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Abstract: 

Declining wildlife can profoundly alter ecosystems and increase the risks of food insecurity 
and emerging diseases that threaten global health, societies, and economies, highlighting the 
need to address overexploitation globally. Although the causes of wildlife overexploitation are 
as complex as its impacts, many counter-strategies neglect this multi-faceted nature. Building 
on the theoretical superstructure of the concept of complex social-ecological systems, in this 
dissertation I examine hunting and wildlife trade in a holistic, differentiated, and scale-sensitive 
approach, exploring the causes of wildlife use at different levels (e.g. user groups) and scales 
(local, global), and what strategies can curb the overexploitation of wildlife for different 
spheres of activity. I examined a local setting through a case study around Taï National Park in 
Côte d'Ivoire by interviewing 348 hunters, 202 bushmeat traders, 190 restaurant owners, and 
985 consumers in 47 urban and rural settlements. Furthermore, I investigated the manifestation 
of hunting across the socio-economic and ecological contrasting Global South-North gradient 
through 114 face-to-face interviews with national park directors in 25 African and European 
countries. Regarding the causes of wildlife use, the local case study revealed the heterogeneity 
of the wild meat commodity chain, in which multiple actors use wild meat and different taxa 
for varying economic, cultural, or nutritional motivations. The global perspective revealed the 
shifting manifestations and reasons for hunting along the Global South-North gradient. Illegal, 
commercial hunting of herbivores prevailed in the South, while legal, culturally-, and socially-
motivated hunting of ungulates and the illegal pursuit of predators outside park boundaries 
were common in the North. In terms of strategies to curb overexploitation, the results highlight 
the challenges in addressing these enormously heterogeneous systems. Local causes of wildlife 
exploitation emerge from a complex system of different species and actors with unique 
histories and socio-economic needs, but also through larger structures such as the Global 
South-North gradient. Given that interventions at one point can produce difficult-to-predict 
responses at other points, campaigns need to be context-specific, tailored to taxa and user 
groups, and require prior research, multi-actor approaches, and ongoing monitoring. However, 
the identified commonalities across the Global South-North gradient could provide a bridging 
element to reduce complexity. Local community characteristics such as trusting relationships 
fostered by community involvement have been associated with reduced threats to wildlife from 
illegal hunting. These commonalities could relate to minimal conditions that allow 
communities to cooperate and use resources sustainably. Furthermore, community-based 
approaches account for local complexity and swiftly detect unintended side effects. Ultimately, 
engaging local communities and incorporating universal mechanisms of human cooperation 
into conservation could benefit conservation and social justice. Nonetheless, the impacts of 
large-scale drivers on local systems highlight the need for combining well-implemented local 
action and appropriate global governance to curb wildlife overexploitation. 
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Zusammenfassung 
Der Rückgang der Wildtiere kann Ökosysteme tiefgreifend verändern und das Risiko von 
Ernährungsunsicherheit und neu auftretenden Krankheiten erhöhen, die wiederum die globale 
Gesundheit, Gesellschaft und Wirtschaft bedrohen. Obwohl die Ursachen der exzessiven 
Bejagung ebenso vielschichtig sind wie ihre Auswirkungen, vernachlässigen viele 
Gegenstrategien diese komplexen Zusammenhänge. Aufbauend auf dem theoretischen 
Überbau des Konzepts komplexer sozial-ökologischer Systeme untersuche ich in dieser 
Dissertation die Jagd und den Wildtierhandel in einem ganzheitlichen, differenzierten und 
skalensensitiven Ansatz. Dabei untersuche ich die Ursachen der Wildtiernutzung auf 
verschiedenen Ebenen (z.B. Nutzergruppen) und Skalen (lokal, global) und welche Strategien 
die Wildtierjagd in verschiedenen Handlungsfelder eindämmen können. Ich untersuchte ein 
lokales Umfeld durch eine Fallstudie um den Taï-Nationalpark in der Elfenbeinküste, indem 
ich 348 Jäger, 202 Buschfleischhändler, 190 Restaurantbesitzer und 985 Verbraucher in 47 
städtischen und ländlichen Siedlungen befragte. Darüber hinaus untersuchte ich mithilfe von 
114 persönlichen Interviews mit Nationalparkdirektoren in 25 afrikanischen und europäischen 
Ländern die Ausprägung der Jagd über den sozioökonomisch und ökologisch kontrastreichen 
globalen Süd-Nord-Gradienten. Im Hinblick auf die Ursachen der Wildtiernutzung zeigte die 
lokale Fallstudie die Heterogenität der Wildfleisch-Warenkette, in der mehrere Akteure 
Wildfleisch und verschiedene Taxa aus unterschiedlichen wirtschaftlichen, kulturellen oder 
ernährungsbedingten Beweggründen nutzen. Die globale Perspektive zeigte die sich 
verändernden Erscheinungsformen und Gründe für die Jagd entlang des globalen Süd-Nord-
Gradienten. Im Süden überwog die illegale und kommerzielle Jagd auf Pflanzenfresser, 
während im Norden die legale, kulturell und sozial motivierte Jagd auf Huftiere und die illegale 
Jagd auf Raubtiere außerhalb von Parkgrenzen dominierte. Im Hinblick auf Strategien zur 
Eindämmung der Übernutzung von Wildtieren verdeutlichen die Ergebnisse die 
Herausforderungen, da enorm heterogenen Systeme adressiert werden müssen. Lokale 
Ursachen für die Ausbeutung von Wildtieren ergeben sich aus einem komplexen System 
verschiedener Arten und Akteure mit einzigartiger Geschichte und sozioökonomischen 
Bedürfnissen, aber auch aus größeren Strukturen wie dem globalen Süd-Nord-Gefälle. Da 
Interventionen an einem Punkt schwer vorhersehbare Reaktionen an anderen Punkten 
hervorrufen können, müssen Kampagnen kontextspezifisch sein, auf Taxa und Nutzergruppen 
zugeschnitten werden und erfordern vorherige Forschung, Multi-Akteur-Ansätze und laufende 
Überwachung. Die identifizierten Gemeinsamkeiten über den globalen Süd-Nord-Gradienten 
hinweg könnten jedoch ein Brückenelement zur Reduzierung der Komplexität darstellen. 
Lokale Gemeinschaftsmerkmale wie vertrauensvolle Beziehungen, die durch die Beteiligung 
der Gemeinschaft gefördert werden, wurden mit einer geringeren Bedrohung der Wildtiere 
durch illegale Jagd in Verbindung gebracht. Diese Gemeinsamkeiten könnten sich auf 
minimale Bedingungen beziehen, die es Gemeinschaften ermöglichen, zu kooperieren und 
Ressourcen nachhaltig zu nutzen. Darüber hinaus berücksichtigen gemeinschaftsbasierte 
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Ansätze die lokale Komplexität und erkennen schnell unbeabsichtigte Nebeneffekte. Letztlich 
könnte die Einbindung lokaler Gemeinschaften und die Berücksichtigung universeller 
Mechanismen menschlicher Kooperation dem Naturschutz und der sozialen Gerechtigkeit 
zugutekommen. Nichtsdestotrotz verdeutlichen die Auswirkungen großräumiger Faktoren auf 
lokale Systeme die Notwendigkeit, gut umgesetzte lokale Maßnahmen mit einer angemessenen 
globalen Governance zu kombinieren, um den Raubbau an der Natur einzudämmen. 
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CHAPTER I 

1. Introduction

Nature and its vital contributions to people are deteriorating worldwide (IPBES, 2019). Land-

use changes account for the most significant negative impacts, followed by the direct 

exploitation of living organisms (IPBES, 2019). Overexploitation through hunting and its 

illegal form of poaching lead to extinction events and declining mammal and bird populations, 

including within strictly protected areas (Barnes et al., 2016; Benítez-López et al., 2017; 

Laurance et al., 2012). The eradication of predators, herbivores, and primates – who serve 

essential ecological roles – can profoundly alter entire ecosystems and their local and global 

services to humans (Estes et al., 2011; Ripple et al., 2016). Millions of people depend on wild 

meat as a source of food and income throughout rural places in the Global South (Nielsen et 

al., 2018). Furthermore, the processing of wild animals bears the risks of zoonotic disease 

transmissions (IPBES, 2020). Recent outbreaks of Ebola, influenza, SARS, MERS, and 

COVID-19 have caused severe global health, societal, and economic disruptions (Di Marco et 

al., 2020; IPBES, 2020). Overall, this makes overexploitation a fundamentally distressing 

ecological and development problem that needs to be addressed globally. However, as the 

effects of over-hunting extend beyond ecological and local ones, the reasons exceed the 

traditional role of supplying meat. Hunting can preserve economies, cultures, recreation, and 

ecosystems (Fischer et al., 2013). Moreover, owing to globalization, hunting patterns are 

increasingly influenced by large-scale factors (van Vliet et al., 2015). The conservation 

community has acknowledged the multi-layered nature of the problem of wildlife 

overexploitation and called for interdisciplinary approaches to study its dynamics (Lindsey et 

al., 2013; Milner-Gulland and Bennett, 2003). Nonetheless, there are still gaps in knowledge 

about wildlife exploitation that stem from oversimplifications. In general, hunting systems can 

be considered as complex socio-ecological systems, i.e. systems comprising ecosystems and 

societies, interconnected at local to global scales and over time (Parrott and Meyer, 2012; van 

Vliet et al., 2015). Nevertheless, the concept of social-ecological systems has rarely been used 

in the context of bushmeat hunting and wildlife trade (van Vliet et al., 2015). In this 

dissertation, I explore individual aspects embedded in this concept because I assume that the 

causes, effects and solutions to wildlife overexploitation are multi-layered and situated through 

space and time. 
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 Local extinctions, global impacts 

Since the dawn of time, humans have hunted wildlife, causing extinctions or near-extinctions 

of several species throughout human history (Andermann et al., 2020). However, the twin 

threats of exploitation and habitat destruction, the demand for natural resources from growing 

populations and tremendous economic growth, increased efficiency and spatial coverage from 

firearms and motorized transport, and trade-driven hunting for global markets have driven 

wildlife towards a sixth mass extinction (Barnosky et al., 2011; IPBES, 2019; König et al., 

2020; Ripple et al., 2016).  

The "empty forest or landscape syndrome", describing the condition of an ecosystem in which 

vertebrates over 10 kg are scarce, was first described for tropical forests, but subsequently also 

for savannas, grasslands, and deserts (Lindsey et al., 2013; Redford, 1992). A mainstay of 

wildlife and biodiversity protection is the concept of protected areas, designated areas with 

restricted human access (Protected Planet, 2010). Nevertheless, declining wildlife is 

increasingly driving poaching into the remaining wildlife-rich protected areas, and tropical 

protected areas in particular have experienced sharp declines in mammal and bird populations 

and their taxonomic and functional biodiversity (Barnes et al., 2016; Benítez-López et al., 

2017; Laurance et al., 2012; Ripple et al., 2016). For example, African protected areas lost 59% 

of their mammal populations between 1970 and 2005 (Craigie et al., 2010).  

Similarly, in increasingly human-dominated landscapes, conflicts with wildlife, especially 

predators or large herbivores are increasing outside protected areas (Jordan et al., 2020; König 

et al., 2020). Poaching of protected predators such as wolves (Canis lupus) or lynx (Lynx lynx) 

slows or prevents the recovery of their populations in parts of Europe (Heurich et al., 2018; 

Liberg et al., 2012; Müller et al., 2014). The extinction of species and the decline of wildlife 

populations has far-reaching consequences for ecosystems and societies. For example, 

predators perform essential ecological regulatory functions such as maintaining plant diversity, 

biomass, and productivity, or regulating disease dynamics, waste disposal, carbon 

sequestration and forest fire risk (O’Bryan et al., 2018).  

Large herbivores are ecosystem engineers and they increase patch heterogeneity, grass cover 

and ultimately plant diversity through trampling and consumption (Estes et al., 2011; Ripple et 

al., 2015). Besides, their presence affects nutrient cycling, disease and wildfire regulation, and 

provides synergistic benefits to other herbivores and predators that rely on them (Estes et al., 

2011; Ripple et al., 2015). Likewise, large herbivores, primates, and other frugivorous species 

are vital for seed dispersal, and their removal affects forest regeneration, composition, and 

structure (Estes et al., 2011; Estrada et al., 2017; Ripple et al., 2016, 2015). The loss of species 
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can cause cascading effects that lead to rapid, widespread, and potentially irreversible changes 

in ecosystems (Estes et al., 2011; Ripple et al., 2016).  

Ultimately, this can translate into 'bottom-up' factors such as dwindling biomass and climate 

regulation provided by the forest (Brodie, J F, 2009). For example, 1% of the Amazon tree 

species are responsible for 50% of carbon storage and productivity, and all of these species are 

dispersed by large forest frugivores such as monkeys (e.g. spider monkeys, woolly monkeys), 

large birds (e.g. toucans, curassows, guans), and forest floor tortoises (Fauset et al., 2015).  

Furthermore, millions of people in the Global South depend on bushmeat as a source of  income 

and food (Nielsen et al., 2018). Under a business-as-usual scenario of overexploitation, the 

supply of wild meat in the Congo Basin is expected to decline by more than 80% over the next 

50 years, leaving many people unable to meet their recommended daily protein requirements 

(Fa et al., 2003). Similarly, the decline of charismatic herbivores or carnivores can influence 

local economies through the loss of wildlife-associated tourism (Lindsey et al., 2007).  

Likewise, hunting and slaughter involve direct contact with body fluids that can transmit 

zoonotic diseases such as Ebola, HIV-1 and -2, anthrax, salmonellosis, Simian Foamy Virus, 

SARS, MERS, and most recently probably COVID-19 (SARS-CoV-2) (IPBES, 2020; Pike et 

al., 2010; Wolfe et al., 2005). These emerging or re-emerging zoonotic infectious diseases can 

cause high mortality and morbidity rates, disrupt global trade and travel networks, and even 

trigger civil unrest (Di Marco et al., 2020; IPBES, 2020). Infectious diseases are emerging at 

an unprecedented rate and some 40 infectious diseases have been discovered since the 1970s 

(World Health Organization - WHO, 2007). Humans are invading the last remaining wilderness 

searching for land and wildlife, and encountering novel zoonotic diseases (Ripple et al., 2016). 

Simultaneously, large-scale defaunation and human disturbance are increasing landscape-level 

disease prevalence (Johnson et al., 2020; Young et al., 2014).  

In summary, the loss of wildlife affects human livelihoods in many ways. In this context, the 

local decline or disappearance of species is much more than a purely ecological or local 

problem, as it leads to fundamental changes in local and global ecosystems and their vital 

contributions to humanity through cascading and bottom-up effects. 

 

 Reasons for overexploitation: beyond meat supply 

Throughout human history, hunting has formed an integral part of people's social, political, and 

economic spheres (Fischer et al., 2013; Manyanga and Pangeti, 2019). Hunting continues to 

serve many functions beyond meat supply, including economic welfare, employment, 
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recreation, cultural needs, and ecosystem management, and it is practiced throughout all 

societies and social classes (Fischer et al., 2013). If the number of animals taken exceeds the 

target populations' reproductive rates or destroys vital social structures, as in primates, hunting 

becomes unsustainable (Estrada et al., 2017; Weinbaum et al., 2013). Overexploitation of 

resources is likely to occur when the resource itself shrinks due to natural ecological processes 

or human disturbances, or when capacities are exceeded by excessively large user groups, 

through the internal population growth of consumer groups or the sale to distant consumers. 

Informal and formal structures such as traditional hunting rules or legal regulations like quotas 

can ensure sustainable hunting practices (Colding & Folke, 2001). By contrast, illegal hunting 

lacks regulations and management. Therefore, one of the main threats to wildlife is illegal and 

commercially-motivated hunting (Morton et al., 2021). Especially in the Global South, and 

particularly in rural areas, millions of people depend on wild meat for food and income 

(Brashares et al., 2011; Nielsen et al., 2018).  

Another significant threat to wildlife is the often-illegal killing of wildlife due to human-

wildlife conflicts (König et al., 2020).  While the extermination of wildlife in hunting for food 

or money is unintentional, the main goal here is to exterminate specific individuals or local 

populations (Chapron and López-Bao, 2020; König et al., 2020). The re-use of wild meat or 

animal parts is uncommon, at least in the Global North, as carcasses are often hidden or buried, 

and animals are sometimes poisoned (Liberg et al., 2012). Targets are often conflict-prone 

animals, including large predators such as wolves (Canis lupus) or herbivores such as elephants 

(Lozano et al., 2019; Shaffer et al., 2019). Despite these very diverse motivations for killing 

wildlife, the drivers underlying these two human-wildlife interactions are similar.  

The concept of the Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem 

Services (IPBES) states that all direct drivers of biodiversity loss, such as direct exploitation 

or land-use change are fueled by the same indirect drivers (IPBES, 2019). These are 

demographic and socio-cultural, economic and technological, institutional and governance 

drivers, conflicts and epidemics, all of which are influenced in turn by values and behaviors 

(Fig X) (IPBES, 2019). These drivers can span local and global (i.e. local population density, 

global demand), historical and present (colonial history, recent population recovery), 

ecological and physical (e.g. climate, land cover change), social (e.g. migration, value 

systems), economic (e.g. income, food alternatives, markets access), and governance drivers 

(e.g. management, institutional change) or individual attributes (e.g. food preferences, 
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perceived menaces) (Lozano et al., 

2019; Ripple et al., 2016; van Vliet 

et al., 2015). Moreover, there can be 

system-inherent "intrinsic" drivers 

that influence each other through 

positive or negative feedbacks, as 

well as external "extrinsic" drivers 

that act independently on the 

system (Ross et al., 2019). For 

example, intrinsic drivers can 

include protein prices and the 

availability and preferences that 

drive consumer demand, the 

availability of alternatives that 

affect livelihood issues, or values 

related to wildlife or biological 

capacity (van Vliet et al., 2015). 

Extrinsic drivers can include 

climatic or demographic changes 

(e.g. population growth, migration), political context, demand for game (e.g. mining, logging), 

or the ability and will of national governments to monitor, manage and control hunting (Lozano 

et al., 2019; Ripple et al., 2016; van Vliet et al., 2015).  

General conceptual and methodological framework 

Although the current scale of resource use by humans is largely unsustainable, human history 

is closely linked to the extraction, use, and control of natural resources (Liu et al., 2007; Ellis 

et al., 2021). Natural systems and systems of resource use have mutually evolved, and human 

activities and nature are coupled to the extent that they can be considered as one system (Liu 

et al., 2007).  

One approach that takes this evolutionary aspect into account is the conceptual framework of 

complex social-ecological systems (Berkes et al., 1998; Gallopin et al., 1989). Through 

interdisciplinary knowledge synthesis across social, evolutionary, behavioral, and 

sustainability sciences and resource systems, the social-ecological systems framework offers a 

Figure 1 Declines in biodiversity caused by direct and indirect 

drivers of change. Societal values and behaviours influence further 

indirect drivers, which can be demographic (e.g., population 

dynamics), sociocultural (e.g., consumption patterns), economic 

(e.g., trade), technological, or institutions and governance, or 

conflicts and epidemics. These indirect drivers influence direct 

drivers, such as land and ocean use change, direct exploitation of 

organisms, climate change, pollution, and invasive alien species. The 

colour bands represent the relative global impacts of direct drivers 

on land, freshwater, and marine nature. Land-use change and direct 

exploitation together account for more than 50 percent of global 

land, freshwater, and marine impacts. Modified: IPBES 2019  
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growing number of tools and frameworks for analyzing socio-ecological systems (Ostrom, 

2007, 1990; Wilson et al., 2013).  

However, in this thesis I will particularly focus on parts of the theoretical superstructure of this 

concept. For example, ecological systems comprise biological and biophysical processes, and 

social systems comprise knowledge, ethics, rules and institutions that interpret them, and 

motivate and control resource use (Berkes et al., 1998). These human and biophysical 

components interact across spatial and temporal scales, and through emergent properties local 

outcomes can have system-wide consequences, and vice versa (Liu et al., 2007; Ostrom et al., 

2007; Parrott and Meyer, 2012). Systems continuously change and current states are functions 

of their history, while future trajectories must consider uncertainties (Parrott and Meyer, 2012). 

Complex systems are made up of many interacting components, and their structure and 

dynamics are a collective result of these elements (Parrott and Meyer, 2012).  

Transferred to a hunting system, the ecological part comprises the prey species, the components 

of their ecosystems and resources, and the processes and interactions between them (van Vliet 

et al., 2015). Social components include, for example, hunters and the circumstances that shape 

their behavior, such as their families, other actors in the wildlife trade chain, formal or informal 

institutions that regulate hunting, and the interactions between them (van Vliet et al., 2015). In 

addition, local hunting systems are increasingly influenced by large-scale external drivers 

through globalization processes. For example, overfishing by international fleets leads to lower 

catches by local coastal fishers in West Africa, which in turn enhances hunting for wild meat 

national parks (Brashares et al., 2004). Alternatively, the historical extinction of predators in 

Western Europe may be one reason for the current persecution of returning predators, as people 

are no longer accustomed to their presence (Heurich et al., 2018; König et al., 2020).  

The socio-ecological systems framework can help to understand these complex and dynamic 

relationships and interactions between the hunting area, its resources, the actors involved, and 

the various exogenous drivers of change (van Vliet et al., 2015).  

 

 Justification for choosing the lab of landscape ecology at the Humboldt-

Universität zu Berlin 

This thesis was supervised by Prof. Dr. Dagmar Haase (Humboldt-Universität zu Berlin) and 

Dr. Hjalmar Kühl (Max Planck Institute for Evolutionary Anthropology). I chose the 

Humboldt-Universität zu Berlin, the Department of Geography, and Prof. Dr. Haase's 

Laboratory of Landscape Ecology for my Ph.D. because the lab has a strong expertise in social-
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ecological systems, resilience, and commons theory. In particular, my Ph.D. supervisor Prof. 

Dr. Haase has a strong background in applying the conceptual model of social-ecological 

systems to complex urban systems (Haase et al., 2014; McPhearson et al., 2016; Tzoulas et al., 

2020).  

In addition, my work adresses one of the most relevant and unavoidable questions in geography 

and in any multi-faceted social-ecological problem: the scale of analysis (Cash et al., 2006; 

Montello, 2015; Scholes et al., 2013). The decision on scale determines the results, the nature 

of the scientific output, and the contribution to different stakeholders. The scale refers to 

analytical dimensions (e.g. spatial, temporal, institutional, or legal), and each scale in turn can 

contain different levels (e.g. spatial scales: local to global, governance jurisdictions: 

households, central government)  (Adger et al., 2009; Cash et al., 2006; Klein et al., 2015). A 

site-level analysis can provide a small-scale view with specific results for the individual case 

study site and more general knowledge about sites with similar environments. Increasing the 

scale increases the generalisability of the conclusions, although in turn it ignores more detailed 

site knowledge. Consequently, any decision about scale involves unavoidable trade-offs 

between losing detail and leaving out universal patterns. In general, analyzing or describing 

systems by using only one scale or resolution can be challenging (Parrott and Meyer, 2012).  

In my work, I combined a local case study on the use of wild meat in a typical setting in tropical 

West Africa around the Taï National Park in Côte d'Ivoire with a global analysis of hunting in 

Africa and Europe. I worked on the landscape and continental scale, and levels such as the 

actors involved, the species utilized, and protected areas. Understanding how wildlife 

overexploitation and trade evolves in local settings and what drives it globally is critical to 

curbing further biodiversity loss, food insecurity and emerging diseases. 

 

 Knowledge gaps, reasoning, and research questions 

Gaps in knowledge about wildlife exploitation often result from an oversimplification of this 

complex and multi-layered environmental problem. First, in social-ecological systems, 

macroscopic behavior results from the self-organized local interactions of their elements, e.g. 

when actors interact with ecosystems and other actors (Rammel et al., 2007). In the sub-

Saharan context, hunting is often commercially motivated and the meat is marketed through 

long commodity chains with many actors such as hunters, traders, consumers, and restaurant 

owners (Cowlishaw et al., 2005; Kamins et al., 2011; McNamara et al., 2016; Nielsen et al., 

2014). Nevertheless, most approaches only look at individual groups of actors; primarily 
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hunters or consumers, and neglect the interconnectedness of 

individual actors via often complex dynamics of demand and 

supply (McNamara et al., 2016). Furthermore, hunting and 

wildlife trade serve multiple purposes that arise from social 

and cultural constructs, material realities, and 

interrelationships (Fischer et al., 2013). Within a larger 

socio-economic context, individual actors interact with each 

other, whereby the underlying causes for this may differ. For 

example, hunters may sell the meat due to a lack of funds, 

which means that positive economic development would 

reduce hunting activities (Kümpel et al., 2010). However, if 

consumers have sufficient financial resources and game meat 

is a sought-after product, increased financial resources can 

increase consumption, making complementary strategies 

necessary (Wilkie et al., 2005). This example illustrates that 

incentives at one point in the commodity chain can have 

undesirable effects at another point, causing system 

dynamics that are problematic to predict. In Chapter III, I aim 

to understanding how actors along a wildlife trading chain 

are interconnected and whether the underlying motives 

within the cultural, social, and economic dimensions vary. 

Moreover, if the reasons vary between actors, is there a "best" entry point that increases the 

chances of potential interventions succeeding? 

 

Second, in addition to the various actors, the trade chain comprises traded species, and in sub-

Saharan Africa alone there are over 500 known species used by humans (Fa and Brown, 2009). 

These species can strongly vary in their sensitivity to hunting pressure and the risk of 

transmitting zoonoses (Fa and Brown, 2009; Olival et al., 2017; Petrozzi et al., 2016). A large 

part of the biomass used comprises rapidly reproducing generalists, including rodents such as 

the Greater cane rat (Thryonomys swinderianus)" or small-sized duikers, like the Blue duiker 

(Philantomba monticola) or Maxwell duiker (Philantomba maxwellii) (Fa and Brown, 2009; 

McNamara et al., 2015; Petrozzi et al., 2016). These generalists are robust to high hunting 

pressures and form an essential component of livelihoods in rural areas (Friant et al., 2020; 

Nasi et al., 2011; Nielsen et al., 2018, 2017). Species that produce fewer offspring or have 

Knowledge gaps 

Most approaches 
neglect the 

interconnectedness of 
individual actors due to 
complex dynamics of 
demand and supply. 

  

Most approaches 
conceptualize wild meat 

as a generic resource 
used by a single 

homogeneous group of 
users. 

  

Most approaches study 
wildlife 

overexploitation as a 
regionally manifesting 

phenomenon with a 
focus on the Global 

South. 
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complex social structures, such as many primates, are already threatened by low levels of 

hunting (Estrada et al., 2017). Because they are comparatively rare, they usually make up only 

a small percentage of a hunter's catch (Fa and Brown, 2009; McNamara et al., 2015; Petrozzi 

et al., 2016). In addition, species carry different risks of zoonotic disease transmission. Put 

simply, one can say that proximity to humans, in the phylogenetic sense, as in many primates; 

or in the spatial sense, as in rodents inhabiting heavily human-populated areas, increases the 

risk of disease transmission (IPBES, 2020; Pike et al., 2010; Wolfe et al., 2005). Nonetheless, 

most approaches conceptualize wild meat as a generic resource used by a single homogeneous 

group of users (van Vliet et al., 2015). The aim is here to reduce the use of wild meat in general, 

regardless of how common the species used are or how likely they are to transmit disease. 

However, if people use species for various purposes, the very reasons why rare species that 

contribute little to the overall bushmeat biomass are used would likely be overlooked. 

Consequently, the likelihood that a conservation strategy aimed at reducing the general use of 

bushmeat would protect a particular species would paradoxically decrease with its rarity. 

Furthermore, if different user groups prefer the same taxa for different reasons, they would 

likely respond differently to incentives. In Chapter IV, I therefore examine whether the 

paradigm of bushmeat as a homogeneous resource holds and common conservation strategies 

can be applied universally or whether they affect species and user groups differently.  

 

Third, the first chapters focused on understanding the complexity of hunting and trade of 

wildlife. Hunting is a regionally-manifesting phenomena, although it occurs in almost all 

societies and social classes (Fischer et al., 2013). This raises the question of whether there are 

generalizable aspects within hunting related to universal mechanisms. Therefore, in Chapter V 

I compare hunting across a contrasting and rarely-studied gradient, namely the Global South 

and Global North. Hunting in the Global South is often described in the context of poverty and 

a lack of alternatives (Nielsen et al., 2018). However, even in the more affluent nations of the 

Global North, wildlife can be severely threatened by hunting (Liberg et al., 2012). Such a 

comparison across a contrasting context can help to reduce the complexity of a phenomenon 

through generalization against the comparative horizon of the contextual scale, while reflecting 

local specificities (Wolff and Haase, 2020). To synthesize the knowledge, explanations for 

commonalities and differences are traced and conceptualized against this background of a 

comparative horizon (Wolff and Haase, 2020). For this purpose, I explore the differences and 

commonalities within four basic hunting characteristics along this steep gradient, namely why, 

what, where people hunt, and what mitigates unsustainable hunting. I further link the results to 
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broader theories of human resource use. Understanding the local versus generalizable 

dimension of hunting could help to understand regional challenges and identify universal 

elements for effective strategies across different contexts. 
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 Research questions 

Against this background, the overarching goals of this thesis are to: 

1. Understand the causes of wildlife use at different levels and scales. 

2. Propose strategies to curb the overexploitation of wildlife for different spheres of 

activity. 

To achieve this goal, within each chapter I seek to answer research questions related to these 

two overarching goals: 

The specific questions related to Objective 1 are as follows: 

 

Chapter III: What are the motivations for a) producing, b) distributing or c) consuming 

wild meat? Do the motivations differ between these different nodes of the trading system? 

 

Chapter IV: What are the determinants of the use of different taxa, and do they vary 

between taxa and user groups? 

 

Chapter V: What are differences and commonalities within the four basic characteristics 

of hunting in terms of why, what, and where people hunt as well as what mitigates 

unsustainable hunting across the contrasting socio-economic and ecological Global South-

North gradient? 

The specific questions related to Objective 2 are as follows: 

Chapter III: If motivations vary within the different nodes of a commodity chain, how should 

regulation strategies be designed? Is there such a thing as a "best" entry point for 

interventions? 

Chapter IV: Does the paradigm of bushmeat as a generic resource hold, and can strategies 

be applied universally? Alternatively, is there a need for specifically tailored interventions? 

Chapter V: Where are local and global "levers" to mitigate overexploitation? Do the 

commonalities across the Global South-North gradient offer universal solutions for wildlife 

conservation?  

_______________________________________________________________________ 
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 Thesis structure  

This thesis comprises a general introduction (Chapter I) and an introduction to the research site 

(II), followed by three key research chapters (III-V) that answer the two main research 

questions. The thesis concludes with a summary of the key findings of the research chapters, 

as well as a final synthesis on the overarching findings, cross-cutting insights and potential 

applications and directions for future research (Chapter VI).  

The three research chapters (III-V) and Appendix A were written as stand-alone publications 

and have all either been published or are currently under review in international journals. The 

chapters have been published or submitted as follows: 

 

Chapter III 

Bachmann M.E., Junker J., Mundry R., Nielsen R.M, Haase D., Cohen H., Kouassi J.A.K., 

Kühl H.S. (2019) Disentangling economic, cultural, and nutritional motives to identify entry 

points for regulating a wildlife commodity chain. Biological Conservation 238:10817, 

https://doi.org/10.1016/j.biocon.2019.07.022 

 

Chapter IV 

Bachmann M.E., Nieslen R. M., Cohen H., Haase D., Kouassi J.A.K., Mundry R., Kuehl H.S., 

(2020). Saving rodents, losing primates - Why we need tailored bushmeat management 

strategies 1–14. People and Nature, https://doi.org/10.1002/pan3.10119 

 

Chapter V 

Bachmann M.E., Kulik L., Gatiso T., Nielsen R. M., Haase D., Buchadas  A., Bösch L., 

Eirdosh, D., Freytag  A., Geldmann, J., Ghoddousi A., Heurich M., Hicks T.C., Ordaz-

Németh I., Qin S., Sop T., Van Beeck Calkoen S., Kühl H.S. (2021) Differences and 

commonalities of wildlife hunting across the Global North-South gradient (in progress). 

https://doi.org/10.1016/j.biocon.2019.07.022
https://doi.org/10.1002/pan3.10119
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CHAPTER II 

2. Case study introduction 

 The so-called “bushmeat crises” in the tropics 

Unsustainable hunting for consumption and trade poses a significant threat to wildlife, 

especially in tropical regions of Asia, Africa, and South America. Millions of people in the 

Global South depend on wild meat, also called bushmeat. Here, the overexploitation of wildlife 

is closely linked to human development challenges such as food insecurity, emerging disease 

risks, and land-use change (Ripple et al., 2016). In some tropical regions, particularly in sub-

Saharan Africa, the situation is also referred to as the "bushmeat crisis", which describes the 

severe and dual threat posed by wildlife exploitation and its consequences for people (Bennett 

et al., 2007).  

One of the most strongly-affected regions in Africa is West Africa. In the 20th century, about 

80% of the original forest area was converted into an agroforestry mosaic that provides food 

and other natural resources for over 200 million people (Norris et al., 2010). This increased the 

hunting pressure on the last remaining forested areas, which are often protected areas. Between 

1970 and 2005, the abundance of mammals in West African protected areas declined by 85% 

(Craigie et al., 2010). Zoonotic diseases pose a major risk in the region. The West African 

Ebola virus epidemic (2013-2016) was the largest in history, causing over 28,600 cases and 

11,300 deaths in Guinea, Liberia, and Sierra Leone, as well as severe socio-economic 

disruption (Di Marco et al., 2020; IPBES, 2020; WHO, 2016).  

Overall, this makes it particularly important to understand the causes of hunting, poaching, and 

wildlife trafficking in West Africa. Efforts to combat illegal wildlife trade have often focused 

on the supply side, prompting increasingly militarized anti-poaching approaches (Challender 

and MacMillan, 2014; Duffy et al., 2019). However, it is increasingly obvious that supply-side 

interventions alone cannot stem demand, and in some cases they negatively affect local 

communities (Challender and MacMillan, 2014; Duffy et al., 2019; Kablan et al., 2017). 

Therefore, the focus has increasingly shifted to understanding the potential of consumer 

demand modification approaches (Veríssimo, 2020) and interventions along the commodity 

chain (Cowlishaw et al., 2005; Mendelson et al., 2003). 
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 The bushmeat commodity chain  

A commodity chain is a sequence of exchanges that transports goods or their components from 

extraction or harvest to final consumption (Ribot, 1998). Wildlife and their products are traded 

through local networks (e.g. hunters supplying local markets and restaurants), or through 

regional (e.g. live animal markets, restaurants in urban centers), transboundary, and global 

trade routes (e.g. the international trade of pets, medical products, or ivory) (Cowlishaw et al., 

2005; IPBES, 2020; Kamins et al., 2011; Lescuyer and Nasi, 2016; Mendelson et al., 2003).  

About one-quarter (24 %) of all wild terrestrial vertebrate species are traded globally (IPBES, 

2020). The value of the international legal wildlife trade was estimated at US$107 billion in 

2019, marking an increase of 2,000% since 1980, indicating unsustainable practices (IPBES, 

2020). Illegal international trade in wildlife is estimated to be worth US$7-23 billion annually, 

reflecting approximately 25% of the legal market value trade (IPBES, 2020). Wildlife trade in 

Africa, driven by external demand for ivory, rhino horn, furs, and feathers has existed since 

ancient times, ranging from the Egyptian Pharaohs, Imperial Rome, the Swahili, the Arabs, the 

Persians, and the Indians to the industrialized states of today's Europe, North America and more 

recently China (Somerville, 2016).  

The informal domestic trade of wild meat in Africa for consumption gained importance in the 

1970s and represents an essential element of the economy in sub-Saharan Africa, estimated to 

be worth hundreds of millions of dollars (Caspary and Koné, 2001; Lescuyer and Nasi, 2016). 

Hunting and trading can be full- or part-time activities that complement livestock and 

agricultural activities (Caspary and Koné, 2001; Cowlishaw et al., 2005). The domestic 

commodity chain for bushmeat includes various actors involved in the production, distribution, 

and bushmeat consumption. For example, in addition to the often rural hunters, market traders, 

restaurant owners, intermediaries, government agencies, traditional guides or loggers, and 

miners can be involved in the trading system (Cowlishaw et al., 2005; Kamins et al., 2011; 

Lindsey et al., 2013; Nielsen and Meilby, 2015). Within the local bushmeat chain, there is a 

gender-typical distribution of roles in which hunters are typically male and traders are female 

(Lowassa et al., 2012). Exceptions are so-called middlemen or intermediaries, who are often 

motorized and link local markets to distant urban centers (Cowlishaw et al., 2005; Lindsey et 

al., 2013). However, the commodity chain and underlying causes for the trade between actors 

and the interplay of demand and supply remain poorly understood. For example, hardly 

anything is known about bushmeat traders, which also stems from the fact that reliable data is 

often lacking given that much of the trade occurs in illegality. Overall, this multi-actor aspect 
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of the bushmeat commodity chain raises the question of how effective interventions are with 

individual actors, or whether the entire chain needs to be regulated (Cowlishaw et al., 2005). 

 

 Study site: The Taï region 

In order to better understand the so-called bushmeat crises, I chose the Taï region in the south-

west of Côte d'Ivoire, bordering Liberia, as a case study in West Africa. The region represents 

a typical scenario in West Africa. Deforestation rates in Côte d'Ivoire have been among the 

highest in the world and 80% of forests have been lost since 1970 (Hansen et al., 2013; 

Morisset, 2018). The Taï National Park is listed as UNESCO World Heritage Site, and with a 

still-closed forest cover it is one of the last remaining forest blocks and largest protected 

rainforests in this region, covering 5,360 km² and providing suitable habitat for wildlife 

(Hansen et al., 2013; N’Goran et al., 2013). However, the decline of wildlife due to hunting is 

alarming (N’Goran et al., 2013, 2012). Initial data collection in 1977 showed an east-west 

gradient with lower wildlife densities in the east of the Taï National Park (Hoppe-Dominik et 

al., 2011). Between 1977 and 2004, large mammal species such as forest elephants (Loxodonta 

cyclotis) and bongos (Tragelaphus eurycerus) experienced dramatic population declines of up 

to 91% (Hoppe-Dominik et al., 2011), while species such as duikers (Cephalophinae) and 

leopards (Panthera pardus pardus) appear to have better withstood hunting pressure. 

Nowadays, increasing human impact has resulted in the "empty forest syndrome" in the eastern 

part of the park (N’Goran et al., 2012). Five Ivorian tribal groups (Baoulé, Bété, Guéré, Krou, 

and Wobé) and several immigrant groups from Burkina Faso, Mali, and Liberia; mainly 

refugees from civil wars or the arid Sahel zone are inhabiting the region (Caspary, 1998; 

Nielsen and Reenberg, 2010). The main sources of income are agriculture, including cash crops 

such as coffee, cocoa or rubber plantations, as well as rice cultivation (Refisch and Koné, 

2005).  

