional income to hunting households without eliminating 

hunting activity (Ingram et al., 2021). In addition, such projects are rarely evaluated based on 

their impact on conservation and livelihoods. Reviewing alternative livelihood programs 

implemented in West and Central Africa, Wicander and Coad (2018) find that few livelihood 

projects assessed the impact of the programs in a formal manner, and rarely assessed the impact 

on wildlife populations. 

Alternative livelihood projects create changes throughout the wild meat supply chain, including 

indirect effects such as changes in the price of wild meat, which have ambiguous effects on 

conservation outcomes. For example, projects aimed at increasing returns to agriculture drive 

land use change from habitat to agriculture land, which leads to changes in time allocated to 

hunting and can cause hunters to switch to more time-efficient non-discriminatory hunting 

techniques. Alternative livelihood projects that affect the opportunity cost of habitat land can 

result in land conversion and lower wildlife populations in some contexts. Furthermore, when the 

nuisance costs from a species is part of the wild meat production decision, improved agriculture 

prices lead to ambiguous outcomes by decreasing the relative value of hunting labor and 

increasing the value of nuisance species removal.   

5.3 Rules on Hunting and Trade of Specific Species 
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Bans on the hunting and/or sale of specific species aim to protect threatened species, but 

enforcement remains challenging with respect to targeting action along the supply chain and in 

identifying illegal species (Lee et al., 2005; Wilkie et al., 2006). If enforcement of species bans 

occurs at the hunter level, monitoring and penalties create incentives to use discriminatory 

hunting techniques to avoid accidently harvesting illegal species. However, enforcement at the 

hunter level implies high costs due to the many individual actors and large areas involved. 

Targeting enforcement at the intermediaries provides another opportunity to change incentives to 

hunt at potentially lower policy cost. In Sulawesi Indonesia, the unique geography of the island 

allowed a single check point on the main road to markets to monitor wild meat being brought to 

the market (Lee et al., 2005). 

Wherever enforcement occurs, it creates incentives for avoidance activities and black markets. 

For example, the Convention on International Trade in Endangered Species (CITES) ban on 

trade in some animals and animal parts, such as rhino horns and elephant tusks, led to high prices 

that increase incentives for hunting (Biggs et al., 2013). In the case of local wildlife bans, 

enforcement actions can drive up the price of wild meat paid to hunters and the price paid by 

consumers, which can extend the extensive margin of hunting for non-local markets.  

5.4 Taxes and Subsidies 

Within the wild meat system, taxes could be implemented to raise the price of wild meat in urban 

markets, therefore discouraging its consumption and encouraging consumers to substitute toward 

alternative protein sources. However, the nature of the wild meat system and informal 

characteristics of markets make taxation infeasible in many settings. In many countries, the 

hunting, or sale of wildlife is already regulated, but a lack of enforcement, large quantities of 

public lands, and a perceived lack of legitimacy of regulations results in regulations not being 

closely followed (Wilkie et al., 2006). Many rural and urban markets do not use set pricing and 

instead barter, negotiate, and bundle in ways that make a price-based tax challenging to 

implement. Taxes on the sale of wild meat at a market could also lead to more use of informal 

markets (Wilkie et al., 2006). Alternatively, subsidizing domesticated meat could encourage 

households to substitute wild meat for the relatively cheaper domesticated meats. Yet, discount 

coupons for chicken provided in the Brazilian Amazon led households to consume more chicken 

but did not reduce consumption of wild meat (Chaves et al., 2018). 

Efforts to change prices at urban markets have upstream effects on the rural households that 

supply the wild meat, the intermediaries transporting the meat, and the vendors selling it. The net 

policy response to taxes and subsidies includes the substitutions consumers make, but also the 

substitutions hunters, intermediaries, and vendors make in response. Any impact on the relative 

price of species paid to hunters could alter hunter incentives and result in different hunting 

levels, species being hunted, or hunting techniques.  

