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Abstract 
 

Bushmeat hunting and consumption, which involves utilising wild animals for food, is a key 

challenge for conservation. These practices, if undertaken unsustainably, can result in the 

generalised decline of wild animals, and consequently have large ecological effects such as 

trophic cascades and loss of ecosystem services. However, bushmeat also provides an 

important source of both protein and income to millions of people around the world. 

Therefore, managing these practices is extremely challenging, given the multiple (and often 

contradictory) perspectives and motivations of different stakeholders. The majority of 

research, policy and public attention on this issue has focussed on tropical forests, despite 

increasing evidence that bushmeat hunting and consumption pose a substantial threat to 

wildlife in other ecosystems as well, including savannahs. Key gaps in knowledge exist in 

regions outside of the tropical forests of Africa, including a lack of robust estimates of 

prevalence, a detailed understanding of drivers and motivations, and an understanding of 

which interventions to implement to reduce illegal hunting and consumption to sustainable 

levels. Decision-making in these contexts is also challenging, given limited information and 

the complexity of the social-ecological systems. Without adequate scientific evidence, it is 

difficult to achieve conservation outcomes while also ensuring that communities are able to 

benefit from wildlife. This thesis seeks to reduce these gaps in knowledge.  

 

To begin, I synthesise the current scientific knowledge about bushmeat hunting and 

consumption outside of tropical forests, with the aim of identifying key geographic and 

conceptual gaps in research. The systematic review in Chapter 2 outlined that, despite 

increasing attention on this issue in recent years, there was a lack of scientific research in the 

southern and North African savannah regions. Additionally, information regarding the drivers 

of both hunting and consumption was scarce or contradictory, and that studies which 

investigated the effect of interventions were especially lacking.  

 

This thesis then provides an in-depth case study of the southern African country of Malawi, to 

expand the knowledge base regarding bushmeat hunting in areas outside of tropical forest 

regions. Chapters 3 and 4 explore the prevalence, drivers and motivations of bushmeat 

hunters and consumers at four protected areas in Malawi, and seek to understand which 

interventions may work best to reduce these activities. Incorporating this information in a 
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decision-making context is, however, vital to achieve progress, and in Chapter 5 I undertake a 

participatory modelling process to explore the knowledge of conservation experts, and 

facilitate social learning.  

 

Generating robust estimates of prevalence of illegal or illicit activities is challenging, and 

Chapter 3 illustrates the utility of using methods drawn from social science to understand 

what proportion of households hunt and consume bushmeat. I find that bushmeat hunting 

and consumption both exist at relatively high levels in communities, and that the drivers of 

hunting differ from those of consumption. This study also illustrates the motivations for 

hunting and consumption, which show a mixture of economic, social and cultural rationales. 

The next stage of the process investigates a range of interventions that may change the 

behaviours of hunters and consumers, and cause a substitution of unsustainable livelihood 

choices with others. Chapter 4 shows that interventions that rely on harvesting of natural 

resources, a strategy currently favoured by conservation authorities, is not preferred and may 

not cause these behavioural substitutions. Interventions that provide long-term 

empowerment opportunities may, however, achieve conservation goals and be acceptable to 

communities. Finally, to facilitate decision-makers’ understanding of these complex systems, I 

undertook a two-stage process in Chapter 5 to explore both individual and group knowledge 

of bushmeat hunting and consumption. This process highlighted assumptions and areas for 

further research, as well as explored the potential impact of certain interventions on the 

system as a whole.  

 

Overall, this thesis furthers the understanding of bushmeat hunting and consumption in areas 

outside of tropical forests, and allows the identification of key actions to improve the 

management of these activities in Malawi. The information presented in this thesis highlights 

the contribution that bushmeat represents in terms of local livelihoods in Malawi, and that 

there is a clear need to create socially acceptable, legitimate interventions to complement 

enforcement. Such interventions need to be designed to recognise the differences between 

hunters and consumers of bushmeat, and incorporate knowledge from sectors outside of 

conservation, to ensure that both biodiversity and sustainable development objectives can be 

met. 
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1.1.1 Decision-making in complex systems 

 

The natural world is being threatened by substantial forces of change. The rise of the 

Anthropocene and its associated global challenges have meant that scientists and 

governments have had to incorporate and understand the complex links between ecosystems 

and humans (Kates et al. 2001). Key assessments such as The Millennium Ecosystem 

Assessment and the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 

Services (IPBES) Report state that human well-being and the integrity and function of 

ecosystems are inextricably linked (IPBES 2019; Millennium Ecosystem Assessment 2005). 

Therefore, the sustainability of natural resources such as fisheries, forests, agriculture or 

bushmeat require consideration of the livelihoods of communities’ dependant on these 

resources, which in turn requires integrated approaches to foster sustainable development 

(Fischer et al. 2015).  

 

Acknowledging that all resources used by humans are embedded in complex, social-ecological 

systems (SESs), a framework made famous by Ostrom (2009), provides a powerful way of 

understanding the interlinkages between environmental and social change. These SESs are 

complex, adaptive systems with multiple subsystems and feedbacks which can amplify or 

reduce changes. By examining an environmental or social problem within the SES framework 

it becomes possible to understand how natural resource management and natural resource 

use can be combined to arrive at decisions which enhance the sustainability of the system, and 

allow our natural world to survive without compromising human wellbeing.  

Figure 1.1 illustrates the core sub-systems on the SES framework, including the resource 

system, the resource units, the governance system and the resource users.  

 

Given the complexity of the interactions and relationships between ecosystems and societies it 

is often difficult to make good decisions in a conservation context. Decision making is a 

critical process in conservation, which must balance and often make trade-offs between a 

number of key goals e.g. social acceptability, scientific rigor, transparency, inclusivity and 

replicability (McShane et al. 2011). Good decision-making is therefore a substantial challenge, 

as decisions often have to meet multiple and sometimes opposing objectives, because social-

ecological systems are exceedingly complex (and therefore as objectives increase so do the 
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number of potential options), and that there is often large uncertainty in these systems, which 

means outcomes of an action cannot be fully controlled (Fuller et al. 2020).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Social-ecological systems framework, modified from Ostrom (2009) and 

Fischer et al. (2015).  This work (pink circle) focusses primarily on the users of a 

resource (Chapter 3) and the interactions between users, governance systems and 

outcomes (Chapter 4), while Chapter 5 focusses on how governance systems can be 

influenced. Other key aspects of the system include the resource system itself and the 

units of this resource. The work is situated at a local and regional scale, with some 

consideration of the larger global context. 

 

The wide array of challenges associated with decision-making in SESs can be combatted by 

using frameworks such as structured decision-making and adaptive management. A number 

of tools seek to make this process easier e.g. the Manager’s Model (Decker et al. 2014) or the 

management strategy evaluation approach (Bunnefeld et al. 2017). The Managers Model is an 

analysis tool to explore the biological, social and institutional components of the environment 

in which wildlife is managed (Fuller et al. 2020). The basics of decision-making should include 

an assessment of the desired conditions, the current conditions and which factors may 
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influence these conditions, a good understanding of what specifically is being managed, an 

understanding of the purpose and context in which management takes place, an 

understanding of stakeholders and how these stakeholders may experience any management 

decision, a description of assumptions and knowledge gaps, and finally, identifying potential 

actions and examining their likely consequences (Decker et al. 2014; Fuller et al. 2020). Key 

steps include situation analysis (where values and social/political context are understood 

based on stakeholder and practitioner concerns), objective setting (where desired outcomes 

are elaborated), identification of alternative actions (based on fundamental objectives and the 

actions which may enable them), implementation of primary actions, monitoring, and 

adjustment of actions based on impacts (Decker et al. 2014). Figure 1.2 illustrates this process. 

 

 

Figure 1.2: The Manager’s Model, modified from Decker et al. (2014), indicating the key 

steps in making management decisions about wildlife resources.  The blue circles 

indicate areas where information relating to context and values is especially 

important. 

 

The challenges associated with wildlife management decisions, in particular, are very diverse. 

Fuller (2020) splits them into governance challenges, institutional challenges and individual 

challenges. Firstly, stakeholder engagement is the primary governance challenge that 

decision-makers face. Due to conservation’s use of protected areas, rules and punishments, 
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stemming from the original “fortress conservation” model and its subsequent militarisation 

(Duffy 2014), stakeholder engagement has often not been seen as a priority and something 

management has been slow to engage in because of lack of capacity or capability. This may 

influence the support and legitimacy (or lack thereof) of conservation decisions (Sterling et al. 

2017). Secondly, there are a number of institutional challenges to conservation decisions: a) 

there may be political pressures from funders and government (Nie 2004); b) data may not 

necessarily drive decisions when there are multiple stakeholder preferences and values to 

consider; c) there may be a lack of adequate data; d) decisions may have to be made on short 

time frames (Robinson et al. 2019); and e) there may be a need to combine proactive and 

reactive decisions, requiring planning over long time scales (Wilson et al. 2016). Finally, 

individual challenges can often hamper decisions, such as aversion to change (Kahneman et al. 

1991). Implementing new approaches may be interpreted as criticism for past approaches, or 

that sunk costs are high enough for a project that continuation is seen as necessary (Fuller et 

al. 2020). All of these challenges therefore need to be adequately planned for in the decision-

making process 

 

Therefore, there are a number of key concerns to address when studying a conservation issue 

in a social-ecological system, all of which relate to the complexity, dynamism and integrated 

nature of these problems. With this framing in mind, I chose to examine a notoriously difficult 

issue in conservation (a so-called “wicked problem”), namely improving the sustainability of 

bushmeat hunting and consumption. A wicked problem lacks clear solutions because the 

problem is intricately linked to other problems, which feed back into each other. This is 

exemplified in cascading ecological crises, many of which have feedbacks to social systems as 

well (Galaz et al. 2011). 

 

1.1.2 What is bushmeat? 

 

Bushmeat is defined here as any non-domesticated terrestrial mammal, bird, reptile or 

amphibian harvested for food, following Nasi et al. (2008) for the Convention of Biological 

Diversity. This term includes all steps in the supply chain including the acquisition, trade and 

consumption of wild meat. Insects, crustaceans, molluscs and fish are excluded. Other terms 

include “wild meat” or “game meat” harvesting. 
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The hunting, trade and consumption of wild animals is one of the top threats facing wildlife 

around the world today. Of all species listed by the IUCN as threatened or near-threatened, 

72% (6,241 species) are being overexploited by humans in the form of logging, hunting, fishing 

or plant gathering, of which 1680 species are directly threatened by hunting (Maxwell et al. 

2016). Harvesting for human consumption is the largest threat to 98% of threatened 

megafauna, 70% of which will experience further population declines because of this threat in 

the near future (Ripple et al. 2019). Declines in abundances of both bird and mammals in 

hunted areas are stark, with an average of a 58% reduction in abundance in hunted areas 

relative to un-hunted areas (Benítez-López et al. 2017). The term “empty forest syndrome” 

(Redford 1992; Wilkie et al. 2011), was coined to illustrate the defaunation of natural areas in 

many places, where animals are so sparse they are designated as ecologically extinct. This term 

can readily be applied to many areas beyond forests, with habitats such as savannahs or 

grasslands experiencing similar effects (Periago et al. 2015). This has led to the term “the 

bushmeat crisis” (Bowen-Jones et al. 2003), as this situation is a crisis for both conservation 

and human welfare. 

 

1.1.2.1 Ecological impacts 

The ecological impacts of bushmeat hunting are wide-ranging. These include generalised 

wildlife population declines, disproportionate impacts on specific species, and edge effects. 

Firstly, bushmeat hunting predominantly causes generalised declines in wildlife, where large 

areas are “emptied” of wildlife and local extirpations have occurred. This effect has been 

recorded in a number of case studies e.g. Bouché et al. (2012) in northern Central African 

Republic, Lindsey et al. (2011b) in Zimbabwe, Lindsey and Bento (2012) in Mozambique, and 

Caro et al. (2013) in Tanzania. This is predominantly because of the wide-spread use of snares 

as a method to catch wild animals, which are unselective in which species are targeted, cheap 

to create and difficult to detect (Noss 1998). Secondly, specific keystone species are often 

disproportionately affected by bushmeat hunting which then causes wide-spread ecological 

effects. For example, wide-ranging carnivores such as lions are often snared as bycatch (Becker 

et al. 2013; Loveridge et al. 2016; Ziegler et al. 2016), and declines in prey species due to 

bushmeat hunting reduces an ecosystem’s carrying capacity for these large predators (Rogan 

et al. 2017). Thirdly, edge effects impact protected areas, where the effective size of these key 

conservation areas are reduced by intense hunting around their borders, further limiting safe 

habitat for wildlife species (Fitzgibbon et al. 1995). Other ecological impacts reported in the 

literature include skewed sex-ratios (Setsaas et al. 2007), increased flight behaviour (Marealle 
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et al. 2010), and trophic cascades due to the removal of top predators or large herbivores from 

the ecosystem (Keesing and Young 2014; Ripple et al. 2016; Sinclair et al. 2010), symptoms of 

which include reduced seed dispersal (Wright et al. 2007). The species affected by bushmeat 

hunting are very wide-ranging. Despite the majority of the research focussing specifically on 

terrestrial mammals, high rates of hunting exists for birds (Whytock et al. 2018), reptiles 

(Klemens and Thorbjarnarson (1995) ; especially turtles (Veríssimo et al. 2020)), and marine 

mammals (Cosentino and Fisher 2016).  

 

1.1.2.2 Economic impacts 

Despite these negative ecological effects, conservationists have struggled to find adequate 

solutions to unsustainable bushmeat hunting for decades, as it is an exceedingly complex 

social-ecological problem. This is primarily due to the multiple roles bushmeat can play in 

local people’s livelihoods (Van Vliet et al. 2016). These roles can be economic, nutritional, 

social and cultural. In economic terms, bushmeat is important to actors all along its supply 

chain including hunters (both professional and occasional), transporters, wholesale or local 

traders, and consumers (Cowlishaw et al. 2007). For hunters, the economic role bushmeat 

plays often blurs the line between subsistence and commercial, where meat can both be sold 

for income and be used in the home for personal consumption. For example, Knapp et al. 

(2017) found that hunting was motivated nearly equally by the need for income and meat for 

their own consumption, while de Merode et al. (2004) found that generating income from 

bushmeat was substantially more important than using it for consumption. This indicates that 

motivations may vary considerably between studies, but most often include both income and 

meat for their own households as primary motivators. The lack of alternative livelihood 

options and formal employment is a driver of hunter’s need for income, with indications that 

those involved in these activities would willingly switch to alternatives if they were provided 

(Nielsen et al. 2013).  

 

Hunting is also intricately linked to consumption, as commercial supply will respond to 

demand (Ling et al. 2006). For rural hunters and consumers, bushmeat has been found to be 

play an important safety net role in times of economic hardship. For example, in years where 

fish supply is poor, hunting in nature reserves increases substantially (Brashares et al. 2004), 

illustrating that wild meat is linked to large-scale trends in food security and economic 

development. Bushmeat is often cheaper than alternative proteins such as livestock (Lindsey 
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et al. 2011a; Nielsen et al. 2013). The economic role that bushmeat plays for consumers varies 

depending on whether they are urban or rural consumers, as wealthier households consume 

more bushmeat in urban areas, while the opposite holds true for rural areas (Brashares et al. 

2011). For rural consumers, the role of bushmeat can vary between a primary source of their 

protein requirements (Ceppi and Nielsen 2014; Martin et al. 2012), acting as a safety net in lean 

conditions (Schulte-Herbrüggen et al. 2013) or to contribute towards food security for 

especially vulnerable families, such as those impacted by HIV/AIDS (McGarry and Shackleton 

2009). 

 

1.1.2.3 Social and cultural impacts 

Another important factor to consider when navigating the bushmeat problem is the role that 

bushmeat hunting and consumption may play socially, in terms of culture and tradition. 

Although bushmeat may simply be preferred in many societies because of its taste (Schenck et 

al. 2006), hunting can have a large role in developing symbolic or social capital. For example 

hunters can achieve high status in their community (Lindsey et al. 2013a), or are seen as 

“brave” or “providers” (Lowassa et al. 2012), although in other communities it is seen as a “poor 

man’s activity” (Fischer et al. 2013). Many cultures also use bushmeat for celebrations or 

traditional ceremonies (Van Vliet and Nasi 2008). However, despite such cultural traditions 

often being disparaged by conservationists, some aspects may be utilised to increase the 

sustainability of hunting. For example, many traditional African cultural practices incorporate 

characteristics of natural resource management and protections against overexploitation, and 

other beliefs such as taboos or totems can offer protection to specific species (Kideghesho 

2009).  

 

Despite the possible benefits that bushmeat may have in economic and cultural terms, there 

are substantial long-term costs to communities as well. Although bushmeat hunting may be 

beneficial to local communities in the short-term, providing them with both income and 

protein, the loss of wildlife can have longer-term effects. The supply of meat from African 

forests, for example, is expected to drop by 81% within the next 50 years, and the majority of 

Congo Basin countries (4/5 countries) do not currently produce enough non-bushmeat 

protein to feed their populations (Fa et al. 2003). Given the unsustainable rate of hunting in 

many areas, this short-term gain may mean that no wildlife will be available in future, if 

wildlife is reduced to such low densities as to be reproductively unviable. Additionally, in 



9 
 

many areas of Africa, trophy hunting, game ranching and eco-tourism are valuable and 

profitable enterprises (Taylor et al. 2016). These enterprises can create long-term employment, 

bring in foreign revenue, and improve local infrastructure, as well as having intrinsic 

conservation value (Cousins et al. 2008). Such positives may outweigh the short-term benefits 

of bushmeat hunting, provided there is comprehensive inclusion of local communities in these 

enterprises. However, formal wildlife-based land uses will not be able to succeed without 

medium densities of wildlife, and there is evidence that widespread illegal bushmeat hunting 

may drive actors out of the system towards livestock farming (Lindsey et al. 2013a). An 

example of the economic ramifications of bushmeat hunting can be found in Mozambique, 

where, due to historical and current illegal hunting from a protected area, revenues from 

trophy hunting are 96% less than they could be if wildlife populations were allowed to recover 

(Lindsey and Bento 2012). This leads to an estimated loss of ~USD1.62 million per year in 

revenue which could be used to support community development and conservation initiatives.  

 

Finally, the risk of zoonotic disease transmission from the butchering and consumption of 

wild animals is a growing concern. Despite the benefits in terms of additional protein or 

meeting cultural needs, the health risks of bushmeat consumption have only recently become 

appreciated. The consumption of wildlife has been linked with a number of emerging human 

diseases (Karesh and Noble 2009), including severe acute respiratory syndrome (SARS) (Li et 

al. 2005), Ebola virus (Alexander et al. 2015), and most recently, the devastating global 

outbreak of a novel corona virus, COVID-19 (Rothan and Byrareddy 2020; Zhang et al. 2020). 

These outbreaks demonstrate the large risks that bushmeat consumption poses to local 

communities and the world at large.  

 

1.1.2.4 Bushmeat hunting, trophy hunting and recreational hunting 

In this thesis, I make a distinction between bushmeat hunting, recreational hunting and 

trophy hunting, primarily stemming from the main purpose and legality of the activity. 

Recreational hunting’s primary purpose is for the hunter’s pleasure, and can be a leisure or 

status activity (Leader-Williams 2009). Trophy hunting is also primarily conducted 

recreationally, but distinct due to its aim of hunting an impressive or “trophy” animal i.e. 

individuals with exceptional physical attributes (Lindsey et al. 2007). Both recreational and the 

related trophy hunting are experiential, rather than conducted to meet existential needs such 

as protein or income. There are grey areas, however. Hunting of deer in Europe, for example, 



10 
 

can satisfy a desire for meat but also has a strong element of recreation, in the form of 

“experiencing nature” as its primary motivation (Hansen et al. 2012). Both recreational and 

trophy hunting generally require some form of permit or legal ownership of land or animals, 

and are conducted within the legal sphere, or are supposed to be. This is not to say that 

recreational hunting or trophy hunting are always sustainable. There are instances where 

trophy hunting can be as damaging as bushmeat hunting to animal populations (Baldus and 

Cauldwell 2004) and may not bring any substantial conservation benefits (Lindsey et al. 2007). 

 

Generally, bushmeat hunting is conducted for the specific purpose of generating meat for 

consumption and is mostly conducted outside of the legal sphere. Again, there are grey areas 

to this definition, as hunting may also fulfil multiple roles including those of status and 

culture (Van Vliet and Nasi 2008). Another example for consideration is the legal hunting of 

wild animals for food in many areas of the world, e.g. kangaroos in Australia (Cooney et al. 

2012) and venison in southern Africa (Hoffman et al. 2005). Because these activities are 

conducted within the legal sphere, upon provision of permits or ownership of the animal, this 

practice does not fall into what we may consider to be “bushmeat”. It is important to 

recognise, however, that this issue of legality may stem more from the unjust systematic 

exclusion of local communities from ownership of wildlife resources under colonial rule, than 

any real conservation concern (Duffy 2010). Many wildlife laws are relics from this era, and 

changes have been irregular and inconsistent even where community rights are actively 

recognised (Coad et al. 2019). There has also been concern of the colonial and neo-colonial 

implications of the word “bushmeat” (Garland 2008), however, as this is the most commonly-

used term for hunting primarily concerned with generating meat specifically for consumption, 

outside of the legal sphere, I shall use this term in the thesis. The term “poaching” is often 

used in the literature, but this word often harks back to a fortress conservation model, and has 

strong negative connotations, and so will not be used in this thesis.  

 

1.1.3 Sustainable use of bushmeat  

 

The concept of sustainable use of natural resources such as bushmeat is formalised in multiple 

international agreements, including the Aichi Targets and the Convention on Biological 

Diversity (CBD). Aichi Target 18 states that “traditional knowledge, innovations and practices 

of indigenous and local communities relevant for the conservation and sustainable use of 
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biodiversity, and their customary use of biological resources, are (to be) respected...”. In 2008, 

the CBD identified unsustainable hunting of bushmeat and its effect on non-target species as a 

priority (Decision IX/5), with the latest Conference of Parties Decision in 2018 resulting in 

voluntary guidance, which states that efforts “promoting the sustainability of supply at the 

source, managing the demand along the entire value chain, and creating the enabling 

conditions for legal, sustainable management of terrestrial wild meat in tropical and 

subtropical habitats, taking into account the traditional use by indigenous peoples and local 

communities to safeguard their livelihoods without adversely affecting them” should be 

encouraged (Convention on Biological Diversity 2018). Bushmeat hunting is also currently 

identified as a key aspect of the Sustainable Wildlife Management and Sustainable Use of 

Biodiversity “Cross-Cutting Themes” of the CBD. The concept of sustainable use of bushmeat, 

defined by the CBD in Article 2 as “the use of components of biological diversity in a way and 

at a rate that does not lead to the long-term decline of biological diversity, thereby 

maintaining its potential to meet the needs and aspirations of present and future generations” 

(Convention on Biological Diversity 1992), aims to recognises that for any use to be 

sustainable, it has to be so in social, ecological and economic terms (van Vliet 2011). Given that 

strategies to manage bushmeat hunting have often focussed on prohibitions and enforcement, 

sustainable use aims to facilitate hunting of resilient species and the supplementation of this 

contribution with domestic meats, all the while ensuring endangered species are protected 

(Coad et al. 2019).  

 

Sustainable use is, however, not without substantial challenges. On a broad scale, systemic 

anthropogenic change can mean that practices that were once sustainable, or are currently 

sustainable, are no longer so or will not remain so in the future. Habitat destruction 

contributes towards an increasingly precarious livelihood for much of the world’s poor or rural 

communities (Ndoye and Tieguhong 2004), and if unchecked, wildlife populations may 

collapse as a result, to such an extent that harvesting of any kind would become unsustainable 

(Peres 2001; Sodhi et al. 2004; Voigt et al. 2018). Further, climate change will pose a larger and 

larger threat to sustainable use in the future (Pearce et al. 2015), given possible range 

contractions and extinctions of many species (Laurance 1998; Secretariat of the Convention on 

Biological Diversity 2009).  

 

On a smaller scale, there are a number of key external factors which may prevent the concept 

of sustainable use from being fully achieved, including accessibility, demographic, weaponry, 
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economic, and institutional or governance factors (Van Vliet et al. 2016). Firstly, extractive 

industries such as mining or logging can open up many areas that previously had limited 

accessibility to hunters, and therefore can connect these areas to markets and also encourage 

immigration into the area. For example, most previously inaccessible areas of forest in the 

Congo Basin are now accessible to hunters because of increased road density (Ziegler et al. 

2016). As these industries expand, more and more areas may become vulnerable to 

unsustainable hunting. Secondly, human demographic change is predicted to reduce the 

possibility that wildlife harvests may remain sustainable. Global population densities are 

increasing, especially in Africa (World Bank Group 2019), and coupled with increasing 

migration to urban areas, may increase the demand for bushmeat as “urbanization and rising 

affluence are driving a ‘nutrition transition’ in developing countries toward higher 

consumption of animal protein” (FAO 2017). Thirdly, the increased availability of superior 

hunting technologies, including shotguns, steel or nylon cable for snares and Light Emitting 

Diode (LED) flashlights is increasing the ability and efficacy of hunters (Dounias 2016). 

Fourthly, national financial crises or conflicts can cause rapid economic changes in a country, 

including disruption of agriculture, crop prices and trade, and increased migration of people, 

which may force large numbers of people to rely on wild meat (De Merode et al. 2007; Jambiya 

et al. 2007). Finally, governance factors which may make sustainable use challenging include 

the disruption of customary hunting systems under previous colonial policies (Jones et al. 

2008), the lack of rights over wildlife causing people to hunt illegally as a form of protest 

(Holmes 2007), and a lack of recognition of the role bushmeat plays in local livelihoods by 

development organisations and governments (Nasi et al. 2008). Corruption is also an 

importance element of poor governance, which can perpetuate the illegal wildlife trade in all 

its forms (van Uhm and Moreto 2018; Wyatt et al. 2018).  

 

1.1.4 Interventions to reduce unsustainable bushmeat hunting  

 

Apart from the enforcement model of conservation (the so-called “fortress conservation” 

model), the most common approach to stop rule-breaking in conservation areas is the concept 

of community-based conservation and alternative livelihoods, which have been developed to 

try to combat some of the issues relating to sustainable use. Conservation has swung between 

these two approaches during its history (Dressler et al. 2010; Hutton et al. 2005), but it is 

increasingly recognised that conservation projects must achieve not only ecological goals, but 

economic, development and social goals as well (Robinson 2011). The alternative livelihoods 
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approach aims to fulfil these goals by reducing the reliance of local communities on natural 

resources, generating economic benefits for them and increasing support for conservation 

(Wright et al. 2016). In terms of reducing bushmeat hunting, alternatives to bushmeat hunting 

are arrived at via diversification of income sources, provision of alternative protein sources or 

the creation of park-based benefit schemes (van Vliet 2011).  

 

Community-based conservation initiatives operate under the broad principle that if 

communities become involved in managing and benefitting from wildlife through bottom-up, 

participatory approaches and therefore recognise that wildlife can provide an economic 

benefit, they will in theory be discouraged from hunting (Roe et al. 2009). Similarly, the key 

premise behind many alternative livelihood initiatives is to encourage new or existing 

activities which can provide communities with an alternative to bushmeat, either in terms of 

income generation or protein requirements. These initiatives therefore aim to reduce people’s 

dependency on wildlife products, while improving local livelihoods (van Vliet 2011). These 

alternative activities should be able to be implemented easily, have a low overall 

environmental impact and be of low cost in order to be implemented widely (Coad et al. 2019). 

A key goal is to cause people to substitute the time spent hunting or trading in bushmeat with 

an activity that does not cause environmental harm, and also to ensure that the new activity 

provides the same level of profitability as the unwanted activities (Wicander and Coad 2014).  

 

Actors seeking to improve conservation outcomes need to be wary of treating alternative 

livelihood programs as a panacea, as such programs cannot succeed without large-scale 

measures to improve the management and governance of wildlife resources. Further, some 

fundamental limitations of wildlife as a resource need to be recognised, such as the low 

economic barriers to entry to hunting, difficulty of monitoring the resource, the lack of 

recognition of user rights, inappropriate policies and governance and the increased 

commercialization of the wildlife harvest (Nasi et al. 2008). Despite these larger-scale systemic 

problems with combatting the bushmeat crisis, alternative livelihood strategies persist as one 

of the more practical solutions that managers can implement within their local context, apart 

from enforcement.  

 

One of the key problems many conservationists cite with the alternative livelihoods and 

community-based conservation approach is that the evidence for its success is often lacking or 

contradictory (Wicander and Coad 2014). Poorly designed projects often result from an 
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incomplete understanding of the social context within which it is imbedded, from 

shortcomings in their conceptual design (Wright et al. 2016), and that most projects lack 

appropriate controls or counterfactuals (Roe et al. 2015). Another issue with intervention 

projects such as alternative livelihoods is that success or failure often takes years to become 

apparent (Saterson et al. 2004). These issues highlight the need for innovative science, such as 

using predictive methods, to understand the effect of different interventions prior to their 

implementation (Travers et al. 2019). The key factors identified for success are appropriate 

capacity building in local communities, equitable distribution of benefits, engagement with 

local institutions, acknowledgment of traditions and cultures, the provision of social capital, 

and participation by communities in decisions and rule-making (Brooks et al. 2013). To solve 

all of the evaluation problems with alternative livelihood projects is therefore exceedingly 

complex and requires detailed information on the local social context within which the 

interventions operate, preferably prior to implementation. 

 

1.1.5 Problems with estimating the extent of bushmeat hunting 

 

Understanding patterns and prevalence of illegal behaviours is a particularly challenging issue 

for conservation, where many of the main threats to biodiversity have their roots in some 

illegal or otherwise sensitive behaviour (Nuno and St. John 2015). For example, bushmeat 

hunting, illegal logging, hunting of high-value species for international markets, and the pet 

trade are all behaviours which are damaging to biodiversity conservation, but are also difficult 

to study because of their illicit nature. To study such issues, researchers must gather 

information on a wide range of sensitive topics e.g. which resources are targeted, how they are 

procured, where the activities are conducted and in what magnitude or frequency, and who 

conducts the activities and why (Gavin et al. 2010). This information can then be used by 

managers to monitor the success of interventions (Hockings et al. 2000).  

 

One approach to measure the prevalence of such illicit activities is to use indirect methods, 

such as remote sensing for deforestation rates (Linkie et al. 2004), analysing seizure data 

(Underwood et al. 2013) or using data from snare counts or poacher arrests. However, these 

types of data can be unreliable as these methods are likely to be an underestimate of activities 

(Gavin et al. 2009), and are limited in what they can tell us about rule-breakers and their 

motivations, as well as the amount of activities that go by unnoticed. All of these factors 

strongly affect our understanding (and therefore management) of an illegal behaviour (St. 
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John et al. 2010). Market surveys are a key method of estimating bushmeat extraction in 

forests systems, where counts of carcasses in towns can provide minimum extraction estimates 

and also indicate the status of biodiversity health in the surrounding area (Fa 2007; McNamara 

et al. 2019). However, only by investigating a large sample of markets over long time scales can 

accurate estimates be obtained (Fa et al. 2004; McNamara et al. 2015). Further, although 

markets where bushmeat is openly sold are common in forest regions, this is not always the 

case in savannah regions, due to the relatively stricter punishments associated with illegal 

hunting.  

 

Another way of assessing illegal human behaviour is to ask about it directly, via questionnaires 

to rule-breakers. However, these methods are also problematic , as non-responses and social 

desirability biases have long been recognised to reduce data validity (Warner 1965). While a 

number of techniques can be used to try and reduce these biases (e.g. using forgiving wording, 

or matching interviewee and interviewer on gender), the possibility of dishonest answers is 

still high (Tourangeau and Yan 2007).  

 

A range of techniques have therefore been specifically developed to facilitate more honest 

responses (Nuno and St. John 2015). These specialised questionnaire techniques have recently 

been gaining traction within the conservation world (Hinsley et al. 2019) and have been found 

to yield higher estimates of prevalence of illegal behaviours than direct questioning does, 

across a range of disciplines (Davis et al. 2019; Hinsley et al. 2019; Tsuchiya et al. 2007). The 

most promising techniques are the randomised response technique (RRT) (St. John et al. 2011) 

and the unmatched count technique (UCT) (Nuno et al. 2013). These methods can also be 

linked with explanatory variables, such as site or demographic variables, to further explain 

behaviour. Without consideration of how we collect data about illegal behaviour, especially 

how it is linked to the drivers and motivations behind the rule-breakers actions, little progress 

can be made towards designing bushmeat interventions that move beyond enforcement and 

tackle the root causes of these problems (Nuno et al. 2013). Although every technique relating 

to illicit or illegal environmental behaviours will be biased in some way (Gavin et al. 2010), 

much can be learnt using techniques borrowed from social science research, such as the RRT 

or UCT techniques. This knowledge about rule-breakers can then be used in wider conceptual 

and methodological frameworks, to foster more effective decision-making regarding 

interventions to combat bushmeat hunting. These methods also highlight the need for 

extensive empirical fieldwork to truly understand such illicit activities. This is concerning, 
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given recent data showing that such fieldwork is becoming increasingly scarce in the 

conservation field (Ríos-Saldaña et al. 2018), with substantial negative implications for the 

contextual understanding of social-ecological systems.  

 

1.1.6 Bushmeat hunting in savannahs 

 

Bushmeat hunting can affect species around the globe in numerous different habitats, 

including large areas of South America, Africa and Asia. The most well studied of these 

habitats are tropical forests, where estimates on the harvest of wild mammal meat extracted 

annually from the Congo and Amazon forest basins varies between over 5 million tonnes (Fa 

et al. 2002) and 6 million tonnes (Nasi et al. 2011). Generally, harvests from hunting (in tonnes 

extracted) is higher in Afrotropical rather than Neotropical forests (Fa et al. 2005; Nasi et al. 

2011), due to larger animal body sizes in Afrotropical forest (Fa and Brown 2009). Such 

estimates for non-forest regions are largely absent, but are likely to be significant (for example 

Barnett (1997) estimated that Mozambique extracts 182,000–365,000 tonnes annually). 

However, because these estimates are sporadic in nature, with high uncertainty, they are of 

limited practical use, except to illustrate the potential scale of the problem. Of more use is the 

estimate that 39.2% of households hunt for bushmeat at selected sites across Latin America, 

Africa and Asia (Nielsen et al. 2017). 

 

Studies and research into bushmeat hunting has traditionally focussed on tropical forests (Fa 

et al. 2002; Nasi et al. 2011), however, there is growing recognition that this biodiversity crisis 

may extend to savannah regions around the world as well (Barboza et al. 2016; Lindsey et al. 

2013b). Savannahs are characterised by the co-dominance of trees and grasses, including open 

woodland and grasslands, and are one of the earth’s major terrestrial biomes (Sankaran et al. 

2005). This biome covers 1/5th of the world’s land surface, and is often subject to 

transformation for agriculture or grazing (Hoffmann et al. 2002). Bushmeat hunting was 

formerly viewed as primarily a subsistence activity in rural savannah areas. However, 

population growth, systemic poverty and a lack of income-generating activities has drastically 

increased people’s reliance on natural resources such as bushmeat (Barnett 1997; Shackleton et 

al. 2007). Interviews with conservation practitioners from southern and east African countries 

indicated that bushmeat is ranked as the top threat to biodiversity in many savannah areas, 

ahead of threats such as deforestation and habitat fragmentation (Lindsey et al. 2015; Lindsey 



17 
 

et al. 2017). The research available for savannah regions has shown collapses in local animal 

populations, due to overhunting (Hayward 2009; Hofer et al. 2000; Jambiya et al. 2007; 

Lindsey and Bento 2012), as well as the extent of the reliance of local communities on 

bushmeat as a source of protein and income (Boafo et al. 2014; Fischer et al. 2014; Haule et al. 

2002). Nielsen et al. (2017) found significantly higher levels of household bushmeat income in 

areas outside of forests (including agricultural/fallow lands, grasslands and swamps) than 

within forests. 

 

There are a number of reasons to consider the context of bushmeat hunting in savannahs as 

different from forests. Savannahs are more productive than forests in terms of animal biomass 

(Robinson and Bennett 2004) and can support profitable formal wildlife-based land uses such 

as game ranching more easily than forests (Wilkie and Carpenter 1999). Livestock is also able 

to be supported at higher densities in savannahs, as production is limited by both habitat and 

disease in forest systems (Robinson et al. 2014). Additionally, controlling hunting in savannah 

regions is both cheaper and more effective in savannahs than forests, because of the 

difficulties in patrolling in forest habitats and higher human populations (Jachmann 2008). 

Many countries in savannah regions of Africa also rely heavily on wildlife tourism (Okello 

2014) and so there may be more political will to ensure that bushmeat hunting does not 

negatively affect this industry. These factors mean that savannah regions may have more 

points of influence to effectively reduce bushmeat hunting and consumption than forest 

regions. However, the lack of reliable data regarding the extent and severity of the bushmeat 

problem in African savannahs is currently hampering the response from conservationists and 

governments that this issue requires. 

 

1.1.7 Bushmeat hunting in Malawi: A case study 

 

Malawi, a small landlocked southern African country (Figure 1.3a), is one of the world’s 

poorest nations (49th poorest country in the world in terms of GPD purchasing power parity 

(World Bank Group 2016a). It also has a high population density (143 people/km2; World Bank 

Group (2019) and a large proportion of the population living in rural areas (84%; World Bank 

Group 2016b). Arable land makes up only 40% of the land area in Malawi, despite agriculture 

being the economic mainstay of the country (Figure 1.3d; FEWS Net 2015). The majority of the 
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population are smallholder farmers, and droughts and other climatic factors means that there 

are periods of food insecurity in the country (FEWS Net 2015).  

 

Malawi has diverse and important terrestrial and freshwater biodiversity (Government of 

Malawi 2014; Reinthal 1993), despite its small size. It is famous for its large lake (Lake 

Malawi/Nyasa), which is home to diverse fish species. There are estimated to be 192 different 

species of mammals in Malawi, of which 8 are threatened and 630 different bird species, one 

of which is endemic and 16 of which are threatened (Government of Malawi 2015). The most 

biologically diverse terrestrial areas in Malawi are in the Northern highlands, such as Nyika 

Plateau, which support large patches of evergreen forests and high attitude grasslands (Figure 

1.3b; Government of Malawi 2014). There are currently 99 protected areas in Malawi making 

up approximately 16.8% of the land area (World Bank Group 2018). This includes 87 forest 

reserves, five national parks, four wildlife reserves and three nature sanctuaries (Figure 1.3c; 

Government of Malawi 2015). The large land area devoted to protected areas may, however, 

negatively impact conservation in Malawi by causing conflicts with communities over 

competition for land for agriculture.  

 

Despite the large number of protected areas and biodiverse nature of terrestrial fauna found in 

Malawi, many mammal species are thought to have drastically declined in numbers, although 

data is deficient for almost all protected areas. Bushmeat hunting specifically has received 

little attention in Malawi in both the grey and peer-reviewed literature, however, a few studies 

have indicated that hunting may be an issue. Annual animal counts in Lengwe National Park, 

conducted since 1967, show a steady decline of all animal species within the park (Mauambeta 

and Kafakoma 2010). A study in Kasungu national park indicates populations of buffalo, eland, 

hartebeest and zebra were found to have decline steeply between the 1980’s and 1992 due to 

hunting (Munthali and Mkanda 2002). A consultancy report, using data from reports 

submitted by protected area staff from around Malawi, explored trends in illegal hunting 

frequency and magnitude between 1994 and 2004 (Alvarez 2006). This report found that 

illegal hunting had increased steadily over this time, and that law enforcement has been 

ineffective at preventing this activity at all the protected areas examined. Shortages of 

personnel, training and field resources were found to be a key limitation. Additionally, a 

report on illegal wildlife trade, focussing predominately on illegal hunting of elephants for 

ivory, indicates that Malawi may be a hub of illegal wildlife crime activity (Waterland et al. 

2015).  
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Figure 1.3: a) map of Africa, indicating the position of Malawi; map of Malawi 

indicating b) eco-regions classification*; c) protected areas (PAs), showing protected 

areas studied in this thesis; and d) untransformed versus transformed land cover. 

*Shapefiles for ecoregions found at www.worldwildlife.org/publications/terrestrial-ecoregions-of-the-world, 

protected areas at https://datasets.wri.org/dataset/64b69c0fb0834351bd6c0ceb3744c5ad and land cover of Malawi 

at http://www.fao.org/geonetwork/srv/en/main.home?uuid=71898495-a49c-4873-b7d4-d3ccf46ff471. The 

transformed class included urban, agricultural and mixed agricultural/natural cover classes.

B) C) D) 

A) 
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Wildlife tourism does not currently play a large role in Malawi’s economy, due to poor 

infrastructure and low densities of wildlife. This is contrary to the situation in many eastern 

and southern African countries, and the development of these protected areas into profitable 

enterprises is a top priority for the Malawian government. However, the Department of 

National Park and Wildlife (DNPW) suffers from acute staff and financial shortages. In 2014, 

DNPW's budgetary ceiling was USD $315,000, excluding salaries. In comparison the annual 

budget for the Kenya Wildlife Service is roughly USD $50 million. The very minimum budget 

that DNPW requires to function at the most fundamental level is USD $1,050000 (Waterland 

et al. 2015). These financial shortages will have large effects on the ability of protected areas to 

function as such, and also on the ability of protected areas to undertake community-based 

interventions to reduce bushmeat hunting. 

 

Malawi has embraced the use of community-based natural resource management (CBNRM) or 

“co-management” to promote collaboration in the management of wildlife, via revenue-

sharing, controlled resource use, alternative livelihood projects and participatory planning 

(Mauambeta and Kafakoma 2010). These initiatives have led to declines in illegal hunting in 

some protected areas and combined with partnerships with Non-governmental Organisations 

(NGOs), protected area such as Majete Wildlife Reserve have seen healthy increases in animal 

populations (Mauambeta and Kafakoma 2010). Despite some successes, many of these 

initiatives struggle with weak data collection and monitoring, high donor dependency, slow 

policy implementation and weak participation of communities in alternative income 

programs. These programs are currently increasing in scale and have significant political will. 

There is therefore an opportunity to inform and advise on how CBNRM programs could best 

incorporate interventions to minimise bushmeat hunting or consumption. 

 

The political and organisational context of protected areas in Malawi is evolving rapidly. 

Within the last five to ten years, large international conservation NGOs have become involved 

with many protected areas in Malawi. For example, the NGO African Parks is responsible for 

the management of four protected areas in Malawi (Liwonde, Majete, and Nkhotakota and 

Mangochi protected areas), in a delegated co-management arrangement with the Malawian 

government. The strategy implemented by African Parks is strongly enforcement based, with 

significant spending on improving ranger patrols, fencing, and apprehension of poachers. 

Although they have implemented community programs, little information on how these 

community programs were created, what community input has been solicited and the success 
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of such programs to reduce bushmeat hunting is available. Another case study is the 

involvement of the Peace Parks foundation, and the creation of trans-frontier conservation 

areas (TFCAs). This organisation has been involved with the creation of such an initiative in 

the north of Malawi, where Nyika National Parka and Vwaza Marsh wildlife reserve have been 

included in a cross-border TFCA with Zambia’s North Luangwa National Park. These 

organisations can have large effects on conservation and wield substantial political power 

(Brockington and Scholfield 2010), especially in a situation where the governmental authority 

is as severely financially constrained as in Malawi.  

 

There are a number of factors which make results gathered in Malawi applicable to many 

other regions in Africa. It is densely populated (143 persons/km2), and therefore similar to 

many African nations such as Uganda (151 persons/km2), Nigeria (209 persons/km2) and 

Ghana (119 persons/km2) (United Nations 2016). It has a large rural population, similar to 

much of Africa (World Bank Group 2016b). Its habitat falls broadly into the Miombo 

woodlands category, which stretches over a vast region, including parts of South Africa, 

Botswana, Zambia, Mozambique, Angola and Tanzania (Olson et al. 2001). Its fauna is similar 

to these regions. Malawi is also representative of African regions where high concentrations of 

vertebrates overlap with areas of high to very high human footprint intensity (Venter et al. 

2016). Malawi’s ethos of community-based conservation is also similar to many other countries 

such as Zambia’s COMACO and Zimbabwe’s CAMPFIRE initiatives (Mauambeta and 

Kafakoma 2010).  

 

Malawi therefore presents an interesting case study, as it is representative of other densely 

populated rural areas in Africa that have limited wildlife tourism. Finally, Malawi’s suspected, 

but as yet unproven, high rates of bushmeat hunting from protected areas present an 

opportunity for this thesis to provide vital information, without which the country cannot 

more forward in its conservation goals.  
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 Thesis overview 

1.2.1 Research objectives 

 

The introduction above summarised many of the important concepts to consider when 

seeking to understand bushmeat hunting and consumption, such as the necessity of 

expanding research beyond forest systems, the need for specialised techniques to study this 

illicit behaviour, and the complexity of understanding and deciding on interventions to 

combat this issue. Based on these issues, my thesis addresses the following four objectives:  

 

• Analyse the published literature on bushmeat hunting in African savannahs, and 

explore where gaps in knowledge are 

• Investigate the prevalence and socio-economic drivers of bushmeat hunting and 

consumption, using Malawi as a case study  

• Understand community perceptions and responses to current and future interventions 

used to reduce bushmeat hunting  

• Facilitate decision-making among stakeholders regarding interventions to reduce 

bushmeat hunting and consumption  

 

1.2.2 Summary of chapters 

This thesis contributes towards solving a complex social-ecological problem by using 

integrated, multidisciplinary tools, and answers the recent call to interrogate such concepts as 

alternative livelihoods in a comprehensive and adaptive manner. In this introductory chapter I 

outline the fundamental issues relating to bushmeat hunting in terms of its consequences for 

wildlife and people, the scope and extent of the problem, and interrogate issues with how 

bushmeat hunting is measured and combatted via community-based interventions. I then 

undertake a process of exploring this issue in a specific context, identifying where key gaps in 

knowledge are, investigating the extent and drivers of the problem, furthering our 

understanding of solutions, and finally using this information in decision-making processes. 