While people have always hunted, bushmeat has been increasingly commercialized since the 

1970s (Caspary and Koné, 2001; Refisch and Koné, 2005). The traditional culture of the Taï 

region includes protective measures such as prohibitions on consuming or killing totem 

animals, or designated "sacred forests" excluded from agricultural and hunting practices, as 

well as sustainable traditional land-use practices (Refisch and Koné, 2005). Nevertheless, many 

traditional belief systems appear to be diluted by the mixing of different cultures (Refisch and 

Koné, 2005). Crises in neighboring countries and the cocoa boom led to a strong influx of 
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immigrants, and together with internal 

growth rates the human population in the 

Taï region increased sixteen-fold between 

1965 and 2000 (Boesch, 1999). Coupled 

with increasingly unsustainable land-use 

practices such as slash-and-burn 

agriculture and cash crops, the forest 

cover declined from 89.6% to 6.7% 

between 1974 and 2003 (Chatelain et al., 

1996). With the exception of the Taï 

National Park, much of the last remaining 

forest in protected areas was destroyed 

during the political crisis between 2000 

and 2012 (Fig. 2) (Hansen et al., 2013). As 

the Taï National Park is one of the last 

wildlife refuges in the region, a thriving 

wildlife trade has developed around the 

park (Caspary and Koné, 2001; N’Goran 

et al., 2013). Wildlife products from Taï 

National Park are primarily for consumption and trade in neighboring rural communities, but 

increasingly also for urban centers and even international markets (Caspary and Koné, 2001; 

Refisch and Koné, 2005). 

 Data collection methodology 

2.4.1 Mixed-methods approach: an effective combination of structure and flexibility  

Due to the lack of information for the study region, I used a mixed-methods approach that 

combines quantitative and qualitative methods to adequately understand the study region and 

system (Table 1). A mixed-methods approach provides an effective combination of structure 

and flexibility to systematically collect data without closing the project to new insights beyond 

the tentatively-postulated hypotheses (Creswell and Clark, 2010). It is applied to gain a holistic 

understanding of the phenomenon within a system and generate, validate or confirm 

hypotheses, develop new methods or refine questionnaires and scale items (Creswell and Clark, 

Figure 2 Forest loss from 2000 and 2019 in Côte d'Ivoire 

(Hansen et al., 2021, 2013). Civil unrest was associated with 

widespread deforestation in national parks, including 

Marahoué National Park and Mont Péko National park. The 

Tai National Park has remained unscathed during this period 

and represents one of the last contiguous forest blocks within 

the region. 
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2010). Overall, the survey included 47 

urban to rural settlements around the 

Taï National Park (Fig. 3). 

 

2.4.2 Qualitative approach 

2.4.2.1 Grounded theory approach: an 

emergent approach to explore 

causalities and formulate 

hypotheses  

The grounded theory approach, also 

called the "method of permanent 

comparison" is an emergent approach 

used to explore causalities and 

formulate hypotheses (Corbin and 

Strauss, 2012). This methodology is appropriate when little is known about a phenomenon and 

the goal is to construct an explanatory theory that reveals processes inherent to the object of 

study (Corbin and Strauss, 2012). In the process, ideas/concepts are labeled with codes in the 

data. Through repetitive processes of coding, data collection and reviews, higher-level concepts 

and categories can be grouped, which form the basis for hypotheses and theories (Corbin and 

Strauss, 2012). Accordingly, I conducted interviews with twelve key informants who I 

expected to have expert knowledge, including scientists (n=4) and NGO staff familiar with or 

from the study area (e.g. Wildlife chimpanzee foundation (WCF), Gesellschaft für 

Internationale Zusammenarbeit (GIZ)) (n=4) and my local assistants (n=4). I asked open 

questions (i.e. 'why' and 'how' questions) about living conditions, patterns of resource use, 

changes over time, adaptive responses, perceptions, and attitudes towards wildlife and 

conservation strategies. Coding was initially "open," meaning that everything was coded. 

Subsequently, variables that frequently emerged during the process became core variables that 

served to develop initial hypotheses and a solidifying theory.  

 

2.4.2.2 Coupled human-environment timelines: mapping social memory 

Every system has a path dependency, and the current state reflects past and current disturbance 

events (Parrott and Meyer, 2012). To capture this temporal aspect, I used coupled human-

environment timelines as a simple methodological tool to trace historical routes and processes 

(Nielsen and Reenberg, 2010). This method combines aspects like a straightforward 

Figure 3 Surveyed campsites, villages, towns and cities around 

the Tai National park 
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visualization of perceived history and causalities (Nielsen and Reenberg, 2010) with 

indigenous storytelling elements (Hall and Smith, 2000). I constructed the human-environment 

timelines in five villages with focus groups comprising men and women of all ages and 

different ethnicities. Key events, trends and changes in resource use as perceived by residents 

were mapped along known temporal reference points (e.g. opening of schools, churches). The 

villagers determined the time scale, which usually covered about 50 years. The overall aim was 

to understand the development over time of biophysical, cultural and socio-economic living 

conditions, and the associated changes in the use of natural resources in the Taï region.  

 

2.4.3 Quantitative approach 

2.4.3.1 Structured questionnaires: generating an empirical dataset for verifying the hypotheses 

I used structured questionnaires to collect a quantitative data set to test the preliminary 

hypotheses. This included results from extensive literature research, the grounded theory 

approach and partly from the human-environment time series. As there was little knowledge 

about resource use behavior in the region and various socio-economic parameters can be 

associated with biodiversity loss, the questionnaire included multiple hypotheses from different 

dimensions. The variables included economic, socio-cultural, ecological and governance 

dimensions and were measured in categorical two- or three-level scales. Questions for which 

the categorical classifications were uncertain were formulated openly and coded after data 

collection. The questionnaire was developed together with local researchers experienced in 

collecting data on wildlife trade in the area (PhD Yves Kablan, Joseph A. K. Kouassi). The 

multi-hypothesis approach is adapted from Brooks et al.’s (20013, 2012, 2006) framework for 

evaluating integrated conservation projects, which is strongly influenced by Elinor Ostrom's 

(2007) framework for analyzing social-ecological systems.  
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Table 2 Overview of applied methodologies 

Mixed-methods design 

 Qualitative data collection Quantitative data collection 

Approach Grounded theory 

approach 

Human-environment 

timelines 
Questionnaire 

Methodology Open questionnaire, 
dynamic 

“Why” and 

“How”questions 

Open questionnaire 
about historical events and 

changes 

Semi-structured standardized 
questionnaire 

Investigation 

unit 

Key informants 
(trustworthy or expert 

knowledge), e.g. NGO staff, 
researchers, assistants 

Groups varying on age 
classes, gender and ethnics 

Households, selected by cluster 
sampling method 

 

Selection of  

variables 

No pre-selection No pre-selection Literature review, expert 
interviews (grounded theory 

approach) 

Interviews 

conducted by 

Researcher Researcher and local 
assistants 

Local assistants 

No of variables Unlimited Partial limited Limited 

Holistic 

approach 

Yes Yes Limited 

Coping with 

complexity 

Yes Yes Limited 

Intention Exploratory 
Find new and verify 

hypotheses  

Exploratory 
Find new and verify 

hypotheses 

Confirmatory 
Verify hypotheses and variables 

Themes covered Identification of utilized 
natural products 

Cause of resource extraction 
Use of natural products 

Changes over time 
Coping strategies and 

adaptive response 
Ethnic/cultural differences  

perceptions, feelings, 
attitudes, towards the park 

perceived risk, threats, 
benefits from wildlife 

Map “social memory” 
Economic, cultural, 

biophysical  changes and 
there correlation with 

patterns of natural resource 
acquisition, use, hunting or 

consumption 
 

Contemporary  
socio- economic circumstances 

Ethnic/cultural diversity 
Perceptions of Conservation 

Household consumptions and 
practices 

Use of natural products/ wild 
meat 

 

Temporal span 

covered 

open ~50 years ~2 years 

Data analyses Prior to the data collection 
1) Open coding 

▸ Identify core variables 
2) Selective coding 

▸ formulate hypotheses and 
identify interconnectedness 

among 
categories 

(vertically and horizontally) 
descriptive statistics 

Parallel with data collection 
-Identify categories 

- visualization 
- identify interconnectedness 

among 
categories 

(vertically and horizontally) 

After data collection 
Generalized linear mixed model 
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 Insights from the coupled human-environment timelines 

The results of the coupled human-environment timelines showed a typical scenario for a  

tropical region in West Africa (Fig, 1-4). The region has experienced several waves of large-

scale in- and out-migration. Starting in the 1980s, farmers from the northern part of the country 

(Baulé) and the Sahel, mainly from Burkina Faso arrived due to droughts (Fig. 1-4). 

Simultaneously, the natural environment began to change due to deforestation and agricultural 

use, and the forest and wildlife around the villages disappeared (Fig 1-4). The loss of nature 

was temporally linked to changes in resource use. Traditional medicines from the forest were 

replaced or supplemented by Western ones (Fig. 1-4). Traditional fishing in rivers and lakes, 

often with poisonous plants declined as fish stocks dwindled (Fig. 1, 3, 4). Hunting became 

increasingly commercialized, shifted to the still wildlife-rich areas like the Taï National Park, 

and traditional rules such as closed seasons were increasingly disregarded (Fig. 1-4). Nature-

based traditions such as myths and environmental knowledge dwindled (Fig. 2, 3). Besides, 

traditional informal structures such as village leaders and elders, and traditional rules and laws 

were less respected (Fig. 4). Furthermore, health issues such as hunger, poor nutrition, anemia, 

and diseases increased during this transition period (Fig. 1-4). There were also significant 

changes in economic terms. From the 1950s, the monetary system gained importance, stores 

came to the villages, people increasingly had to buy food, and labor became available in 

logging operations (Fig. 1-4). There were also significant changes within the agricultural 

system. From the 1960s, cash crops such as coffee and cocoa arrived, and between the 1980s 

and 2000s rubber plantations, which provided a monthly income became popular (Fig. 1-4). In 

the late-1990s, land for agriculture began to become scarce, soils became infertile, salinized, 

and dry, plantations began to dry up, and from the 2000s the use of fertilizers boomed (Fig. 1-

4). After declining labor opportunities in the timber industry and shortages of farmland, 

unemployment spread from the 1990s onwards (Fig. 2, 4). The first shifts in the climate were 

noticed in the 1980s when precipitation decreased, which occurred in parallel with 

deforestation (Fig. 1, 3). Since the 2000s and especially the 2010s, climatic changes have 

become noticeable in the form of unpredictable seasons and rainfall (Fig. 1, 3, 4). Overall, 

within the last 50 years we observe severe changes in the physical, economic, cultural, 

environmental, and social dimensions. However, most of the changes have not been beneficial 

to local communities. Practices of unsustainable hunting were temporally linked to large-scale 

loss of nature, changes in traditional resource management, increasing economic pressure, and 

nutritional needs. 
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Figure 8 Participants that created the human-environment timelines in Ponan, Taï region, Côte d’Ivoire 
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CHAPTER III 

3. Disentangling economic, cultural, and nutritional motives to identify

entry points for regulating a wildlife commodity chain

3.1 Zusammenfassung: 

Die Entwicklung von Maßnahmen zur Eindämmung gesundheits- oder umweltgefährdender 

Produkte beginnt in der Regel mit der Frage, ob der vielversprechendste Ansatzpunkt die 

Reduzierung von Produktion, Vertrieb oder Konsum ist. Wir versuchen hier diese 

entscheidende Frage für Buschfleisch zu beantworten, ein Wildtierprodukt, dessen nicht 

nachhaltige Nutzung die Biodiversität und Ernährungssicherheit bedroht. Wir haben einen der 

größten verfügbaren Datensätze über die Warenkette von Buschfleisch gesammelt, indem wir 

348 Jäger, 202 Buschfleischhändler, 190 Restaurantbesitzer und 985 Verbraucher in 47 

städtischen und ländlichen Siedlungen rund um den Taï-Nationalpark an der Elfenbeinküste 

befragt haben. Wir untersuchten 1) strukturelle Merkmale durch Netzwerkanalysen und 2) 

entwirrten die zugrundeliegenden wirtschaftlichen, kulturellen und ernährungsbezogenen 

Motive für die Buschfleischnutzung auf der Ebene der Produktion (Jäger), des Vertriebs 

(Buschfleisch-Handeltreibende) und des Konsums (Haushalte). Wir fanden heraus, dass die 

Jagd von ökonomischen Motiven bestimmt wurde, während der Handel mit ökonomischen und 

kulturellen Motiven verbunden war und der Konsum rein von kulturellen Gewohnheiten 

beeinflusst wurde. Handelstreibende waren vielversprechende Kandidaten für wirksame 

Regulierungseingriffe, hatten aber nur einen kleinen Marktanteil und das Risiko der 

Verdrängung in andere Handelskanäle bleibt bestehen. Da kulturelle Motive für den Konsum 

eine wichtige Möglichkeit für groß angelegte Verhaltensänderungen bieten, schlagen wir die 

Verbraucher als effektivsten Ansatzpunkt für Interventionen vor. Allerdings sollte jede 

derartige Intervention auf Verbraucherebene durch Programme unterstützt werden, die den 

übrigen Akteuren der Warenkette alternative Lebensgrundlagen bieten. Generell müssen 

Interventionen in das komplexe sozial-ökologische System von Wildtier-Warenketten 

Abhängigkeiten berücksichtigen und erfordern Multi-Akteur-Ansätze und Monitoring, um 

Verdrängungs- und Diffusionseffekte zu vermeiden und einen sozial und ökologisch 

nachhaltigen Wandel zu gewährleisten.  



Contents lists available at ScienceDirect

Biological Conservation

journal homepage: www.elsevier.com/locate/biocon

Disentangling economic, cultural, and nutritional motives to identify entry

points for regulating a wildlife commodity chain

Mona Estrella Bachmanna,b,c,
⁎
, Jessica Junkera,1, Roger Mundrya,1, Martin Reinhardt Nielsend,2,

Dagmar Haasee,c,3, Heather Cohena,1, Joseph A.K. Kouassif,4, Hjalmar S. Kühla,b,1

a Department of Primatology, Max Planck Institute for Evolutionary Anthropology, Leipzig, Germany
bGerman Centre for Integrative Biodiversity Research, Leipzig, Germany
c Department of Geography, Humboldt University, Berlin, Germany
dDepartment of Food and Resource Economics, University of Copenhagen, Rolighedsvej 23, 1958 Frederiksberg C, Denmark
eHelmholtz Centre for Environmental Research – UFZ, Leipzig, Germany
fUniversity Félix Houphoüet-Boigny, Abidjan, Côte d'Ivoire

A R T I C L E I N F O

Keywords:

Bushmeat

West Africa

Drivers

Wildlife management

Conservation

Wildlife trade

A B S T R A C T

Development of reduction policies for products risking the health or the environment usually begins with the

question of whether the most promising entry point is reducing production, distribution or consumption. We aim

to answer this crucial question for bushmeat, a wildlife product whose unsustainable harvest threatens biodi-

versity and food security. We collected one of the largest data sets available on bushmeat commodity chains by

interviewing 348 hunters, 202 bushmeat traders, 190 restaurant owners, and 985 consumers in 47 urban and

rural settlements around Taï National Park, Côte d'Ivoire. We examined 1) structural traits by network analyses

and 2) disentangled the underlying economic, cultural, and nutritional motives for bushmeat utilization at the

level of production (hunters), distribution (bushmeat traders), and consumption (households). We found that

while economic drivers determined hunting, trading was associated with economic and cultural drivers and

consumption was purely influenced by cultural habits. Bushmeat traders were promising candidates for effective

regulation interventions, but held a small market share and the risk of displacement to other trading channels

remains. Since cultural motives for consumption provide a key opportunity for large-scale behavioral changes,

we propose consumers as the most effective point of entry for interventions. However, any such consumer level

intervention should be supported by programs providing the remaining commodity chain actors with alternative

livelihoods. Generally, interventions into the complex social-ecological system of wildlife commodity chains

must consider interdependencies and require multi-actor approaches and monitoring to avoid displacement and

diffusion effects and to guarantee a socially and ecologically sustainable change.

1. Introduction

The most challenging question in any attempt to reduce the utili-

zation of harmful products, either to the environment or to health, is,

whether it is more promising to tackle the supply or the demand. We

aim to answer this crucial question for wild meat, or so-called “bush-

meat”, a wildlife product, whose unsustainable extraction threatens to

decimate wildlife populations in many tropical and subtropical areas

(Ripple et al., 2016). Simultaneously, this overexplotation may jeo-

pardize the livelihoods of approximately 150 million people in the

global south, who rely to some extent on bushmeat as a source of food

and income (Nielsen et al., 2018). Bushmeat hunting may also con-

stitute a high-risk source of emerging pandemic zoonoses (Daszak et al.,

2000).
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Research to support the development of initiatives to mitigate the

overexploitation of bushmeat often focuses on the hunters, their so-

cioeconomic profiles, opportunity costs and their interaction with the

environment (Coad et al., 2013; Nielsen et al., 2017). However, since

hunting in the tropics is not limited to subsistence, decision making by

hunters can also be driven by market demand for bushmeat. This de-

mand emanates from a complex trading network, which is structured by

different drivers at multiple spatial and organizational scales

(Cowlishaw et al., 2005a; Kamins et al., 2011; Van Vliet et al., 2019).

These drivers are context related through geographical, ecological, so-

cial, cultural, economic and historical differences and are thus hetero-

geneous and barely generalizable. For instance, in urban areas usually

wealthier households elect to buy and consume more bushmeat,

whereas in rural areas it is typically poverty which drives reliance on

bushmeat (East et al., 2005; Nielsen et al., 2018). Infrastructural de-

velopment can lower nutritional reliance on bushmeat by increasing

access to alternative protein sources like fish or livestock (Junker et al.,

2015). Conversely, better roads can also facilitate commercial bush-

meat trade, thereby increasing offtake rates (Junker et al., 2015).

Cultural habits are also one of the main reasons why people eat or hunt

bushmeat (East et al., 2005). However, religious or spiritual, dietary

-restricting beliefs and hunting taboos have been shown to decrease

demand for particular species (Colding and Folke, 2001).

Thinking of the bushmeat commodity chain as a complex system,

containing multiple actors with unique histories, socio-economic needs

and motivations, and taking place under varying environmental con-

ditions, illuminates the intricacy of the problem. These complex social-

ecological systems can create hard-to-predict dynamic responses, for

which conservation policies that are built on assumptions of simple

cause-effect relationships, may not be effective (Ostrom, 2007). More-

over, incentives to lower bushmeat consumption at one point in the

commodity chain can have undesired effects at another point

(Cowlishaw et al., 2005a). For instance, providing alternative protein

can reduce the reliance on bushmeat on the consumer's side. On the

hunter's side, reduced demand and related price declines can either

motivate hunters to seek new livelihood opportunities, or, if alter-

natives are lacking, force hunters to increase their catch to meet their

income requirements (Brown and Robinson, 2003). Furthermore, the

motivation for resource use is a decisive factor for the success of reg-

ulation approaches. In a node of the commodity chain, where nutri-

tional or economic reliance on bushmeat is high, development-related

approaches may succeed, but cultural strategies like education pro-

grams alone may fail because the high reliance and thus low flexibility.

Another crucial point is the structural organization of the commodity

chain. No matter how promising an intervention may appear, if the

target group hold only a minor market share of the goods, major de-

clines in wildlife offtake will be unlikely (Nielsen and Meilby, 2015).

Considering this variability and uncertainty at each node of this system,

scientists have emphasized the need for multi-actor approaches, which

ideally consider all stakeholders and the dynamics between them

(Cowlishaw et al., 2005a). However, such multi-actor approaches are

frequently prevented by fundamental knowledge gaps, because people

hesitate to report their often illegal bushmeat related activities.

This study conducted around the Taï National Park (TNP) in Côte

d'Ivoire coincided with the recent Ebola virus disease (EVD) epidemic in

West Africa from 2013 to 2016, the most widespread Ebola outbreak

ever recorded (World Health Organization 2016). To prevent animal-

human transmissions of EVD, the Ivorian authorities strictly penalized

hunting, trading and the consumption of bushmeat. This led to the

unusual situation in which most actors in the bushmeat commodity

chain were no longer involved in illegal activities. Not fearing prose-

cution for former involvement, they spoke openly about this usually

hidden economy and thus contributed to one of the largest datasets

available for bushmeat commodity chains. Some parts of our analyses

are based on recall data and self-reports. Generally, we expect the

systematic bias in our data to be minimal, because several results

reported by other authors apply to our study: respondents report with

higher accuracies for regularly performed tasks and when they do not

fear legal prosecution; personal attributes like education were not

connected to higher accuracy levels; annual recall perform better than

prior month recalls, since they minimize the effects of rare and/or

seasonal variations; and annual interviews with bushmeat traders on

perceived average quantities sold and their prices provide accurate

estimates (Gavin et al., 2009; Golden et al., 2011; Jones et al., 2008;

Mayor et al., 2019). Even if recall-data and real harvest rates usually

show high consistencies, which our cross-validation with other datasets

confirmed (Appendix 1.3), possible inaccuracies may occur through:

over- or underrating of resource utilization (Gavin et al., 2009; Golden

et al., 2011), tending towards the mean (Jones et al., 2008) and random

errors due to imprecise memories (Gavin et al., 2009; Golden et al.,

2011). However, all three potential scenarios would increase the like-

lihood for false negative, but not of false positive results (see discussion

and Appendix 1.3.).

This unique dataset allowed us to answer one of the most critical

questions of any reduction policy, namely, is the most effective entry

point for regulation of health and conservation interventions the pro-

duction, the distribution, or the consumption of a product? Therefore,

we evaluated 1) the basic structure and dynamics of the bushmeat chain

and 2) the underlying drivers to engage in a) production, b) distribu-

tion, and c) consumption of bushmeat. Our study is the first to trace

back the complex trading network and evaluate at each level whether

the underlying motives were economic, cultural, or nutritional.

Disentangling these mutually interacting drivers and functions of

bushmeat utilization in a society of tropical Africa provides essential

knowledge for the development of urgently needed holistic conserva-

tion and development policies.

2. Methods

2.1. Study site

We collected interview data from January–August 2015 in 47 set-

tlements around the UNESCO World Heritage Site TNP, located in

southwest Côte d'Ivoire (Fig. 1). Wildlife abundance in this largest

protected rainforest in West Africa has decreased over the past years

Fig. 1. Survey: urban and rural locations.
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due to high hunting intensity (N'Goran et al., 2013). It was estimated,

that 20,000 subsistence-, 600 semi-professional-, and 60 professional

hunters lived on the periphery of TNP (Refisch and Koné, 2005) and

that about 895 tons of bushmeat were consumed annually (Caspary and

Koné, 2001).

2.2. Data collection

We selected 47 settlements randomly within a buffer of 25 km from

TNP which ranged from campsites to urban areas. We included three

urban bushmeat trading points in our sample, where we interviewed

bushmeat market vendors. We aimed to sample at least 3% of house-

holds in settlements with up to 25,000 inhabitants and surveyed each

nth household, according to the village size (Table A.1). In urban areas

larger than 250,000 inhabitants, we used a two-stage cluster sampling

method (Galway et al., 2012). We randomly selected one-third of the

roads in the settlement, divided the number of adjacent houses by the

desired sample size and interviewed again each nth household (Fig. 1,

Table A.1). Bushmeat traders and restaurant owners were approached

through local meat trading associations into which they were orga-

nized. Due to the illegal nature of hunting in Côte d'Ivoire, hunters were

recruited using snowball sampling (Patton, 1990) through the local

knowledge of interviewees and informants. To protect respondents,

strict ethical guidelines (Appendix.1.1) were adhered to and all ques-

tions referred to activities prior to the EVD outbreak. For the ques-

tionnaire design see Appendix 1.2. We refrained from opportunities to

conduct hunter follows or quantitative surveys of the remaining trade,

because of legal issues in addition to the highly questionable ethics of

sending the wrong signals regarding infection risks and conservation

goals (Appendix.1.1).

2.3. Analytical procedures

2.3.1. Weighted network analysis of the bushmeat commodity chain

We identified key actor groups and evaluated their interactions in

the bushmeat commodity chain, using a weighted network analysis

(Kamins et al., 2011). We estimated the trade-flow patterns among

actor groups in terms of supply and demand through the proportion of

respondents who named a specific destination of their supply or source

of their demand for bushmeat. As exact quantities of meat were un-

known, we used the weight of “1” for each respondent stating only one

destination or source. For respondents who listed multiple destinations

or sources, we divided the weighting evenly by the number of listed

sources or destinations (Kamins et al., 2011).

2.3.2. Statistical analyses of economic, cultural and nutritional drivers

First, we tested factors which potentially increased the probability

of being a 1a) commercial hunter, 1b) a bushmeat trader and 1c)

bushmeat consumer compared to subsistence hunters, non-trading

households and non-bushmeat consumers by using Generalized Linear

Mixed Models (GLMMs) (Baayen, 2008)) with binomial model error

structure and logit link function (McCullagh and Nelder, 1989)

(Table 1). Second, we wanted to understand the incentives of people

utilizing bushmeat on a daily or weekly basis compared to people who

use bushmeat rarely. Thus, we evaluated the drivers shaping the in-

tensity of resource use in the case of 2a) hunting, 2b) trading and 2c)

bushmeat consumption measured in hunted and traded animals per

year and frequency of bushmeat consumption by GLMMs with Gaussian

error structure and identity link function (Table 1). The response in this

second set of models was obtained by asking respondents to describe an

average hunting trip, market day or consumption frequencies of which

species and their amounts (Appendix 1.2.). To avoid miscalculations,

the respondents determined in all cases the units (e.g. per market day,

hunting trip, hunting season, day, week, month or year) and seasonal

variations within activities were considered. These self-reports by direct

questioning and recall-data can contain certain biases, including T
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misremembering and active misleading or under- or overestimate va-

lues (Gavin et al., 2009; Jones et al., 2008). We cross-validated data,

collected in a direct and indirect way and compared our data with

available datasets from this region (Kouassi et al., 2017). We found high

consistencies and no indication of intentional underreporting of species

with higher protection status, such as primates. Thus, we expect, that

the effects of such biases are minimal, and that our dataset accurately

reflects real trends (Appendix.1.3).

2.3.3. Economic predictors

Previous studies have shown that wealth influences hunting (Coad

et al., 2010) and bushmeat consumption (Wilkie et al., 2005). We in-

cluded cash income per capita expecting higher cash income for hunters

and traders (Coad et al., 2010) and the highest nutritional reliance on

bushmeat among the poorest households (Nielsen et al., 2018). We

excluded cash-income per capita as a predictor of hunting and trading

intensity (model 1a, 2b) to avoid circularity, as hunting contributed

74%, and trading 88% to the overall household cash-income. We dis-

carded household assets - a commonly used proxy of wealth (Junker

et al., 2015) as a predictor, mainly because people in unstable areas

feared robberies and avoided attention through owning items dis-

playing wealth (Appendix.1.4). After discussion with researchers ex-

perienced in collecting household data in this region, we used the

monetary value of livestock owned and land ownership instead, as both are

popular investments, independent of employment in the agricultural

sector (personal communication Ano Joseph Kouassi, Yves Kablan). We

included the number of dependent children as a measurement for eco-

nomic needs, as larger households have higher poverty risks (INS, 2015)

and showed higher reliance on bushmeat (Kouassi et al., 2017). We

included education level measured in years of school attendance as a

measure of economic opportunities, as higher education levels provide

access to alternative income-generating opportunities (INS, 2015).

Additionally, education has been shown to reduce depletion of wildlife

(Junker et al., 2015). (For a detailed description see Table 2).

2.3.4. Nutritional predictors

Shortages or high prices of fish and domestic meat can increase

hunting and bushmeat consumption (Junker et al., 2015). We therefore

included the physical and economic availability of alternative protein in the

models predicting hunting and consumption. We asked households

about the availability (per week, month or year) and prices of alter-

native protein types within the village, where the main declared sources

were fish, chicken, cattle, goat, and sheep. To avoid an over-

parameterized model, we derived aggregated estimates of the prices of

alternative protein at the village level (Appendix.1.5) (Table 2).

2.3.5. Cultural predictors

We focused on psychosocial indicators (beliefs, attitudes, social

norms), as these aspects can be modified through interventions and

thus, may represent entry points for regulation (Morsello et al., 2015).

We included religious affiliation, as religion can influence bushmeat use

through prohibitions and perceptions of environmental concerns. For

instance, Muslims avoid primate meat (East et al., 2005), strong

Christian faith has been shown to be associated with anti-environ-

mental attitudes, beliefs and behaviors (Taylor et al., 2016), and tra-

ditional belief systems frequently incorporate local conservation me-

chanisms (Colding.J and Folke.C, 2001). We also included the

possession of traditional taboos, as taboos can decrease bushmeat usage

(Colding.J and Folke.C, 2001). For hunters, we included adherence to

traditional resource management practices (e.g. closed seasons, hunting

rules), as they can protect biodiversity (Berkes et al., 2000). We used a

proxy, because the distinction between traditional hunting rules and

modern-day witchcraft or habits from the civil war was difficult to as-

certain and because hunting practices were often family secrets. Tra-

ditional management practices and are usually passed along genera-

tional lines (Berkes et al., 2000). Around TNP, this process was

dysfunctional, because hunting occurred mainly in the wildlife rich

protected areas (PAs) with strict hunting bans. Because of the inter-

generational aspect, we hypothesized, that hunters with hunting

knowledge transmitted down the family line by older fathers or

grandfathers, adhere more to traditional practices than hunters who

gathered this knowledge by themselves or via their same-aged friends.

Lack of environmental knowledge can constitute a barrier to behavioral

change but does not necessarily lead to a change in behavior. As there is

some evidence that environmental awareness may lower bushmeat

consumption (Kouassi et al., 2017; Morsello et al., 2015), we in-

corporated a variable to reflect this in our model. For consumers, we

also included taste preferences for bushmeat as a main driver of con-

sumption choices (East et al., 2005) (Table 2).

2.3.6. Control variables

We included in our models relevant geographic (distance to nearest

trading centre, number of inhabitants in settlement, ease of access to

bushmeat based on availability, price (East et al., 2005), cultural (re-

spondent's location of origin (East et al., 2005), percentage of lifetime

spent in settlement (Morsello et al., 2015) and demographic (age, sex)

control predictors (Luiselli et al., 2017) (Table A.1.3). To eliminate the

effect of differences in profitability as a determinant for hunting and

trading intensities, we included bushmeat prices.

2.3.7. Disentangling economic, nutritional and cultural correlates

To disentangle if hunting, trading and consumption was a function

of economic, cultural or nutritional effects, we derived the AIC Values

and the differences between them (ΔAIC) (Burnham and Anderson,

2002) from models, which included the control predictors and either

economic, cultural, or nutritional test predictors, and all possible

combinations of these.

2.3.8. Data processing and model fitting

For ease of interpretation, we z-transformed all numeric fixed ef-

fects (Schielzeth, 2010). For a roughly symmetrical distribution,

skewed predictors were square root- or log-transformed (Tables

A3.1–A3.4). We determined the level of multicollinearity by calculating

Variance Inflation Factors (Field, 2005) (Table A2.1). We evaluated the

distribution of random effects, and the distribution and homogeneity of

residuals (Gaussian error function) by visually inspecting qqplots and

scatterplots of the residuals plotted against fitted values. Model stability

was assessed by comparing the full-model estimates, with estimates

obtained by excluding levels of the random effects one at a time (Table

A2.1). We used a likelihood ratio test (LRT) to compare the full model

with a respective null model, which lacked the test predictors, but kept

all control, fixed and random effects (Schielzeth and Forstmeier, 2009).

We included all possible random slopes (Schielzeth and Forstmeier,

2009), but excluded correlations between random intercepts and

random slopes (Schielzeth and Forstmeier, 2009). All models were

implemented in R (version implementation 3.3.1; R Core Team 2016)

using the functions of the lme4 package (Bates et al., 2015). More in-

formation in Appendix.2.

3. Results

Hunters caught on average 590 animals per year (sd= 717,

min=6, max=3840). Highly commercialized hunters could stay on

hunting trips for up to three months using up to 24 porters to transport

the animals to the villages. Traders sold on average 1486 animals per

year (sd=1390, min=36, max= 7800) and households, who con-

sumed bushmeat, did this on average 188 times per year (sd= 229,

min=1.5, max= 1456) (summary statistics presented in Table A3.1-

A3.4).
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Fig. 2. a) Supply chain (indicated destinations) and b) demand chain (indicated sources) of bushmeat. The width of an arrow reflects the absolute number of

respondents who named the destination or source. The numbers on the right side are the percentages of respondents.
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3.1. Structural traits and key actor groups within the bushmeat commodity

chain

Using weighted network analysis, we split the commodity chain into

a supply chain, from source to sink (landscape to consumer) (Fig. 2a)

and the reverse demand chain, from sink to source (from consumer to

hunter) (Fig. 2b). The supply chain showed that commercial hunters

(n=245) supplied a broad and diverse network of retailers, pre-

dominantly restaurant owners (52%) (Fig. 2a). Around 30% of hunters

supplied bushmeat traders (n=186), which connected rural hunters to

urban clients. Ten percent supplied private clients from distant urban

centers, i.e. Abidjan. Bushmeat traders and restaurant owners (n=126)

consisted of 96.2% (300 of 312) women, and many traders were single

mothers (57 of 142) or widows (17 of 142). They operated in large

bushmeat trading associations, which assisted each other with paying

fines and other financial problems. The demand chain was less di-

versified, and most households obtained their meat independently from

fields (39%) or straight from hunters (31%). Most commercial hunters

sourced their meat out of PAs (94%), meanwhile subsistence hunters

(n=49) slightly preferred agricultural landscapes (56%) (Fig. 2 b).

3.2. Reasons for entering, working in and leaving the bushmeat commodity

chain

Most hunters began hunting due to unemployment (35%, n=190)

(Fig. 3a) and continued because of its profitability (22%, n=224)

(Fig. 3b). Most traders were introduced by other commodity chain ac-

tors into the business (41% traders, 10% hunters, n=147) (Fig. 3a) and

stayed in the trade to financially support their family (47%, n=140)

(Fig. 3b). More than half of the hunters (205 of 336) and traders (128 of

217) wished to abandon their profession due to strenuousness, fear of

EVD, danger, and low prestige. Hunters saw alternatives mainly in the

agricultural sector (237 of 354) and individual project set-ups (247 of

354), whereas most traders wanted to continue with commerce (111 of

190) and preferred community projects in their trading associations

(101 of 190) (Table A3.5). Half the consumers preferred domestic meat

(50% of 776) and consumption decisions were based mainly on taste

preferences (78%) (Fig. 3c). Half of the consumers (51% of 899) feared

EVD and wanted to cease bushmeat consumption.

3.3. Determinants of hunting, trading and consuming bushmeat

The probability of hunting commercially was significantly asso-

ciated with our socio-economic test predictors (full-null-model-com-

parison: χ2=56.71, df= 14, p > 0.001). In consideration of the AIC-

weights, hunting probability was best explained by economic and nu-

tritional predictors (Table A.3.10). The probability of being a com-

mercial hunter was positively associated with cash income per capita,

the number of dependent children per household and the local prices of

protein (Table 3, Fig. 4a/c). Probability of engaging in commercial

hunting was negatively associated with area of land owned (Table 3,

Fig. 4b). Additionally, there was a tendency towards a decreasing

probability of commercial hunting with adherence to more taboos. One

control predictor showed the tendency that the longer hunters lived in

the same settlement, the more likely they were to hunt commercially

(Table 3). The model investigating the determinants of the intensity of

hunting found no significant effect of any of the socio-economic pre-

dictors (full-null-model-comparison: χ2=13.55, df= 13, p=0.406).

The AIC-weights identified the null-model explaining best the response

(Table A.3.10).

The probability of participating in the bushmeat trade was sig-

nificantly influenced by socio-economic conditions (full-null-model-

comparison: χ 2=62.52, df= 10, p < 0.001) and the full-model ex-

plained best the response (Table A.3.10). The probability of trading

bushmeat was positively associated with household income but de-

creased with increasing value of livestock and education level (Table 3,

Fig. 4d). The probability of trading bushmeat was also negatively as-

sociated with practising Islam and with awareness of the negative en-

vironmental consequences associated with bushmeat hunting (Table 3,

Fig. 4e/f). Our results showed a trend in the number of taboos adhered

to per respondent was positively correlated with the probability of

engaging in bushmeat trade (Table 3). None of the predictors were

significantly associated with the intensity of trading activity (full-null-

Fig. 3. a) Reasons to start hunting or trading with bushmeat b) reasons to

continue with hunting and trading c) Type of meat protein consumed in

households and the reason for this preference.
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Fig. 4. Probability of utilizing bushmeat as a function of various predictors. Top panel - Correlates of the: probability of hunting commercially plotted against a)

dependent children/household, b) land ownership/household and the c) available protein per ten days. Middle panel - probability of trading bushmeat plotted

against d) value of livestock/household, e) religious affiliation and c) level of environmental awareness. Bottom panel – probability of consuming bushmeat plotted

against g) religious affiliation, frequency of bushmeat consumption plotted against h) preference towards bushmeat and i) level of environmental awareness.
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model-comparison: χ 2= 14.47, df= 9, p=0.11). The AIC-weights

showed that cultural predictors (Table A.3.10) best explained trading

intensity.

Sixty-nine percent of the surveyed households consumed bushmeat

in the 12months prior to the outbreak of EVD and when they did so, an

average 49.9% of their consumption consisted of bushmeat. The prob-

ability of having consumed bushmeat was clearly influenced by socio-

economic and cultural factors (full-null-model-comparison: χ

2= 33.07, df= 10, p < 0.001) and the model with only cultural

predictors best explained the response (Table A.3.10). Religion sig-

nificantly influenced the probability of consuming bushmeat, whereby

Muslims consumed the least bushmeat (Table 3, Fig. 4g). Furthermore,

there was a tendency towards lower probability of consuming bushmeat

for respondents who were aware of the potential adverse environmental

consequences of wildlife depletion through over-hunting (Table 3). The

intensity of bushmeat consumption was also clearly affected by the test

predictors (full-null-model-comparison: χ= 34.45, df= 13,

p < 0.001) and was best explained by cultural predictors (Table

A.3.10). Taste preference for bushmeat was the predictor that most

increased consumption intensity (Table 3, Fig. 4h). Knowledge about

the harmful effect of hunting decreased consumption levels by 16.3%

(Table 3, Fig. 4i). In addition, more bushmeat was consumed in areas

with higher availability and more affordable price (Table 3). For

complete model output and confidence intervals, see Tables A3.8–A3.9.

4. Discussion

Overall, our results illustrate the profitability of the wildlife trade,

the diverse distribution channels of bushmeat, and the divergent eco-

nomic and cultural pressures operating at each node of the commodity

chain. Economic shocks predominantly drove hunters into their pro-

fession, and economic drivers mainly determined hunting habits.

Bushmeat traders were usually introduced by other traders into their

profession, and both cultural and economic aspects influenced trading.

Most consumers, however, based their choices on taste, and cultural

aspects and beliefs drove consumption.

4.1. Commodity chain structure

The bushmeat commodity chain, with restaurant owners as the

predominant retailers of bushmeat, compares well with other descrip-

tions from West Africa (Caspary and Koné, 2001; Cowlishaw et al.,

2005a). Noteworthy are the different channels of bushmeat distribution

and that approximately only one-third of the hunted animals reached

public markets (Fig. 2a). Commercial hunters supplied primarily a

network of retailers and marketed mainly animals from PAs, whereas

local households independently sourced their bushmeat from fields.