5.5 Change Consumer Preferences 

Beyond pure price relationships, urban demand for wild meat relies on urban households’ 

preferences for wild meat in general and for specific species of wild meat. Preferences for wild 

meat can reflect cultural influences, such as Muslims consuming less wild meat than other 
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groups (Bachmann et al., 2020) and a Chinese tradition of shark fin soup at weddings and other 

important events (Jeffreys, 2016). Informational and educational campaigns seek to reduce urban 

demand for wild meat by changing consumer preferences. For example, NBA great Yao Ming’s 

efforts to inform potential consumers of the connections between wildlife conservation and 

consumption of wildlife products - including wild meat - appears, anecdotally, to have changed 

preferences among younger people (Jeffreys, 2016). Still, the research on these strategies has 

shown some positive and some null results (Chaves et al., 2018; Veríssimo et al., 2018). Like 

with taxes and subsidies, little analysis explores the upstream impact on hunters and 

intermediaries from these policies. Such changes in preferences could operate through markets 

and the supply chain to create unintended hunting responses. Policies that induce species 

substitutions or nondiscriminatory hunting practices could lead to negative conservation 

outcomes such as harvesting of endangered species or species that are unwanted for consumption 

and trade.  

5.6 Policies at Live Markets  

With COVID-19 and other zoonotic diseases thought to have originated or spread through live 

markets or wild meat consumption (Pekar et al., 2022), health policies include closing live 

markets and imposing regulations on the handling and sale of wild meat. Again, such policies 

operate largely at urban markets but affect species conservation through the responses across the 

demand and supply chains for wild meat. To the extent that less wild meat is sold in urban areas, 

that reduction could translate to positive conservation outcomes if hunters reduce their hunting 

but, as above, hunters may respond with different behavior that has negative consequences for 

the conservation of species. Although little analysis depicts the impact of such policies, closing 

and regulating urban markets could induce much of the wild meat trade to occur in more 

informal markets to meet urban demand. Whether that shift in marketing translates to more or 

less hunting, or to a shift to other species, depends on the costs of informal markets and their 

impact on prices both at the informal urban markets and at the rural hunting sites.  

5.7 Roads and Conservation Policy 

Infrastructure and development policies often include improvements in roads, which influence 

land use and conservation outcomes in rural areas. In the case of wild meat, improved roads 

could reduce the costs of accessing urban markets. That reduction could induce near-market 

hunters to transport their meat to urban markets while inducing distant hunters – and new hunters 

– to use intermediaries to begin selling in urban markets. Yet, that transport cost reduction would 

also change the profitability of agriculture, making the impact on incentives to hunt less clear. In 

addition, the market access costs could change the number of intermediaries and their market 

power in various locations. Overall, the impact of road improvements, or other modes of 

transportation, on the level of hunting in different locations operates through the interacting 

decisions of hunters, intermediaries, vendors and market demand to determine the impact on 

hunting levels and hunted species across space. Similarly, policies that increase market access 

costs, such as road tolls or gas taxes, also operate through that supply chain to determine the 

conservation outcomes from changes in hunting activities (Albers et al., 2021). While rarely 

intended as conservation policies, infrastructure policies can influence the decisions of various 
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actors in the wild meat sector that aggregate to conservation outcomes for biodiversity and for 

particular species across heterogenous regions. 

5.8 Challenges and Next Steps for Research to Inform Policy 

Although Skonhoft (1999) and other articles emphasize the interaction of land and labor 

allocation decisions in hunting settings, much of the literature on protected areas and on hunting 

management contain a narrow focus rather than the landscape perspective required to account for 

these interactions, and the resulting impact on biodiversity. Changes in agricultural or protected 

area policies affect hunting household land, time, and gear allocation decisions by changing 

relative values facing hunters, which determines the hunting response that contributes to species 

outcomes. An analysis focused only on species within a protected area does not reflect the 

protected area’s influence on land and labor values and the movement of species, which 

contribute to the hunting response both outside and inside the protected area to generate 

landscape level species outcomes. Similarly, frameworks that focus on the response to 

agricultural policy without considering the policy’s impact on habitat through land allocations 

and on hunting labor allocations misrepresent the policy’s effect on landscape species 

conservation. Working in the opposite direction, policies aimed at hunting itself – including 

enforcement of regulations or subsidizing selective gear – also change household land and labor 

allocations in ways that influence agricultural and species outcomes. Further efforts to develop 

and explore landscape level frameworks that incorporate both household land and hunting labor 

responses to policies will lead to more efficient policies to promote landscape biodiversity 

conservation.  