Figure 1.4 summarises the thesis as a whole, as well as the key concepts for the data chapters 

(Chapters 2-5) including aims, methodology, key linking results and publications. The 

introduction (Chapter 1) was used to inform all subsequent chapters. In Chapter 2, I review 

how bushmeat hunting in savannahs has become a pressing conservation problem, expanding 
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this issue’s traditional forest-based focus to include much of Africa. Chapter 3 then addresses 

the way in which bushmeat hunting prevalence is studied, by providing an example of 

specialised techniques to estimate bushmeat hunting and consumption in savannahs and 

understand its complex drivers. Chapter 4 explores the likelihood that certain interventions 

will succeed in combatting bushmeat hunting and consumption, by analysing how local 

communities may perceive and react to different interventions. Chapter 5 then tackles how 

participatory processes can be used to incorporate multiple sources of knowledge and arrive at 

solutions to this problem. Each chapter contributes towards a comprehensive understanding 

of bushmeat hunting in Malawi, over a multi-stage process, the results of which provide 

important insights into bushmeat hunting and consumption interventions and how these can 

be implemented. Finally, Chapter 6 synthesises this process and discusses what has been 

learnt, with reference to what future work still needs to be done regarding one of the world’s 

most pressing conservation problems. 
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Figure 1.4: Conceptual model of thesis 

 

1.2.3 Contribution 

 

The overall contribution of this thesis is specifically in illustrating a comprehensive process 

which allows a thorough understanding of a complex social-ecological system. The first aspect 

of understanding such a system is to understand the users of such a system: what motivates 

them, what are the socio-demographic factors which drive their behaviours, and how these 

drivers impact the resource. The next stage is to investigate which interventions can most 

comprehensively address the issue, in the specific frame of community perceptions. Finally, 

formally involving decision-makers in the process allows decisions to be made, and strives to 

provide a locally acceptable, evidence-based way forward.  

 



25 
 

This thesis also includes a systematic review of bushmeat hunting in African savannahs 

(Chapter 2), providing novel insights into geographic, thematic and contextual gaps, which 

researchers need to fill if the bushmeat threat is to be adequately tackled in African savannahs. 

Additionally, it provides the first accurate estimates of illegal bushmeat hunting in the country 

of Malawi, without which managers cannot adequately plan for management of this threat 

(Chapter 3). It is also the first study to my knowledge to investigate both sides of the supply 

chain, i.e. both hunting and consumption, using specialised techniques. It is also among the 

first scientific studies to use qualitative scenarios of interventions to investigate a conservation 

issue (Chapter 4). This method allows managers to understand interventions prior to their 

implementation, a vital step in decision-making. Finally, this is one of the first studies in the 

conservation field to utilise a multi-stage process via Fuzzy Cognitive Mapping methodology 

to understand a complex system (Chapter 5). This allows decision-makers to visualise their 

understanding of the system, and make decisions regarding bushmeat interventions in the 

future.  
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Chapter 2: The evidence for the bushmeat crisis in African 

savannahs 

A systematic quantitative literature review 
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Linking statement 
 

The impact of bushmeat hunting in African savannahs on wildlife is suspected to be 

significant, as is its contribution to livelihoods and food security (discussed in Chapter 1). 

However, there is currently no systematic synthesis of knowledge on this topic.  

This chapter therefore presents the results of a systematic quantitative literature review, 

which aims to explore the current state of scientific understanding regarding bushmeat 

hunting and consumption in African savannahs. The results of this review highlight the 

geographic and thematic gaps in knowledge, as well as the current recommendations relating 

to interventions used to combat this issue. This allowed geographic areas where research is 

particularly needed to be identified and also identified key driving factors of such activities. 

These results were then used to formulate the research questions of Chapter 3.  
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 Abstract 

Bushmeat hunting, trade and consumption is a growing biodiversity and food security 

concern. Much of the collated research is currently limited to forested regions however, 

despite indications of the increasing threat in savannahs. Savannah regions are biodiverse and 

often have high-value wildlife tourism industries, but also have rapidly-growing rural 

populations, often highly dependent on natural resources. In this systematic quantitative 

literature review we seek to understand the state of knowledge about bushmeat in savannah 

regions in Africa. We aim to identify gaps in the literature, both spatially and topically, 

understand what methodologies are used, what common recommendations are made and 

what interventions have been quantified. We identified 144 relevant studies from the 

literature. Although studies have increased over time and diversified thematically, there were 

strong biases. Most studies were conducted in Tanzania, with gaps in research in southern 

Africa and the Sahelian region. Additionally, only 25% of papers investigated interventions 

used to reduce bushmeat hunting, with traditional enforcement being the most common 

intervention studied (53% of intervention studies, 13% of papers). Other frequently 

recommended interventions such as alternative incomes received little attention (14% of 

intervention studies, 3.5% of papers). Further, although many studies cite common drivers of 

bushmeat hunting such as income or livestock, the evidence for these drivers was lacking and 

contradictory. We reveal that although bushmeat in savannah regions is gaining recognition, 

many gaps in knowledge remain. This is the first study to systematically quantify the research 

about bushmeat in African savannahs and aims to inform future research. 

 

Keywords: systematic review, bushmeat, Africa, savanna, hunting, poaching 

 

 Introduction 

Bushmeat hunting is recognised as a major threat to biodiversity in much of the forested 

regions of the world, especially in West and Central Africa (Fa and Brown 2009). The term 

bushmeat is defined here as any non-domesticated terrestrial mammal, bird, reptile or 

amphibian harvested for food, and can include all steps in the supply chain, including the 

acquisition, trade and consumption of wild meat (Nasi et al. 2008). Widespread hunting has 

serious ecological and conservation implications, however, the interlinkages between 

bushmeat and food security in areas with extensive poverty makes this issue particularly 

challenging to address (Nasi et al. 2011). Bushmeat is both a source of protein and of income to 
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many people (Brown and Williams 2003), which means animal population collapses due to 

overhunting are a crisis in terms of both conservation and human development (Fa et al. 

2003). 

 

Studies and research into bushmeat hunting have traditionally focussed on tropical forests (Fa 

et al. 2002), however, there is growing recognition that this biodiversity crisis may extend to 

savannah regions as well (Lindsey et al. 2013a). Formerly viewed as primarily a subsistence 

activity in rural savannah areas, population growth, systemic poverty and a lack of income-

generating activities has drastically increased the reliance on natural resources (Barnett 1997; 

Shackleton et al. 2007). Conversely, growing wealth in urban areas has increased the demand 

for bushmeat (Brashares et al. 2011) which is often priced higher than domestic meat (van Vliet 

and Mbazza 2011). Interviews with experts from southern and east African countries indicated 

that bushmeat is ranked as the top threat to biodiversity in many savannah areas, ahead of 

threats such as deforestation and habitat fragmentation (Lindsey et al. 2015; Lindsey et al. 

2017). Numerous examples exist in savannahs of local population collapses due to overhunting 

(Hayward 2009; Hofer et al. 2000; Jambiya et al. 2007; Lindsey and Bento 2012), and the 

extensive reliance of local communities on bushmeat as a source of protein and income (Boafo 

et al. 2014; Fischer et al. 2014; Haule et al. 2002).  

 

The hunting of bushmeat in savannah regions is distinct from forest regions for several 

reasons. Savannahs are more productive than forests in terms of animal biomass (Robinson 

and Bennett 2004) and can support profitable formal wildlife-based land uses such as game 

ranching more easily than forests (Wilkie and Carpenter 1999b). Many countries in savannah 

regions rely heavily on wildlife tourism (Okello 2014) and there is political recognition over 

the value of wildlife. Livestock is also able to be supported at higher densities, due to both 

habitat and disease factors (Robinson et al. 2014). Additionally, controlling hunting in 

savannah regions is both cheaper and more effective than in forests (Jachmann 2008a). These 

factors mean that savannah regions may have more leverage points to effectively reduce 

bushmeat hunting and consumption than forest regions. 

 

Interventions to reduce bushmeat hunting other than traditional enforcement are varied but 

often revolve around the provision of alternative proteins or income generation (Wicander 

and Coad 2014). Many of these projects are, however, limited by small scope, short time frames 

and underfunding. Community-based Natural Resource Management (CBNRM) has been 



40 
 

encouraged in order to meet both conservation and community development goals, but 

monitoring of success is often limited (Brooks et al. 2013). Other problems with this approach 

include elite capture, failure to secure long-term funding and failure to build local capacity 

and institutions (Balint 2006; Brooks et al. 2013; Webber et al. 2007). Although many countries 

in Africa have embraced the use of community-based conservation (Roe et al. 2009), 

traditional enforcement techniques such as ranger patrols remain a top priority for many 

protected areas and have been found to be effective at reducing bushmeat poaching 

(Jachmann 2008b). The use of such enforcement to reduce bushmeat can be controversial 

however, given the increasingly militarised nature of such techniques (Duffy 2014). Also, in 

protected areas a priority to combat high-value hunting for elephants and rhinos may 

overshadow conservation involving non-charismatic animals (Challender and MacMillan 2014; 

Sitas et al. 2009), such as those involved in bushmeat poaching.  

 

The drivers of bushmeat hunting and consumption vary substantially in the published 

literature. On large scales, increasing demand due to growing human populations, poverty and 

food insecurity and a lack of clear community ownership of wildlife have been identified as 

key drivers (Lindsey et al. 2013a). However, more specific drivers are often contradictory in 

nature and depend strongly on the context of study. The relationship between bushmeat and 

income or wealth may not be straightforward for example. Although poverty is often 

considered a key driver of hunting (Knapp et al. 2017), wealthier households sometimes hunt 

more than poorer households, but may be wealthier due to hunting rather than hunting 

because they are wealthy (Nielsen et al. 2014; Travers et al. 2017). Complicated relationships 

between basic drivers and bushmeat hunting or consumption are a key challenge to address 

when planning interventions. 

 

The knowledge regarding bushmeat hunting in forest biomes have been reviewed numerous 

times (Abernethy et al. 2013; Fa et al. 2002; Fa and Brown 2009; Petrozzi et al. 2016; van Vliet 

and Mbazza 2011; Wilkie and Carpenter 1999a) and efforts to create databases of research in 

this biome are already underway (OFFTAKE: global in scope, majority of data from central and 

West Africa; SYVBAC: Central African bushmeat monitoring system). This is not the case for 

bushmeat hunting in savannahs, where research is largely uncollated. Reviews on the topic are 

narrative in nature and limited to Barnett (1997), Lindsey et al. (2013a) and Lindsey et al. (2015 

FAO report), all of which stress the urgent need for more research to be conducted in the 

savannha biome. Understanding the gaps in knowledge and visualising some of the known 
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trends on this topic could facilitate more effective research in the future, and establishing an 

evidence base is a key goal to enable effective conservation (Sutherland et al. 2004). We 

therefore conducted a quantitative systematic literature review in order to answer the 

following question: what is the state of knowledge about bushmeat hunting in savannah 

regions of Africa and where are the gaps in knowledge, spatially and topically? We also sought 

to answer the following questions: 

• Was there agreement in relation to the drivers thought to be responsible for hunting 

and consumption of bushmeat in the savannah system, and how did these compare to 

forests?  

• What were the common methodologies used to study bushmeat in savannahs, and 

how did these compare to methods used in forest regions?  

• What evidence of effectiveness of interventions was currently available?  

• What were the prevailing policy recommendations from the literature?  

 
We discuss the current gaps in research and highlight specific areas which require more 

research attention in future. We also discuss some of the key limitations to bushmeat research 

in savannah regions and how these limitations might be addressed. 

 

 Methods 

2.3.1 Search strategy 

Quantitative systematic reviews allow a structured and comprehensive collation of 

information and research that is currently available (Pullin and Stewart 2006). This 

methodology included four stages: “planning”, which included the formulation of the topic, 

review protocol and keywords, “searching” which included selection of relevant data and 

assessment of publications, “data extraction” where the studies were entered into a structured 

database and “data synthesis”, which included both qualitative and quantitative analysis 

(Pickering and Byrne 2014; Pullin and Stewart 2006).  

 

Searches were performed in ISI Web of Science and SCOPUS from March 2017 to July 2017. 

The search terms used were “bushmeat”, “illegal hunting”, poach*, “wild meat”, “wildlife 

harvest*” and “non-timber forest products”, which were separated by the OR operator. “Africa” 

was included with these terms in this search, using the AND operator. A second search was 

conducted at the same time, but the name of a country e.g. “Zimbabwe” was used instead of 
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“Africa”. Thirty-five different country names were searched, representing countries which 

included savannah habitat (List available in Appendix 2, table A2.1). To find countries with 

areas of savannah habitat, the biomes of Olson et al. (2001) were used, specifically the biome 

“tropical and subtropical grasslands, savannas and shrublands” and including Xeric savannahs. 

The GIS layer associated with this publication (available at 

https://www.worldwildlife.org/publications/terrestrial-ecoregions-of-the-world) allowed the 

identification of all countries which included this biome within their borders. Original articles, 

reviews and proceedings papers were included in the search. “Grey literature” such as reports 

and policy statements were excluded. No time frame limit was used. If an article was only 

available in a non-English language the article was translated by a native speaker of that 

language. The searches included titles, abstracts and keywords. We followed the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for reporting 

of search results (Moher et al. 2009). These guidelines encourage reporting of a minimum set 

of items in systematic reviews. An examination of the reference lists in key bushmeat review 

papers (n=9) was also completed to ensure that all relevant studies had been identified. 

 

2.3.2 Exclusion criteria 

All papers found in the online database searches were then screened for relevance, using 

abstracts and titles. A second round of screening involved reading the paper in full, following 

which papers were either excluded or included in the final list of publications reviewed.  

 

The exclusion criteria developed aimed to eliminate irrelevant studies from the search results. 

Some studies were marked “not relevant” initially if their content was completely irrelevant. 

Studies not based in Africa or its associated islands were excluded. Studies that took place in 

forest regions were excluded, based on what biome the author of the paper defined their study 

area as. If there was doubt about whether the paper included some savannah sites, the paper 

was retained. Papers related to the use and trade of plants, insects, crustaceans, molluscs and 

fish were also excluded. This follows the definition by the Convention on Biological Diversity 

(Nasi et al. 2008). Another criterion for exclusion was “disease-only” studies: as bushmeat is a 

common cause of transmission of zoonoses such as Ebola (Alexander 2015), there are many 

papers on this issue but are more related to human health issues than conservation. If there 

were indications that the publication explored conservation aspects in conjunction with 

disease it was included e.g. Ordaz-Németh et al. (2017). Genetic studies were also excluded 

from analysis, as a common type of study is the development of genetic methods to identify 
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bushmeat, which is of limited use in our current context. Papers on the pet trade and the 

medicinal trade were excluded. Although both trades are often interlinked with the bushmeat 

trade (Nasi et al. 2008; Fernandes-Ferreira et al. 2012), we treat them as separate issues here. 

Studies that were purely ecological, behavioural or demographic in nature, and only 

mentioned bushmeat or hunting as a potential threat but without any quantifiable evidence, 

were excluded. Review papers which did not perform a meta-analysis of data were excluded. 

Studies relating to trophy or sport hunting were also excluded, based on the regulated, legal 

nature of one, versus the unregulated and illicit nature of bushmeat poaching. However, 

because trophy hunting and poaching can be linked in terms of their impacts on species and 

local communities we included papers which involved some consideration of these linkages to 

illicit poaching e.g. Bunnefeld et al. (2013) and Mbaiwa (2018). The final exclusion was based 

on high-value species: whether the paper dealt with illegal rhino or elephant hunting. Rhinos 

are almost never killed for their meat, while elephants are occasionally illegally hunted for 

their meat in addition to ivory. We therefore excluded papers about illegal rhino hunting but 

were conservative with papers relating to elephants. If, upon full reading, no mention was 

made about the use of the meat the paper was excluded. 

 

To check the interpretation of our exclusion criteria, a random subset (5%) of all papers 

generated from the searches were sent to two external reviewers. Each reviewer was therefore 

allocated a different set of 44 papers and instructed to exclude or include the papers based on 

the criteria above using the title and abstracts, and if necessary reading the full text. The 

percentage agreement between the author and reviewer 1 was 93.3% and between the author 

and reviewer 2 was 86.4%. An interrater agreement statistic was calculated using Gwet’s AC1 

method (Gwet 2002), which is preferable to the commonly-used Cohen’s Kappa in cases where 

there is a skewed distribution in categories (Di Eugenio and Glass 2004; Feinstein and 

Cicchetti 1990). Our categories were skewed due to the high number of exclusions which were 

agreed upon by the author and the external reviewer relative to the number of disagreements. 

The agreement statistic (AC1) for the author and reviewer 1 was 0.92±0.05 and 0.84±0.07 for 

the author and reviewer 2, which both indicate “almost perfect” agreement between raters if 

using the scale devised for Cohen’s Kappa. We therefore feel confident that our criteria used 

to exclude studies are both repeatable and rigorous.  
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2.3.3 Database setup 

The database included a study topic section, a methodology section, a results section, an 

intervention and recommendations section and a study site information section. The study 

topic section categorised the paper’s subject matter. See Table 2.1 for all study topics and their 

definitions. Papers were found to have a predominant or main topic but often include other 

topics in a peripheral way and these were then noted as sub-topics. These topics were then 

grouped into overall research themes. The methods of each paper were noted in detail. 

Further, if the paper explored drivers of bushmeat hunting, trade or consumption 

quantitatively i.e. analysed the relationship between a response variable and an explanatory 

variable, records were made of which explanatory variables were found to be significant, and 

the sign of those significant variables.  

 

The results of any intervention studies were recorded, that is, the type of intervention and any 

evidence of success or failure. The recommendations of the papers were then recorded. Study 

site variables were recorded and included the scale of the study, the resource rights status of 

communities, tenure, length of study and habitat of study. The scale of the study was defined 

as being either local and a single site, local and multiple sites, regional within a country, 

national, international, biome-specific or continental. The location of the study was noted: the 

country, protected area or village name and GPS co-ordinates if available. The type of land 

tenure in which the study took place was defined as either communities next to protected 

areas, within protected areas, private, communal, urban, rural communities not next to 

protected areas, not specified or else unknown to researchers. Finally, whether the study took 

place in purely savannah habitat or in savannah-forest matrix was noted. 

 

2.3.4 Analyses 

To understand what the predominant topics of study, themes, countries of study, 

methodologies and recommendations were, we compared counts of categories and groupings. 

The data were mostly qualitative in nature but where possible chi-squared tests were 

performed to explore differences between counts of groups. 

 

 We also attempted to investigate the causes of the geographic patterns in study counts by 

relating the counts of the studies for each country to socio-economic and habitat variables, 

including official language, infant mortality, Gross Domestic Product, region, area of savannah 
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habitat and whether there has been a large-scale conflict within that country since 2000. 

Language was the lingua franca for each country: either English, French, Arabic, Portuguese, 

Spanish, Amharic or combination French/English. Infant mortality in 2016 per 1000 live births, 

and GDP in 2016 in millions of US$ both utilised data from the World Bank 2016. The regions 

were based on African Union groupings: either East, West, Central, South or North Africa. The 

area of savannah habitat (km2) was found from Olson et al. (2001) ecoregions of the world 

dataset. The QGIS field calculator was used to find the area of each ecoregion within each 

country, and then all relevant ecoregions were summed together per country. Relevant 

ecoregions included “tropical and subtropical grasslands, savannas and shrublands” and “xeric 

savannas”. Finally, we recorded whether there had been a large-scale conflict in each country 

since 2000, by researching each country’s political history. We then analysed the counts per 

country using a negative binomial Generalized Linear Model in the R package MASS. AIC was 

used to choose the best-fitting model.
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Table 2.1: Definitions of study topics used to categorise studies. Study topics are then grouped into overall research themes 

Study topic Definition (studies which include/explore…) Research theme 

Spatial spatial aspects of hunting or consumption, such as mapping of snare localities in a protected area e.g. spatially explicit models.  Spatial 

Single taxa or species Aspects of bushmeat relating to a group of species such as primates, or else one specific species in particular Biological 

New methodology test 
primary aim was to field test a new method, these range from testing anti-poaching software to testing social science methods such as 

Fuzzy Cognitive Mapping.  

New methods 

Drivers 

Animal Traits 
the relationship between a trait of an animal and, for example, its level of consumption. For example, how animal body size, geographic 

range or longevity may affect hunter preferences for species 

Biological 

Social the relationship between a social factor of a respondent such as household size and, for example, level of hunting Social or human 

Physical the relationship between a geographical or habitat factor e.g. distance to protected area and level of hunting Spatial 

Ecological & behavioural impacts 
how hunting impacts ecological processes or the behaviour of animals. For example, how hunting may affect flight behaviour and group 

structures of animals.  

Biological 

Community livelihoods 
how bushmeat is involved with community livelihoods such as food security or income generation. This can involve estimating levels of 

bushmeat consumption.  

Social or human 

Species richness/animal 

demographics 

how hunting alters the demography, population sizes or species composition of an area Biological 

Protected area threats 
which threats affect a protected area and to what extent. The threat of poaching is estimated relative to other threats such as 

deforestation. 

Traditional 

enforcement 

Economic economic aspects to understand the dynamics of bushmeat e.g. cost-benefit studies or bioeconomic models Economic 

Site profile 
the general dynamics of hunting at a specific site. These studies investigate what is hunted, who is hunting and what hunting methods 

are used, to give a general profile of hunting and/or consumption in an area  

Site profile 
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Interventions 

Enforcement 
how traditional anti-poaching techniques affect hunting. Common enforcement techniques studied are the effectiveness of ranger 

patrols 

Traditional 

enforcement 

Snare/gun 

reduction 

How efforts to reduce the availability of snaring materials or guns affect hunting Traditional 

enforcement 

Direct payments How the effect of giving communities money for various reasons affects hunting e.g. as part of benefit sharing schemes.  Economic 

Alternative 

proteins 

How the effect of projects that improve access to legal forms of proteins (e.g. game cropping) affect hunting Community 

conservation 

Alternative 

incomes 

How the effect of projects which generate income unrelated to hunting for communities (e.g. beekeeping projects) affect hunting Economic 

CBNRM 

how illegal hunting is related to projects which involve communities in collaborative management and ownership over wildlife 

resources. This might be theoretical or else comparing CBNRM areas to non-CBNRM areas. Can also be known as formal wildlife-based 

land uses 

Community 

Conservation 

Microfinance 
how projects which give communities access to microcredit schemes affect illegal hunting e.g. preferences for poaching vs. access to 

microcredit. 

Economic 

Development 

projects 

how projects which seek to improve infrastructure and community development influence hunting (e.g. improved access to markets via 

road infrastructure development). An example is the impact of Zambia’s COMACO project.  

Social or human 

Buffers/zoning 
How projects that create buffers around protected areas or zone land for different resources uses affect hunting e.g. the success of 

partially protected areas such as game-management areas for reducing poaching.  

Community 

Conservation 
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 Results 

 
Out of 1861 unique papers resulting from the various searches, 144 met all criteria and were 

included into the database and analysis (Figure 2.1). Twelve of these included papers were 

found in reference list searching. Two relevant papers were translated from French by a native 

speaker. The number of studies that met the criteria increased steadily over time, peaking in 

2015 with 15 studies (Figure 2.2). The earliest study to meet the criteria was in 1980; 92% of the 

included studies have been conducted between 2000 and 2017. The trend in the number of 

included studies closely mirrors the trend over time for the bushmeat topic more generally ( 

Figure 2.2; dashed line), before applying any exclusion criteria except “not found” and “not 

relevant”.  

 

 

Figure 2.1: PRISMA statement identifying the number of records excluded at each stage 

of the literature review process 
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Figure 2.2: Studies published between 1980 and 2017 concerning bushmeat in African 

savannahs that were included in this study (dots), with trend line (solid black) and 

95% confidence bands. Counts of all studies arising from the searches, before 

exclusions were made, are represented by the red dashed line (secondary axis). Trend 

lines use loess fit (local polynomial regression fit). 

 

2.4.1 Themes and topics of study 

Research on bushmeat in African savannahs have diversified thematically over time (Figure 

2.3) as the number of studies increased. The approximately equal abundance of biological and 

social themes in later years indicates the multi-disciplinary nature of this topic. The number of 

studies using spatial or physical components has increased over the last ten years while new 

methods tests have only started since the 2000s as expected for an expanding field. The 

number of studies incorporating economic and site profiles has remained steady since the 

‘90s. The counts of themes between years 2000-2009 and 2010-2017 were not significantly 

different (Chi-squared test with N-1 correction, χ2= 9.50, p=0.302, df=8). Counts in the 1980’s 
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and 1990’s were too low for statistical comparison. The definitions of the themes used are 

described in Table 2.1. 

Figure 2.3: The proportion of included studies which belong to a particular research 

theme over ten-year periods (excepting 2010-2017, 7 years). See Table 2.1 for description 

of themes. 

 

The study themes were further split up into specific study topics (Figure 2.4). The most 

common study topics were studies investigating the community livelihood component of 

bushmeat (12% of topics identified, n=41/341 instances), followed by studies investigating 

demographic impacts to animal populations (11.4%, n=39). Studies with a spatial or physical 

component (e.g. bushmeat hunting in relation to distance to park boundaries) were common 

(10.3%, n=35), but this topic was mainly incorporated as a sub-topic (count as main topic = 3, 

count as subtopic=32). The most prevalent topic of study dealing with a specific intervention 

were studies investigating enforcement techniques (5.6% of topics, n=19), followed by those 

investigating alternative proteins, generally in the form of supplying meat via game cropping 

schemes (3.8%, n=13). Other intervention topics were rarely studied. 
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Figure 2.4: Count of study topics for papers included in this review, indicating whether 

the topic was a study’s main topic or a sub-topic 

Each study could incorporate both a main topic and several sub-topics. The four most 

common main topics were site profiles (n=23 as a main topic), animal demographic impacts 

(n=21), community livelihoods (n=19) and single species or threatened taxa (n=11). The 

relationship between these main topics and the common sub-topics associated with them are 

represented in Figure 2.5. These four combinations of main topics and subtopics can be 

thought of as the main “types” of papers published about bushmeat. Site profiles seek to 

understand bushmeat from a community perspective via community livelihoods and social 

drivers, but also incorporate animal demographics, enforcement and economic factors to 

provide a general picture of hunting at a site. Animal demographic studies are almost 

exclusively biological in nature, often focussing on a single species or threatened taxa, and 

investigate how bushmeat hunting affects the animal assemblage of an area and how it varies 

with geographic factors and enforcement. Community livelihood type studies focus on how 
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social drivers affect bushmeat hunting. This type of study often explores the effects of 

interventions as well as tests new methods. The final common type of study involves single 

species or a threatened taxon. These studies are often specific to their focal species and 

therefore do not show strong linkages with other themes, except for demographic impacts of 

hunting on animal populations. 

 

 
 

Figure 2.5: Radar charts of the four most common main topics, indicating which 

subtopics they were associated with. The outer circle represents a count of ten studies.  
 

2.4.2 Tenure, scale and habitat of studies 

The tenure or type of the land where studies took place was investigated. The most common 

study took place in communities next to protected areas (n=69, 36.1%), while studies within 

protected areas were next most common (n = 65, 34%). 33 (17.3%) studies took place on 

communal land or rural land not next to protected areas. Thirteen studies took place on 

private land such as ranches (6.8%). Only three studies included an urban component (1.6%). 
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This total does not sum to 144 because studies could take place on more than one land/tenure 

type. The most common combination was studies conducted within protected areas and in 

communities surrounding the protected area (n=17/50, 34%). The next most common 

combination was studies conducted within protected areas and in communal lands, generally 

communally managed game control areas (n=8, 16%). 

 
Most studies took place on a local scale using multiple sites (n=108, 75 %). Only eight studies 

took place at a single local site. Six studies were at a regional/provincial scale within a country, 

while 12 studies were at a national scale. Six incorporated more than one country and three 

were at a continental scale, incorporating most of Africa including the majority of savannah 

habitat. One hundred and ten (76.4%) were exclusively within a savannah habitat, while 17 

(11.8%) studies were in a savannah-forest matrix landscape only. Seventeen studies were a mix 

of pure savannah sites and savannah-forest matrix sites. The average study length for 

collecting primary data was 1.38 years ± 2.7 years (median= 0.5 years). Approximately equal 

number of studies had (57 studies, 39.6%) or did not have (52 studies, 36.1%) some form of 

community resource rights in the associated communities, while 24.3% did not research 

whether the communities had resource rights or not. 

 

2.4.3  Geographic bias  

There was a very strong bias in the geographic location of studies towards Tanzania (n=57, 

Figure 2.6a). South Africa and Ghana were next most studied (both n=14), although these 

countries still had 43 studies fewer than Tanzania. Much of Southern African is severely 

understudied, with specific gaps in Angola, Mozambique, Malawi (n=2 for each), Botswana 

and Namibia (n=3 for both). The countries of the Sahelian acacia savannah and the Sudanian 

savannah region are also lacking in studies. Even within Tanzania there is a strong bias to only 

one protected area, the Serengeti national park and its associated game reserves or game 

management areas (Figure 2.6b).  
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Figure 2.6: a) Count of studies in each savannah country; b) Locations of study sites for 

studies which included an exact location, indicating whether a point is within a 

protected areas or not. Savannah regions are taken from Olson et al 2001 and here 

include the xeric savannahs of Namibia, and the spiny thickets of Madagascar. The 

size of the points in b) is related to the number of studies at each point (Log scale *100)  

 
The best-fitting model explaining the count of studies per country included all variables 

except GDP, which was dropped (theta=5.89, residual deviance= 40.084, df=24, AIC=184.78). 

In this model, the area of savannah was positively related to the count of studies (z=4.333, 

p<0.001), while a country being part of the Southern or Western African region were both 

significantly negatively related to the count of studies (South z=-3.678, p<0.001; West z=-2.507, 

p=0.012). English was marginally significantly and positively related (z=1.719, p=0.085), while 

Arabic was negatively related (z=-1.903 p=0.057) to the count of studies per country. French 

and Portuguese were non-significant. Whether a country had experienced large-scale conflict 

since 2000 was also marginally significantly related (z=-1.935, p=0.053) to its count of studies. 

Infant mortality was not related to the count of studies per country. 
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2.4.4 Drivers of bushmeat 

We attempted to quantitatively investigate the evidence for drivers of bushmeat by extracting 

all such relationships that were statistically considered in the included papers. However, the 

counts for most relationships were low and so only some preliminary inferences could be 

made. The four most common response variables used to investigate bushmeat were signs of 

illegal activity (e.g. number of snares detected, n=15 studies), estimates of animal density or 

abundance (n=13), estimates of hunting (either admitted or theoretical such as using a choice 

experiment, n=10), and estimates of bushmeat consumption (n=8).  

 

For signs of illegal activity, the only clear trend was the negative association with distance to 

water (negative in all 5 studies). All other common explanatory variables associated with this 

response variable such as distance to village, distance to boundary, distance to road, season 

and habitat were mixed in sign. The only trend that was clear in relation to animal density was 

a positive association with distance to protected area boundary from inside the park (positive 

in all 4 studies), and mostly positively association with the protected status of an area (positive 

in 4/5 studies, non-significant in 1). Dry season and savannah habitat were mixed or non-

significant in relation to animal density.  

 

Bushmeat hunting was mostly negatively associated with livestock ownership (negative in 6/10 

studies, positive in 3/10 and non-significant in 1/10 studies). The amount of crops farmed, 

distance to protected areas, income and household size were mixed in effects on hunting. 

Estimates of bushmeat consumption was generally negatively associated with distance to 

protected area from a point outside of the park (negative in 4/5 studies). The effect of 

livestock ownership was mostly positively associated with consumption (positive in 5/9 

studies, negative in 2/9 and non-significant in 2/9), opposite in its effect to hunting. Education 

level was consistently non-significant in relation to consumption (4/4 studies).  

 

2.4.5 Percentage of respondents that consume or hunt bushmeat 

The number of respondents that reported either consuming or hunting bushmeat was 

available for 32 studies. Bushmeat consumption varied widely between studies, but on average 

57% of respondents consume bushmeat (Figure 2.7). This will vary according to the 

questionnaire methodology used, the sample size of respondents and location. The mean 

percentage of respondents admitting to hunting was 26%, however, this is biased by two 
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outliers where over 80% of the respondents reported hunting (median 15.3%). These two cases 

were located in Gile game reserve in Mozambique (Fusari et al. 2006) and hunting from 

private farms in rural Kwa-Zula Natal Province, South Africa (Grey-Ross et al. 2010). The South 

African study included a high proportion of respondents who hunted for recreational and 

gambling reasons as well as income or protein. The Mozambique study is a true outlier since 

direct questioning was used and the study reported on 416 respondents from around a 

protected area.  

 
 

Figure 2.7: Boxplot of percentage of study respondents either hunting or consuming 

bushmeat for 32 included studies. The mean of the data is represented by a circle and 

outliers by a diamond. 

 

2.4.6 Methods used 

A total of 57 different methods were used in the 144 studies analysed. These can be grouped 

into six different categories, namely studies involving stakeholder consultation (such as 

community interviews), economic methodology (such as cost-benefit analyses), methods 

involving spatial analyses (e.g. occupancy models), methods to estimate animal populations 

(e.g. transects), methods to estimate harvest of bushmeat (e.g. ranger patrol data, market 

surveys) and other, where methodology did not fit into the above categories. The most 

common methods used were community interviews (n=26; here defined as surveys or 

discussions with households, all of them not necessarily involved in poaching), consumption 

surveys (n=25), poacher interviews (n=24), transects (n=24) and ranger patrol data (n=20). 
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Poaching statistics (e.g. number of arrests) was used 13 times. The most common method 

classified as “other” was flight initiation distance (FID) which was used 4 times. The most 

common method for economic studies was cost-benefit analysis (n=6). Market surveys (a 

common method in forest systems) were only used five times. 77 studies (53.5%) used more 

than one method, 65 of which used methods belonging to different categories (above). For 

those studies using some form of community-based discussions or surveys, including 

community interviews, consumption studies and poacher interviews (n=74), 72 studies used 

direct questioning techniques. Indirect questioning using specialised questioning techniques 

was only used twice. However, of the 72 studies using direct questioning, 9 (12.5%) mentioned 

incorporating some method to reduce question sensitivity such as placing these questions 

towards the end of the interview or empathetic questioning. All the 74 studies reported using 

local enumerators and the respondent’s language of choice. 

 

2.4.7 Interventions 

Only 36 studies (25% of all included studies) explored interventions to reduce bushmeat 

hunting, consumption or trade. Twelve of the studies used modelling techniques or 

perceptions of stakeholders (e.g. ranger perceptions of hunting), while 24 used data from 

actual projects. The most common intervention studied was traditional enforcement at 

protected areas (Table 2.2). The next most common was alternative protein projects, followed 

by development interventions. Interventions not presented in Table 2.2 were studied less than 

five times. 

 

The indicators used to measure the success of interventions were varied. The most common 

indicator of success or failure of a specific intervention was snare counts (n=9), followed by 

measures of animal abundance (n=8) and number of illegal encounters by rangers (n= 7). 

Modelled animal abundance and modelled hunting levels were each used as indicators 4 

times. Perceptions were also used to measure success or failure, either in the form of 

community perceptions (n=3) or protected area staff perceptions (n=2). Exactly half of the 

time (n=18) interventions were studied without comparison to other kinds of interventions, 

while an intervention was compared to one or more other interventions the other half of the 

time. The most common comparison was comparing areas with traditional enforcement to 

CBNRM areas (n=4). Other comparisons included comparing enforcement to alternative 

protein projects, income projects and adaptive enforcement (n=2 for each). Livestock 

donations were compared with alternative income projects and enforcement (n=2 for each). 
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Alternative protein projects were compared with development projects and direct payments 

twice each. All other combinations of comparisons occurred only once.  

 

Table 2.2: Summary table of bushmeat interventions studied and recommended in 

included studies, their effectiveness compared to other interventions and factors 

which were found to be influential in the success of the intervention  (listed if 

mentioned in >3 studies). 

*does not sum to 100% as studies may investigate or recommend multiple interventions 

 

 

Traditional enforcement was compared to CBNRM in two instances but were contradictory in 

which was the most effective technique to reduce bushmeat. Enforcement and CBNRM were 

also compared with alternative income projects and alternative protein projects in one 

instance. CBNRM was found to be the most effective technique in this instance. Enforcement 

Intervention 

Number of 
studies which 
investigated 

intervention* 
(n=36) 

Number of 
studies which 
recommend 

intervention* 
(n=302) 

# times intervention 
ranked as most 

effective/ # times 
compared to other 

interventions 

Factors influencing 
success of intervention 
(found in n>3 studies) 

Traditional 
enforcement 19 (52.7%) 59 (19.5%) 3/10 

Sufficient financial 
resources, human 
capacity, community 
involvement levels, strict 
penal systems, 
understanding of system 
dynamics 

Alternative incomes 5 (13.9%) 33 (10.9%) 1/5 Understanding of system 
dynamics 

CBNRM 5 (13.9%) 29 (9.6%) 3/5 Community involvement 
levels 

Alternative proteins 10 (27.8) 24 (7.9%) 3/6 

Infrastructure limitations, 
sharing of benefits, 
community involvement 
levels, level of financial 
remuneration 

Efficient patrol 
allocation 3 (8.3%) 25 (8.3%) - Sufficient financial 

resources 

Development projects 6 (16.7%) 5 (1.6%) - 
Understanding of system 
dynamics, level of 
financial remuneration 

Long-term monitoring 0 24 (7.9%) - n/a 

Community education 0 15 (4.9%) - n/a 
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and CBNRM were also compared with conservation on private ranches and in this case, 

private ranching was most successful at minimising bushmeat. The count of the number of 

times an intervention was found to be the most effective compared to other interventions is 

presented in Table 2.2. For those interventions examined without comparison to another 

intervention, 11 out of 18 instances were found to reduce bushmeat hunting, consumption or 

trade. The others were unsuccessful. Traditional enforcement (n=8) was effective only half of 

the time as was alternative protein projects (n=4). 

 

The most common factors found to be influential to intervention success were the level of 

community involvement with the project or intervention (n=13/36 studies), having sufficient 

financial resources (n=13), having sufficient human capacity for managing the project (n=8) 

and the level of financial remuneration that was received via the project (n=7). Other factors 

mentioned in studies included adequate sharing of benefits between participants, 

infrastructure limitations, the accountability of the project, the level of government support 

and a more nuanced understanding of underlying system dynamics. The factors influential to 

each specific intervention can be found in Table 2.2.  

 

2.4.8 Recommendations made in studies 

Over 56 different recommendations were found in the 144 papers, and all papers had more 

than one recommendation (total count =302). Studies did not have to study an intervention to 

recommend it, as seen from the greater number of studies recommending an intervention 

than studying it (Table 2.2). This is particularly true for alternative incomes, efficient patrol 

allocation, community education and long term-monitoring. Increased protected area 

enforcement was the predominant recommendation. Alternative income projects, formal 

wildlife-based land-used (CBNRM) improving enforcement via efficiently allocated patrols, 

long-term monitoring and alternative protein projects (either wildlife cropping or domestic 

livestock programs) were also common recommendations. Education of communities was 

each made up approximately 5% of the recommendations (Table 2.2). All other 

recommendations were made less than ten times.  
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 Discussion 

Bushmeat hunting in African savannah regions is gaining recognition as both a serious 

biodiversity threat and a factor likely to affect future food security in the region. This 

quantitative systematic literature review attempts to understand what the focus of peer-

reviewed published studies has been regarding this topic. Although studies have diversified 

thematically and especially in recent years, the contradictory nature of drivers, the geographic 

bias in studies and the lack of monitoring of interventions used means that synthesis of the 

issue is challenging. Through this review, we were, however, able to identify several key trends 

in studies on bushmeat in savannah regions, which point to areas of focus for future research. 

These include 1) the land tenure and location of studies, 2) the drivers of bushmeat hunting 

and consumption, 3) methodologies used in studying bushmeat and 4) interventions used to 

address bushmeat. We discuss each of these topics in turn below.  

 

2.5.1 Tenure and location of studies 

The tenure of the area in which studies have been conducted was concentrated on protected 

areas and communities next to protected areas (together 70% of the included studies). 

Although communal land areas were studied these were generally in the context of 

community-managed game management areas (GMA’s). Further research in areas outside of 

protected areas, especially agricultural areas, is warranted given a large proportion of the 

world’s biodiversity is found outside of protected areas in agricultural lands (Pimentel et al. 

1992; Tscharntke et al. 2005) and these areas can provide habitat to fast-reproducing, 

adaptable species which are important sources of protein (Cowlishaw et al. 2005; Schulte-

Herbrüggen et al. 2013) The lack of studies in urban areas and private land is also a key gap. 

Urban areas are known to have high bushmeat consumption in many forested regions (van 

Vliet and Mbazza 2011) but there is also some evidence from urban areas in savannah regions 

(Crookes et al. 2006) and hunter interviews in Zimbabwe have also indicated that some of 

their trade is exported to nearby cities (Lindsey et al. 2011b). Currently however, the true 

extent of demand from urban areas in savannah regions is unknown. Understanding bushmeat 

hunting on private ranches is also vital given the large areas currently under private 

management for game ranching in much of Southern Africa (Bond et al. 2004), 20.5 million ha 

in South African alone (NAMC 2006). Ranches can protect significant populations of wildlife 

and prevent habitat conversion, although the conservation value of these ranches is variable 

(Cousins et al. 2008; Lindsey et al. 2013c; Lindsey et al. 2009). Additionally, private wildlife 
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ranches do provide and have the potential to provide significant amounts of legal meat to local 

communities (Taylor et al. 2016), although livestock does and will continue to supply the 

majority of protein requirements. There is evidence that widespread bushmeat poaching may, 

however, drive actors out of the system towards livestock farming (Lindsey et al. 2013b). 

Therefore, understanding how bushmeat operates in a context beyond strict protected areas is 

a vital gap, not only in savannahs but more generally as well. 

 

As expected the count of studies per country was related to the area of savannah found within 

that country. Official language did not explain the geographical patterns, although the 

number of studies was positively but non-significantly related to English-speaking countries 

and biased against Arabic-speaking countries. This is expected since the vast majority of 

scientific literature is in English, and that the databases we used require an English-language 

abstract for the study to be indexed. Conflict was nearly significantly related to count of 

studies, indicating that recent political instability will mean that less research takes place in 

the country, as could be expected. This is contradicted by the fact that war may increase levels 

of bushmeat hunting and consumption (Merode et al. 2007). 

 

The geographic bias towards Tanzania was an obvious trend in the data. The Serengeti 

National Park and its complex of protected areas including Maswa, Ikorongo and Grumeti 

game reserves was the focus of most bushmeat studies. The reason for this is not immediately 

obvious, other than the established presence of international research organisations such as 

the Frankfurt Zoological Society. Tanzania has only the fifth largest area of savannah: 

countries with larger areas of savannah such as South Africa, DRC, Namibia and Sudan did 

even approach the same number of studies. There is also no reason to suspect that Tanzania is 

any worse affected by the bushmeat trade than any other savanna country. The studies in this 

region do, however, provide some of the main theoretical work done in savannah systems on 

this issue (Hofer et al. 2000; Knapp et al. 2010; Metzger et al. 2010; Nielsen et al. 2014).  

 

The need to understand bushmeat in areas other than Tanzania is urgent, as seen from the 

few studies that show major population crashes e.g. Lindsey and Bento (2012) in Mozambique, 

Lindsey et al. (2011a) in Zimbabwe, Munthali and Mkanda (2002) in Malawi, and the heavy 

reliance on bushmeat as a source of protein for communities (Boafo et al. 2014). Both Malawi 

and Mozambique had only 2 studies on bushmeat in this review, but were ranked by protected 

area managers as the third and fourth most seriously affected by bushmeat after West Africa 



62 
 

as a whole and Zambia (Lindsey et al. 2015). Tanzania was ranked as seventh most seriously 

affected. This indicates that scientific research into bushmeat is potentially not being 

conducted where it is needed most. Additionally, the skew of evidence towards forests was 

clear. Without including the search term “forest”, 256 papers on bushmeat in African forest 

systems were found and excluded, likely a substantial underestimate. 

 

2.5.2 Drivers 

An attempt was made to summarise the relationships between common response variables 

such as bushmeat hunting levels and explanatory variables such as distance to roads, livestock 

ownership or income. This proved challenging given the wide range of variables explored. 

Although studies included in this review were very diverse, there were many variables that 

could be used to make strong inferences if only they were standardised across studies. For 

example, some studies would use “household size” as a variable which includes all household 

members, while others would use the number of women or men or children or unemployed 

men. While these could all be used in combination, the lack of standardisation of units is a 

problem even with the simplest measures.  

 

The development and social science literature provide good examples of using standardised 

units, such as the use of a Basic Necessities Survey (BNS) for exploring wealth and poverty in 

rural communities (Davies and Smith 1998). Another example is that in this review, livestock 

was explored variously by using a count of all livestock, a count of each or any individual 

species, or the price of buying livestock. The standard Tropical Livestock Unit (Jahnke 1982), 

commonly used by the FAO (FAO 2011), is a simple measure that could be adopted across 

studies for easy comparison where livestock numbers are converted to a common unit. 

Although the ownership of livestock is hypothesised to reduce both hunting and 

consumption, it may in fact increase consumption of bushmeat (Mgawe et al. 2012) as these 

households may have more purchasing power. This variable is therefore vital to understand, 

and we would recommend an attempt to standardise such basic measures in order for broad-

scale conclusions to be drawn. 

 

Although some trends regarding drivers could be seen from the data, the aforementioned lack 

of coordination means that further standardised research is needed to draw out and 

strengthen evidence for these trends. The only trend that was evident was the relationship of 

illegal activity with distance to water, where more activity was found closer to water. Secondly, 
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there was evidence that animal density was positively correlated to the level of protection of 

an area and distance to the park boundary. Thirdly, there was evidence that hunting and 

consumption follow contradictory trends in relation to livestock. The ownership of livestock 

and crops are negatively related to hunting, that is, the more livestock or crops owned, the less 

hunting occurs. This is evidence that bushmeat is used as an important livelihood option for 

generating income for hunters. Consumption, however, was often positively related to 

livestock ownership, indicating that consumption is linked to greater wealth and purchasing 

power. This is indicative that bushmeat, although often cheaper that livestock meat and vital 

for the poorer members of the community, is still an important option for wealthier sections 

of society. Interventions therefore need to specifically targeted to the role of the participant, as 

has been found elsewhere (Harrison et al. 2015).  

 

2.5.3 Methodologies used 

Studies about bushmeat in savannah regions relied mainly on stakeholder interviews, either in 

the form of consumption surveys or poacher interviews. Many of these studies, however, rely 

on direct questioning to estimate hunting or consumption, which may be problematic given 

the extremely sensitive nature of the topic. Indirect questioning techniques such as the 

unmatched count technique (UCT) or the randomised response technique (RRT) are 

promising methods used to estimate the proportion of a population that undertakes a 

sensitive activity (Nuno et al. 2013; Nuno and St. John 2015). We would encourage further 

testing and implementation of these techniques in relation to bushmeat in different contexts. 

Our finding that market data was almost never collected in savannah regions despite being 

the most commonly collected type of bushmeat data in African forest regions (Taylor et al. 