This demand-supply gap indicates that forest-dwelling species may be

destined for distant urban markets, where, monkeys for example, re-

present coveted luxury products (East et al., 2005).

4.2. Economic, nutritional and cultural drivers at the actor levels

The reasons to start hunting or trading involved in large part, eco-

nomic shocks, and more than half of the hunters (61%) and traders

(59%) hoped to change profession. Thus, hunting and trading seemed to

constitute a fallback strategy, rather than a desirable profession or

cultural legacy. However, most traders (56%) were often introduced to

their profession by other traders, commonly of the same family or tribe.

The handing-down of this custom shows that trading bushmeat is

rooted, in part in tradition. Consumption choices chiefly related to the

socio-cultural context of taste preference (Fig. 3c).

Our analyses revealed, that engaging in bushmeat-related activities

was related to agricultural property and production. Similar relation-

ships had been observed over the whole global south (Nielsen et al.,

2017). Hunting was driven by a lack of farmland and 13% of the

hunters mentioned that low land ownership or yields drove them into

their profession (Fig. 3a). Hence, hunting may be related to a lack of

economic opportunities in, but also outside of the agricultural sector.

The probability of trading bushmeat increased with decreasing live-

stock ownership. Many traders (67 of 190) would have liked to engage

in farming, of mostly chickens but mentioned inadequate economic

resources as the main obstacle (Table A.3.5).

As expected, the exploitation of wildlife was associated with high

cash incomes, which highlights the extraordinary income potentially

achievable in the wildlife trade (on average 2.9 times higher for com-

mercial hunters than the interviewed consumer households) (Table

A3.1) (Coad et al., 2013). The observed increasing probability of

hunting commercially with more dependent children may reflect a

higher economic pressure. It may also relate to the relatively higher

income, which could increase survival rates of children or attractive-

ness to women, resulting in more wives and hence, children (Lindsey

et al., 2013). However, on average, commercial hunters did not have

more wives than non-hunters. Despite the unclear causality, this em-

phasizes the dependence of families on this source of income, which

was also observed for traders (Fig. 3b).

Lower education increased the probability of trading; yet, when

women were considered separately, traders attended school on average

slightly longer (2.8 yrs.) than the interviewed non-trading females

(2.5 yrs.) (Appendix.4.3). Contrary to our prediction, the probability of

engaging in commercial hunting activities increased with availibility of

protein. However, more available protein may also reflect better market

access and thus improved opportunities for the commercialization of

bushmeat. Islamic faith appeared to prevent people from trading

bushmeat, which may relate to the above-described tradition of trading

and the elusiveness of this lucrative trade (Caspary and Koné, 2001).

Most traders belonged to local ethnic groups (75%) and were thus, not

Muslims. Environmental awareness decreased the probability of being a

trader. However, lower levels of awareness of traders may also relate to

self-justification of their current profession by negating environmental

concerns.

Bushmeat consumption seemed to be a cultural matter, rather than a

necessity for survival. When economic and nutritional reliance on

bushmeat are reduced, consumer behavior has shown to be strongly

modified by traditional values, beliefs, attitudes, and social norms

(Morsello et al., 2015). Islamic faith drastically lowered the probability

of consuming bushmeat, likely through ‘haram’ (forbidden) food (non-

halal meat, primates, snakes, wild pig, porcupine, reptiles) (Hema et al.,

2017). People also ate less bushmeat when they were aware of the

negative consequences of bushmeat extraction on the environment.

These results parallel recent evidence that environmental awareness

can decrease bushmeat consumption, especially when reliance levels on

bushmeat are low (Kouassi et al., 2017; Morsello et al., 2015). As ob-

served in other locations (Wilkie et al., 2005), we found a negative price

elasticity of consumption, indicating that people consumed less bush-

meat when prices increased (further discussion see Appendix 4.3).

Our analyses were partly based on recall data and self-reports

(Model 2a,b,c). Even though we attempted to ensure that these data

reflect real trends (Appendix 1.3.), three potential scenarios are con-

ceivable: First, people may have on average over- or underrated their

resource utilization (Gavin et al., 2009; Golden et al., 2011). This would

bias the intercepts in our models, but we would not expect stronger

effects on the estimated effects of predictors. Second, people tend to-

wards the mean, so they may overreport low levels of consumption and

underreport high levels of consumption (Jones et al., 2008). In this

case, the magnitude (i.e. slope in the models represented by the coef-

ficients) of the estimated effects of the predictors would decrease, re-

sulting in a more conservative model output. Third, random errors in

individual recall would reduce the power to detect effects, again

leading to more conservative models. To summarize, we would expect a

higher likelihood for false negative results, but not of false positive

results.
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4.3. Potential entry points for regulating the bushmeat commodity chain

We assessed the suitability of each actor group as a potential entry

point for interventions to regulate the bushmeat commodity chain by 1)

structural traits, which could maximize the cost-efficiency of inter-

ventions like a preferably small group size, a large market share and

easy accessibility of target groups (Cowlishaw et al., 2005b; Nielsen and

Meilby, 2015) and 2) their feasibility regarding their motivation for

resource use.

4.3.1. The high profitability makes hunters a challenging point of

intervention

Commercial hunters are the primary target of interventions, as they

ultimately determine the killing of species-at-risk within PAs. The com-

pelling economic motivations for hunting require economic counter-

strategies. Since most commercial hunters obtained high cash-incomes,

and this money did not motivate them to search for alternatives, providing

concrete livelihood alternatives may be more promising than offering

credit alone. Most hunters preferred to engage in livestock husbandry

(67%) and in individual projects (70%), because they lack trust in other

hunters, and in themselves when dealing with money. Unfortunately, in-

creased access to livestock has rarely been successful in reducing hunting

offtake (van Vliet, 2011), because livestock activities require stable long-

term involvement. Conversely, hunting provides immediate payoff, easy

accessibility and seasonal independence. Consequently, optimal incentives

for hunters should promote individual livestock husbandry projects with

staggered credits and conditionality. The income should ideally outweigh

the high profits of hunting and a secured buy-off would prevent falling

back into hunting during low sales periods. However, these projects would

be costly, and their application hindered by the hidden and non-union

organization of hunters. Moreover, hunting intensity can be highly

skewed, such that a few individuals are responsible for most of the harvest

(Coad et al., 2013) (Table A3.1). Such individuals are commonly difficult

to engage in alternative income activities, and even if less successful

hunters engage in other activities, unsustainable extraction rates will be

maintained (Coad et al., 2013). Furthermore, nearly three times higher

cash-incomes than in any other profession can motivate new hunters to fill

the gap, when others retire. In summary, reduction policies targeting

hunters alone may be unlikely to succeed, especially when hunting

maintains its high profitability.

4.3.2. Bushmeat traders as promising candidates for interventions, but with

small market share

The centralized organization of bushmeat traders in relatively small

associations, public markets and trading routes concentrated along roads

facilitate cooperation and surveillance. Additionally, trading associations

may have high social capital (trust, reciprocity, similar rules, and norms)

through their cultural and social homogeneity and their function as a se-

curity net, which facilitates collective actions like sustainable resource use

(Ostrom, 2007). Management options would be to provide trading asso-

ciations with quality, and currently lacking, domestic meat or encouraging

them to trade more resilient species like rodents. Already 53% of the

bushmeat traders reported that they would prefer to sell legal commodities

instead, despite the impressive salary they gain from bushmeat trade and

the advantages of being part of their associations. Combinations of eco-

nomic, cultural or educational approaches, such as awareness campaigns

or collaboration with churches, might work to reach the goal of greater

sustainability. This group-based approach is relatively cheap and has the

positive side effect of providing consumers with alternative protein. Fur-

thermore, support programs for these groups with usually high poverty

risks (women, single mothers, widows) (INS, 2015), and family planning

could prevent new recruitment (Ripple et al., 2016). Despite these pro-

mising approaches, one trade-off is the distribution of bushmeat via var-

ious sales channels, thus interventions at one point could lead to dis-

placement and diffusion effects at another. For instance, in parts of the

TNP with stricter law enforcement in the marketplace, hunters often

directly supplied urban clients. Furthermore, the market share of traders

was only 30% (public markets 15%) (Fig. 2). Thus, even if traders are

willing to meet conservation objectives, only about a third of the trade

could be reduced and there remains a considerable risk that bushmeat

distribution shifts to new and hidden channels.

4.3.3. Bushmeat consumers as the entry point to effective regulation

interventions

Consumers in both urban and rural areas are driving the demand for

bushmeat and are thus the most widespread, heterogeneous and least

localizable group within our examined system. This would usually

make them a poor choice for conservation incentives. However, con-

sumption is dictated by cultural rules, which are self-enforced by social

norms and internalized ethical and moral beliefs, and thus, independent

from law enforcement (Colding.J and Folke.C, 2001). The effect of

environmental awareness is of particular note, notwithstanding the

often slow change of cultural behaviors, there are examples of rapid

transitions. For instance, sales of shark fins in China declined by 82%

within two years, after large scale, culturally sensitive and celebrity-

driven multimedia campaigns were launched (Whitcraft et al., 2014). In

the US, meat consumption was reduced through awareness of asso-

ciated ethical, moral, environmental, and health-related issues

(Hoffman et al., 2013). This approach could be modified in the bush-

meat context by focusing specifically on health implications and pro-

tection of endangered species. City dwellers, who seemed to drive the

demand of species from PAs, are more receptive to media or social

network campaigns, which can have broad outreach. Local bushmeat

consumers can be targeted by awareness campaigns on the ground, or

through the radio. The strong effect of religious beliefs can be used to

promote, in collaboration with churches, more environmentally

friendly habits. Currently, evangelical ideologies often conflict with

conservation goals, as churches teach that wild animals are created for

human consumption and God will secure its supply. Facilitating the

legal harvest of common and highly productive species can reduce

bushmeat prices and demand on endangered species, and thus, the

profitability of commercial hunting. If efficiently regulated, wildlife

harvest can produce significant quantities of meat, more sustainably

than animal husbandry (Lindsey et al., 2013) and supply the societal,

economic and nutritional demands of hunters, traders and consumers.

For a summary of the Section 4.3 see Table A.4.2.

5. Conclusion

Due to the essential economic constraints underlying commercial

wildlife exploitation, paired with the extreme profitability of this trade,

and the comparably practicable, potentially large-scale modifiable

cultural motives of consumption, we propose consumers, especially in

urban areas as the most effective entry point for regulating the bush-

meat trade. However, market reduction-driven approaches must pro-

vide opt-out programs offering adequate livelihood alternatives for

hunters, traders and other commodity chain actors to avoid jeo-

pardizing the food-security and well-being of families who currently

depend on this income. These specific findings may be context related

to wildlife-depleted landscapes, with high opportunity costs for hunting

and low reliance levels of bushmeat consumers. Ultimately, this study

highlights that any intervention into this sensitive complex social-eco-

logical system of wildlife commodity chains must urgently consider

multiple interdependencies between actors and require multi-actor

approaches and careful monitoring to avoid displacement and diffusion

effects, and even more importantly to ensure a socially and ecologically

sustainable change.

Acknowledgements

We thank the Ivorian authorities for the research permit (105/

MESRS/DGRSIT/mo). We are particularly grateful to all interviewees

M.E. Bachmann, et al.

37

Disentangling economic, cultural, and nutritional motives to identify entry points for regulating a wildlife commodity chain 



for their willingness to participate. We are grateful for the support of

Wild Chimpanzee Foundation during the field stay and thank Emma

Juliard, Cord Meyer and Stephane Deasyl for the great fieldwork. We

thank Sergio Marrocoli for comments on earlier drafts and Heather

Cohen for proofreading the manuscript.

Funding sources

This project was hosted by the Max Planck Institute for Evolutionary

Anthropology and the German Centre for Integrative Biodiversity and

funded by the Robert Bosch Foundation, the Hans-Böckler-Stiftung and

the Max Planck Institute for Evolutionary Anthropology.

Declaration of competing interest

The authors have no competing interests to declare.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://

doi.org/10.1016/j.biocon.2019.07.022.

References

Baayen, R.H., 2008. Analyzing Linguistic Data: A Practical Introduction to Statistics Using

R. Cambridge University Presshttps://doi.org/10.1017/CBO9780511801686.

Bates, D., Maechler, M., Bolker, B., Walker, S., 2015. Fitting linear mixed-effects models

using lme4. J. Stat. Softw. https://doi.org/10.18637/jss.v067.i01.

Berkes, F., Colding, J., Folke, C., 2000. Rediscovery of traditional ecological knowledge as

adaptive management. Ecol. Appl. 10, 1251–1262. https://doi.org/10.1007/s12520-

014-0203-6.

Brown, D., Robinson, E.J.Z., 2003. Economic Commodity or Environmental Crisis ? An

Interdisciplinary Approach to Analysing the Bushmeat Trade in Central and West

Africa. pp. 390–402.

Burnham, K.K.P., Anderson, D.R.D., 2002. Model Selection and Multimodel Inference: A

Practical Information-Theoretic Approach, 2nd ed. Ecological Modellinghttps://doi.

org/10.1016/j.ecolmodel.2003.11.004.

Caspary, H.-U., Koné, I., 2001. La chasse et la filiere viande de brousse dans l'espace Tai,

Cote d'Ivoire [WWW Document]. https://doi.org/Tropenbos Cote d’ Ivoire.

Coad, L., Abernethy, K., Balmford, A., Manica, A., Airey, L., Milner-Gulland, E.J., 2010.

Distribution and use of income from bushmeat in a Rural Village, Central Gabon.

Conserv. Biol. 24, 1510–1518. https://doi.org/10.1111/j.1523-1739.2010.01525.x.

Coad, L., Schleicher, J., Milner-Gulland, E.J., Marthews, T.R., Starkey, M., Manica, A.,

Balmford, A., Mbombe, W., Diop Bineni, T.R., Abernethy, K., 2013. Social and eco-

logical change over a decade in a village hunting system, Central Gabon. Conserv.

Biol. 27, 270–280. https://doi.org/10.1111/cobi.12012.

Colding, J., Folke, C., 2001. Social Taboos: “ Invisible ” Systems of Local Resource

Management and Biological Conservation Wiley Stable. J. Ecol. Appl. 11, 584–600.

Linked references are available on. http://www.jstor.org/stable/

3060911REFERENCES.

Cowlishaw, G., Mendelson, S., Rowcliffe, J.M., 2005a. Structure and operation of a

bushmeat commodity chain in southwestern Ghana. Conserv. Biol. 19, 139–149.

Cowlishaw, G., Mendelson, S., Rowcliffe, J.M., 2005b. Evidence for post-depletion sus-

tainability in a mature bushmeat market. J. Appl. Ecol. 42, 460–468. https://doi.org/

10.1111/j.1365-2664.2005.01046.x.

Daszak, P., Cunningham, A.A., Hyatt, A.D., 2000. Emerging infectious diseases of wild-

life– threats to biodiversity and human health. Science 287, 443–449. https://doi.

org/10.1126/science.287.5452.443. (80-. ).

East, T., Kümpel, N.F., Milner-Gulland, E.J., Rowcliffe, J.M., 2005. Determinants of urban

bushmeat consumption in Río Muni, Equatorial Guinea. Biol. Conserv. 126, 206–215.

https://doi.org/10.1016/j.biocon.2005.05.012.

Field, A., 2005. Discovering Statistics Using SPSS. SAGE Publ, pp. 1–816. https://doi.org/

10.1111/j.1365-2648.2007.04270_1.x.

Galway, L., Bell, N., Sae, A.S., Hagopian, A., Burnham, G., Flaxman, A., Weiss, W.M.,

Rajaratnam, J., Takaro, T.K., 2012. A using gridded population data, a GIS, and

Google earth(TM) imagery in a population-based mortality survey in Iraq. Int. J.

Health Geogr. 11, 12. https://doi.org/10.1186/1476-072X-11-12.

Gavin, M.C., Solomon, J.N., Blank, S.G., 2009. Measuring and monitoring illegal use of

natural resources. Conserv. Biol. 24, 89–100. https://doi.org/10.1111/j.1523-1739.

2009.01387.x.

Golden, C.D., Wrangham, R.W., Brashares, J.S., 2011. Assessing the Accuracy of

Interviewed Recall for Rare , Highly Seasonal Events : The Case of Wildlife

Consumption in Madagascar 597–603. https://doi.org/10.1111/acv.12047.

Hema, E.M., Ouattara, V., Parfait, G., Di Vittorio, M., Sirima, D., Dendi, D., Guenda, W.,

Petrozzi, F., Luiselli, L., 2017. Bushmeat Consumption in the West African Sahel of

Burkina Faso, and the Decline of Some Consumed Species. 53. pp. 145–150. https://

doi.org/10.1017/S0030605316001721.

Hoffman, S.R., Stallings, S.F., Bessinger, R.C., Brooks, G.T., 2013. Differences between

health and ethical vegetarians. Strength of conviction, nutrition knowledge, dietary

restriction, and duration of adherence. Appetite 65, 139–144. https://doi.org/10.

1016/j.appet.2013.02.009.

INS, 2015. Enquete sur le niveau de vie des menages en Côte d’Ivoire (ENV 2015).

Jones, J.P.G., Andriamarovololona, M.M., Hockley, N., Gibbons, J.M., Milner-Gulland,

E.J., 2008. Testing the use of interviews as a tool for monitoring trends in the har-

vesting of wild species. J. Appl. Ecol. 45, 1205–1212. https://doi.org/10.1111/j.

1365-2664.2008.01487.x.

Junker, J., Boesch, C., Mundry, R., Stephens, C., Lormie, M., Tweh, C., Kühl, H.S., 2015.

Education and access to fish but not economic development predict chimpanzee and

mammal occurrence in West Africa. Biol. Conserv. 182, 27–35. https://doi.org/10.

1016/j.biocon.2014.11.034.

Kamins, A.O., Restif, O., Ntiamoa-Baidu, Y., Suu-Ire, R., Hayman, D.T.S., Cunningham,

A.A., Wood, J.L.N., Rowcliffe, J.M., 2011. Uncovering the fruit bat bushmeat com-

modity chain and the true extent of fruit bat hunting in Ghana, West Africa. Biol.

Conserv. 144, 3000–3008. https://doi.org/10.1016/j.biocon.2011.09.003.

Kouassi, J.A.K., Normand, E., Inza, K., Boesch, C., 2017. Bushmeat consumption and

environmental awareness in rural households: a case study around Taï National Park,

Côte d’Ivoire. Oryx Fauna Flora Int. https://doi.org/10.1017/S0030605317000333.

doi:10.101.

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., Purchase, G., Rentsch, D., Roche, C., Shaw, J., Westhuizen, H. van

der, Vliet, N.V., Zisadza-Gandiwa, P., 2013. The bushmeat trade in African savannas:

impacts, drivers, and possible solutions. Biol. Conserv. 160, 80–96. https://doi.org/

10.1016/j.biocon.2012.12.020.

Luiselli, L., Hema, E.M., Segniagbeto, G.H., Ouattara, V., Eniang, E.A., Di Vittorio, M.,

Amadi, N., Parfait, G., Pacini, N., Akani, G.C., Sirima, D., Guenda, W., Fakae, B.B.,

Dendi, D., Fa, J.E., 2017. Understanding the influence of non-wealth factors in de-

termining bushmeat consumption: results from four west African countries. Acta

Oecol. 0–1. https://doi.org/10.1016/j.actao.2017.10.002.

Mayor, P., El Bizri, H., Morcatty, T., Moya, K., Solís Ruiz, S., Bodmer, R.E., 2019.

Assessing the minimum sampling effort to reliably monitor wild meat trade in urban

markets. Front. Ecol. Evol. 7, 180. https://doi.org/10.3389/FEVO.2019.00180.

McCullagh, P., Nelder, J.A., 1989. Generalized Linear Models, Second edition. Chapman

and Hall.

Morsello, C., Yagüe, B., Beltreschi, L., van Vliet, N., Adams, C., Schor, T., Quiceno-Mesa,

M.P., Cruz, D., 2015. Cultural attitudes are stronger predictors of bushmeat con-

sumption and preference than economic factors among urban amazonians from Brazil

and Colombia. Ecol. Soc. 20. https://doi.org/10.5751/ES-07771-200421.

N’Goran, P.K., Kouakou, Y., N’goran, C., Kouakou, E., Konaté, S., Herbinger, I., Ayé Yapi,

F., Kuehl, H., Boesch, C., 2013. Chimpanzee conservation status in the world heritage

site Taï National Park, Côte d’Ivoire. Int. J. Innov. Appl. Stud. 3, 326–336.

Nielsen, M.R., Meilby, H., 2015. Hunting and trading bushmeat in the Kilombero Valley,

Tanzania: motivations, cost-benefit ratios and meat prices. Environ. Conserv. 42,

61–72. https://doi.org/10.1017/S0376892914000198.

Nielsen, M.R., Pouliot, M., Meilby, H., Smith-Hall, C., Angelsen, A., 2017. Global patterns

and determinants of the economic importance of bushmeat. Biol. Conserv. 215,

277–287. https://doi.org/10.1016/j.biocon.2017.08.036.

Nielsen, M.R., Meilby, H., Smith-Hall, C., Pouliot, M., Treue, T., 2018. The importance of

wild meat in the global south. Ecol. Econ. 146, 696–705. https://doi.org/10.1016/j.

ecolecon.2017.12.018.

Ostrom, E., 2007. A diagnostic approach for going beyond panaceas. Proc. Natl. Acad. Sci.

U. S. A. 104, 15181–15187. https://doi.org/10.1073/pnas.0702288104.

Patton, M., 1990. Qualitative evaluation and research methods. Qual. Eval. Res. Methods

169–186. https://doi.org/10.1002/nur.4770140111.

Refisch, J., Koné, I., 2005. Market hunting in the Taï region, Côte d’Ivoire and implica-

tions for monkey populations. Int. J. Primatol. 621–629. https://doi.org/10.1007/

s10764-005-4369-8.

Ripple, W.J., Abernethy, K., Betts, M.G., Chapron, G., Dirzo, R., Galetti, M., Levi, T.,

Lindsey, P.A., Macdonald, D.W., Machovina, B., Newsome, T.M., Peres, C.A.,

Wallach, A.D., Wolf, C., Young, H., 2016. Bushmeat hunting and extinction risk to the

world’s mammals. Open Sci. 3, 160498. https://doi.org/10.1098/rsos.160498.

Schielzeth, H., 2010. Simple means to improve the interpretability of regression coeffi-

cients. Methods Ecol. Evol. 1, 103–113. https://doi.org/10.1111/j.2041-210X.2010.

00012.x.

Schielzeth, H., Forstmeier, W., 2009. Conclusions beyond support: overconfident esti-

mates in mixed models. Behav. Ecol. 20, 416–420. https://doi.org/10.1093/beheco/

arn145.

Taylor, B., Van Wieren, G., Zaleha, B.D., 2016. Lynn white Jr. and the greening-of-religion

hypothesis. Conserv. Biol. 30, 1000–1009. https://doi.org/10.1111/cobi.12735.

Van Vliet, N., Muhindo, J., Nyumu, J.K., Nasi, R., 2019. From the Forest to the dish: a

comprehensive study of the Wildmeat value chain in Yangambi, Democratic Republic

of Congo. Front. Ecol. Evol. 7. https://doi.org/10.3389/fevo.2019.00132.

van Vliet, N., 2011. Livelihood Alternatives for the Unsustainable Use of Bushmeat.

Whitcraft, S., Hofford, A., Hilton, P., O’Malley, M.P., Jaiteh, V., Knights, P., 2014.

Evidence of declines in shark fin demand. China. Wild Aid 21.

Wilkie, D.S., Starkey, M., Abernethy, K., Effa, E.N., Telfer, P., Godoy, R., 2005. Role of

Prices and Wealth in Consumer Demand for Bushmeat in Gabon, Central Africa. pp.

268–274.

M.E. Bachmann, et al.

38

CHAPTER III_______________________________________________________________________ 



CHAPTER IV_______________________________________________________________________________________ 

39 

CHAPTER IV 

4. Saving rodents, losing primates — Why we need tailored bushmeat

management strategies

Zusammenfassung 

1. Bemühungen, den nicht nachhaltigen Wildtierhandel in tropischen Wäldern

einzudämmen, konzeptualisieren Buschfleisch als eine generische Ressource, die von

einer homogenen Gruppe genutzt wird. Buschfleisch setzt sich jedoch aus

verschiedenen Arten zusammen, die sich hinsichtlich des Risikos der Übertragung von

Zoonosen, der Empfindlichkeit gegenüber der Bejagung und des Vorkommens

unterscheiden. Wenn die Menschen diese Arten aus unterschiedlichen Gründen

auswählen, würden Regulierungsansätze, die diese spezifischen Faktoren

vernachlässigen, wahrscheinlich auf häufig vorkommende Arten abzielen, z. B.

Nagetiere. Seltene Arten mit größerer Bedeutung für den Naturschutz, wie viele

Primaten, würden dabei übersehen werden. Zum anderen kann auch bei

unterschiedlichen Gründen zwischen den Nutzergruppen die Reaktion auf

Interventionen unterschiedlich ausfallen. Wir haben diese Möglichkeit für drei gängige

Strategien zur Eindämmung der Buschfleischnutzung untersucht:

entwicklungspolitisch - Verringerung der Abhängigkeit von Buschfleisch;

bildungspolitisch - Erhöhung der Umwelt- und Schulbildung; und kulturell - Förderung

umweltfreundlicher Gewohnheiten.

2. Wir befragten 348 Jäger, 202 Händler und 985 Konsumenten von Buschfleisch rund

um den Taï-Nationalpark an der Elfenbeinküste und testeten, ob Faktoren, die mit den

oben genannten Strategien zusammenhängen, die Auswahl an Primaten, Duckern und

Nagetieren beeinflussen.

3. Unsere Analysen ergaben, dass Personen Taxa aus sehr unterschiedlichen Gründen

auswählten. Nutzer mit gemeinsamen Merkmalen bevorzugten ähnliche Taxa; Jäger,

die wirtschaftlich auf das Einkommen aus Buschfleisch angewiesen sind, zielten auf

Primaten und Ducker, während Jäger und Verbraucher, die auf Wildtierprotein

angewiesen sind, Nagetiere bevorzugten. Verschiedene Gruppen nutzten die gleichen

Taxa aus unterschiedlichen Gründen. Zum Beispiel wurde die Jagd auf Primaten mit

wirtschaftlichen Bedürfnissen in Verbindung gebracht, während ihr Verzehr eine Frage

des Status zu sein schien. Kulturelle Gewohnheiten, wie z. B. die Religion,
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beeinflussten den Konsum und Tabus verringerten die Nutzung von Primaten; 

Umweltbewusstsein war bei den meisten Nutzergruppen mit einer geringeren Nutzung 

der meisten Taxa verbunden. 

4. Unsere Ergebnisse zeigen, dass bildungs-, kultur- und entwicklungsbasierte Strategien 

unterschiedliche Bedürfnisse und Taxa ansprechen können. Verbraucher könnten eine 

wichtige Zielgruppe darstellen, da sie seltene Arten aus mehreren kulturellen Gründen 

und bei Wissen über den negativen Effekt von Buschfleisch auf die Biodiversität 

ablehnen. Vor allem der weitverbreitete Effekt des Umweltbewusstseins könnte groß 

angelegte Ansätze zur Nachfragereduzierung erleichtern. Dennoch gibt es keine 

Einheitslösung, und die Kampagnen müssen auf bestimmte Taxa und Nutzergruppen 

zugeschnitten sein. Letztendlich können klare Zieldefinitionen, vorherige gründliche 

Forschung, gemeinschaftsorientierte Lösungen und Werkzeuge aus dem Marketing und 

der Psychologie dabei helfen, neue Strategien zu entwickeln, die die Vielfalt der 

Buschfleischarten und ihrer Nutzer umfassen. 
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CHAPTER V 

5. Differences and commonalities in wildlife hunting across the Global

North-South gradient

5.1 Zusammenfassung: 

Die Jagd auf Wildtiere wird in der Regel regional untersucht, wobei der Schwerpunkt auf dem 

globalen Süden liegt. Die Jagd kann jedoch auch Wildtiere im Globalen Norden bedrohen, und 

es ist wenig darüber bekannt, wie sich die Jagd über den kontrastreichen sozioökonomischen 

und ökologischen Süd-Nord-Gradienten hinweg manifestiert. Hier untersuchen wir 

Unterschiede und Gemeinsamkeiten in rudimentären Jagdmerkmalen durch persönliche 

Befragung von 114 Schutzgebietsmanagern in 25 afrikanischen und europäischen Ländern. Die 

Ergebnisse zeigen, dass sich die Jagd von der illegalen, kommerziellen und in hohem Maße 

nicht nachhaltigen Jagd auf Pflanzenfresser nach Norden hin zur legalen Jagd auf Huftiere und 

zur illegalen Jagd auf Raubtiere außerhalb der Parkgrenzen verschoben hat. Gemeinsamkeiten 

wurden in der Zunahme konfliktbedingter Tötungen in vom Menschen dominierten 

Landschaften und in vorteilhaften Gemeinschaftsbedingungen (z. B. gegenseitiges Vertrauen, 

das aus der Beteiligung der Gemeinschaft am Parkmanagement resultierte) gefunden, die zu 

einem Rückgang der illegalen Jagd führten. Unsere Ergebnisse unterstreichen das Erfordernis 

kollaborativer Bemühungen über Akteure hinweg, die für den Schutz von Wildtieren 

notwendig sind, während die Gemeinsamkeiten universelle Mechanismen menschlicher 

Kooperation und verallgemeinerbare Wege innerhalb des komplexen Phänomens der 

Wildtierjagd aufzeigen könnten. 
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ABSTRACT: 

Wildlife hunting is typically studied regionally with a focus on the Global South. However, 

hunting can also threaten wildlife in the Global North, and little is known about how hunting 

manifests across the contrasting socioeconomic and ecological South-North gradient. Here, we 

examine differences and similarities in rudimentary hunting characteristics using face-to-face 

interviews from 114 protected area managers in 25 African and European countries. Generally, 

we observe higher illegal, commercial and unsustainable hunting of herbivores in the South, 

and legal hunting of ungulates and illegal hunting of predators outside parks in the North. 

Commonalities were found in the increase in conflict-related kills in human-dominated 

landscapes and beneficial community conditions (e.g. mutual trust resulting from community 

involvement in park management) leading to decreased illegal hunting. Our results highlight 

the requirement of collaborative efforts needed for wildlife conservation across actors, while 

the commonalities may outline universal mechanisms of human cooperation and generalizable 

pathways within the complex phenomenon of wildlife hunting. 
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1. INTRODUCTION: 

Biodiversity loss and the rise of zoonotic diseases have reinforced global calls to mitigate the 

unsustainable exploitation of wildlife1. Scientific activity and international scrutiny commonly 

focus on the Global South1, where poverty-driven and illegal hunting leads to dramatic declines 

in mammal and bird populations2–4. In the more affluent nations of the Global North, returning 

and growing populations of large herbivores and predators such as grey wolves (Canis lupus) 

and European bison (Bison bonasus) are symbols of conservation success5. Nevertheless, here 

too, both illegal and legal intensive hunting limits recoveries, and it threatens and has even 

eradicated populations5–8. For many protected predators, illegal persecution remains a major 

cause of mortality and enjoys social acceptance in some parts of Europe5,6. 

Despite these similarities, most research remains geographically “segmented” in a firmly 

anchored North-South binary2,3,9, and little is known about how hunting unfolds across the 

Global South-North gradient. The function of hunting can extend far beyond the traditional 

provision of meat; it underlies economies and cultures, serves recreation, and aims at 

biodiversity conservation or the eradication of conflict-prone species10. These human-wildlife 

relationships are regionally manifesting phenomena shaped by a complex set of social and 

cultural constructs, moral values, material realities, and political and historical characteristics 

that vary over time, locations, and human communities11,12. Consequently, conservation 

measures must integrate local diversity, and large-scale assessments over a diverse context may 

provide few general insights. Alternatively, has hunting played an essential role in human 

evolution and is practised in most modern societies, from hunter-gatherers to both rural and 

urban dwellers and across all social classes10,12. Based on this extended evolutionary 

perspective, synthesis along a diverse gradient may make it possible to identify deeper 

underlying mechanisms that outline generalizable pathways within the exceedingly complex 

phenomenon of wildlife overexploitation. 

The Global South-North divide describes a recent historical division into colonized and 

colonial states. Even today, one-fourth of the world's population in the Global North controls 

four-fifths of global income13. Biodiversity appears in different stages, as more wildlife species 

have been exterminated in the Global North5,14. Nevertheless, the conservation and science 

sectors are largely dominated by Western actors, concepts and worldviews15,16. Both double 

standards and long-standing inequalities lead to accusations of cultural imperialism and neo-

colonialism in the Global South15,17–20. A firm North-South binary can foster ethnocentric 

representations of the Global South as the “other” of the norm21, which has a long continuity 
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and legitimizes controversial conservation approaches that would be unacceptable in the Global 

North, such as “fortress protection”, “green militarization” and “shoot-on-sight policies” 
15,22,23. Implicit biases about poverty, inequality, historical grievances, and colonial and racist 

discourses may further still shape perceptions of hunting and poaching22. By contrast, 

comparisons across contrasting environments further our understandings of the differences, 

commonalities and universal mechanisms within a phenomenon and help to reduce the 

complexity through generalization against the comparative horizon of the contextual scale24,25. 

Such a global perspective on the processes around hunting across the Global South-North 

gradient and its contrasting economic and political contexts and path dependencies allows us 

to outline local and global processes and corresponding problems and possible solutions. 

Ultimately, understanding the local versus generalizable dimension of hunting fosters cross-

contextual learning and allows a more equal conservation debate between actors in the Global 

North and South. 

Here, we aim to understand the differences and commonalities in hunting across the Global 

South-North gradient regarding four basic characteristics: 1) “why”, 2) “what”, and 3) “where” 

people hunt, as well as 4) how unsustainable hunting can be mitigated. We focus on protected 

areas (PAs) and adjacent areas as an interface of biodiversity protection and resource use. PAs 

are a tool for mediating between people’s needs and natural resources and a cornerstone of 

biodiversity conservation26. Nevertheless, illegal exploitation within parks and human-wildlife 

conflicts (HWCs) beyond administrative boundaries pose a major risk to biodiversity2,3,27. PAs 

allow hunting for wildlife management, and it is usually subject to regulations designed to 

guarantee sustainability. However, legal hunting can also alter wildlife movements, shape life 

histories by artificial selection, and decimate populations to a socially acceptable but 

ecologically fragile minimum7,28,29. We aim to conduct a holistic assessment beyond a 

simplistic binary view of “legal and sustainable” vs. “illegal and unsustainable” to understand 

the diverse manifestations/realties of hunting and its varying impacts on wildlife. Therefore, 

we define hunting as the totality of activities involved in the management and pursuit of 

wildlife10. Unsustainable hunting encompasses activities identified by PA managers as not 

being in harmony with the PAs, such as removals exceeding population growth and disruptive 

hunting practices. Current global PA assessments capture hunting as one homogeneous 

threat30. To obtain a more detailed assessment, we conducted face-to-face interviews 114 PA 

managers in 25 African and European countries (Fig. 1a, table S1). To understand 1) “why”, 

we examined a) the predominant function of hunting, divided based on sustainability science 

into "economic" (subsistence, commercial hunting), "sociocultural" (non-market cultural, 
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social, recreational aspects), and "ecological" (populations management, killing due to 

HWCs)10, and b) the impact of “hunting” as a human-wildlife interaction and more specifically 

HWCs . To answer 2) “what”, we compiled the targeted species and examined whether 

ecological parameters such as the trophic level influence the likelihood of being affected by 

hunting. To understand 3) “where”, we examined illegal hunting and whether this threat to 

wildlife tends to be located more within or outside administrative PA boundaries. We 

approximated the Global South-North gradient with the Human Development Index (HDI) and 

included regional human population density, which is known to affect human-wildlife 

relationships31. To investigate 4) how unsustainable hunting can be mitigated, we included an 

index reflecting local community characteristics (nature-friendly cultures, attitudes, 

relationships) and implemented conservation interventions (protection and community based) 

(for the construction of the indices, see Supplementary table S2). With this extraordinary 

juxtaposition of differences and unifying elements, we aim to identify regional challenges and 

general mechanisms that can ultimately help to develop effective and just wildlife conservation 

measures across this diverse gradient. 
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2. RESULTS: 

We collected comprehensive information through face-to-face interviews with managers of 

114 protected areas in ten European (n=48) and fifteen African countries (n=66) (Fig. 1a, table 

S1). Most PAs fell into IUCN management category II (69%; Africa (65%), Europe (72%)), 

while the remaining PAs were in IUCN categories III-VI, or had no assigned category (see 

Supplementary table S1). African PAs were larger on average (2,253 km2 (median=973 km2, 

range= 26-21,812 km2) than European PAs (570 km2, median=330 km2, range=13-3,446km2), 

while European PAs were on average older (45 years, median=36, range=16-109 years) than 

African PAs (36 years, median=32 years, range=8-87 years). 

The threat from hunting was not confined to the Global South. Of the 114 interviewed PA 

managers, only eight of the 48 (17%) European and five of the 66 (8 %) African parks did not 

list any species threatened by hunting (Fig. 1b). African parks listed on average significantly 

more species threatened (3.6 ± 2.8) than European parks (2.2 ± 1.9) (t = 3.001, p-value = 0.003). 

When we differentiated between sub-regions, we found a more heterogeneous picture with the 

least number of species listed in Southern Africa and Western Europe (Fig. 1b). Although most 

parks fell under the IUCN management category II (table s1), legal hunting for population 

control was more common in Europe (25 of 48 PAs, 52%) than Africa (3 of 66 PAs, 4.55%), 

with an average offtake of 389 ± 1189 animals/park (1.08 ± 1.72 animals/km2) in Europe and 

17 ± 133 animals/park (0.04 ± 0.26 animals/km2) in Africa. The average offtake was lower 

when at least one of large predators were present (mean=0.36 animals/km2) compared to their 

absence (mean=0.74 animals/km2). However, these differences were not significant (t= 1.11, 

p-value = 0.272). 

Why people hunt 

Regarding the question of why people hunt, our Bayesian regression models revealed variations 

in the prevailing function of hunting across the South-North gradient. Over the observed range 

of the HDI, we found that our three functions of hunting show different trajectories. The 

"ecological function" revealed slightly stronger prevalence with an increasing HDI. This is 

even more pronounced for the category of “social function”. The “economic function” revealed 

a completely different pattern, with clearly decreasing hunting pressure with increasing HDI 

(Fig 2a, table S4). Effects were non-linear with an observed threshold and division at HDI>0.75 

(European levels) (Fig 2a, HDI>0.75, grey vertical line). The average index across all functions 

remained relatively equal over the South-North gradient (Fig. 2a, horizontal dashed black line). 
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Regarding human-wildlife-interactions, 37.5% (42 of 112) of park managers reported high 

threat levels to wildlife through hunting due to unsustainable hunting offtake rates or practices. 

Increasing HDI levels over the South-North gradient were the strongest predictor reducing the 

probabilities of a high threat through hunting (Fig. 2b. table S4, estimate = -1.58, CI = [-2.59, 

-0.65]). The point probability halved when reaching Europe (HDI>0.75) (Fig. 2b), which 

suggests that unsustainable hunting also occurred in Europe, but to a lesser extent. Rankings 

for high hunting pressure were more evenly distributed across the gradient, while absences 

were more frequent with higher HDI levels. Wildlife abundances were slightly negatively 

associated with high hunting threats (estimate = -0.76, CI = [-1.69, 0.06]). The strong effect of 

HDI remained when only considering cases of illegal hunting (table S 6, HDI: estimate = 1.7, 

CI = [-2.79, -0.62]). 