Because landscape effects are only one component of the wild meat supply chain, research that 

models the wild meat system as a whole will provide policy insight into how to leverage 

different parts of the system to promote biodiversity conservation. Models of subsets of the 

actors in the system miss interactions and characteristics that ultimately drive harvesting 

decisions and, therefore, may incorrectly predict responses to policy. Models that account for the 

different interactions and characteristics of all actors in a specific landscape, such as market 

access, rural and urban demand characteristics, market power of hunters and intermediaries, and 

substitutability in production and consumption, can identify which of these features drive species 

outcomes. Policies that appear to have little relationship to conservation, such as road tolls or 

market sanitation rules, change incentives for non-hunter actors in the supply chain in ways that 

ripple through the system to influence hunting decisions and conservation outcomes. Policy 

analysis that takes a full system perspective, including a landscape view nested inside a full 

market framework, will help define policies that promote biodiversity conservation while 

demonstrating the impact on other economic outcomes. 

Heterogeneity across and within settings complicates the definition of general policy responses. 

Heterogeneity at the production level includes across-hunter differences in substitution between 

hunting and agriculture, species hunted, gear choices, and production costs. While settings vary 

across and within regions, policy outcomes reflect the specific setting at the landscape level 

because the landscape characteristics influence the available species, agriculture and hunting 

tradeoffs, nuisance species, and the opportunity cost of land. The characteristics of accessing 
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wild meat markets contains wide differences across locations with respect to markets and across 

regions, including in infrastructure and transportation services, in who transports the wild meat 

to the market, the market power of intermediaries, and the types of hunter-intermediary 

contracts. Vendors may also be intermediaries and vendors at the market may sell directly to 

consumers or may sell mostly to restaurants. Consumer heterogeneity in wild meat preferences in 

general and across species means that different species and different markets have a range of 

demand characteristics, such as price and income elasticities, that vary according to cultural 

norms, religion, and region. Economic frameworks can predict policy response as a function of 

general characteristics of landscapes and actors that depict this heterogeneity, but, because 

different characteristics lead to different responses, defining policy for a given setting requires 

information about the attributes of the setting (Oyanedel et al., 2021).  

Although research in the past two decades has generated appropriate data in some regions (see 

Ingram et al. 2021), many knowledge and data gaps remain within individual wild meat systems 

and across settings of wild meat systems. Data to describe the various actors and actions within 

the wild meat system exist for relatively few wild meat systems, leaving gaps in understanding of 

consumer characteristics like price and income elasticities, vendor characteristics like operating 

costs, intermediary characteristics like entry costs, and hunter characteristics like species choice 

as a function of price. In addition, few data describe the interconnections between actors in wild 

meat systems – both direct, such as hunter and intermediaries’ contracts, and indirect, such as 

vendor prices altering hunter decisions. For policies implemented at any point in the wild meat 

system - tracing back to hunters and forward to consumers through these interactions - these data 

limitations restrict policy analysis and implementation.  

6. CONCLUSION 

This article examines the resource economics and conservation science literatures to characterize 

insights and gaps concerning policy to conserve species and biodiversity by limiting wild meat 

production. Like fish production, wild meat production or hunting decisions reflect labor 

allocation choices based on the value of labor in hunting versus other activities. Unlike fish 

production, landscape features – including protected areas and spillovers of nuisance species – 

define the opportunity cost of land allocated to habitat for hunted species, which interacts with 

hunting decisions. The value of hunting reflects both local tradeoffs and broader market 

characteristics including market access mechanisms through intermediaries and market features 

through vendors and consumer demand. Actions or policies at any point in the wild meat system 

– at production, at transport to markets, at markets, at consumer preferences – ripple through the 

entire system through the interactions of various actors – hunters, intermediaries, vendors, 

consumers – to define the impact on conservation outcomes for particular species and for 

biodiversity in general. Economic analysis that includes data collection and modeling of these 

system interactions could use the path of wild meat to determine likely conservation outcomes 

from policies implemented anywhere along the supply and market chain for both general policies 

and site-specific policies. 
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