2015) relates to the relatively stricter punishments in savannah regions where bushmeat is 

seldom sold openly in large centralised markets as in forest regions.  

 

2.5.4 Interventions 

The proportion of studies exploring a specific intervention was low (25%). This may be an 

artefact of the fact that specific types of interventions were not included as search terms, and 

the exclusion of grey literature. The purpose of this review was however not to quantify the 

effectiveness of specific interventions, but rather provide an overview of what interventions 

are commonly recommended in the peer-reviewed literature and what evidence this is based 

on. Although many intervention projects may exist, the results of such projects are not readily 

available and have been found to be challenging to summarise due the heterogeneity of 
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projects and lack of monitoring (Wicander and Coad 2014). Additionally, many projects may 

have other main goals such as improving relations between protected areas and communities, 

with bushmeat as a peripheral issue. The indicators used to determine success of projects were 

also far from cohesive. Although many intervention evaluations used physical measure such as 

snare counts to measure effectiveness, only four studies investigated measures of animal 

abundance concurrently.  

 

We found that the focus of most intervention studies has been on traditional enforcement 

activities. The factor most often found to be influential to the success of enforcement, both 

traditional and using efficient patrol allocation techniques, was the availability of financial 

resources. Studies have, however, found that enforcement in savannahs is cheaper and more 

effective that in forest habitats (Jachmann 2008a), which is an important consideration in 

Africa. Alternative protein projects, especially those that provided cropped meat to local 

communities are the next most prevalent and were recommended by authors 24 times and 

studied 10 times. However, evidence of their effectiveness was limited. This reflects that these 

projects are often economically unsustainable, logistically challenging and may not contribute 

substantially enough to either protein supply or income generation to change behaviours 

(Holmern et al. 2002). 

 

 Similarly, alternative income projects were studied in the context of bushmeat in African 

savannahs only five times. This is a very commonly recommended intervention to reduce 

bushmeat hunting or consumption and projects have been implemented hundreds of times 

throughout the world. Again, their effectiveness in relation to reducing bushmeat has not 

been proven. A comprehensive worldwide review by Roe et al. (2015) of their effectiveness 

found that while 36% of the 106 projects identified addressed hunting specifically, only 21 out 

of these projects had any monitoring of conservation effectiveness and only one study was 

able to demonstrate effectiveness of the projects. Additionally, an important factor we found 

to influence the success of alternative income projects was level of understanding of 

underlying system dynamics. This is worrying, given the prevalence of these projects, because 

most systems currently lack this deep multi-faceted understanding. Increasing income has 

been found in some instances to increase the consumption of all protein products, especially 

bushmeat (Rentsch and Damon 2013), the exact opposite effect the project would be intended 

for. We therefore would urge caution before implementing these projects without in-depth 

knowledge of local protein consumption dynamics and livelihood strategies.  
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2.5.5 Limitations 

As with all systematic reviews a number of limitations exist. Although the diversity of topics, 

methodologies and contexts found in the papers precluded a formal meta-analysis, we believe 

that a quantitative view of current knowledge still represents a valuable contribution. A key 

limitation of this study was the exclusion of grey literature, however, given that much of it is 

publicly inaccessible and difficult to locate it was beyond the scope of this study to include. 

We recognise the importance of including the knowledge found in the grey literature and aim 

to review this in combination with expert knowledge in future research. Publication bias and 

selective reporting of results is a problem especially on topics which involve interventions, as 

many interventions which collapse after a donor funding cycle has expired are never given any 

kind of post-mortem. Although we cannot report on such unpublished failures, we have aimed 

to identify where projects have been reported on in the peer-reviewed bushmeat literature and 

synthesise the knowledge until this next vital step can be made. We therefore believe that our 

review provides a comprehensive overview of the available literature. Finally, this paper deals 

exclusively with African savannahs in an attempt to extract a greater level of detail. Savannahs 

worldwide are however likely to be affected by bushmeat and deserve comparison.  

 

2.5.6 Conclusion and further research 

Savannah regions of Africa urgently warrant further research into how bushmeat hunting, 

consumption and trade operates in this system. Interventions studies are particularly needed, 

especially comparative studies of different interventions, and evidence for common 

recommendations is lacking. The rhino and elephant poaching problem is often given 

particular attention. However, given that bushmeat hunting may affect a far wider range of 

species and be intrinsically linked to more local people either via hunting or consumption, we 

advocate for greater research attention. A second important step would be to create a central 

database for bushmeat studies in savannah region such as that found in forest areas (e.g. 

SYVBAK), or else expand these existing forest databases to include savannah regions. Valuable 

insights could be gained by comparing these two systems in a standardised way. Long-term 

monitoring of carcass counts, species compositions and prices is also not available to the same 

extent as forest systems. Setting up such regular monitoring will be a vital step towards 

creating evidence-based interventions. Conducting research in areas other than in Tanzania 

and the Congo Basin is urgently required. Finally, a global comparison between different 

savannah regions may be useful. This review is a first effort to collate the peer-reviewed 
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literature regarding bushmeat in African savannahs and hopes to inspire further research into 

this field. 
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Linking statement 
 

Based on the results of Chapter 2, the southern African country of Malawi was identified as a 

key area where scientific evidence relating to bushmeat hunting and consumption is needed. 

In this chapter we aim to establish baseline levels of prevalence for these two activities at four 

different protected areas in Malawi.  

This chapter also investigates the socio-demographic factors associated with bushmeat 

hunting and consumption and explores the motivations behind them. Creating a basic 

understanding of these activities is challenging due to their illegality. Here we illustrate an 

application of an increasingly popular method in conservation research, namely the 

Unmatched Count Technique, and demonstrate its ability to provide vital information on 

illicit subjects.  

This chapter’s results demonstrate that the activities of bushmeat hunting and consumption 

exists at levels high enough for conservation concern, requiring careful consideration of which 

interventions would be most appropriate in this context, to mitigate this conservation threat. 

This allowed the formulation of the key aims for the following chapter (Chapter 4). 
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 Abstract 

The hunting and consumption of wild meat (bushmeat) is recognized as a key threat to the 

world’s biodiversity and there are indications this threat may extend to much of the African 

continent. However, this problem is understudied in African savannah systems - particularly 

in southern Africa. Due to its illicit nature, little research on the drivers behind hunting and 

consumption exists, especially using methods appropriate to the topic’s sensitivity. We 

explored the prevalence of hunting and consumption of wild meat in the low-income country 

of Malawi, by conducting 1562 interviews in communities neighbouring four different 

protected areas. We identified characteristics of households illegally hunting and consuming 

wild meat, using the unmatched count technique and socio-demographic variables in linear 

models. Consumption had a higher prevalence than hunting, reaching up to 39% of the 

population, while 4-19% of the population engaged in hunting. Consumption was more 

prevalent in poorer households, while hunting was more prevalent in wealthier households. 

Increased involvement in community projects initiated by protected areas did not always lead 

to reduced consumption or hunting, including at protected areas with substantial outside 

investment, indicating these projects need a clearer link to conservation outcomes. A 

preference for the taste of wild meat and for added diversity in diet were key drivers of 

consumption, whereas hunting was primarily motivated by the need for income. Our results 

highlight the disparity between drivers of hunting and consumption of wild meat and the 

pervasive nature of this threat, despite considerable investment into community projects and 

enforcement. 

 

Keywords: wild meat, poaching, unmatched count technique, savanna, conservation, 

illegal wildlife trade 

 

 Introduction 

Wild meat (or bushmeat) harvesting is recognized as a key threat to biodiversity in many parts 

of the world (Maxwell et al. 2016). The practice of harvesting non-domesticated terrestrial 

mammals, birds and reptiles for food (Nasi et al. 2008) has been found to cause species 

declines around the world, in forested (Fa et al. 2002) and savannah regions (Lindsey et al. 

2013b), affecting both common and rare species. Harvesting for human consumption is the 

largest threat to 98% of threatened megafauna (Ripple et al. 2019). Growing human 

populations, encroachment into wildlife areas, the increasing commercialization of trade, and 
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technological advances of hunting weaponry are key factors in species declines worldwide 

(Benítez-López et al. 2017). The ecological consequences of widespread and unregulated 

hunting can be devastating, and can result in large areas being “emptied” of wildlife (Lindsey 

and Bento 2012) and the loss of critical ecological services such as seed dispersal (Wright et al. 

2007b). Additionally, the reliance of many communities on wild meat for protein means 

overhunting will negatively impact food security and livelihoods (Fa et al. 2003).  

 

Protected areas (PAs) are coming under substantial human pressure (Jones et al. 2018). 

Specifically, wild meat poaching is considered the most frequent and severe threat to wildlife 

in PAs in Africa (Lindsey et al. 2017) and is exacerbated by a wide range of issues including: 

human encroachment; poor governance and corruption; food insecurity and poverty; chronic 

underfunding and weak or poorly enforced laws; and the lack of frameworks to enable 

communities to benefit from wildlife (Lindsey et al. 2013b). There is therefore a need to 

understanding drivers of hunting within a wide socio-economic context.  

 

Studies of illegal hunting in Africa have traditionally focused on forest regions (Fa et al. 2002). 

Outside of forests, Tanzania has been a focal point (van Velden et al. 2018). However, wild 

meat hunting is thought to affect wildlife populations across Africa including savannahs, 

despite the comparative paucity of research in many areas (Lindsey et al. 2013b). 

Encouragingly, the prospects for tackling illegal hunting in savannahs may be brighter than in 

forests. Firstly, many countries in southern and East Africa rely on substantial revenues from 

wildlife-tourism, meaning there are clear incentives for governments to tackle the issue. 

Secondly, savannahs are more productive than forests in terms of wildlife biomass (Robinson 

and Bennett 2004b) meaning wildlife populations may be more resilient to harvests than in 

forest biomes. Savannahs can also support more livestock than forests (Robinson et al. 2014), 

and therefore provide people with alternative protein sources. Finally, controlling hunting in 

savannahs is both cheaper and more effective than in forests (Jachmann 2008a).  

 

The lack of baseline information regarding the prevalence and drivers of hunting in savannah 

systems is exemplified in the southern African country of Malawi. Over the last few decades 

Malawi has suffered severe declines in the distribution and abundance of wildlife both outside 

of and within PAs (Munthali and Mkanda 2002), however, little research has been conducted 

into the drivers behind these declines. In some PAs in Malawi this situation has recently 

improved due to growing local and international investments into conservation. For example, 
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a recent change in legislation for wildlife infractions substantially increased punishments for 

hunting, selling or buying a game species (National Parks and Wildlife (Amendment) Act 

2017). Additionally, the international conservation non-governmental organization African 

Parks (AP) has recently taken over management of four PAs in Malawi in a public-private 

partnership with the Malawian government. This organization has invested substantially in 

both enforcement and community-based programmes at these PAs. However, strategies to 

foster wildlife recoveries and to tackle threats would be enhanced by an in-depth 

understanding of the extent, nature and drivers of illegal hunting. Further, Malawi acts as 

important case study for understanding wild meat hunting in sub-Saharan African countries 

such as Zambia and Mozambique, where similarly high levels of population growth (World 

Bank Group 2019) contribute towards natural resource use and more broadly, to understand 

this issue in the context of resource-poor low-income countries around the world. In this 

paper we provide novel insights into the prevalence of wild meat hunting and consumption 

from four PAs in Malawi, using specialized interview techniques designed for sensitive topics. 

We also explore socio-economic and demographic variables that influence these activities.  

 

 Methods 

3.3.1 Study sites 

Malawi is one of the world’s poorest nations (World Bank Group 2016a). Most of the 

population are smallholder farmers who face frequent food insecurity due to climatic factors 

such as droughts, and more than one third of the country is unable to meet calorie 

requirements (Ecker and Qaim 2011). There are currently 99 PAs in Malawi, making up 16.8% 

of the land area (World Bank Group 2018b). Outside of PAs, much of the landscape has been 

transformed into small-holder agricultural land. Severe under-funding of the PA network has 

meant that many PAs have experienced drastic wildlife declines (Lindsey et al. 2018). However, 

the Non-Governmental Organisation (NGO) African Parks (AP) has taken over management 

of four PAs (Majete in 2003, Liwonde and Nkhotakota in 2015, and Mangochi Forest Reserve in 

2018), and invested substantially into enforcement and community programmes such as 

improving infrastructure and alternative livelihood projects (Appendix 3, table A3.1). 

 

We conducted this research at four national parks in Malawi namely Nyika National Park, 

Vwaza Marsh Wildlife Reserve, Nkhotakota Wildlife Reserve and Majete Wildlife Reserve 
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between July and November of 2018 (Figure 3.1; Table 3.1). Two of these parks are therefore 

government-run and funded, while two are managed and funded by AP.  

 
 

 
Figure 3.1: Map of study sites in context of Malawi and neighbouring countries. 
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Table 3.1: Characteristics of the four Malawian protected areas of interest 

 

 

3.3.2 Sampling strategy 

We used a three-stage sampling design: first we selected zones around each PA, then villages 

within each zone and finally households within each village. Firstly, we selected either four or 

five predefined administrative zones in a non-random manner, such that the selected zones 

were scattered around the border of each PA so that one area was not preferred over another. 

Secondly, we selected villages within each zone. In Nkhotakota we randomly selected villages 

from a list of all villages within 5km of the PA. For the other three PAs we selected a number 

of “group village headmen” (GVH’s) in each zone, who were able to provide us with a list of 

villages they administrated and from which we then randomly selected villages (Table 3.2).  

 Nyika National Park Vwaza Marsh 
Wildlife Reserve 

Nkhotakota 
Wildlife Reserve 

Majete Wildlife 
Reserve 

Regional 
characteristics 

North: optimum 
agricultural conditions 
and lowest human 
population density (63 
persons/km2) 

North: optimum 
agricultural 
conditions and 
lowest human 
population density 
(63 persons/km2) 

Central: moderate 
agricultural 
conditions, high 
population density 
(154 persons/km2) 

South: volatile 
agricultural 
conditions, high 
population density 
(185 persons/km2) 

Subjective Park 
Status 

Established: well 
developed tourism 
and management, 
limited infrastructure 

Limited: limited 
tourism, developing 
management and 
partnerships, limited 
infrastructure 

Imminent: 
rebuilding from a 
collapsed state, 
limited 
infrastructure 

Established: well 
developed tourism 
and management, 
good 
infrastructure 

Ethnicity of 
local 

communities 
Ngoni, Poka, Tumbuka Ngoni, Poka, 

Tumbuka Chewa, Yao Chewa, Mang’anja 

Habitat 

Mountainous Miombo 
woodland 
(Caesalpinioideae 
family) and montane 
grassland 

Lowland Miombo 
woodland, 
seasonally inundated 
grasslands 

Miombo woodland 

Miombo and 
Mopane 
(Colophospermum 
mopane) 
woodland 

Fencing status Majority unfenced Majority unfenced Fencing currently 
being completed Completely fenced 

Management 
organization 

DNPW (Malawi 
Government) 

DNPW (Malawi 
Government) 

African Parks NGO 
partnership 

African Parks NGO 
partnership 
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Lastly, we selected 24 households within each village using a “random walk technique”, where 

enumerators start at a central area and walk out in opposing directions, sampling every second 

house within that area to minimize spatial autocorrelation. If a house was empty the 

enumerators proceeded onto the next available house. We pooled Nyika and Vwaza Marsh, 

such that the number of respondents for both PAs together totalled 500 because they are in 

such close proximity (<10km) and collaborate on programmes administration in some 

communities. 

 

Table 3.2: Sample selection for each protected area of interest indicating the number 

of zones, Group village headmen (GVH) units, villages and households. 

 Protected area 
Sample size information Nkhotakota Nyika Vwaza 

Marsh Majete 

Number of zones around PA 12 18 12 4 
Number of zones selected 5 5 5 4 
Number of GVHs selected N/A 5 5 11 
Number of villages selected from each GVH N/A 2-3 2 2 
Number of villages selected  22 13 10 22 
Number of households interviewed 504 309 231 518 
  540  

 

3.3.3 Interview process 

Interviews were conducted in person by Malawian enumerators in English, ChiChewa or 

Tumbuka. Respondents had to be over 18 years of age and be residents of the village. 

Respondents could be anyone within the household meeting these criteria. We asked basic 

demographic and livelihood information about the respondent’s household, involvement in 

PA-initiated community programmes and motivations for hunting and consuming bushmeat 

(Appendix 3, table A3.2). We used the Basic Necessities Survey (BNS) approach to determine 

levels of household wealth. This approach measures deprivation via a consensual definition of 

poverty, based on what communities view as necessities to their households (Davies and 

Smith 1998). A basic necessity was defined as “things that everyone should have, and no one 

should go without”. A list of such items was drawn up during discussions with key informants 

in Malawi and tested and refined in the piloting stage. Respondents were first asked to 

indicate which items on this general list they think were necessities, and then which items 

their household possessed. Only those items from the list that were considered to be 
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necessities by more than 50% of the respondents were then used to calculate a maximum 

possible score for household wealth, these popular items being weighted according to the 

proportion of respondents who consider the item as a necessity (Appendix 3, table A3.3). A 

household’s wealth was then calculated as the sum of the weighted popular necessity items 

that they possessed and converted to a percentage of the maximum possible score.  

 

Given hunting or buying wildlife meat is illegal in Malawi, it is challenging to accurately assess 

both its prevalence and drivers. For example, direct questioning of respondents may lead to 

dishonest or evasive answers and reduced data validity (Warner 1965). A range of methods 

have therefore been developed to facilitate more honest responses, such as the unmatched 

count technique (UCT), also known as a list experiment (Nuno et al. 2013). UCT can help 

counter-act the sensitivity of topics by providing anonymity in answers, and is appropriate if 

the activities are not too rare and a large sample size can be achieved (Hinsley et al. 2019). To 

find the prevalence of wild meat consumption and hunting we asked four different UCT 

questions at the end of the survey, two relating to hunting and two relating to consumption, 

both at the household level.  

 

Respondents were assigned to either a control or a treatment group for each of the four 

questions by presenting two cards face down and asking the respondent to pick one. The 

treatment group’s card consisted of four non-sensitive items and one sensitive item, while the 

control group’s card consisted of just the non-sensitive items. Therefore, the difference in 

mean number of items chosen between the control and treatment groups indicates the 

prevalence of the sensitive activity. For the consumption questions the non-sensitive items 

were regular food items and the sensitive item was wild meat, while for the hunting questions 

the non-sensitive items were legal livelihood activities and the sensitive item was wild meat 

hunting (Appendix 3, table A3.4 & A3.5). They were then asked to state how many, but not 

which items applied to the question. One of the questions about each activity related to the 

post-harvest period (as the survey was completed during this period this was asked as “the 

past month”, ranging from June-September depending on the PA) and one question related to 

the pre-harvest (or “lean season”, ranging from November to March). These questions were 

presented in an alternating order i.e. one question about consumption, followed by one 

question about hunting.  
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The questions were: 

• Consumption 1: How many of these foods did you and your household consume in the 
past month? 

• Consumption 2: How many of these foods did you and your household consume in lean 
season months, before harvest? 

• Hunting 1: How many of these income activities did you or anyone in your household 
do in the past month? 

• Hunting 2: How many of these income-generating activities did you or anyone in your 
household do in the lean season months, before harvest? 

To ensure the UCT worked effectively we controlled for floor and ceiling effects, where 

anonymity is not possible due to the respondent answering negatively (floor effect) or 

positively (ceiling effect) to all items on the card (Blair and Imai 2012) by including one very 

common food item or activity and one very rare food item or activity. To ensure respondents 

understood the UCT process we used a training question of “How many of these animals cause 

problems to you?” with common crop pests on the card. To control for possible social 

desirability biases we placed sensitive questions towards the end of the questionnaire, 

conducted the interviews alone with the respondents, and used Malawian enumerators not 

affiliated with local institutions or PAs and ensured complete anonymity to respondents. 

Additionally, for potentially sensitive direct questions regarding the motivations for hunting 

or consuming bushmeat we asked the question by relating it to other peoples activities rather 

than their own e.g. “what are the reasons why some people hunt for wildlife meat?” (Fisher 

1993). The survey was piloted with 14 respondents in the Nkhotakota area, the data from 

which were not included in the final results.  

 

3.3.3.1 Ethics statement  

We received informed consent before each interview and ensured anonymity to respondents. 

As respondents have low literacy levels consent was obtained verbally. This research 

implemented the guidelines from the Australian National Statement on Ethical Conduct in 

Human Research (Ref 2018/350) and received a research permit from the Department of 

National Parks and Wildlife Malawi (Ref 10/2018). 

 

3.3.4 Analysis 

We analysed all data in R v. 3.5.1 (R Core Team 2018). For the UCT questions we used the 

specifically designed package “list” (Blair and Imai 2010). We first used the ict.test function to 



83 
 

test for the presence of design effects, where the inclusion of the sensitive item changes the 

response to the non-sensitive items. No such design effects were found. We then performed 

logit models with binomial error structure to check for differences in basic socio-demographic 

variables between respondents in the control and treatment card groups for each UCT 

question, and found control and treatment respondents did not differ on the basis of almost 

all socio-demographic variables (Appendix 3, tables A3.6, A3.7, A3.8 and A3.9). 

 

To calculate the prevalence of each sensitive behaviour we used the ict.reg. function to find 

the difference-in-means estimate between the control and treatment groups. We next fitted 

ordinary linear mixed models to the number of items selected from each UCT card. Models 

were created for each demographic variable, with card type (control or treatment) as an 

additional covariate, and village as a random effect. To account for temporal influences in the 

models exploring all PAs together, month was also included as a random term (PAs were 

sampled in different months: June in Nkhotakota, July in Vwaza Marsh, August in Nyika and 

September-October in Majete). Interactions between card type and each demographic variable 

were also included, where these interactions indicated differences in the number of 

behaviours reported for either the control or treatment card for each UCT question. Model 

assumptions for collinearity and heteroscedasticity were checked. We then selected, ranked 

and averaged the most parsimonious models using AICc (Corrected Akaike’s Information 

Criterion), and investigated combinations of variables based on these top models, to arrive at 

a final top model. Only models with interactions alongside their constituent main effects were 

considered, and models were averaged if Δ AIC <4 (Burnham and Anderson 2002). When 

exploring differences between factor levels for a variable two requirements were needed for 

inference: firstly, a significant difference between control and treatment at that level, 

indicating a detectable level of wild meat consumption or hunting, and secondly, a significant 

difference between the treatment estimate for that level and the treatment estimate for 

another comparative level. 

 

 Results 

We approached 1576 individuals, of which 7 refused and 7 were ineligible, leaving a total 

sample size of 1562 (non-response rate of <1%). We omitted questionnaires with missing data 

leaving 477 respondents from Majete, 300 from Nyika, 217 from Vwaza Marsh and 490 from 

Nkhotakota for a total sample of 1484. Significantly more females than males were interviewed 
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(1013 females vs 549 males, Χ2 = 137.83, df = 1, p=<0.001) due to females mostly remaining at 

home during the day. The average household size was 4.83 ± SD 2.32 individuals and the mean 

age of respondents was 38.85 years ±16.07. Most respondents were Malawian (98%) and native 

to the district they were interviewed in (72% born in district, 28% born elsewhere), and had 

lived in the area for more than 20 years (57%). The majority of households ate three meals per 

day (53.3%), while 32.5%, 8.7% and 5.4% had two, one and four meals per day respectively 

(Appendix 3, item A3.1 for more details on demographic variables).  

 

3.4.1 Prevalence of hunting and consumption 

The prevalence of wild meat hunting among respondents varied between 4 ± SE 3.7 and 19.1 ± 

6.5 % (Figure 3.2 a & b), with the highest hunting prevalence observed in Nyika in the pre-

harvest season. Consumption (Figure 3.2, c &d) had a higher prevalence than hunting, and 

wild meat consumption was highest in Vwaza Marsh pre-harvest, at 38.93 ± 9.9%.  

There was seasonal variability in prevalence among PAs, particularly between Vwaza Marsh 

and Majete. For example, hunting was higher in Majete and Nkhotakota during the period 

post-harvest (June-October) compared to the period pre-harvest (November to March), while 

the opposite trend was observed in Vwaza Marsh. This trend was consistent over both hunting 

and consumption. Consumption in Nyika remained at nearly 20% across both pre-harvest and 

post-harvest periods. The estimate ± standard error did not overlap zero except for hunting in 

Nyika and Vwaza Marsh post-harvest and in Nkhotakota pre-harvest, and for consumption in 

Vwaza Marsh post-harvest. This overlap decreases our confidence in the direction of these 

particular estimates and could indicate when the behaviour in question was too rare to be 

estimated using UCT.  
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Figure 3.2: Estimated percentage prevalence (±SE) of (a) hunting in the past month 

(post-harvest, June to October depending on PA), (b) hunting pre-harvest (November-

March), (c) consumption in the past month (post-harvest, June to October depending 

on PA) and (d) consumption pre-harvest (November-March) for protected areas in 

Malawi. The estimates for all PAs combined together are represented in grey. 

Estimates are the difference in means between control and treatment UCT cards. The 

grey line indicates when standard error bars overlapped zero. Consumption was not 

estimated for Nkhotakota because the UCT question used here was different from the 

other protected areas, and is thus not comparable. 

 

3.4.2 Socio-demographic variables relating to hunting and consumption 

The top models for wild meat consumption and hunting are presented in Table 3.3 and Table 

3.4. Basic Necessities Survey score (BNS) was an important factor in the consumption of wild 

meat (Table 3.3). We found wild meat was predominately eaten by poorer households 
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(represented by the difference in control and treatment cards, Figure 3.3b), and there was no 

difference between control and treatment for wealthier households, indicating less or no wild 

meat eaten. This relationship was found for consumption post-harvest in all PAs combined, in 

Majete and in Nyika, and for consumption pre-harvest in Nyika and Vwaza Marsh. 

Additionally, we found that households able to eat three meals per day were consuming more 

wild meat than those able to eat two meals per day (t=-5.90, p<0.001, df=982, Figure 3.3a). This 

effect was observed for consumption post-harvest in all PAs combined and in Majete, and for 

consumption pre-harvest for Nyika. We also found wild meat consumption significantly 

increased (z=2.543, p=0.011) when households were involved in an increasing number of PA-

community projects in Majete (Figure 3.3c), but had the opposite effect in Nyika where 

involvement in more projects lowered consumption, although the difference between control 

and treatment groups was only marginally significant (z=1.72, p=0.086). Livestock ownership 

was only important for consumption post-harvest at Nyika national park, where households 

owning livestock ate significantly more wild meat than those without livestock (t=-2.195, 

p=0.029, df=293). Knowledge of village natural resource committees (VNRCs) had an 

important effect on consumption pre-harvest for Nyika, where households without any 

knowledge of VNRCs consumed significantly more wild meat than those that knew about the 

VNRCs (t=3.151, p=0.002, df=302), while the opposite effect was observed in Vwaza Marsh 

where households with knowledge of VNRCs consumed significantly more (t=-2.894, p=0.004, 

df=220). Marital status was important in Nyika pre-harvest, where households with widow/ers 

consumed significantly more wild meat than single (unmarried) households (t=-2.12, p=0.035, 

df=290). Household size did not appear in the top models for consumption.  

 

Different trends were observed for hunting (Table 3.4). Households eating one meal a day 

hunted more wild meat than those eating two and three meals a day (Figure 3.3d). Basic 

Necessities Score was only present in two of the top models for hunting (hunting pre-harvest 

in all PAs combined and Majete), and both showed an opposite effect to consumption, where 

hunting was low in the poorest households but increased with wealth (Figure 3.3e). Household 

size class was present in the top model for seven out of ten response variables, although its 

effect on hunting was not clear. Those with larger household sizes were involved in 

significantly more livelihood activities, but there was no difference between control and 

treatment groups indicating hunting did not explain this difference. Similar to consumption, 

households participating in more community projects were more likely to hunt in Majete in 

the pre-harvest model (t=3.53, p<0.001, df=469), however, households participating in an 
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increasing number of community projects in Vwaza Marsh were significantly less likely to 

hunt (Figure 3.3f, z=2.102, p=0.036). The effect of gender for hunting pre-harvest in Nyika 

showed significantly higher levels of reported hunting in the household when the respondent 

was male than for female respondents (t=-2.60, p=0.01, df=294). Satisfaction and perception of 

community and households benefits from the PAs, amount of land owned, village residency 

and number of each particular livestock appeared in none of the top models.
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Table 3.3: Effect of socio-demographic variables on estimated prevalence of wild meat consumption, both post-harvest (June-October) 

and pre-harvest (November-March) for Malawian protected areas, as the coefficients (S.E) for each variable*. 
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W
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Consumpt
ion post-
harvest 

All PAs 0.47 
(0.35) 

-0.03 
(0.33) 

-0.07 
(0.31) 

0.12 
(0.31) 

0.59 
(0.41) 

-0.05 
(0.00) NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Majete 0.21 
(0.61) 

0.20 
(0.54) 

0.04 
(0.51) 

0.28 
(0.51) 

0.51 
(0.47) 

-0.01 
(0.00) NA NA NA NA NA NA 0.55 

(0.22) 
-0.21 
(0.11) NA NA NA NA NA NA NA 

Nyika 0.89 
(0.35) NA NA NA NA -0.01 

(0.01) 
-0.02 
(0.15) NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Vwaza 
Marsh 

-1.00 
(0.49) NA NA NA NA NA NA NA NA NA NA -0.01 

(0.14) NA NA 1.12 
(0.38) 

1.18 
(0.33) NA NA NA NA NA 

Consumpt
ion pre 
harvest 

All PAs 0.07 
(0.47) 

-0.10 
(0.43) 

0.19 
(0.40) 

0.19 
(0.40) NA 0.00 

(0.00) NA -0.63 
(0.77) 

-0.12 
(1.7) 

-0.07 
(0.12) 

-0.16 
(0.13) NA NA NA NA NA NA NA NA 0.04 

(0.03) NA 

Majete 0.07 
(0.14) NA NA NA NA NA NA -0.07 

(1.02) 
-0.35 
(0.33) 

-0.07 
(0.16) 

-0.11 
(0.19) NA NA NA NA NA NA NA NA NA 0.27 

(0.11) 

Nyika 0.33 
(0.91) 

0.20 
(0.83) 

0.25 
(0.79) 

0.36 
(0.77) NA -0.01 

(0.01) NA NA NA NA NA -0.30 
(0.16) NA NA 0.65 

(0.91) 
1.24 

(0.77) 
-0.53 
(0.29) 

-0.57 
(0.40) 

0.025 
(0.46) NA -0.33 

(0.19) 

Vwaza 
Marsh 

0.69 
(0.48) NA NA NA NA -0.01 

(0.01) NA NA NA NA NA 0.26 
(0.18) NA NA NA NA NA NA NA NA NA 

Reference level contr
ol 

4 meals per day 
 

Not 
empl
oyed 

by 
park 

Interc
ept 

No 
livest
ock 

Neither difficult nor easy  
  

Don’t 
know 
VNRC 

Not 
born 

in 
distric

t 

Fema
le Ndali tribe  Divorced Interc

ept 
Interc

ept 

*Variables that were not included in the top averaged model (from all models with ΔAIC<4) are indicated with “NA”. All estimates represent the interaction between that 
variable and card type (control/treatment). Highly significant variables (p<0.05) indicated by dark grey shading and moderately significant (p<0.1) by light grey shading. 
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Table 3.4: Effect of socio-demographic variables on estimated prevalence of wild meat hunting, both post-harvest (June-October) and 

pre-harvest (November-March) for Malawian protected areas, shown as the coefficients (S.E). 
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Hunting 
post-
harvest 

All PAs 0.07 
(0.10) 

0.05 
(0.07) NA NA NA NA NA NA NA NA NA NA NA NA NA -0.0002 

(0.02) NA 

Majete 0.21 
(0.16) 0.18 (0.12) NA NA NA NA NA -0.10 

(0.13) 
-1.31 
(0.92) 

-0.15 
(0.29) 

-0.15 
(0.15) 

-0.08 
(0.17) NA NA NA NA 

Nyika 0.08 
(0.22) -0.04 (0.15) -0.05 

(0.43) NA -0.34 
(0.20) NA NA NA NA NA NA NA NA NA 0.31 

(0.17) 
NA NA 

Vwaza 
Marsh 

-0.90 
(0.80) 0.31 (0.20) 1.63 

(0.86) 
1.15 

(0.81) 
0.80 

(0.81) NA NA NA NA NA NA NA -0.05 (0.20) NA NA 
NA -0.46 

(0.22) 

Nkhotakota -0.03 
(0.20) NA 0.14 

(0.23) 
0.30 

(0.19) 
0.42 

(0.19) 
0.41 

(0.29) NA NA NA NA NA NA -0.10 (0.12) -0.15 
(0.12) NA NA NA 

Hunting 
pre-
harvest 

All PAs -0.11 
(0.37) -0.02 (0.07) 0.018 

(0.20) 
0.024 
(0.18) 

-0.03 
(0.17) NA 0.01 

(0.00) 
0.05 

(0.09) 
-0.01 
(0.48) 

-0.10 
(0.15) 

-0.10 
(0.10) 

-0.06 
(0.11) NA NA NA NA NA 

Majete b -0.82 
(0.34) NA NA NA NA NA 0.011 

(0.006) 
0.12 

(0.16) NA NA NA NA NA NA NA NA 0.37 
(0.11) 

Nyika 0.11 
(0.27) 0.03 (0.14) -0.07 

(0.73) 
-0.09 
(0.69) 

0.00 
(0.67) NA NA NA 0.53 

(0.68) 
-0.13 
(0.26) 

0.11 
(0.21) 

-0.09 
(0.24) NA NA 0.19 

(0.14) 
NA NA 

Vwaza 
Marsh 

0.40 
(0.57) 0.00 (0.15) -1.07 

(0.65) 
-1.00 
(0.63) 

-1.15 
(0.62) NA NA NA NA NA NA NA NA NA NA 

NA 
NA 

Nkhotakota -0.12 
(0.16) NA 0.46 

(0.23) 
0.08 

(0.19) 
0.05 

(0.19) NA NA NA NA NA NA NA NA NA NA NA NA 

Reference 
level 
 

  Control 
Househol

d < 
median 

Four meals per day 
Not 

employe
d by park 

Intercep
t 

No 
livestock Neither difficult nor easy No 

knowledge 

Not 
born in 
district 

Female 

Interce
pt Interc

ept 

a Variables that were not included in the top averaged model (from all models with Δ AIC<4) are indicated with an “NA”. All variables represent the interaction between that variable 
and card type (control or treatment). Highly significant variables (p<0.05) are indicated by dark grey shading and moderately significant (p<0.1) by light grey shading, representing 
differences in number of behaviours between control and treatment cards. b Majete modelled without random terms 
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Figure 3.3: Differences in number of items selected (CI) from control and treatment 

UCT cards, indicating levels of a) wild meat consumption post-harvest for all PAs 

combined, according to meals eaten per day; b) wild meat consumption post-harvest 

for Nyika national park, according to Basic Necessity Survey score (BNS), expressed as 
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a percent from poorest to richest households; c) wild meat consumption pre-harvest 

for Majete wildlife reserve, according to number of community projects respondents 

were involved in; d) hunting post-harvest for Vwaza Marsh wildlife reserve according 

to meals eaten per day; e) hunting post-harvest for all PAs combined, according to BNS 

of respondent; f) hunting post-harvest for Vwaza Marsh wildlife reserve, according to 

number of community projects respondents were involved in.Estimates are predicted 

from the relevant top models (Tables 3.3 & 3.4). 

 

3.4.3 Motivations for hunting and consumption of wild meat 

 

When asked why people in their community eat wild meat 43% of respondents said they do 

not know. We therefore first present the percentage of each reason for consumption out all 

answers including “don’t know”, followed by the percentage of each reason excluding the 

“don’t know” answers. Most respondents said taste was the main reason for consumption (23% 

of all answers, 32.9% of answers besides “don’t know”), followed by it being cheaper than other 

options (17.7%, 25.2%) and to add diversity to diet (16.7%, 23.8%). No other options available 

(4.8%, 7.6%), easier to access than livestock (3%, 4.3%), cultural reasons (1.8%, 2.5%), 

consumption for status (0.3%, 0.4 %,) and wild meat being perceived as healthier than 

livestock (0.6%, 0.8%) were also mentioned. When asked why people in their communities 

hunted, 32.3% of respondents said they do not know. Of those that did give an answer, “for 

income” was the predominant reason (35.5% of all answers, 45.5% of answers besides “don’t 

know”), followed closely by “for meat” (33.1%, 42.4%). Other reasons for hunting included 

cultural reasons (3%, 3.8%) and because respondents did not own any livestock (1.6%, 2%). All 

other reasons were mentioned in ≤ 1% of answers. There were differences between PAs in the 

reasons given for eating and hunting wild meat (Figure 3.4), especially relating to cultural and 

social reasons for hunting and eating meat. 
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Figure 3.4: Reasons given by respondents for a) eating and b) hunting wild meat at 

each of the four Malawian protected areas, represented as proportions of answers 

given at each PA, apart from answering “don’t know” (43% and 32.3% of respondents 

answered “don’t know” for eating and hunting bushmeat respectively). The total count 

of a reason is shown at top of bars. 

 

 Discussion 

Our results reveal that wild meat hunting and consumption exists in Malawi at appreciable 

levels and depends strongly on the local context in which a PA is situated. Several factors were 

found to be consistently important drivers, including household poverty and food security, 

but these drivers did not have the same effect on hunting versus consumption of wild meat. 

Our findings are generally congruent with those from other savannah sites (van Velden et al. 

2018), however, we show that hunting and consumption can remain a pervasive issue in PAs 

with substantial investment into enforcement and community programmes. Further this is the 
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first paper to provide accurate estimates of prevalence of these activities in the southern 

African region.  

 

3.5.1 Prevalence of hunting and consumption 

The prevalence estimates for hunting of between 5-19% and higher consumption levels of 4-

39% are in keeping with the literature in other savannah regions in Africa. For example Nuno 

et al. (2013) found 18% of households in the Serengeti hunt while Mfunda and Røskaft (2010) 

found that 10% hunt in this system. Also in the Serengeti, Ceppi and Nielsen (2014) found 46% 

consume wild meat while Fischer et al. (2014) found that 17% of households do. Although the 

estimates provided in this study indicate hunting exists at considerable levels in Malawi, 

assessing sustainability requires both information on harvest levels as well as the effect of this 

offtake on specific species (Milner-Gulland and Akçakaya 2001). Given the four PAs surveyed 

in Malawi are currently recovering from periods of low enforcement effort due to lack of funds 

and subsequent high poaching, it is likely these estimates were substantially higher in the 

past. Malawi acts as an important case study for many low-income countries in Africa (e.g. 

Mozambique, Zambia, Rwanda and Chad) where substantial recent international investment 

into conservation have been made (Baghai et al. 2018). It is, however, vital to gather baseline 

information on the prevalence of illegal activities from the outset, in order to measure 

progress and the overall effectiveness of investment.  

 

3.5.2 Variation in drivers between hunting and consumption 

The drivers behind wild meat hunting and consumption are complex and vary widely across 

studies and locations. Importantly, the drivers of hunting and consumption differ (Harrison et 

al. 2015a), although many studies conflate them. Wild meat consumption was more prevalent 

in poorer households, but hunting appeared to be more prevalent in wealthier households. 

This may indicate that households are wealthier due to hunting, while consumption is 

generally related to food or income needs. Hunting may be a way for households to lift 

themselves out of poverty, by generating income for their household (45% of the reasons for 

hunting were “for income”). Also, wealthier households may have greater access to more 

effective or selective hunting methods (Damania et al. 2005). Wealthier rural households 

elsewhere in Africa have been found to harvest more wild meat (de Merode et al. 2004; Travers 

et al. 2019) and to be more likely to choose to continue to hunt wild meat when offered 

alternative incomes (Nielsen et al. 2013). Poverty is often seen as the key driver to hunt, 
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however, multidimensional, complex relationships are likely to exist (Travers et al. 2019). 

Hunting may have been underestimated in Nyika in the pre-harvest season, in which male 

respondents reported their households were engaged in hunting significantly more often than 

female respondents. This could potentially have introduced bias into the data as significantly 

more females than males were interviewed.  

 

Consumption of wild meat in our study was mostly limited to households with Basic Necessity 

Scores below 60%, indicating that it is accessible to the poorest households. Consumption of 

wild meat has been found to increase among poorer households in rural areas (Brashares et al. 

2011), and act as safety net during lean periods (de Merode et al. 2004). A key reason for eating 

wild meat was because it was cheaper than livestock meat, in keeping with findings from other 

rural areas in Africa, and in contrast to the case in many urban areas where bushmeat is 

considered a luxury item (Brashares et al. 2011). Our study also found that widow/er 

households were more likely to consume wild meat than single unmarried households, 

indicating vulnerable households may need wild meat as a safety net (Mosberg and Eriksen 

2015). Additionally, households consuming three meals a day were more likely to consume 

wild meat than those eating two meals a day, which suggests wild meat is a means to elevate 

household food security. However, given the high human densities around Malawi’s PAs, it is 

likely that harvest could become so low as to cease to play any major role in food security, 

except as a safety net in lean conditions (Schulte-Herbrüggen et al. 2013).  

 

3.5.3 Effect of seasonality and culture on hunting and consumption 

Seasonality is known to play an important role in hunting and consumption of wild meat. The 

dry season is often associated with elevated hunting as wildlife becomes concentrated around 

water sources and is easier to locate (Holmern et al. 2007; Lindsey et al. 2011b) and fires are 

frequently used as a tool to flush out animals (Fusari and Carpaneto 2006). We found hunting 

and consumption is relatively low in Majete and Nkhotakota in the pre-harvest wet season 

between November and March and greater in the dry season from June to October, but in 

Vwaza Marsh and Nyika this is reversed. An explanation for the different pattern between PAs 

could relate to seasonal differences in density of vegetation. Both Majete and Nkhotakota have 

denser woodland habitat than Nyika and Vwaza Marsh, which have areas of open grassy 

plains. Therefore, in Majete and Nkhotakota, hunting could become difficult during the rainy 

season due to declining visibility. In Nyika and Vwaza Marsh, hunting patterns may instead be 

linked to periods of declining human food security, as habitat is accessible year-round. 
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Seasonality could therefore be incorporated when designing cost-effective solutions to wild 

meat hunting. Each PA could adapt enforcement levels to such behaviour by emphasizing 

patrolling in higher risk seasons, especially in resource-poor PAs, as seasonal difference in 

hunting has been found to be important around the world (Jachmann 2008b; Lee et al. 2005).  

 

Motivations behind hunting and eating wild meat are multi-facetted and are not only related 

to economic factors. Taste was a significant factor in consumption of wild meat as has been 

found elsewhere in Africa (Schenck et al. 2006). Cultural factors were found to be important 

for both hunting and consumption in Nyika and Vwaza Marsh, but not important in Majete or 

Nkhotakota. Tribal affiliation may contribute to this effect, as the ethnic groups found in 

Nyika and Vwaza Marsh are traditional hunting tribes, while those found in Majete and 

Nkhotakota areas are not. Working with traditional authorities at PAs where hunting is found 

to be culturally significant may therefore help to arrive at locally acceptable solutions, as such 

institutions are often unambiguously accepted by local society (Kideghesho 2009). At PAs 

where diversity and taste are important, and where wild meat is perceived to be healthier, it 

may be more appropriate to work on solutions regarding livestock diversification and health.  

 

It should be noted that 43% and 32% of respondents said they didn’t know the reasons for 

eating or hunting bushmeat respectively. This may be due to a number of reasons. Firstly, in 

our UCT results, on average 14% of the respondents hunt and 21.5% consume bushmeat, and 

so a high proportion of the population may not be directly involved in these activities. 

Therefore respondents may have felt uncomfortable speculating on activities they do not 

themselves engage in, as asking people to respond regarding the actions of others (indirect 

questioning) often results in subjects projecting their own beliefs and experiences (Fisher 

1993). Secondly, due to the illegality of these activities, respondents may still have felt 

uncomfortable answering these questions, despite efforts to overcome social desirability biases 

(Krumpal 2013). We cannot be sure which of these options may have contributed towards the 

relatively high proportions of “don’t know” answers, although we tend to believe the first to be 

true as 98% of respondents indicated that none of the questions made them uncomfortable in 

any way. Further, we believe that the distribution of reasons other than “don’t know” is 

unlikely to change if more responses were able to be elicited, as none of the reasons given are 

suspected to be more sensitive than any of the others. Therefore we believe our findings 

regarding the prevalence of different motivations to be accurate. These findings again 

emphasise the need for specialised techniques such as UCT for asking sensitive questions 
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(Nuno and St. John 2015) or using techniques such as self-administration of surveys 

(Tourangeau and Yan 2007).  

 

3.5.4 Success of investment into community programmes  

There is an increasing tendency for conservation NGOs and the private sector to engage in 

public-private-partnerships with wildlife authorities in the management of state-owned PAs 

and recent work has assessed the pros and cons of different models (Baghai et al. 2018), both 

for species conservation and community development. Though the positive impact of African 

Park’s efforts on wildlife populations is clear, hunting and consumption of wild meat from 

Majete (managed by AP since 2003) was found to be comparable to the other three PAs which 

have received substantially less investment (Nkhotakota only having been managed by AP 

since 2015, and Nyika and Vwaza Marsh being run by the government of Malawi). 

Additionally, in Majete we found both consumption and hunting increased with the number 

of projects households participated in. This indicates that while the protection activities 

underway in Majete are adequate to foster wildlife recoveries, benefits received may not yet be 

at a scale that cessation of hunting and consumption of wild meat would be viable, especially 

given that communities around Majete were the poorest of all four PAs studied (Appendix 3, 

item A3.1). Therefore, for community engagement projects to effectively change behaviour, 

they require a stronger link to the desired conservation outcome (Roe et al. 2015).  

 

Importantly however, wildlife populations in Majete have recovered under the public-private 

partnerships instituted with AP (Baghai et al. 2018). This could mean that even though the 

percentage of respondents who are hunting and consuming wild meat may be similar to 

government-run PAs, the percentage of animals poached out of the total population will be 

much lower. This means that the overall impact of hunting on wildlife populations in Majete 

could be significantly lower than in Vwaza Marsh and Nyika, both of which currently have 

depleted wildlife densities. Also, reduced hunting effort could yield higher returns of meat 

here than in parks where wildlife populations are depleted. Finally, improved community 

relations with PA authorities and the investment into infrastructure and sustainable 

livelihoods may have far-reaching benefits (Adams and Hutton 2007), beyond what can be 

measured using a single estimate of prevalence of an illegal activity. Wildlife may only be able 

to substantially contribute to food security in the long term if communities are provided with 

opportunities to benefit via employment or stakes in wildlife-based industries. Consequently, 

the derivation of benefits via killing animals for meat is unlikely to yield robust food security 
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benefits in the long term, because it frequently results in wildlife populations being depleted 

to the point where sustainable harvests are not possible. 