Considering the particular aspect of HWCs, including all species, 20.6% (20 of 97) of the parks 

reported high threat levels through HWC-driven hunt, whereby only two (0.1%) high ratings 

referred to a legal setting. These high ratings referred four times (9.6 %) to legal hunt, 30 times 

(71.4%) to illegal hunt, and eight times (19%) to both because the effects were inseparable 

(Fig. 2b). The human population density was the strongest predictor, increasing the prevalence 

of HWC (Fig.2c, table S7, estimate = 0.96, CI = [-0.06, 2.04]). Our control predictor of 

decreasing wildlife abundances which was measured over the past ten years (table S2) was 

related to higher levels of HWC (estimate = -0.59, CI = [-1.57, 0.37]). We found similar effects 

for the two models (hunting, HWCs) irrespective of the grouping (considering levels of "high" 

and "very high" or "moderate", "high" and "very high") (table S5, S8). 

What people hunt 

Species were listed as threatened by illegal hunting (including all lethal interactions) 316 times, 

belonging to 117 different species (Fig. 3a). Within the guilds found on both continents, 

herbivores were more threatened by illegal hunting (including HWCs) in Africa and predators 

more in Europe (Fig. 3a). Overall, wild boars (Sus scrofa) and red deer (Cervus elaphus) were 

the most legally hunted species (Fig. 3c). Unfortunately, we received insufficient data for the 

comparison of the overall extracted biomass, legally or illegally hunted in Europe and Africa. 

The probability of a predator (predatory mammals, birds of prey) being threatened by hunting 

increased with higher HDI scores compared to non-predatory mammals and birds (Fig. 3b, 

table S9, estimate = 1.22, CI = [-0.11, 2.36]). A higher current threat to predators was associated 

with an increase in their abundance, which was measured over the past ten years (estimate = 

0.57, CI = [-0.31, 1,49]). 
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Where people hunt and how unsustainable hunting can be mitigated 

In terms of where illegal hunting activities were spatially located, park managers distinguished 

in 206 of the 316 mentions whether species were more endangered by illegal hunting (including 

all lethal interactions) inside the park territory or when ranging beyond administrative borders. 

Here, 63.1% of the species (130 of 206 cases, 56 distinct species) were threatened more when 

ranging outside borders, and 36.9% (76 of 206 cases, 45 distinct species) were threatened more 

within the park territory (Fig. 4a). The 21 species listed as threatened only outside of PAs were 

mainly raptors (7) and mammalian predators (7). In Europe, predators were particularly 

threatened outside of PAs, and in Africa herbivores were the most threatened guild, inside and 

outside of PAs (Fig. 4a). 

Our models revealed a declining threat inside parks through illegal hunting at an increasing 

rate when approaching HDI>0.75 (Europe) (Fig. 4b, table S10, HDI: estimate = -1.44, CI = [-

2.46, -0.46]). Threats also declined outside of PAs, albeit to a lesser extent (Fig. 4c, table S11, 

HDI: estimate = -0.95, CI = [-1.94, -0.01]. The data distribution suggests that particularly the 

absence of the threat increased with HDI. Protection efforts, including ranger patrols, a 

permanent research station, and buffer zones, were weakly associated with a lower threat within 

PAs (estimate = -0.58, CI = [-1.51, 0.28]). 

Supportive local community characteristics were linked to lower threats through illegal hunting 

to animals within (Fig. 5a, table S10,, estimate = -0.99, CI = [-1.91, -0.12]) and outside of PAs 

(Fig. 5e, table S11, estimate = -0.89, CI = [-1.83, 0.01]). When we included the components of 

the “local community characteristics” index separately in the models, all components showed 

effects. Here, mutual trust between park management and communities was linked to lower 

threat probabilities inside (Fig. 5c, table S12, estimate = -1.26, CI = [-2.23, -0.34]) and outside 

of PAs (Fig. 5g, table S13, estimate = -0,82, CI = [-1.73, 0.03]). 

Likewise, conservation-friendly attitudes reduced threat probabilities inside (Fig. 5b, table S14, 

estimate = -0,82, CI = [-1.72, 0.02]) and outside of PAs (Fig. 5h, table S15, estimate = -0,71, 

CI = [-1.72, 0.27]). Similar effects were observed for conservation-friendly local cultures for 

inside (Fig. 5d, table S16, estimate = -0,7, CI = [-1.6, 0.14]) and outside of parks (Fig. 5h, Table 

S17, estimate = -0,88, CI = [-1.82, -0.03]). Remarkably, in contrast to the effects of HDI, the 

effects here were less pronounced within rather than outside of parks. The models including 

only mutual trust best explained the results (table S18). 
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When examining whether specific community interventions can foster such beneficial 

community conditions, the only predictor that showed an effect was "scale of inclusion of local 

communities" (Fig 5i, table S19, estimate = 1.4, CI = [-0.21, 2.77]) (alongside' provision of 

benefits to communities", "implementation of livelihood projects", and "awareness creation"). 
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Figure 1 Overview of sample locations, legal setting and threatened species a) Map of sampled PAs (yellow 

dots) and HDI per surveyed country. The Global South-North divide in our data is at >0.75 defined as so-

called Global North (Europe, green) and <0.75 defined as Global South (Africa, purple-blue), b) Violin plots 

displaying the absolute number of species threatened by hunting listed by PAs across regions, black 

dots=number of listed threatened species per park, blue and red dot= mean per region, blue line= 

interquartile range, each side of the blue line is a kernel density estimation of the data. c) legal offtake per 

PA in absolute numbers (left) and numbers per km2 per continent (right). 
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Figure 2. Why people hunt: a) Functions of hunting as an interaction between HDI and the hunting 

functions, ecological (population control, human-wildlife conflicts), social (entertainment, socio-cultural 

hunting), economic function (subsistence, commercial hunting). The category "ecological function" and 

“social function” revealed larger hunting pressure with an increasing HDI, while the economic category 

revealed a clearly decreasing hunting pressure, the functions split at the Global South-North divide (grey 

dashed line), black dotted line= mean. Human-wildlife-interactions b) hunting: the probability of a high 

threat through hunting decreased along the South-North gradient, c) human-wildlife conflict-driven hunt: 

the probability of high threats of human-wildlife conflicts in relation to human population density 

(inhabitants/km2) revealed an increasing trajectory with human densities. The dashed line depicts the 

expected mean of the predicted posterior distribution; the coloured areas depict the 33% and 66% 

credibility intervals. Transparent points are binned probabilities. The size of the bubbles corresponds to 

the respective number of PAs. Filled points: original data, vertical grey dashed line: Global South-North 

divide of our data (0.75). 
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Figure 3 What people hunt: a) The absolute number of threatened species per guild listed by park 

managers. In Africa more herbivorous species and in Europe, more top mammalian predators and 

raptors were named. Africa=violet, Europe=turquoise, b) the probability that a predatory species (top, 

small to medium predators, raptors) compared to non-predatory species (all others) were threatened 

showed an increasing trajectory over the South-North gradient (i.e. HDI). The dashed line depicts the 

expected mean of the predicted posterior distribution. The coloured areas describe the 33% and 66% 

credibility intervals. Transparent points are binned probabilities. The size of the bubbles corresponds 

to the respective number of PAs. Filled points are original data. The vertical grey dashed line is the 

Global South-North divide of our data (0.75), c) the legal offtake per species and square kilometre 

across European parks (left, turquoise) and across African parks (right, violet). 
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Figure 4 Where people hunt: a) The absolute numbers of listed species of the PA threatened by 

illegal hunting within the administrative borders versus outside the park borders revealed higher 

threats for predators outside borders in Europe (darker colours) and higher threats for herbivores 

inside and outside parks in Africa (lighter colours). The probability that wildlife is threatened by 

illegal hunting (killing/hunting/poisoning), b) within the park boundaries and c) outside the park 

boundaries decreased over the South-North gradient. Outside parks, the probability decreased to a 

lower extent. The data distribution revealed decreasing threat with higher HDI values. The dashed 

line depicts the expected mean of the predicted posterior distribution. The coloured areas depict the 

33% and 66% credibility intervals. Transparent points are binned probabilities. The size of the 

bubbles corresponds to the respective number of PAs. Filled points are original data. Vertical grey 

dashed line is the Global South-North divide (HDI of 0.75). 

 



_________________ Differences and commonalities in wildlife hunting across the Global North-South gradient 
 

69 
 

 

 

  

Figure 5 Where people hunt and what mitigates unsustainable hunting. Left panel: Probability of high 

threat to wildlife through illegal hunting (killing/hunting/poisoning) inside PAs related to a) community 

characteristics and the separate components of the index community characteristics: b) attitudes of local 

communities towards conservation, c) mutual trust levels between park management and organizations, 

d) conservation-friendly local culture. Right panel: Threat levels outside park boundaries across e) 

community attributes, f) attitudes, g) mutual trust levels, h) local culture. Threat levels decreased 

equally outside and inside parks, while the effects were more pronounced outside parks. The models, 

including mutual trust, best explained the results i) the scale of inclusion of local communities in 

decision-making showed a positive relationship with the index community characteristics. The "scale of 

inclusion" was alongside' provision of benefits to communities", "implementation of livelihood projects", 

and "awareness creation" the only predictor which showed an effect. The dashed line depicts the 

expected mean of the predicted posterior distribution. The coloured areas are the 33% and 66% 

credibility intervals. Transparent points are binned probabilities. The size of the bubbles corresponds to 

the respective number of PAs. Filled points are original data. 
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3. DISCUSSION: 

Although comparative studies are rare, hunting in the Global South is often portrayed as 

fundamentally different from hunting in the Global North22. Our results confirm differences in 

all basic hunting characteristics. Towards the North, economically motivated and highly 

unsustainable hunting threatening herbivores within and outside parks has declined, while the 

legal hunting of ungulates has increased, and the threat to wildlife beyond park boundaries has 

persisted, albeit to lower extents, and has simultaneously increased for predators. Remarkably, 

the commonalities found were mainly related to factors mitigating illegal hunting, such as the 

favourable characteristics of local communities, including conservation-friendly attitudes, 

cultures, and, in particular, trust relationships associated with higher community involvement. 

Nevertheless, they did not compensate for the strong South-North effect. Moreover, conflict-

driven hunting showed an increase with higher human populations along the gradient. 

 

 Differences across the Global South-North gradient 

Considering why people hunt, we observed a prevailing economic function in Africa (Fig. 2a), 

reflecting the needs of those whose livelihoods depend on the consumption and trade of wild 

meat10, despite being mainly classified as illegal (Fig. 1c). In the North, we observed a division 

into an ecological function, which primarily reflects state-regulated lethal wildlife control, and 

a high social function, which reflects the recreational, social, and cultural needs of hunters and 

their associations (Fig. 1c), with both functions being mainly legal. The prevailing social 

function is remarkable because hunting in PAs is considered an ecological necessity10. The 

presence of large predators showed no effect on offtake rates. Some parks, however, adapted 

to the return of large predators, such as the Czech Šumava National Park, which declared no-

hunting zones after the arrival of a wolf pack32. Nevertheless, current ungulate management in 

Europe is determined by the national and socio-political context rather than by ecological 

parameters or International Union for Conservation of Nature (IUCN) guidelines, and our 

results emphasize the call for an integrated European management policy33. 

The results further revealed that the steep HDI gradient along the Global South-North axis 

drove unsustainable hunting, likely explained by the primary economic purpose, driven by 

reliance on wildlife products 4, combined with illegal and, thus, unregulated hunting. 

Uncontrolled and trade-driven hunting is the greatest threat to biodiversity34 and increases the 

risks of disease transmission during sale, transport, and consumption35, which confirms the 

high importance of improving the living conditions in low-HDI countries. Nevertheless, 
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unsustainable hunting also occurred in Europe, albeit to a lesser extent, and partly involved 

legal settings (Fig. 2b). In Slovakia, for example, hunting associations determined shooting 

quotas, and in Austria, hunting laws prohibited the use of silencers next to bird breeding areas. 

Overall, the continental differences in the legal frameworks for hunting within the same IUCN 

management categories are striking and might be rooted in colonialism, where African hunters 

were stigmatized, criminalized and displaced from PAs22,23 and the insufficient co-

determination of local actors is still criticized by decolonization movements19. 

In terms of what people hunt, high rates of ungulates were legally hunted in Europe (Fig. 3c). 

Illegal hunting entailed more predators in the North and more herbivores in the South (Fig. 3a). 

The latter might be related to a higher demand for wildlife products suitable for consumption 

and commercialization36. Moreover, many vulnerable species, like large herbivores such as the 

European bison (Bison bonasus), were hunted to local extinction, resulting in more resilient 

species represented in Europe’s biodiversity31,37,38. The greater endangerment of predators in 

the North (Fig. 3b), typically victims of HWCs, is counterintuitive if considering that the costs 

of coexistence with wildlife are disproportionately higher in the Global South 20. However, the 

extent of conflict is rarely proportional to the actual damage because cultural and social 

perceptions of potential threats and the values associated with wildlife are decisive9. The social 

function of hunting in the North (Fig. 2a) can encourage the persecution of predators if it is 

associated with enjoyment and status or competition over common prey6,9. Moreover, the 

ecological function and, thus, the support of lethal wildlife controls are typically linked to 

higher wildlife value orientations of domination, which are widespread in Europe39. Here, 

human needs are strongly prioritized over the perceived needs of wildlife, while in a mutualist 

wildlife-value orientation, both are considered to be more equally important40. These value 

orientations can affect coexistence; for example, the reintroduction of wolves was more 

successful in U.S. states with prevailing mutualistic value orientations40. The results further 

revealed that predators from growing populations were increasingly targeted (table S9), 

presumably in areas where people have grown unaccustomed to their presence6,27. Persecution 

does not yet seem to have decimated the overall predator populations. Nevertheless, single 

populations, such as lynxes in the Bohemian Forest Ecosystem, are endangered5,6. 

Regarding where people hunt, our results showed a high threat to wildlife from illegal hunting 

of any kind inside and outside PAs for the Global South and outside PAs in the North (Fig. 

4b,c). Alternative livelihoods available when the HDI rises may outweigh the benefits of illegal 

and, thus, risky hunting inside PAs. Additionally, African PAs lack financial resources for 

effective protection efforts inside parks41, and they may be even weaker outside parks. 
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Moreover, hunting concessions open to the trophy hunting of protected species often neighbour 

national parks42. For example, male lions from the park interior frequently reoccupy territories 

emptied by trophy hunting outside the park, precipitating declines across the whole area43,44. 

In Europe, PAs are also embedded in hunting areas, and they provide, for example, vital source 

areas for lynx kittens to mature safely, but illegal killings of dispersing subadults have a strong 

sink effect on the species45. These killings are often cryptic, with carcasses buried or animals 

poisoned, and the risks of being caught are low46. Migratory species and, as shown, predators 

with large home ranges (Fig. 4a) (i.e., 917 km2 for male Eurasian lynxes47) are particularly 

affected. This confirms that border areas represent population sinks for predators, even though 

they enjoy mostly legal protection6,45,48. European parks are even smaller, and their role is 

limited, as predators largely exist outside PAs5,45 and predators that range widely are most 

likely to disappear from small reserves, irrespective of their population size48. This underscores 

a general shortcoming of the PA concept, as parks are not closed systems but are embedded in 

ecological, economic, and social landscapes49. Therefore, we need landscape-connected PAs 

and proactive strategies enabling coexistence, as the survival of returning wildlife in the North 

will ultimately depend on people's willingness to share landscapes8,50. 

 

 Commonalities across the Global South-North Gradient 

Despite all the socioeconomic and environmental contrasts, we found common ground. Along 

the gradient, human density on the regional axis was associated with increased killings due to 

HWCs, including all species (Fig. 2b). This finding may be a simple function of increased 

encounters or competitive pressure between wildlife and growing numbers of humans. 

Likewise, wildlife adapt their behaviours when less habitat or natural dietary items are 

available, which can increase predation on livestock, for example51. Over millennia, growing 

populations of humans and their livestock have replaced wild animal populations31. The 

traditional Western PA concept is inherently rooted in an HWC, assuming that wildlife and 

humans cannot coexist23. Notably, we found no effects of human densities on predators. Indeed, 

all four large European carnivore species, brown bears, lynxes, wolves, and wolverines, persist 

in human-dominated landscapes (i.e., wolves: 36.7±95.5inhabitants/km2)5. Coordinated 

legislation across Europe, context-specific management practices, and institutional 

arrangements enabled this conservation success5,8, ultimately outweighing this archetypal 

human-wildlife relationship. 
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Considering what mitigates unsustainable hunting, we found only a modest effect of protection-

based conservation that marginally decreased threats to wildlife through illegal hunting inside 

PAs (table S10). This finding could confirm that PAs are increasingly struggling to protect 

biodiversity from the pressures exerted by the larger context2,49,52. Alternatively, it could 

suggest reversed causalities, where more interventions are applied when wildlife is already 

threatened and the effects of threat mitigation from high original levels are difficult to detect. 

Hence, further interpretations require more detailed investigations. 

Regarding what mitigates the threat to wildlife from illegal hunting inside and, in particular, 

outside parks, another identified commonality is the effect of supportive local community 

conditions. After conservation-friendly attitudes and cultures, mutual trust between 

management and communities showed the strongest effect (Fig. 5c,g). Trust has proven central 

to biodiversity conservation53, such as to the success of  PAs54 or carnivore protection55. Trust 

can be broken when some feel that other parties' interests are being promoted at their expense53. 

This typically correlates with varying perceptions, uses, priorities, and impacts of wildlife or 

existing power gradients such as rural-urban or Global South-North15,53,55. Important trust-

building mechanisms consist of transparent and fair decision-making processes and the ensured 

participation of all parties53,56. Notably, the inclusion of local communities in management 

contributed to supportive community conditions (Fig. 5i). Externally imposed rules can lead to 

animosity towards conservation or even forms of "resistance poaching" purposely targeting 

key conservation species12,15. Conversely, well-implemented inclusive approaches benefit the 

social, ecological, and ecological outcomes of PAs54 by ensuring equity and trust, reinforcing 

positive attitudes, and considering the plurality of cultural values associated with nature57.  
 

 Generalizable principles, universal pathways 

Comparisons against a contrasting background help synthesize knowledge by explaining 

differences and commonalities as well as universal mechanisms through conceptualizations 

against the backdrop of a comparative horizon24,25. Above, we linked our results by proximal 

causes, which can be adaptive in the present context. However, ultimate causes related to our 

history as a social species may also explain commonalities while offering solutions56,58. Ostrom 

and colleagues have identified minimal conditions, constituting core design principles, that 

must be met to enable sustainable resource use, rooted in evolutionary aspects of human 

cooperation56,58. Mutual trust, which is one central finding (Fig. 5c,g), is essential for any 

setting where parties must renounce immediate individual benefits for the long-term good of 
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the whole, such as conservation, and an emergent property of functioning arrangements56. 

Threats beyond PA boundaries (Fig. 4b,c) show conflicts that occur because people and 

wildlife follow different system boundaries27. Therefore, the boundaries around the community 

of users and the resource itself must be clearly delineated56,58. Stronger social boundaries 

through shared values, rules, or goals can outweigh fuzzy geographic boundaries not respected 

by mobile wildlife59, which might explain why beneficial community conditions reduced 

threats to wildlife, particularly beyond borders (Fig. 5a,e). Furthermore, as another key finding 

(Fig. 5i), the inclusion of all relevant group members through the right to organize and create 

rules and decisions of their own, ideally by consensus, is vital for collaboration56,58. Inclusive 

approaches enable local adaptation and trigger intrinsic incentives since people resent being 

told what to do but work hard to meet agreed-upon goals56,58. Finally, parks were largely 

influenced by factors beyond the control of managers (i.e., HDI, population densities, threat 

beyond borders); thus, they are parts of larger systems requiring collaboration across multiple 

scales and levels58. For instance, pan-European, regional, and local networks have enabled the 

return of long-extirpated wildlife to Europe5,8. Critically, some arrangements are poorly 

aligned. Northern countries struggled to protect predators (Fig. 3b), controlled their populations 

within PAs (i.e., Sweden) (table S20), and opposed rewilding while simultaneously advocating 

for coexistence abroad with costs disproportionately borne by the rural Global South20. 

Likewise, apparent continental differences in legal settings (Fig. 1c, Fig. 2a, Fig. 3c) may still 

be relics of colonial times and indicate a lack of local participation in the South. Furthermore, 

exclusionary and militarized approaches are becoming normalized among some conservation 

agents and sub-Saharan African locations, seeding deep mistrust among residents15,22. These 

examples violate generalized principles, such as equal cost-benefit sharing, self-determination, 

and inclusion, poisoning the collective efforts needed for wildlife protection58. More 

drastically, they reflect demands for decolonization and environmental justice, entailing a fair 

distribution of costs and benefits, participation in decision-making and the recognition of 

identities and cultures17. Traditional PA management may have low compliance with core 

design principles60. Linking the core design principles with local knowledge and values could 

benefit conservation work and just arrangements. However, like most PA assessments2,49, our 

data reflect the perceptions of PA managers, which can involve certain biases and can differ 

from the perceptions of other stakeholders10,61. For a sound understanding of the role of these 

minimal core processes in wildlife hunting, further knowledge synthesis across diverse 

gradients of actors, institutional arrangements, and societies is needed. 
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Overall, various manifestations, causes and effects of hunting on wildlife highlight the need 

for differentiation in research and PA risk assessments that list hunting as a single category30 

and the universal aspects emphasize the need to move beyond a Global South-North divide. 

Ultimately, in an increasingly human-dominated world, there might rarely be an ideal setting 

for wildlife, and future trajectories will likely worsen the identified wildlife-related challenges. 

Climate change and biodiversity loss will exacerbate the historical inequalities that currently 

drive unsustainable hunting associated with biodiversity and disease risks in the Global 

South35. They will further push people and wildlife into new areas, increasing HWCs along the 

regional axis, likely deepened by increasing demand for natural resources due to population 

and perpetual economic growth27,62,63. Current PA management, either control based or 

exclusionary, will be questioned by increasing demands for co-determination in the South, and 

returning predators in the North and growing predator populations will challenge human-

wildlife relationships. Beneficial local circumstances had protective effects on wildlife but 

could not reverse the strong South-North effect. Consensus is growing that only systemic 

changes in economics, values, and society can prevent biodiversity loss and future pandemics 

and address long-standing inequalities57,64. These challenges entail social and normative 

negotiation processes on every single organizational level. Theory suggests that the minimal 

core principles briefly outlined above are applicable across contexts and scales and empower 

every relevant level to resolve within- and between-level conflicts, ultimately enabling more 

networked, just, and effective wildlife conservation56,58.  

4. METHODS: 

 Data collection. 

Data was collected through face-to-face interviews with managers of 114 African and 

European PAs using a structured questionnaire2,49. The polygons of PAs were obtained from 

the World Database of Protected Areas26. The study was approved by the Ethics Council of the 

Max Planck Society and we obtained informed consent from all participants. We used three 

main criteria to sample the PAs from the World Database of Protected Areas26: 1) if possible, 

PAs in the category of national parks, 2) the availability of data to cross-validate our 

questionnaire data (Living Planet Database (LPD), IUCN SSC A.P.E.S database reports52, and 

3) permission from governments to conduct surveys and the willingness of PA managers to fill 

in our questionnaire. We used face-to-face interviews to circumvent the challenge of acute data 

shortage on hunting and conservation strategies from an ecological, economic and social 

perspective2. As we were interested in the interface between biodiversity protection and 
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resource use, we selected PA directors or their representatives as our interview partners, as we 

expected the highest data availability and expertise on hunting and its impacts on biodiversity 

from these key stakeholders2. We conducted the survey from December 2017 to September 

2019 in 25 African and European countries and 114 parks (Fig. 1a, table S1). We used 

standardized questionnaires to collect data on socio-economic dimensions, community 

attributes, aspects of hunting and conservation interventions in place (see questionnaires in 

Supplementary Information). We further asked about changes in mammal and bird abundances 

over the past ten years (overall 462 species, 15 functional guilds/groups). Given that data of all 

occurring species were hardly available, the listed species are those where PA managers were 

able to report changes. Moreover, we collected grey literature in the form of reports and 

ecological and socio-economic surveys conducted by parks, management plans, and lists of 

confiscated animals and records of confirmed poaching cases (table S20). We considered PA 

managers the best sources of this information. However, responses can deviate from reality due 

to unconscious and conscious biases. Thus, we cross-checked the validity of our data with data 

collated from the Living Planet Database (LPD)65, IUCN SSC A.P.E.S database66, an online 

survey with non-governmental organisations working at the surveyed PAs, the Protected Area 

Management Effectiveness (PAME) assessments67, as well as published and unpublished 

reports. For our abundance data, we found an overlap in 81% of the cases52. The comparison 

with the NGO survey showed an overlap of 58.7% ± 19.36% and the comparison with the 

PAME assessment resulted in an overall overlap of 54.8 ± 13.3. However, the power of the 

comparison was limited due to the low number of responses for the NGO survey and the PAME 

due to low number of comparable questions and different wording and time periods. Further 

details on this cross-validation are included in section 2.1 of the Supplementary information. 

 Models: 

We implemented Bayesian hierarchical regression models (BHRM) using the “brms” package 

(Bürkner, 2017). As priors, we used a standard normal distribution with a mean and standard 

deviation of 1. We made 2,000 iterations over four Markov chain Monte Carlo (MCMC) chains, 

but increased it due to failing in some models to 10,000 iterations68. In all models, we controlled 

for spatial autocorrelation by including a Gaussian process over longitude and latitude for each 

PA69,70 by using the function “gp” from the “brms” R package68. We standardized all variables 

from zero to one before compiling the indices. All predictor variables were transformed into a 

standard normal z distribution (with mean 0 and standard deviation 1) to facilitate comparison 

of the results from our models 71. We have ruled out correlation and multicollinearity among 
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predictors. Statistical analysis was conducted using R 3.6.172. The inspection of the MCMC 

results showed stationarity and convergence to a common target. All “Rhat”73  values were 

below 1.01, and we had no divergent transitions after warmup. As we lacked prior information, 

we ran the models with weakly informative priors with a standard normal distribution (mean 

of 0 and standard deviation of 1). To achieve roughly symmetrical distributions and avoid 

influential cases, we square root- or log-transformed skewed predictors. 

 Analyses: 

4.3.1 Responses: 

To understand the differences and commonalities in hunting characteristics across the South-

North gradient, we used seven binary response variables in nine models (Table 1). 

 

Function of hunting: 

First, we investigated the multiple functions of hunting, defined as providing goods and 

services10. We grouped them based on their prevailing motivations into the three-dimensional 

structure common in sustainability science (e.g. Fischer 2013). An economic function 

combined hunting for subsistence and commercial interests. A social function comprised non-

market-related hunting for entertainment and cultural and social necessities, and an ecological 

function included population control and killing due to human-wildlife-conflicts10. The 

response was the overall hunting index of all functions, and we tested the effect of the single 

categories based on an interaction between the hunting function and all main predictors (HDI, 

population density, community attributes). 

 

Manifestations of wildlife interactions: 

Second, we explored the prevalence of two common human-wildlife interactions. We used as 

a response the threat assessments of "hunting" and “killings because of human-wildlife 

conflicts". We included legal and illegal actions, but excluded ratings of legal hunting to 

explore whether this changed the results. 

 

Trophic level: 

Third, we assessed differences in hunting pressure between the ecological aspect of trophic 

levels of target animals. Our response was predator vs. non-predators as listed by managers 

threatened by hunting. We defined small to large predatory mammals and birds of prey as 
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predators, while primates, apes, insectivorous, omnivorous and herbivorous mammals and 

birds were considered as non-predatory. 

 

Threat location: 

Fourth, we aimed to understand the local effects on wildlife and its spatial location. Our first 

two responses were a rating of how protected species from the park were affected by illegal 

hunting within administrative park borders and outside the park borders. We included the 

components of our community characteristics individually, attitudes, trust, and local culture, 

and derived the AIC values from the differences between the models (∆AIC)74. 

 

Follow-up analyses:  

We carried out follow-up analyses based on our results to further understand the scope of 

actions available to the park managers. We tested weather individual interventions of the 

"community conservation effort" index can foster supportive local community characteristics 

shown to protect wildlife inside and outside parks. The response was the index for “community 

characteristics”. Predictors were the index components of “community conservation effort”, 

namely "provision of economic benefits to the community", "implementation of livelihood 

projects", "scale of local inclusion", and "implementation of environmental awareness 

programs" separately in the model. In addition, the model contained population density, size, 

and country as control predictors, and used “continent” instead of HDI due to correlations.  

All questions were recorded in an ordinal or Likert scale and transformed into binary responses, 

reducing the scope of error 75. We controlled for odd numbers if a different break changed 

outcomes (i.e. grouping questionnaire answers moderate, high, very high, or respectively high 

or very high as high threat (tables S4-S8)). For an overview of responses, see table 1. 

4.3.2 Predictors: 

We approximated the socio-economic South-North gradient with the HDI (2017), a composite 

index of life expectancy, education, and per capita income (gross national income GNI (PPP) 

per capita)76. We included multiple-scale predictors known to affect human-wildlife 

relationships. At the landscape scale, we included human population density (2015)2. At the 

local scale, we constructed an index for community characteristics based on questions 

regarding nature-culture relationships, attitudes towards nature, conservation, the concept of 

protected areas and their current management, and levels of mutual trust between communities 

and park management54. To account for conservation efforts, we generated one index for 
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protection-based interventions that protect the resources within the park. The index included 

the presence of regular ranger patrols, buffer zones, and a permanent research station, and even 

if the primary intention is different, the presence of staff can have a similar protective effect as 

ranger patrols77. We further complied one index for community-based interventions, including 

conservation efforts altering the local context beyond park boundaries by community-based 

interventions (provision of benefits to communities, implementation of livelihood projects, 

awareness creation, inclusion of local communities). We controlled for park size49 and included 

country as a random effect. All necessary random slope components were included. For the 

construction of the variables, see tables 1, S2 and S3. We included all index components 

separately in the model to test the robustness of our indices. 
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Table 1 Overview of response variables and models 

 

 

  

Response Predictors 

Hunting index of all functions (Index high, low) HDI x functions of hunting (ecological, economic, social), human 
population density x functions of hunting, community 
characteristics x   functions of hunting, CONTROL: PA size, 
country  

Threat rating “hunting/poaching”, (legal, illegal). 
(Threat: high, low) 

HDI, human population density, community characteristics, 
protection-based interventions, community-based interventions, 
CONTROL: PA size, country, abundance mammals/birds 

Threat rating “killing because of human-wildlife-
conflict”, (legal, illegal). (Threat: high, low) 

HDI, human population density, community characteristics, 
protection-based interventions, community-based interventions, 
CONTROL: PA size, country, abundance mammals/birds 

Trophic level of threatened species. Divided in 
predators, including raptors, predatory mammals, 
versus non-predatory, containing primates, apes, 
omnivorous, frugivorous, insectivorous mammals 
and birds. (Threatened: yes, no) 

HDI, human population density, community characteristics, 
protection-based interventions, community-based interventions, 
CONTROL: PA size, country, abundance predators 

Rating of the threat to wildlife from parks through 
illegal hunting (killing/poaching/poisoning) within 
the administrative PA boundaries. (Threat: high, 
low). 

HDI, human population density, community characteristics, 
protection-based interventions, community-based interventions, 
CONTROL: PA size, country, abundance mammals/birds 

Rating of the threat to wildlife from parks through 
illegal hunting (killing/poaching/poisoning) outside 
the administrative PA boundaries. (Threat: high, 
low). 

HDI, human population density, trust, protection-based 
interventions, community-based interventions, CONTROL: PA 
size, country, abundance mammals/birds 

Rating of the threat to wildlife from parks through 
hunting (killing/poaching/poisoning) within the 
administrative PA boundaries, (Threat: high, low). 

Replacement of community attributes by its index components: 
“trust”, “attitudes”, “culture”, HDI, human population density, 
protection-based interventions, community-based interventions, 
CONTROL: PA size, country, abundance mammals/birds 

Rating of the threat to wildlife from parks through 
hunting (killing/poaching/poisoning) outside the 
administrative PA boundaries. (Threat: high, low). 

Replacement of community attributes by its components: “trust”, 
“attitudes”, “culture”, HDI, human population density, protection-
based interventions, community-based interventions, CONTROL: 
PA size, country, abundance mammals/birds 

Community characteristics (beneficial 
characteristics: high, low) 

Index-components of community-based interventions:  provision of 
economic benefits to the community, implementation of livelihood 
projects, scale of local inclusion, implementation of environmental 
awareness programs, CONTROL: population density, country, 
continent 
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CHAPTER VI 

6. Summary and synthesis 

In this chapter, I first present a summary with the key findings of the thesis and answer the 

questions and overarching goals outlined in Chapter II. Subsequently, within the synthesis I 

will discuss some of the critical, overarching findings that run throughout the thesis. I conclude 

by providing an outlook of practical implementations to regulate wildlife trade and hunting at 

various scales and levels, as well as suggestions for future research. 

 Summary  

Extensive hunting and wildlife trade threatens species worldwide, disrupts local and global 

ecosystems and food security, and increases the risk of zoonotic diseases and pandemics, which 

in turn can cause global and multidimensional disruptions (IPBES, 2020; Ripple et al., 2016). 

A more thorough understanding of the processes underlying wildlife use at different levels and 

scales from the origins of hunting and trade at the local level to global relationships is critical 

to developing recommendations for different areas of action and stakeholders involved. For 

this purpose, I have explored the drivers of wildlife use and possible solutions at multiple levels 

of organization (individual actors, national parks), dimensions (economic, social, ecological), 

and scales (local, cross-continental). For the local case study, I collected data on wildlife trade 

in a tropical West African society at the interface between a wildlife-poor landscape typical of 

this region and the relatively wildlife-rich Taï National Park in Côte d'Ivoire. To my 

knowledge, this study is the first to examine a bushmeat trading system in such detail, using 

one of the most extensive data sets available, with 1,725 interviews. I traced the complex trade 

network and unraveled the interacting economic, cultural, and nutritional motivations of the 

wildlife commodity chain at the levels of hunting, trade, and consumption. I further deciphered 

the drivers within these actor levels and the smallest components of wildlife trade; the species 

traded with the goal of understanding the level of detail required for regulatory strategies. For 

the cross-continental study, I collected data with the help of assistants in 114 African and 

European national parks. I led the survey in Eastern Europe (Romania, Poland, Czech Republic, 

and Slovakia) and Central Europe (Germany, Austria). This unique dataset allowed me to 

examine how hunting changes in its rudimentary characteristics across the contrasting Global 

South-North gradient, identify commonalities, and ultimately understand the local versus 

generalizable dimensions of hunting. Overall, with my thesis I have pursued two overarching 

goals: first, understanding the causes of wildlife use at different levels and scales; and second, 
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proposing strategies to curb wildlife overexploitation for different spheres of activity. Each 

chapter made specific contributions to both overarching goals (Table 2).  

Table 3 Overview of overarching and subordinate questions, research and brief results 

  Research 

questions 

Outcomes related to 

overarching goal I 

Research 

questions 

Outcomes related to 

overarching goal II 

   Understand the causes of 

wildlife use at different 

levels and scales 

 Propose strategies to curb the 

overexploitation of wildlife 

for different spheres of 

activity 

L
o

ca
l 

ca
se

 s
tu

d
y

 

 

Chapter 

III 

What are the 

motivations for 

a) producing, 

b) distributing 

or c) 

consuming wild 

meat? Do the 

motivations 

differ between 

these different 

nodes of the 

commodity 

chain? 

Economic drivers were 

associated with hunting, 

economic, and cultural 

drivers with trade. Cultural 

habits and educational 

factors affected 

consumption patterns. 

Overall, the bushmeat 

commodity chain is a 

complex system of many 

interacting actors, each 

bringing unique histories, 

socio-economic needs, and 

motivations and embedded 

in different conditions. 

If motivations 

vary within the 

different nodes of 

the commodity 

chain, how should 

regulation 

strategies be 

designed? Is there 

such a thing as a 

"best" entry point 

for interventions? 

Interventions in this complex 

bushmeat commodity chain 

must take into account the 

different motivations of the 

actors and their 

interdependencies. Therefore, 

multi-actor approaches 

accompanied by careful 

monitoring to detect side 

effects at other nodes in the 

chain are needed. Consumer-

level interventions may be the 

most promising starting point 

but need complementary 

programs to compensate for the 

loss of other actors' livelihoods. 

Chapter 

IV 

What are the 

determinants of 

the use of 

different taxa, 

and do they 

vary between 

taxa and user 

groups? 

Users with common 

characteristics preferred the 

same taxa. Hunters and 

consumers who relied on 

wildlife protein were more 

likely to choose rodents. 

Different groups used the 

same taxa for different 

reasons. For example, 

primate hunting was linked 

to economic needs, while 

consumption was detached 

from them. Environmental 

awareness was associated 

with lower use of almost 

all taxa among all actors 

except bushmeat traders. 

Does the 

paradigm of 

bushmeat as a 

generic resource 

hold, and can 

strategies be 

applied 

universally? 

Alternatively, is 

there a need for 

specifically 

tailored 

interventions? 

Development-, education-, and 

culture-based strategies may 

affect taxa differently. Given 

the extensive use of common 

species combined with taxon-

specific drivers, strategies 

aimed at the general use of 

bushmeat may target common 

taxa and disregard rare species. 

Consequently, campaigns need 

to be tailored to specific taxa 

and user groups. 
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G
lo

b
a

l 
st

u
d

y
 

Chapter 

V 

What are 

differences and 

commonalities 

within the four 

basic 

characteristics 

of hunting in 

terms of why, 

what, where do 

people hunt 

and what 

mitigates 

unsustainable 

hunting, across 

the contrasting 

socio-economic 

and ecological 

Global South-

North 

gradient? 

Differences were evident 

within all basic hunting 

characteristics. 

Northwards, hunting 

shifted from illegal 

commercial hunting of 

herbivores within parks to 

legal socially and culturally 

motivated hunting of 

ungulates and conflict-

driven illegal pursuit of 

predators beyond borders. 

Commonalities were 

mainly related to what 

mitigated overexploitation. 

Supportive local 

community conditions, 

such as trusting 

relationships and 

conservation-friendly 

attitudes and cultures 

associated with community 

integration, were linked 

with lower threats to 

wildlife from illegal 

hunting. 

Where are local 

and global 

"levers" to 

mitigate 

overexploitation? 

Do the 

commonalities 

across the Global 

South-North 

gradient offer 

universal 

solutions for 

wildlife 

conservation? 

Potential levers were at local, 

regional, and global levels, 

highlighting the need for 

collective action across actors 

and sectors. At the park level, 

community integration could be 

essential to create favorable 

conditions for wildlife 

conservation. Overall, the 

commonalities found across 

such contrasting socio-

economic contexts may reflect 

minimal core processes 

essential for effective human 

cooperation. Integrating these 

into conservation could 

advance wildlife conservation 

and enable arrangements that 

are more equitable. 