 

3.5.5 Recommendations and future research  

Although multiple drivers were identified in this study, the lack of consistency across sites and 

between hunting and consumption highlights the need for a nuanced approach to 

interventions, tailored to these differences in drivers and motivations between hunters and 

consumers. For example, poorer households could be targeted for interventions relating to 

consumption (such as alternative protein projects), while middle to wealthier households 

could be targeted for interventions relating to hunting (such as alternative livelihood 

projects). Two approaches specifically may be applicable: livestock donation projects have 

been found to theoretically reduce hunting (Nielsen et al. 2013), and microcredit schemes to 

start businesses have been found to potentially reduce poaching in Tanzania (Kaaya and 

Chapman 2017), although numerous other programme models are possible (Lindsey et al. 

2012). These types of programmes, however, require substantial investment and ongoing 

monitoring, and may be associated with other ecological challenges (Herrero et al. 2009).  

 

 A number of key assumptions must be validated before such projects can be successfully 

implemented. Firstly, there is an assumption that alternative proteins or livelihoods would 

lead to participants substituting their current protein choices or activities with the newly 

provided project. However, many respondents may see these projects rather as additions to 

hunting or consuming bushmeat. This assumption may often be false, as consumers may still 

choose to eat bushmeat for taste or diversity reasons, and livelihood activity projects may 

leave time to complete the activity and still hunt (Wicander and Coad 2014). Secondly, 

additional conditionality to participation is likely required so that project participation has a 

strong link back to enforcement, as has been found for other types of conservation projects 

e.g. REDD (Blom et al. 2010b). Thirdly, community engagement models that reduce poverty 

may increase purchasing power and thus demand for bushmeat. Therefore it is also necessary 

to decide on key goals such as whether to aim for maintaining populations of important 

species while minimising net welfare losses to communities or whether to maximise net 

welfare gains to communities (Crookes et al. 2006). Decisions regarding the trade-offs 

between social, ecological and conservation goals are crucial, as our research makes apparent 

that simply providing community-based projects will not necessarily lead to better outcomes 

for reducing bushmeat hunting and consumption even if it may meet other goals.  
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Our results also emphasize the need for temporal replication of studies of prevalence and 

drivers, to understand the effect of community programmes over the longer term, given the 

suspected seasonal and multi-year temporal variation. Therefore, future research can use these 

results as a baseline to measure the progress of enforcement and community-based 

programmes. We also encourage further research to try to overcome non-response biases in 

questions relating to the motivations behind bushmeat hunting or consumption, potentially 

by using a mixed method approach of indirect questioning techniques such as UCT and 

ethnographic research. Further research is also required to understand how the estimated 

prevalence relate to biomass harvested from PAs, and what species are particularly targeted. 

With this study we provide the first baseline prevalences of wild meat hunting and 

consumption in a low-income southern African country, and emphasize that this issue is 

pervasive, even with substantial investments into PAs. 
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Linking statement 
 

The results of Chapter 3 highlighted the extent and pervasiveness of bushmeat hunting and 

consumption in Malawi, and identified key drivers and motivations for these activities. Based 

on these results, as well as the gaps in knowledge identified in Chapter 2, it was apparent that 

interventions to try to reduce bushmeat hunting and consumption were necessary; however, 

there is currently very limited evidence on which to base these conservation decisions. 

Therefore, this chapter investigates how local community members may perceive and respond 

to a range of different interventions, prior to their implementation, using a predictive 

approach.  

 

This chapter's results demonstrate the complexity of the bushmeat hunting and consumption 

systems, and show that communities may respond in unexpected ways to proposed 

interventions. Therefore, it is necessary for decision-makers to explore this complexity, as well 

as understand how some of these interventions may be linked to the system as whole, which 

provides the key aims for the last data chapter, Chapter 5. 
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 Abstract 

Community-based interventions are an important strategy to reduce bushmeat hunting, one 

of the key threats to African wildlife. However, understanding the possible effects of such 

programs prior to implementation is vital, in order to ensure that scarce funds are correctly 

directed. Here we used scenario-based interviews to explore the potential effects of seven 

programs on proxies for bushmeat hunting and consumption, including the provision of 

alternative protein sources, the provision of alternative incomes, and the harvesting of natural 

resources from protected areas. We conducted 250 interviews with respondents living around 

four protected areas in Malawi, and investigated how time budgets, household and village 

meat availability, and perceptions of fairness would change under each program. Respondents 

were most likely to substitute their current activities (including illegal hunting) under 

alternative income projects such as microenterprise and skills training programs. All programs 

except increased enforcement were likely to increase the availability of meat in both 

households and villages. However, the effect of the scenarios on meat availability was 

perceived to be greater at village level than household level. Projects that provided long-term 

benefits such as a microenterprise program or skills training, were preferred over, and seen to 

be fairer than, programs relating to resource use, such as regulated hunting or park-based 

resource harvesting schemes. These results illustrate that programs that can harness 

development goals, while linking back to conservation rules, may successfully reduce 

bushmeat hunting and consumption around protected areas.  

 

Keywords: wild meat, poaching, CBNRM, alternative livelihoods, wildlife crime, 

Malawi 

 

 Introduction 

 

Bushmeat hunting, or the harvesting of any non-domesticated mammal, bird or reptile for 

food (Nasi et al. 2008) is recognised as one of the world’s major conservation challenges. 

Hunting for consumption is the largest threat to 72% of all threatened or near-threatened 

species (Maxwell et al. 2016). In much of Africa especially, protected areas (PAs) are under 

substantial pressure from bushmeat hunting, with experts ranking it as the top threat to 

wildlife (Lindsey et al. 2017). As such, much attention has been given to how best manage this 
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issue, given limited resources and time. Bushmeat interventions, however, are often difficult 

to implement and achieve desired outcomes from, given the complexity of the social-

ecological systems they are imbedded within (Berkes 2004). Simplistic narratives about the 

motivations and drivers behind bushmeat hunting are pervasive and obscure the complex 

reality behind this issue (Travers et al. 2019). Given this complexity, managers struggle to 

make informed decisions about the best course of action to mitigate the bushmeat threat.  

 

Strategies to reduce bushmeat hunting and consumption are split into three main types of 

approaches. The first is the traditional enforcement model where increased enforcement, the 

creation of new PAs, and stricter penalties for resource-users aim to deter hunting (Hilborn et 

al. 2006). The second type of approach uses monetary or other incentives as in-kind payments 

for changing behaviour or obeying rules, a form of Payment for Ecosystem Services (PES) 

(Dinerstein et al. 2013). The third approach aims to develop small-scale alternatives to hunting 

and consumption, broadly named Alternative Livelihood Projects (ALPs), such as the 

provision of diversified income sources, provision of alternative protein sources and the 

creation of park-based benefits (van Vliet 2011).  

 

The ALP approach followed on from the contentious Integrated Conservation and 

Development Project (ICDP) approach popularised in the 1980’s, which sought to link 

economic development, sustainable resource use and conservation, to meet both social 

development and conservation goals (Hughes and Flintan 2001). This approach was criticised 

as ineffective in many cases due to problems with implementation, insufficient consideration 

of context (Waylen et al. 2010), insufficient benefits reaching individuals (Ferraro and Kiss 

2002), the lack of a direct link between the project and the conservation objective (Johannesen 

2006) and issues relating to the sustainability of resource use (Barrett and Arcese 1995). The 

ALP approach, however, unlike traditional ICDPs, seeks to create initiatives that are not 

necessarily linked to natural resources, by substituting damaging livelihood activities with 

alternatives (Wright et al. 2016). This approach aims to address drivers of wildlife crime such 

as the need for income to meet basic needs and beyond, perceived injustice, and cultural 

traditions (Harrison et al. 2015b). Many PAs aim for a combination of both enforcement and 

ALPs. However, given that evidence for the success of many of the latter is often lacking or 

contradictory (Wicander and Coad 2014), approaches may be shifting towards enforcement 

and the militarisation of conservation (Duffy 2014). However, there are development and 
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ethical concerns with an enforcement-focussed approach, as bushmeat and food security in 

areas of extensive poverty are strongly interlinked (Fa et al. 2003).  

 

Similar to ICDPs, there is a concern that assumptions about ALPs used to combat bushmeat 

may be flawed (Roe et al. 2015). Many projects aim to provide both the same level of income or 

protein as would be derived from hunting, as well as facilitating hunters to spend more time 

on other activities, thereby reducing the frequency of hunting. A key factor which many 

interventions fail to consider is whether the program actually results in substitution from 

hunting to another alternative, or rather simply adds a new activity to existing hunting activity 

(Wicander and Coad 2014). In many cases, the assumption that the intervention is acting as a 

substitution is incorrect, as the intervention may not take up enough time to alter behaviour 

substantially, or else the intervention may be seen as an addition to improve the standard of 

living in households (Wright et al. 2016). Therefore, evaluating these interventions prior to 

large-scale implementation is vital.  

 

Deciding on and implementing any conservation intervention can be challenging, stemming 

from the lack of systematic evaluation of projects and a shared evidence-base (Pullin and 

Knight 2009). Successes are often difficult to define, and in many cases there is insufficient 

evidence of post-project outcomes (Saterson et al. 2004). Managers need tools that interrogate 

assumptions and predict responses prior to implementing projects (Margoluis et al. 2013). This 

is especially true in Africa where decisions at chronically under-funded PAs have to be made 

with limited resources (Lindsey et al. 2016). We used scenario-based interviewing to provide 

evidence of responses to a range of possible bushmeat interventions. Scenarios represent 

alternative futures in which a specific change is made, to explore how it may impact a system. 

Meaningful predictions of behaviour are made possible by limiting the time frame and type of 

changes considered, and therefore controlling contextual complexity (Gordon 1992). Although 

scenarios are commonly used in many different fields (van Notten et al. 2003), their use has 

been limited in a conservation context. Cinner et al. (2009) used this approach by asking 

fishermen how likely they are to exit a fishery based on various scenarios, Travers et al. (2016) 

used it to explore which interventions would limit forest clearance, and Travers et al. (2019) 

how interventions would affect various illegal activities, including bushmeat hunting. This 

method can be readily understood by respondents and can explore heterogeneity in the target 

population, who can exhibit substantial social variation (Waylen et al. 2013). Therefore, the 
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scenario approach can provide important insights as to probable responses to planned 

interventions, and challenge assumptions about their practical outcomes.  

 

Here we use four PAs in Malawi as a case study, where the rates of bushmeat hunting are 

known to be high (van Velden et al. 2020) and a number of different bushmeat interventions 

are currently planned. As no research currently exists as to likely responses of communities to 

these interventions, managers are looking for an evidence-based way forward. We therefore 

investigated responses to seven different interventions including alternative income projects, 

alternative protein projects and increased enforcement. Our aim was to understand which 

intervention would be most favourable in terms of perceived fairness, provision of meat and 

substitution of time spent, in order to reduce bushmeat hunting and/or consumption. 

 

 Methods 

4.3.1 Study sites 

Malawi currently has 99 PAs, making up 16.8% of the land area (World Bank Group 2018b). 

Outside of PAs, however, much of the landscape has been transformed into small-holder 

agricultural land. All hunting inside of PAs is illegal, while outside of PAs, a valid hunting 

licence is necessary (Jere 2017). Populations of large or medium-sized animals outside of PAs is 

suspected to be very low, but small animals such as mice are regularly caught as additional 

protein.  

 

We conducted interviews with respondents living around four PAs: Nkhotakota Wildlife 

Reserve, Majete Wildlife Reserve, Vwaza Marsh Wildlife Reserve and Nyika National Park. 

These PAs were chosen to represent a wide variety of conditions. They are located in different 

regions of Malawi (Nyika and Vwaza Marsh in the Northern Region, Nkhotakota in the 

Central region and Majete in the Southern Region), and therefore represent a number of 

climatic conditions, community ethnicities, and population densities. Further, these PAs are 

managed under different institutional structures, with Nkhotakota and Majete under 

delegated management with the international Non-Governmental Organisation (NGO) 

African Parks, while Vwaza Marsh and Nyika are run by the Department of National Parks and 

Wildlife, Malawi. African Parks has invested substantially in both enforcement and 

community programs at Majete, and to a lesser extent Nkhotakota, which was taken over 

more recently (2003 vs 2015). This is in contrast with Vwaza Marsh and Nyika which are 
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underfunded and under-resourced in comparison and remain unfenced, although an initiative 

by the NGO Peace Parks has recently invested into community projects and enforcement at 

these two PAs, as part of a trans-frontier initiative with Zambia. These PAs therefore represent 

a range of enforcement and community-based project capabilities. Nyika and Vwaza Marsh 

are located close together and co-ordinate in implementing community programs and 

enforcement.  

 

4.3.2 Sampling strategy 

We used a two-stage approach to conduct interviews at each of the four PAs (Figure 4.1). After 

completion of a larger socio-demographic household survey, in-depth qualitative interviews 

relating to seven different scenarios were conducted. The socio-demographic survey gathered 

information relating to household demographics and livelihoods, and involvement in park-

implemented programs. We then selected respondents who had agreed to a follow-up 

interview to participate in scenario interviews (1257 respondents (80.5%) agreed, 305 (19.5%) 

opted out). Logistic regression indicated that those who agreed to the follow-up interview 

were more likely to be those households with some knowledge of village natural resource 

committees, poorer households and those with a larger household size (Appendix 4, table 

A4.1). Respondents who agreed to a follow-up interview were stratified by household poverty 

(Appendix 4, item A4.1), and involvement in any PA-based community programs, such that 

households across the wealth and participation spectrum were included. Following 

stratification of the sample, 250 households (80 from Majete, 70 from Nkhotakota, 52 from 

Nyika and 43 from Vwaza Marsh) were randomly selected. If a selected respondent household 

could not be interviewed, a replacement household from the same village with the same 

wealth and program participation profile was selected. 
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Figure 4.1: Methodological process followed in study, indicating the stratification 

process for selecting respondents, the seven scenarios investigated, the conditionality 

attached to each scenario and the method of analysis 

 

4.3.3 Interview details 

Interviews were semi-structured, with respondents first presented with a “business as usual” 

scenario, and then a further seven scenarios, each representing a new or expanded PA 

program. Scenario order was randomised between respondents to minimise order effects. As 

bushmeat hunting and consumption is illegal, we used four proxy indicators to investigate 

how different interventions may be received by respondents: 1) fairness of proposed 

intervention; 2) changes to time allocation to current livelihood activities; 3) availability of 

meat within their village; 4) availability of meat within their household. The fairness of the 

intervention is not a direct proxy for either bushmeat hunting or consumption, but rather 

gives an indication of its social acceptability, a vital component of intervention uptake. 

Secondly, a change in time allocation is expected to indicate that respondents may switch 

from allocating time to illegal hunting to allocating time to the intervention. This proxy will 
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not indicate a change to consumption as no significant time is expected to be expended in 

buying meat. The third and fourth proxies primarily indicate a change in consumption, as 

meat availability in both households and villages is expected to impact how much bushmeat is 

eaten. However, hunters may also respond to availability of meat due to a lack of demand.  

 

Respondents were asked follow-up questions to triangulate answers and check for consistency 

within scenarios (Blair et al. 2013). These follow-up questions were also used to understand the 

reasoning behind answer choices. After the final scenario, respondents were asked to rank the 

scenarios from most to least likely to participate in. Interviews were conducted in the 

respondent’s language of choice (English, Chichewa or Tumbuka) by Malawian enumerators 

and responses written down in English. Interviews were conducted between June and 

November of 2018 and were piloted with four respondents familiar with Malawian 

conservation.  

 

4.3.4 Scenarios 

The scenario options (Figure 4.1) were developed through consultation with managers of the 

PAs, and represented options they were either considering, currently implemented on small 

scales or had been implemented elsewhere in Africa with promising results. Scenario benefits 

were scaled to be roughly equal in value, such that each was worth a minimum of 100,000 

MWK (about $140 US) per year per household, based on Travers et al. (2017). This translates to 

36% of total yearly income per capita ($386 in 2018; World Bank Group (2018a)). We also 

included an element of conditionality into each scenario, such that, if a respondent committed 

a wildlife crime in the PA, there was a consequence to the intervention in the form of removal 

from the scheme or an unspecified fine. Conditionality have been found be a vital component 

of intervention programs to elicit additional behaviour change (Blom et al. 2010a; Wicander 

and Coad 2014), and we aimed to ensure these scenarios were as close to what would 

potentially be implemented in the real world as possible. The exact wording of the scenarios, 

as presented to respondents, is available in Appendix 4, item A4.2. 

 

The scenarios were: 

Park-based resource harvesting  

Respondents were offered the option of being able to harvest and sell products from the park 

(e.g. honey, mushrooms or wild fruits) at a fixed price, in exchange for not participating in any 
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wildlife crime within the PA. Markets would be made available for these products. If a person 

was found to have committed any wildlife crime they would be removed from the scheme. 

  

Micro-enterprise 

Respondents were offered the option of being part of a microenterprise scheme, through 

which participants would receive training and a seed grant to start a business of their choice. 

The businesses would be formed in groups of ten where loans and profits could be pooled. In 

exchange respondents would not participate in any wildlife crime within the PA. Individuals 

that contravened this rule would be removed from the scheme and any monetary 

contributions to the group returned back to them. 

 

Livestock donation (household) 

Respondents were offered the option of receiving livestock in exchange for not participating in 

illegal activities within the PA. Households would receive 3 goats, and training in livestock 

management. Individuals that committed a wildlife crime would be fined. To extend the 

scheme participants would give the first offspring of their livestock to another participant 

joining the program.  

 

Livestock donation (group) 

Similar to the previous scenario, participants would receive a donation of livestock. However, 

in this scenario participants would form groups of ten households, and the group would 

receive 2 cows and 6 goats. The group would also receive training in livestock management. 

Profits from the scheme would be put into a group fund and split equally. If anyone in the 

group was found to have committed a wildlife crime the whole group would pay a fine out of 

the profits.  

 

Skills training 

Respondents would be offered training for a skill of their choice, lasting a period of six 

months. The skills options would be tailored to the locality, but could include skills like 

carpentry or crafts making. However, if individuals were found to have committed a wildlife 

crime they would be removed from the scheme. 
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Regulated hunting 

In this scenario hunting of wild animals from the PA would be made legal, subject to 

conditions, including species restrictions and bag limits (e.g. 10 animals per year). Hunters 

would only be allowed to consume the meat within their household, and not sell it to others. 

Individuals hunting without a permit would receive the same fines as currently enforced 

within the PA, and would be ineligible for future permits. These same penalties would apply 

for selling meat. 

 

Increased enforcement 

In the final scenario, the likelihood of apprehension by rangers for wildlife offenders would 

double from current levels. For example, if offenders were currently caught one in every ten 

trips, they would be caught twice in every ten trips. 

 

Individual livestock donation, non-commercial resource harvesting and alternative livelihood 

projects had previously been implemented in communities to varying degrees (Appendix 3, 

table A3.1). However, very few participants in the survey were involved with them (livestock 

donation: n=2, natural resource harvesting: n=18, formal alternative livelihood schemes e.g. 

beekeeping: n=2). Therefore, participants may have more prior knowledge about these three 

scenarios than the others, leading to more informed choices.  

 

4.3.5 Analysis 

Responses to the four proxy indicator questions were open-ended in format and so answers 

were coded into categories relating to each question during analysis. The categorisations were 

confirmed with closed-ended responses to the same questions, where respondents were asked 

to indicate which category their answer best fit into. Contradictions in the open-ended and 

closed-ended questions were interrogated and excluded if necessary (n=5). For the fairness of 

the intervention, responses were coded and confirmed with a five-point scale ranging from 

“very unfair” to “very fair”. For time spent on current activities, we coded responses into 

whether the respondent would view the scenario program as an addition to the time spent on 

their current activities, whether they would substitute the time spent on current activities 

with the scenario program, or whether they would not participate (no change). For village and 

household meat availability we coded responses into either “less meat eaten”, “no change” or 

“more meat eaten”. 
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We analysed the data using cumulative link mixed models (also known as ordinal regression 

models), due to the ordinal nature of the fairness and meat availability response variables. We 

used respondent ID, question order and interviewer ID as grouping factors. Models were 

implemented in the R package “Ordinal” (Christensen 2019). Fixed predictors, including socio-

demographic variables, were selected based on the AICc (Corrected Akaike’s Information 

Criterion) of alternative models. The dredge function in the “MuMIn” package (Bartoń 2019) 

was then used to find the top model based on AICc. Predicted probabilities for the top model 

were calculated using the “emmeans” R package (Lenth et al. 2020). Interactions were not 

supported in any of the top models for the four response variables, precluding contrasts of 

slopes of continuous variables, such as the number of projects initiated by the PA that 

respondents were previously involved in and tropical livestock score (TLU). TLU is a weighted 

score for the number of livestock each household owns, where individual animals are 

multiplied by a conversion factor according to the species (Jahnke 1982). As the “time spent on 

current activities” variable was not an ordinal scale, we used mixed generalized logit models to 

account for its multinomial nature, via the “GLIMMIX” procedure in SAS University Edition (v. 

9.4). We followed the same process to find a top model and used the “PLM” procedure to 

investigate contrasts. The Enforcement scenario was not included in the time model, as these 

responses could not be clearly coded into addition or substitution effects.  

  

We also used the methodology of Wilkinson and Duc (2016) to generate an overall ranking of 

scenarios based on each participant’s rankings of the scenarios they would most prefer to 

participate in. This method, based on Google’s PageRank algorithm (Adalı et al. 2006), 

aggregates rankings when not all respondents rank all items as some respondents only felt 

comfortable listing their top three or four scenarios, while others ranked all scenarios.  

 

4.3.6 Ethical standards 

This research implemented the guidelines from the Australian National Statement on Ethical 

Conduct in Human Research (Ref 2018/350) and received a research permit from the 

Department of National Parks and Wildlife Malawi (Ref 10/2018). 
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 Results 

4.4.1 Perception of fairness 

The microenterprise scenario was considered the fairest option, followed by individual 

livestock donation, and then skills provision (Figure 4.2a). Regulated hunting was considered 

the most unfair, followed by enforcement (regulated hunting had a 3.6% and a 12.9% 

probability of being seen as “very unfair” or “unfair” respectively, while enforcement had a 

1.8% and 7.2% probability respectively). However, the majority of respondents still found these 

options to be either “fair” or “very fair” (regulated hunting had a 73.6% probability of a “fair” or 

“very fair” answer, and enforcement had a 84.8% probability).  

 

Perception of fairness was influenced by the number of meals households ate per day, their 

tropical livestock unit (TLU) score, the time spent on livelihood activities post-harvest and the 

gender of the respondent (Appendix 4, table A4.3). Those respondent households eating two 

or three meals a day were significantly less likely to perceive the scenarios as very fair than 

those eating four meals (2 meals vs. 4 meals: estimate= -0.877, z=-2.577, p=0.049; 3 vs. 4: 

estimate=-1.057, z=-3.161, p=0.009). Those respondent households who worked more hours in 

the post-harvest season were more likely to perceive scenarios as “very fair” than those who 

work less. Those respondent households who had a higher TLU score were more likely to find 

scenarios to be very fair. Finally, males were significantly more likely to perceive the scenarios 

as fair or very fair than females (Estimate=0.269, z=-2.177, p=0.03).  

 

When asked for the reasons behind respondent’s perceptions of fairness (Table 4.1), all 

scenarios except hunting and enforcement were considered fair because they were seen as 

improving household living standards. In the group livestock donation scenario, some 

respondents found the stipulation that the whole group should receive a fine if one of them 

infringed PA rules to be unfair. However, other respondents felt that this scenario provided 

the community an opportunity to work together. Microenterprise and skills training were 

perceived as providing long-term empowerment to communities. More respondents felt that 

enforcement was a fair or very fair option as it conserved the environment, compared to those 

who felt it was unfair as it limits access to natural resources. 
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Figure 4.2: Probability of responses to scenarios for four different response variables 

a) intervention fairness, b) addition or substitution effect on time spent on current 

activities, c) availability of meat in village, d) availability of meat in household 

 N=245. ENF=enforcement scenario, HNT=regulated hunting, LGR= Livestock donation 

(group), LIN= Livestock donation (individual), MIC= microenterprise, PPR= park-

based resource harvesting, SKL=skills training 

 

4.4.2 Time spent on current activities 

The microenterprise and skills training scenarios were most likely to result in respondents 

perceiving them to result in a substitution of time spent on current activities (both legal and 

illegal), with respondents aiming to switch from their current activities to these programs 

(Figure 4.2b; Appendix 4, table A4.4 for model results). Both livestock scenarios and the park-

based resource harvesting scenario were most likely to be seen as additional to current 
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activities. The regulated hunting scenario had the largest proportion of non-participation 

(17.4% probability), and had a significantly greater chance of being seen as an addition rather 

than a substitution compared to the microenterprise, park-based resource harvesting and 

skills training scenarios (Appendix 4, table A4.5).  
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Table 4.1: Top two reasons respondents gave for providing an answer to scenarios presented, indicating the count of each response. 

The table is split into responses for fairness, time spent on current activities, village meat availability and household meat availability 

 

  Scenario 
Variable Level Regulated Hunting 

(HNT) 
Group livestock 
donation (LGR) 

Individual livestock 
donation (LIN) 

Microenterprise 
(MIC) 

Park-based resources 
(PPR) 

Skills training (SKL) Enforcement (ENF) 

N Reason N Reason N Reason N Reason N Reason N Reason N Reason 
Fairness Very fair 62 

 

9 

Access 
bushmeat 

Hunt freely 
within PA 

38 

 

28 

Money/living 
standard improved 

Work as a 
community 

89 

 

 

87 

Money/living 
standard 
improved 

Own livestock for 
first time 

156 

 

 

21 

Money/living 
standard 
improved 

Capital supplied 

112 

 

11 

Money/living 
standard improved 

No capital needed 

102 

 

27 

Money/living 
standard improved 

Long-term 
empowerment 

59 

 

12 

Conserve 
environment 

Won’t hunt 
anymore 

Fair 49 

 

25 

 

Access 
bushmeat 

Hunt freely 
within PA 

43 

 

16 

Money/living 
standard improved 

Work as a 
community 

35 

 

 

29 

Money/living 
standard 
improved 

Access meat 

18 

 

 

7 

Money/living 
standard 
improved 

Long-term 
empowerment 

78 

 

11 

Money/living 
standard improved 

Tangible benefits 
from PA 

57 

 

12 

Money/living 
standard improved 

Learn new life skills 

66 

 

5 

Conserve 
environment 

Hunters afraid 
of rules 

Neither 8 

 

5 

If previously a 
hunter or not 

Access 
bushmeat 

9 

 

 
6 

Group projects 
difficult to manage 

Group suffers from 
1 rule-breaker 

2 

 

2 

Livestock cause 
damage to crops 

Money/living 
standard 
improved 

3 

 

 
2 

Competition 
between 
businesses 

Money/living 
standard 
improved 

3 

 

2 

People will not stick 
to rules 

Dependant on 
available markets 

3 

 

3 

Degrade resources 
via skills 

Learn new life skills 

15 

 

 
7 

Dependant on if 
a rule-breaker 
or not 

Conserves 
environment 

Unfair 50 

 

2 

Animals 
depleted 

Hunting is 
dangerous 

11 

 

10 

Group suffers from 
1 rule-breaker 

Group projects 
difficult to manage 

 N/A 1 Dependant on if 
a rule-breaker 
or not 

7 

 

5 

Degrade natural 
resources 

Use as an opportunity 
to hunt 

1 

 

1 

Degrade resources 
via skills 

High levels of 
competition 

14 

 

 

9 

Restricts access 
to all PA 
resources 

No bushmeat 
available 

Very 
unfair 

18 

 

Animals 
depleted 

4 

 

Group projects 
difficult to manage 

 N/A  N/A 1 

1 

Reduced rainfall  N/A 3 

 

No bushmeat 
available 
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2 Cant share 
meat 

3 Group suffers from 
1 rule-breaker 

People will not stick 
to rules 

2 Jail terms strict 

Time Addition 

 

83 

5 

Use free time 

Meat won’t 
be sold 

74 

 

32 

Group activity so 
shared burden 

Use free time 

90 

12 

Use free time 

Share 
responsibility 
with family 

24 

 

 

13 

Increase 
farming via 
extra income 

Use free time 

54 

13 

Use free time 

Increase farming via 
extra income 

16 

9 

Use free time 

Increase farming via 
extra income 

 N/A 

Substituti
on 

17 
 

 

7 

 

 

Concentrate 
on scenario 
activity 

Need time to 
complete 
activity 

44 
 

7 

Need time to 
complete activity 

Earn replacement 
income 

48 
 

13 

Need time to 
complete activity 

Earn replacement 
income 

91 
 

27 

Concentrate on 
scenario activity 

Earn 
replacement 
income 

81 
 

14 

Concentrate on 
scenario activity 

Earn replacement 
income 

65 
 

51 

Concentrate on 
scenario activity 

Need time to 
complete activity 

 N/A 

No 
participati
on 

40 

 

1 

Won’t want 
to participate 

Don’t hunt 

3 Won’t want to 
participate 

 

 N/A 1 Won’t want to 
participate 

 

8 Won’t want to 
participate 

 

6 Won’t want to 
participate 
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29 

Don’t hunt 

Won’t hunt 
anymore 

Village 
meat 
availabil
ity 

Less meat 2 

 

2 

Wild animals 
limited 

Small amount 
of bushmeat 
permitted 

1 

 

 

1 

Less bushmeat 
available due to 
rules 

Won’t participate 

2 Less bushmeat 
available due to 
rules 

8 

 

 

2 

Less bushmeat 
available due to 
rules 

Money used for 
other needs 

3 

 

2 

Less bushmeat 
available due to rules 

Wild animals already 
limited 

7 Less bushmeat 
available due to 
rules 

50 

 

 

36 

Less bushmeat 
available 

Won’t hunt 
anymore 

No 
change 

3 

 

3 

Wild animals 
limited 

Won’t 
participate 

4 

 

 

2 

Not enough time 
for livestock to 
multiply 

Group projects 
difficult to manage 

2 

 

 

1 

Not enough time 
for livestock to 
multiply 

Won’t participate 

1 

 

1 

Money used for 
other needs 

Livestock not 
added to 
system 

7 

 

3 

Livestock not added 
to system 

Money used for other 
needs 

 

10 

 

3 

Livestock not added 
to system 

Money used for 
other needs 

 

28 

 

2 

Don’t eat 
bushmeat 

Won’t hunt 
anymore 

More 
meat 

210 

 

 
11 

More 
bushmeat 
available 

Multiplication 
of existing 
livestock 

112 

 

69 

Own livestock for 
first time 

Multiplication of 
livestock 

133 

 

65 

Own livestock for 
first time 

Multiplication of 
livestock 

206 

 

5 

Able to buy 
meat 

Replace 
bushmeat with 
livestock 

134 

14 

Able to buy meat 

Use as an opportunity 
to hunt 

161 

6 

Able to buy meat 

People keeping 
livestock & not 
selling for income 

9 Multiplication 
of existing 
livestock 
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Househ
old 
meat 
availabil
ity 

Less meat   1 

 

1 

Benefits only after 
long time 

Group won’t agree 

2 

 

1 

Money used for 
other needs 

Won’t hunt 
anymore 

4 

 

1 

Money used for 
other needs 

Less bushmeat 
available 

1 

 

1 

Money used for other 
needs 

Neglect livestock 

3 

 

1 

 

Won’t hunt 
anymore 

Money used for 
other needs 

19 

 

8 

Less bushmeat 
available 

Won’t hunt 
anymore 

No 
change 

17 

 

11 

Won’t 
participate 

Don’t eat 
bushmeat 

35 

2 

Group won’t agree 

Benefits only after 
long time 

 

10 

 

8 

Benefits only 
after long time 

Money used for 
other needs 

7 

 

2 

Money used for 
other needs 

Able to buy 
meat 

19 

 

5 

Money used for other 
needs 

Livestock not added 
to system 

7 

 

3 

Money used for 
other needs 

Won’t participate 

45 

29 

Don’t hunt 

Don’t eat 
bushmeat 

More 
meat 

94 

 

 

39 

More 
bushmeat 
available 

Meat used in 
house, not 
sold 

46 

 

29 

Multiplication of 
livestock 

Own livestock for 
first time 

60 

 

55 

Own livestock for 
first time 

Multiplication of 
livestock 

174 Able to buy 
meat 

124 Able to buy meat 142 

2 

Able to buy meat 

Multiplication of 
existing livestock 

2 Multiplication 
of existing 
livestock 
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Perceptions of time spent on current activities was also significantly influenced by which PA 

the respondent lived near, and the Tropical Livestock Unit (TLU) score of the respondent. 

Respondents from Majete were significantly more likely to consider a scenario as an addition 

rather than a substitution than respondents from Nkhotakota (Appendix 4, table A4.6). 

However, both respondents from Majete and Nkhotakota (the African Parks managed PAs) 

were significantly more likely to consider a scenario as a substitution rather than an addition, 

compared to Nyika and Vwaza Marsh (the government-managed PAs). An increase in Tropical 

Livestock Units increased the likelihood that respondents would see scenarios as additions or 

would not participate, compared to substitutions.  

 

The most common reason for respondents to potentially treat a scenario as additional to their 

current activities was that they believed they could conduct the activity in their free time. A 

scenario would be treated as a substitution because respondents would prefer to concentrate 

on that activity rather than their current activities, or that the scenario would earn 

replacement income (Table 4.1). We found that 11% of participants with valid answers to the 

enforcement scenario (n=245) said that they would spend more time conducting legal 

livelihood activities (e.g. more time farming) under the enforcement scenario, while 87% said 

there would be no change in their time budgets under this scenario as they did not participate 

in illegal hunting.  

 

4.4.3 Village meat availability 

All of the scenarios except enforcement were considered likely by respondents to potentially 

increase the availability of meat in villages. Enforcement had a 33.7% probability of 

respondent’s perceiving the scenario to result in less meat and 44.9% chance of resulting in no 

change in availability (Figure 4.2c). The two livestock scenarios, hunting and microenterprise 

were perceived to have a higher probability of increasing meat availability in the village than 

park-based product harvesting and skills training. 

  

The perception of village meat availability was influenced by PA, the number of park-based 

projects the household was involved in, and the number of meals eaten per day. Respondents 

from Nkhotakota were significantly less likely to say they would eat more meat than 

respondents from Vwaza Marsh (NK vs. VW: estimate=-0.755, z=-2.895, p=0.019). Nkhotakota 

respondents also had a lower probability of predicting more meat availability under the park-
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based resource harvesting and skills training scenarios, and were more likely to say there will 

be “less meat” under the enforcement scenario than the other PAs. Those respondent 

households involved in more park-based projects were more likely to say that there will be 

“more meat” in the enforcement scenario, than those involved in fewer projects. Those 

respondent households eating three meals a day were less likely to say there would be “more 

meat” than those eating four meals (3-4: Est. =-1.197, z=-2.509, p=0.059).  

 

When asked about the reasons for their perceptions regarding meat availability (Table 4.1), 

respondents felt they would now be able to buy meat from the market, especially in the 

microenterprise, park-based resource harvesting and skills training scenarios. The park-based 

resource harvesting scenario, however, was seen as giving an opportunity to hunt bushmeat 

illegally by 14 respondents, and therefore providing more meat to the village. Fifty respondents 

(20%) said that the enforcement scenario would result in less meat in their village as 

bushmeat supply would be affected. 

 

4.4.4 Household meat availability 

Similar to village meat availability, all scenarios except enforcement were perceived to be 

likely to increase the availability of meat to households (Figure 4.2d). However, regulated 

hunting, park-based resource harvesting and group livestock donation were less likely to be 

perceived as increasing meat availability in households compared to villages. Enforcement had 

a 14.6% chance of decreasing a household’s meat availability.  

 

The perception of household meat availability was influenced by the age of the respondent, 

the PA, and the number of park-based projects the household was involved in. Older people 

had a slightly higher chance of saying there will be “less meat” than younger people, under the 

enforcement scenario. Respondents in Nkhotakota had a lower chance of saying there will be 

“more meat” in their household than those in Vwaza Marsh (NK vs. VW: estimate=-0.637, z=-

2.483, p=0.063). Those respondents involved in more projects were less likely to say there will 

be “no change” in household meat availability under all scenarios than those involved in fewer 

projects. Also, those involved in fewer projects were less likely to say that there be “less meat” 

under the enforcement scenario.  
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When asked about the reasons for their perceptions regarding household meat availability, 35 

respondents felt that the group livestock donation would not help meat availability in their 

households as the group would not agree on when to sell or slaughter livestock. Additionally, 

the extra income received from programs like microenterprise and skills training was not 

always perceived as likely to affect meat availability, as income would preferentially be used 

for other needs.  

 

4.4.5 Rankings of scenarios 

Respondents ranked scenarios from most likely to participate in to least likely to participate in 

at the end of the survey. We found that microenterprise was the most preferred, followed by 

individual livestock donation, skills training, group livestock donation, and park-based 

resource harvesting. Regulated hunting and enforcement were tied as the least preferred 

scenario. These rankings had a mean Kendall distance=0.1805, indicating substantial 

agreement between respondents in these rankings. The order of these rankings approximates 

the perceived fairness of the scenario, except that respondents would prefer to participate in 

group livestock donation over park-based resource harvesting schemes, even though the latter 

was perceived as being fairer.  

 

 Discussion 

The choice of conservation intervention is a challenging issue for practitioners, especially in 

situations without adequate evidence on which to base these decisions (Saterson et al. 2004). 

This is true for community-based interventions relating to reducing bushmeat hunting or 

consumption (van Velden et al. 2018), where the evidence for alternative livelihood and 

protein projects is lacking or contradictory (Roe et al. 2015). Our findings suggest that projects 

that impart long-term empowerment to communities, such as microenterprise programs, were 

preferred by local people and were predicted to have more positive effects with respect to 

labour substitution and meat provision than projects which are based on acquisition of 

products, such as park-based resource harvesting schemes or regulated hunting for meat.  

 

4.5.1 Fairness of scenarios 

Microenterprise, individual livestock donation and skills training programs were perceived as 

the most fair, and also ranked the highest in terms of preference. The high degree of support 
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for the microenterprise program was due to the perception that it would improve living 

standards substantially and offers long-term empowerment to communities. Community-

based conservation programs are often delivered at the level of the community, on the 

assumption that benefits will then flow down to individuals (Wright et al. 2016). However, 

many costs of living with wildlife are borne at the household level and material benefits of 

community-level programs often fail to cover these costs (Haller et al. 2008). Micro-enterprise 

schemes could combat this problem, as although they encourage cooperation between 

businesses, the focus is on generating benefits for households (Moro et al. 2013).  

 

Additionally, the top three programs allow participants to be highly involved in decision 

making and can be both transparent and equitable (Kaaya and Chapman 2017). These 

programs all allow an element of freedom of choice and allow households to receive long-term 

benefits, managed on their own terms, while providing participants with an alternative to 

illegal activities (Chowdhury et al. 2014). Creating projects that address the heterogeneity of 

communities, recognising that a “one size fits all” approach may result in project failure, 

engaging in collaboration beyond the conservation sector, and explicitly considering the 

livelihood needs of local communities have been found in the ICDP literature to be important 

in creating successful projects (Blom et al. 2010a; McShane and Newby 2004). We hypothesise 

that the top three most preferred scenarios may best be able to incorporate such complexity 

and the heterogeneous needs of local communities. Further, there is a need to recognise that 

intervention compliance is dependent on perceptions of the instrumental value of the 

intervention, the normative context in which the intervention operates, and the overall 

legitimacy of the implementers (Oyanedel et al. 2020). The top three scenarios all were 

valuable to communities in the long-term (instrumental value), were based on commonly-

practiced activities (normative value), and rely on cooperation with other sectors (and 

therefore may have more legitimacy than projects purely reliant on conservation agencies).   

  

Regulated hunting was the least preferred scenario, tied with enforcement, and seen as the 

most unfair. This may be surprising given that up to 19% of the community engages in illegal 

hunting (van Velden et al. 2020). However, the most common reason for this view was that 

animals in the PA would become depleted, having knock-on effects on tourism and long-term 

conservation goals. This matches a similar finding from Uganda (Travers et al. 2019). If the 

majority of respondents had indicated that the reason this option is not preferred was that 

households were not allowed to sell on the meat, or that the bag limits were too small to 
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benefit households, it would indicate that they would actually prefer legal hunting if the rules 

were not as strict. Therefore, hunting may not be a preferred activity, and potentially 

something that people would willingly replace with other activities. Risks of injuries from 

wildlife while hunting are significant (Knapp 2012), and fines pose a major financial risk given 

recent substantial increases in penalties for wildlife infractions (Jere 2017). Resource extraction 

programs such as regulated hunting are also potentially more volatile, with benefits for only as 

long as the PA continues with the agreement or resource-use remains stable, which is unlikely 

given that PAs may attract people to live near them (Wittemyer et al. 2008), and the high rate 

of population growth in Malawi. 

 

Although enforcement was seen as the second most unfair scenario, most people (84.4%) 

actually perceived enforcement as “fair” or “very fair”. The most prevalent reason for this view 

was that enforcement conserves the environment. Similarly, enforcement was also positively 

perceived by communities in Uganda (Travers et al. 2019). This is encouraging as it indicates 

that improved law enforcement may be socially acceptable in many cases. It also challenges 

the idea that community engagement and enforcement are discrete choices, rather than being 

complementary to one another. However, the responses to both the regulated hunting 

scenario and the enforcement scenario may have been impacted by social desirability biases 

(Nederhof 1985), where respondents felt that support for any kind of hunting may be viewed 

negatively. We attempted to mitigate against this by providing anonymity to respondents and 

by using proxy indicators of future behaviour.  

 

4.5.2 Time allocations 

A primary challenge among alternative livelihood projects (and their predecessor, ICDPs) is 

that participants may treat projects as additional to their current activities, when the aim is to 

substitute destructive behaviour with a lower impact behaviour (Johannesen 2006; Wicander 

and Coad 2014). Only two scenarios, the microenterprise and skills training scenarios, were 

expected to cause substitution in time spent on current activities (including legal and illegal 

activities) for most respondents. This indicates that these two programs may reduce the 

amount of time spent on illegal hunting as people shift activities. This assumption of activity 

substitution is often not met in ALPs, as although individuals are assumed to want to shift to 

the supposed “more productive” use of their labour and time and trade short-term losses with 

longer-term gains (Wright et al. 2016), this is often not the case. This is because substitutions 

often do not meet the same needs and aspirations that the original activity served, and further, 
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substituting current activities is perceived as risky because new projects may take months to 

generate revenue and require significant investment (Torell et al. 2010).  

 

The livestock donation (both individual and group) and park-based resource harvesting 

scenarios were likely to be treated as additional to current activities, indicating that they 

would have limited impact on shifting time away from hunting to these programs. They may, 

however, influence consumption of bushmeat, if livestock acts as an acceptable substitute for 

it (van Vliet 2011). A small number of people (11%) said they would not hunt anymore under 

the enforcement scenario. This indicates that increasing the effectiveness of enforcement is 

enough to deter a portion of hunters, but others may find that hunting is sufficiently lucrative 

to outweigh costs (Nielsen et al. 2013). Therefore, there is a need for a combined approach, 

utilising both enforcement and community programs which can act as substitutes.  

 

Finally, for a substitution effect to take place there also needs to be a strong link between the 

project and a desired conservation activity (Johannesen 2006). These links can act as a direct 

incentive for behaviour change by reducing the “free-rider” problem, but also function more 

generally by emphasising that such projects and their benefits may not be possible without PA 

involvement. In this case, we used negative conditionality in our scenarios, such that if an 

offence was committed in the PA, participation or benefit from these projects suffered in some 

way. However, the ICDP literature has shown that designing systems of incentives and 

disincentives that work across a broad range of different stakeholders is very complex 

(Brandon 2001), and may work best where there are strong local systems of social control. 

Malawi is one such environment, where the traditional hierarchical governance of different 

levels of chiefs make social sanctions possible, although these controls may have become 

eroded in recent times.  

 

4.5.3 Meat availability in households and villages 

The two livestock donation programs and the microenterprise program most positively 

impacted meat availability. Park-based resource harvesting and regulated hunting programs 

were the least likely to change household meat availability, due to a number of respondents 

being unwilling to participate. Livestock donation schemes are likely to impact bushmeat 

consumption the most by increasing the availability of alternative meat sources, and have 

been found to theoretically reduce hunting (Nielsen et al. 2013). In comparison, income from 
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microenterprise schemes may be used for many other needs before meat choice is considered, 

as a number of respondents indicated. 

 

Livestock donation programs have been found elsewhere to result in increased household 

consumption expenditure and dietary diversity (Kafle et al. 2016), resulting in an overall sense 

of growing security for participants. Here, respondents perceived group livestock donation to 

help meat availability equally to individual livestock donation at the village level, but less so at 

the household level. There was a perception that group livestock donation would result in less 

control over their household economies than individual donation, as it was unlikely that 

decisions could be made about when to sell or slaughter the livestock which would benefit 

everyone in the group. Therefore, the individual livestock donation format may have greater 

positive impacts in the long-term, given that it has more community support (Waylen et al. 

2010). However, these types of programs are expensive to implement and require on-going 

technical, veterinary and training support (Argent et al. 2014). It would therefore be important 

that PAs cultivate relationships with organisations with successful experience in implementing 

such projects and work with them to ensure that conservation goals are incorporated into the 

design of the program. This is especially vital as community conservation staff most likely lack 

the budget, skills, and manpower required to design and implement such programs 

successfully.  

 

4.5.4 Limitations and future research 

Although scenarios offer a promising way to understand some of the complexities of bushmeat 

hunting and consumption interventions, it is not without limitations. Firstly, the questions 

relating to meat availability and time spent on current activities are proxies for bushmeat 

hunting and consumption. This was necessary as activities relating to bushmeat are likely to 

be sensitive in nature, and respondents may feel uncomfortable admitting to eating or hunting 

bushmeat illegally. Such social desirability issues, where respondents seek to appear to 

conform to social norms (Nederhof 1985), may be especially apparent in responses to the 

enforcement scenario, which most directly asked about illegal behaviour. There is also the 

possibility of respondents answering scenarios strategically, and their ability to predict future 

behaviour may be limited as scenarios become more complex (Travers et al. 2016). Finally, 

these scenarios investigated people’s intentions to perform a behaviour, which, under the 

Theory of Planned Behaviour, is vital to elicit behaviour change. However, various factors such 

as perceived behavioural control (i.e. perceived ability to perform the behaviour) may also 
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predict whether people undertake an action (Fife-Schaw et al. 2007). Although these 

limitations are impossible to completely negate, the validity of results can be improved by 

triangulation and follow-up questioning.  

 

We also recommend that pilot programs of the promising interventions discussed here also 

investigate what effect various forms of conditionality have, preferably in the format of a 

multiple treatment randomised control trial. Finally, there is a need to recognise that the 

management of bushmeat can only be achieved to full effect if multiple interventions are used 

in concert and incorporated as part of a landscape approach (Coad et al. 2019). Demand 

reduction in urban areas, transboundary enforcement and enabling environments to improve 

livestock yields are just some of the areas which require simultaneous consideration. 

Therefore, implementation of multiple interventions within one area is encouraged, but 

further research into how to appropriately monitor and evaluate the individual impacts of 

these programs requires further consideration.  

 

4.5.5 Conclusions 

Our findings suggest that programs that generate long-term empowerment opportunities for 

participants, rather than allowing access to park-based products, are most likely to be 

preferred by local people and have the greatest impact on behaviour. However, although park-

based product harvesting and hunting are not preferred or perceived as fair, their benefits are 

clearly linked to PAs, whereas there is a risk that microenterprise, skills training and livestock 

donation could be seen as development programs unless the link to conservation is made 

explicit. Without this link, the direct impact of programs to reduce hunting and consumption 

may be limited. Therefore, a holistic combination of approaches may be necessary in order to 

fulfil multiple goals.  

 

Our results indicate that there is potential for some of the interventions programs investigated 

here to create appropriate substitutions to shift activities away from bushmeat hunting 

towards more desirable livelihood activities, whilst also being acceptable to communities in 

terms of perceived fairness. Care must, however, be taken to ensure that these programs have 

an equitable and transparent way of including participants, to ensure that elite capture is 

minimised and social equity is appropriately considered. These recommendations provide 

information towards the management of the burgeoning bushmeat crisis.  
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Linking statement 
 

The results of Chapter 4 highlighted the complexity of implementing interventions to reduce 

bushmeat hunting and consumption in Malawi, and showed that interventions that 

incorporate development goals may be preferred and change the behaviour of hunters. 

However, simply providing these recommendations to decision-makers may not be enough, 

given the complexity of the bushmeat hunting and consumption systems. There is also a need 

to incorporate the knowledge of decision-makers in order to explore their understanding of 

these systems as well as facilitate social learning among them, to achieve transparent, 

legitimate and socially acceptable decisions.  

Therefore, this chapter presents a two-phase decision-making process to both highlight the 

current understanding of the bushmeat consumption and hunting systems, as well as provide 

the first step towards making decisions regarding interventions. This chapter's results show 

how such a process can be implemented to incorporate both individual and group-based 

knowledge, and highlights some key gaps in knowledge to be explored in future research 

(discussed in more detail in Chapter 6).  
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 Abstract 

Critical conservation issues such as bushmeat hunting, which exist in complex social, political 

and policy landscapes, require the incorporation of diverse sources of knowledge as a key 

aspect of decision-making. We demonstrate the utilisation of both individual and collective 

stakeholder knowledge to contribute towards decision-making. We used Fuzzy Cognitive 

Mapping in a two-stage process to investigate bushmeat hunting and consumption in Malawi 

as a case study, and arrived at models of the bushmeat hunting and consumption systems, in 

the form of cognitive maps. We also explored the effect of three different intervention 

scenarios, namely wildlife farming, microenterprise initiatives and ecotourism. We found that 

the concept of hunting was perceived as more complex than consumption, and that poverty, 

human population and political will were shared as important drivers of both issues. The two-

stage process we used indicated that individual and group phases were equally important. Key 

concepts were drawn out during the individual elicitation stage, while the participatory group 

phase allowed nuanced understanding of many of these concepts. We found that wildlife 

farming was predicted to be the most effective scenario for meeting many of the key state 

outcomes for both hunting and consumption. These results provide an example of using Fuzzy 

Cognitive Mapping in a multi-stage process and illustrate its utility for arriving at decisions 

regarding interventions in complex social-ecological systems. 

 

Keywords: Cognitive models; expert systems; mental models; participatory models; 

poaching; social learning; wild meat 

 

 Introduction 

 
Most of the world’s most pressing conservation problems such as overexploitation (via 

logging, hunting or fishing), agricultural activity or urban development (Maxwell et al. 2016) 

require a deep understanding of the social-ecological systems they are embedded in (Collins et 

al. 2011). Harvesting of animals for human consumption is the largest danger to threatened 

megafauna (Ripple et al. 2019), and is responsible for species decline worldwide (Benítez-

López et al. 2017). Bushmeat hunting or wild meat harvesting is defined here as any non-

domesticated terrestrial mammal, bird, reptile or amphibian harvested for food (Nasi et al. 

2008). This term includes all steps in the supply chain including the acquisition, trade and 

consumption of wild meat and features complex social-ecological systems. For example, 
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factors such as poverty, culture, land-use rights, development and infrastructure, governance 

and corruption, food security, and human population growth may all influence bushmeat 

hunting in some way (Bennett et al. 2007, Lindsey et al. 2013). Despite this complexity, 

simplistic narratives around why people hunt and consume bushmeat often prevail, which 

obscures the multidimensional nature of this issue (Travers et al. 2019a). Although generating 

income and providing meat for households are primary motivators for hunting, bushmeat may 

serve many purposes, including maintaining cultural traditions, managing damage from 

wildlife and because hunting is perceived as a right (Lindsey et al. 2013; van Velden et al. 

2020b). Managers and decision-makers therefore often struggle to fully visualise the bushmeat 

hunting and consumption systems, leading to the implementation of interventions based on 

limited evidence (Wicander and Coad 2014). Specifically, there is a need to use predictive 

approaches to understand how conservation interventions impact social-ecological systems, 

especially to explore the consequences of different management interventions in advance of 

implementation (Milner-Gulland 2012; Travers et al. 2019b)  

 

Although studies about bushmeat hunting have traditionally focussed on forest systems (van 

Velden et al. 2018), this issue is increasingly recognised as one of the most pressing threats to 

wildlife conservation in savannahs (Lindsey et al. 2017). This is illustrated in the southern-

African country of Malawi, one of the world’s poorest nations (World Bank Group 2016). 

Although Malawi has recently began investing into conservation initiatives, via partnerships 

with international non-governmental organisations (Baghai et al. 2018) and changes to laws 

and sentencing for wildlife crimes (Jere 2017), the high rate of illegal bushmeat hunting from 

protected areas remains one of the key challenges (Munthali and Mkanda, 2002, van Velden et 

al., 2020b), due in part to underfunding (Lindsey et al. 2018). Further, strict anti-hunting 

wildlife laws may negatively impact the legitimacy and perception of conservation more 

generally (Strong and Silva 2020). This makes strategies which go beyond enforcement a top 

priority. Previous quantitative research has shown the complexity of the social-ecological 

factors affecting bushmeat hunting and consumption in Malawi (van Velden et al. 2020b) and 

elsewhere (Travers et al. 2019b). These kinds of complex social-ecological systems are defined 

by positive-feedback dynamics characterised by uncertainty, where it is not possible to specify 

in advance all possible outcomes and deliberative processes may be needed to temporarily 

define the problem (Marshall 2013). Although data-driven approaches are informative, such 

research can be expensive to conduct and may not fully capture the wider political, 

sociological and policy landscape within which conservation takes place. Therefore, it is vital 
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to utilise multiple sources of data, such as bringing in local expert stakeholders to provide 

context and perspective to the data derived from quantitative approaches.  

 

The concept of “mental models”, which are internal representations of external realities (Jones 

et al. 2011), are used to reveal stakeholder’s understanding of natural and social processes, to 

improve natural resource management. Stakeholders can share complex knowledge structures 

and reveal underlying assumptions about issues (Moon et al. 2019). Mental models can be 

expanded from an individual to a shared mental model, which represents a collective 

cognition among groups of individuals, and is used to support collective decision-making 

(Langan-Fox et al. 2001). This process can be achieved via participatory modelling, which is 

defined as “a purposeful learning process for action that engages the implicit and explicit 

knowledge of stakeholders to create formalized and shared representations of reality” (Voinov 

et al. 2018). Participatory modelling enables sharing of knowledge in such a way that solutions 

can be found, aiding in both conflict resolution and decision-making. This is especially vital in 

conservation where conflicting views by stakeholder groups can cause policy deadlocks (Biggs 

et al. 2017), and where issues like sustainable use of bushmeat have become increasingly 

polarised (Hutton and Leader-Williams 2003; Strong and Silva 2020). Resolving such conflicts 

requires recognising problems as shared by the parties involved and engaging with shared 

goals, key aspects of participatory processes (Redpath et al. 2013). Participatory modelling can 

be achieved in a variety of different ways, including qualitative (e.g. causal loop diagrams, 

decision-tree analysis), semi-quantitative (e.g. fuzzy cognitive mapping, scenario building) or 

fully quantitative (e.g. agent-based modelling, Bayesian models) approaches (Voinov et al. 

2018). Participatory modelling therefore offers a flexible approach to eliciting information 

from experts or other stakeholders to better understand conservation problems and make 

decisions.  

  

We focus on using cognitive mapping as a way of eliciting participants’ mental models. This 

technique results in models of how a given system operates, where important variables are 

defined and the causal relationships are described, using expert stakeholder knowledge 

(Özesmi and Özesmi 2004). Cognitive maps have been conceived in two different ways. 

Firstly, in the environmental psychology field, this term has been used to refer to exploring 

how participants would spatially organise important concepts in a system (Kearney and 

Kaplan 1997). Secondly, cognitive maps can be understood as graphical representations of 

causal relationships, which are defined by the participants rather than the researcher (first 
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used by Axelrod (1976)). We use the second conceptualisation here. Cognitive maps allow 

decision-makers, stakeholders and local communities to become involved in describing a 

specific system (Gray et al. 2015). Fuzzy Cognitive Maps (FCMs) are a modification of Axelrod’s 

“digraphs”, where fuzzy causal functions are applied using real numbers and mathematical 

pairwise associations, to indicate how strong connections between different variables (or 

nodes) are (Kosko 1986), making this application semi-quantitative in nature. The “fuzzy” 

aspect of the causal functions indicates that the edge values (or weighting of relationships 

between variables) are not restricted to integers +1 or -1, but can fall anywhere between this 

scale (Kafetzis et al. 2010).  

 

FCMs can also be used to understand how a system may change in response to a conservation 

intervention using a rapid participatory process, which is vital given that many systems do not 

have enough information, time, money or expertise to develop an appropriate mathematical 

model (Game et al. 2018). This is especially important in contexts where conservation 

problems are urgent and there are high social and ecological stakes, but data are not resolved. 

FCMs are quick and easy to construct using readily-available software and detailed 

information from expert sources, can incorporate as many knowledge sources as needed, and 

are easily modified, allowing pattern prediction and changes in behaviours of the model to 

become clear (Özesmi and Özesmi 2004). Importantly, this approach allows diverse 

stakeholders to have a say in decision-making and clarify what social values and preferences 

they hold, which is vital for conservation efforts to acquire the support they need (Lynam et al. 

2007). Further, because these cognitive maps can be elicited from multiple individuals or 

groups and then combined, they are also useful for exploring differences in worldviews and 

thinking between a range of stakeholder groups (Gray et al. 2017). Because of these benefits, 

FCMs can be an important contribution to the decision-making process, as conservation 

decisions often have to meet multiple (and sometimes opposing objectives) and can include 

large uncertainty due to nature of the complex social-ecological systems they arise from 

(Fuller et al. 2020).  

 

Here we use the concept of Fuzzy Cognitive Mapping to explore hunting and consumption of 

bushmeat in Malawi, using this process to aid in decision-making by allowing experts to 

collaboratively explore this complex issue. Studies have previously used this methodology to 

understand bushmeat hunting in Tanzania using community-based models (Nyaki et al. 2014, 

Gray et al. 2015). However, bushmeat consumption has to date not been modelled using such 



140 
 

participatory methods, despite the importance of understanding both sides of the supply 

chain. We expand earlier work and address knowledge gaps by a) presenting models 

generated from conservation experts in Malawi, exploring both bushmeat hunting and 

consumption; b) exploring the utility and importance of eliciting knowledge from individuals 

versus in a participatory group setting; c) presenting the potential effects of three different 

programs to reduce bushmeat hunting and/or consumption; and d) discussing how this 

knowledge can be used in future conservation planning.  

 

 Methods 

5.3.1 Study Site 

 
Malawi has a relatively high amount (22.9%) of its land surface dedicated to protected areas 

(World Bank Group 2018), however, many of these areas struggle to deliver on conservation 

goals. Issues include lack of fencing, inconsistent or under-resourced enforcement and lack of 

appropriate community benefits, all of which may impact bushmeat hunting and 

consumption. Malawi has a mild tropical climate with an austral summer rainy season and dry 

winters (Jury and Mwafulirwa 2002), with the natural habitat primarily consisting of Miombo 

woodland (Olson et al. 2001). However, much of the land outside of protected areas has been 

converted to agriculture. This means that animals available for bushmeat hunting outside of 

protected areas primarily consists of birds, rodents or small-bodied antelope (Maseko et al. 

2017). As such, larger-bodied animals within protected areas represent a potentially valuable 

protein resource to local communities. However, any hunting inside a protected area is illegal 

in Malawi (Jere 2017).  

 

5.3.2 Individual cognitive maps and creation of initial group cognitive map 

 
We used the Fuzzy Cognitive mapping (FCM) approach to aid in the process of exploring 

conservation expert’s understanding of the illegal bushmeat hunting and consumption 

systems in Malawi. We conducted the FCM process in four main steps. Firstly, FC maps were 

elicited from individual expert stakeholders and then combined into initial group maps. Next, 

the initial group cognitive maps were presented and modified in a workshop setting. The 

group cognitive maps were then used to investigate the effect of three interventions on the 

system via group examination of scenarios. Finally, we identified key areas of uncertainty and 
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ideas for future research, and evaluated the FCM process. See Figure 5.1 for a diagram of the 

process. 

 

Figure 5.1: Process for participatory Fuzzy Cognitive Mapping (FCM), illustrating three 

stages: Pre-workshop, where individual cognitive maps are elicited and combined; 

Workshop, where the initial map is presented to a group, modified and interventions 

incorporated; Post-workshop where cognitive maps are used to validate assumptions.  

Dashed lines indicate feedbacks, and round components indicate the software used at 

each stage. 
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Firstly, we elicited individual FCMs from eight Malawian conservation experts via a 

questionnaire delivered over email (see Appendix 5, item A5.1 for questionnaire), which 

experts could download and work on in their own time. The elicitation involved asking 

participants to respond to four questions: 1) Which variables are important to consider when 

thinking about illegal bushmeat hunting?; 2) Is the relationship between these variables and 

hunting positive or negative?; 3) Are the relationships between important variables and 

hunting strongly, moderately or weakly related?; 4) What are the relationships among the 

important variables, apart from their relationship to hunting? These questions were then 

repeated for bushmeat consumption later in the questionnaire. From the responses to these 

questions we drew up two individual fuzzy cognitive maps for each participant (one for 

hunting and one for consumption), using the Mental Modeler software (see 

http://www.mentalmodeler.org, Gray et al. 2013). We converted the relationships provided by 

participants to numbers on a scale of -1 to +1, where a number >0 indicated a positive 

relationship and a number <0 indicated a negative relationship (Özesmi and Özesmi 2004). A 

strong relationship was indicated by ±1, a medium relationship by ±0.5 and a weak 

relationship by ±0.25 (Nyaki et al. 2014, Henly-Shepard et al. 2015). The individual participants 

then checked the cognitive maps via email correspondence. This methodology allowed us to 

contact experts in remote areas who did not have reliable internet access, however, virtual 

meetings or in-person interviews could also be used to draw or check the maps. 

 

We next combined the individual cognitive maps into two initial group maps, one for hunting 

and one for consumption. Appendix 5, Figure A5.1 illustrates the accumulation curves for new 

variables, which indicated sufficient sampling of individuals to discover the majority of 

important concepts (Özesmi and Özesmi 2004). The concepts shared between individual 

maps are available in Appendix 5, Table A5.1. We used the combine.maps function in the 

FCMapper package in R (Turney and Bachhofer 2016) to aggregate the matrices of the 

individual cognitive maps, where relationships which are shared between two or more maps 

are averaged. We weighted all cognitive maps equally on the assumption that all individual 

maps are similarly valid.  

 

5.3.3 Modification and finalisation of the group cognitive map 

 

We next presented the initial group cognitive maps at a workshop held in Lilongwe, Malawi in 

November 2019, which involved eight participants, representing five different organisations 
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working in conservation in Malawi. These groups included two universities, the international 

Non-Governmental Organisation (NGO) African Parks, the Department of National Parks and 

Wildlife (both staff from individual protected areas and executives) and the Lilongwe Wildlife 

Trust, a local conservation NGO. This represents all of the major organisations in the 

conservation space in Malawi, apart from Peace Parks Foundation, whose members were 

unable to attend. Not all participants at the workshop had answered the initial FCM 

questionnaire (four had completed the questionnaire and four had not). Also, four people who 

answered the initial questionnaire were not present at the workshop. The workshop presented 

the concept of FCM in detail and then presented the initial group cognitive maps for hunting 

and consumption. We also presented detailed findings of previous research into bushmeat 

hunting (van Velden et al. 2020a, van Velden et al. 2020b). The initial group cognitive maps 

were discussed by going through each component, relationship and strength in detail with the 

group using Mental Modeler software, via a projection of these maps. Changes to the map 

were recorded as the discussion progressed and finalised after arriving at a group consensus. 

Whiteboards, flipcharts and cards were also made available to participants for the discussion 

and to illustrate relationships.  

 

 
5.3.4 Effect of interventions on group FC maps using scenarios 

We next conducted a scenario analysis, where we investigated the predicted effect of three 

different hypothetical interventions on the group cognitive maps. These interventions were 

drawn from ones previously investigated in Malawi and from suggestions from the group. 

Workshop participants chose to investigate wildlife farming, microenterprise initiatives and 

ecotourism programs (Table 5.1). These were added separately as components to the group 

maps for both hunting and consumption, and linkages made to other components. The 

predicted effect of the scenario was analysed by exploring how the system might change from 

its stable (or steady) state, to an alternative state under the scenario (Gray et al. 2015). The 

stable or steady state indicates what will happen to the system if things continue as they are, 

i.e. the system with current levels of bushmeat hunting (Özesmi and Özesmi 2004). The 

changes to the stable state when an intervention is introduced to the map can then be 

investigated by “clamping” this component to a high or low level (+1 or -1; (Kosko 1986)). We 

clamped each of the three intervention components to a high level. Further, the desired states 

of all components in the maps were recorded, with participants indicating a preference for the 

component to decrease, increase or remain the same (no preference). We then recorded 
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whether the state of that component under the intervention scenario met that preference or 

not. In this way, interventions can be compared to see which may most be able to create a 

future state for the whole system which is desired by participants.  

 

Table 5.1: Description of intervention scenarios and their perceived relationships to 

other components in the FC maps 

Intervention 
scenario Description Map of 

interest 

Components in map to which 
intervention was linked, with sign of 
relationship (+ or -) 

Wildlife 
farming 

Program to create the enabling 
conditions for wildlife to be owned and 
farmed by local communities, including 
training in management and health, 
setup of regulatory systems, 
certifications and start-up donations of 
wildlife 

Consumption Availability of alternative proteins (+) 
Sustainability of alternative livelihoods (+) 
Food security (+) 
Household income (+) 

Hunting Poverty (-) 
Local demand for bushmeat from 
protected areas (-) 
Sustainability of alternative livelihoods (+) 

Micro-
enterprise 
initiative 

Program where participants receive 
training and a seed-grant to start a 
business of their choice. Businesses 
administrated in groups, where loans 
and profits could be pooled for further 
expansion 

Hunting Poverty (-) 
Dependence on wildlife resources (-) 
Food security (+) 
Sustainability of alternative livelihoods (+) 
Community development status (+) 
Political will (+) 

Eco-tourism Program to create tourist visitation 
experiences in local communities near 
protected areas e.g. “cultural villages”, 
where money received by visits is put 
into a trust to be used by the 
community as they see fit 

Hunting Sustainability of alternative livelihoods (+) 
Community development status (+) 
Poverty (-) 
Community participation in protected 
areas (+) 
Proximity to protected area (+) 

 
 

5.3.5 Identification of uncertainties and assessment 

We asked participants to explain key assumptions made when the group generated the map 

and identify areas that required further research, areas that the group was relatively certain 

about, and finally actions that could be implemented in the future. We also asked respondents 

to answer questions about the FCM process and how effective they found the approach to help 
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to further knowledge and create new shared understanding via a qualitative post-workshop 

questionnaire 

 

5.3.6 Analysis 

The information extracted from the group cognitive maps for both hunting and consumption 

of bushmeat that were generated from individual questionnaires and those finalised at the 

workshop (Table 5.2) included the number of connections, the degree of complexity of each 

map, the indegree, outdegree and centrality of each variable in the map, as well as whether the 

variable was an driver, ordinary, or receiver variable (Özesmi and Özesmi 2004). We ran 

scenarios for each of the three interventions investigated, using a sigmoid activation function 

to analyse their effect on the components’ steady state (Bueno and Salmeron, 2009). We also 

compared the pre-workshop group map generated from the initial individual questionnaires 

with the group map finalised after the workshop, using the FCMapper package function 

comp.maps, which calculates the S2 (the proportion of shared concepts between maps) and 

Jaccard (a ratio of shared vs unshared components) similarity indices, to show how similar the 

components of two cognitive maps are. 

 

Table 5.2: Definitions of terms used relating to Fuzzy Cognitive Mapping (FCM)

Term Definition 
Driver/transmitter 
variable 

All connections flow out of the variable, and no connections flow into the 
variable 

Ordinary variable Has a mixture of connections flowing in and out of the variable, can be more 
or less of a receiver or transmitter variable 

Receiver variable All connections flow into the variable, and no connections flow out of the 
variable 

Map complexity Ratio of number of receiver to transmitter variables 

Indegree Cumulative strength of variables entering a specific variable 

Outdegree Cumulative strength of connections exiting a specific variable 

Centrality How connected a specific variable is to other variables, i.e. summation of its 
indegree and outdegree 
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 Results 

5.4.1 Comparison between hunting and consumption FC Maps 

The cognitive map for hunting, generated during the workshop, had approximately twice as 

many components (n=55) and connections (n=100) as the consumption map (n=26 and 53 

respectively), although consumption had higher density of components (Table 5.3). Hunting 

had substantially more driver variables than consumption, and greater map complexity. 

Hunting and consumption of bushmeat were the most central variables and had the highest 

level of indegree for each respective map. Apart from this, the most central variables in the 

consumption map (Figure 5.2) were poverty, food security, education level, dependence on 

natural resources and taste of meat (centrality scores >5). Centrality indicates a component’s 

overall contribution to the map. Apart from education level, these components also had the 

highest levels of indegree (≥3), indicating they had the most connections flowing into them 

and were more likely to be influenced by other components than influence the system 

themselves. Poverty, education level, human population, food security, proximity to protected 

area and political will had the highest level of outdegree (≥3), indicating these variables had 

the most connections going out of them and therefore can act as driver variables. For the 

hunting map (Figure 5.3) the most central variables (score ≥5) were poverty, human 

population, effective prosecution, strength of law enforcement, drought and effective 

perimeter fencing. Poverty, effective prosecution and habitat loss/ fragmentation had high 

levels of indegree (>3). Poverty, human population, political will, effective prosecution, 

greenhouse gas emissions, strength of law enforcement, sustainability of community programs 

and drought all had high levels of outdegree (≥3). The similarity between the final post-

workshop hunting and consumption cognitive maps was relatively low (S2=0.148, 

Jaccard=0.159), indicating that not many concepts were shared between them, and therefore 

that hunting and consumption require separate consideration.  
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Table 5.3: Comparison of metrics for group Fuzzy Cognitive Maps generated from 

individual questionnaires (pre-workshop) and following a participatory workshop, for 

bushmeat consumption and hunting in Malawi 

Metric 
Consumption Hunting 

Pre-workshop Post-workshop Pre-workshop Post-workshop 
Total components 28 26 38 55 
Total connections 50 53 75 100 
Connections divided by 
components 

1.78 2.04 1.97 1.81 

Density 0.066 0.082 0.053 0.034 
Average connections per 
component 

1.786 2.04 1.974 1.83 

Number of driver variables 12 9 17 20 
Number of receiver variables 1 1 1 3 
Number of ordinary variables 15 16 20 31 
Complexity score 0.083 0.11 0.059 0.15 

 
 

5.4.2 Comparison between pre and post-workshop group cognitive maps 

The number of components in the consumption cognitive map decreased slightly between 

pre- and post-workshop, while the number of connections increased slightly, leading to an 

increase in map complexity (Table 5.3). For the hunting cognitive maps, both the number of 

components and the number of connections increased substantially after the workshop 

discussion, increasing the complexity of the map. However, the components included in the 

FC map for hunting between the pre-workshop group map and post-workshop map showed a 

relatively high degree of similarity (S2 =0.323, Jaccard= 0.460). Four concepts were not marked 

as similar due to a slight but important change in the wording of the concept during the 

workshop e.g. “cultural factors” was split into those that decrease hunting and those that 

increase hunting. Similarity between the consumption pre-workshop and post-workshop 

cognitive map was slightly higher (S2=0.333, Jaccard=0.5) than hunting, indicating not as 

much change occurred during the workshop as for hunting. 
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Figure 5.2: Finalised Fuzzy Cognitive Map for bushmeat consumption in Malawi, where blocks represent important components and arrows 
represent relationships between components. The colour of the arrow indicates whether the relationship is positive (blue) or negative (orange). 
The width of the arrow indicates the strength of the relationship (where strong relationships are wider than weak relationships). Generated using 
MentalModeler software.  
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Figure 5.3: Finalised Fuzzy Cognitive Map for bushmeat hunting in Malawi, where blocks represent important components and arrows represent 
relationships between components. The colour of the arrow indicates whether the relationship is positive (blue) or negative (orange). The width of 
the arrow indicates the strength of the relationship (where strong relationships are wider than weak relationships). Generated using 
MentalModeler software. 
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5.4.3 Analysis of interventions to reduce bushmeat hunting and 

consumption 

Of the three interventions investigated by workshop participants (wildlife farming, 

microenterprises, and ecotourism), only wildlife farming was expected by participants to 

directly impact both hunting and consumption of bushmeat (Figure 5.4). The other two 

interventions were expected to impact hunting only. Wildlife farming was expected to have 

the largest hypothetical reduction in bushmeat hunting, compared to the other two 

intervention scenarios. All interventions were expected to decrease poverty in communities. 

Animal populations in protected areas were expected to increase under the wildlife farming 

program and the microenterprise program. Ecotourism, however, was expected to result in 

more community participation in protected areas than the other two programs. Food security 

was expected to increase the most under the microenterprise program in the hunting model, 

and for wildlife farming in the consumption model. Micro-enterprise was expected to have the 

largest effect on decreasing dependence on natural resources. Local demand for bushmeat was 

expected to decrease the most under the wildlife farming intervention. Greenhouse gas 

emissions were expected to increase slightly under all scenarios, and habitat loss was expected 

to decrease. Financial or social risks that rule-breakers face from illegally hunting or 

consuming bushmeat (e.g. ability to pay fines or livelihood consequences of incarceration) was 

expected to decrease in all hunting scenarios. 
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Figure 5.4: Relative expected change to components in the bushmeat hunting Fuzzy 

Cognitive Map, as a result of a) an ecotourism program, b) a microenterprise program, 

c) a wildlife farming program; and the relative expected change to components in the 

bushmeat consumption Fuzzy Cognitive Map as a result of d) a wildlife farming 

program 
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5.4.4 Preferred state for each intervention scenario 

The preferred state for all variables in both the hunting and consumption final cognitive maps 

was decided based on group discussions, by asking whether the component should ideally 

increase, decrease or stay the same. In the hunting model, 45 components had a preferred 

state. The state of 15 of these components was expected to be affected under the eco-tourism 

and microenterprise interventions, and 14 components for the wildlife farming intervention. 

This preferred state was met under the three program scenarios for most of these variables, 

the exceptions being greenhouse gas emissions and the risk to individuals associated with the 

illegality of hunting or consuming bushmeat (i.e. 86% of the components moved towards their 

preferred state under these interventions; Table 5.4). It was preferred that financial/social risks 

associated with the illegality of the action would increase, as higher risk was expected to deter 

people from committing these illegal activities. However, because these programs all were 

predicted to have positive effects on poverty and/or household incomes, people may be more 

able to deal with the risks of being caught, such as having increased ability to pay fines for 

committing an illegal activity. Emissions were preferred to decrease, but increasing wealth 

under these programs may result in increasing emissions. In the consumption model, 20 

components had a preferred state, of which nine were expected to be affected by the wildlife 

farming intervention, and all of them moved towards their preferred state. 
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Table 5.4: Comparison of whether the outcome of the scenario analysis achieved the 

preferred state of the component (yes=1, no=0), for three hypothetical interventions. 

The identity of the cognitive map to which the intervention was added (either hunting 

or consumption) is indicated by italics. Blanks in the table indicate that variable was 

not affected under the intervention.

 

 

5.4.5 Assessment of the FCM process and key areas for research 

Responses to a post-workshop questionnaire indicated that participants found the FCM 

process to be easy to understand and fair. All participants said it either “helped very much” or 

“mostly helped” to understand bushmeat hunting and consumption in Malawi. Regarding the 

strengths of FCM, participants said that it allowed “major causes of bushmeat hunting and 

consumption to be visualised”, that it “highlights links that lead to poaching… and gives more 

Component Preferred 
state 

Intervention scenario (relevant cognitive map) 

Wildlife 
farming 

(hunting) 

Wildlife farming 
(consumption) 

Ecotourism 
(hunting) 

Microenterprise 
(hunting) 

Hunting Decrease 1  1 1 
Consumption Decrease  1   
Poverty Decrease 1 1 1 1 
Education Level Increase 1 1 1 1 
Human population Decrease 1  1 1 
Greenhouse gas emissions Decrease 0  0 0 
Pressure on land Decrease 1  1 1 
Food security Increase  1  1 
Community development status Increase   1 1 
Local demand for bushmeat Decrease 1  1 1 
Demand in centres of 
commerce 

Decrease 1    

Alternative livelihoods Increase 1 1 1 1 
Wire snares Decrease 1  1 1 
Dependence on wildlife 
resources 

Decrease 1 1 1 1 

Risk associated with illegality Increase 0 1 0 0 
Habitat loss/fragmentation Decrease 1  1 1 
Animal populations Increase 1   1 
Strength of law enforcement Increase   1  
Community participation in 
protected areas 

Increase   1  

Household income Increase  1   
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areas to consider while conducting [their] duties as a law enforcer”, and that “it was easy to 

relate factors”. The main problems were that it was sometimes difficult for experts to link 

factors to bushmeat hunting or consumption as “some links are not directly connected with 

either hunting or consumption”.  

 
Key areas identified as needing more research were: a) the contribution of local vs non-locals 

to hunting i.e. are interventions based in local communities going to be effective if hunters are 

coming from long distances?; b) urban markets in Malawi are known to exist, as is cross-

border trade, but they are not well understood; and c) the nexus between wealth and ability to 

hunt, as wealthier hunters can pay fines or bribes, access superior weaponry and transport 

meat more easily. The relationships expressed in the assumptions that group members made 

when generating the map need to be further validated by research. For the purposes of the 

map, the group firstly assumed that hunters were coming from near protected areas; that 

there was demand for bushmeat from urban areas and that this factor had a medium-strength 

positive relationship with hunting, and there was a positive relationship between poverty and 

risks experienced by hunters (i.e. fines would have a larger impact on poorer individuals).  

 

 Discussion 

Participatory modelling is a practical, rapid and inclusive way of modelling social-ecological 

systems. Here we unpack the complex nature of the bushmeat hunting and consumption 

systems in Malawi, and illustrate the need for separate consideration of these processes, as 

many drivers were not shared between maps. We also show the potential effects of three 

intervention scenarios used to reduce bushmeat hunting; these provide a pathway for future 

research to validate programs on the ground. Further, we provide an example of an extension 

of the classic FCM group process, by allowing individual views to be adequately and 

anonymously presented to the group, and then using this as a basis for a participatory group 

discussion. 

 

Three concepts were shared as important across hunting and consumption: poverty, human 

population and political will. Human populations is a key driver of resource extraction across 

the world (Mackenzie and Hartter 2013, Ziegler et al. 2016). However, poverty has been found 

to have varied effects on hunting and consumption (Travers et al. 2019a), for example 

Brashares et al. (2011) found that wealthier households consume more bushmeat in urban 

areas, while the opposite holds true for rural areas. Further, wealthier community members 
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may be more able to afford superior weaponry or take on the financial risks of hunting that 

poorer members (Damania et al. 2005; Knapp 2012). Political will can affect support for 

enforcement, as well as support for initiatives like community-based natural resource 

management or alternative livelihood projects. Governments may be unwilling to enforce anti-

poaching laws aggressively in areas where communities are heavily reliant on natural 

resources, and protected areas themselves may often be seen as politically complex, given 

their history of displacement and changes to land use rights (West et al. 2006). Income 

initiatives and community-based natural resource management are often seen as politically 

desirable as they explicitly allow community rights to benefit from wildlife, and the enabling 

frameworks are well established in southern Africa, including in Malawi (Mauambeta and 

Kafakoma 2010). However, enforcement and community-based initiatives must work hand-in-

hand and the value that wildlife holds must be adequately recognised at all levels. The 

opinions of the experts elicited for this study are similar to those elicited by Nyaki et al. (2014) 

and Gray et al. (2015), who found that low income (poverty) and human population growth 

were among the central variables in bushmeat hunting systems, and our cognitive maps 

shared many concepts with theirs including sufficient rainfall, law enforcement, bushmeat 

demand in markets, cultural preferences and proximity to protected area. This indicates that 

our cognitive maps may be applicable to other locations and could be used by others as a 

starting point to begin other participatory process on this issue.  

 

The need for nuanced programs is also illustrated in that, of the three interventions that were 

chosen for investigation, only one (wildlife farming) is expected to tackle both hunting and 

consumption. The other interventions (microenterprise programs and community-based 

ecotourism) are expected mainly to affect hunting e.g. Kaaya and Chapman (2017), Eshoo et al. 

(2018). However, it is likely that given the nature of supply and demand, reduced hunting may 

lead to reduced consumption or vice versa. Wildlife farming is a supply-side intervention, 

which aims to supply cheap substitutes of wildlife products under the assumption that, as 

farmed products enter the market, profit from poaching will decrease and therefore there will 

be less economic motivation to hunt (Bulte and Damania 2005). Wildlife farming may also act 

as a microenterprise scheme, allowing alternative incomes to hunters. Wildlife farming has 

been found to be financial sustainable on marginal land elsewhere in Africa, given clearly 

defined user rights and appropriate incentive policies (Taylor et al. 2020). Therefore, wildlife 

farming may influence the bushmeat issue in three ways: it can meet consumer demand 
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legally and therefore decrease demand for illegal bushmeat, it can reduce the economic 

incentive for hunting, and it can provide alternative livelihood options for hunters.  

 

There are, however, a number of criteria to be met before wildlife farming can influence illegal 

markets. Firstly, consumers should show no preference for wild-caught versus farmed 

products. Secondly, the farmed product should be widely enough available for demand to be 

met. Thirdly, demand should not increase due to the legal market. Fourthly, farmed products 

should be cheaper than illegally hunted meat. Fifthly, wild populations of animals should not 

be used to restock farms; and finally, illegal products should not be laundered into the legal 

market (Tensen 2016). There are indications that these criteria may not be met in the 

Malawian context. One of the components affecting consumption of bushmeat according to 

our stakeholder elicitation was that bushmeat is perceived to be healthier than livestock or 

farmed products, due to the perception that the communal free-ranging grazing system used 

in Malawi allows livestock to eat refuse. Therefore, consumers may prefer wild-caught meat to 

wildlife that is farmed under a similar system to livestock. Further, given the very large 

number of consumers in the system currently (van Velden et al. 2020) it is unlikely that 

farmed meat can meet this demand. Positively, the participants indicated that there are 

currently adequate frameworks within the Malawian government for wildlife farming to be 

implemented. Also, a pass-on system (where young animals are passed on to others in the 

program) could be implemented easily, as this system has been used for livestock donation 

programs. Finally, certifying the meat as legally farmed could utilise currently used 

technologies such as a text message system and live sales of small wild-farmed animals could 

circumvent problems with lack of refrigeration and packaging standards.  

 

Wildlife farming may, however, struggle to compete with illegal hunting because hunting has 

few barriers to entry, while wildlife farming would require capital and legislative and 

institutional support (Coad et al. 2019). Although research has indicated that decreasing the 

price of protein alternatives does decrease illegal bushmeat consumption, there are 

indications that any increase in wealth would increase meat consumption overall, including 

increasing illegal bushmeat consumption (Rentsch and Damon 2013). Further, countries where 

wildlife farming is prevalent (e.g. South Africa or Namibia) do not necessarily have less 

bushmeat hunting, primarily because of a failure to devolve user-rights or ownership to local 

communities (Van Vliet et al. 2016). However, given wildlife farming’s strong positive effects 

on key components such as poverty, food security and animal populations in the cognitive 
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maps for both hunting and consumption, this option does merit further exploration in the 

Malawian context and validation of the structural connections and predictions of these 

models.  

 

Our methods give an example of a way in which an individual’s knowledge can be 

incorporated into participatory modelling, in the form of cognitive maps (Kosko 1992). By 

eliciting individual cognitive maps prior to a workshop setting, and then combining them in a 

way that ensures all views are at least presented to the group at the start of the workshop, we 

allow individuals who may not feel completely comfortable sharing their views with a large 

group to be adequately represented in the process. By providing this anonymity to individuals, 

we can help overcome some of the known biases in group settings (Bang and Frith 2017), 

including the false consensus effect, groupthink, group polarization and escalation of 

commitment (Jones and Roelofsma 2000). Many of these group biases can be overcome by 

increasing the diversity of the group, as diverse people use different experiences and gather 

information in different ways, but also by allowing anonymous interaction, or by using explicit 

rule-based processes such as the Delphi technique where individual opinions are summarised 

and presented for group discussion over multiple rounds, allowing for revision (Bang and Frith 

2017).  

 

Other examples of using a multi-stage elicitation process exist. In Chan et al. (2010), 

subgroups of participants separately drew up conceptual diagrams about water which were 

then combined and refined during a workshop with all groups present to create a Bayesian 

network. Henly-Shepard et al. (2015) used FCM for disaster planning over multiple stages of 

group discussions, with the cognitive maps being merged between stages. Gray et al. (2017) 

provides a demonstration of a multi-stage process using Mental Modeler software to 

investigate a range of land management practices using both individual and group stages. Our 

findings are similar to those of Henly-Shepard et al. (2015) and Gray et al (2017), who found a 

change between stages in the density, complexity and the ratio between the number of 

components to the number of connections for the maps, indicating that collaboration and 

knowledge-sharing occurred over the multi-stage process and potentially resulting in social 

learning (Reed et al. 2010). In our findings, hunting maps acquired many more connections 

and components during the workshop than consumption maps. This may be as a result of a 

number of hunting components being split during the workshop, indicating that this concept 

potentially requires discussion to bring out the nuances of the concept, which may not be the 
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case for consumption. Density of components in this map decreased, potentially indicating 

refinement of understanding (Gray et al 2017). 

 

The benefits of group discussion are seen in the increase in complexity of the cognitive maps 

generated during the workshop, compared to the group map generated using individual ideas. 

Both maps showed an increase in the number of ordinary variables between stages, which 

indicates a more interconnected network, with most components having an influence on 

many other concepts in the system (Christen et al. 2015). This may represent greater systems 

thinking during the group stage process. However, there was still relatively high similarity in 

components between the pre and post-workshop maps, indicating that individuals were able 

to come up with many of the important components, but the group was better able to link and 

refine those components following discussion. Group decision-making processes are well 

known to have multiple benefits. Pooling information can cause uncorrelated errors to cancel 

out and fairness and acceptance can be ensured via majority decisions (Bang and Frith 2017). 

The accuracy of systems maps can also be improved in this way and individual biases 

overcome (Özesmi and Özesmi 2004).  

 

Despite these benefits, care must be taken to recognise that even the most expert of 

knowledge may lead to wrong decisions. An expert may hold accurate judgements but they 

may not express them accurately, or conversely an expert may express judgments accurately, 

but they may be far from the truth (Martin et al. 2012). By using a structured procedure, 

encoding information to fit into a type of modelling framework, encouraging independent or 

anonymous assessments, and including uncertainty into these assessments, the benefits of 

experts and groups can be maximised (Martin et al. 2012). Here we used a number of these 

aspects, including anonymous assessments, the use of a structured elicitation process, and 

incorporating these assessments into a semi-quantitative modelling framework. This work 

therefore combines the benefits of individual expert stakeholders and group settings, and aims 

to reduce the biases of each.  

 

5.5.1 Limitations 

Weaknesses of the FCM approach include the fact that they only represent one point in time 

and are unable to evolve as the community of experts changes, either in terms of new 

individuals or individuals changing their views (Özesmi and Özesmi 2004). This may become 

relevant as the conservation sector in Malawi grows, and as more alternative livelihood and 
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enforcement campaigns become active. Further evaluation of the system may be required as 

the sector evolves. Secondly, we did not formally evaluate the questions used to elicit the FCM 

models from individuals, which would be useful to investigate how this question format holds 

up against others e.g. physically arranging cards with components written on them. Thirdly, 

there a number of methodological advances to the FCM method which may make results more 

robust, for example using Likert-type linguistic scales which are converted to triangular fuzzy 

numbers to average the weights on shared edges (Pérez-Teruel et al. 2015), or using advances 

in network theory such as network motifs to identify and describe differences between mental 

models of individuals (Levy et al. 2018).  

 

Finally, there are inherent limitations to the knowledge of conservation experts. For such 

processes to arrive at meaningful change there is a need to include community and user-group 

perspectives. Although such perspectives were summarised during the workshop by 

presenting results of other studies (van Velden et al. 2020a, van Velden et al. 2020b) which 

had worked with relevant communities, community representatives themselves were not 

included in this FCM process. Therefore this process represents a first stage in a decision-

making process, and further rounds of FCMs should directly include participants who either 

consume or hunt bushmeat in Malawi. This will ensure that their perspectives are adequately 

reflected, and also check the opinions of the experts presented here.  

 

5.5.2 Conclusions 

 
Our FCM approach of combining both individual assessments and group-based discussions 

allowed expert stakeholder knowledge to be elicited in a structured, equitable and dynamic 

way. This approach also allowed detailed discussion and facilitated shared understanding of 

the complex systems of bushmeat hunting and consumption. This study represents the first 

step in a decision-making process, with the aim to improve the management of bushmeat 

hunting and consumption in Malawi. Further, these cognitive maps can be used as a way to 

highlight key uncertainties that can then guide future research, and therefore facilitates the 

linkages between quantitative data collection and semi-qualitative participatory processes.  

 

Specifically we recommend that some key outcomes be empirically tested, e.g. the effect of 

wildlife farming on socio-demographic and ecological variables such as poverty, animal 

populations and food security. Small-scale pilot projects can be designed specifically to 



160 
 

measure such outcomes and can then be compared to expected outcomes based on the FC 

maps generated. This will also allow an updating process, as more data and knowledge 

becomes available, ensuring that these cognitive maps are used as long-term planning tools in 

complex systems. Further, we recommend that the possibility of extending these semi-

quantitative maps to post-hoc quantitative system dynamics models be explored (Elsawah et 

al. 2017), as this will allow stakeholders to increase the overall practical utility of cognitive 

maps and link them to quantitative measures such as animal population counts. Using this 

approach in monitoring frameworks may also be possible, as a tool for adaptive management. 

In this paper we provide the first use of Fuzzy Cognitive Mapping to explore both hunting and 

consumption of bushmeat, as well as the first use of this method to study bushmeat hunting 

outside of Tanzania. We illustrate how individual and group-based participatory process can 

be combined quickly and easily, and the utility of these processes by comparing the effects 

that three different bushmeat interventions may have on this complex system. 
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In many areas of the world, unsustainable bushmeat hunting ranks as one of the most pressing 

conservation issues facing wildlife (Maxwell et al. 2016). This practice poses a large threat to 

biodiversity but is also embedded in a highly complex social-ecological system. This thesis 

aimed to shed light on some key aspects of this system in savannah regions of Africa, using the 

under-studied country of Malawi as a case study. Malawi was identified as lacking the vital 

baseline information on bushmeat hunting and consumption required in order to improve the 

planning of conservation interventions and regulations. There is also a need to understand the 

overall contribution of bushmeat as a livelihood activity or product, as Malawi is one of the 

world’s poorest countries (World Bank Group 2018) and so it is important that interventions 

adequately make up for any shortfall in income or protein resulting from conservation 

activities. There is also recognition that wildlife and wild places contribute to many aspects of 

human wellbeing, including providing livelihood security, health and good social relations 

(Leemans and De Groot 2003). Further, there is an ethical responsibility to ensure that wildlife 

is available to future generations (Dobson 2003). Therefore, studying bushmeat hunting and 

consumption from a holistic perspective is vital in the context of Malawi and in the context of 

African savannahs generally. 

 

This thesis had four key research aims:  

 

1. Analyse the published literature on bushmeat hunting in African savannahs, and 
explore where gaps in knowledge are 

2. Investigate the prevalence and socio-economic drivers of bushmeat hunting and 
consumption, using Malawi as a case study  

3. Understand community perceptions and responses to current and future interventions 
used to reduce bushmeat hunting  

4. Facilitate decision-making among stakeholders regarding interventions to reduce 
bushmeat hunting and consumption  

 

This discussion highlights the findings of this thesis in relation to these key aims, as well as 

discusses the limitations of the research and identifies areas where more study is needed. I will 

also discuss the thesis as a process of discovery relating to a complex social-ecological system.  
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 Synthesis of thesis process 

 

This thesis first provided a review of the current knowledge about bushmeat hunting and 

consumption in African savannahs, which found that there are large geographic gaps in 

scientific knowledge as well as an ill-fitting focus between the study of interventions and their 

recommendation by scientists (Chapter 2). Further, despite this issue being increasingly 

recognised as a conservation problem in savannahs, it has yet to attract the level of scientific 

attention that forest regions have received. Therefore, there appears to be a mismatch 

between what we know and where the issue is prevalent.  