 

6.1.1 Overarching goal I: Understand the causes of wildlife use at different levels 

and scales 

In Chapter III, I examined whether motivations underlying the a) production (hunting), b) sale, 

and c) consumption of bushmeat varied within a bushmeat commodity chain. The commodity 

chain structure showed that commercial hunters at the top supplied a wide network of retailers, 

mainly restaurants (36%) and bushmeat traders (14%). Households were less involved in this 

commodity chain as 39% sourced their meat from their fields. The results further revealed that 

hunters were predominantly driven into their activity by economic hardship, and financial 

circumstances also determined hunting intensity. Related bushmeat traders often introduced 

wild meat traders to their profession and both cultural and economic aspects altered trading 

behavior. Consumption decisions were influenced by taste preferences, cultural elements, and 

beliefs. These results show that local drivers of wildlife use emerge from a complex system of 
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heterogeneous actors and their unique histories and socio-economic needs. In Chapter IV, I 

examined whether the drivers of wild meat utilization vary between taxa. The results confirmed 

the system's heterogeneity, as different user groups such as hunters, wildlife traders, and 

consumers selected species for different monetary, dietary, knowledge-based, and cultural 

reasons. For example, hunting of primates and duikers was associated with economic 

dependence, while the hunting and consumption of rodents were associated with higher food 

dependence. Individual taboos inhibited particularly the hunting and consumption of primates, 

while the proportional share of species varied. Primates were the most frequently hunted 

(32.2%) but the least traded (15.6%) and consumed taxon (7.3%), while rodents were the most 

traded (46.6%) and consumed (59.2%) taxon. In Chapter V, I examined how hunting patterns 

change across the Global South-North gradient and weather commonalities exist. My results 

confirmed changes in terms of why, what, and where people hunt. Northwards, the 

economically-motivated and illegal hunting of herbivores within parks decreased. However, 

threats through illegal hunting outside of park boundaries persisted and increased 

simultaneously for predators. Commonalities along the gradient were found in the effect of 

human-dominated landscapes that were equally linked to higher threats through human-

wildlife conflicts. Furthermore, favorable community characteristics such as conservation-

friendly attitudes, cultures, and particularly trusting relationships between park management 

and communities fostered by community inclusion were associated with lower threats to 

wildlife from illegal hunting in and around national parks. In terms of key drivers, all chapters 

showed that commercial poaching in national parks was strongly associated with economic 

constraints and a lack of livelihood alternatives. Nevertheless, the global perspective revealed 

that poaching in the Global North persisted, although to a lesser extent. Hence, co-existence 

with humans comes at a cost to wildlife, regardless of economic scarcity or prosperity. 

 

6.1.2 Overarching goal II: Propose strategies to curb the overexploitation of wildlife 

for different spheres of activity  

Zooming in on the wildlife commodity chain in Chapter III showed that each actor offers a 

potential and specific point of intervention but also carries the risk of dynamic, difficult-to-

predict responses within the trade network. Therefore, interventions within wildlife commodity 

chains must consider the different motivations and interdependencies within this complex 

social-ecological system. All key stakeholders should be involved, and careful monitoring is 

needed to ensure socially and environmentally sustainable changes. The results from Chapter 

IV revealed that the taxa primates, duikers, and rodents were hunted, consumed, and traded for 
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different reasons. This has far-reaching implications for the design of conservation measures, 

especially when considering the proportional utilization per taxa. About 60 percent of the meat 

consumed was from rodents, while only seven percent originated from primates. If bushmeat 

were considered a generic good, the protein deficiency that drives rodent consumption would 

have been identified as a major cause of wild meat consumption. Hence, the recommendations 

would be developmental. However, rare taxa such as primates were consumed regardless of 

protein availability, and economic development might even increase the financial means to 

purchase the desired product. Overall, the results challenge the paradigm of bushmeat as a 

generic resource and suggest that education-, culture-, and development-based strategies 

address different needs, actors, and taxa. Interventions that do not fit the context or audience 

carry the risk of unintended negative consequences, waste scarce economic resources in 

conservation, and even cause harm in some cases. Consequently, conservation strategies must 

be tailored to the context, e.g. specific taxa or user groups. In summary, the findings of these 

two chapters highlight the need to prioritize planning processes, which remains uncommon in 

projects aiming to reduce hunting throughout West and Central Africa (Wicander and Coad, 

2019). This involves defining clear objectives and identifying the behavior in question, the 

motivations of the user groups involved, and barriers to change (Doughty et al., 2021; Jones et 

al., 2018). Consumers in this region appeared across both chapters as a relatively shallow entry 

point, rejecting rare species for a variety of cultural and educational reasons and personal 

beliefs. In particular, environmental awareness reduced the consumption of bushmeat and rare 

taxa, which could have the potential for large-scale change (Whitcraft et al., 2014). However, 

any such intervention at the consumer level requires complementary strategies that compensate 

for the loss of livelihoods for other actors in the bushmeat chain. 

 

The commonalities across the Global South-North gradient found in Chapter VI suggest that 

supportive community attributes including nature-friendly attitudes and local culture, and 

mutual trust fostered by community involvement can benefit wildlife by reducing threats 

through illegal hunting. Research confirms that when properly applied, inclusive approaches 

ensure fair and equitable decision-making processes, improve trust, reinforce positive attitudes, 

and take into account the diversity of cultural values associated with wildlife (IPBES, 2019; 

Report and RRI, 2020; United Nations Environment Programme, 2021). I further linked these 

commonalities to commons theory and minimal conditions, core design principles that enable 

groups to cooperate effectively, such as in conservation, rooted in our phylogenetic and cultural 

history as a social species (Ostrom, 1990; Wilson et al., 2013). The incorporation of the core 
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design principles (Ostrom, 1990; Wilson et al., 2013) could enable a minimal framework for 

fostering a more connected, effective and socially-just community of conservation 

practitioners, researchers, policy-makers and local communities (Chapter V). The global 

perspective revealed levers at multiple levels. While the steep Global South-North gradient 

drove commercial hunting in parks, human density on the landscape axis increased conflicts 

with wildlife outside parks, and beneficial local community characteristics mitigated threats to 

wildlife. Nevertheless, these local effects were not sufficiently strong to outweigh the influence 

of HDI. Hence, protected areas are embedded in larger systems, and wildlife conservation 

therefore requires collective action involving higher levels of organization.  

 

 Synthesis 

6.2.1 Cross-cutting insights and conservation implementations  

In synthesizing across all chapters of this dissertation, four overarching findings emerged. First, 

it became evident that conceptualizing hunting systems as complex social-ecological systems 

is useful because causes and effects are multidimensional and located at different levels and 

temporal and spatial scales. On the temporal scale, the human-environment timelines (Chapter 

II) showed why an increasingly commercially-motivated hunt developed in the region, and how 

this was linked to dwindling natural resources and traditions, as well as an increasing 

dependence on the financial system coupled with rising unemployment. Zooming in on the 

wildlife commodity chain (Chapters III, IV) revealed its added complexity. Individual actors 

interact within the long commodity chain, all with different motivations, socio-economic 

needs, and personal histories. The global perspective in chapter (Chapter VI) revealed the 

nested structure of local and global systems. On the global axis, the steep gradient of HDI 

towards the Global South was the main driver of unsustainable hunting, whereas on the 

landscape axis, human density fueled human-wildlife conflicts. Compared with these 

macroscale factors, the zone of influence of individual park managers to limit these external 

influences was limited. Therefore, the major challenges of wildlife management will be to 

embrace the multi-scale nature of human influences, grasp how these affect critical ecological 

processes in the present and future, and reckon with unpredictable responses and uncertainties. 

Advancing theories and frameworks to analyse social-ecological systems (e.g. Ostrom, 2007) 

can provide vital tools here. 
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Second, it emerged across chapters that feasible strategies need to be highly context-sensitive 

(i.e. actor-, governance- and system-specific) (Moser and Ekstrom, 2010). Thus, within a larger 

socio-economic context, strategies need to consider actor- or species-specific differences 

(Chapter III, IV). Besides, these structural elements are also interconnected, namely the actors, 

the wider context in which they function (e.g. governance), and the object on which they act 

(the system of concern) (Moser and Ekstrom, 2010). Due to this interconnectedness and 

cascading effects, undesirable effects are likely (Chapters III, IV). Furthermore, prioritizing 

only one dimension in the multidimensional context of wildlife exploitation can lead to 

undesirable side effects. For example, from a conservation perspective, consumers may be an 

ideal target for intervention as they were the most flexible in their consumption choices, 

probably due to sufficient alternatives to bushmeat (Chapter III, IV). However, from a 

development perspective, policies must prioritize the protection of vulnerable actors who lack 

alternatives, such as hunters and especially bushmeat traders, who often found themselves in 

difficult economic situations, e.g. as a single mother or widow (Chapter III). Consequently, 

strategies must be context-sensitive and balance trade-offs between the three dimensions of 

economic, social, and environmentally sustainable development. This requires strongly 

prioritized planning processes, clearly-defined and holistic goals, and careful assessments at 

different stages of the project. Tools from marketing and psychology can help to design 

strategies that address the contextual diversity of bushmeat users and types (Jones et al., 2018; 

Poortinga and Darnton, 2016; Veríssimo, 2020; Veríssimo and Wan, 2018). 

Third, developing context-sensitive strategies for these complex social-ecological systems 

requires sufficient data collection, analysis, and ongoing monitoring. This may be an overly 

slow and costly option for a notoriously underfunded conservation sector, which often acts out 

of emergency as delays come at a high cost. A bridging element could be the findings from 

Chapter VI, which outlined the importance of integrative approaches. Indigenous peoples and 

local communities have a long relationship with nature that has profoundly shaped the 

landscapes in which they live today (Report and RRI, 2020; Survival International, 2020). In 

these communities, there is a wealth of accumulated knowledge about historical and current 

developments, traditional ecological knowledge, and underlying reasons and barriers to the 

desired change  (IPBES, 2019; Report and RRI, 2020; Survival International, 2020; van Vliet, 

2018). Incorporating this knowledge through community-based or co-designed approaches can 

help to develop strategies that are context-sensitive, adaptive, and most importantly, socially-
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just and acceptable. Furthermore, communities are on the front lines of environmental 

problems and thus directly experience the success and undesirable side effects of interventions.  

Another finding that could reduce the complexity of developing context-sensitive strategies is 

the commonalities found in different socio-economic contexts across the Global South and 

North (Chapters V). This highlights the notion that synthesizing results from a contrasting 

context can offer us insights into deeper mechanisms to derive generic recommendations 

(Haase et al., 2021; Wolff and Haase, 2020). I linked the commonalties found to core design 

principles, the minimum conditions/mechanisms that must be met for groups to effectively 

collaborate to sustainably manage shared resources of any kind. These were pioneered by 

Elinor Ostrom and colleagues by knowledge synthesis across sciences, societies and resource 

systems, such as forests, pastures, fisheries, schools or neighborhoods (Ostrom, 1990; Wilson 

et al., 2013). For instance, the importance of inclusion to improve community characteristics 

might reflect the notion that including all relevant group members in decision-making is 

essential to effective collaboration (Ostrom, 1990; Wilson et al., 2013). Alternatively, the 

strong threat to wildlife outside of parks demonstrates the likely different system boundaries 

used by wildlife and people, and therefore boundaries around the resource, such as protected 

areas, and its users should be geographically or socially definable (Ostrom, 1990; Wilson et 

al., 2013). As one of my key findings, trust is a lubricant for any effective cooperation and an 

emergent property for well-designed settings (Ostrom, 1990; Wilson et al., 2013). Critically, 

some regulations were poorly aligned with the core principles, such as equal cost-benefits 

(Ostrom, 1990; Wilson et al., 2013). For example, despite the same IUCN protection 

categories, hunting was allowed in most European parks, unlike in Africa. Ultimately, 

conservation work could benefit from weaving together the core design principles with 

indigenous/local knowledge and values and demands to provide a minimal framework for 

designing and governing nature conservation in remarkably diverse contexts. Nevertheless, 

practical implementation in turn requires local adaptation processes at each relevant 

organizational level. 
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Fourth, I have outlined the importance of well-planned and 

implemented strategies at the local level in Chapters III and 

VI, while I emphasized the strong influence of national and 

global development parameters such as the HDI on local 

hunting systems in Chapter V. However, the responsibility for 

funding decisions and the prioritization and direction of the 

global economy lies at different levels and is distributed 

among multiple actors and sectors. This underscores the need 

for cross-scale and cross-sectoral approaches that strengthen 

the local basis for conservation and thus stimulate bottom-up 

changes, but at the same time create global and regional 

foundations that in turn have a positive impact at the local 

level. Hence, an effective global governance is needed to 

combat wildlife over-use. One challenge of governance in 

multi-layered systems is the appropriate coordination between 

all relevant groups across scales and levels (from international 

organizations to national governments, local authorities, 

NGOs, research institutions, local communities, etc.). 

Polycentric governance that involves multiple 

semiautonomous decision-making centers at multiple levels 

(e.g. local, state, and national) (McGinnis, 1999) and 

boundary organizations (Lee et al., 2014) acting at the 

interface of science and policy can facilitate collaboration and 

communication. According to the theory, the core design 

principles discussed above can be applied across levels and 

provide each relevant sector with the minimal conditions to 

solve problems within and between levels (Ostrom, 1990; 

Wilson et al., 2013), ultimately building a more effective and 

equitable conservation network.  

 

6.2.2 Concrete pathways and further research 

Thus far, I have outlined several general recommendations and problems to address the multi-

faceted problem of wildlife loss through hunting, poaching, and wildlife trade. Here, I will 

Cross-cutting insights 

Conceptualizing hunting 
systems as complex 

social-ecological 
systems is useful for a 
holistic understanding  

  

Feasible strategies need 
to be highly context-
sensitive (i.e. actor-, 

governance- and 
system-specific). 

  

Campaigns require prior 
research, multi-actor 

approaches, and 
constant monitoring.  

  

Community-based  
approaches and 
consideration of 

universal aspects, such 
as those of human 

collaboration can help 
reduce complexity. 

  

Need for cross-scale and 
cross-sectoral 

approaches, and 
appropriate global 

governance. 
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address some concrete strategies that emerge from my findings, link them to current 

developments in research and practice and formulate further research recommendations.  

Culturally sensitive and taxa specific reduction policies 

The local scale study in West Africa showed low consumer demand for endangered species 

such as primates and high demand for robust species (Chapter IV), reflecting the typical species 

composition of the wild meat biomass in tropical Africa (Fa and Brown, 2009; McNamara et 

al., 2015; Petrozzi et al., 2016). The results have further highlighted the importance of wild 

meat for the livelihoods of different stakeholders and its role as an important cultural 

component (Chapter III, IV, and V). Besides, complete substitution of wild meat could 

endanger wild fish populations, destroy important habitats through livestock production and 

associated environmental degradation, and similarly increase pandemic risks (Brashares et al., 

2004; IPBES, 2020; Nasi et al., 2011). Moreover, strict bans disproportionally penalize rural 

consumers, small-scale suppliers and traders, without providing alternatives (Booth et al., 

2021), and they can drive the trade underground making it difficult for any monitoring or 

regulations (Chapter III).  

Consequently, selective measures that direct trade towards more robust, less primary forest-

dwelling and disease-prone species would be the most socially and environmentally sustainable 

option. The extremely high profits from wildlife trade, often from forest-dwelling and 

endangered species (Chapters III, IV) highlight the challenges to incentivized supply reduction 

(van Vliet, 2011). Therefore, it might be more promising to focus on reducing demand and thus 

the lucrativeness, and simultaneously start offering and incentivize appropriate alternatives for 

the supply chain actors (Chapter III, IV). This could be achieved through knowledge and 

behavior change programs that encourage or nudge behavioral change away from the purchase 

of specifically endangered or disease-prone species (IPBES, 2020). These programs need to be 

tailored, culturally sensitive and locally adapted, which could be enabled through the co-design 

and involvement of trade communities and other experts (Chapter IV, V) (Doughty et al., 2021; 

IPBES, 2020). A group of interest could be urban consumers (Chapter III) and especially the 

younger generation in West and Central Africa who are less interested in consuming wildlife 

(IPBES, 2020; Luiselli et al., 2017).  

However, efforts to change behavior of any kind must be implemented cautiously, without 

paternalism and with careful consideration of their potential negative impact on the target 

groups (Doughty et al., 2021; Häußermann, 2020; Leggett, 2014). The development of 

successful demand reduction strategies would therefore benefit from research that synthesizes 
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evidence-based behavior change interventions by linking human behavior theory and evidence 

(Doughty et al., 2021) and improves the practical implementation of co-design approaches and 

incorporates disciplines such as marketing (Chaves et al., 2018; Jones et al., 2018) and 

environmental psychology (Gifford, 2012), but also postcolonial theory (Garland, 2008; Hall 

and Smith, 2000; Marijnen and Verweijen, 2016) and concepts of environmental justice (Mohai 

et al., 2009).  

Community-led approaches 

Although wildlife overexploitation is a global problem, the definition and implementation of 

conservation goals is in the hands of sovereign states and ultimately local communities. 

Substantial involvement of community-led approaches to conservation, including rights of self-

determination, and strengthening traditional governance and knowledge systems would 

improve aspects of justice and redressing conservation’s colonial history (Chapter V) (IPBES, 

2019; Report and RRI, 2020). Besides, this is growing evidence that community-driven 

approaches are essential to meeting local and global conservation goals. Impressively, nature 

is healthier on the more than quarter of the world’s lands that indigenous people manage or 

own (IPBES, 2019), and in indigenous-managed or co-managed lands in Brazil, Canada and 

Australia the vertebrate species richness even exceeded those found in protected areas (Garnett 

et al., 2018; Schuster et al., 2019). Integrative conservation work and the recognition of 

indigenous people’s rights to land and institutions is essential to create sustainable solutions 

where people and nature can thrive.  

Linking ultimate and proximate mechanisms 

In Chapter V, I linked my results to proximal and ultimate causes (Ostrom, 1990; Wilson et al., 

2013). The effect found of involvement in decision-making (Chapter V) can mirror proximate 

causes, for example. Inclusion work is adaptive in the proximate timescale and context because 

it can facilitate agreement on shared rules and decisions (Ostrom, 1990; Wilson et al., 2013). 

The ultimate reason why mechanisms of inclusive decision-making are adaptive is because 

they trigger a variety of social-emotional responses (e.g. intrinsic motivation) due to our 

phylogenetic and cultural histories as a social species (Ostrom, 1990; Wilson et al., 2013). 

Overall, conservation work may benefit from thinking in terms of proximal and ultimate causes 

of conservation successes and failures. A knowledge synthesis across the conservation sector 

and various manifestations of wildlife overexploitation could combine ultimate and proximal 

explanations for institutional arrangements that deliver desired outcomes from both a 

conservation and social justice perspective (Chapter V). 
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Healthy landscapes 

The human-environment timelines outlined how the loss of forest around the villages added to 

the pressure on the last remaining habitats, mostly in protected areas (Chapter II). The results 

in Chapter V highlighted the threat from illegal hunting when wildlife leaves the protective 

park boundaries. The satellite images from the Taï National Park showed high deforestation 

rates (Fig. 2) and monocultures of palm oil, cocoa, rubber, and coffee (Hansen et al., 2013). 

Research shows that deforestation, plantations and human disturbance are linked to higher 

disease prevalence and outbreaks of zoonotic and vector-borne diseases (Albers et al., 2020; 

Alexander et al., 2015; IPBES, 2020; Morand and Lajaunie, 2020; Ostfeld, 2009).  

This outlines that is important to think about conservation concepts and human and 

environmental health on a landscape level (DeFries et al., 2010; Parrott and Meyer, 2012). 

Restoring healthy ecosystems and their regulatory functions and wildlife populations at the 

landscape level could reduce pressure on protected areas and reduce the risk of zoonotic 

diseases. The One Health approach is a promising new approach that explores the 

interconnectedness of humans, animals and plants and their shared environment and health 

(CDC, 2021). Besides, the One Health approach provides tools monitor disease risks, such as 

risk predictions or environmental screenings and rapid responses to disease outbreaks and 

could ensure a safer use of wild meat (Kelly et al., 2020). However, the One Health approach 

has not yet been operationalized or rigorously tested in the context of the wildlife trade (de 

Garine-Wichatitsky et al., 2020).  

Building global governance 

In this thesis, I have highlighted the need for building global governance to tackle wildlife 

overexploitation. Generally, in multi-layered systems, each area of action has an optimal scale 

(Ostrom, 1990; Wilson et al., 2013). The observed limited capacity of parks to buffer large-

scale factors (Chapter V), also observed in other studies (e.g. Geldmann et al., 2019) may 

suggest that current activities may be managed at the inappropriate scales (e.g. Wilson et al., 

2013).  

A concept from adaptation to climate change can help to identify optimal scales of action. Here, 

the limits of adaptation are highly dependent on the perspective of the actors, the context and 

the spatial, temporal, institutional or legal scales and levels involved (Klein et al., 2015). 

Systematic assessments of how transfers of resources between and responsibilities among 

actors, scales or levels can transform boundaries into barriers that can then be overcome 

through political will, social support, resources and efforts (Klein et al., 2015). Moreover, 
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research is needed to explore how to improve polycentric governance and how the core design 

principles can help to link local, regional and global spheres of organization (Agrawal, 2014; 

Jordan et al., 2015; Ostrom, 2010, 1990). 

Transformational processes 

Given the decline of nature and its services, scientists, stakeholders, and government agencies 

worldwide have already recognized that major transformative changes are necessary to prevent 

biodiversity loss and future pandemics (IPBES, 2020, 2019; IPCC, 2018). Protected areas and 

local communities cannot protect their wildlife until large-scale and sustainable economic 

developments remove the economic constraints that currently drive poachers to exploit even 

remote parks (Chapter V). Wildlife will only be tolerated in human-dominated landscapes in 

the Global North when people accept that their rights mutually exist and challenge the 

prevailing Western 'people-first' mentality and its inherent right to dominate nature (Chapter 

V). Parks will only build large and effective networks of reliable conservation allies within 

existing structures if governments recognize the myopia of prioritizing economic over 

ecological goals.  

Overall, this requires fundamental transformations within our value, economic and social 

systems (IPBES, 2020, 2019; IPCC, 2018). Research should therefore increasingly focus on 

how we can reach transformative changes (Díaz et al., 2019). One step would be the 

mainstreaming of biodiversity aspects and the creation of a common sense of responsibility in 

politics and important public and private actors (IPBES, 2019; Milner-Gulland et al., 2021). 

Another example and relatively quickly implementable portfolio would be reforms of taxes 

and subsidies (IPBES, 2019). In 2019, perverse fossil fuel subsidies worldwide still amounted 

to $320 billion (IEA, 2020), while global spending on protected areas was around $24.3 billion, 

leaving many parks underfunded (Baillie et al., 2020). The cost of global pandemic mitigation 

strategies, which include curbing wildlife trafficking,land-use change, as well as increased One 

Health surveillance is estimated to be between $22 billion and $31.2 billion annually, while the 

economic damage caused by pandemics and emerging zoonotic diseases is in the trillions of 

dollars per year, in addition to the major human suffering (IPBES, 2020).  

The latest outbreak of COVID-19 is just one example of how our broken relationship with 

nature is affecting human health and well-being (Di Marco et al., 2020). We are currently living 

in the realm of the "Anthropocene", the "sixth mass extinction” (Barnosky et al., 2011; Steffen 

et al., 2007) and "the era of pandemics” (IPBES, 2020). Unless we learn to cooperate and 

strengthen global collective action to stop the overexploitation and destruction of our 



Chapter VI_______________________________________________________________________________________ 

 

98 
 

ecosystems, pandemics will accelerate, and we will lose many species that are vital to nature's 

contribution to human existence and ultimately our survival (IPBES, 2019).  

 

 Limitations of this thesis 

Although the social-ecological approach offers many tools and concepts to capture human-

environment relationships, I have only considered some aspects of the overarching concept. 

For example, many natural processes are not linear (Parrott and Meyer, 2012), whereas I have 

assumed linearity in all my analyses. Furthermore, modeling approaches for future scenarios, 

preferably with long-term data or repeated data collection would have been one way to outline 

trends and validate the potential solutions outlined above (Parrott and Meyer, 2012). However, 

any data collection's high financial and labor costs combined with the limited time within a 

doctoral thesis did not allow for repeated data collection. Furthermore, research on wildlife 

consumption and hunting in particular encounters a considerable challenge in collecting data 

on sensitive and illegal behaviors (Nuno and St. John, 2014). My dissertation is based 

exclusively on questionnaire data obtained from the subjects' memories of specific events or 

personal assessments. Although recall data is widely used in the natural sciences, sociology, 

economics and public health (Kamins et al., 2011; Laurance et al., 2012; Ordaz-Németh et al., 

2017), numerous factors can affect its reliability, including recall error and active misleading 

of the researcher. Therefore, I cross validated the data with available datasets. In addition, I 

applied conceptual considerations to possible scenarios for data bias derived from the literature, 

including: 

1. Over-or underrating (Gavin et al., 2009; Golden et al., 2011), which would bias the 

intercepts in our models. 

2. Tending towards the mean by overreporting low levels and underreporting high levels 

(Jones et al., 2008), which would reduce the steepness of the estimated effects and 

reduce the power of our analyses. 

3. Random errors due to imprecise memories or assessments, which would reduce the 

power to detect effects. 

In summary, in all three cases the probability of a type II error (false negative) is higher than 

that of a type I error (false positive). Systemic errors associated with our test predictors or 

reversed relationships would be much more problematic. I have discussed possible sources of 

error in all chapters and have largely ruled them out based on the available literature. 

Nevertheless, these sources of error can be assumed to be minimized in models that are 
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averaged over all data, as discussed above. This could explain why the patterns identified in 

our studies are consistent with previous findings (e.g. influence of religion, taboos, alternative 

protein, relationship with HDI), which would be highly unlikely assuming flawed data or 

analyses. 
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 In a nutshell 

Table 4 Brief summary of results 

  

 

 

Understand the causes of wildlife use at different levels and scales 

The causes of overexploitation and wildlife loss are multidimensional and context-

dependent, varying from the actors involved to the species exploited. They originate at 

different scales and temporal or historical scales, making each setting unique and 

explaining the enormous challenges in developing effective counter-strategies. 

  

Propose strategies to curb the overexploitation of wildlife for different spheres of 

activity 

Approaches need to recognize people's site-specific and diverse connections with 

wildlife. Good planning and ongoing monitoring are essential for long-term, socially and 

ecologically sustainable strategies. Community-driven or co-designed approaches and 

synthesized knowledge along contrasting sites can help to reduce enormous complexity 

by identifying generalized mechanisms that enable local adaptive and equitable 

arrangements. Overall, curbing overexploitation requires well-implemented local action, 

but also appropriate global governance and ultimately major efforts in collective action 

across all actors and sectors. 
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APPENDIX CHAPTER III 

APPENDIX 1: SUPLEMENTS METHODS 
 

Table A.1.1 Characteristics of the sample and sampling strategy used 

 

 

1.1 Ethics statement: 

Permission for this study was requested from all administrative levels (village, district, national 
level: research permit 105/MESRS/DGRSIT/mo) as well as NGOs, park authorities and 
informal institutions (village chief and elders). Prior to data collection, a public village meeting 
was held. All precautions to ensure anonymity were strictly adhered to. Interviews with traders 
and hunters were held at a neutral place. We avoided visiting hunters or traders at their home, 
also to prevent further problems for the village assistants and informants. Prior to each 
interview, the purpose of the study, the use of the data, anonymity, confidentiality, and the 
voluntary basis of responding, were explained to interviewees. We refrained from conducting 
hunter follows or quantitative surveys of remaining trade, as the bushmeat ban implemented in 
1974 (Ministerial order No 003/SEPN/CAB) was strictly enforced during the EVD outbreak. 
Furthermore, commercial hunting mainly took place inside the national park and was punished 
with imprisonment. Hence, quantitative surveys on bushmeat trade would have confronted 
participants with legal issues in addition to the highly questionable ethics of sending the wrong 
signals regarding infection risks and conservation goals. 
 
1.2. Questionnaire design 
For all respondents, we noted all sources of cash income of all household members and property owned 
(furniture, electronic devices, vehicles, houses and building material), as well as any changes therein 
since the EDV outbreak, ethnicity, migration status and time since immigration, and personal religious, 

Type of   

location 

Inhabitants 
/settlements 

No. of 
surveyed 

settlements 

Respondents Sampling method % of settlement 
sampled and % of 

actors sampled 

Total 
interviews 

Campsites 1-200 17 Households Random systematic 
sampling 

20- 33.3% 122 

Small Villages 500-10,000 16 Households Random systematic 
sampling 

5- 6.5% 315 

Villages 10,000-
25,000 

6 Households Random systematic 
sampling 

3.3% 318 

Urban areas 50,000-
280,000 

2 Households Two stage random 
systematic sample 

0.002-0.004% 230 

All settlements 
and three main 
trading points  

 20 Market-traders 
 

Non-random 
snowball sampling 

100% 202 

All settlements   28  Hunters 
 

Non-random 
snowball sampling 

unknown 348 

All settlements  28 Restaurant 
owners 

Non-random 
snowball sampling 

100% 190 
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spiritual, ethical and moral beliefs. To avoid subconscious influences between questions, we placed all 
questions regarding personal beliefs at the very end of the questionnaire. To explore motivation for 
entering, working in, and leaving the bushmeat commodity chain, we used open questions, which we 
coded later. All questions regarding bushmeat hunting, trading, and consuming referred to before the 
outbreak of EDV, ranging from six to 15 month, dependent on the date of the interview. To understand 
hunting practices, hunters were asked about the frequency of hunting trips and to describe a typical 
hunting trip, regarding its duration, location of the hunting sites and weapons used, the average number 
of individuals caught per each species hunted, and the destination of the meat. Additionally, we asked 
whether they applied hunting rules and how this hunting knowledge was gained. Bushmeat vendors 
were asked about the quantities sold, prices, location of origin and destination for relevant species on 
an average market day. Restaurant owners were asked about the species procured, location of origin, 
number of plates sold of each meat type and their prices on an average day. Households were asked 
about the type of protein and the frequency of consumption of the protein source before the EVD 
outbreak. Afterwards, we directly asked how often they consumed the five most common bushmeat 
taxa (monkeys, duikers, greater cane rat, emin’s pouched rat, and brushed-tailed porcupine). To avoid 
miscalculations, the respondents determined for all indications the units (per market day, hunting trip, 
hunting season, day, week, month or year). We considered seasonal variations, e.g., seasonal occurrence 
of snails, hunting only during wet season. Research assistants were equipped with coloured pictures of 
all naturally occurring species to assist appropriate identification of species. A household was defined 
by the joint production and sharing of food. Interviews were conducted with the head of the household 
or, alternatively, a knowledgeable household member above the age of 18 years. If a suitable respondent 
could not be located, the neighbouring household was surveyed instead. 

 

1.3. Data validation of indications regarding intensity of resource use  
We ensured, that our dataset reflects real trends by a) We combined indirect and direct questioning by 
first asking consumers about the frequency of consumption of protein sources before the EVD outbreak. 
Subsequently, we asked directly how often they consumed the five most common bushmeat taxa 
(monkeys, duikers, greater cane rat, emin’s pouched rat, brushed-tailed porcupine). We tested 
deviations between direct and indirect gathered indications of consumption frequencies of these five 
taxa using a Wilcoxon-test, but no significant difference was observed (n= 985, lowest p-value: 
T+=193, V=185, p=0.929, R 3.3.1, package “coin”, Version 1.2-0). We used the directly gathered 
indications.                                
b) Our results on consumption levels were consistent with the ones in the available literature. We 
compared our household data with the only available study in this region (Table A.1.2). Kouassi et al. 
(2017) conducted a survey in 144 households in locations in the western part of Taï National Park, Côte 
d’Ivoire, from July to December 2012. During one month for four days per week the daily consumed 
protein was weighed. We did not observe any underreporting, especially for taxa poached in PAs, e.g., 
monkey or duikers.  
Unfortunately, we could not evaluate indications of hunters and traders, because this part of the trade is 
usually hidden because of its illegality. We assume, that households would have the highest motivation 
to intentionally misreport consumption patterns, because even though interviews were anonymous, they 
still took place in their homes. Hunters and traders, however, were interviewed in anonymity at neutral 
places. We interpreted the frequent reports about targeting highly protected species (e.g., chimpanzees) 
as a high level of trust, which minimizes the chance of intentional misrepresentation. 
We expect that the effect of bias is minimal because: a) Respondents, who are asked about regularly 
performed tasks and in the absence of  fear of legal prosecution, the accuracy levels of self-reports are 
higher (Jones et al. 2008, Gavin et al. 2009). Both these aspects applied to our study. Furthermore, 
annual recall data have been shown to perform better than prior month recalls, since they minimize the 
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effects of overestimating rare events and/or seasonal variation (Golden et al. 2011). Additionally, 
punctual interview with sellers on their perceptions provide accurate estimates of both amount and price 
of bushmeat (Mayor et al. 2019). Furthermore, no statistical associations between the accuracy of recall 
estimators and personal attributes like education levels were found (Golden et al. 2011). b) Our dataset 
is large and shows great variability in the intensity of bushmeat utilization (Table A3.1), which allows 
us to properly determine the full range of resource use. All potential biases in reports would increase 
the likelihood of false negative, but not false positive findings (see discussion). c) Most studies 
investigating the objective of proenvironmental behavior, especially in the global north, where it is 
unusual to weigh daily consumed quantities within families, rely exactly on these kind of self-reports 
(Gifford 2012). Furthermore, important recently published bushmeat literature used recall data because 
of minimal detected biases (Kamins et al. 2011, Coad et al. 2013, Luiselli et al. 2017, Ordaz-Németh et 
al. 2017). Additionally, all interviews were conducted by local research assistants who had previously 
collected data in this region and were able to validate to a certain point the given statements.   

 

Table A1.2 Comparison between our results and results from Kouassi et al 2017. 

 Our results Results (Kouassi et al. 2017) 
 % of bushmeat consumption 

(frequencies/year)  
% of weighted meat (kg/year)  

Bushmeat in general 27% 17% 
Duiker 23% 15% 
Greater cane rat 21% 11% 
Emin’s pouched rat 18% 20% 
Monkey 10% 7% 
Brushed-tailed 
porcupine 

9% 11% 

 
1.4. Wealth measurement 

We measured wealth not by household assets because a) previous studies could not find a clear 
relationship between them (Glewwe 1991) b) the possession of electronic devices was not compatible 
due to the uneven electricity supply within the villages, and c) people fear attacks, especially in remote 
and unstable places and thus prefer to hide their wealth. 
 

1.5. Deriving village specific measurements for bushmeat/alternative protein                                   
We measured the economic and physical availability of protein and bushmeat by asking households 
about the availability and prices of alternative protein within the village and asking households, traders 
and hunters for prices for bushmeat before the outbreak of EVD. We asked the consumers about the 
availability of the most common protein types (chicken, beef, pork, fish, goat), but also noted the 
availability and price of stated protein sources. The respondents determined the units (per week, month, 
or year). We calculated prices per kilo with mean body weights from literature. We fitted four GLMMs 
to derive a specific measurement for availability of protein and bushmeat as well as prices of alternative 
protein and bushmeat. Response variables were: 1) availability of bushmeat/village/week, 2) 
availability of alternative protein/village/week, 3) price of bushmeat/kg (separately for hunters, traders, 
households) 4) price of alternative protein (fish, chicken, beef, goat, sheep)/kg. To consider the 
variability within prices, availability, personal preferences, and accessibility per type of protein and 
village, we included village id, household id, and type of protein/bushmeat as random effects. The error 
structure was negative binomial or Poisson. We included in our main models the fitted values of the 
random intercepts of village id as predictor. If there were missing values for a village, the next village 
within a buffer of 20 km was chosen.     
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1.6. Control predictors 

 
Table A1.3 Control predictors, measurement, definition and model details 

 Name of control 
predictor 

Measured as: Definition Included in 
model as: 

Model 

Predictors 
related to  
culture 

Origin Ethnicity Ethnic origin of respondent Random effect all 

Residence 
length 

Duration of 
residence 

Percentage of lifetime spent in settlement 
(years in village/age)*100 

Fixed effect all 

Predictors 
related to 
nutrition 

Economic 
availability of 

bushmeat 
 

Price (XOF)/kg 
(Random 

intercepts of 
village) 

Fitted values of the random effect “village 
id” derived by a GLMM with response 

“Price bushmeat (XOF)/kg” and the 
random effects: “village id”, “household 

id” and “species”. ‡, Prices/ kg were 
calculated with mean body weights from 

literature 

Fixed effect 1a,2a,3a,1b,3b 

 Physical 
availability of 

bushmeat  
 

Availability of 
bushmeat 

(days/week) 
(Random 

intercepts of 
village) 

Fitted values of the random effect “village 
id” derived by a GLMM with response 

“availability of bushmeat /week” and the 
random effects: “village id”, “household 

id” and “species”. ‡ 

Fixed effect 3a,3b 

Predictors 
related to 

demography 

Gender Male/Female Gender of the respondent Fixed effect 3a,3b† 

 Age Years Age of the respondent Fixed effect all 
Predictors 
related to 
geography 

Distance to 
nearest trading 

point 

km Road based distance to the nearest large 
bushmeat trading point 

Fixed effect 1a,1b,2a,2b 

 Settlement size inhabitants/ 
settlement 

Inhabitants per village extracted from (INS 
2015)  

Fixed effect all 

 Settlement Name of 
settlement 

 Random effect All despite 1a§ 

†Was not included in other models, as all hunters were men and nearly all traders were women (191 of 194; ‡ further 
information Appendix 1.3), § could not be included because of skewed distribution and convergence problems 

                                                                                                                                    

APPENDIX 2: SUPLEMENTS STATISTICS 
 

2.1 Model implication 
All analyses were implemented in R (version implementation 3.3.1; R Core Team 2016) using the 
functions of the lme4 package (Bates et al. 2015): ‘glmer’ for GLMMs, ‘lmer’ for LMMs. Confidence 
intervals were derived using the function bootMer of the package lme4, using 1,000 parametric 
bootstraps and bootstrapping over the random effects (argument 'use.u' set to TRUE). The effects of the 
individual fixed effects were derived by using a likelihood ratio tests (Barr et al. 2013; R function drop1 
with argument 'test' set to "Chisq"). Variance derivation factors were derived using the function 
‘vif’,package ‘car’ (Fox and Weisberg 2011). The impacts of random effects were derived by comparing 
the full model with a reduced model lacking this random effect by a LRT (Dobson 2002). Originally, 
we included an interaction between household income and prices for meat but dropped it as it was not 
significant. We excluded correlations between random intercepts and random slopes, due to complexity 
issues (Schielzeth and Forstmeier 2009). 

2.2. Model fitting 
Before we conducted the analyses, we excluded all cases with missing values. We determined the level 
of multicollinearity by calculating Variance Inflation Factors (Field 2005) (Table A2.1). We evaluated 
the distribution of random effects, and the distribution and homogeneity of residuals (Gaussian error 
function) by visually inspecting qqplots and scatterplots of the residuals plotted against fitted values. 
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Model stability was assessed by comparing the full-model estimates with estimates obtained by 
excluding levels of the random effects one at a time (Table A2.1). Since bushmeat prices increased 
significantly with village size (Spearman correlation: rho = 0.6687, p<0.001), we fitted models 
excluding each of them one at a time. Both showed a significant effect for the predictor in question; 
thus, we could not disentangle these effects. (bushmeat price: ES±SE 0.32±0.09, χ2=9.03, df=1, 
p=0.003; village size: ES±SE 0.52± 0.13, χ2=11.17, df=1, p<0.001).  