 

This review highlighted that one of the geographic gaps in research lay in understanding 

bushmeat hunting and consumption in Malawi, which was subsequently selected as the 

primary case study for this thesis. This country has previously seen large declines of wildlife, 

both inside and outside of protected areas, but little is known about the drivers, motivations 

and structural factors that influence these declines. I therefore generated the first estimates of 

prevalence of bushmeat hunting and consumption at four protected areas around Malawi 

(Chapter 3). Key motivations and socio-demographic drivers were also identified. I found that 

there was a high prevalence of both activities at all of the protected areas, despite high levels 

of enforcement and increased community programs at some of the study sites.  

 

Therefore, it became apparent that any community-based interventions used by these 

protected areas to combat bushmeat hunting and consumption would need to achieve a 

substitution away from these ecologically harmful activities towards activities that empower 

communities, improve their livelihoods and achieve multiple conservation goals. However, 

these interventions are expensive and difficult to evaluate post-hoc. As such, this thesis 

presents a study on how communities may perceive a wide variety of different interventions 

designed to reduce bushmeat hunting and/or consumption, prior to their implementation 

(Chapter 4). I found that interventions that provided some type of long-term empowerment 

opportunity were preferred and had greater potential to shift activities away from hunting, 

compared to interventions that relied on the use of natural resources from protected areas. 

This illustrates the need for inclusive frameworks that take into account the socio-economic 

realities and aspirations of the people they are designed for.  

 



168 
 

Finally, the complexity of these systems was investigated further using a participatory process 

with experts and decision-makers, such that the information provided in the previous 

chapters of this thesis could be combined with their own understanding of the socio-

ecological systems of bushmeat hunting and consumption. Interventions to reduce these 

activities were incorporated into the process and key knowledge gaps identified. It was found 

that this process was able to create useful models of the system, and provided stakeholders 

with a tool for planning and discussion on this issue (Chapter 5). The outcomes of the process 

as a whole contributed towards the understanding of a deeply complex issue, in order to 

ensure the continued persistence of Malawi’s wildlife far into the future.  

 

The process-orientated nature of this thesis drew inspiration from structured decision-

making, but was arrived at more organically, based on sequentially identifying key needs and 

gaps in knowledge. As a whole, this thesis fulfils many of the key elements of structured 

decision making, including the development of alternative management options, estimation of 

consequences of actions, evaluation of trade-offs and clarification of goals (Gregory and Long 

2009), as well as allowing stakeholders to express their subjective judgments or preferences 

(Robinson et al. 2016). Management strategy evaluation and the Manager’s Model was also 

used for inspiration for this thesis process, which take into account the ecological and social 

dynamics of systems, the monitoring process, and the decision-making process of decision-

makers, managers or harvesters (Bunnefeld et al. 2011; Decker et al. 2014).  

 

This thesis also investigates a number of the components of the social-ecological systems 

framework (Fischer et al. 2015; Ostrom 2009), including investigating the regional setting of 

the bushmeat hunting and consumption systems (Chapter 2), the resource users (Chapter 3), 

the intersection between users, governance systems and outcomes (Chapter 4), and the 

decision-making context the system is embedded in (Chapter 5, Figure 6.1). 
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Figure 6.1: Social-ecological systems framework, modified from Ostrom (2009) and 

Fischer et al. (2015). Red arrows indicate information provided by this thesis in 

relation to the bushmeat hunting and consumption social-ecological system 

 

 Systematic literature review: what was learnt? 

 

• Aim: Analyse the published literature on bushmeat hunting in African savannahs, and 
explore where gaps in knowledge are 

 

This PhD thesis includes the very first systematic quantitative literature review on bushmeat 

hunting in African savannahs (Chapter 2), which is vital to understand the current state of 

knowledge on this topic, and identify key gaps and common recommendations. Studies on 

bushmeat hunting in African savannahs increased in number over time, and diversified 

thematically to include both biological and social aspects of this activity. However, there was a 

strong geographic bias in studies towards Tanzania, and much of southern and Sahelian Africa 
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have very few or no studies conducted on this issue. Few studies took place on private land or 

in urban areas. Additionally, drivers of bushmeat hunting were not consistent between 

studies. The interdisciplinary nature of this issue is reflected in that the studies mostly made 

use of community-based interviews, including consumption studies and poacher interviews. 

However, direct questioning was used in almost all surveys, which is known to result in 

substantial biases. 

 

Importantly, only 25% of papers explored interventions, and within these studies, the majority 

of them studied traditional enforcement, followed by alternative protein studies. This finding 

reflects a more general call within academia for the need for evidence-based approaches 

(Pullin and Knight 2009), especially relating to conservation interventions such as alternative 

protein projects or alternative livelihood projects (van Vliet 2011) and economic incentives 

(Roe et al. 2020). The most common factors found to be influential to intervention success 

were the level of community involvement with the project or intervention, having sufficient 

financial resources, having sufficient human capacity for managing the project and the level of 

financial remuneration that was received via the project. These influential factors share many 

success factors with Integrated Conservation and Development Projects (ICDPs), including 

developing an understanding of community livelihood needs, providing clear and sustainable 

community benefits, getting collaboration on issues if lacking specialised knowledge, and 

involving the community in all phases of the project (Blom et al. 2010; McShane et al. 2011). 

Therefore, there is a need to examine interventions in terms of ability to meet governance, 

biodiversity, development and equity goals.  

 

This review therefore identified key aspects for future research, including extending studies 

from just looking at protected areas or the communities surrounding them, to include 

communal land, private land and urban areas. Urban areas in particular are of interest, as 

studies have found significant urban demand for bushmeat in forest regions (Bachand et al. 

2015; van Vliet and Mbazza 2011) and if this is similar in savannah regions, there is a larger and 

potentially unexplored issue at play. Additionally, extending the focus of studies away from 

Tanzania and to countries with indications of severe bushmeat hunting problems is 

imperative. These countries include Malawi, Mozambique, Zambia and Angola in southern 

Africa, the majority of the Sahel region, and West African countries such as Senegal, Ghana 

and Nigeria (especially in areas outside of the forest zone). Although forests have traditionally 

been the focus of bushmeat hunting studies, it is time for academics to increase their scope of 
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study to fully recognise the severity and urgency of the need for empirical research in areas 

other than tropical forests.  

 

6.2.1 Limitations 

 

The sheer diversity of studies on this topic made synthesis of the literature exceedingly 

difficult, as seen by the large number of different methods identified in the review. Systematic 

reviews themselves come with a number of important biases (Tricco et al. 2008) at all stages of 

the process, including finding studies (e.g. publication bias), choosing studies for inclusion 

(e.g. selector bias) and obtaining accurate data (e.g. bias in scoring). The primary bias 

identified here is the lack of inclusion of the grey literature. This issue results in an under-

representation of practical knowledge relating to this topic, especially given that many 

conservation practitioners in savannah areas actively recognise bushmeat hunting as the top 

threat facing wildlife (Lindsey et al. 2017). This finding is not novel to the systematic review 

included in this thesis, as this issue has been repeatedly identified as an issue in conservation 

(Haddaway and Bayliss 2015). Solutions to the lack of practitioner-generated research, such as 

direct contact with practitioners that are likely to collect relevant data, was beyond the scope 

of this review. However, this approach would have probably arrived at a more holistic view of 

the issue of bushmeat hunting and consumption.  

 

6.2.2 Future work 

 

Forest systems provide some key lessons for savannah regions in terms of creating a reliable 

evidence base for knowledge on bushmeat hunting, trade and consumption. The West and 

Central African bushmeat database and the Central African Bushmeat Monitoring System 

(SYVBAC) both aim to synthesise research into a central database to facilitate the 

identification of spatial and temporal trends, and estimate harvest levels. The West and 

Central African bushmeat database specifies the location, time period, the level of harvest (e.g. 

number of carcasses), the species, and the data type (e.g. market surveys or dietary recalls). 

Market surveys are by far the most common type of data used here (Taylor et al. 2015). The 

Central African Bushmeat Monitoring System includes these aspects as well as indicators for 

social drivers such as poverty levels, governance or deforestation at systematically selected 

sites in Central Africa (van Vliet et al. 2010). It would be important to create similar databases 
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for savannah regions, or else expand these current databases to include other parts of Africa. 

Ecological and social indicators developed for both of these databases to monitor and evaluate 

bushmeat could be applied to savannah systems as well. However, the reliance on market data 

in forest systems may create a challenge, as market surveys are often not possible in savannah 

systems to the extent that they are in forest systems (Coad et al. 2019). This is because the 

trade in savannahs is often less centralised and more illicit than it is in forest systems, where 

hunting regulations allow some legal hunting and trade to occur. Therefore, it would be 

important to recognise and evaluate the potential biases of such databases as a key area for 

future work.  

 

 Estimation of prevalence of bushmeat hunting and 

consumption 
 

• Aim: Investigate the prevalence and socio-economic drivers of bushmeat hunting and 
consumption, using Malawi as a case study  

 

Malawi was identified in the systematic literature review conducted in Chapter 2 as a key 

region where there were large gaps in knowledge regarding bushmeat hunting and 

consumption. Some previous research and unpublished reports have indicated that bushmeat 

hunting is a threat to wildlife in Malawi (Alvarez 2006; Munthali and Mkanda 2002; 

Waterland et al. 2015). However, this research, based on anti-poaching reports, is likely a 

substantial underestimate because of some of the biases associated with this method, such as 

inconsistencies in patrol effort, bias towards accessible terrain, and the potential for 

corruption by law enforcement (Gavin et al. 2010). It was therefore of interest to the 

government of Malawi and the conservation field more generally to understand bushmeat 

hunting or consumption from a community standpoint.  

 

Chapter 3 used the unmatched count technique to estimate the prevalence of illegal 

bushmeat hunting and consumption from four protected areas in Malawi. I found that 

hunting was conducted by between 4 and 19% of people in the sampled communities, 

depending on the season, while consumption had a mean of 21% across all parks for both 

seasons, and reached a maximum of 39% in the wet pre-harvest season at one of the protected 

areas. These rates are high enough for conservation concern, as these results indicate a 
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dependence on wildlife hunting and consumption. This is a significant problem given that 

these communities live in poverty, with few alternative livelihood options for the majority of 

the population. If wildlife conservation is to succeed in Malawi, this dependence on wildlife 

will need to be reduced to more sustainable rates.  

 

However, the implication of these rates for the persistence of wildlife at these protected areas 

is unclear. There are a number of factors to consider when estimating the sustainability of a 

wildlife harvest. Apart from rate of harvest, the primary consideration is what species are 

being hunted and in what proportion, as different species have different potentials for 

sustainable harvesting. This is determined by life histories of hunted species, including body 

mass, fecundity, age of first reproduction, number of females born to an average female, 

juvenile survival rates, adult survival rates, life expectancy and habitat factors such as species 

density and carrying capacity (Fa et al. 2005; Milner-Gulland and Akçakaya 2001; Robinson 

and Bennett 2004). This research did not investigate which species are hunted in Malawi and 

in what proportion, primarily because of the difficulty in asking such questions, except 

directly. Therefore, I can only speculate on the overall sustainability of such harvest rates in 

Malawi. Large mammals may be preferred by hunters due to the greater amount of meat per 

unit time spent hunting, however, they are also vulnerable to local extirpation due to long-life 

spans, long generation times and low reproduction rates. This means that over time available 

prey will shift from large mammals to smaller, less-preferred species (Abrahams et al. 2017; 

Hegerl et al. 2017; Jerozolimski and Peres 2003). For example, in areas of Malawi where people 

do not have access to protected areas, small animals such as mice and birds are regularly eaten 

by children and are an important contributor to dietary diversity, with large species 

unavailable because of a lack of suitable habitat (Maseko et al. 2017). These trophic shifts have 

significant impacts on overall functioning of ecosystems. For example, trophic cascades as a 

result of intensive hunting are well established in the literature (Effiom et al. 2014; Wang et al. 

2007; Wright et al. 2007). Further, wildlife tourism is skewed to preference for large mammals 

(Hausmann et al. 2018; Lindsey et al. 2007a; Okello et al. 2008), and given the Malawian 

Government’s desire to stimulate this kind of tourism for its attendant positive economic 

impacts, it is vital from their perspective to ensure the persistence of large-bodied mammals 

(Waterland et al. 2015). Therefore, a next step in this research would be to understand the 

composition of illegal harvesting of wildlife from protected areas in Malawi.  
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Prevalences were estimated using the unmatched count technique (UCT). This approach 

anonymises respondent answers in order to provide information about sensitive or illegal 

behaviours, and can provide higher estimates of prevalence than direct questioning (Hinsley 

et al. 2019; Tsuchiya et al. 2007). This approach is also valuable in areas with limited literacy 

(Nuno et al. 2013). The use of this technique allows demographic variables to be linked to 

estimates of illegal behaviours, which can help to identify the drivers behind prevalences (Imai 

2011). Further, an important benefit of methods that actively anonymise answers during data 

collection, such as UCT or the randomised response technique, is that they offer greater 

protections from an ethical perspective to individual participants, as sensitive information on 

illegal activities can never be directly linked to one person (St John et al. 2016). However, there 

are a number of problems with this method, which may affect conclusions. For example, UCT 

is not good for measuring very rare activities and requires a large sample size (Hinsley et al. 

2019; Ibbett et al. 2019). Some of the estimates derived in this research may have been affected 

by these factors, as some of the confidence intervals for the prevalence estimates overlapped 

with zero, indicating that they could not be accurately estimated. It is important, therefore, to 

recognise that a combination approach may be the best way to estimate the prevalence of 

bushmeat hunting or consumption robustly. Combining law enforcement records, indirect 

observations such as snare count surveys, market surveys, modelling, and questioning 

methods such as UCT may allow the biases of each of these methods to be accounted for 

(Gavin et al. 2010). Without robust estimates of prevalence it is not possible for conservation 

practitioners to assess the scope of the problem, which may force them to rely on personal and 

subjective judgements (Pullin et al. 2004). 

 

6.3.1 Limitations  

 

The Unmatched Count Technique did present some initial problems, which affected the data. 

Specifically, the survey question used to generate estimates of prevalence for bushmeat 

consumption did not work in its original conception. This question originally asked how many 

different meats the respondents had eaten in the last month (including bushmeat as an 

option). However, despite pilot testing and consultation with local experts, this question did 

not perform as expected. This was indicated by a high proportion of respondents answering 

the question with “0” i.e. no meats eaten. This answer does not provide the respondents with 

any anonymity, because it directly exposes the respondents answer, here indicating no 

bushmeat consumption. This is an example of a “floor effect”, which is when the items 
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presented alongside the sensitive activity are too rare for the majority of people, and therefore 

the respondent will feel uncomfortable in answering (Zigerell 2011). Respondents may then 

alter their answer to zero. It was discovered that this was the case here, because many of the 

respondent households commented that they were too poor to afford to eat any legal options 

(i.e. livestock meat) during the time frame stipulated. I therefore had to change the format of 

this question to include other non-meat items that were more common, and thus provide 

anonymity to respondents in relation to including the bushmeat item in their count of items 

eaten. This meant that one of the protected areas, Nkhotakota, which was the first protected 

area sampled, was not able to be evaluated in terms of bushmeat consumption. The question 

was changed after this protected area sampling was completed. This indicates that, even with 

pilot testing, UCT may result in inaccurate results if the researcher is not aware of such 

potential problems (Hinsley et al. 2019). This has implications for the ease with which local 

conservation practitioners may be able to repeat these questions at a later time, to get 

information about the trend in these activities over time.  

 

6.3.2 Future work 

 

To my knowledge there has not been any work done on the validity of using UCT as a method 

to track changes over time or under the context of an intervention being implemented. I 

therefore think it would be important to understand how useful such comparisons would be 

over a period of time, given the large standard errors associated with the technique. It may not 

be possible to identify smaller changes in levels of hunting, which may lead to incorrect 

conclusions about the effectiveness of an intervention, or about the state of bushmeat hunting 

and consumption in an area more generally. This is not to say the implementation of this 

technique might not be improved upon. For example, advances to improve the efficiency of 

the unmatched count technique are available, including the double-list method (Glynn 2013) 

and the single sample count method (Petróczi et al. 2011), both of which can give prevalence 

estimates with fewer participants.  The double-list method uses two different lists of control 

items, such that participants act as both the control and treatment groups by answering both 

lists, one of which will include the sensitive item (Hinsley et al. 2019). This wasn’t used due to 

the difficulty in finding appropriate control list items for two different lists, while mitigating 

for the “floor” and “ceiling” effects discussed previously. However, given more time for 

extensive piloting, this would be the most appropriate method to use. The single sample count 

method avoids the need to estimate the prevalence of non-sensitive items by using existing 
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data on the population prevalence of innocuous characteristics (e.g. birth month), such that 

there is no need for a separate “control” group (Hinsley et al. 2019). This wasn’t used because 

there was limited previously-available participant socio-demographic information, which 

would still complement the topic of the sensitive item. Therefore, the overall precision of the 

technique may be improved by keeping the sample size as large as it was in this study, while 

implementing one of these options to try to reduce the standard errors of each estimate. This 

does come at significant cost, however, given the large sample sizes required, which may 

beyond the reach of conservation practitioners, especially in contexts like Malawi (Milner-

Gulland et al. 2020). Generally, more methodological consideration as to how this tool 

performs as it is repeated over time is warranted. 

 

 Predictive scenarios to understand interventions 
 

• Aim: Understand community perceptions and responses to current and future 
interventions used to reduce bushmeat hunting  

 

In Chapter 4, a predictive approach was used to investigate how local communities 

surrounding protected areas in Malawi may respond to a range of different interventions 

designed to reduce bushmeat hunting and consumption. These programs included alternative 

livelihood provision, alternative protein provision, legalised hunting, and increased 

enforcement. I found that interventions that are associated with increased community or 

individual empowerment were preferred over, and seen to be fairer than, programs related to 

increased harvesting of natural resources. Empowerment here is conceptualised from Twyman 

(2000) as “the process which empowers poor people by enhancing local management capacity, 

increasing confidence in Indigenous potential and raising collective consciousness, as well as 

meeting local needs and priorities”. However, this concept is often conceptualised differently 

depending on the local context (Petriello et al. 2019). The findings from this chapter relating 

to preference and fairness of natural resource-based interventions are important, as currently, 

the community-based co-management strategy of Malawi focuses on providing access to 

resources and thereby improving livelihoods (Mauambeta and Kafakoma 2010). While these 

projects can meet a number of developmental goals with sufficient business management 

skills, there is always a risk in providing such access to resources in the park, including 

growing populations (Wittemyer et al. 2008) necessitating increased harvesting. Further, the 

results of this chapter suggest that this is not what communities may prefer. 
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These findings give support to the rising call to view interventions holistically, and as part of a 

landscape approach to conservation (Coad et al. 2019), because one intervention is highly 

unlikely to fulfil all the needs required by individuals and reduce both rural and urban 

demand. Needs may include elevated status associated with hunting, the desire for diversity in 

diets and the fulfilment of perceived rights, motivations which were identified in Chapter 3 of 

this thesis, and elsewhere (Lindsey et al. 2013; Travers et al. 2019a). Further, there is a need to 

recognise the potential for paternalistic or neo-colonial imposition of unwanted livelihood 

strategies (Nelson 2003). Targeting of interventions is especially tricky, given these multiple 

roles that bushmeat hunting and consumption may fulfil, as not everyone in the community 

will perceive this product and activities in the same way. It is very important not to view 

communities as homogenous units (Agrawal and Gibson 1999), as communities may be 

composed of many subgroups, with opposing motivations and needs. Finally, local social 

dynamics may hinder the fair distribution of benefits from such participatory programs. For 

example, elite capture has been found to be a problem in many contexts (Lund and Saito-

Jensen 2013), perhaps especially in hierarchical societies such as Malawi (Eggen 2011), however, 

passive resistance may alter these dynamics over time (Saito-Jensen et al. 2010). 

 

Because of limited budgets, expertise and resources, it is hypothesised that conservation 

organisations may need to collaborate with development organisations to be able to 

implement interventions which are based on individual empowerment (e.g. skills training or 

microenterprise initiatives). This approach has been taken in some projects implemented in 

Malawi: for example, a number of the schemes made available to communities living near 

Nyika and Vwaza Marsh were implemented by a development Non-Governmental 

Organisation (NGO). However, during the course of this research, it was made clear to us by 

participants and conservation staff that this intervention scheme had limited links to 

conservation, and that participants generally had no idea that any protected areas were 

involved in the scheme. This illustrates a common problem with development-focussed 

projects, and therefore conditionality is recommend to help to make this link clearer. Further, 

Malawi is currently focussed on enforcement in response to illegal resource use, as has been 

found in other less developed countries (Baynham-Herd et al. 2018). This may cause issues of 

legitimacy and alienation from local communities (Strong and Silva 2020).  
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There is also a need to consider the psychological theories which may underpin the behaviour 

of individuals, and their likely behaviour in response to an intervention (Webb and Sheeran 

2006). For example, the Theory of Planned Behaviour can provide important insights into the 

process by which individuals reach decisions about their behaviour. This theory posits that 

intentions to perform a behaviour can be predicted from three components (Ajzen 1991). 

Firstly, if attitudes towards the behaviour are more favourable then the intention to perform it 

will be greater. Secondly, the stronger the subjective norms associated with the behaviour, the 

more perceived social pressure there will be, resulting in greater intention. Finally, if an 

individual expects to be able to do the behaviour based on resources and opportunities (called 

perceived behavioural control) the greater the intention to perform it will be (Ajzen 1991). This 

theory is important because without favourable personal attitudes towards changing the 

behaviour of illegal bushmeat hunting and consumption, and without social pressure to cease 

these activities, even if all the opportunities to undertake alternative behaviours are provided, 

nothing may change. Personally, hunters may not feel the need to substitute hunting given 

that the other interventions provided may take a long time to realise comparative benefits 

(Torell et al. 2010). Further, the conservation of wildlife also needs to be seen as a vital activity 

from a community standpoint, in order to make hunting socially unacceptable. However, 

some research has indicated that, even with positive attitudes, respondents may still conduct 

destructive environmental behaviours (Waylen et al. 2009). This combination of factors 

(positive attitudes, reduced social acceptability of hunting, and provision of appropriate 

opportunities and resources to switch behaviours) may be very difficult to achieve given 

Malawi’s limited conservation budgets.  

 

This study is one of the first to use qualitative predictive methods, in the form of narrative 

scenarios, to understand behavioural interventions in the conservation field. Predictive 

approaches offer many benefits and there is a call to increase the use of these approaches to 

inform such interventions (Travers et al. 2019b). Although prediction is commonly used in 

conservation to model biological dynamics, modelling of human behaviour is far more rare 

(Milner-Gulland 2012). Predictive approaches can help with problem framing and to set 

priorities (Game et al. 2013), as well as allowing interventions to be chosen and designed more 

scientifically (Pullin et al. 2004). Further, predictive approaches allow consideration of far 

more varied contexts than what would be allowed by a pilot study or demonstration project, 

where issues of scale and complexity may be unanticipated (Travers et al. 2019b; Wells 1994). 

Despite these benefits, predictive approaches may not necessarily be accepted by 
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practitioners, due to their potentially large uncertainty (Milner-Gulland and Shea 2017). 

However, they can provide a key step in the decision-making process if they are treated as 

informative tools with which to provide new insights for policy or adaptive management.  

 

6.4.1 Limitations 

 

A key limitation identified with the predictive approach used here was the lack of co-design in 

the range of interventions studied. The interventions were drawn from those already in 

limited use in Malawi, from practitioner suggestions and from investigating what approaches 

had been used elsewhere. Informal discussion with communities from Malawi did provide the 

basis for one of the interventions, namely skills training. However, there are substantial 

benefits from involving local communities more formally in the design and decision-making 

regarding interventions. Participatory Intervention Planning (PIP) utilises a range of methods 

to include multiple stakeholders to identify, discuss and choose interventions to manage a 

conservation problem. This can stimulate creative thinking, ensure local relevance and cause 

the integration of multiple different ideas (Treves et al. 2009). Knowledge co-production and 

creating permeable knowledge boundaries allow the needs of multiple groups to be recognised 

and satisfied (Nel et al. 2016). It would have been an improvement to allow more time to hold 

focus groups or workshops with local communities to identify potential solutions to bushmeat 

hunting and consumption, and then incorporate these identified solutions as scenarios to be 

investigated in more detail.  

 

In terms of limitations to practical application, the interventions presented here are also 

susceptible to a common problem, namely free-riding. This occurs where individuals receive 

benefits without performing any actions that may benefit conservation, or else actively engage 

in harmful behaviour while receiving benefits. This is problematic as, for example, a member 

of a household may be involved in a microenterprise scheme provided by the park, and 

generate financial benefits for their entire household from that, while another member of the 

household may continue hunting for bushmeat, or else continue to buy bushmeat for 

consumption. These problems have been investigated in performance-based payment 

schemes, where the benefit a community receives is contingent on pro-conservation 

behaviour of the entire community, or else individual-based conservation effort (Gatiso et al. 

2018). Conditionality, attached to each intervention, may overcome this problem only if it is 
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based on household compliance as a whole. This would exert social pressure within 

households to conform to the rules associated with the intervention, but also acknowledge 

that group-based benefits (e.g. community infrastructure) rarely result in behaviour change at 

the individual level (Blom et al. 2010; Gatiso et al. 2018; Jayachandran et al. 2017). However, 

implementing and policing such rules would be difficult, as it would require cross-referencing 

wildlife infractions not just with individuals involved in schemes, but other members living 

within the same households.  

 

6.4.2 Future work 

 

Although this work was able to identify promising interventions that may help to cause 

substitution away from bushmeat hunting or consumption towards other legal activities, there 

are still gaps in knowledge regarding how these interventions should best be implemented. 

There are a number of factors to consider, including ensuring social equity, ensuring 

appropriate benefits reach households, ensuring long-term sustainability of funding and 

adaptively targeting community members for different interventions. To achieve the 

successful implementation of interventions given this complexity will also require strong 

institutions. 

 

Currently, most of the interventions implemented in Malawian Protected areas are mediated 

through organisations known as Village Natural Resource Committees (VNRCs). These 

committees are comprised of local community members who received training and interact 

with the protected area management to liaise with local communities as a whole. These 

organisations often organise and mediate the implementation of projects. This is in an effort 

to ensure community participation in projects, to make conservation more legitimate and 

generally forward the strategy of community-based natural resource management. The 

protected area staff indicated that these organisations would be the vehicle to implement the 

interventions studied here. However, there are a number of problems that exist with these 

committees, primarily elite capture. There were instances in our research where I was made 

aware that the local headman had instituted himself within the VNRCs and exerted social 

pressure on his peers, ensuring re-election, and capturing positions for relatives or favourites. 

There were also instances of funds going missing, and as a result, there was a high level of 

distrust from the community in these institutions. This presents a problem for protected area 
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management, who strive to work with locally elected VNCRs, and feel they cannot enforce a 

change in leadership without being perceived as authoritarian and therefore undermining the 

local legitimacy of these institutions. There is a need to understand the structural dynamics of 

the VNRCs as institutions, and comprehensively evaluate the outcome pathways (either legal 

and formal, or illegal and informal) currently being used. Understanding such governance 

networks will help conservation practitioners to better navigate the broader set of 

relationships involved in community-based conservation (Alexander et al. 2016). Having a 

thorough understanding of the processes and circumstances of these organisations will be 

vital for the successful implementation of any of the interventions identified in this chapter.  

 

Sustainability of funding is another vital factor to consider for these interventions to succeed. 

Malawi’s conservation sector is already significantly underfunded, and expanding such 

community-based conservation interventions would require a significant increase in spending. 

However, there is a chicken and egg problem here: for community-based interventions to 

work and change community behaviours away from bushmeat hunting, significant spending is 

necessary. However, money for such initiatives is dependent on the revenue the protected 

areas generate, which will not increase until hunting and consumption behaviours change and 

wildlife numbers start to increase, and thus increase wildlife tourism. Funding models 

therefore will initially need to be independent of tourism.  

 

 Using participatory processes in decision-making 

 

• Aim: Facilitate decision-making among stakeholders regarding interventions to reduce 
bushmeat hunting and consumption  

 

Decision-making in conservation contexts is notoriously challenging, given that the 

institutions in which they take place are made up of so many different components, including 

formal and informal social, political, ecological and economic factors as well as their 

interactions (Fuller et al. 2020). Added to this mix are the multiple goals and preferences of a 

diverse range of stakeholders. Therefore, processes that illustrate these complex systems, as 

well as allow different actors to highlight their thought processes and beliefs are highly 

valuable. Decision science has come to recognise this complexity by including social science 

research into its process, in order to identify where uncertainty in the social objectives may 
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affect the ultimate decision (Robinson et al. 2019). Integrating participatory processes, such as 

participatory modelling, into decision-making also acknowledges the unique knowledge that 

stakeholders may have regarding social-ecological systems (Gray et al. 2017). However, the 

major contribution these processes may have is in community learning and structured 

knowledge sharing (Voinov and Bousquet 2010). Formal participatory processes to include 

contextual factors, both social and ecological, can therefore contribute towards outcomes that 

are scientifically and institutionally defensible.  

 

I used a participatory modelling approach as a decision-support process in Chapter 5 to help 

decision-makers in Malawi explore the bushmeat hunting and consumption systems, and 

understand the potential effects of interventions on these systems. These types of 

participatory processes offer a range of benefits as they allow ownership of decisions, allow 

experts to identify where they are making assumptions, and allow consideration of multiple 

perspectives (Gray et al. 2017). Structured social learning is a key outcome of the process, and 

such approaches can facilitate participants to confront drivers of environmental change and 

recognise important trade-offs (Sandker et al. 2010). The process used here was able to 

examine the difference between the group map generated from individual knowledge alone 

and maps modified by group discussion. The final fuzzy cognitive map arrived at following 

group discussion was more complex, but retained a number of elements identified during the 

individual stage. Therefore, it is likely that the process enabled social learning to arrive at a 

shared conceptual understanding, while still highlighting the contribution of individuals. 

There was an attempt to evaluate the process afterwards, which found that it was helpful to 

participant’s understanding of the bushmeat system. However, documenting the extent and 

characteristics of the social learning that took place was not a priority here. Given that social 

learning might be the most important outcome of this process, more information is needed 

before it can be definitively said that social learning took place. Research has shown that 

changing the way people think, especially about such complex social-ecological topics, is a 

slow process (Pala and Vennix 2005). Therefore, this workshop may represent a first step in 

the decision-making process, and prolonged engagement with these participants is likely to be 

highly beneficial.  

 

A number of different possible interventions were also introduced to the fuzzy cognitive maps 

for bushmeat hunting and/or consumption, including ecotourism initiatives, microenterprise 

initiatives and wildlife farming. The possible results of wildlife farming, based on the change 
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to map components, was promising. This intervention, however, will need strong links to 

conservation, as seen from the conditionality included in scenarios in Chapter 4. Wildlife 

farming will also require substantial investment and expertise and will likely only succeed if it 

can supply enough income to hunters to replace the relatively free activity of hunting, and 

supply enough cheap protein for consumers to outcompete illegally sourced bushmeat. 

Further, given the recent outbreak of zoonoses such as COVID-19 and others, there may be 

less support for any intervention which involves farming wildlife, which, depending on the 

circumstances, could facilitate disease transmission (Magwedere et al. 2012).  

 

6.5.1 Limitations 

 

A key aspect for successful participatory processes is the inclusion of a diverse and 

representative group of respondents. The decision-making process illustrated here only 

included conservation professionals. Even though these professionals came from a range of 

different organisations and represented both senior-level and lower-level staff, this is still a 

rather limited pool. It is vital to include community representatives in processes like this, to 

ensure: a) that the understanding of the systems reflects current experiences and realities; b) 

that decisions about which interventions are implemented are transparent and legitimate; and 

c) that there is recognition of the knowledge that communities are able to contribute, based 

on their in-depth understanding of ecological and social systems. A next step would be to 

expand these processes to include community representatives as well as conservation 

professionals and those connected with policy, mediated by an independent facilitator to build 

trust (Sandker et al. 2010). The outcomes of this process may be less important than the 

process itself, and could be used to facilitate the early-stages of project implementation (e.g. of 

those projects suggested in Chapter 4). 

 

6.5.2 Future work 

 

In terms of actionable outcomes from this participatory process, key assumptions about the 

map were identified by participants, which could be useful to guide future research. The need 

to evaluate urban demand was made clear, as no studies have evaluated this in Malawi. 

Further, it is unclear what impact outside actors may have on hunting, as there was 

speculation that some hunters do not come from local communities around the park, but may 
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travel from long distances to hunt for a period of time and then sell the meat commercially 

elsewhere. Given that all of the community-based programs are designed to target hunters in 

the local community, the proportion of hunters who are not part of this group will determine 

how effective these programs are at reducing hunting overall (Kuehl et al. 2009).  

 

Participatory modelling has many applications, far beyond improving the understanding of 

stakeholders about complex systems. For example, decision triggers are used to identify when 

to intervene, based on the status of an ecological attribute, such that when a certain point is 

crossed, a management decision is triggered (Cook et al. 2016). This allows clear links between 

monitoring and management. It is possible to use expert knowledge to develop these decision 

triggers in cases without adequate information (Addison et al. 2016). FCM could therefore be 

used as a first step in identifying important ecological, political or social factors that should be 

monitored so that, when these factors are modified in a direction not preferred by 

stakeholders, a decision is made about what intervention to use to return it to a preferred 

state. Although decision-triggers have mainly been used in relation to ecological states, it 

would be highly useful to extend them to social or economic states as well.  

 

On a more practical level, work is required to make participatory processes easier to conduct 

in contexts where decision-makers are located in different areas and time or money precludes 

meeting in person, or in situations with a lot of conflict. Facilitating remote participatory 

processes may also become increasingly important in future, given the COVID-19 pandemic. 

Having some kind of practical tool to allow participatory modelling and decision-making to 

take place virtually would be highly valuable to practitioners. For example, an extension of the 

Mental Modeler software used in this chapter could be created, where a team of people could 

sign into one project from different locations, and design a fuzzy cognitive map together, with 

a chat function and ability to mark which individual made which changes to the map. A 

function to mark where assumptions are made could be incorporated as well, on top of the 

current function to indicate level of uncertainty. A facilitator could be incorporated to 

highlight which section of the map was being looked at, and pose questions to the group. Care 

should, however, be taken to ensure that participation is equitable, given the known biases 

arising from power dynamics in group settings. Therefore, for example, each individual could 

be assigned a non-identifying signifier. Development of such tools would require careful 

analysis of the possible biases arising from the change in process, in comparison to in-person 

processes.  
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 The wider context of bushmeat hunting and consumption 
 

The overall objective of this thesis was to conduct a detailed case study of bushmeat hunting 

and consumption in the context of an African savannah. It was hypothesised that there was a 

research gap between the relatively well–studied forest regions, and contexts in savannahs 

where bushmeat hunting is likely to be high, but is less well understood. Given the results of 

this thesis, I will highlight the relative differences between the Malawian context and other 

contexts around Africa, and further, how widely applicable the results from Malawi may be.  

 

The differences between savannah regions and forest regions in terms of bushmeat hunting 

and consumption stem not so much from differences in drivers or motivations, but rather 

from the ethos surrounding the management of this issue. Forest regions in Africa 

acknowledge the necessity of creating sustainable harvest levels of wildlife, and manage this 

problem by recognising that wildlife and food security in these regions are inextricably linked. 

For example, COMIFAC (Central African Forestry Commission) unites six central African 

countries in terms of management of bushmeat and other forest resources, with broad goals of 

improving sustainability and “work(s) to promote the right of peoples to rely on forest 

resources to support their economic and social development efforts” (COMIFAC 2020). The 

majority of savannah regions do not manage wildlife in this way. The Southern African 

Development Community (SADC) members (of which Malawi forms part) use a community-

based management ethos, primarily relying on tourism and trophy hunting to provide benefits 

to communities (Coad et al. 2019). These differences stem from the difficulties in providing 

enough protein in forest regions without utilising wildlife (Fa et al. 2015), given the lower 

productivity of both livestock and wildlife, as a result of disease and habitat factors (Robinson 

et al. 2014). Savannah regions, although they do have some limitations on livestock in terms of 

diseases, have greater potential to supply protein needs without relying on wild animals. 

However, whether this potential is recognised in actuality is a key issue. 

 

The drivers and motivations uncovered in this thesis may be widely applicable to other 

savannah regions and are broadly similar to forest regions. For example, similar to the result in 

Chapter 3 that hunters may be from wealthier households, Rogan et al. (2018) found that 

hunters come from more financially secure households in Botswana, as did Travers et al. 

(2019a) in Uganda and Shackleton et al. (2006) in South Africa. The finding that hunting was 
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predominately conducted for meat and income also confirms findings from elsewhere such as 

Tanzania (Rentsch and Damon 2013), Zimbabwe (Lindsey et al. 2011) and Equatorial Guinea 

(Kümpel et al. 2010). A study including 24 countries (Nielsen et al. 2017) found that the most 

important contribution of hunting came from providing meat for the hunter’s household’s 

own consumption. The results of the thesis also show similarities to findings indicating that 

other motives, including cultural factors and perceptions of ownership, are also important 

(Harrison et al. 2015). Perceptions of taste being a primary motivator of consumption have 

been found elsewhere (King 1994), as has the necessity to add diversity to diet (Lindsey et al. 

2011) and bushmeat being perceived as healthier than livestock meat (van Vliet and Mbazza 

2011). Therefore, the drivers and motivations identified in this thesis may be widely applicable 

to other regions; however, local contextual complexities mean that the relative importance of 

drivers and motivations may change. 

 

The results of this thesis regarding interventions may hold true to other systems as well. For 

example, Moro et al. (2013) found boosting wage-earning opportunities such as microcredit 

schemes may theoretically reduce hunting in Tanzania, as would livestock donation. These 

strategies, which move away from relying on wildlife as a resource, differ from the overall 

strategy of many SADC countries when it comes to community-based conservation, especially 

in terms of reliance on trophy hunting to generate revenues. Malawi, however, does not allow 

trophy hunting, and only issues game licenses to citizens under very specific conditions (Jere 

2017), while other countries like Namibia, Tanzania, Zimbabwe and Zambia rely heavily on 

trophy hunting by international visitors (Lindsey et al. 2007b). Therefore, it is difficult to make 

comparisons to systems that allow this wildlife use as a revenue stream. Trophy hunting may 

provide substantial revenues to communities, and therefore may reduce bushmeat hunting 

due to community recognition of the financial benefits wildlife may bring (Lindsey et al. 

2007b). Therefore, the context in which interventions will have to operate in Malawi is 

dissimilar from elsewhere in the region. Malawi has more in common with Kenya, where 

trophy hunting is not permitted. Wildlife in Kenya has experienced very high rates of illegal 

hunting (Ottichilo et al. 2000), which has been argued to have been caused by community’s 

lack of ability to benefit from wildlife in this situation (Lewis and Jackson 2005). Malawi is also 

dissimilar in this way from Central and West Africa forest systems, which aim for the 

sustainable harvest of wildlife meat (Coad et al. 2019). Therefore, although the drivers of 

hunting and consumption may be similar to other savannah regions, Malawi is in a sense more 

limited in terms of potential revenue streams derived directly from wildlife, and so initiating 
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projects such as microcredit schemes may be most successful. It has also recently been argued 

that revenue streams in African conservation need to become more self-sustaining, to protect 

against vulnerability in tourism collapses (Lindsey et al. 2020), which Malawi will be well 

positioned for if such projects are implemented.  

 

6.6.1 Implications for the sustainability of bushmeat hunting and 

consumption in Malawi 

 

A central goal towards managing bushmeat hunting is increasing its sustainability. This 

concept recognises that law enforcement is unlikely to stop hunting altogether and that doing 

so may be morally unjustifiable, given the dependence of many people on this resource and its 

cultural associations. Facilitating sustainable hunting of resilient, fast-reproducing species, as 

well as supplementing this meat with domestic sources, is a key aspect of sustainable 

bushmeat management (Coad et al. 2019). Malawi’s context may make creating a sustainable 

harvest of bushmeat challenging however. Firstly, the land outside of protected areas has 

mostly been transformed into agriculture or grazing, with limited wildlife habitat available. 

This means that there is limited potential to create game management areas, where 

communities, with secure access rights, could source bushmeat legally, in a controlled and 

sustainable manner. The second issue is that meat supply in rapidly urbanising rural areas is 

unstable, with limited refrigeration and the available livestock meat being of poor quality. The 

third problem is that the community-based projects supplied by the protected areas revolve 

around accessing natural resources, which have been relatively unsuccessful in this context. 

The final problem relates to the difficult balance between levels of enforcement and when (or 

if) it may be possible to provide communities with access to wildlife. Malawi’s protected areas 

are currently in a period of recovery following high poaching rates, and therefore will require 

careful consideration whether it is feasible to allow any harvesting. Each of these issues will be 

discussed in more detail below, with reference to the results of this thesis. 

 

The rate of land transformation to agriculture in Malawi has been very rapid. One estimate 

indicated that between 1972 and 1990 forest cover declined by 41% (Bunderson and Hayes 

1997). The FAO (2012) estimates that, in 2010, Malawi consisted of 40.5% agricultural land, 

20% water bodies and 36.7% of natural vegetation (26.8% of which are forested). This is a 

relatively high percentage of agricultural land, for example, in neighbouring Zambia 66% of its 
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land is under natural vegetation cover (FAO 2013), while Zimbabwe has around 27.5% 

agricultural or converted land and 67% woodland cover (FAO 2015). This means that the game 

management areas (GMAs, also sometimes known as wildlife management areas, WMAs) used 

for example in Zambia, Tanzania and Namibia may simply not be feasible in Malawi, given 

that wildlife habitat outside of protected areas has predominately already been transformed 

into agricultural land. GMAs are generally established as buffer zones around protected areas, 

that either allow some form of regulated hunting by communities, allow trophy hunting with 

revenue returned to communities or cull animals to provide cheap protein (Balakrishnan and 

Ndhlovu 1992). The lack of available land with suitable wildlife habitat limits Malawi’s 

possibilities for implementing schemes where wildlife is sustainably harvested from these 

areas, in order to provide meat to local communities. Discussions with protected area staff 

during this project have indicated that, although they are aware of the potential for such 

buffers and management areas, there is simply no space to implement it, without 

dispossessing people of agricultural land, or reducing the park’s area. Additionally, such 

initiatives do not always show success: human population growth means demand may outstrip 

possible production, procedural complexities and inefficiencies make it difficult for 

communities to benefit, and communities have often not been given necessary assistance to 

develop capacity to manage the areas (Simasiku et al. 2008; Wilfred 2010). Given the high rates 

of consumption identified in Chapter 3, GMAs would have to provide a significant amount of 

meat to communities, which seems unlikely to happen soon in the current context. Further, 

although it is possible under Malawian law to hunt wildlife outside of protected areas with a 

license (Jere 2017), it is likely that the amount of protein actually able to be supplied from 

these licenses will be relatively small. Therefore, Malawi is somewhat limited in its options to 

provide sustainable and legal bushmeat outside of protected areas, in the form of sustainable 

use areas. Wildlife farming may be a solution to some of these issues, and the results of 

Chapter 5 indicate that this approach warrants further consideration.  

 

Malawi, like elsewhere in Africa, is also experiencing rapid urbanisation of rural areas, where 

regional towns and secondary cities are growing much larger (Borel-Saladin 2017; 

Christiaensen and Kanbur 2017). This poses a problem in terms of food supply chains, which 

may be fragile or not yet fully established, and so wild meat may be important to fill gaps in 

supply (Coad et al. 2019). Alternative meats such as livestock may be expensive and rare in 

these contexts, which is problematic in terms of food security (Abernethy and Ndong 2010). 

However, as consumers in these urbanising areas are generally not the same people hunting 
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from protected areas, they have little power over the resource or where it comes from. In this 

situation, it is vital to increase the production and availability of alternative proteins to meet 

demand. These alternative proteins need to be safe to eat, in sufficient supply and as cheap as 

bushmeat in order to work to reduce reliance (Coad et al. 2019; Wicander and Coad 2014). 

Therefore, these centres of demand for bushmeat need to be carefully considered when 

implementing increased law enforcement. It is likely that the prices that bushmeat can fetch 

in these situations will motivate hunters regardless of the penalties. Therefore, it is vital that 

Malawi also create strong, compatible governance structures for sectors such as fisheries or 

domestic meats, in concert with the conservation sector. The results of this thesis back this 

up, as the motivations for consuming bushmeat indicated that it’s taste in comparison to 

alternatives was a key factor and that it is currently cheaper than livestock meat (Chapter 3). 

Therefore strengthening the supply of alternatives will be vital to mitigate bushmeat 

consumption. 

 

Malawi has sought to include communities in natural resource management by forwarding the 

community-based natural resource management (CBNRM) approach, or “co-management”, as 

it is known in Malawi. This system promotes ownership of natural resources by communities, 

and allows participation in decision-making. In the context of wildlife, this has generally taken 

the form of revenue-sharing schemes, where profits generated by protected areas from 

tourism are shared with local communities, or else creating sustainable use of natural 

resources from protected areas, mostly in the form of generating marketable products from 

resources like honey or fruits (Mauambeta and Kafakoma 2010). Wildlife meat or any form of 

hunting from protected areas is not included in these schemes in Malawi. However, the 

alternative livelihood schemes based on natural resources have faced significant problems in 

Malawi, including heavy reliance on outside donor funding, corruption and the seasonal 

nature of the resources (Mauambeta and Kafakoma 2010). Other research has indicated that 

co-management at Majete wildlife reserve has created conditions for successful management 

and inclusion of communities (Chana and Manomaivibool 2016). Our results in Chapter 4 

indicate that to some extent the focus on natural resources for alternative livelihoods may be 

misplaced, as park-based product harvesting schemes were not preferred or seen as fair. This 

intervention was also perceived to create limited substitution of time budgets. Therefore, 

although there have undoubtedly been some local success in the co-management approach, it 

appears that there may be a need to re-focus alternative livelihood options away from natural 

resources harvested from protected areas. There was some recognition of this from experts 



190 
 

during the participatory process outlined in Chapter 5, where experts indicated that given the 

problems with current projects, wildlife farming or microenterprise initiatives may represent a 

more viable solution.  

 

The final problem, in terms of sustainably managing bushmeat hunting and consumption in 

Malawi, is the legacy of high rates of illegal wildlife hunting in terms of social and institutional 

perspectives. Malawi’s protected areas underwent a period of very high illegal hunting 

following the transition to democratic rule in 1994, after many years of stringent enforcement 

and exclusion of local communities, first under colonial British rule and then under the 

dictatorial regime of Hastings Banda (Mauambeta and Kafakoma 2010). This meant that, in 

the 1990’s, many of Malawi’s protected areas were operating in a semi-collapsed state, where 

animal densities were very low (Munthali and Mkanda 2002). This situation has seen large 

improvements in recent years, primarily by reinstituting stringent enforcement measures, and 

strengthening wildlife laws (Jere 2017), although accurate animal counts are still lacking. 

However, it must be considered that at some point in time, animal populations may in fact be 

able to sustain some level of harvest. Given that any form of hunting from protected areas is 

illegal, there is currently no regulatory framework to allow this. However, the successes of 

sustainable harvesting elsewhere in the region e.g. Namibia and Botswana (Mbaiwa 2015; 

Milupi et al. 2017), where hunting licences awarded to communities are allowed, trophy 

hunting provides incomes or else communities receive meat from culling programs (Jones 

2004), indicate that Malawi may need to give this approach consideration. This could, 

however, only occur if wildlife densities in protected areas like Majete continue to recover. 

This will require a shift in thinking from both the Malawian government and the organisation 

African Parks, which manages this protected area in a delegated management scheme, to 

recognise the potential for wildlife to provide meat to communities. Malawi does have an 

instance where hunting clubs have been formed to hunt water-birds, which incorporate 

measures such as licencing and bag limits under community management (Mauambeta and 

Kafakoma 2010). These successes could be investigated and replicated elsewhere. 

 

 There can be no question that continued enforcement of wildlife laws is necessary, and any 

such harvesting initiatives will need to carefully set quotas (Van Vliet et al. 2015). There are a 

number of frameworks which could help to manage this type of scheme including the 

management strategy evaluation approach (Bunnefeld et al. 2011) and the adaptive 

management approach (Nichols et al. 2007), both of which monitor alternative approaches 
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and identify best scenarios under uncertainty. The results of Chapter 4 do, however, indicate 

that regulated hunting is not preferred or seen as fair by communities, so it would be 

important to understand whether money would be better off invested in another type of 

program, such as microenterprises or skills training.  

 

6.6.2 Recommendations for managing bushmeat hunting in Malawi 

 

Given the results of this thesis, as well as in-depth discussions with communities and 

conservation professionals in Malawi, the following recommendations are made to create a 

more sustainable approach to bushmeat management in Malawi: 

• Conservation authorities need to work hand in hand with other sectors to increase the 

availability of alternative proteins for rural towns and smaller cities. This will include 

improving infrastructure and supply chains to provide cheap, healthy and sufficient 

alternative proteins 

• Creating the option for subsistence hunting should be encouraged only in the context 

of communities around protected areas with large enough wildlife populations and 

with clear, consistent and co-produced regulations. This type of hunting will need to 

be carefully managed and outside and commercial interests excluded in a closed-

access system 

• The focus on law enforcement is encouraged while wildlife populations recover, but 

there may come a time that harvesting could be sustainable for some species, and 

authorities need to carefully evaluate and plan for this eventuality 

• The emphasis in the co-management context of providing alternative livelihoods via 

park-based products is misaligned with what communities may actually prefer and be 

able to benefit from 

• There is a need to partner with other sectors to encourage interventions such as 

microenterprise or wildlife farming initiatives, which are more in line with what 

communities prefer and also circumvent the problems with allowing regulated hunting 

from protected areas.  

• A better understanding of the role of outside actors and commercialised hunting 

groups is urgently required, although the dangers and difficulties of collecting this type 

of data are recognised 
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 Future directions for research  
 

This work has highlighted the need to involve other sectors in conservation to reduce 

bushmeat hunting and consumption to more sustainable levels. Community-based 

conservation projects still seem to fall into one of two areas: i) they are implemented by 

conservation professionals and struggle to achieve development aims due to a simplistic 

understanding of the social context; or ii) they are implemented by development 

organisations, and the links back to conservation are tenuous and do not achieve conservation 

goals sufficiently. Therefore, there needs to be greater consideration of how to integrate these 

two approaches. Many lessons have been learnt from ICDPs, ALPs and programs such as 

REDD+ (Reduce Emissions from Deforestation and forest Degradation), which have 

demonstrated the challenges and successes that can come from trying to achieve conservation 

goals in the context of sustainable economic development. This has primarily been fuelled by 

the conservation sector. More broadly, the Sustainable Development Goals (SDGs), which 

ambitiously try to incorporate environmental goals with development, have also achieved 

some environmental successes (United Nations 2020). It has, however, been argued that this 

approach waters down environmental goals in favour of development goals (Elder and Olsen 

2019) and the overall progress on this goal is falling short (United Nations 2020). The vast 

amount of knowledge that the development sector has in terms of successfully implementing 

projects to diversify and improve livelihoods requires significant consideration. I believe that 

the field of conservation, especially relating to resource use and livelihood strategies such as 

bushmeat hunting, would benefit from forming strong partnerships with this sector.  

 

There are a number of exciting development initiatives that I believe would be able to 

contribute towards the implementation of interventions to reduce bushmeat hunting and 

consumption. For example Village Enterprise, a microenterprise initiative in Uganda, Kenya 

and DR Congo, has a promising framework for implementing these projects (Village 

Enterprise 2015). This approach includes targeting of participants, training in business skills 

and financial planning, formation of savings groups and provision of seed funding and 

continuing mentorship. Their projects use randomised control trials to identify impacts, and 

incorporate monitoring and evaluation and adaptive management principles. Currently these 

projects are not formulated with wildlife conservation in mind, but these types of rigorously 

evaluated projects would be the perfect starting point to investigate how such multi-sector 

programs could be designed. Using randomised control trials and a well-developed 
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implementation framework, and then incorporating an element of conditionality which links 

these projects to protected areas, could help to ensure that projects use many of the key 

lessons learnt from ALP and ICDP failures (Wicander and Coad 2014) and the conditions for 

intervention success identified in Chapters 2 and 4.  

 

Other development initiatives which show promise for the achievement of both conservation 

and development goals include Heifer International’s programs (Heifer International 2020), 

which improve livestock and other agricultural outputs (a key goal to increase alternative 

protein outputs for rural towns and cities), and the concept of a universal basic income, which 

provides an income unconditionally paid to all people in a society on an individual basis, 

without any specific requirements (Lacey 2017). Future work by conservation scientists could 

focus on evaluating different ways to include conservation goals into such programs. For 

example, randomised control trials, using participant matching, could be used to evaluate the 

effect of positive rewards, negative conditionality, a combination of both or no conditionality 

while implementing microenterprise programs, on selected biodiversity and livelihood 

indicators. Recent work has emphasised that such research is vitally needed and can provide 

important insights into the impacts of interventions (Pynegar et al. 2020; Wilebore et al. 2019), 

including on the effects of conditionality (Jayachandran et al. 2017). 

 

Specific methodologies taken from the development sector would also be highly relevant to 

evaluating how intervention projects impact household livelihoods and understanding why 

people make livelihood decisions. Specifically, the Household Economy Approach (HEA) may 

be very helpful (Food Economy Group 2012). The main components of the analysis are to 

understand how people of different social or economic conditions get the cash and food they 

need to survive, what constraints or opportunities they face, and the options available to them 

to respond in times of crisis (FEWS Net 2015). Because this approach is largely used to 

investigate food security and how this is impacted by different crops or livelihoods, it is highly 

applicable to the study of natural resources e.g. bushmeat. Additionally, HEA is used as a basis 

for identifying and planning poverty reduction interventions, which is analogous to planning 

bushmeat reduction interventions that improve poverty or livelihood outcomes. This 

approach will help conservationists ensure that their interventions are: a) going to affect the 

harvesting of specific resources in the direction preferred, b) not negatively affect community 

livelihoods, and c) investigate whether an intervention will cause a substitution or addition 

effect. To my knowledge, this approach has not been used in conservation, despite its 
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widespread use in development and climate change sectors, and so adapting such robust tools 

for evaluating conservation interventions is a key area for future research.  

 

Finally, there is a need for an in-depth analysis regarding the ethos and future goals of the 

Malawian conservation sector. Concern about whether alternative livelihood projects will even 

be able to function to stop illegal hunting completely is warranted. For example, even in 

wealthy nations with significant financial resources and vast technical expertise, people still 

break wildlife laws and destroy the environment. Indeed it has been argued that it is wealth, 

rather than poverty, that has the largest impact on the environment (Wiedmann et al. 2020). 

Megafauna has mostly been extinct from wealthy developed nations for hundreds of years, and 

so it should be questioned whether the Western scientific paradigm can truly provide the 

answers necessary to prevent it from happening in other regions of the world, like Malawi. 

Furthering Traditional Ecological Knowledge (TEK) and robust participatory processes is 

therefore vital (Mulrennan et al. 2012; Pierotti and Wildcat 2000). The neo-colonial character 

of conservation has long been recognised (Garland 2008; Wall and McClanahan 2015), and 

perhaps should be given consideration in Malawi as well, given the stringent wildlife laws, the 

management of many of its largest protected areas by outside actors and the involvement of 

the British military in anti-poaching training (Mponda 2017). Therefore there is also a need to 

examine the conservation ethos of Malawi, and whether a community-focussed, participatory 

paradigm, which has been the official policy for a number of years, has shifted to something 

more along the lines of “fortress conservation”, as a necessity from high levels of hunting. A 

qualitative study evaluating the strategic goals of the sector would therefore be highly useful.  
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 Summary and wrap-up  

 

This thesis attempted to provide a multi-facetted study of the bushmeat hunting issue in 

African savannahs, and was able to generate important baseline information on prevalence of 

bushmeat hunting and consumption in Malawi. It was also able to identify the socio-

demographic drivers of these behaviours and the motivations behind them. It investigated 

how people in local communities may perceive interventions to reduce these illegal activities, 

and showed the necessity of incorporating these perceptions into the planning process. 

Further, it allowed local conservation experts and stakeholders to grapple with this issue in a 

participatory way, illustrating the complex nature of these problems. This process represents 

the first step in using the information generated by this thesis in a practical and applied way.  

 

The conservation situation in Malawi has been receiving increased attention and funding in 

recent years, where many protected areas are currently recovering from a previously non-

functional or semi-collapsed state, due to extensive illegal hunting of wildlife. Partnerships 

created with other organisations e.g. the delegated co-management model with the 

international conservation NGO African Parks, implemented in two of the four protected 

areas studied in this thesis, show promise. However, care must be taken to ensure that the 

enforcement-heavy mandate, often required in these situations, does not negatively impact 

local communities, given that they consist of some of the world’s poorest individuals. 

Bushmeat hunting and consumption was found to be an important aspect of people’s 

livelihoods, and although motivations are complex, the need to account for the negative 

livelihood impacts that enforcement of wildlife laws may have on individuals is clear. 

However, there is no one-size fits all solution, and a landscape approach to the issue is 

needed. This approach would recognise that hunters are not the poorest individuals in a 

community, but consumers of bushmeat may be. It would recognise that current community-

based interventions may not reduce these illegal activities, even with substantial financial 

investment. It would recognise that interventions need to create substitutions, which move 

people’s time budgets away from hunting towards the activity in question. It would also mean 

recognising that the current focus in Malawi of providing natural-resource based interventions 

is not preferred or seen as fair by the majority of people in local communities. To improve the 

sustainability of bushmeat hunting, interventions need to create conditions of local 

empowerment by partnering the conservation sector with organisations more experienced in 
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development issues. Finally, there must be recognition by the Malawian government that 

current budgets for wildlife conservation are not in line with what would be necessary to 

create conditions where people can stop depending on wildlife as a resource.  

 

Overall, bushmeat hunting remains an incredibly complex topic, but the increasing local and 

global recognition of this issue gives hope to future efforts to ensure that countries like Malawi 

are able to conserve their national heritage in the form of wildlife and wild places, while also 

allowing local communities to thrive. 



197 
 

 Literature cited 

 

Abernethy, K., Ndong, O.A.M., 2010. Bushmeat in Gabon. Ministry of Water and Forests, 
Government of Gabon, Gabon.  
Abrahams, M.I., Peres, C.A., Costa, H.C., 2017. Measuring local depletion of terrestrial game 
vertebrates by central-place hunters in rural Amazonia. PLoS One 12, e0186653.  
Addison, P.F., Cook, C.N., Bie, K., 2016. Conservation practitioners' perspectives on decision 
triggers for evidence-based management. Journal of Applied Ecology 5, 1351-1357.  
Agrawal, A., Gibson, C.C., 1999. Enchantment and disenchantment: the role of community in 
natural resource conservation. World development 27, 629-649.  
Ajzen, I., 1991. The theory of planned behavior. Organizational Behavior and Human Decision 
Processes 50, 179-211.  
Alexander, S.M., Andrachuk, M., Armitage, D., 2016. Navigating governance networks for 
community-based conservation. Frontiers in Ecology and the Environment 14, 155-164.  
Alvarez, P., 2006. Animal poaching within the protected areas of Malawi. Danish Hunters 
Association, Lilongwe, Malawi.  
Bachand, N., Arsenault, J., Ravel, A., 2015. Urban household meat consumption patterns in 
Gabon, Central Africa, with a focus on bushmeat. Human Dimensions of Wildlife 20, 147-158.  
Balakrishnan, M., Ndhlovu, D., 1992. Wildlife utilization and local people: a case-study in 
Upper Lupande Game Management Area, Zambia. Environmental Conservation 19, 135-144.  
Baynham-Herd, Z., Redpath, S., Bunnefeld, N., Molony, T., Keane, A., 2018. Conservation 
conflicts: behavioural threats, frames, and intervention recommendations. Biological 
Conservation 222, 180-188.  
Blom, B., Sunderland, T., Murdiyarso, D., 2010. Getting REDD to work locally: lessons learned 
from integrated conservation and development projects. Environmental Science & Policy 13, 
164-172.  
Borel-Saladin, J., 2017. Where to draw the line: data problems and other difficulties estimating 
urbanisation in Africa. Development Southern Africa 34, 137-150.  
Bunderson, W., Hayes, I., 1997. Sustainable tobacco production in Malawi: the role of wood 
demand and supply, in: Malawi: Tobacco and the Future. Mangochi, Malawi. 
Bunnefeld, N., Hoshino, E., Milner-Gulland, E.J., 2011. Management strategy evaluation: a 
powerful tool for conservation? Trends in ecology & evolution 26, 441-447.  
Chana, T.M., Manomaivibool, P., 2016. Examining co-management of national parks through 
the lens of common-pool resource design principles: a comparative case study of Liwonde and 
Majete in Malawi. Applied Environmental Research 38, 77-92.  
Christiaensen, L., Kanbur, R., 2017. Secondary towns and poverty reduction: refocusing the 
urbanization agenda. Annual Review of Resource Economics 9, 405-419.  
Coad, L., Fa, J., Abernethy, K., van Vliet, N., Santamaria, C., Wilkie, D., El Bizri, H., Ingram, D., 
Cawthorn, D., Nasi, R., 2019. Towards a sustainable, participatory and inclusive wild meat 
sector CIFOR, Bogor, Indonesia.  
COMIFAC, 2020. COMIFAC missions. Retrieved from: https://comifac.org/a-propos/que-
faisons-nous/missions 
Cook, C.N., de Bie, K., Keith, D.A., Addison, P.F., 2016. Decision triggers are a critical part of 
evidence-based conservation. Biological Conservation 195, 46-51.  
Decker, D.J., Riley, S.J., Organ, J.F., Siemer, W.F., Carpenter, L.H., 2014. Applying Impact 
Management 3rd Edition. Human Dimensions Research Unit and Cornell Cooperative 
Extension, Department of Natural Resources, Cornell University, Ithaca, NY, USA. 



198 
 

Dobson, A., 2003. Social justice and environmental sustainability: ne’er the twain shall meet, 
in: Just Sustainabilities: Development in an Unequal World. Eds R.D. Bullard, J. Agyeman, B. 
Evans, pp. 83-95. Taylor & Francis. 
Effiom, E.O., Birkhofer, K., Smith, H.G., Olsson, O., 2014. Changes of community composition 
at multiple trophic levels due to hunting in Nigerian tropical forests. Ecography 37, 367-377.  
Eggen, Ø., 2011. Chiefs and everyday governance: parallel state organisations in Malawi. 
Journal of Southern African Studies 37, 313-331.  
Elder, M., Olsen, S.H., 2019. The design of environmental priorities in the SDGs. Global Policy 
10, 70-82.  
Fa, J.E., Olivero, J., Real, R., Farfán, M.A., Márquez, A.L., Vargas, J.M., Ziegler, S., Wegmann, 
M., Brown, D., Margetts, B., Nasi, R., 2015. Disentangling the relative effects of bushmeat 
availability on human nutrition in central Africa. Scientific Reports 5, 8168.  
Fa, J.E., Ryan, S.F., Bell, D.J., 2005. Hunting vulnerability, ecological characteristics and harvest 
rates of bushmeat species in afrotropical forests. Biological Conservation 121, 167-176.  
FAO, 2012. Atlas of Malawi land cover and land cover change 1990-2010. Food and Agriculture 
Organisation (FAO), Rome, Italy.  
FAO, 2013. Integrated Land Use Assessment (ILUA) II Zambia. Food and Agriculture 
Organisation, Rome, Italy.  
FAO, 2015. Global forest resources assessment, Zimbabwe. Food and Agriculture Organisation, 
Rome, Italy.  
FEWS Net, 2015. Malawi vulnerability assessment: committee livelihood baselines. Famine 
Early Warning System Network, Lilongwe, Malawi. 
Fischer, J., Gardner, T.A., Bennett, E.M., Balvanera, P., Biggs, R., Carpenter, S., Daw, T., Folke, 
C., Hill, R., Hughes, T.P., 2015. Advancing sustainability through mainstreaming a social–
ecological systems perspective. Current Opinion in Environmental Sustainability 14, 144-149.  
Food Economy Group, 2012. Household Economy Approach and Cost of the Diet: tools for 
food security and nutrition analysis. Retrieved from: http://www.heawebsite.org/home 
Fuller, A.K., Decker, D.J., Schiavone, M.V., Forstchen, A.B., 2020. Ratcheting up rigor in 
wildlife management decision making. Wildlife Society Bulletin 44, 29-41.  
Game, E.T., Kareiva, P., Possingham, H.P., 2013. Six common mistakes in conservation priority 
setting. Conservation Biology 27, 480-485.  
Garland, E., 2008. The elephant in the room: confronting the colonial character of wildlife 
conservation in Africa. African Studies Review 51, 51-74.  
Gatiso, T.T., Vollan, B., Vimal, R., Kühl, H.S., 2018. If possible, incentivize individuals not 
groups: evidence from lab-in-the-field experiments on forest conservation in rural Uganda. 
Conservation Letters 11, e12387, doi:10.1111/conl.12387 
Gavin, M.C., Solomon, J.N., Blank, S.G., 2010. Measuring and monitoring illegal use of natural 
resources. Conservation Biology 24, 89-100.  
Glynn, A.N., 2013. What can we learn with statistical truth serum? Design and analysis of the 
list experiment. Public Opinion Quarterly 77, 159-172.  
Gray, S., Jordan, R., Crall, A., Newman, G., Hmelo-Silver, C., Huang, J., Novak, W., Mellor, D., 
Frensley, T., Prysby, M., 2017. Combining participatory modelling and citizen science to 
support volunteer conservation action. Biological Conservation 208, 76-86.  
Gregory, R., Long, G., 2009. Using structured decision making to help implement a 
precautionary approach to endangered species management. Risk Analysis: An International 
Journal 29, 518-532.  
Haddaway, N.R., Bayliss, H.R., 2015. Shades of grey: two forms of grey literature important for 
reviews in conservation. Biological Conservation 191, 827-829.  
Harrison, M., Roe, D., Baker, J., Mwedde, G., Travers, T., Plumptre, A., Rwetsiba, A., Milner-
Gulland, E.J., 2015. Wildlife crime: a review of the evidence on drivers and impacts in Uganda. 
IIED, London, UK.  



199 
 

Hausmann, A., Toivonen, T., Slotow, R., Tenkanen, H., Moilanen, A., Heikinheimo, V., Di 
Minin, E., 2018. Social media data can be used to understand tourists’ preferences for nature-
based experiences in protected areas. Conservation Letters 11, e12343.  
Hegerl, C., Burgess, N.D., Nielsen, M.R., Martin, E., Ciolli, M., Rovero, F., 2017. Using camera 
trap data to assess the impact of bushmeat hunting on forest mammals in Tanzania. Oryx 51, 
87-97.  
Heifer International, 2020. Heifer International: ending poverty begins with agriculture. 
Retrieved from: https://www.heifer.org/ 
Hinsley, A., Keane, A., St. John, F.A.V., Ibbett, H., Nuno, A., 2019. Asking sensitive questions 
using the Unmatched Count Technique: applications and guidelines for conservation. 
Methods in Ecology and Evolution 10, 308-319.  
Ibbett, H., Lay, C., Phlai, P., Song, D., Hong, C., Mahood, S.P., Milner-Gulland, E., 2019. 
Conserving a globally threatened species in a semi-natural, agrarian landscape. Oryx 53, 181-
191.  
Imai, K., 2011. Multivariate regression analysis for the item count technique. Journal of the 
American Statistical Association 106, 407-416.  
Jayachandran, S., De Laat, J., Lambin, E.F., Stanton, C.Y., Audy, R., Thomas, N.E., 2017. Cash 
for carbon: a randomized trial of payments for ecosystem services to reduce deforestation. 
Science 357, 267-273.  
Jere, R., 2017. National Parks and Wildlife (Amendment) Act. Ministry of Justice Malawi. 
Retrieved from: https://www.lilongwewildlife.org/wp-content/uploads/NATIONAL-PARKS-
AND-WILDLIFE-AMENDMENT-BILL.pdf 
Jerozolimski, A., Peres, C.A., 2003. Bringing home the biggest bacon: a cross-site analysis of 
the structure of hunter-kill profiles in Neotropical forests. Biological Conservation 111, 415-425.  
Jones, B., 2004. Synthesis of the current status of CBNRM policy and legislation in Botswana, 
Malawi, Mozambique, Namibia, Zambia and Zimbabwe. WWF Southern African Regional 
Programme Office, Harare, Zimbabwe.  
King, S., 1994. Utilisation of wildlife in Bakossiland, West Cameroon with particular reference 
to primates. Traffic Bulletin 14, 63-73.  
Kuehl, H.S., Nzeingui, C., Yeno, S.L.D., Huijbregts, B., Boesch, C., Walsh, P.D., 2009. 
Discriminating between village and commercial hunting of apes. Biological Conservation 142, 
1500-1506.  
Kümpel, N.F., Milner-Gulland, E., Cowlishaw, G., Rowcliffe, J.M., 2010. Incentives for hunting: 
the role of bushmeat in the household economy in rural Equatorial Guinea. Human Ecology 
38, 251-264.  
Lacey, A., 2017. Universal basic income as development solution? Global Social Policy 17, 93-97.  
Leemans, R., De Groot, R., 2003. Millennium Ecosystem Assessment: Ecosystems and Human 
Well-being: a Framework for Assessment. Island press. 
Lewis, D., Jackson, J., 2005. Safari hunting and conservation on communal land in southern 
Africa. Conservation Biology Series - Cambridge 9, 239.  
Lindsey, P., Allan, J., Brehony, P., Dickman, A., Robson, A., Begg, C., Bhammar, H., Blanken, 
L., Breuer, T., Fitzgerald, K., Flyman, M., Gandiwa, P., Giva, N., Kaelo, D., Nampindo, S., 
Nyambe, N., Steiner, K., Parker, A., Roe, D., Thomson, P., Trimble, M., Caron, A., Tyrrell, P., 
2020. Conserving Africa’s wildlife and wildlands through the COVID-19 crisis and beyond. 
Nature Ecology & Evolution, doi:10.1038/s41559-020-1275-6 
Lindsey, P.A., Alexander, R., Mills, M., Romañach, S., Woodroffe, R., 2007a. Wildlife viewing 
preferences of visitors to protected areas in South Africa: implications for the role of 
ecotourism in conservation. Journal of Ecotourism 6, 19-33.  
Lindsey, P.A., Balme, G., Becker, M., Begg, C., Bento, C., Bocchino, C., Dickman, A., Diggle, 
R.W., Eves, H., Henschel, P., Lewis, D., Marnewick, K., Mattheus, J., Weldon McNutt, J., 
McRobb, R., Midlane, N., Milanzi, J., Morley, R., Murphree, M., Opyene, V., Phadima, J., 



200 
 

Purchase, G., Rentsch, D., Roche, C., Shaw, J., Westhuizen, H.v.d., Vliet, N.V., Zisadza-
Gandiwa, P., 2013. The bushmeat trade in African savannas: impacts, drivers, and possible 
solutions. Biological Conservation 160, 80-96.  
Lindsey, P.A., Petracca, L.S., Funston, P.J., Bauer, H., Dickman, A., Everatt, K., Flyman, M., 
Henschel, P., Hinks, A.E., Kasiki, S., Loveridge, A., Macdonald, D.W., Mandisodza, R., Mgoola, 
W., Miller, S.M., Nazerali, S., Siege, L., Uiseb, K., Hunter, L.T.B., 2017. The performance of 
African protected areas for lions and their prey. Biological Conservation 209, 137-149.  
Lindsey, P.A., Romañach, S.S., Matema, S., Matema, C., Mupamhadzi, I., Muvengwi, J., 2011. 
Dynamics and underlying causes of illegal bushmeat trade in Zimbabwe. Oryx 45, 84-95.  
Lindsey, P.A., Roulet, P., Romanach, S., 2007b. Economic and conservation significance of the 
trophy hunting industry in sub-Saharan Africa. Biological Conservation 134, 455-469.  
Lund, J.F., Saito-Jensen, M., 2013. Revisiting the issue of elite capture of participatory 
initiatives. World Development 46, 104-112.  
Magwedere, K., Hemberger, M.Y., Hoffman, L.C., Dziva, F., 2012. Zoonoses: a potential 
obstacle to the growing wildlife industry of Namibia. Infection Ecology & Epidemiology 2, 
18365.  
Maseko, H., Shackleton, C.M., Nagoli, J., Pullanikkatil, D., 2017. Children and wild foods in the 
context of deforestation in rural Malawi. Human Ecology 45, 795-807.  
Mauambeta, D., Kafakoma, R., 2010. Community based natural resource management: 
stocktaking assessment Malawi profile. US Aid, Washington, USA.  
Maxwell, S.L., Fuller, R.A., Brooks, T.M., Watson, J.E., 2016. Biodiversity: the ravages of guns, 
nets and bulldozers. Nature News 536, 143.  
Mbaiwa, J.E., 2015. Community-based natural resource management in Botswana, in: 
Institutional Arrangements for Conservation, Development and Tourism in Eastern and 
Southern Africa. pp. 59-80. Springer. 
McShane, T.O., Hirsch, P.D., Trung, T.C., Songorwa, A.N., Kinzig, A., Monteferri, B., 
Mutekanga, D., Van Thang, H., Dammert, J.L., Pulgar-Vidal, M., 2011. Hard choices: making 
trade-offs between biodiversity conservation and human well-being. Biological Conservation 
144, 966-972.  
Milner-Gulland, E., Shea, K., 2017. Embracing uncertainty in applied ecology. The Journal of 
Applied Ecology 54, 2063.  
Milner-Gulland, E.J., 2012. Interactions between human behaviour and ecological systems. 
Philosophical Transactions of the Royal Society B: Biological Sciences 367, 270-278.  
Milner-Gulland, E.J., Akçakaya, H.R., 2001. Sustainability indices for exploited populations. 
Trends in Ecology and Evolution 16, 686-692.  
Milner-Gulland, E.J., Ibbett, H., Wilfred, P., Ngoteya, H.C., Lestari, P., 2020. Understanding 
local resource users’ behaviour, perspectives and priorities to underpin conservation practice, 
in: Conservation Research, Policy and Practice. Eds W.J. Sutherland, P.N.M. Brotherton, Z.G. 
Davies, N. Ockendon, N. Pettorelli, J.A. Vickery, pp. 63-80. Cambridge University Press. 
Milupi, I., Somers, M.J., Ferguson, J.W.H., 2017. A review of community-based natural resource 
management. Applied Ecology and Environmental Research 15, 1121-1143.  
Moro, M., Fischer, A., Czajkowski, M., Brennan, D., Lowassa, A., Naiman, L.C., Hanley, N., 
2013. An investigation using the choice experiment method into options for reducing illegal 
bushmeat hunting in western Serengeti. Conservation Letters 6, 37-45.  
Mponda, F., 2017. Malawi turns to British troops in poaching war. Retrieved from: 
https://phys.org/news/2017-11-malawi-british-troops-poaching-war.html 
Mulrennan, M.E., Mark, R., Scott, C.H., 2012. Revamping community-based conservation 
through participatory research. The Canadian Geographer/Le Géographe canadien 56, 243-
259.  
Munthali, S.M., Mkanda, F.X., 2002. The plight of Malawi's wildlife: is trans-location of 
animals the solution? Biodiversity and Conservation 11, 751-768.  



201 
 

Nel, J.L., Roux, D.J., Driver, A., Hill, L., Maherry, A.C., Snaddon, K., Petersen, C.R., Smith-
Adao, L.B., Van Deventer, H., Reyers, B., 2016. Knowledge co-production and boundary work 
to promote implementation of conservation plans. Conservation Biology 30, 176-188.  
Nelson, R.H., 2003. Environmental colonialism: "saving" Africa from Africans. The 
Independent Review 8, 65-86.  
Nichols, J.D., Runge, M.C., Johnson, F.A., Williams, B.K., 2007. Adaptive harvest management 
of North American waterfowl populations: a brief history and future prospects. Journal of 
Ornithology 148, 343-349.  
Nielsen, M.R., Pouliot, M., Meilby, H., Smith-Hall, C., Angelsen, A., 2017. Global patterns and 
determinants of the economic importance of bushmeat. Biological Conservation 215, 277-287.  
Nuno, A., Bunnefeld, N., Naiman, L., Milner-Gulland, E., 2013. A novel approach to assessing 
the prevalence and drivers of illegal bushmeat hunting in the Serengeti. Conservation Biology 
27, 1523-1739.  
Okello, M.M., Manka, S.G., D’Amour, D.E., 2008. The relative importance of large mammal 
species for tourism in Amboseli National Park, Kenya. Tourism Management 29, 751-760.  
Ostrom, E., 2009. A general framework for analyzing sustainability of social-ecological 
systems. Science 325, 419-422.  
Ottichilo, W.K., Grunblatt, J., Said, M.Y., Wargute, P.W., 2000. Wildlife and livestock 
population trends in the Kenya rangeland, in: Wildlife Conservation by Sustainable Use. Eds 
H.H.T. Prins, J.G. Grootenhuis, T.T. Dolan, pp. 203-218. Springer Netherlands, Dordrecht. 
Pala, Ö., Vennix, J.A., 2005. Effect of system dynamics education on systems thinking 
inventory task performance. System Dynamics Review: The Journal of the System Dynamics 
Society 21, 147-172.  
Petriello, M.A., Redmore, L., Sène-Harper, A., Katju, D., 2019. Terms of empowerment: of 
conservation or communities? Oryx, 1-7, doi:10.1017/S0030605319000036 
Petróczi, A., Nepusz, T., Cross, P., Taft, H., Shah, S., Deshmukh, N., Schaffer, J., Shane, M., 
Adesanwo, C., Barker, J., 2011. New non-randomised model to assess the prevalence of 
discriminating behaviour: a pilot study on mephedrone. Substance Abuse Treatment, 
Prevention, and Policy 6, 20.  
Pierotti, R., Wildcat, D., 2000. Traditional ecological knowledge: the third alternative 
(commentary). Ecological Applications 10, 1333-1340.  
Pullin, A.S., Knight, T.M., 2009. Doing more good than harm–building an evidence-base for 
conservation and environmental management. Biological conservation 142, 931-934.  
Pullin, A.S., Knight, T.M., Stone, D.A., Charman, K., 2004. Do conservation managers use 
scientific evidence to support their decision-making? Biological Conservation 119, 245-252.  
Pynegar, E.L., Gibbons, J.M., Asquith, N.M., Jones, J.P., 2020. What role should randomized 
control trials play in providing the evidence base for conservation? Oryx, 1-10, 
doi:10.1017/S0030605319000188  
Rentsch, D., Damon, A., 2013. Prices, poaching, and protein alternatives: an analysis of 
bushmeat consumption around Serengeti National Park, Tanzania. Ecological Economics' 91, 
1-9.  
Robinson, J.G., Bennett, E.L., 2004. Having your wildlife and eating it too: an analysis of 
hunting sustainability across tropical ecosystems. Animal Conservation Forum 7, 397-408.  
Robinson, K.F., Fuller, A.K., Hurst, J.E., Swift, B.L., Kirsch, A., Farquhar, J., Decker, D.J., 
Siemer, W.F., 2016. Structured decision making as a framework for large-scale wildlife harvest 
management decisions. Ecosphere 7, e01613, doi:10.1002/ecs2.1613 
Robinson, K.F., Fuller, A.K., Stedman, R.C., Siemer, W.F., Decker, D.J., 2019. Integration of 
social and ecological sciences for natural resource decision making: challenges and 
opportunities. Environmental Management 63, 565-573.  



202 
 

Robinson, T.P., Wint, G.R., Conchedda, G., Van Boeckel, T.P., Ercoli, V., Palamara, E., Cinardi, 
G., D'Aietti, L., Hay, S.I., Gilbert, M., 2014. Mapping the global distribution of livestock. PLoS 
One 9, doi:10.1371/journal.pone.0096084 
Roe, D., Booker, F., Wilson-Holt, O., Cooney, R., 2020. Diversifying local livelihoods while 
sustaining wildlife: exploring incentives for community-based conservation. Luc Hoffmann 
Institute, Gland, Switzerland.  
Rogan, M.S., Miller, J.R.B., Lindsey, P.A., McNutt, J.W., 2018. Socioeconomic drivers of illegal 
bushmeat hunting in a Southern African Savanna. Biological Conservation 226, 24-31.  
Saito-Jensen, M., Nathan, I., Treue, T., 2010. Beyond elite capture? Community-based natural 
resource management and power in Mohammed Nagar village, Andhra Pradesh, India. 
Environmental Conservation 37, 327-335.  
Sandker, M., Campbell, B.M., Ruiz-Pérez, M., Sayer, J.A., Cowling, R., Kassa, H., Knight, A.T., 
2010. The role of participatory modeling in landscape approaches to reconcile conservation 
and development. Ecology and Society 15.  
Shackleton, C.M., Shackleton, S.E., 2006. Household wealth status and natural resource use in 
the Kat River valley, South Africa. Ecological Economics 57, 306-317.  
Simasiku, P., Simwanza, H.I., Tembo, G., Bandyopadhyay, S., Pavy, J.-M., 2008. The impact of 
wildlife management policies on communities and conservation in Game Management Areas, 
in Zambia: Message to Policy Makers. Ed. C.L. Buus. World Bank, Lusaka.  
St John, F., Brockington, D., Bunnefeld, N., Duffy, R., Homewood, K., Jones, J., Keane, A., 
Milner-Gulland, E., Nuno, A., Razafimanahaka, J., 2016. Research ethics: assuring anonymity at 
the individual level may not be sufficient to protect research participants from harm. 
Biological Conservation 196, 208-209.  
Strong, M., Silva, J.A., 2020. Impacts of hunting prohibitions on multidimensional well-being. 
Biological Conservation 243, 108451.  
Taylor, G., Scharlemann, J.P.W., Rowcliffe, M., Kümpel, N., Harfoot, M.B.J., Fa, J.E., Melisch, 
R., Milner-Gulland, E.J., Bhagwat, S., Abernethy, K.A., Ajonina, A.S., Albrechtsen, L., Allebone-
Webb, S., Brown, E., Brugiere, D., Clark, C., Colell, M., Cowlishaw, G., Crookes, D., De Merode, 
E., Dupain, J., East, T., Edderai, D., Elkan, P., Gill, D., Greengrass, E., Hodgkinson, C., Ilambu, 
O., Jeanmart, P., Juste, J., Linder, J.M., Macdonald, D.W., Noss, A.J., Okorie, P.U., Okouyi, 
V.J.J., Pailler, S., Poulsen, J.R., Riddell, M., Schleicher, J., Schulte-Herbrüggen, B., Starkey, M., 
van Vliet, N., Whitham, C., Willcox, A.S., Wilkie, D.S., Wright, J.H., Coad, L.M., 2015. 
Synthesising bushmeat research effort in West and Central Africa: a new regional database. 
Biological Conservation 181, 199-205.  
Torell, E., Crawford, B., Kotowicz, D., Herrera, M.D., Tobey, J., 2010. Moderating our 
expectations on livelihoods in ICM: experiences from Thailand, Nicaragua, and Tanzania. 
Coastal Management 38, 216-237.  
Travers, H., Archer, L.J., Mwedde, G., Roe, D., Baker, J., Plumptre, A., Rwetsiba, A., Milner-
Gulland, E.J., 2019a. Understanding complex drivers of wildlife crime to design effective 
conservation interventions. Conservation Biology 33, 1296-1306.  
Travers, H., Selinske, M., Nuno, A., Serban, A., Mancini, F., Barychka, T., Bush, E., 
Rasolofoson, R.A., Watson, J.E., Milner-Gulland, E., 2019b. A manifesto for predictive 
conservation. Biological Conservation 237, 12-18.  
Treves, A., Wallace, R., White, S., 2009. Participatory planning of interventions to mitigate 
human–wildlife conflicts. Conservation Biology 23, 1577-1587.  
Tricco, A.C., Tetzlaff, J., Sampson, M., Fergusson, D., Cogo, E., Horsley, T., Moher, D., 2008. 
Few systematic reviews exist documenting the extent of bias: a systematic review. Journal of 
clinical epidemiology 61, 422-434.  
Tsuchiya, T., Hirai, Y., Ono, S., 2007. A study of the properties of the item count technique. 
Public Opinion Quarterly 71, 253-272.  



203 
 

Twyman, C., 2000. Participatory conservation? Community-based natural resource 
management in Botswana. Geographical Journal 166, 323-335.  
United Nations, 2020. The Sustainable Development Goals Report. United Nations,. Retrieved 
from: https://unstats.un.org/sdgs/report/2020/The-Sustainable-Development-Goals-Report-
2020.pdf 
van Vliet, N., 2011. Livelihood alternatives for the unsustainable use of bushmeat. CBD 
Bushmeat Liaison Group, Montreal, Canada.  
Van Vliet, N., Gomez, J., Quiceno-Mesa, M., Escobar, J., Andrade, G., Vanegas, L., Nasi, R., 
2015. Sustainable wildlife management and legal commercial use of bushmeat in Colombia: 
the resource remains at the cross-road. International Forestry Review 17, 438-447.  
van Vliet, N., Mbazza, P., 2011. Recognizing the multiple reasons for bushmeat consumption in 
urban areas: a necessary step toward the sustainable use of wildlife for food in Central Africa. 
Human Dimensions of Wildlife 16, 45-54.  
van Vliet, N., Ringuet, S., Ngandjui, G., Mouzong, E., 2010. Prise en compte de la faune sauvage 
dans les concessions forestière en Afrique centrale. Traffic-Bmz-Afd, Libreville, Gabon.  
Village Enterprise, 2015. Village Enterprise: a cost-effective and sustainable approach to 
poverty alleviation. Retrieved from: https://villageenterprise.org/what-we-do/ 
Voinov, A., Bousquet, F., 2010. Modelling with stakeholders. Environmental Modelling & 
Software 25, 1268-1281.  
Wall, T., McClanahan, B., 2015. Weaponising conservation in the ‘heart of darkness’: the war 
on poachers and the neocolonial hunt, in: Environmental Crime and Social Conflict: 
Contemporary and Emerging Issues. Eds A. Brisman, N. South, White, R., pp. 221-240. 
Routledge, Oxon, UK. 
Wang, B.C., Sork, V.L., Leong, M.T., Smith, T.B., 2007. Hunting of mammals reduces seed 
removal and dispersal of the Afrotropical tree Antrocaryon klaineanum (Anacardiaceae). 
Biotropica 39, 340-347.  
Waterland, S., Vaughan, J., Lyman, E., Jurisic, I., 2015. Illegal wildlife trade review. Department 
of National Parks and Wildlife of Malawi, Lilongwe, Malawi.  
Waylen, K.A., McGowan, P.J., Milner-Gulland, E., Group, P.S., 2009. Ecotourism positively 
affects awareness and attitudes but not conservation behaviours: a case study at Grande 
Riviere, Trinidad. Oryx 43, 343-351.  
Webb, T.L., Sheeran, P., 2006. Does changing behavioral intentions engender behavior 
change? A meta-analysis of the experimental evidence. Psychological Bulletin 132, 249.  
Wells, M.P., 1994. Biodiversity conservation and local development aspirations: new priorities 
for the 1990s, in: Biodiversity Conservation. Eds C.A. Perrings, KG. Mäler, C. Folke, C.S. 
Holling, B.O. Jansson, pp. 306-320. Springer, Dordrecht. 
Wicander, S., Coad, L., 2014. Learning our lessons: a review of alternative livelihood projects in 
Central Africa. ECI, University of Oxford; IUCN, Gland, Switzerland.  
Wiedmann, T., Lenzen, M., Keyßer, L.T., Steinberger, J.K., 2020. Scientists’ warning on 
affluence. Nature Communications 11, 1-10.  
Wilebore, B., Voors, M., Bulte, E.H., Coomes, D., Kontoleon, A., 2019. Unconditional transfers 
and tropical forest conservation: evidence from a randomized control trial in Sierra Leone. 
American Journal of Agricultural Economics 101, 894-918.  
Wilfred, P., 2010. Towards sustainable Wildlife Management Areas in Tanzania. Tropical 
Conservation Science 3, 103-116.  
Wittemyer, G., Elsen, P., Bean, W.T., Burton, A.C.O., Brashares, J.S., 2008. Accelerated human 
population growth at protected area edges. Science 321, 123-126.  
World Bank Group, 2018. GNI per capita (current LCU) - Malawi. Retrieved from: 
https://data.worldbank.org/indicator/NY.GNP.PCAP.CN?locations=MW 



204 
 

Wright, S.J., Stoner, K.E., Beckman, N., Corlett, R.T., Dirzo, R., Muller-Landau, H.C., Nunez-
Iturri, G., Peres, C.A., Wang, B.C., 2007. The plight of large animals in tropical forests and the 
consequences for pant regeneration. Biotropica 39, 289-291.  
Zigerell, L.J., 2011. You wouldn't like me when I'm angry: list experiment misreporting. Social 
Science Quarterly 92, 552-562.  
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



205 
 

Appendices 
 

Appendix 1: Permit 
Research permit from Department of National Parks and Wildlife, Malawi  

Note: This permit covers research activities in and around Nyika national park and Vwaza 

Marsh wildlife reserve. Nkhotakota and Majete wildlife reserves received individual 

permission from the protected area managers and from African Park’s Research Manager, due 

to the lack of a research-permitting process at that time. 
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Appendix 2: Supplementary materials to Chapter 2 
 

Table A2.1: List of savannah countries included as a search term, regions are African 

Union groupings 

 

Country Region 
Angola South 
Benin West 
Botswana South 
Burkina Faso Central 
Burundi Central 
Cameroon Central 
CAR Central 
Congo Central 
DRC Central 
Equatorial Guinea West 
Ethiopia East 
Gabon Central 
Ghana West 
Ivory Coast West 
Kenya East 
Liberia West 
Madagascar East 
Malawi South 
Mali West 
Mozambique South 
Namibia South 
Niger West 
Nigeria West 
Rwanda East 
South Africa South 
Tanzania East 
Togo West 
Uganda East 
Zambia South 
Zimbabwe South 
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Appendix 3: Supplementary materials to Chapter 3 
Information sheet and consent form for participants taking part in livelihood and 

Unmatched Count technique survey (as part of Ethical approval GU Ref No: 2018/350). 

This was translated into both ChiChewa and Tumbuka languages.  
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Table A3.1: Community-based programs implemented by each protected area studied 

Type of 

program 

Program Majete Nkhotakota Nyika Vwaza 

Marsh 

Awareness 

programs 

Community education X X X X 

Community visits to park X X  X 

School wildlife clubs  X X X 

Infrastructure  Classroom blocks X X   

Nursery schools X    

Boreholes X X   

Bridges  X   

Health-related Epicentres X    

Under-5 clinics X    

Malaria centre X    

Income-

generating 

activities 

Beekeeping enterprise X X X X 

Moringa enterprise X X   

Mushroom enterprise  X   

Arts and crafts 

enterprise 

X    

Livestock donation   X X 

Agriculture projects   X X 

Miscellaneous Reforestation/tree 

nurseries 

X X X X 

Scholarships for 

schoolchildren 

X X   

Resource use program  X X X 
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Table A3.2: Questions used in household socio-demographic survey, indicating the type of question and the options presented to the 

respondent. Instructions for the interviewer are also shown. 