 
Table A2.1 Model stability, maximum VIFs and model issues 

 Binary response Quantitative response 

 Probability to be 
commercial hunter 

Probability to 
be bushmeat 

trader 

Probability to 
be bushmeat 

consumer 

Hunting 
intensity Trading intensity  Consumption 

intensity 

Sample 
size 

253; 49 subsistence 
and 204 

commercial 
hunters 

1061; 923 non- 
and 138 

bushmeat 
trading 

households 

923; 251 non- 
and 672 

bushmeat 
consumers 

223 
hunters 127 traders 

517 
households 

(only 
bushmeat 

consumers) 
Max. 
VIF 1.704 1.494 1.549 2.742 3.994 2.181 

Model 
stability 

Model was stable, 
despite a 

considerable 
uncertainty for the 

effect of 
environmental 

awareness, 
probably resulting 
from the skewed 

distribution of this 
predictor 

Model was 
stable 

Environmental 
awareness, 
level “yes” 
seemed not 

stable 
 

Model was 
stable Model was stable Model was 

stable 

Other 
issues 

Due to unbalanced 
distribution and 

converging 
problems “village 
id” could not be 

included as a 
random effect 

due to the not 
normal 

distribution of 
the random 
effects, the 
model was 

difficult to fit, 
leading 

probably to the 
small intercept 

  

Due to a VIF>3 
for the fixed 
effect control 

predictors 
“bushmeat price” 
and “village size”, 

we fitted two 
additional 

models, excluding 
on of them at a 

time 

The 
distribution 

of the 
residuals 
showed a 

small bottom 
effect, giving 

hint to 
another error 

structure. 
Since all 

other 
assumptions 

were 
fulfilled, we 

did not 
consider it as 
problematic 
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APPENDIX 3: SUPLEMENTS DATA AND RESULTS 

3.1 Data and summary statistics 
Table A3.1 Data and summary statistics of variables used in regressions 2a, 2b, 2c 

Model Hunting intensity (n=225) Intensity of trading bushmeat 
(n=199) 

Intensity of bushmeat consumption  
(n=467) 

Variables Mea
n Sd. Mi

n Max Mean Sd. Min Max Mean Sd. Mi
n Max 

Dependent variables             
Intensity (traded or 

hunted animals/year) or 
(consumption 

frequency/year) 

590 
‡ 717 6 3840 1486 ‡ 1390 36 7800 188 ‡  229 1.5 1456 

Explanatory variables             
Cash Income/ head 

(XOF)  
4837
40 ‡ 531393 436

4 
325000

0 
206028 

‡ 
25078

0 6857 18000
00 

191136  
†   

27305
1 0 428571

4 
Years of school  4.7  3.8 0 15 3.2 ‡ 3.4 0 12 3.1 †   4.2 0 19 

Value livestock (XOF)  6391
2 149664 0 102500

0 
16086 

‡ 59067 0 55500
0 91280 †   24707

0 0 295000
0 

Land ownership (ha)  3.5 ‡ 5 0 53 2.2 ‡ 2.9 0 19 5.6†   5.9 0 43 
Dependent children (no.) 5 3.5 0 18 5.3 3 0 18 5.5 4.1 0 30 

Taboos (no.) 2.5 1.1 0 6 1.1 1 0 4 2.3 1.1 1 8 
Price alternative protein 

(XOF)/kg)         1579.7 1672 140
3 1968 

Availability protein 
/week 

(Intercept+estimates 
village) 

4.8 5.4 1.4 6.1     5 5.3 1.4 6.1 

Residence length 
(% of lifetime in 

location) 

0.7 0.3 0 1 0.7 0.3 0 1 0.5 0.3 0 1 
Bushmeat price  

(XOF)/kg) (Model 
intercept+estimates for 

village) 

973.
4 1068.4 791

.2 1212.2 921.2 1087.
3 

668.
3 

1212.
3 940.8 987.9 800

.1 1085.1 

Availability 
bushmeat/week (Model 
intercept+estimates for 

village) 

        2.0 2.9 0 4.2 

Age (years) 40 11.2 21 70 42.8 12 21 80 41.4 13.4 18 84 
Distance trading points 

(km) 27.9 16.5 0 78.2 31.6 23 0 78.2 42.6 28.6 0 108 

Settlement size 
(habitants) 

2261
9 ‡  65701 120 348304 35831 

‡ 85069 120 28000
0 44075 ‡  88991 24 280000 

Categorical predictors  Observations/Category Observations/Category  Observations/Category 
Religion Animist 84 44 95 
Religion Christian 105 143 248 
Religion Muslim 36 8 173 

Awareness “Do not 
know” 10 18 23 

Awareness ”No” 34 35 40 
Awareness “Yes” 181 142 452 

Bushmeat preference 
“Yes”   198 

Bushmeat preference 
“No”   317 

Transmission hunting 
knowledge “Alone” 84   

Transmission hunting 
knowledge “Family” 41   

Transmission hunting 
knowledge “Not family” 100   

Sex female  191 141 
Sex male 225 4 335 

Settlement (no.) 28   
Ethnic groups 22 13 56 

For the analyses † square root- transformed or ‡ log-transformed 
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Table A3.2 Data and summary statistics of variables used in regression 1a 

Model Commercial hunters (n=185) Subsistence hunters (n=49) 

Variable Mean Sd. Min Max Mean Sd. Min Max 

Cash Income/ head (XOF) † 54975
4 547530 22500 3250000 164674 254568 0 1646000 

Years of school 4.8 3.7 0 15 4.5 4.3 0 15 
Value livestock (XOF) 64471 147345 0 900000 65067 176506 0 1025000 
Land ownership (ha) ‡ 2.8 3.4 0 20 5.9 8.0 0 53 
Dependent children (no.) 4.7 3.3 0 18 5.9 3.7 0 18 
Taboos (no.) 2.5 1 0 6 2.6 1.3 1 6 
Availability of protein/week 
(Model intercept+estimates for 
village) 

4.8 5.3 1.4 6.1 4.2 6 1.4 6.1 

Price protein (Model 
intercept+estimates for village) 

1561.
79 

1632.3
3 

1393.0
9 1763.89 1564.1

7 
1644.3

5 1393.09 1763.87 

Residence duration 
(% of lifetime in location) 0.7 0.3 0 1 0.6 0.3 0 1 

Age (years) 39.5 10.7 21 66 42.4 11.9 24 70 
Average bushmeat price 
(XOF)/kg) (Model 
intercept+estimates for village) 

980.9 1058.6 791.2 1212.2 934 1097.2 791.2 1212.2 

Distance to trading points (km) 27.4 15.4 0 78.2 30.2 20.9 0 78.2 
Settlement size (habitants) ‡ 25787 71232 120 348304 10954 40514 120 280000 
Categorical predictors (Observations/category) (Observations/category) 
Religion Animist 73 14 
Religion Christian 86 24 
Religion Muslim 26 11 
Awareness “Do not know” 9 1 
Awareness ”No” 32 3 
Awareness “Yes” 144 45 
Transmission of hunting 
knowledge “Alone” 26 15 

Transmission hunting 
knowledge “Family” 85 21 

Transmission hunting 
knowledge “Not family” 74 13 

Ethnic groups 22 16 
Settlement (no.) 25 20 

For the analyses † square root- transformed, ‡ log-transformed 
 

Table A3.3 Data and summary statistics of variables used in regression1b 

Model Non-trading households (n=922) Trading households (n=118) 

Variables Mean Sd. Min Max Mean Sd. Min Max 

Cash Income per head (XOF) † 212329 442073 0 10800000 207969 257070 6857 1800000 
Education (years of school) † 2.9 4 0 19 3.03 3.5 0 12 
Value livestock (XOF) † 94379 315399 0 5397328 18131 62440 0 555000 
Land ownership (ha) † 5.5 5.7 0 43 2.36 3 0 19 
Dependent children (no.) 5.2 4 0 32 5.42 2.9 0 15 
Taboos (no.) 1.3 1.2 0 8 1.2 1 0 4 
Residence length 
(% of lifetime in location) 

0.5 0.3 0 1 0.7 0.3 0 1 
Age (years) 41.2 13.5 16.0 85 43.2 12 21 80 
Distance to trading points (km) 41.7 27.8 0 108 35.6 21.6 2.1 78.2 
Categorical predictors Observations/category Observations/category 
Religion Animist 141 29 
Religion Christian 382 86 
Religion Muslim 399 4 
Awareness “Do not know” 47 14 
Awareness ”No” 50 15 
Awareness “Yes” 825 90 
Ethnic groups 64 13 
Settlements (no.) 41 17 

† Square root- transformed, ‡ log-transformed 
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Table A3.4 Data and summary statistics of variables used in regression 1c 

Model Bushmeat consumers (n=672) Bushmeat non consumers (n=251) 
Variables Mean Sd. Min Max Mean Sd. Min Max 

Cash Income per head (XOF) † 196878 270086 0 4285714 253257 723377 0 10800000 

Years of school  † 3.1 4.1 0 19 2.3 3.6 0 16 

Value livestock (XOF) † 84118 231472 0 2950000 121345 471273 0 5397328 

Land ownership (ha) † 5.6 5.8 0 43 5.3 5.3 0 31.5 

Dependent children 5.2 4 0 30 5.3 4.1 0 32 

Taboos (no.) 2.4 1.2 0 8 2.6 1.5 0 8 

Price alternative protein (XOF)/kg) 1578.3 1667.2 1403 1968 1586.5 1658 1403 1968 

Availability of protein /week 4.9 5.7 0 6.1 4.9 6.3 0 6.1 
Residence length 
(% of lifetime in location) 

0.5 0.3  1 0.4 0.3 0 1 

Age 41.2 13.5 16 84 41.5 13.9 18 85 

Average bushmeat price (XOF)/kg 932.9 988.5 800.1 1085.1 939.1 980.7 800.1 1085.1 

Availability bushmeat/week 2.1 3.1 0 4.2 2.1 3.4 0 4.2 

Distance to trading points (km) 41.7 27.7 0 108 42.3 28.6 0 108 

Settlement size (habitants) 42906 85976 24 280000 48197 87828 48 280000 

Categorical predictors Observations/category Observations/category 

Religion Animist 120 21 

Religion Christian 312 65 

Religion Muslim 230 162 

Awareness “Do not know” 32 15 

Awareness ”No” 43 6 

Awareness “Yes” 587 227 

Bushmeat preference “Yes” 250 19 

Bushmeat preference “No” 412 229 

Sex female 192 80 

Sex male 470 168 

Ethnic (no./cat.) 56 41 

Settlement (no./cat.) 40 33 
† Square root- transformed, ‡ log-transformed 
 

3.2 Preferred livelihood activities  
Table A3.5 Preferred livelihood activities of hunters and bushmeat traders 

Preferred livelihood activity Hunter Bushmeat trader 
Commerce 58 111 
Tailor 5 1 
Hairdresser 1 4 
Livestock husbandry 237 67 
Fish farming 10 0 
Bricklayer 2 0 
Mechanic 3 0 
Park ranger 2 0 
Bar owner 2 0 
Restaurant owner 0 5 
Electrician 1 0 
Farming 24 2 
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3.3 Model output 

  

Table A.3.6 Model output, (Model 1a,1b,1c), namely coefficients (ES), standard errors (SE), significance test 

(χ2LRT; p), and upper and lower confidence interval limits (UCL, LCL) 
 Probability to hunt commercially Probability of trading bushmeat Probability of consuming bushmeat 

 ES SE LRT p L 
CL 

U 
CL 

ES SE LRT p L CL U CL ES SE LRT p LCL UCL 

Intercept 3.78 1.90 ¶ ¶ 0.92 9.33 -
9.21 

3.11 ¶ ¶ -
30.22 

-8.95 1.52 0.50 ¶ ¶ 0.70 2.71 

Total Income 4.04 0.70 27.72 <0.001 3.50 9.67 1.14 0.36 9.34 0.002 0.37 3.99 -0.13 0.10 1.88 0.170 -
0.39 

0.07 

Education -
0.17 

0.30 0.31 0.576 -
1.26 

0.64 -
0.80 

0.36 5.19 0.023 -3.81 -0.07 0.12 0.10 1.30 0.254 -
0.08 

0.35 

Monetary 
Value 

livestock 

-
0.19 

0.23 0.66 0.415 -
1.00 

0.56 -
1.38 

0.49 10.45 <0.001 -6.09 -0.79 -0.06 0.09 0.34 0.559 -
0.25 

0.14 

Landowner-
ship 

-
1.50 

0.35 21.34 <0.001 -
3.58 

-
1.09 

-
1.53 

0.44 0.55 0.460 -5.36 -0.46 0.11 0.12 0.80 0.370 -
0.13 

0.37 

Dependent 
children 

0.71 0.29 3.84 0.050 0.17 2.00 0.63 0.33 2.60 0.107 -0.79 2.90 -0.09 0.11 0.81 0.368 -
0.33 

0.13 

Awareness no 
† 

-
1.16 

1.91 0.02 0.988 -
4.57 

2.95 -
0.43 

1.20 7.98 0.019 -7.92 4.28 0.71 0.63 5.26 0.072 -
0.55 

2.45 

Awareness 
yes † 

-
0.52 

1.74   -
2.28 

3.19 -
2.15 

1.03   -
10.19 

0.32 -0.31 0.38   -
1.20 

0.39 

Religion 
Christian‡ 

-
0.36 

0.62 0.47 0.789 -
2.36 

1.20 1.20 0.68 6.58 0.037 -1.72 6.56 -0.22 0.31 15.53 <0.001 -
0.89 

0.35 

Religion 
Muslim‡ 

-
0.44 

0.80   -
2.99 

1.82 -
2.92 

1.47   -
12.75 

-0.96 -1.34 0.34   -
2.18 

-0.72 

No. of taboos -
0.45 

0.27 2.96 0.085 -
1.48 

0.09 0.72 0.39 2.93 0.087 -0.62 3.30 0.05 0.11 0.22 0.637 -
0.17 

0.30 

Transmission 
hunting 

knowledge  
“Family”§ 

0.98 0.73 2.30 0.316 -
0.83 

3.91             

Transmission 
hunting 

knowledge 
“Not 

family”§ 

1.18 0.85   -
0.86 

4.64             

Bushmeat 
preference 

“Yes”  | 

            1.91 0.37 23.58 <0.001 1.26 2.98 

Alternative 
protein price 

0.46 0.32 1.36 0.244 -
0.17 

1.98       -0.11 0.14 0.63 0.428 -
0.41 

0.18 

Alternative 
protein 

availability 

0.82 0.37 2.61 0.106 0.19 2.50       0.06 0.17 0.13 0.722 -
0.33 

0.43 

Age -
0.03 

0.29 0.01 0.908 -
0.91 

0.91 0.38 0.40 0.95 0.330 -1.49 2.72 -0.02 0.13 0.01 0.905 -
0.31 

0.24 

Bushmeat 
price 

0.13 0.30 -0.09 1.000 -
0.64 

1.26 0.49 0.62 0.54 0.464 -1.95 6.04 -0.18 0.15 1.30 0.255 -
0.49 

0.12 

Bushmeat 
availability 

            -0.02 0.23 0.01 0.941 -
0.46 

0.43 

Residence 
length 

0.50 0.28 3.12 0.078 -
0.24 

1.66 0.56 0.46 2.45 0.118 -0.74 3.11 0.12 0.10 1.47 0.225 -
0.10 

0.33 

Sex male |             0.36 0.21 2.94 0.087 -
0.08 

0.84 

Settlement 
size 

            0.17 0.16 1.08 0.298 -
0.15 

0.49 

Distance 
trading points 

0.01 0.37 0.00 0.985 -
1.15 

1.04 -
0.48 

1.33 0.13 0.720 -5.63 3.57 0.18 0.20 0.86 0.353 -
0.22 

0.60 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”; § Reference level “Transmission alone”; | 
Reference level bushmeat preference “No”; ¶ Not shown because of not having a meaningful interpretation. Random effects in 
Appendix Table A3.5-A.3.6. Degrees of freedom (df) were for all categorical predictors=1 and for factors=2.  
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Table A.3.7 Model output, (Model 2a,2b,2c), namely coefficients (ES), standard errors (SE), significance test 

(χ2LRT; p), and upper and lower confidence interval limits (UCL, LCL) 
Hunting intensity Trading intensity Bushmeat consumption intensity 

ES SE LRT p LCL UCL ES SE LRT p LCL UCL ES SE LRT p L 
CL 

UCL 

Intercept 4.96 0.43 ¶ ¶ 4.14 5.82 7.17 0.26 ¶ ¶ 6.65 7.74 4.11 0.33 ¶ ¶ 3.45 4.75 

Total Income - - - - - - - - - - - - 0.11 0.07 2.04 0.153 -0.04 0.26 

Education 0.09 0.09 0.94 0.332 -0.09 0.25 0.06 0.08 0.54 0.464 -
0.11 

0.22 0.12 0.08 2.30 0.129 -0.04 0.27 

Monetary 
Value 

livestock 

0.10 0.08 1.49 0.222 -0.07 0.24 0.03 0.07 0.14 0.704 -
0.12 

0.18 -
0.10 

0.06 2.69 0.101 -0.22 0.02 

Landowner-
ship 

0.06 0.09 0.03 0.867 -0.17 0.20 -0.07 0.08 0.84 0.360 -
0.24 

0.10 0.12 0.10 1.08 0.298 -0.08 0.31 

Dependent 
children 

0.08 0.09 0.73 0.392 -0.11 0.26 0.15 0.12 1.42 0.234 -
0.11 

0.42 0.05 0.09 0.28 0.598 -0.13 0.24 

Awareness 
no † 

0.64 0.40 3.27 0.195 -0.13 1.41 0.18 0.28 0.44 0.804 -
0.38 

0.70 0.82 0.35 13.12 <0.001 0.11 1.44 

Awareness 
yes † 

0.32 0.36 -0.38 1.05 0.14 0.23 -
0.31 

0.60 0.02 0.29 -0.56 0.59 

Religion 
Christian ‡ 

-0.07 0.22 0.83 0.661 -0.50 0.36 -0.57 0.18 9.55 (0.002) -
0.95 

-0.18 0.19 0.19 2.97 0.226 -0.17 0.59 

Religion 
Muslim ‡ 

0.32 0.40 -0.48 1.11 - - - - - - -
0.12 

0.22 -0.55 0.34 

No. of 
taboos 

-0.12 0.10 1.46 0.227 -0.31 0.08 0.06 0.08 0.43 0.510 -
0.12 

0.22 0.01 0.07 0.02 0.882 -0.14 0.17 

Bushmeat 
preference 

“Yes” 

0.73 0.18 11.64 <0.001 0.34 1.12 

Hunting 
knowledge 

transmission  
“Family”§ 

0.56 0.23 5.51 (0.064) 0.10 1.01 

Hunting 
knowledge 

transmission  
“Not 

family”§ 

0.28 0.24 -0.19 0.77 

Alternative 
protein price 

-0.12 0.12 0.63 0.428 -0.34 0.13 0.06 0.07 0.68 0.409 -0.08 0.20 

Alternative 
protein 

availability 

0.05 0.15 0.11 0.740 -0.26 0.36 0.02 0.09 0.05 0.822 -0.16 0.19 

Bushmeat 
price 

-0.11 0.14 0.48 0.490 -0.39 0.15 0.15 0.15 0.96 0.327 -
0.14 

0.45 -
0.19 

0.08 5.81 0.016 -0.33 -0.05 

Bushmeat 
availability 

0.29 0.09 9.45 0.002 0.11 0.47 

Age -0.14 0.10 1.26 0.262 -0.35 0.07 -0.08 0.09 0.20 0.658 -
0.26 

0.12 0.08 0.07 1.10 0.294 -0.07 0.22 

Residence 
length 

0.08 0.08 0.85 0.358 -0.09 0.25 -0.01 0.07 0.05 0.832 -
0.16 

0.14 0.00 0.06 0.00 0.957 -0.11 0.13 

Sex male | -
0.17 

0.14 1.34 0.248 -0.45 0.11 

Settlement 
size 

0.14 0.15 0.62 0.432 -0.18 0.44 0.29 0.16 2.95 (0.086) -
0.04 

0.62 -
0.13 

0.08 2.35 0.125 -0.31 0.03 

Distance 
trading 
points 

0.07 0.13 0.22 0.637 -0.20 0.34 0.13 0.10 1.56 0.212 -
0.08 

0.34 

Numbers in parenthesis: full-null model comparison was not significant. †: Reference level do not know if harmful effect; ‡: 
Reference level Animist religion; §: Reference level transmission alone (self-taught hunter); | Reference level Bushmeat 
preference “No”, ¶ Not shown because of not having a meaningful interpretation; - Cash income was excluded because of 
circularity and Muslim religion was excluded because of the low number of Muslim traders, Numbers in parentheses: full-null 
model comparison was not significant. Degrees of freedom (df) were for all categorical predictors=1 and for factors=2. Random 
intercepts in Appendix Table A3.5-Table A.3.6
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3.3 Random intercepts and random slopes 
Table A3.8 Random intercepts and slopes model 1a,1b,1c; (Intercept) in column effect refers to a random 

intercept, all others to random slopes 

Model  Groups Effect Sd. 
1a ethnic (Intercept) 0 
1a ethnic Cash Income (sqrt) 0 
1a ethnic Age 0 
1a ethnic Land ownership (log) 0 
1a ethnic Residence length 0 
1a ethnic Distance trading points 0 
1a ethnic Dependent children 0 
1b ethnic (Intercept) 2.44 
1b ethnic Distance trading points 0 
1b ethnic Dependent children 0 
1b ethnic Residence length 0.29 
1b ethnic Age 0 
1b ethnic Cash Income (sqrt) 0.41 
1b village (Intercept) 8.29 
1b village Religion Christian 0 
1b village Taboos (no.) 0.51 
1b village Dependent children 0.29 
1b village Residence length 0 
1b village Land ownership (sqrt) 0.83 
1b village Value  livestock (sqrt) 0 
1b village Age 0.89 
1b village Education (sqrt) 0.34 
1b village Religion Christian 0 
1c village (Intercept) 0.37 
1c village Cash Income (sqrt) 0.00 
1c village Education (sqrt) 0.00 
1c village Value  livestock (sqrt) 0.00 
1c village Land ownership (sqrt) 0.00 
1c village Residence length 0.00 
1c village Dependent children 0.00 
1c village Religion Christian 0.00 
1c village Religion Muslim 0.39 
1c village Taboos (no.) 0.18 
1c village Age 0.10 
1c village Sex 0.00 
1c ethnic (Intercept) 0.23 
1c ethnic Cash Income (sqrt) 0.00 
1c ethnic Land ownership (sqrt) 0.00 
1c ethnic Residence length 0.00 
1c ethnic Dependent children 0.00 
1c ethnic Taboos (no.) 0.00 
1c ethnic Availability of protein 0.00 
1c ethnic Availability bushmeat 0.00 
1c ethnic Price alternative protein 0.00 
1c ethnic Average bushmeat price 0.18 
1c ethnic Age 0.23 
1c ethnic Distance trading points 0.16 
1c ethnic Preference bushmeat 0.85 
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Table A3.9 Random intercepts and slopes model 2a,2b,2c; (Intercept) in column effect refers to a random 

intercept, all others to random slopes 

 

 
 

  

 

 

 

 

 

 

 

 

 

 

  

Model Groups Effect Sd. 
2a village (Intercept) 0 
2a village Education 0 
2a village Age 0 
2a village Value  livestock (log) 0.03 
2a village Land ownership (log) 0 
2a village Residence length 0 
2a village Dependent children 0 
2a village Transmission of hunting “Family” 0 
2a village Transmission of hunting “not Family” 0 
2a village Taboos (no.) 0.52 
2a village Religion Christian 0.20 
2a village Religion Muslim 0 
2a ethnic (Intercept) 0.27 
2a ethnic Age 0 
2a ethnic Land ownership (log) 0 
2a ethnic Residence length 0 
2a ethnic Dependent children 0 
2a ethnic Taboos (no.) 0.42 
2a ethnic Price alternative protein 0.01 
2b village (Intercept) 0.24 
2b village Cash Income (sqrt) 0.35 
2b village Education (log) 0 
2b village Age 0 
2b village Land ownership (log) 0 
2b village Residence length 0.034 
2b village Dependent children 0.21 
2b village Taboos (no.) 0.08 
2b ethnic (Intercept) 0 
2b ethnic Education (log) 0 
2b ethnic Age 0 
2b ethnic Land ownership (log) 0 
2b ethnic Residence length 0 
2b ethnic Dependent children 0 
2c ethnic (Intercept) 0.37 
2c ethnic Bushmeat preference 0.00 
2c ethnic Age 0.00 
2c ethnic Dependent children 0.00 
2c ethnic Residence length 0.00 
2c ethnic Land ownership (sqrt) 0.17 
2c ethnic Average bushmeat price 0.00 
2c ethnic Cash Income (sqrt) 0.00 
2c village (Intercept) 0.00 
2c village Bushmeat preference 0.63 
2c village Taboos (no.) 0.14 
2c village Religion Christian 0.22 
2c village Religion Muslim 0.33 
2c village Age 0.12 
2c village Dependent children 0.24 
2c village Residence length 0.00 
2c village Land ownership (sqrt) 0.10 
2c village Value  livestock (sqrt) 0.00 
2c village Education (sqrt) 0.17 
2c village Cash Income (sqrt) 0.07 
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3.4 AIC-values and AIC-weights (∆AIC) 

Table A.3.10 AIC-Values and ∆AIC of models containing either cultural, economic or nutritional drivers and 

their combinations. 

 

  

 
Probability to 

hunt 
commercially 

Hunting 
intensity † 

Probability 
of trading 
bushmeat 

Trading 
intensity † 

Probability of 
consuming 
bushmeat 

Bushmeat 
consumption 

intensity 
 

AIC 
Values 

∆AIC 

 

AIC 
Values 

∆AIC 

 

AIC 
Values 

∆AIC 

 

AIC 
Values 

∆AIC 

 

AIC 
Values 

∆AIC 

 

AIC 
Values 

∆AIC 

 

Full-Model 167.03 8.97 769.02 12.45 354.86 0.00 354.96 5.54 983.22 9.57 1,836.18 4.32 

Null-Model 195.73 37.68 756.57 0.00 401.37 46.52 351.00 1.58 1,008.78 35.13 1,845.23 13.38 

Model economic 
predictors 

159.85 1.80 762.02 5.45 
371.75 16.89 

357.67 8.25 1,014.38 40.73 1,849.80 17.94 

Model cultural 
predictors 

202.56 44.50 761.02 4.46 
394.51 39.65 

349.42 0.00 973.65 0.00 1,831.86 0.00 

Model nutritional 
predictors 

194.42 36.36 760.27 3.70 
    

1,011.70 38.05 1,847.84 15.99 

Model economic + 
cultural predictors 

166.16 8.11 765.83 9.26 
    

979.91 6.26 1,832.95 1.10 

Model economic + 
nutritional predictors 

158.05 0.00 765.67 9.10 
    

1,017.32 43.67 1,852.35 20.49 

Model cultural + 
nutritional predictors 

203.07 45.02 764.44 7.88 
    

976.93 3.28 1,847.84 15.99 

∆AIC > 2 indicates that the model receives 'considerable less' empirical support and models that differ from the best model 
by more than 10 are 'substantially' worse than the best and unlikely to be the truly best model. † Full-null model comparison 
was not significant 
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APPENDIX 4: SUPLEMENTAL DISCUSSION 

4.2 Linear model taboos 

To explore if commercial hunters abandon their taboos because they want to increase their 
profit, we fitted a linear model (n=1551, households, traders, hunters), where we predicted 
the probability to abandon taboos with the potential influential predictors “current 
profession”, “age” and “religion”. We found no higher probability to abandon taboos with 
hunting or commercial hunting but for Christian and especially Protestant faith (Table A4.7).  

Table A4.1 Model testing the probability to abandon taboos 

1551 Observations ES. SD. t value Pr(>|t|) 

(Intercept) 1.05 0.064 16.41 
                                                                                                                    
< 0.001 

Household -0.02 0.06 -0.39 0.693 

Hunter -0.02 0.06 -0.36 0.716 

Trader -0.05 0.06 -0.72 0.473 

Age 0.00 0.00 0.44 0.658 

Religion Christian 0.08 0.02 4.13 <0.001 

Religion Muslim -0.02 0.02 -0.82 0.414 

Religion Protestant 0.12 0.02 5.82 <0.001 

 

 

4.3 Further discussion of results 

Education deficiency increased the probability to trade, but when the group of women were 
considered individually, traders attended school for longer on average (2.8 yrs.) than non-
trading females (2.5 yrs.) (Table 5). The same applied for hunters (4.7 yrs.) and non-hunting 
males (3.4 yrs.) (Table 5). Many hunters visited schools in urban centers and returned after 
unemployment to the villages but could not cope with the physically demanding work in the 
cash-crop sector. We excluded the possibility that environmental awareness was higher 
because bushmeat became rare and was therefore less consumed by a Spearman correlation 
between environmental awareness and availability of bushmeat (rho=0.0762, N=922, p = 
0.0031). We observed a trend the probability of commercial hunting was increasing with the 
number of taboos. We could exclude the possibility that commercial hunters gave up their 
taboos (Appendix Table A4.2). Thus, taboos may have decreased the profitability of hunting, 
or traditional belief systems were incompatible with natural resource exploitation. The moral 
dimension of bushmeat consumption provides incentives to lie to appear more honourable. We 
therefore assumed that consumers would deny any consumption altogether, rather than 
underreporting consumption levels. However, we found only a weak negative correlation 
between the probability of bushmeat consumption and awareness levels (Table 5). We excluded 
the possibility that higher environmental awareness related to a local scarcity of bushmeat in 
the area, resulting in a lower consumption thereof (Appendix 4.3). Moreover, the assumption 
of a total detachment of bushmeat consumption from economic based choices might be hasty. 
Some bushmeat species may have been consumed for subsistence or sold locally for small 
amounts of money to cover basic household needs, e.g., for school fees (Kouassi et al. 2017). 
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4.5 Summary of results and discussion 

Table A.4.2 Overview of results and their practical application 

† Not tested assumptions 

  

 Target group Subsistence 
hunters 

Commercial 
hunters 

Bushmeat 
traders 

Local 
consumers 

Distant urban 
consumers 

Unintended 
effects/ 
interactions 

Structural 
traits 

Group size Large Large Relative small 
(~ 200) 

Large Large  

 Market share Small Large, top of 
the supply 

chain 

Overall: ~ 
30% 

Public 
markets: 
~ 15% 

~ 60% ~ 40% †  

 Target species Mainly 
rodents 

Mainly 
monkeys, 
duikers 

Mainly 
monkeys, 
duikers 

Mainly 
rodents 

Mainly 
monkeys, 
duikers † 

 

Accessibility  Programs Difficult, 
covertly 

operating 

Difficult, 
covertly 

operating 

Trading 
associations 

Campaigns 
with large 
coverage 

Campaigns 
with large 
coverage 

 

 Surveillance 
(Law 

enforcement) 

Difficult 
 

Difficult, 
Ranger 

patrols in 
PAs 

Public 
markets, 
Transport 

routes 

Difficult Difficult Diffusion or 
displacement 

effects, conflicts 

Potential 
economic 
approaches 

Increasing cash 
income 

No effect Already high 
cash income 

Already high 
cash income 

Could 
increase 

consumption 

Not tested Could increase 
demand and 

harvest 
efficiency 

through better 
equipment  

 Economic 
livelihood 

alternatives 

 Livestock 
husbandry 

within 
individual 
projects 

Community 
based projects 
with trading 
associations 
within legal 

trade 

  Could provide 
consumers with 

alternative 
proteins  

Potential 
cultural 
approaches 

Environmental 
awareness 

No effect No effect Reduce 
participation 

in trade 

Reduce 
consumption 

levels 

Reduce 
consumption 

levels † 

Will reduce 
reward for 

hunters/traders 

 Collaboration 
with religious 

leaders 

No effect No effect Possible 
option 

Possible 
option 

  

 Reinforcing 
taboos 

May 
prevent 

commercial 
hunting  

May prevent 
commercial 

hunting 

No effect No effect   

 Reinforcing 
traditional 

hunting 
knowledge 

No effect No effect     

 Providing 
cheap protein 

No effect No effect No effect No effect Protein is 
abundant in 

urban areas † 

 

 Law 
applications 

Lifting 
hunting ban 
on resilient 

species 

Clarification 
of laws † 

Allow trade 
on species 
resilient 
species † 

  Differentiation 
between 

sensitive/robust 
species could 
rise awareness  
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APPENDIX CHAPTER IV 

APPENDIX 1: SUPLEMENTAL METHODS 

 
Table A.1.1 Characteristics of the sample and sampling strategy used 

  

1.1 Ethics statement: 

Permission for this study was requested from all administrative levels (settlement, district, 
national level: research permit 105/MESRS/DGRSIT/mo) as well as NGOs, park authorities, 
and informal institutions (settlement chief and elders). Prior to data collection, we held a public 
settlement meeting. All precautions to ensure anonymity were strictly adhered to. We chose 
for interviews with traders and hunters neutral location. We avoided visiting hunters or traders 
in their homes, to also prevent problems for the settlement assistants and informants. Prior to 
each interview the purpose of the study, the use of the data, anonymity, confidentiality, and the 
voluntary basis of responses, were explained to interviewees. We refrained from conducting 
hunter follows or quantitative surveys of remaining trade, as the bushmeat ban implemented in 
1974 (Ministerial order No 003/SEPN/CAB) was strictly enforced during the EVD outbreak. 
Furthermore, commercial hunting mainly took place inside the national park and was punished 
with imprisonment. Hence, quantitative surveys on bushmeat trade would have confronted 
participants with legal issues in addition to the questionable ethics of sending the wrong signals 
regarding infection risks and conservation goals. 
 
1.2 Questionnaire design 

Questions explored motivations for entering, working in, and leaving the bushmeat value chain 
through open questions that were subsequently coded. All sources of cash income of household 
members and property owned (furniture, electronic devices, vehicles, houses, building 
materials), as well as any changes therein since the EDV outbreak, were recorded as measures 
of wealth. Ethnicity, migration status and time since immigration as well as personal religious, 

NR Type of 

location 

Inhabitants 

/settlements 

No. of 

surveyed 

settlements 

Respondents Sampling method % of settlements 

sampled (1-4) 

and % of actors 

sampled (5-7) 

Total 

interviews 

1 Campsites 1-200 17 Households Random systematic 
sampling 

20-33.3% 122 

2 Small 
Settlements 

500-10 000 16 Households Random systematic 
sampling 

5- 6.5% 315 

3 Settlements 10 000- 
25 000 

6 Households Random systematic 
sampling 

3.3% 318 

4 Urban areas 50 000- 
280 000 

2 Households Two stage random 
systematic sample 

0.002-0.004% 230 

5 All settlements 
and three main 
trading points  

 20 Market-
traders 

 

Non-random snowball 
sampling 

100% 202 

6 All settlements   28  Hunters 
 

Non-random snowball 
sampling 

unknown 348 

7 All settlements  28 Restaurant 
owners 

Non-random snowball 
sampling 

100% 190 
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spiritual, ethical, and moral beliefs were also noted. Research assistants were equipped with 
color pictures of all naturally occurring species to assist appropriate identification of species. 
Hunters were asked to describe the frequency of hunting trips and their duration, location of 
the hunting sites and weapons used, average number of each species hunted and the destination 
of the meat. Additionally, we asked whether traditional hunting rules were applied and the way 
how hunting knowledge was transmitted. Bushmeat vendors were asked about the quantities 
sold, prices, location of origin and destination for relevant species on an average market day. 
Restaurant owners were asked about the species procured, location of origin, number of plates 
sold of each meat type and their prices on an average day. We defined a household by the 
number of individuals involved in joint production and sharing of food. Interviews were 
conducted with the head of the household or, alternatively, a knowledgeable household 
member above the age of 18 years. If a suitable respondent could not be located, the 
neighboring household was surveyed instead. 

1.3 Control of data  

We compared indirect and direct questionnaire techniques to investigate the biases of 
respondents. We first asked indirectly about the protein sources and their frequency of 
consumption prior to the outbreak of EVD. Afterwards, we asked directly about the 
consumption frequency of the five most common bushmeat taxa/species (primates, duikers, 
greater cane rat (Thryonomys swinderianus), emin’s pouched rat (Cricetomys emini), brushed-
tailed porcupine (Atherurus africanus). No significant difference between both indications was 
observed (n= 985, Wilcoxon tests, separately per taxon, lowest p-value: T+=193, N=912, 
p=0.929, R 3.3.1, package “coin”, Version 1.2-0). We used the directly gathered indications. 
We also found high consistencies when we compared our recorded consumption levels with 
consumption levels reported in a recently published study, where the daily consumed meat was 
weighed (Kouassi et al., 2017) (Table A1.2). We did not observe any underreporting, especially 
for taxa poached in PAs, for instance, primates or duikers. Unfortunately, we could not cross-
evaluate the indications of hunters and traders with other available data, because this part of 
the trade is usually hidden because of its illegality. We assume that households would have the 
highest motivation to intentionally misreport consumption patterns, because even though 
interviews were anonymous, they still took place in their homes. We interpret the frequent 
reports of killing, selling or consuming highly protected species as showing high levels of trust. 
We expect that the effect of bias is minimal because a) for respondents who are asked about 
regularly performed tasks and in the absence of fear of legal prosecution, the accuracy levels 
of self-reports are higher (Gavin et al., 2009; Jones et al., 2008). Both these aspects applied to 
our study. Furthermore, annual recall data have been shown to perform better than recalls from 
the previous month, since they minimize the effects of overestimating the frequency of rare 
events and/or seasonal variation (Golden et al., 2011). Additionally, punctual interviews with 
bushmeat traders on their perception of average sold meat quantities and their prices match 
with high accuracies true amounts (Mayor et al., 2019). Furthermore, no statistical associations 
between the accuracy of recall estimators and personal attributes like education levels were 
found (Golden et al., 2011); b) our dataset is large and shows great variability in the intensity 
of bushmeat utilization (Table A3.1), which allows us to properly determine the full range of 
resource use. All potential biases in reports would increase the likelihood of false negatives but 
not of false positive findings (see discussion); c) most studies investigating the objective of 
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proenvironmental behavior, especially in the global north, where it is unusual to weigh daily 
consumed quantities within families, rely exactly on these kind of self-reports (Gifford, 2012). 
Furthermore, important recently published bushmeat literature used recall data because of 
minimal detected biases (Bachmann et al., 2019; Coad et al., 2013; Kamins et al., 2011; Luiselli 
et al., 2017; Ordaz-Németh et al., 2017). Additionally, local research assistants with experience 
in previously collecting data in this region conducted the interviews and were thus able to 
validate the given statements to some extent. 
 