 Question group  Question Question type Options presented Hints for interviewer 

Details for 
interviewer to fill 
in prior to 
interview 

Interviewer number integer 
  

Has the respondent given their consent? select one Yes if say no, stop survey  
No 

 

Name of village? text 
  

Collect the GPS coordinates of the household GPS 
  

Respondent's gender? select one Male 
 

Female 
 

What is the condition of their house? select one Not in house 
 

Very bad 
 

Bad 
 

Medium 
 

Good 
 

Very Good   
Demographics Were you born in Malawi? select one Yes   

No 
 

What country were you born in? text 
  

Were you born in this district? select one Yes 
 

No 
 

What district were you born in? text 
  

What year were you born in? integer 
  

What tribe do you identify with? text 
  

Which church do you attend? select one Christian 
 

 
Islam 

 
 

OTHER 
 

How long have you lived in this village? select one Less than 5 years if they do not live in the village stop the 
survey Between 5 and 10 years 

Between 11 and 20 years 
 

More than 20 years 
 

What is your marital status? select one Single 
 

Widowed 
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Divorced/separated 
 

Married 
 

How many wives are in the household? integer 
  

How many people over 60 live in the household? integer 
  

How many people between the ages of 41 and 60 live in the 
household? 

integer 
  

How many people between the ages of 21 and 40 live in the 
household? 

integer 
  

How many people younger than 20 live in the household? integer 
  

Do you have any children younger than 16 living in the 
household? 

select one Yes 
 

No 
 

How many children are living in the household? integer 
  

For the children older than 6 years, do they attend school? select one Yes 
 

No 
 

To what level did you get with your education? select one No formal education 
 

Primary School 
 

Junior Secondary school 
 

Senior Secondary School 
 

OTHER   
Livelihoods Can you rank your top 3 income activities according to their 

contribution to your livelihood?  
text   Write down in order from most important 

to least important. If they say two things 
are equal list both (can have more than 
three) 

Are there any other ways in which your family generates money? text 
 

Write down all activities, order doesn’t 
matter 

What are your top five main farm expenses?  text 
 

From biggest expense onwards 
What are your top five main household expenses?  text 

 
From biggest expense onwards 

Is anyone in your household employed by the park? select one Yes 
 

No 
 

What is their job? text 
  

How significant is their income to your household? select one Not at all significant 
 

Mostly insignificant 
 

Somewhat significant 
 

Quite significant 
 

Very significant 
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Thinking about the last month, what do you usually eat during 
the day? 

text 
 

List all 

What time of day did you eat these items? select more than one Morning 
 

Mid-day 
 

Afternoon/Evening 
 

Any other time 
 

Are there any times during the year when the number of food 
items available in your household changes, and becomes more 
or less?  

select one yes 
 

no 
 

Why does the number of food items change? text 
 

Ask them to discuss why it becomes less 
or more 

When does the number of food items change? text 
 

Months of the year 
How easy is it for you or your household to get to a market to 
buy food and other goods? 

select one Very difficult 
 

Quite Difficult 
 

Neither difficult or easy 
 

Quite easy 
 

Very easy 
 

Why do you think this? text 
  

What is the source of your drinking water? select more than one Borehole 
 

Shallow Well 
 

Stream 
 

Lake/ dam 
 

Tap 
 

Do these sources go dry in a normal year? select one  yes 
 

  
no 

 

What crops does your household grow and collect? select more than one Tobacco Select all mentioned from list 
Cotton 

 

Coffee 
 

Finger Millet 
 

Pumpkin 
 

Maize 
 

Rice 
 

Cassava 
 

Beans 
 

Sweet potatoes 
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Ground nuts 
 

Tomatoes 
 

Bananas 
 

Pigeon peas 
 

Sesame 
 

Soya 
 

Irish Potatoes 
 

Sorghum 
 

Sugar cane 
 

Cow peas 
 

Sunflowers 
 

Fruit other than bananas 
 

OTHER 
 

Which crops do you keep in store for your household?  select more than one REPEAT OF ABOVE LIST Select all mentioned from list 
How long in the harvest year do you usually have these stocks 
for? 

select more than one Don’t keep any 
 

For a short period of time (1-3 
months) 

 

For around half the year 
 

From harvest to harvest 
 

How many gardens do you have? integer 
  

How much land do you own, if any? Decimal 
 

answer in acres if possible 
How much land do you cultivate? Decimal 

 
answer in acres if possible 

Comment on previous question Text 
 

If they can’t answer in acres write what 
unit here 

Do you rent land for crops from someone else? select one Yes 
 

No 
 

How much land do you rent? Decimal 
 

answer in acres if possible 
How many goats does your household own? integer 

 
If don’t own any put 0 for all. If the 
household is Muslim DON’T ask if they 
keep pigs. 

Cattle integer 
 

Sheep integer 
 

Chicken integer 
  

Pigs integer 
  

Guinea-fowl integer 
  

Pigeons integer 
  

Ducks integer 
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Do you sell milk from your animals? select one Yes 
 

No 
 

Where do you lend money from in times of need? select more than one Informal lending from friends or 
family 

 

Village bank/Bank mkhonde 
 

Credit from the bank 
 

Credit from other sources  
 

No options are available   
Environmental 
change 

Do you think the severity of droughts in the last five years are 
getting better, worse or staying the same? 

Select one Better   
Worse 

 

Don’t know 
 

Do you think the severity of floods in the last five years are 
getting better, worse or staying the same? 

select one Better 
 

Worse 
 

Don’t know   
Basic necessities 
survey 

Which of these items do you think are basic necessities: items 
that everyone should have and no one should go without? 

select more than one Cell phone   
Bicycle 

 

School education for children 
 

Cooking utensils 
 

Stove 
 

Water source within 1 hours walk 
 

Non-meat food 
 

Meat based food 
 

Time and money for holiday 
 

Land for crops/ household use 
 

Healthcare 
 

Television 
 

Clothes 
 

Livestock 
 

Plough 
 

Ox or donkey cart 
 

Tin roof 
 

Motorbike 
 

Fishing Gear 
 

Electricity/solar panels 
 

Sofa 
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Which of these items does your household have? Select more than one REPEAT OF ABOVE LIST   
Community-based 
projects 

Which community projects from the park do you know about or 
have heard about?* 
List changes with protected area 

select more than one Reforestation programme 
 

Scholarships 
 

Beekeeping 
 

Jewellery 
 

Arts and Crafts 
 

Community cultural visits 
 

Malaria projects 
 

Majete epicentres 
 

Boreholes 
 

School blocks 
 

Under 5 clinic 
 

Community campsite 
 

Teacher's houses 
 

Nursery schools 
 

Which park projects did you or your household directly 
participate in or benefit from? 

select more than one REPEAT OF ABOVE LIST 
 

Do you know about the natural resource committees (NRCs)? select one Yes Village natural resource committees 
No 

 

Uncertain 
 

Are any of your family member's part of NRC's? select one Yes 
 

No 
 

Uncertain 
 

Have you or someone in your household ever been allowed to 
collect resources from the park? 

select one Yes 
 

No 
 

Which resources did you/they collect from the park? select more than one Thatch grass Don’t give them hints 
Reeds 

 

Bamboo 
 

Insects 
 

Wild fruits 
 

Mushrooms 
 

Honey 
 

Palm Fronds 
 

Firewood 
 

Poles 
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Fish 
 

OTHER 
 

Do you think the resources allowed to be collected are the 
correct resources that the community wants? 

select one No: not at all 
 

Somewhat: some not included 
 

Yes: all included 
 

I don’t know 
 

Comments on previous question text 
  

Which resources do you think should be included for your 
community to legally get from the park? 

text 
  

If the park had a provision where they sell wildlife meat, do you 
think you would buy it? 

select one Yes 
 

No 
 

Uncertain   
Bushmeat hunting 
and consumption 
motivations 

What are some of the reasons that people might like to eat 
wildlife meat? 

select more than one Cheaper than livestock meat 
 

Tastes better than livestock meat 
 

Easier to access than livestock 
meat 

 

Cultural tradition 
 

It is expensive and gives status 
 

It is eaten when there are no other meats available 
For diversity in the diet 

 

I don’t know 
 

OTHER 
 

What are some of the reasons why some people used to hunt 
wildlife meat? 

 
To provide income to their families 

 

To provide meat for their families 
 

To get status in the community 
 

People hunt because they won’t get caught 
People hunt because it is their cultural tradition 
It is a social activity with friends and/or family 
Because wildlife belongs to the community 
Because they believe it is their right 

 

I don't know 
 

OTHER 
 

Do you think there was a time of year when people eat more 
wildlife meat? 

 
Yes 

 

No 
 

Uncertain 
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When is the time when people eat more wildlife meat? text     
Benefits from park Do you think the park should or should not provide communities 

the option to buy wildlife meat? 
select one The park should 

 

The park should NOT 
 

Comments on previous question text 
  

Do you think your *household* receives benefits from the park? select one No benefit 
 

Very little benefit 
 

Some benefits 
 

Quite a lot of benefits 
 

Very many benefits 
 

What kind of benefits? text 
  

Do you think your *community* receives benefits from the park? select one No benefit 
 

Very little benefit 
 

Some benefits 
 

Quite a lot of benefits 
 

Very many benefits 
 

What kind of benefits? text 
  

Are you satisfied with the benefits you receive from the park? select one Not at all satisfied 
 

Somewhat satisfied 
 

Satisfied 
 

Comment on previous question text 
  

What are some of the good things about the park? text 
 

Don’t prompt 
What are some of the bad things about the PARK? text   Don’t prompt 

UCT Technique EXAMPLE: How many of these animals cause problems to you? integer 
 

Read out explanation text 

Control or treatment? select one Control Give cards face down. They choose card. 
Take other card back. Show them selected 
card. Tick whether control or treatment 

Treatment 

1. How many of these food items did you and your 
household consume in the past month? 

integer 
  

Control or treatment? select one Control Give cards face down. They choose card. 
Take other card back. Show them selected 
card. Tick whether control or treatment 

Treatment 

2. How many of these income activities did you or anyone 
in your household do in the past month? 

integer 
  

Control or treatment? select one Control 



220 
 

Treatment Give cards face down. They choose card. 
Take other card back. Show them selected 
card. Tick whether control or treatment 

3. How many of these food items did you and your 
household consume in a lean season month, before 
harvest? 

integer 
  

Control or treatment? select one Control Give cards face down. They choose card. 
Take other card back. Show them selected 
card. Tick whether control or treatment 

Treatment 

4. How many of these income-generating activities did you 
or anyone in your household do in a lean season month, 
before harvest? 

integer 
 

 

Control or treatment? select one Control Give cards face down. They choose card. 
Take other card back. Show them selected 
card. Tick whether control or treatment 
  

Treatment 

Questionnaire 
Feedback  

Did any of the questions in this survey make you uncomfortable? select one yes 
 

no 
 

Comment on previous question text yes 
 

Can we contact you again to participate in another survey? select one no Explain that the next survey will be about 
different things such as future programs in 
the area   

CARD NUMBER integer 
 

For interviewer  
Any comments about how the survey went?  text 
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Table A3.3: List of household items which were chosen by respondents from a general 

list as being basic necessities i.e. “things that everyone should have, and no one 

should go without”. Items appear on this list if more than 50% of respondents 

indicated it was a necessity.* 

 Item Protected area where was necessity 

Bicycle All 

Cell phone All 

Clothes All 

Cooking utensils All 

Education All 

Electricity (solar) All 

Healthcare All 

Holiday Majete 

Land All 

Livestock All 

Meat All 

Motorbike Majete, Nyika, Vwaza 

Non-meat food All 

Ox-cart Majete 

Plough All 

Sofa Majete 

Stove All 

Tin roof for house All 

Television Majete, Nyika, Vwaza 

Adequate clean water All 

 

*The list of necessities was generated for each protected area, as items nominated by 

respondents from the general list changed slightly depending on the protected area, as items 

did or did not meet the 50% threshold. These necessities contained both basic needs and more 

aspirational items. 
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Table A3.4: Unmatched count technique card for questions regarding bushmeat 

consumption. This card represents the treatment, while the control card would be the 

same but without the bushmeat item. The item used to prevent floor effects is “sima”, 

while the item used to prevent ceiling effects is “donkey”. Respondents are asked how 

many, but not which items on the card apply to them. 

Picture ChiChewa M’Tumbuka English 

 

Mtedza Syawa Groundnuts 

 

Bulu 
Bulu 

Donkey 

 

Nsima Sima 
Maize 

porridge 

 

Nyama 
zakutchire 

 

Nyamakuthengele 
Bushmeat 

 

Nkhuku Nkhuku Chicken 
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Table A3.5: Unmatched count technique card for questions regarding bushmeat 

hunting.  This card represents the treatment, while the control card would be the 

same, without the bushmeat item. The item used to prevent floor effects is “farmer”, 

while the item used to prevent ceiling effects is “school teacher”. Respondents are 

asked how many, but not which items on the card apply to them. 

Picture ChiChewa M’Tumbuka English 

 

Mlimi Mlimi Farmer 

 

Mphunzitsi 
Msambizi 

School teacher 

 

Msaka 
 

Wakusaka 
Hunter 

 

Wogwira 

ntchito 

 

Maganyu Part-time works 

 

Wogulitsa Wamalonda Shopkeeper/selling goods 
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Table A3.6: Consumption post-harvest data set, parameter logit estimates from a 

generalised linear model using a binomial error structure and a logit link function to 

explore differences in control and treatment groups. Grey shading indicates 

significant differences between groups. Residual deviance: 1297.6 on 952 degrees of 

freedom. 

Parameter Estimate Std. Error z value Pr(>|z|) Reference level  
Intercept 0.95 0.88 1.083 0.279  
Age -0.01 0.01 -1.720 0.085  
Gender: male -0.02 0.15 -0.102 0.919  
Education level      No education 

College or post-school qualification 0.39 1.18 0.329 0.742  
Primary school -0.49 0.19 -2.616 0.009  

Junior secondary school -0.72 0.28 -2.586 0.010  
Senior secondary school -0.19 0.30 -0.651 0.515  

Born in district: yes 0.04 0.21 0.180 0.857  
Village residency (years)     11 to 20 

Less than 5 -0.18 0.30 -0.589 0.556  
5 to 10 -0.10 0.25 -0.389 0.697  

More than 20 -0.08 0.20 -0.386 0.700  
Market access 

    
Neither 
difficult/easy 

Very easy 0.87 1.19 0.730 0.465  
Quite easy -0.02 0.26 -0.062 0.950  

Quite difficult -0.12 0.19 -0.625 0.532  
Very difficult 0.42 0.22 1.944 0.052  

Number of meals per day     Four 
One -0.29 0.69 -0.414 0.679  

Three -0.17 0.64 -0.267 0.790  
Two -0.35 0.65 -0.540 0.589  

Basic necessity survey (BNS) 0.00 0.01 0.557 0.578  
Employed by park: yes 1.21 0.84 1.433 0.152 No 
Livestock ownership: yes -0.07 0.17 -0.379 0.704 No livestock  
Knowledge of VNCRs     No  
Uncertain -16.13 764.70 -0.021 0.983  
Yes -0.29 0.16 -1.853 0.064  
Tribe     Bemba 

Chikunda 16.05 1455.00 0.011 0.991  
Lomwe 0.12 0.82 0.143 0.886  

Mang'anja -0.07 0.23 -0.290 0.772  
Ndali -15.00 1455.00 -0.010 0.992  

Ngoni 0.41 0.34 1.191 0.234  
Nkhonde 15.32 1455.00 0.011 0.992  

Nyika 15.46 1455.00 0.011 0.992  
Nyungwe 0.02 0.43 0.047 0.962  

Sena -0.13 0.32 -0.412 0.681  
Senga 15.36 1018.00 0.015 0.988  
Tonga 15.66 1455.00 0.011 0.991  
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Tumbuka 0.40 0.24 1.709 0.087  
Yao 0.02 1.45 0.013 0.989  

Marital Status     Divorced 
Married 0.18 0.30 0.579 0.563  

Single 0.14 0.41 0.346 0.729  
Widowed -0.06 0.38 -0.147 0.883  

Number of projects involved in -0.06 0.15 -0.375 0.708  
Number of projects known about 0.04 0.05 0.779 0.436  
Household size >5 (bigger than median) -0.07 0.14 -0.505 0.614 <5 
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Table A3.7: Consumption pre-harvest data set, parameter logit estimates from a 

generalised linear model using a binomial error structure and a logit link function to 

explore differences in control and treatment groups. Residual deviance: 1332.8 on 952 

degrees of freedom 

Parameter Estimate Std. Error z value Pr(>|z|) Reference level  
(Intercept) 0.548 0.854 0.642 0.521  
Age -0.001 0.005 -0.274 0.784  
Gender: male 0.174 0.150 1.158 0.247  
Education level      No education 

College or post-school qualification -0.772 1.041 -0.742 0.458  
Primary school -0.029 0.189 -0.159 0.874  

Junior secondary school 0.113 0.274 0.410 0.682  
Senior secondary school -0.049 0.288 -0.17 0.865  

Born in district: yes -0.105 0.203 -0.52 0.603  
Village residency (years)     11 to 20 

Less than 5 -0.267 0.294 -0.908 0.364  
5 to 10 0.132 0.241 0.548 0.583  

More than 20 0.109 0.195 0.56 0.575  
Market access 

    
Neither difficult 
nor easy 

Very easy 1.608 1.205 1.335 0.182  
Quite easy 0.226 0.259 0.874 0.382  

Quite difficult 0.195 0.188 1.04 0.298  
Very difficult 0.415 0.212 1.956 0.051  

Number of meals per day     Four 
One -0.660 0.667 -0.989 0.323  
Two -0.277 0.627 -0.442 0.658  

Three -0.044 0.615 -0.071 0.943  
Basic necessity survey (BNS) -0.001 0.006 -0.217 0.828  
Park employment: yes 0.318 0.751 0.424 0.671 No 
Livestock ownership: yes -0.128 0.171 -0.746 0.456 No livestock  
Knowledge of VNCRs     No  

Uncertain 0.380 1.244 0.305 0.760  
Yes -0.125 0.151 -0.827 0.408  

Tribe     Bemba 
Chikunda -14.810 882.743 -0.017 0.9866  

Lomwe -0.061 0.815 -0.074 0.941  
Mang'anja -0.017 0.235 -0.072 0.942  

Ndali -14.970 882.743 -0.017 0.986  
Ngoni -0.166 0.335 -0.495 0.621  

Nkhonde -15.052 882.744 -0.017 0.986  
Nyika -15.137 882.744 -0.017 0.986  

Nyungwe -0.116 0.428 -0.271 0.786  
Sena -0.276 0.321 -0.861 0.389  

Senga 14.210 620.75 0.023 0.982  
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Tonga 14.703 882.743 0.017 0.987  
Tumbuka -0.214 0.235 -0.912 0.362  

Yao 0.0083 1.469 0.006 0.996  
Marital Status     Divorced 

Married -0.063 0.300 -0.21 0.834  
Single -0.171 0.401 -0.426 0.67  

Widowed -0.433 0.377 -1.148 0.251  
Number of projects involved in -0.150 0.149 -1.007 0.314  
Number of projects known about 0.074 0.049 1.519 0.129  
Household size >5 (bigger than median) 0.085 0.138 0.615 0.585 <5 
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Table A3.8: Hunting post-harvest data set, parameter logit estimates from a 

generalised linear model using a binomial error structure and a logit link function to 

explore differences in control and treatment groups. Grey shading indicates 

significant differences between groups. Residual deviance: 1999.3 on 1441 degrees of 

freedom. 

Parameter Estimate Std. Error z value Pr(>|z|) 
Reference 
level  

Intercept 0.139 0.547 0.253 0.800  
Age 0.001 0.004 0.243 0.808  
Gender: male -0.099 0.121 -0.825 0.409  
Education level      No education 

College or post-school qualification 0.079 0.7406 0.107 0.915  
Primary school -0.268 0.143 -1.882 0.060  

Junior secondary school -0.114 0.223 -0.51 0.610  
Senior secondary school -0.373 0.246 -1.515 0.130  

Born in district: yes -0.019 0.138 -0.138 0.890  
Village residency (years)     11 to 20 

Less than 5 0.151 0.212 0.714 0.475  
5 to 10 0.017 0.189 0.092 0.927  

More than 20 0.066 0.154 0.427 0.669  

Market access 
    

Neither 
difficult or 
easy 

Very easy 0.622 0.816 0.762 0.446  
Quite easy -0.338 0.236 -1.43 0.153  

Quite difficult -0.049 0.161 -0.306 0.760  
Very difficult -0.106 0.177 -0.596 0.552  

Number of meals per day     Four 
One -0.458 0.30 -1.484 0.138  

Three -0.485 0.274 -1.771 0.077  
Two -0.348 0.260 -1.34 0.180  

Basic necessity survey (BNS) 0.005 0.005 1.029 0.303  
Park employment: yes -0.017 0.375 -0.045 0.964 No 
Livestock ownership: yes -0.0395 0.136 -0.29 0.772 No livestock  
Knowledge of VNCRs     No  

Uncertain -1.956 1.129 -1.732 0.083  
Yes -0.105 0.120 -0.878 0.380  

Tribe     Bemba 
Chikunda 14.711 882.743 0.017 0.987  

Lambya 14.549 882.744 0.016 0.987  
Lomwe -0.836 0.632 -1.324 0.185  

Mang'anja -0.374 0.178 -2.104 0.035  
Ndali 14.927 882.743 0.017 0.986  

Ngoni -0.002 0.259 -0.007 0.994  
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Nkhonde 14.27 882.743 0.016 0.987  
Nyika -14.585 882.743 -0.017 0.987  

Nyungwe -0.743 0.411 -1.806 0.0708  
Sena 0.0606 0.269 0.225 0.822  

Senga 0.0344 1.433 0.024 0.981  
Tonga 0.0462 1.431 0.032 0.974  

Tumbuka -0.297 0.151 -1.969 0.049  
Yao -0.264 0.778 -0.339 0.735 Divorced 

Marital Status      
Married 0.273 0.253 1.082 0.279  

Single 0.255 0.348 0.733 0.464  
Widowed 0.434 0.324 1.34 0.180  

Number of projects involved in 0.142 0.121 1.17 0.242  
Number of projects known about 0.005 0.041 0.125 0.900 <5 
Household size >5 (bigger than 
median) -0.10 0.113 -0.885 0.376  
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Table A3.9: Hunting pre-harvest data set, parameter logit estimates from a generalised 

linear model using a binomial error structure and a logit link function to explore 

differences in control and treatment groups. Residual deviance: 1923.3 on 1433 degrees 

of freedom. 

 Parameter Estimate 
Std. 
Error 

z 
value Pr(>|z|) Reference level  

Intercept 0.313 0.556 0.562 0.574  
Age 0.000 0.004 -0.105 0.916  
Gender: male -0.050 0.124 -0.406 0.685  
Education level      No education 

College or post-school qualification 1.915 1.122 1.707 0.088  
Primary school -0.183 0.148 -1.239 0.215  

Junior secondary school -0.276 0.228 -1.207 0.227  
Senior secondary school -0.039 0.254 -0.154 0.878  

Born in district: yes 0.271 0.141 1.928 0.054  
Village residency (years) 

    11 to 20 
Less than 5 -0.052 0.216 -0.239 0.811  

5 to 10 0.202 0.195 1.031 0.302  
More than 20 -0.017 0.157 -0.107 0.915  

Market access 
    

Neither difficult 
nor easy 

Very easy -0.463 0.870 -0.532 0.595  
Quite easy 0.016 0.242 0.067 0.946  

Quite difficult -0.174 0.166 -1.044 0.296  
Very difficult 0.026 0.185 0.139 0.889  

Number of meals per day     Four 
One 0.106 0.309 0.342 0.732  
Two 0.024 0.275 0.088 0.930  

Three 0.361 0.261 1.387 0.165  
Basic necessity survey (BNS) -0.009 0.005 -1.757 0.079  
Employed by park: yes 0.182 0.385 0.473 0.636 No 
Livestock ownership: yes 0.067 0.140 0.481 0.630 No livestock  
Knowledge of VNCRs     No  

Uncertain 1.390 1.111 1.251 0.211  
Yes 0.061 0.123 0.496 0.620  

Tribe     Bemba 
Chikunda 14.490 882.700 0.016 0.987  

Lambya 14.590 882.700 0.017 0.987  
Lomwe 1.540 0.790 1.949 0.051  

Mang'anja 0.094 0.184 0.512 0.609  
Ndali 14.670 882.700 0.017 0.987  

Ngoni 0.307 0.274 1.120 0.263  
Nkhonde 13.920 882.700 0.016 0.987  

Nyika 14.200 882.700 0.016 0.987  
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Nyungwe -0.211 0.399 -0.528 0.598  
Sena 0.228 0.283 0.807 0.420  

Senga -15.070 624.200 -0.024 0.981  
Tonga -0.226 1.457 -0.155 0.877  

Tumbuka 0.007 0.154 0.049 0.961  
Yao 0.530 0.854 0.620 0.535 Divorced 

Marital Status      
Married 0.312 0.251 1.242 0.214  

Single 0.132 0.347 0.380 0.704  
Widowed 0.193 0.326 0.592 0.554  

Number of projects involved in -0.228 0.131 -1.734 0.083  
Number of projects known about 0.041 0.043 0.952 0.341 <5 
Household size >5 (bigger than median) 0.125 0.116 1.078 0.281  

 

 

Appendix item A3.1: Demographic information of respondents 

 

Significantly more females than males were interviewed (1013 females vs 549 males, Χ2 = 137.83, 

df = 1, p=<0.001) due to females mostly remaining at home during the day, while men went out. 

The ratio was most unequal in Majete, and most equal in Vwaza Marsh. The majority of 

respondents were Malawian (98%) and native to the district they were interviewed in (72% born 

in district, 28% born elsewhere), and had lived in the area for more than 20 years (57%). The 

mean age of respondents was 38.85 years ±SD 16.07, and differed significantly between parks 

(Vwaza Marsh=42.2 ±14.8, Nyika=37.7 ±17.2, Majete=37.5 ± 15.9, Nkhotakota=39.4 ±15.9, p<0.01, 

df=3, Kruskal-Wallis test). The majority of the respondents identified as belonging to the Chewa 

tribe (38.7%), followed by Mtumbuka (31.4%). Mang’anja (16%), Ngoni (5.1%) and Sena (4.6%) 

were also prevalent. Tribal affiliation was area dependant. Most respondents reported that they 

had an education level up to primary school (54.2%), 26.4% had no education, 10.4% had an 

education up to junior secondary school and 8.5% up to senior secondary school. Only 0.58% 

had a post-secondary qualification, such as a college certification. The average household size 

was 4.83 ± 2.32 individuals (median=5), and differed between parks (F=7.525, DF=3, p<0.001, 

ANOVA), with Nyika having significantly smaller households than Majete (p<0.001, Tukey 

HSD) and Nkhotakota (p<0.001, Tuckey HSD). The average number of children in each 

household was 3 ±1.6, and 15% of households did not have children. Of the households who did 

have children of an age to attend, 21.6% could not afford to send all children to school.  

The basic-necessities survey (BNS) revealed that Nyika was, on average, the wealthiest area in 

terms of items that were identified as necessities (Figure A3.1). Nkhotakota and Vwaza Marsh 
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were approximately equal in score, while Majete was the poorest area. On average households 

owned 3.13 ± SD 3.2 acres of land, which differed between parks with households in Nyika 

having the least land (2.56 acres ± SD 2.1) and those in Nkhotakota having the most (3.82 ± SD 

4.69). All (100%) of respondent households farmed to some level, 8.5% had some formal 

employment such as teaching, 25% had an informal business selling various goods and services 

and 7.8% made income from natural resources such as selling thatch grass. Almost all 

households (93.5%) grew maize, and 61% of households grew ground nuts. The average number 

of livestock owned by households was 7.87 ± SD 11.6, the most common livestock being chickens 

(mean=4.32±6.64), the least common being sheep (mean =0.03 ±SD 0.54) and cattle (mean=0.37 

± 1.81). This results in an average of 0.558 ±1.48 tropical livestock units (TLU) per household. 

Cattle were particularly rare in Nkhotakota and Vwaza Marsh. However 27% of households did 

not own any livestock at all. This was most common in Majete and Nkhotakota where 33.9% 

and 30.9% of these households did not own livestock respectively. Nkhotakota had the most 

people employed with the park (23), compared to seven in Majete, one in Vwaza Marsh and 

none in Nyika. Similarly, respondents from Majete and Nkhotakota knew about significantly 

more community projects than Nyika and Vwaza (F=92.23, p=<0.001, df=3), and Majete 

respondents were on average significantly more involved in community projects than the other 

parks (F=17.05, p<0.001, df=3). Nyika had the lowest knowledge and involvement. 

To check for differences in the stated reasons for hunting or consuming wild meat between 

parks we used binomial models with a conditional log-log link and a post-hoc Tukey test. There 

were significant differences between parks as to the reasons given for eating wild meat. Cultural 

reasons was significantly more prevalent in Nyika and Vwaza Marsh compared to Majete (NY 

vs. MAJ: z=2.9, p=0.017; VW vs MAJ: z=3.367, p=0.004, Post-hoc Tukey test) and Nkhotakota 

(NY vs NK: z=2.74, p=0.029; VW vs. NK: z=3.01, p=0.012). The reason “easier to access” was 

significantly less prevalent in Majete compared to all other parks (MAJ vs NK: z=4.69, p=<0.001; 

MAJ vs NY: z=4.25, p<0.001; MAJ vs VW: z=4.82, P<0.001). “No other options available” was also 

significantly less prevalent in Majete (MAJ vs NK: z=3.48, p=0.003; MAJ vs NY: z=5.1, p<0.001; 

MAJ vs VW:Z=4.08, P<0.001), while eating wild meat for taste reasons was more prevalent at 

Majete than the other three parks (NK vs MAJ: z=-4.34, p<0.001; NY vs MAJ: z=-2.29, p=0.09; 

VW vs MAJ: z=-0.46, p=0.004). Similarly, eating wild meat because it was cheaper was 

significantly more prevalent in Majete compared to Nkhotakota and Nyika (NK vs MAJ: z=-5.68, 

p<0.001; NY vs MAJ: z=-3.88, p<0.001). Eating wild meat for status was mainly found in 

Nkhotakota, although in low frequencies (n=5).  
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Approximately equal proportions of respondents reported hunting to provide meat for their 

households, between parks. Hunting for income was significantly different between all park 

combinations except Vwaza Marsh and Majete. Cultural reasons were significantly more 

common in Nyika (NY vs MAJ: z=4.48, P=<0.001; NY vs VW: z=-2.88, p=0.02; NY vs. NK: 

z=2.554, p=0.05). Hunting to retaliate against or prevent crop damage by wild animals was 

only present at Nkhotakota (n=15), and hunting because “won’t get caught” was also 

predominately at this park. When asked if there were any other reasons for hunting (“other” 

category) hunting for ivory, to retaliate against the park and for animal skins were each 

mentioned three times.  

 

Figure A3.1: Boxplot of Basic Necessities Survey score (BNS) for households living 

around each protected area.  Mean values are represented by a circle, and significant 

differences based on an ANOVA between parks are indicated by stars. 
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Appendix 4: Supplemental materials to Chapter 4 
Information sheet and consent form for participants taking part in scenario study (as 

part of ethical approval GU Ref No: 2018/350). This was translated into both ChiChewa 

and Tumbuka languages. 
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Table A4.1: Results of logit (logistic regression) model, which tested for differences in 

demographic variables between respondents who allowed a follow-up interview 

(n=1125) and those respondents who opted out (n=264). Respondents with missing 

variables omitted. Bold text indicates significant differences 

Predictors Levels Odds Ratios CI Statistic p 

 (Intercept) 12.44 2.88 – 58.38 3.30 0.001 

Age 
 

0.99 0.98 – 1.00 -1.49 0.137 

Gender Male 0.83 0.61 – 1.13 -1.19 0.234 

Born in district Yes 0.89 0.63 – 1.25 -0.67 0.500 

Education level Tertiary 2647267.13 0.00 – NA 0.03 0.976 

 Primary 1.05 0.72 – 1.52 0.24 0.812 

 Secondary (junior) 0.85 0.49 – 1.51 -0.56 0.573 

 Secondary (senior) 0.89 0.49 – 1.66 -0.37 0.711 

Village Residency 5-10 years 0.96 0.60 – 1.52 -0.19 0.853 

 Less than 5 years 1.14 0.67 – 1.95 0.47 0.636 

 More than 20 1.68 1.13 – 2.48 2.61 0.009 

Market access Quite difficult 0.80 0.52 – 1.21 -1.05 0.295 

 Quite easy 1.30 0.70 – 2.52 0.81 0.417 

 Very difficult 1.16 0.72 – 1.88 0.62 0.534 

 Very easy 0.44 0.07 – 3.69 -0.85 0.396 

Meals per day One 0.47 0.16 – 1.24 -1.45 0.147 

 Three 0.36 0.13 – 0.81 -2.25 0.024 

 Two 0.39 0.14 – 0.91 -2.02 0.043 

Basic necessities score 

percentage 

 
0.99 0.97 – 1.00 -1.96 0.050 
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Employed by park Yes 1.98 0.56 – 12.56 0.91 0.363 

Own livestock Yes 1.16 0.82 – 1.65 0.84 0.399 

Knowledge of village natural 

resource committees (VNRCs) 

Uncertain 0.73 0.13 – 5.75 -0.34 0.731 

Yes 1.56 1.17 – 2.09 3.01 0.003 

Marital status Married 1.50 0.80 – 2.66 1.33 0.185 

 Single 1.30 0.56 – 2.98 0.61 0.539 

 Widowed 0.75 0.35 – 1.56 -0.75 0.451 

House hold size class  Larger than median of 5  1.62 1.22 – 2.17 3.28 0.001 

 

Appendix item A4.1: Stratification details 

Poverty score was found using a Basic Necessities Survey (BNS), where deprivation is 

measured via a consensual definition of poverty based on what communities view as 

necessities to their households (Davies & Smith 1998). We split respondent poverty scores into 

three equal terciles, representing poor, medium and wealthier respondents. Participation in 

community projects was split into households that did and those who did not participate in 

projects. We then randomly generated a list of a minimum of 84 respondents per PA (14 

respondents for each of the two participation category for each of the three poverty terciles; 

Table A4.2). We relocated the respondent based on a GPS point of their household, and 

confirmed their identity via a unique card number given to the respondent during the socio-

demographic survey, and their recorded livelihood activities. If the respondents could not be 

found, a similar respondent within the same village was attempted to be found from a backup 

list. 
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Table A4.2: Sample sizes of respondents from each of three poverty categories (based 

on Basic Necessities Survey score) according to whether they currently participated in 

park-based community programs 

 
 

Community program participation  

BNS poverty category No participation Some participation Total 

1 (poor) 54 28 82 

2 (medium) 49 35 84 

3 (wealthier) 37 42 79 

Not categorized 5  5 

Total 145 105 250 

 

 

Appendix item A4.2: Wording of scenarios presented to respondents. These were 

translated into ChiChewa and M’Tumbuka. Ordering of scenarios was randomised, 

with participants receiving one of six orderings at random.  

 

• Baseline:  

I’d like you to imagine the next year in your household. Current conditions in your area would 

stay constant over the next year. All food prices would continue to be on the same trend they are 

now. No new park program would be implemented. Law enforcement within the park would 

remain the same. 

• Micro-enterprise program:  

I would now like you to imagine that the Department of National Parks & Wildlife set up a 

scheme to help people start their own businesses. You would be able to receive training in 

starting a small business, and receive a small grant of 100,000 MWK to help to start your 

business off. Once your business is up and running, your business would be part of a group of 10 

other such businesses, which would help each other to grow. This group would act as a kind of 

village bank, where you pool some of your profits and access loans when needed. Businesses 

could be anything you want, such as beekeeping, starting your own store, or starting a mill. 

However, if you are found to be doing any illegal activities in the park you would be removed 

from the program. Any contributions to the group money pool will be given back to you.  
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• Livestock program (group):  

I’d now like you to imagine that the Department of National Parks & Wildlife starts a scheme to 

help people improve their livestock ownership. You would form a group with ten neighbours, and 

that group would get given 2 cows and 6 goats. In addition, your group would get training in how 

to manage the livestock, keep it healthy and keep records of the scheme. Your group can then 

decide how it would like to manage these livestock. The profits would be put into a fund and split 

equally between the people in the group. However, if anyone within the group has taken part in 

illegal activities the whole group would pay a fine out of the profits from the livestock, as your 

group would be registered with the park.  

• Livestock program (household):  

The next scenario is similar to the previous one, but now the scheme is run only within each 

household, not in groups. Your household would be given 3 goats. In addition, you would be able 

to attend training with other participants in how to manage the livestock, keep it healthy and 

keep records. The profits would be all your own. However, if you are found to have taken part in 

illegal activities in the park you would have to pay a fine from the profits. In order to extend the 

program, you would also have to give the first offspring (if any) to a person who has just joined 

the program. After that, all offspring will be your own.  

• Park-based products:  

I’d now like you to imagine that the Department of National Parks & Wildlife set up a scheme 

which will help people receive a stable income from certain plants or resources in the park. For 

example, honey could be produced from hives in the park and sold for household income. This 

scheme would be open to everyone and whoever participates would be guaranteed a fixed price 

for these products on the agreement that they do not partake in any wildlife crime in the park. If 

you are found to have committed a wildlife crime, you would be removed from this scheme. An 

average income for selling honey (or other products) as part of this scheme would be in the 

region of 100,000 MWK per year. 

• Skills training:  

Another option could be to have skills-based program. I’d like you to imagine that the 

Department of National Parks & Wildlife starts a scheme which will help people generate income 

for themselves. This would be in the form of skills training. Anyone over 16 would be able to 

participate, and they would receive skills training such as carpentry, building, weaving or crafts 

making. The skills training would last 6 months per person. However, if found to have 

participated in wildlife crime you would be removed from such a scheme. 
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• Regulated hunting 

I now want you to imagine a program where some hunting of animals from the park would be 

made legal. Someone could apply to become part of this scheme and receive a permit to hunt, 

managed by the Village Natural Resource Committees. The person would be only able to hunt 

certain animals within their local area of the park. The park would decide how many animals can 

be hunted each year, but might be up to 10 animals per year. The hunter would then be allowed 

to use the meat within his household. They would not be allowed to sell the meat on to someone 

else. If the person was found to be hunting without a permit they would receive the same fines as 

now, and they would not be allowed to apply for a permit in the future. If they were found to be 

selling the meat they would not get any more permits in future.  

• Increased enforcement:  

This scenario has to do with discovering whether someone has done an illegal activity within the 

park. I would like you to imagine that it would now be twice as likely that such activities would 

be discovered. Imagine if someone went into the park they would now be twice as likely to be 

caught by the rangers. For example, if someone might normally be caught by rangers once in 

every 10 trips into the park, under this scenario they would be caught twice in every 10 trips into 

the park. 
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Table A4.3: Results of the top cumulative link mixed model (based on AIC ranking) for fairness, village meat availability and 

household meat availability, indicating the variables included in the model, their estimates and the random effects included in the 

model.  

Model Variables included in 
top model Variable Level Estimat

e 
Standar
d error 

z-
value p-value Reference 

level Random effects 

Fairness Scenario Regulated Hunting (HNT) -0.708 0.178 -3.980 <0.001 Enforcement Respondent ID 
Interviewer ID Group livestock donation (LGR) 0.250 0.178 1.401 0.161  

Individual livestock donation (LIN) 1.763 0.203 8.707   <0.001  
Microenterprise (MIC) 2.526 0.236 10.716 <0.001  
Park-based products (PPR) 0.604 0.180  3.350 <0.001  
Skills-training (SKL) 1.241 0.191  6.504   <0.001  

Meals 2 meals per day -0.239 0.225 -1.062 0.288 1 meal 
3 meals per day -0.419 0.219 -1.911 0.056  
4 meals per day 0.638  0.385  1.659 0.097  

TLU*  0.075 0.053  1.406 0.160  
Post-harvest time  0.004  0.002  1.774 0.076  
Gender Male 0.269 0.123  2.177 0.029 Female 

Village meat 
availability 

Scenario Regulated Hunting (HNT) 4.421 0.291 15.190  <0.001 Enforcement Respondent ID 
Scenario order Group livestock donation (LGR) 5.617 0.403  13.944  <0.001  

Individual livestock donation (LIN) 5.510 0.388 14.194  <0.001  
Microenterprise (MIC) 4.751 0.317 14.982 <0.001  
Park-based products (PPR) 3.545 0.247  14.330 <0.001  
Skills-training (SKL) 3.616 0.248 14.573  <0.001  

Park Nkhotakota -0.412 0.217 -1.899 0.057 Majete 
Nyika -0.009 0.230 -0.041 0.967  
Vwaza 0.343 0.255 1.344  0.179  

Projects involved   0.260 0.159    1.638 0.101  
Meals 2 -0.185 0.336  -0.550 0.583 1 meal 
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3 -0.370  0.326  -1.137 0.256  
4 0.826  0.542  1.524  0.128  

Household meat 
availability 

Scenario Regulated Hunting (HNT) 3.605 0.265 13.601 <0.001 Enforcement Respondent ID 
Group livestock donation (LGR) 3.963 0.274 14.447 <0.001  
Individual livestock donation (LIN) 4.918  0.313   15.716 <0.001  
Microenterprise (MIC) 5.384  0.346   15.577  <0.001  
Park-based products (PPR) 3.601 0.264  13.661 <0.001  
Skills-training (SKL) 4.148  0.280 14.789  <0.001  

Age  -0.012 0.005   -2.280  0.023  
Park Nkhotakota -0.199 0.211  -0.947 0.344 Majete 

Nyika -0.037 0.231   -0.160 0.873  
Vwaza 0.437 0.254    1.718  0.086  

Projects involved  0.259  0.156   1.657  0.098  
*TLU: Tropical Livestock Unit
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Table A4.4: Results of the top mixed generalized logit model (based on AIC ranking) 

for time spent on current activities indicating the variables included in the model and 

their estimates.  Respondent ID was included as a random effect. 

Effect Response level scenario park Estimate 
Standard 
Error 

DF t-Value P-value 
Reference 
level 

Intercept Addition   -0.9398 0.2498 482 -3.76 0.0002 
Substitution 

Intercept No participation   -4.8896 0.8012 482 -6.10 <.0001 

scenario Addition HNT  2.8624 0.2618 967 10.93 <.0001 

Skills 

scenario No participation HNT  4.7456 0.5809 967 8.17 <.0001 

scenario Addition LGR  2.1877 0.2320 967 9.43 <.0001 

scenario No participation LGR  0.4093 0.7116 967 0.58 0.5653 

scenario Addition LIN  2.2824 0.2326 967 9.81 <.0001 

scenario No participation LIN  -1.0724 1.1352 967 -0.94 0.3450 

scenario Addition MIC  -0.2070 0.2390 967 -0.87 0.3866 

scenario No participation MIC  -2.0745 1.1340 967 -1.83 0.0677 

scenario Addition PPR  1.4678 0.2234 967 6.57 <.0001 

scenario No participation PPR  1.1442 0.5841 967 1.96 0.0504 

park Addition  Majete -0.7197 0.2486 967 -2.90 0.0039 

Vwaza 
Marsh 

park No participation  Majete -1.2850 0.6598 967 -1.95 0.0518 

park Addition  Nkhotakota -1.3640 0.2601 967 -5.24 <.0001 

park No participation  Nkhotakota 0.3735 0.6050 967 0.62 0.5372 

park Addition  Nyika 0.01364 0.2706 967 0.05 0.9598 

park No participation  Nyika 0.6085 0.6495 967 0.94 0.3490 

TLU Addition   0.2148 0.07252 967 2.96 0.0031 
Substitution 

TLU No participation   0.3633 0.1330 967 2.73 0.0064 
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Table A4.5: Significant differences in Least-Square Means odds-ratios for scenarios, 

according to the response level for time spent on current activities.  

Response level Scenario 1 Scenario 2 Log-odds 
estimate 

Standard 
Error 

DF t -value P-value Odds ratio 
(exponentiated) 

Addition HNT LGR 0.6747 0.2412 967 2.80 0.0053 1.9634 

Addition HNT LIN 0.5799 0.2411 967 2.41 0.0163 1.7859 

Addition HNT MIC 3.0694 0.2673 967 11.48 <.0001 21.5288 

Addition HNT PPR 1.3946 0.2395 967 5.82 <.0001 4.0334 

Addition HNT SKL 2.8624 0.2618 967 10.93 <.0001 17.5030 

Addition LGR LIN -0.09473 0.2103 967 -0.45 0.6524 0.9096 

Addition LGR MIC 2.3947 0.2378 967 10.07 <.0001 10.9650 

Addition LGR PPR 0.7199 0.2080 967 3.46 0.0006 2.0543 

Addition LGR SKL 2.1877 0.2320 967 9.43 <.0001 8.9146 

Addition LIN MIC 2.4894 0.2384 967 10.44 <.0001 12.0546 

Addition LIN PPR 0.8147 0.2081 967 3.91 <.0001 2.2584 

Addition LIN SKL 2.2824 0.2326 967 9.81 <.0001 9.8004 

Addition MIC PPR -1.6748 0.2290 967 -7.31 <.0001 0.1873 

Addition MIC SKL -0.2070 0.2390 967 -0.87 0.3866 0.8130 

Addition PPR SKL 1.4678 0.2234 967 6.57 <.0001 4.3395 

No participation HNT LGR 4.3363 0.6613 967 6.56 <.0001 76.4209 

No participation HNT LIN 5.8180 1.1184 967 5.20 <.0001 336.29 

No participation HNT MIC 6.8201 1.1244 967 6.07 <.0001 916.05 

No participation HNT PPR 3.6014 0.4900 967 7.35 <.0001 36.6479 

No participation HNT SKL 4.7456 0.5809 967 8.17 <.0001 115.07 

No participation LGR LIN 1.4817 1.1724 967 1.26 0.2066 4.4005 

No participation LGR MIC 2.4838 1.1753 967 2.11 0.0348 11.9869 

No participation LGR PPR -0.7349 0.6608 967 -1.11 0.2663 0.4796 

No participation LGR SKL 0.4093 0.7116 967 0.58 0.5653 1.5058 

No participation LIN MIC 1.0021 1.4651 967 0.68 0.4942 2.7240 

No participation LIN PPR -2.2166 1.1070 967 -2.00 0.0455 0.1090 

No participation LIN SKL -1.0724 1.1352 967 -0.94 0.3450 0.3422 

No participation MIC PPR -3.2187 1.1091 967 -2.90 0.0038 0.04001 

No participation MIC SKL -2.0745 1.1340 967 -1.83 0.0677 0.1256 

No participation PPR SKL 1.1442 0.5841 967 1.96 0.0504 3.1399 
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Table A4.6: Significant differences in Least-Square Means odds-ratios for protected 

areas, according to the response level for time spent on current activities.  Contrasts 

not presented were non-significant. 

Response 

level 

Reference 

level 

Protected 

area 1 

Protected 

area 2 

Log-odds 

ratio 

estimate 

Standard 

error 

t-

value 

p-value Odds 

ratio 

estimate  

Addition Substitution Majete Nkhotakota 0.644 0.217 2.98 0.003 1.905 

Majete Nyika -0.733 0.235 -3.13 0.002 0.480 

Majete Vwaza -0.72 0.249 -2.90 0.004 0.487 

Nkhotakota Nyika -1.378 0.247 -5.57 <0.001 0.252 

Nkhotakota Vwaza -1.364 0.260 -5.24 <0.001 0.256 

Participation Substitution Majete Nkhotakota -1.658 0.554 -2.99 0.003 0.190 

Majete Nyika -1.894 0.604 -3.13 0.002 0.151 

Majete Vwaza -1.285 0.66 -1.95 0.052 0.277 
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Appendix 5: Supplementary materials to Chapter 5 
Information sheet and consent form for participants taking part in workshop process 

(as part of ethical approval GU Ref No: 2019/742) 
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Appendix item A5.1: Questionnaire used to elicit Fuzzy Cognitive Maps from individual 

participants 
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Figure A5.1: Accumulation of new variables for a) the bushmeat hunting and b) the 

bushmeat consumption Fuzzy cognitive maps, per individual map added. 
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Table A5.1: The number of times that a component was listed by different individuals 

for hunting and consumption maps at the pre-workshop stage 

 

 

 

 

 

 

 

 

 

 

 

 

 

Component Hunting Consumption 

Poverty 6 6 

Human population 3 2 

Climate change 3 3 

Cultural practices 3 3 

Strength of law enforcement 2 N/A 

Effective prosecution 2 3 

Alternative livelihoods 2 2 

Unemployment N/A 2 

Proximity to protected area N/A 2 

Availability of meat N/A 2 
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