Table A1.2 Comparison between our results and results from Kouassi et al 2017. From July–December 2012, 

Kouassi et al. 2017 conducted a survey in 144 households in 2 locations in the western part of Taï National 

Park, Côte d’Ivoire. For one month and four days per week the daily consumed meat and fish where weighed 

 Our results Results (Kouassi et al. 2017) 

 % frequencies of bushmeat consumption % of weighed meat  
Duiker 21% 15% 
Greater cane rat 25% 11% 
Emin’s pouched rat 21% 20% 
Primate 7.3% 7% 
Brushed-tailed porcupine 11.2% 11% 

1.4 Deriving settlement specific measurements for bushmeat/alternative protein 

availability       We measured the economic and physical availability of protein and bushmeat 
by asking households about the availability and prices of alternative protein within the 
settlement, and asking households, traders and hunters for prices of bushmeat before the 
outbreak of EVD. The respondents indicated the units (per week, month, or year). We 
calculated prices per kilo with mean body weights from literature. For households, we used the 
most common unit, kilogram. For hunters and traders, we used the price per species. We fitted 
four GLMMs to derive a specific measurement of availability of protein and bushmeat as well 
as prices of alternative protein and bushmeat. Response variables were: 1) availability of 
bushmeat/settlement/week, 2) availability of alternative protein/settlement/week, 3) price of 
bushmeat/kg (separately for hunters, traders, and households), 4) price of alternative protein 
(fish, chicken, beef, goat, sheep)/kg. To consider the variability within prices, availability, 
personal preferences, and accessibility per type of protein and settlement, we included 
settlement id, household id, and type of protein/bushmeat as random effects. The error structure 
was negative binomial or Poisson. We included in our main models the fitted values (BLUPs 
sensu Baayen 2008) of the random intercepts of settlement id as predictors. For the analyses 
on the taxon level, we derived a settlement specific value for the availability and price of each 
species. We therefore subtracted the fitted values (BLUPs; Baayen 2008) for settlement ids 
from the fitted values for species. If values were missing for a settlement, we took the estimate 
of the next settlement within a buffer of 20 km.   
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1.5 Control predictors 

Table A.1.3. Control predictors: potentially influential predictors not related to our research questions 

Name of control 

predictor 
Unit Measurement 

Included in 

model as: 
Model 

Control predictors related to culture 

Origin Ethnicity Ethnic origin of respondent (Levels: Hunters: 22, 
Traders: 13, Consumers: 56) Random effect All, 

except 2a 
Residence 
duration 

 

(% of lifetime in 
location) 

Percentage of lifetime spent in settlement (years 
in settlement/age)*100 Fixed effect all 

Control predictors related to nutrition 

Economic 
availability 

 

Price bushmeat, 
in XOF)/kg 

(households) 
and XOF/animal 
(hunters/traders) 

We derived fitted values by running one LMM 
with the response being bushmeat price and the 
random effects: settlement id, household id and 
species. We subtracted from the fitted values of 
the random effect species the for the settlement 
typical derivation (fitted values settlement id). † 

Fixed effect all 

Physical 
availability of 

bushmeat 

Availability of 
bushmeat 

(days/year) 

We derived fitted values by running one LMM 
with the response being availability of bushmeat 

and the random effects: settlement id, household 

id and species. We subtracted from the fitted 
values of the random effect species the for the 

settlement typical derivation (fitted values 

settlement id). † 

Fixed effect all 

Control predictors related to demography 

Sex male/female Gender of the respondent Fixed effect all 

Age years Age of the respondent Fixed effect all 
Control predictors related to geography 

Settlement size inhabitants/ 
settlement Inhabitants per settlement Fixed effect all 

Settlement Name of 
settlement 

Name of settlement  
(Levels: Hunters: 28, Traders: 20, Consumers: 

28) 
Random effect all 

Species Species name Name of the used Species, or respectively 
unidentified taxon‡  Random effect 

2a, b, 3a, 
b, 4a, b, 

c 

Id Respondent id Id of the respondent Random effect 
2a, b, 3a, 
b, 4a, b, 

c 
All variables refer to before the outbreak of EVD. Rare levels were excluded from random effects. † for further information 
see Appendix 1.4. ‡ for levels and type of species per model see Table A.1.3 
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1.6. Data and summary statistics  

Table A.1.4 Data and summary statistics of predictors used in hunter models 1a,2a,3a,4a. 

Model Trading households (without NAs, n=348)  

Variables Mean Sd. Min Max 
Percentage of cash-income gained with 
bushmeat   74.6 32.3 0 100 

Education (years of school)  4.67 3.82 0 15 
Dependent children (>15) (no.) 4.94 3.4 0 18 
Taboos (no.) 1.48 1.11 0 5 
Residence length (% of lifetime in location) 68.9 30.9 0.01 100 
Age (years) 40.1 11 21 70 
Price for alternative protein (XOF)/kg 1571.89 1644.1 1402.7 1773.7 
Availability alternative protein (days/10 days)  1.54 1.81 0.45 2.01 
Bushmeat price of duiker/kg/settlement 348.13 347.87 347.25 348.44 
Bushmeat price of primates/kg/settlement 472.27 472.01 471.39 472.59 
Bushmeat price of rodents/kg/settlement 400.43 400.18 399.56 400.75 
Settlement size  ‡ 21396 63894 120 348304 
Categorical predictors Observations/category 
Religion Animist 94 
Religion Christian 129 
Religion Muslim 44 
Awareness “Do not know” 11 
Awareness ”No” 39 
Awareness “Yes” 212 
Taboo duiker “No” 216 
Taboo duiker “Yes” 7 
Taboo primates “No” 217 
Taboo primates “Yes” 15 
Taboo rodents “No” 215 
Taboo rodents “Yes” 8  
Ethnic groups 26 

‡ log-transformed, summery statistics may vary between each of the models after excluding NAs. The predictor taboo was 
excluded, when one level was lower 10 (taboos displayed per individual. Some people named multiple species per taxa). 

 

 

Table A.1.5 Data and summary statistics of predictors used in trader models 1b,2b,3b,4b. 

Model Trading households (without NAs, n=202)  

Variables Mean Sd. Min Max 
Percentage of cash-income gained with 
bushmeat  ‡ 93 16.6 18.8 100 

Education (years of school)  2.82 3.58 0 12 
Dependent children (>15) (no.) 5.01 2.66 0 15 
Taboos (no.) 1.18 0.98 0 4 
Residence length (% of lifetime in location) 60.7 33 0.01 100 
Age (years) 43.3 11.7 21 80 
Price for alternative protein (XOF)/kg 1592.4 1647.3 1427.7 1822.7 
Availability alternative protein (days/10 days)  1.32 1.79 0.45 1.85 
Bushmeat price of duiker/kg/settlement 677.18 805.78 418.78 824.78 
Bushmeat price of primates/kg/settlement 717.06 845.66 458.66 864.66 
Bushmeat price of rodents/kg/settlement 973.98 1102.58 715.58 1121.58 
Settlement size  ‡ 115782 159531 120 348304 
Categorical predictors Observations/category 
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Religion Animist 39 
Religion Christian 130 
Religion Muslim 6 
Awareness “Do not know” 17 
Awareness ”No” 29 
Awareness “Yes” 131 
Taboo duiker “No” 159 
Taboo duiker “Yes” 2 
Taboo primates “No” 159 
Taboo primates “Yes” 7 
Taboo rodents “No” 157 
Taboo rodents “Yes” 4 
Ethnic groups 18 

‡ log-transformed, summery statistics may vary between each of the models after excluding NAs. The predictor taboo was 
excluded, when one level was lower 10 (taboos displayed per individual. Some people named multiple species per taxa). The 
level “Muslim” for religion was excluded, because it was lower 10.   
 
 
 
Table A.1.6 Data and summary statistics of predictors used in trader models 1c,2c,3c,4c. 

Model Consumer households (without NAs, n= 985)  

Variables Mean Sd. Min Max 

Cash-income † 212935 443277 0 10800000 
Education (years of school) † 2.94 4.07 0 19 
Dependent children (>15) (no.) 5.22 4.06 0 32 
Taboos (no.) 1.43 1.29 0 8 

Residence length (% of lifetime in location) 47.5 28.5 0 100 
Age (years) 41.2 13.7 16 85 
Price for alternative protein (XOF)/kg 1580.08 1664 1402.7 1967.7 

Availability alternative protein (days/10 days)  1.61 1.93 0 2.01 

Bushmeat price of duiker/kg/settlement 283.50 283.84 280.63 284.19 

Bushmeat price of primates/kg/settlement 282.47 282.81 279.60 283.16 

Bushmeat price of rodents/kg/settlement 116.89 117.23 114.02 117.58 

Settlement size  ‡ 44546 86941 24 280000 
Categorical predictors Observations/category 
Religion Animist 149 
Religion Christian 409 
Religion Muslim 425 
Awareness “Do not know” 50 
Awareness ”No” 51 
Awareness “Yes” 865 
Taboo duiker “No” 864 
Taboo duiker “Yes” 12 
Taboo primates “No” 893 
Taboo primates “Yes” 19 
Taboo rodents “No” 884 
Taboo rodents “Yes” 39 
Ethnic groups 38 

† square rooted, ‡ log-transformed, summery statistics may vary between each of the models after excluding NAs.   
 

1.7 Potential important predictors excluded after theoretical considerations 

We excluded species body size, a common predictor for hunter prey choice (Fa and Brown, 
2009) because variation was low (Coefficient of variation: primates: 0.33, duikers: 0.29, 
rodents: 0.24). Hunters were well informed about promising hunting grounds and travelled up 
to 125 kilometres (22.45±19.88 km), even using public transport. Therefore, we excluded 
species abundance because hunters determined their harvest by selecting their hunting grounds, 
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rather than the animal abundance determining their harvest. We excluded taste preferences as 
a strong predictor of consumption choices (van Vliet, 2018), because we included people who 
never consumed certain species, for example, due to a taboo, and thus were unable to rate the 
taste of a particular species 

1.8 Model fitting                          

Due to the data structure, some issues during model fitting occurred, such as complete 
separation overdispersion and converging problems (Table A.1.7). Furthermore, for the models 
2-4 (a,b,c) we used as well the proportionate share of total catch from each taxon as a response, 
but most models did not converged, therefore we decided to only use the total amount per taxa. 
Overdispersion was problematic for some models with Poisson distribution, probably because 
of the excess frequency of zeroes (zero-inflation) (Harrison, 2014a). After alternative models 
with negative binomial error structure revealed convergence problems, we included in some 
Poisson mixed effect models an 'observation-level random effect' to decrease over-dispersion 
(Harrison, 2014b) (Table A.1.7). In order to assess the overall effect of our test predictors, we 
used a likelihood ratio test (LRT) to compare the full model with a respective null model, which 
lacked the test predictors, but kept all control, fixed and random effects, and the offset term if 
present in the full model (Schielzeth and Forstmeier, 2009). We fitted the models in R (version 
3.4.0) using functions of the lme4 package (Bates et al., 2015). In some models, the predictor 
taboo was explaining the response too well, and thus a complete separation (Field, 2005) issues 
arose. In these cases, we replaced each of the zeros by a one and each one by a zero, one at a 
time, fitted the model for each of the obtained data sets, and averaged the results (Goodale, 
2014) (Table A 1.7). Since protein availability, settlement size and prices of protein were 
slightly correlated (Vif>2), we fitted separate models, excluding each of these predictors one 
at a time, but obtained similar results. 

Table A.1.7 Dispersion parameters, full-null model comparisons, and model fitting issues. The models with 

Gaussian error structure are not listed, because no problems occurred while model fitting. 

Model Response Dispersion 

parameter 

Full-null model 

comparison 

Model issues 

2a Amount of primates 
hunted/day 
 

2.085  p<0.001 Complete separation issues arose, because the predictor 
taboo explained the response too well. An alternative 
model with negative binomial error structure converged 
with warnings, thus we chose the model with a Poisson 
error distribution, even though the dispersion parameter 
was elevated. We excluded settlement from the random 
effects, as it caused convergence problems.  

3a Amount of duikers 
hunted/day 
 

2.000 P=0.042  An alternative model with negative binomial error 
structure converged with warnings, thus we chose the 
model with a Poisson error distribution, even though the 
dispersion parameter was elevated.  

4a Amount of rodents 
hunted/day 

1.140 P=0.015  

2b Amount of primates 
traded/day 
 

1.457 
 

P=0.070  
 

An alternative model with negative binomial error 
structure only converged with warnings, thus we chose 
the model with a Poisson error distribution, even though 
the dispersion parameter was elevated. 

3b Amount of duikers 
traded/day 
 

2.293 P=0.604 
 

An alternative model with negative binomial error 
structure did not converge. Despite the elevated 
dispersion parameter, which means the model is anti-
conservative, the full-null-model comparison was not 
significant.  

4b Amount of rodents 
traded/day 
 

3.772 p=0.490 An alternative model with negative binomial error 
structure did not converge. Despite the elevated 
dispersion parameter, which means the model is anti-
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conservative, the full-null-model comparison was not 
significant. 

2c Consumption 
frequency of 
primate meat/day 

0.012 <0.0001 The original model with a Poisson error distribution was 
overdispersed and an alternative model with negative 
binomial error structure did not converge. Thus, we 
included an observation-level random effect. 

3c 3c Consumption 
frequency of duiker 
meat/day 

0.114 <0.0001 The original model with a Poisson error distribution was 
overdispersed and an alternative model with negative 
binomial error structure did not converge. Thus, we 
included an observation-level random effect. 

4c Consumption 
frequency of rodent 
meat/day 

0.0323 <0.0001 The original model with a Poisson distribution was 
overdispersed and an alternative model with negative 
binomial error structure did not converge. Thus, we 
included an observation-level random effect. 

Table A.1.8. Type of species used per different model 

Species used as random effect in the 
model for hunters (model 2-4a) 

Species used as radon effect in the model for 
traders (model 2-4b) 

Species used as radon effect in the 
model for consumers (model 2-4c) 

Model 
duikers: 

Unidentified duiker, Maxwell's duiker, 
Bay duiker, Black duiker, Zebra duiker 

Unidentified duikers, Maxwell's duiker, Bay 
duiker, Black duiker 

Unidentified duiker 

Model 
primates 

Unidentified primates, Sooty 
mangabey, Spot-nosed monkey, King 
colobus, Upper Guinea Red Colobus 

Unidentified primates, Diana monkey, Sooty 
mangabey, Spot-nosed monkey, King colobus, 

Upper Guinea Red Colobus, Olive colobus 

Unidentified primates 

Model 
rodents:  

Greater cane rat, Brush-tailed 
porcupine, Emin's pouched rat, 

Crested porcupine, Striped ground 
squirrel. 

Greater cane rat, Brush-tailed porcupine, 
Emin's pouched rat, Crested porcupine, Striped 

ground squirrel. 

Greater cane rat, Brush-tailed 
porcupine, Emin's pouched rat, 

Striped ground squirrel 
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APPENDIX 2: SUPLEMENTAL DATA AND RESULTS 

2.1 Species utilization 

 Table A.2.1. Species utilized by hunters, bushmeat traders and consumers, mean (mean), minimum (min) and 

maximum (max) utilization per year and total share of all used species (%) 

  Hunter Trader Consumer 

English Latin 

name 

mea

n 
sd % min max mea

n 
sd % min max mea

n 
sd % min max 

African 
(palm) civet 

Viverra 

civetta 

civetta, 

Nandinia 

binotata 
NA NA NA NA NA 1.1 11.8 0.7 0.0 152.5 NA NA NA NA NA 

African 
buffalo 

Syncerus 

caffer 0.0 0.3 0.0 0.0 4.0 0.2 2.2 0.1 0.0 30.5 0.0 0.1 0.1 0.0 4.4 

African 
rock python 

Python 

sebae sebae 0.1 0.8 0.1 0.0 10.1 0.5 4.9 0.3 0.0 61.0 NA NA NA NA NA 

Bats Chiroptera 0.0 0.4 0.0 0.0 6.0 0.2 2.2 0.1 0.0 30.5 0.0 0.2 0.1 0.0 4.4 

Bay duiker 
Cephalophu

s dorsalis 6.3 16.9 8.0 0.0 119.7 5.0 10.6 3.2 0.0 61.0 0.1 1.3 0.8 0.0 30.5 

Birds Aves spp 0.0 0.0 0.0 0.0 0.0 0.1 1.6 0.1 0.0 21.8 NA NA NA NA NA 

Black 
duiker 

Cephalophu

s niger 3.3 9.8 4.3 0.0 95.7 4.7 12.2 3.0 0.0 91.5 0.0 0.3 0.2 0.0 8.7 

Bongo 
Tragelaphu

s eurycerus 0.1 0.7 0.1 0.0 9.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 

Bosman's 
Potto 

Perodicticu

s potto  0.1 0.7 0.1 0.0 9.0 0.0 0.0 0.0 0.0 0.0 NA NA NA NA NA 

Brush-
tailed 
porcupine 

Atherurus 

africanus 6.8 12.8 8.3 0.0 91.3 19.5 36.4 12.4 0.0 305.0 1.3 4.0 11.2 0.0 30.5 

Bushbuck 
Tragelaphu

s scriptus 2.5 9.3 3.3 0.0 121.7 11.0 28.8 7.4 0.0 305.0 1.0 3.9 8.3 0.0 30.5 

Yellow-
casqued 
hornbill 

Ceratogym

na eleta 0.1 1.3 0.2 0.0 15.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.1 0.0 8.7 

Crested 
Guineafowl 

Guttera 

pucherani 0.2 3.2 0.3 0.0 45.6 0.7 6.8 0.4 0.0 91.5 0.0 0.4 0.2 0.0 8.7 

Crested 
porcupine 

Hystrix 

cristata 0.7 6.6 1.0 0.0 91.3 0.7 5.4 0.4 0.0 61.0 0.0 0.6 0.3 0.0 17.4 

Demidoff’s 
Dwarf 
Galago 

Galagoides 

demidoff 0.0 0.3 0.0 0.0 5.0 NA NA NA NA NA NA NA NA NA NA 

Diana 
monkey 

Cercopithec

us diana 1.9 8.8 2.5 0.0 99.7 0.5 4.7 0.3 0.0 61.0 NA NA NA NA NA 

Unidentifie
d duiker 

Cephalophu

s sp. 
5.3 14.8 6.9 0.0 106.5 13.9 37.6 8.9 0.0 305.0 2.7 6.1 17.8 0.0 30.5 

Emin's 
pouched rat 

Cricetomys 

emini 2.4 11.0 3.0 0.0 95.7 12.4 32.0 8.0 0.0 183.0 2.4 5.6 20.9 0.0 30.5 

Giant forest 
hog 

Hylochoeru

s 

meinertzha

gani 

0.6 4.3 0.8 0.0 59.8 0.1 0.9 0.0 0.0 13.1 NA NA NA NA NA 

Giant 
pangolin 

Manis 

gigantea 
0.6 3.7 0.8 0.0 47.9 0.0 0.3 0.0 0.0 4.4 NA NA NA NA NA 

Greater 
cane rat 

Thryonomy

s 

swinderian

us 

8.5 17.5 10.3 0.0 121.7 38.4 55.2 24.9 0.0 305.0 2.9 5.7 24.9 0.0 30.5 

Putty-nosed 
monkey 

Cercopithec

us nictitans 0.5 5.6 0.7 0.0 79.8 0.0 0.0 0.0 0.0 0.0 NA NA NA NA NA 

Pygmy 
hippopotam
us 

Hexaprotod
on 
liberiensis  

0.2 1.0 0.3 0.0 9.0 0.0 0.1 0.0 0.0 1.0 NA NA NA NA NA 

Jentink’s 
Duiker 

Cepahlophu

s jentinki 0.1 0.7 0.1 0.0 8.0 0.0 0.0 0.0 0.0 0.0 NA NA NA NA NA 

King 
colobus 

Colobus 

polykomos 4.1 14.9 5.4 0.0 108.6 0.8 4.6 0.5 0.0 43.6 NA NA NA NA NA 

Leopard 
Panthera 

pardus 0.0 0.3 0.1 0.0 2.5 0.2 2.2 0.1 0.0 30.5 NA NA NA NA NA 
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Spot-nosed 
monkey 

Cercopithec

us 

petaurista 
2.4 12.9 3.1 0.0 108.6 0.5 2.7 0.3 0.0 17.4 NA NA NA NA NA 

Marsh-, 
Liberian 
and Slender 
mongoose 

Atilax 

paludinosus

, Liberiictis 

kuhni, 

Mangouste 

brune 

0.8 8.0 1.0 0.0 111.7 0.5 3.7 0.4 0.0 30.5 0.1 1.4 0.8 0.0 30.5 

Maxwell's 
duiker 

Philantomb

a maxwellii 8.5 15.8 10.3 0.0 99.7 10.7 21.5 6.9 0.0 122.0 0.2 2.5 2.2 0.0 30.5 

Mona 
monkey 

Cercopithec

us mona 0.4 3.5 0.5 0.0 39.9 0.0 0.6 0.0 0.0 8.7 NA NA NA NA NA 

Unidentifie
d primates 

Cercopithec

idae spp 
6.0 14.2 7.4 0.0 91.3 19.1 52.4 12.3 0.0 457.5 1.0 3.7 7.3 0.0 30.5 

Olive 
colobus 

Procolobus 

verus 
0.4 3.6 0.5 0.0 39.9 0.3 2.1 0.2 0.0 17.4 NA NA NA NA NA 

Pardine 
genet 

Genetta 

pardina 
0.4 3.5 0.5 0.0 47.9 1.0 9.3 0.6 0.0 91.5 0.0 0.1 0.0 0.0 4.4 

Pel's flying 
squirrel 

Anomalurus 

pelii 0.1 0.4 0.1 0.0 4.0 0.4 2.8 0.3 0.0 30.5 0.0 0.1 0.0 0.0 4.4 

Red river 
hog 

Potamocho

erus porcus 1.3 4.1 1.7 0.0 44.9 1.6 6.4 1.0 0.0 43.6 0.0 0.3 0.1 0.0 8.7 

Royal 
antelope 

Neotragus 

pygmaeus 0.5 3.7 0.6 0.0 35.9 0.0 0.0 0.0 0.0 0.0 NA NA NA NA NA 

Slender-
snouted 
crocodile, 
Dwarf 
crocodile 

Crocodylus 

cataphractu

s, 

Osteolaemu

s tetraspis 
0.3 1.3 0.4 0.0 10.9 1.2 7.8 0.8 0.0 91.5 0.1 1.0 0.8 0.0 21.8 

Snake Squamata 

spp 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.0 4.4 

Sooty 
mangabey 

Cercocebus 

atys 3.4 13.1 4.6 0.0 119.7 0.5 2.9 0.3 0.0 30.5 NA NA NA NA NA 

Striped 
ground 
squirrel 

Xerus 

erythropus 0.5 4.7 0.6 0.0 63.8 0.7 7.0 0.4 0.0 91.5 0.2 1.6 1.9 0.0 30.5 

White-
bellied 
pangolin, 
Black-
bellied 
pangolin 

Phataginus 

tricuspis,Ph

ataginus 

tetradactyla 1.8 5.9 2.3 0.0 47.9 6.2 17.8 4.0 0.0 152.5 0.2 1.2 1.5 0.0 13.1 

Turaco Musophagi

dae spp 
0.3 1.7 0.4 0.0 19.9 0.0 0.0 0.0 0.0 0.0 NA NA NA NA NA 

Turtle Chelonii 

spp 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 NA NA NA NA NA 

Savannah 
monitor 

Varanus 

exanthemati

cus 

0.2 0.8 0.2 0.0 6.0 1.0 6.6 0.6 0.0 61.0 0.0 0.5 0.3 0.0 13.1 

Viper Viperidae 

spp 

0.1 0.5 0.1 0.0 4.5 0.1 1.3 0.1 0.0 17.4 NA NA NA NA NA 

Water 
chevrotain 

Hyemoschu

s aquaticus 0.3 1.8 0.5 0.0 16.7 0.0 0.6 0.0 0.0 8.7 NA NA NA NA NA 

Western 
chimpanzee 

Pan 

troglodytes 

verus 

0.1 0.6 0.1 0.0 8.7 0.2 2.2 0.1 0.0 30.5 0.0 0.0 0.0 0.0 0.3 

Upper 
Guinea Red 
Colobus 

Piliocolobu

s badius 5.6 16.2 7.4 0.0 108.6 0.8 4.4 0.5 0.0 43.6 NA NA NA NA NA 

Western 
tree hyrax 

Dendrohyra

x dorsalis 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 NA NA NA NA NA 

White-
breasted 
Guineafowl 

Agelastes 

meleagrides 
0.1 0.8 0.1 0.0 10.0 0.0 0.0 0.0 0.0 0.0 NA NA NA NA NA 

Zebra 
duiker 

Cephalophu

s zebra 0.5 2.8 0.7 0.0 23.9 0.0 0.0 0.0 0.0 0.0 NA NA NA NA NA 
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2.2 Model results 

Table A.2.2. Model result, (Model 1a) and variables associated with the overall species diversity targeted by hunters. 

Coefficients (ES), standard errors (SE), significance test (χ2 of likelihood ratio test; p), and upper and lower confidence 

interval limits (U CL, L CL). 

Variable ES SE χ2 p L CL U CL 

Intercept 4.33 1.17 - - 1.95 6.77 

Percentage of cash-income gained with bushmeat 0.81 0.22 11.19 <0.001 0.35 1.28 

Education level -0.13 0.23 0.33 0.568 -0.63 0.35 

Dependent children 0.13 0.26 0.23 0.634 -0.41 0.59 

Awareness “no” † 3.65 1.11 11.00 0.004 1.45 5.99 

Awareness “yes” 2.34 1.01     0.36 4.50 

Religion “Christian” ‡ 0.74 0.48 2.23 0.327 -0.23 1.78 

Religion “Muslim” 0.12 0.75 
  

-1.32 1.62 

N° of taboos -0.23 0.23 0.99 0.321 -0.69 0.24 

Transmission hunting knowledge “Family” § 1.22 0.73 2.86 0.239 -0.21 2.73 

Transmission hunting knowledge “Not family” 0.91 0.66   -0.43 2.32 

Alternative protein availability/settlement 0.00 0.37 0.00 0.997 -0.80 0.80 

Alternative protein price/settlement -0.77 0.25 6.64 0.010 -1.29 -0.32 

Bushmeat price/settlement -0.56 0.29 2.92 0.088 -1.13 0.02 

Residence duration 0.53 0.22 5.42 0.020 0.10 1.02 

Age 0.60 0.39 2.18 0.140 -0.20 1.39 

Settlement size (log) 0.03 0.31 0.01 0.919 -0.63 0.68 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”; § Reference level “Transmission alone”; - 
Not shown because of not having a meaningful interpretation. Degrees of freedom (df) were for all categorical predictors=1 
and for factors with 3 levels=2 and factors with two levels=1. 

Table A.2.3 Model output, (Model 1b) and variables associated with the overall species diversity traded by 

bushmeat traders. Coefficients (ES), standard errors (SE), significance test (χ2LRT; p), upper and lower 

confidence interval limits (UCL, LCL). 

Variable ES SE LRT p L CL U CL 

Intercept 6.43 0.87 - - 4.71 8.16 
Percentage of cash-income gained with bushmeat (log) -0.03 0.22 0.02 0.876 -0.45 0.38 
Education level -0.14 0.22 0.42 0.515 -0.63 0.33 
Dependent children 0.10 0.23 0.19 0.664 -0.34 0.59 
Alternative protein availability/settlement -0.30 0.43 0.49 0.484 -1.17 0.55 
Alternative protein price/settlement -0.19 0.43 0.18 0.673 -1.10 0.65 
Awareness “no” † -1.51 0.90 4.42 0.110 -3.29 0.37 
Awareness “yes” -0.25 0.77 

  
-1.79 1.32 

Religion “Christian” ‡ -0.03 0.53 0.00 0.959 -1.08 0.97 
N° of taboos 0.88 0.29 4.10 0.043 0.26 1.46 
Bushmeat price/settlement -0.02 0.44 0.00 0.962 -0.90 0.80 
Residence duration -0.20 0.23 0.68 0.408 -0.66 0.31 
Age -0.12 0.31 0.13 0.724 -0.76 0.59 
Settlement size (log) 0.74 0.50 2.01 0.156 -0.27 1.82 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist” (Muslim religion was excluded because of 
the low number of Muslim traders, n=4); - Not shown because of not having a meaningful interpretation. Degrees of freedom 
(df) were for all categorical predictors=1 and for factors with 3 levels=2 and factors with two levels=1. 
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Table A.2.4. Model output, (Model 1b) and variables associated with the overall species diversity consumed by 

households. Coefficients (ES), standard errors (SE), significance test (χ2LRT; p), upper and lower confidence 

interval limits (UCL, LCL). 

Variable ES SE LRT p L CL U CL 

Intercept 0.72 0.13 - - 0.48 0.95 

Cash Income per head (sqrt) -0.01 0.02 0.16 0.692 -0.05 0.04 

Dependent children 0.01 0.03 0.18 0.671 -0.06 0.08 

Education level (sqrt) 0.01 0.02 0.38 0.536 -0.03 0.06 

Awareness “no” † 0.53 0.13 18.52 <0.001 0.26 0.79 

Awareness “yes” 0.16 0.10 
  

-0.03 0.34 

Religion “Christian” ‡ 0.01 0.07 28.05 <0.001 -0.12 0.14 

Religion “Muslim” -0.36 0.07     -0.51 -0.22 

N° of taboos -0.01 0.02 0.20 0.658 -0.05 0.03 

Residence duration 0.07 0.02 6.03 0.014 0.03 0.13 

Sex “male” 0.04 0.06 0.41 0.520 -0.08 0.16 

Age 0.03 0.02 1.39 0.238 -0.02 0.08 

Alternative protein availability/settlement -0.03 0.06 0.27 0.606 -0.14 0.09 

Availability bushmeat/settlement 0.01 0.06 0.05 0.825 -0.12 0.13 

Alternative protein price/settlement 0.01 0.06 0.03 0.867 -0.11 0.13 

Bushmeat price//settlement -0.03 0.05 0.41 0.522 -0.13 0.07 

Settlement size (log) 0.03 0.05 0.32 0.573 -0.07 0.13 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”;- Not shown because of not having a 
meaningful interpretation. Degrees of freedom (df) were for all categorical predictors=1 and for factors with 3 levels=2 and 
factors with two levels=1.  

Table A.2.5. Model output, (Model 2a) and variables associated with the intensity of hunting primates. 

Coefficients (ES), standard errors (SE), significance test (χ2LRT; p), upper and lower confidence interval limits 

(UCL, LCL) could not be estimated because of complete separation problems. 

Variable ES SE LRT p 
Intercept -5.86 0.90 - - 
Percentage of cash-income gained with bushmeat 0.72 0.24 7.10 0.008 
Dependent children 0.09 0.24 0.32 0.680 
Education level 0.25 0.26 1.06 0.323 
Awareness “no” † 1.21 0.66 6.51 0.039 
Awareness “yes” 0.36 0.61     
Taboo “yes” -3.06 1.20 12.50 <0.001 
Transmission hunting knowledge “Family” 0.64 0.47 2.96 0.230 
Transmission hunting knowledge “Not family” 0.79 0.46 

  

Religion “Christian” ‡ 0.20 0.33 0.93 0.629 
Religion “Muslim” 0.46 0.53   
Alternative protein price/settlement -0.68 0.49 1.87 0.172 
Alternative protein availability/settlement 0.89 0.38 5.13 0.024 
Residence duration 0.54 0.27 4.70 0.032 
Bushmeat price of species/settlement 1.38 0.62 4.78 0.031 
Age 0.29 0.15 3.69 0.055 
Settlement size (log) -1.79 0.75 4.09 0.043 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”; § Reference level “Transmission alone”; - 
Not shown because of not having a meaningful interpretation. Degrees of freedom (df) were for all categorical predictors=1 
and for factors with 3 levels=2 and factors with two levels=1.  
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Table A.2.6. Model output, (Model 3a) and variables associated with the intensity of hunting duikers. 

Coefficients (ES), standard errors (SE), significance test (χ2LRT; p), and upper and lower confidence interval 

limits (UCL, LCL). 

Variable ES SE LRT p L CL U CL 

Intercept -3.99 3.03 - - -10.57 -2.71 
Percentage of cash-income gained with bushmeat 0.44 0.21 3.26 0.071 0.04 0.82 
Dependent children 0.29 0.19 2.00 0.158 -0.09 0.65 
Education level 0.06 0.16 0.12 0.734 -0.25 0.38 
Awareness “no” † 1.61 0.58 8.22 0.016 0.75 2.71 
Awareness “yes” 1.52 0.57     0.60 2.67 
Transmission hunting knowledge “Family” 0.65 0.35 3.70 0.157 0.06 1.22 
Transmission hunting knowledge “Not family” 0.57 0.32 

  
0.03 1.02 

Religion “Christian” ‡ -0.06 0.29 0.13 0.937 -0.55 0.44 
Religion “Muslim” 0.16 0.57 

  
-0.77 1.36 

Alternative protein availability/settlement 0.39 0.33 1.09 0.296 -0.22 1.10 
Alternative protein price/settlement -0.06 0.18 0.11 0.739 -0.44 0.32 
Residence duration 0.09 0.11 0.66 0.417 -0.14 0.30 
Bushmeat price of species/settlement -3.50 3.76 0.83 0.363 -5.42 -0.09 
Age 0.00 0.17 -0.21 1.000 -0.25 0.23 
Settlement size (log) -0.17 0.20 0.36 0.547 -0.50 0.14 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”; § Reference level “Transmission alone”; - 
Not shown because of not having a meaningful interpretation. Degrees of freedom (df) were for all categorical predictors=1 
and for factors with 3 levels=2 and factors with two levels=1. 

 

Table A.2.7. Model output, (Model 4a) and variables associated with the intensity of hunting rodents. 

Coefficients (ES), standard errors (SE), significance test (χ2LRT; p), and upper and lower confidence interval 

limits (UCL, LCL). 

Variable ES SE LRT p L CL U CL 

Intercept -2.78 0.68 - - -4.03 -1.67 
Percentage of cash-income gained with bushmeat 0.07 0.15 0.22 0.643 -0.21 0.37 
Dependent children 0.21 0.10 3.91 0.048 0.02 0.38 
Education level -0.03 0.11 0.08 0.772 -0.24 0.18 
Awareness “no” † 0.45 0.56 1.95 0.378 -0.52 1.32 
Awareness “yes” 0.75 0.54 

  
-0.18 1.72 

Transmission hunting knowledge “Family” 0.23 0.30 6.10 0.047 -0.31 0.81 
Transmission hunting knowledge “Not family” -0.40 0.28   -0.89 0.10 
Religion “Christian” ‡ 0.21 0.44 1.43 0.489 -0.60 1.03 
Religion “Muslim” -0.60 0.62   -1.75 0.42 
Taboo “yes” -0.57 0.56 0.97 0.325 -2.04 0.06 
Alternative protein availability/settlement -0.61 0.20 7.35 0.007 -0.94 -0.30 
Alternative protein price/settlement -0.05 0.16 0.09 0.767 -0.31 0.23 
Residence duration 0.04 0.09 0.15 0.701 -0.12 0.22 
Bushmeat price of species/settlement 0.19 0.88 0.04 0.834 -1.32 1.76 
Settlement size (log) 0.43 0.13 9.96 0.002 0.21 0.65 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”; § Reference level “Transmission alone”; - 
Not shown because of not having a meaningful interpretation. Degrees of freedom (df) were for all categorical predictors=1 
and for factors with 3 levels=2 and factors with two levels=1. 
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Table A.2.8. Model output, (Model 2b) and variables associated with the intensity of trading primates. 

Coefficients (ES), standard errors (SE), significance test (χ2LRT; p), and upper and lower confidence interval 

limits (UCL, LCL) 

Variable ES SE LRT p L CL U CL 

Intercept -7.96 1.79 - - -13.22 -5.27 
Percentage of cash-income gained with bushmeat (log) -0.09 0.20 0.18 0.672 -0.57 0.52 
Education level -0.21 0.16 1.17 0.279 -0.71 0.20 
Dependent children -0.06 0.16 0.16 0.687 -0.55 0.38 
Awareness “no” † -2.79 1.63 9.45 0.009 -6.28 -0.06 
Awareness “yes” -0.16 0.54     -1.74 1.77 
Religion “Christian” ‡ -0.15 0.55 0.07 0.786 -1.40 1.49 
Alternative protein availability/settlement -0.71 0.84 0.41 0.522 -2.13 0.60 
Alternative protein price/settlement -1.59 0.70 9.72 0.002 -3.14 -0.27 
Bushmeat price of species/settlement 2.82 1.05 4.65 0.031 0.87 4.28 
Residence duration 0.18 0.29 3.67 0.055 -0.44 0.89 
Settlement size (log) -0.55 0.69 0.74 0.389 -2.09 0.79 
Age -0.34 0.43 0.59 0.444 -1.34 0.61 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist” (Muslim religion was excluded because of 
the low number of Muslim traders, n=4); - Not shown because of not having a meaningful interpretation. Degrees of freedom 
(df) were for all categorical predictors=1 and for factors with 3 levels=2 and factors with two levels=1. 

 

Table A.2.9. Model output, (Model 3b) and variables associated with the intensity of trading duikers. 

Coefficients (ES), standard errors (SE), z value, significance test (p). Full-null model comparison not significant 

Variable ES SE z value p 

Intercept -1.40 0.71 -1.98 - 
Percentage of cash-income gained with bushmeat (log) -0.04 0.11 -0.33 0.738 
Education level -0.06 0.10 -0.56 0.573 
Dependent children -0.12 0.17 -0.69 0.492 
Awareness “no” † -1.27 0.61 -2.07 0.039 
Awareness “yes” -0.06 0.32 -0.18 0.854 
Religion “Christian” ‡ -0.25 0.21 -1.19 0.235 
Alternative protein availability/settlement 0.01 0.26 0.05 0.964 
Alternative protein price/settlement 0.01 0.36 0.03 0.978 
Bushmeat price of species/settlement 6.26 4.48 1.40 0.162 
Residence duration 0.03 0.09 0.35 0.727 
Settlement size (log) -0.30 0.21 -1.46 0.145 
Age -0.08 0.15 -0.51 0.609 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist” (Muslim religion was excluded because of 
the low number of Muslim traders, n=4); - Not shown because of not having a meaningful interpretation. Degrees of freedom 
(df) were for all categorical predictors=1 and for factors with 3 levels=2 and factors with two levels=1. 
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Table A.2.10. Model output, (Model 4b) and variables associated with the intensity of trading rodents. 

Coefficients (ES), standard errors (SE), z value, significance test (p). Full-null model comparison not significant 

Variable ES SE z value p 
Intercept -3.98 1.01 -3.94 - 
Percentage of cash-income gained with bushmeat (log) 0.03 0.21 0.16 0.875 
Education level -0.17 0.12 -1.50 0.133 
Dependent children 0.00 0.16 0.02 0.986 
Awareness “no” † -0.55 0.60 -0.91 0.362 
Awareness “yes” 0.38 0.51 0.74 0.458 
Religion “Christian” ‡ -0.32 0.28 -1.14 0.256 
Alternative protein availability/settlement 0.17 0.61 0.28 0.777 
Alternative protein price/settlement -0.21 0.65 -0.32 0.748 
Bushmeat price of species/settlement 2.22 1.66 1.33 0.183 
Residence duration -0.08 0.14 -0.59 0.559 
Settlement size (log) 1.26 0.50 2.51 0.012 
Age 0.08 0.21 0.38 0.703 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist” (Muslim religion was excluded because of 
the low number of Muslim traders, n=4); - Not shown because of not having a meaningful interpretation. Degrees of freedom 
(df) were for all categorical predictors=1 and for factors with 3 levels=2 and factors with two levels=1. 

 

Table A.2.11. Model output, (Model 2c) and variables associated with the intensity of consumption frequencies 

of primate meat. Coefficients (ES), standard errors (SE), significance test (χ2LRT; p), and upper and lower 

confidence interval limits (UCL, LCL). 

Variable ES SE LRT p L CL U CL 

Intercept -9.98 1.14 - - -13.43 -10.88 
Cash Income per head (sqrt) 0.07 0.32 0.04 0.841 -0.26 0.26 
Dependent children 0.22 0.23 0.80 0.371 -0.15 0.38 
Education level (sqrt) 0.45 0.22 4.07 0.044 -0.02 0.48 
Awareness “no” † 2.47 1.33 8.79 0.012 -0.14 3.00 
Awareness “yes” -0.35 0.94     -1.10 0.90 
Religion “Christian” ‡ -0.17 0.60 15.09 <0.001 -0.77 0.63 
Religion “Muslim” -1.97 0.64     -1.67 -0.17 
Taboo “yes” -2.17 1.00 6.29 0.012 -1.83 -0.20 
Alternative protein availability/settlement 0.11 0.32 0.13 0.717 -0.31 0.40 
Alternative protein price/settlement -0.14 0.23 0.41 0.522 -0.35 0.16 
Availability of species/settlement -0.20 0.30 0.42 0.518 -0.39 0.26 
Bushmeat price of species/settlement -0.22 0.24 0.80 0.370 -0.38 0.14 
Residence duration 0.46 0.21 3.84 0.050 0.00 0.47 
Settlement size (log) -0.21 0.26 0.66 0.417 -0.38 0.20 
Age 0.16 0.23 0.51 0.474 -0.18 0.34 
Sex “male” 0.08 0.48 0.02 0.875 -0.49 0.56 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”;- Not shown because of not having a 
meaningful interpretation. Degrees of freedom (df) were for all categorical predictors=1 and for factors with 3 levels=2 and 
factors with two levels=1.  
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Table A 2.12. Model output, (Model 3c) and variables associated with the intensity of consumption frequencies 

of duiker meat. Coefficients (ES), standard errors (SE), significance test (χ2LRT; p), and upper and lower 

confidence interval limits (UCL, LCL). 

Variable ES SE LRT p L CL U CL 

Intercept -5.20 0.71 - - -6.94 -4.16 
Cash Income per head (sqrt) -0.01 0.19 0.00 0.971 -0.36 0.37 
Dependent children 0.31 0.14 4.77 0.029 -0.02 0.62 
Education level (sqrt) 0.21 0.14 2.31 0.129 -0.09 0.50 
Awareness “no” 2.03 0.77 18.92 <0.001 0.49 3.66 
Awareness “yes” -0.34 0.59 

  
-1.35 1.01 

Religion “Christian” -0.22 0.37 30.84 <0.001 -1.01 0.54 
Religion “Muslim” -2.40 0.41 

  
-3.25 -1.61 

Alternative protein availability/settlement 0.19 0.20 0.93 0.336 -0.21 0.68 
Alternative protein price/settlement -0.23 0.14 2.08 0.149 -0.55 0.05 
Availability of species/settlement -0.05 0.18 0.09 0.767 -0.49 0.34 
Bushmeat price of species/settlement -0.39 0.15 6.30 0.012 -0.69 -0.07 
Residence duration 0.21 0.13 2.54 0.111 -0.08 0.48 
Settlement size (log) 0.21 0.16 0.89 0.345 -0.14 0.54 
Age 0.25 0.15 2.62 0.106 -0.06 0.56 
Sex “male” 0.39 0.44 0.83 0.361 -0.52 1.22 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”;- Not shown because of not having a 
meaningful interpretation. Degrees of freedom (df) were for all categorical predictors=1 and for factors with 3 levels=2 and 
factors with two levels=1.  

Table A.2.13 Model output, (Model 3c) and variables associated with the intensity of consumption frequencies 

of rodent meat. Coefficients (ES), standard errors (SE), significance test (χ2LRT; p), and upper and lower 

confidence interval limits (UCL, LCL). 

 Variable ES SE p 

Intercept -12.21 1.16 - 
Cash Income per head (sqrt) -0.19 0.24 0.428 
Dependent children -0.01 0.33 0.987 
Education level (sqrt) 0.16 0.24 0.512 
Awareness “no” 6.39 1.27 0.000 
Awareness “yes” 2.29 0.89 0.010 
Religion “Christian” 0.26 0.69 0.708 
Religion “Muslim” -1.96 0.70 0.005 
Taboo “yes” -7.53 2.25 0.001 
Residence duration 0.55 0.28 0.050 
Sex “male” 0.80 0.58 0.163 
Alternative protein availability/settlement -0.60 0.30 0.048 
Alternative protein price/settlement -0.44 0.51 0.391 
Availability of species/settlement 0.71 0.32 0.025 
Bushmeat price of species/settlement 0.28 0.32 0.384 
Settlement size (log) 0.19 0.30 0.527 
Age -0.13 0.25 0.590 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”;- Not shown because of not having a 
meaningful interpretation. Degrees of freedom (df) were for all categorical predictors=1 and for factors with 3 levels=2 and 
factors with two levels=1.  
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2.3 Additional results  

Since protein availability, settlement size, and prices for protein were slightly correlated (Vif>2), 
we fitted separate models, excluding each of these predictors one at a time, but obtained similar 
results (Table A.3.1, A.3.2). 
Table A .3.1 Variables associated with the consumption frequencies of primate meat, when the variable 

availability of bushmeat was excluded, Coefficients (ES), standard errors (SE), significance test (p). 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”; § Reference level “Transmission alone”; - 
Not shown because of not having a meaningful interpretation. Degrees of freedom (df) were for all categorical predictors=1 
and for factors with 3 levels=2 and factors with two levels=1. 

 

Table A .3.2 Variables associated with the intensity of consumption frequencies of duiker meat when the 

variable availability of protein was excluded. Coefficients (ES), standard errors (SE), significance test (p). 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”; § Reference level “Transmission alone”; - 
Not shown because of not having a meaningful interpretation. Degrees of freedom (df) were for all categorical predictors=1 
and for factors with 3 levels=2 and factors with two levels=1. 

  

Variable ES SE p 

Intercept -5.77 0.9 - 
Percentage of cash-income gained with bushmeat (sqrt) 0.71 0.24 <0.001 
Dependent children 0.26 0.26 0.318 
Education level (sqrt) 0.10 0.25 0.678 
Awareness “no” † 1.31 0.67 0.052 
Awareness “yes” 0.37 0.63 0.555 
Transmission hunting knowledge “Family” § 0.57 0.47 0.229 
Transmission hunting knowledge “Not family” 0.76 0.49 0.122 
Religion “Christian” ‡ 0.19 0.33 0.560 
Religion “Muslim” 0.59 0.54 0.276 
Taboo “ yes” -19.17 60.34 0.751 
Alternative protein price/settlement -0.62 0.46 0.181 
Bushmeat price of species/settlement 1.31 0.59 0.026 
Settlement size (log) -1.37 0.64 0.0339 
Residence duration 0.47 0.27 0.075 
Age 0.29 0.16 0.069 

Variable ES SE p 

Intercept -3.56 3.53 - 
Percentage of cash-income gained with bushmeat (sqrt) -3.56 3.53 0.313 
Dependent children 0.41 0.19 0.031 
Education level (sqrt) 0.28 0.20 0.158 
Awareness “no” † 0.13 0.16 0.420 
Awareness “yes” 1.78 0.56 0.002 
Percentage of cash-income gained with bushmeat 1.45 0.54 0.007 
Transmission hunting knowledge “Family” § 0.57 0.31 0.068 
Transmission hunting knowledge “Not family” 0.55 0.31 0.076 
Religion “Christian” ‡ -0.14 0.29 0.636 
Religion “Muslim” 0.35 0.53 0.505 
Alternative protein price/settlement -0.03 0.17 0.878 
Residence duration 0.23 0.17 0.173 
Bushmeat price of species/settlement -3.95 3.90 0.311 
Age 0.02 0.16 0.897 
Settlement size (log) 0.01 0.12 0.918 
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2.4 Random effects and slopes 

Table A.4.1 Random intercepts and slopes model 1a. Total no. of species hunted/year, SE=standard derivation, ethnicity 

(ethnic), settlement id (settlement). 

Random effects    
Groups Name Variance SE 
settlement (Intercept) 0.160 0.400 
settlement.1 Percentage of cash-income gained with bushmeat  0 0 
settlement.2 Education level 0 0 
settlement.3 Dependent children 0 0 
settlement.4 N° of taboos 0 0 
settlement.5 Residence duration 0 0 
settlement.6 Transmission hunting knowledge “Family” § 0 0 
settlement.7 Transmission hunting knowledge “Not family” 2.887 1.699 
settlement.8 Age 0 0 
ethnic (Intercept) 0.177 0.421 
ethnic.1 Percentage of cash-income gained with bushmeat  0 0 
ethnic.2 Age 0.355 0.596 
ethnic.3 Dependent children 0.096 0.311 
Residual  8.352 2.890 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”; § Reference level “Transmission alone” 

Table A.4.2 Random intercepts and slopes model 1b. Total no. of species traded/year, SE=standard derivation, random 

effects ethnicity (ethnic), settlement id (settlement). 

Random effects 
effe 

   
Groups Name Variance SE 
settlement (Intercept) 0.403 0.635 
settlement.1 Education level 0.000 0.000 
settlement.2 Dependent children 0.000 0.000 
settlement.3 N° of taboos 0.213 0.461 
settlement.4 Residence duration 0.000 0.000 
settlement.5 Age 0.000 0.000 
ethnic (Intercept) 0.000 0.000 
ethnic.1 N° of taboos 0.000 0.000 
ethnic.2 Residence duration 0.000 0.000 
ethnic.3 Age 0.199 0.446 
ethnic.4 Education level 0.000 0.000 
Residual  6.290 2.510 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”; § Reference level “Transmission alone” 

Table A.4.3 Random intercepts and slopes model 1c. Total no. of species consumed/year, SE=standard derivation, random 

effects, ethnicity (ethnic), settlement id (settlement). 

Random effects   
Groups Name SE 
settlement (Intercept) 0.169 
settlement.1 Cash Income per head (sqrt) 0 
settlement.2 Dependent children 0.104 
settlement.3 Education level (sqrt) 0 
settlement.4 Religion “Christian” ‡ 0.035 
settlement.5 Religion “Muslim” 0.078 
settlement.6 N° of taboos 0.049 
settlement.7 Residence duration 0.040 
settlement.8 Sex “male” 0.141 
settlement.9 Age 0 
settlement.10 Settlement size (log) 0.133 
ethnic (Intercept) 0 
ethnic.1 Cash Income per head (sqrt) 0 
ethnic.2 Dependent children 0 
ethnic.3 Residence duration 0.019 
ethnic.4 Alternative protein vailability/settlement 0 
ethnic.5 Availability bushmeat/settlement 0 
ethnic.6 Alternative protein price/settlement 0.118 
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ethnic.7 Bushmeat price//settlement 0 
ethnic.8 Age 0 
ethnic.9 Education level (sqrt) 0 
ethnic.10 N° of taboos 0 
Residual  0.612 

‡ Reference level “Religion animist”  

Table A.4.4 Random intercepts and slopes model 2a. Amount of primates hunted/day, SE=standard derivation, random 

effects respondent id (id), ethnicity (ethnic), settlement id (settlement), species utilized (species). 

Random effects 
effec 

   
Groups Name Variance SE 
id (Intercept) 1.720 1.310 
settlement Age 0.000 0.000 
settlement.1 Percentage of cash-income gained with bushmeat  0.000 0.000 
settlement.2 Residence duration 0.000 0.000 
settlement.3 Education level 0.000 0.000 
settlement.4 Transmission hunting knowledge “Not family” 0.000 0.000 
settlement.5 Transmission hunting knowledge “Family” § 0.000 0.000 
settlement.6 Religion “Muslim” 0.000 0.000 
settlement.7 Religion “Christian” ‡ 0.398 0.631 
settlement.8 Awareness “yes” 0.000 0.000 
settlement.9 Awareness “no” 0.000 0.000 
settlement.10 (Intercept) 0.200 0.447 
ethnic Age 0.000 0.000 
ethnic.1 Percentage of cash-income gained with bushmeat  0.000 0.000 
ethnic.2 Residence duration 0.222 0.471 
ethnic.3 Settlement size (log) 0.000 0.000 
ethnic.4 Education level 0.268 0.517 
ethnic.5 Dependent children 0.035 0.186 
ethnic.6 Alternative protein availability/settlement 0.000 0.000 
ethnic.7 Alternative protein price/settlement 0.281 0.530 
ethnic.8 Bushmeat price of species/settlement 2.760 1.660 
ethnic.9 Transmission hunting knowledge “Not family” 0.000 0.000 
ethnic.10 Transmission hunting knowledge “Family” § 0.000 0.000 
ethnic.11 Awareness “yes” 0.000 0.000 
ethnic.12 Awareness “no” 0.000 0.000 
ethnic.13 (Intercept) 1.320 1.150 
species Age 0.007 0.081 
species.1 Percentage of cash-income gained with bushmeat  0.127 0.357 
species.2 Residence duration 0.063 0.252 
species.3 Settlement size (log) 2.380 1.540 
species.4 Education level 0.041 0.202 
species.5 Dependent children 0.137 0.370 
species.6 Alternative protein availability/settlement 0.158 0.398 
species.7 Alternative protein price/settlement 0.679 0.824 
species.8 Bushmeat price of species/settlement 0.478 0.692 
species.9 Transmission hunting knowledge “Not family” 0.070 0.265 
species.10 Transmission hunting knowledge “Family” § 0.189 0.435 
species.11 Awareness “yes” 0.022 0.148 
species.12 Awareness “no” 0.000 0.000 
species.13 (Intercept) 0.287 0.536 

Table A.4.5 Random intercepts and slopes model 2b, Amount of primates traded/day, SE=standard derivation, random 

effects respondent id (id), ethnicity (ethnic), settlement id (settlement), species utilized (species). 

Random effects    
Groups Name Variance SE 
id Bushmeat price of species/settlement 9.920 3.150 
id.1 (Intercept) 0.982 0.991 
settlement Bushmeat price of species/settlement 0.781 0.884 
settlement.1 Age 0.376 0.613 
settlement.2 Religion “Christian” ‡ 0.000 0.000 
settlement.3 Dependent children 0.000 0.000 
settlement.4 Residence duration 0.000 0.000 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”; § Reference level “Transmission alone” 
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settlement.5 Awareness “yes” † 0.000 0.000 
settlement.6 Awareness “no” 0.000 0.000 
settlement.7 Education level 0.000 0.000 
settlement.8 Percentage of cash-income gained with bushmeat (log) 0.000 0.000 
settlement.9 (Intercept) 0.042 0.205 
ethnic Alternative protein availability/settlement 0.643 0.802 
ethnic.1 Alternative protein price/settlement 0.000 0.000 
ethnic.2 Age 0.000 0.000 
ethnic.3 Bushmeat price of species/settlement 0.000 0.000 
ethnic.4 Dependent children 0.000 0.000 
ethnic.5 Residence duration 0.217 0.466 
ethnic.6 Education level 0.000 0.000 
ethnic.7 Percentage of cash-income gained with bushmeat (log) 0.006 0.075 
ethnic.8 (Intercept) 1.480 1.220 
species Alternative protein availability/settlement 0.406 0.637 
species.1 Alternative protein price/settlement 1.390 1.180 
species.2 Age 0.551 0.742 
species.3 Settlement size (log) 1.670 1.290 
species.4 Religion “Christian” ‡ 0.536 0.732 
species.5 Bushmeat price of species/settlement 0.000 0.000 
species.6 Dependent children 0.000 0.000 
species.7 Residence duration 0.013 0.113 
species.8 Awareness “yes” 0.000 0.000 
species.9 Awareness “no” 2.350 1.530 
species.10 Education level 0.000 0.000 
species.11 Percentage of cash-income gained with bushmeat (log) 0.045 0.211 
species.12 (Intercept) 15.700 3.960 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”  

Table A.4.6 Random intercepts and slopes model 2c. Consumption frequency of primate meat/day, SE=standard derivation 

random effects observation term, respondent id (id), ethnicity (ethnic), settlement id (settlement). 

Random effects    
Groups Name Variance SE 
observation term (Intercept) 40.400 6.360 
settlement Residence duration 0.000 0.000 
settlement.1 Age 0.000 0.000 
settlement.2 Religion “Muslim” 0.000 0.000 
settlement.3 Religion “Christian” ‡ 0.000 0.000 
settlement.4 Education level (sqrt) 0.000 0.000 
settlement.5 Dependent children 0.000 0.000 
settlement.6 Cash Income per head (sqrt) 0.000 0.000 
settlement.7 (Intercept) 0.000 0.000 
ethnic Residence duration 0.000 0.000 
ethnic.1 Education level (sqrt) 0.000 0.000 
ethnic.2 Sex “male” 0.000 0.000 
ethnic.3 Bushmeat price of species/settlement 0.000 0.000 
ethnic.4 Dependent children 0.000 0.000 
ethnic.5 Age 0.000 0.000 
ethnic.6 Settlement size (log) 0.000 0.000 
ethnic.7 Alternative protein availability/settlement 0.000 0.000 
ethnic.8 Availability of species/settlement 0.000 0.000 
ethnic.9 Religion “Muslim” 0.000 0.000 
ethnic.10 Religion “Christian” ‡ 0.000 0.000 
ethnic.11 Alternative protein price/settlement 0.005 0.073 
ethnic.12 Cash Income per head (sqrt) 0.091 0.302 
ethnic.13 (Intercept) 0.000 0.000 

‡ Reference level “Religion animist”  

Table A.4.7 Random intercepts and slopes model 3a. Amount of duikers hunted/day, SE=standard derivation, random effects 

respondent id (id), ethnicity (ethnic), settlement id (settlement), species utilized (species). 

Random effects 
effec 

   
Groups Name Variance SE 
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id (Intercept) 1.140 1.070 
settlement Age 0.000 0.000 
settlement.1 Religion “Muslim” 1.050 1.030 
settlement.2 Religion “Christian” ‡ 0.108 0.329 
settlement.3 Transmission hunting knowledge “Not family” 0.000 0.000 
settlement.4 Transmission hunting knowledge “Family” § 0.453 0.673 
settlement.5 Dependent children 0.014 0.120 
settlement.6 Residence duration 0.000 0.000 
settlement.7 Awareness “yes” 0.000 0.000 
settlement.8 Awareness “no” 0.052 0.229 
settlement.9 Education level 0.000 0.000 
settlement.10 Percentage of cash-income gained with bushmeat  0.000 0.000 
settlement.11 (Intercept) 0.177 0.421 
ethnic Age 0.029 0.169 
ethnic.1 Religion “Muslim” 0.000 0.000 
ethnic.2 Religion “Christian” ‡ 0.000 0.000 
ethnic.3 Transmission hunting knowledge “Not family” 0.000 0.000 
ethnic.4 Transmission hunting knowledge “Family” § 0.000 0.000 
ethnic.5 Alternative protein availability/settlement 0.000 0.000 
ethnic.6 Bushmeat price of species/settlement 0.033 0.180 
ethnic.7 Dependent children 0.046 0.213 
ethnic.8 Residence duration 0.000 0.000 
ethnic.9 Awareness “yes” 0.000 0.000 
ethnic.10 Awareness “no” 0.000 0.000 
ethnic.11 Education level 0.026 0.162 
ethnic.12 Percentage of cash-income gained with bushmeat  0.097 0.311 
ethnic.13 Alternative protein price/settlement 0.000 0.000 
ethnic.14 (Intercept) 0.013 0.112 
species Age 0.001 0.033 
species.1 Religion “Muslim” 0.468 0.684 
species.2 Religion “Christian” ‡ 0.126 0.355 
species.3 Alternative protein availability/settlement 0.372 0.610 
species.4 Bushmeat price of species/settlement 36.400 6.030 
species.5 Dependent children 0.087 0.294 
species.6 Residence duration 0.000 0.000 
species.7 Awareness “yes” 0.286 0.535 
species.8 Awareness “no” 0.151 0.389 
species.9 Education level 0.051 0.226 
species.10 Percentage of cash-income gained with bushmeat  0.112 0.335 
species.11 Alternative protein price/settlement 0.068 0.260 
species.12 (Intercept) 51.900 7.200 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”; § Reference level “Transmission alone” 

Table A.4.8 Random intercepts and slopes model 3b. Amount of duikers traded/day, SE=standard derivation, random effects 

respondent id (id), ethnicity (ethnic), settlement id (settlement), species utilized (species). 

Random effects    
Groups Name Variance SE 
id Bushmeat price of species/settlement 0.081 0.285 
id.1 (Intercept) 0.580 0.761 
settlement Bushmeat price of species/settlement 0.004 0.066 
settlement.1 Age 0.000 0.000 
settlement.2 Religion “Christian” ‡ 0.000 0.000 
settlement.3 Dependent children 0.000 0.000 
settlement.4 Residence duration 0.000 0.000 
settlement.5 Awareness “yes” † 0.000 0.000 
settlement.6 Awareness “no” 0.155 0.393 
settlement.7 Education level 0.000 0.000 
settlement.8 Percentage of cash-income gained with bushmeat (log) 0.000 0.000 
settlement.9 (Intercept) 0.097 0.312 
ethnic Alternative protein availability/settlement 0.180 0.425 
ethnic.1 Alternative protein price/settlement 0.000 0.000 
ethnic.2 Age 0.025 0.156 
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ethnic.3 Bushmeat price of species/settlement 0.028 0.167 
ethnic.4 Dependent children 0.054 0.231 
ethnic.5 Residence duration 0.000 0.000 
ethnic.6 Education level 0.000 0.000 
ethnic.7 Percentage of cash-income gained with bushmeat (log) 0.000 0.000 
ethnic.8 (Intercept) 0.000 0.000 
species Alternative protein availability/settlement 0.000 0.000 
species.1 Alternative protein price/settlement 0.386 0.621 
species.2 Age 0.033 0.181 
species.3 Settlement size (log) 0.041 0.203 
species.4 Religion “Christian” ‡ 0.000 0.000 
species.5 Bushmeat price of species/settlement 95.800 9.790 
species.6 Dependent children 0.044 0.209 
species.7 Residence duration 0.000 0.000 
species.8 Awareness “yes” 0.001 0.038 
species.9 Awareness “no” 0.755 0.869 
species.10 Education level 0.012 0.107 
species.11 Percentage of cash-income gained with bushmeat (log) 0.016 0.126 
species.12 (Intercept) 0.712 0.844 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”  

Table A.4.9 Random intercepts and slopes model 3c, Consumption frequency of duiker meat/day, SE=standard derivation, 

random effects observation term, ethnicity (ethnic), settlement id (settlement), species utilized (species). 

Random effects    
Groups Name Variance SE 
observation term (Intercept) 9.999 3.162 
settlement Residence duration 0.000 0.000 
settlement.1 Age 0.000 0.000 
settlement.2 Religion “Muslim” 0.041 0.202 
settlement.3 Religion “Christian” ‡ 0.000 0.000 
settlement.4 Education level (sqrt) 0.000 0.000 
settlement.5 Dependent children 0.000 0.000 
settlement.6 Cash Income per head (sqrt) 0.231 0.481 
settlement.7 (Intercept) 0.000 0.000 
ethnic Residence duration 0.000 0.000 
ethnic.1 Education level (sqrt) 0.000 0.000 
ethnic.2 Sex “male” 1.403 1.185 
ethnic.3 Bushmeat price of species/settlement 0.000 0.000 
ethnic.4 Dependent children 0.000 0.000 
ethnic.5 Age 0.013 0.112 
ethnic.6 Settlement size (log) 0.000 0.000 
ethnic.7 Alternative protein availability/settlement 0.000 0.000 
ethnic.8 Availability of species/settlement 0.000 0.000 
ethnic.9 Religion “Muslim” 0.000 0.000 
ethnic.10 Religion “Christian” ‡ 0.000 0.000 
ethnic.11 Alternative protein price/settlement 0.016 0.128 
ethnic.12 Cash Income per head (sqrt) 0.000 0.000 
ethnic.13 (Intercept) 0.000 0.000 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”  

Table A.4.10 Random intercepts and slopes model 4a. Amount of rodents hunted/day, SE=standard derivation, random 

effects respondent id (id), ethnicity (ethnic), settlement id (settlement), species utilized (species). 

Random effects 
effec 

   
Groups Name Variance SE 
id (Intercept) 1.040 1.020 
settlement Bushmeat price of species/settlement 0.309 0.556 
settlement.1 Religion “Muslim” 0.281 0.530 
settlement.2 Religion “Christian” ‡ 0.000 0.000 
settlement.3 Transmission hunting knowledge “Not family” 0.000 0.000 
settlement.4 Transmission hunting knowledge “Family” § 0.000 0.000 
settlement.5 Dependent children 0.000 0.000 
settlement.6 Residence duration 0.000 0.000 
settlement.7 Awareness “yes” 0.746 0.864 
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settlement.8 Awareness “no” 0.000 0.001 
settlement.9 Education level 0.000 0.000 
settlement.10 Percentage of cash-income gained with bushmeat  0.000 0.000 
settlement.11 (Intercept) 0.000 0.000 
ethnic Transmission hunting knowledge “Not family” 0.000 0.000 
ethnic.1 Transmission hunting knowledge “Family” § 0.129 0.359 
ethnic.2 Dependent children 0.000 0.000 
ethnic.3 Residence duration 0.000 0.000 
ethnic.4 Education level 0.003 0.058 
ethnic.5 Percentage of cash-income gained with bushmeat  0.000 0.000 
ethnic.6 Alternative protein price/settlement 0.070 0.264 
ethnic.7 (Intercept) 0.000 0.000 
species Settlement size (log) 0.031 0.176 
species.1 Transmission hunting knowledge “Not family” 0.000 0.000 
species.2 Transmission hunting knowledge “Family” § 0.037 0.193 
species.3 Taboo “yes” 0.000 0.000 
species.4 Religion “Muslim” 0.230 0.479 
species.5 Religion “Christian” ‡ 1.260 1.120 
species.6 Alternative protein availability/settlement 0.010 0.101 
species.7 Bushmeat price of species/settlement 2.910 1.700 
species.8 Dependent children 0.004 0.063 
species.9 Residence duration 0.000 0.000 
species.10 Awareness “yes” 0.000 0.000 
species.11 Awareness “no” 0.000 0.000 
species.12 Education level 0.010 0.098 
species.13 Percentage of cash-income gained with bushmeat  0.036 0.191 
species.14 Alternative protein price/settlement 0.000 0.000 
species.15 (Intercept) 0.000 0.000 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”; § Reference level “Transmission alone” 

Table A.4.11 Random intercepts and slopes model 4 b. Amount of rodents traded/day, SE=standard derivation, random 

effects respondent id (id), ethnicity (ethnic), settlement id (settlement), species utilized (species). 

Random effects    
Groups Name Variance SE 
id Bushmeat price of species/settlement 1.290 1.130 
id.1 (Intercept) 1.150 1.070 
settlement Bushmeat price of species/settlement 0.000 0.000 
settlement.1 Age 0.000 0.000 
settlement.2 Religion “Christian” ‡ 0.000 0.000 
settlement.3 Dependent children 0.071 0.267 
settlement.4 Residence duration 0.000 0.000 
settlement.5 Awareness “yes” † 0.000 0.000 
settlement.6 Awareness “no” 0.460 0.679 
settlement.7 Education level 0.000 0.000 
settlement.8 Percentage of cash-income gained with bushmeat (log) 0.000 0.000 
settlement.9 (Intercept) 1.380 1.170 
ethnic Alternative protein availability/settlement 0.000 0.000 
ethnic.1 Alternative protein price/settlement 0.000 0.000 
ethnic.2 Age 0.135 0.367 
ethnic.3 Bushmeat price of species/settlement 0.207 0.455 
ethnic.4 Dependent children 0.000 0.000 
ethnic.5 Residence duration 0.000 0.000 
ethnic.6 Education level 0.000 0.000 
ethnic.7 Percentage of cash-income gained with bushmeat (log) 0.000 0.000 
ethnic.8 (Intercept) 0.000 0.000 
species Alternative protein availability/settlement 0.725 0.851 
species.1 Alternative protein price/settlement 0.962 0.981 
species.2 Age 0.000 0.000 
species.3 Settlement size (log) 0.096 0.309 
species.4 Religion “Christian” ‡ 0.000 0.000 
species.5 Bushmeat price of species/settlement 11.700 3.430 
species.6 Dependent children 0.009 0.096 
species.7 Residence duration 0.013 0.113 
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species.8 Awareness “yes” 0.293 0.542 
species.9 Awareness “no” 0.257 0.507 
species.10 Education level 0.000 0.000 
species.11 Percentage of cash-income gained with bushmeat (log) 0.096 0.309 
species.12 (Intercept) 0.000 0.000 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”  

Table A.4.12 Random intercepts and slopes model 4c. Consumption frequency of rodent meat/day, SE=standard derivation, 

random effects observation term, respondent id (id), ethnicity (ethnic), settlement id (settlement), species utilized (species). 

Random effects    
Groups Name Variance SE 
observation term (Intercept) 8.490 2.910 
id Bushmeat price of species/settlement 2.770 1.660 
id.1 Availability of species/settlement 0.064 0.254 
id.2 (Intercept) 23.700 4.860 
settlement Age 0.006 0.075 
settlement.1 Availability of species/settlement 0.002 0.041 
settlement.2 Sex “male” 0.146 0.383 
settlement.3 Residence duration 0.089 0.298 
settlement.4 Religion “Muslim” 0.020 0.140 
settlement.5 Religion “Christian” ‡ 0.000 0.001 
settlement.6 Awareness “yes” 0.017 0.132 
settlement.7 Awareness “no” 0.000 0.003 
settlement.8 Education level (sqrt) 0.013 0.115 
settlement.9 Dependent children 1.090 1.050 
settlement.10 Cash Income per head (sqrt) 0.105 0.324 
settlement.11 (Intercept) 0.000 0.015 
ethnic Age 0.000 0.014 
ethnic.1 Settlement size (log) 0.000 0.001 
ethnic.2 Bushmeat price of species/settlement 0.386 0.622 
ethnic.3 Alternative protein price/settlement 2.400 1.550 
ethnic.4 Availability of species/settlement 0.023 0.151 
ethnic.5 Alternative protein availability/settlement 0.000 0.000 
ethnic.6 Sex “male” 0.066 0.256 
ethnic.7 Residence duration 0.123 0.351 
ethnic.8 Religion “Muslim” 0.000 0.002 
ethnic.9 Religion “Christian” ‡ 0.008 0.092 
ethnic.10 Awareness “yes” 0.005 0.073 
ethnic.11 Awareness “no” 0.000 0.014 
ethnic.12 Education level (sqrt) 0.000 0.000 
ethnic.13 Dependent children 0.000 0.020 
ethnic.14 Cash Income per head (sqrt) 0.000 0.002 
ethnic.15 (Intercept) 0.000 0.000 
species Age 0.000 0.009 
species.1 Settlement size (log) 0.086 0.293 
species.2 Bushmeat price of species/settlement 0.000 0.000 
species.3 Alternative protein price/settlement 0.000 0.006 
species.4 Availability of species/settlement 0.000 0.000 
species.5 Alternative protein availability/settlement 0.004 0.060 
species.6 Sex “male” 0.044 0.211 
species.7 Residence duration 0.000 0.000 
species.8 Taboo “yes” 0.156 0.395 
species.9 Religion “Muslim” 0.001 0.024 
species.10 Religion “Christian” ‡ 0.000 0.012 
species.11 Awareness “yes” 0.000 0.003 
species.12 Awareness “no” 0.000 0.006 
species.13 Education level (sqrt) 0.000 0.004 
species.14 Dependent children 0.021 0.145 
species.15 Cash Income per head (sqrt) 0.003 0.058 
species.16 (Intercept) 0.221 0.470 

† Reference level “Awareness don’t know”; ‡ Reference level “Religion animist”  
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APPENDIX CHAPTER V 

Supplementary Online Material (SOM) 

1. Data collection 

Table S1 The list of PAs and their IUCN management category 

ID WDPA ID NP Country Continent 
IUCN 
management  

1 169110 
Donau-Auen National 
Park Austria Europe II 

2 174775 Gesäuse National Park Austria Europe II 

3 169111 Thayatal National Park Austria Europe V 

4 555547993 
Mbam et Djerem National 
Park Cameroon Africa II 

5 3011 Bénoué National Park Cameroon Africa II 

6 308624 
Boumba Bek National 
Park Cameroon Africa II 

7 1245 Lobéké National Park Cameroon Africa II 

8 3012 Dja Biosphere Reserve Cameroon Africa 

UNESCO 
Biosphere 
Reserve 

9 1242 
Campo Ma'an National 
Park Cameroon Africa II 

10 606 
Bouba Ndjida National 
Park Cameroon Africa II 

11 555547994 
Mt Cameroon National 
Park Cameroon Africa II 

12 555547998 Bakossi National Park Cameroon Africa II 

13 31459 
Dzanga-Sangha Complex 
of Protected Areas 

Central 
African 
Republic Africa not reported 

14 28745 
Mbaéré-Bodingué 
National Park 

Central 
African 
Republic Africa VI 

15 641 Zakouma National Park Chad Africa II 

16 555558302 Sena Oura National Park Chad Africa II 

17 642 Manda National Park Chad Africa II 
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18 5168 
Binder-Léré Faunal 
Reserve Chad Africa IV 

19 643 
Odzala-Kokoua National 
Park 

Congo 
Republic Africa II 

20 13694 
Dimonika Biosphere 
Reserve 

Congo 
Republic Africa 

UNESCO 
Biosphere 
Reserve 

21 2266 Lefini faunal reserve 

Congo 
Republic Africa IV 

22 344525 
Bohemian Switzerland 
National Park 

Czech 
Republic Europe II 

23 344526 Podyjí National Park 
Czech 
Republic Europe II 

24 344527 Šumava National Park 
Czech 
Republic Europe II 

25 344524 Krkonoše National Park 

Czech 
Republic Europe V 

26 2277 Mago National Park Ethiopia Africa II 

27 2281 
Bale Mountains National 
Park Ethiopia Africa II 

28 2278 Nechsar National Park Ethiopia Africa II 

29 13704 Gambella National Park Ethiopia Africa II 

30 83231 Écrins National Park France Europe V 

31 103150 Vanoise National Park France Europe V 

32 103151 Pyrénées National Park France Europe V 

33 660 Cévennes National Park France Europe V 

34 303880 Waka National Park Gabon Africa II 

35 303877 
Moukalaba-Doudou 
National Park Gabon Africa II 

36 301850 Mayumba National Park Gabon Africa II 

37 303873 Ivindo National Park Gabon Africa II 

38 102224 
Nationalpark Unteres 
Odertal Germany Europe II 

39 667 
Bavarian Forest National 
Park Germany Europe II 

40 148534 Hainich National Park Germany Europe II 
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41 32666 
Saxon Switzerland 
National Park Germany Europe II 

42 670 Digya National Park Ghana Africa II 

43 5173 Ankasa National Park Ghana Africa II 

44 672 Bia National Park Ghana Africa II 

45 26460 Kakum National Park Ghana Africa II 

46 671 Bui National Park Ghana Africa II 

47 29421 
National Park of the 

Upper Niger Guinea Africa II 

48 2574 
Mount Nimba Strict 
Nature Reserve Guinea Africa 

UNESCO 
Biosphere 
Reserve 

49 29376 
Pinselli and Soyah 
Classified Forests Guinea Africa Not assigned 

50 29069 Badiar National Park Guinea Africa II 

51 679 Hortobágy National Park Hungary Europe 

UNESCO 
Biosphere 
Reserve 

52 680 Bükk National Park Hungary Europe II 

53 555539806 
Balaton Uplands National 
Park Hungary Europe V 

54 178325 Duna-Ipoly National Park Hungary Europe V 

55 13652 Aggtelek National Park Hungary Europe II 

56 757 
Mount Kenya National 
Park Kenya Africa II 

57 752 Tsavo East National Park Kenya Africa II 

58 761 Nairobi National Park Kenya Africa II 

59 1297 
Maasai Mara National 
Reserve Kenya Africa II 

60 7409 Sapo National Park Liberia Africa II 

61 9170 
Grebo-Krahn National 
Park Liberia Africa Forest reserve 

62 9176 
East Nimba Nature 
Reserve Liberia Africa Forest reserve 

63 9171 
Gola Rainforest National 
Park Liberia Africa Forest reserve 
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64 303691 
Tsau //Khaeb National 
Park Namibia Africa II 

65 555543018 Dorob National Park Namibia Africa II 

66 851 Bieszczady National Park Poland Europe II 

67 11144 Magura National Park Poland Europe II 

68 11147 Polesie National Park Poland Europe II 

69 850 
Świętokrzyski National 
Park Poland Europe II 

70 848 Tatrzański National Park Poland Europe II 

71 854 Białowieża National Park Poland Europe II 

72 11151 
Domogled-Valea Cernei 
National Park Romania Europe II 

73 555531207 Cozia National Park Romania Europe II 

74 555531386 
Semenic-Caraș Gorge 
National Park Romania Europe II 

75 67728 
Danube Delta Biosphere 
Reserve Romania Europe 

UNESCO 
Biosphere 
Reserve 

76 555540945 
Nera Gorge-Beușnița 
National Park Romania Europe II 

77 555531377 Retezat National Park Romania Europe II 

78 7417 
Outamba-Kilimi National 
Park Sierra Leone Africa II 

79 555542335 
Gola Rainforest National 
Park Sierra Leone Africa II 

80 148026 Poloniny National Park Slovakia Europe V 

81 12152 Low Tatras National Park Slovakia Europe II 

82 4377 
Slovak Paradise National 
Park Slovakia Europe II 

83 1975 Tatra National Park Slovakia Europe II 

84 4375 Malá Fatra National Park Slovakia Europe V 

85 9999999 
Addo Elephant National 
Park South Africa Africa not reported 

86 881 
Garden Route National 
Park South Africa Africa not reported 

87 876 Karoo National Park South Africa Africa not reported 



___________________Differences and commonalities in wildlife hunting across the Global North-South gradient 

156 
 

88 300408 
Table Mountain National 
Park South Africa Africa not reported 

89 877 
Mountain Zebra National 
Park South Africa Africa not reported 

90 17368 West Coast National Park South Africa Africa not reported 

91 389012 Doñana National Park Spain Europe II 

92 71213 
Picos de Europa National 
Park Spain Europe II 

93 389011 
Sierra Nevada National 
Park Spain Europe II 

94 196014 

Aigüestortes i Estany de 
Sant Maurici National 
Park Spain Europe II 

95 349125 Cabañeros National Park Spain Europe II 

96 909 Abisko National Park Sweden Europe II 

97 905 Padjelanta nationalpark Sweden Europe II 

98 906 Sarek National Park Sweden Europe II 

99 907 
Muddus/Muttos National 
Park Sweden Europe II 

100 3998 
Stora Sjöfallet National 
Park Sweden Europe II 

101 908 Pieljekaise National Park Sweden Europe II 

102 17744 El Feidja National Park Tunisia Africa Not assigned 

103 941 Ichkeul National Park Tunisia Africa 

UNESCO 
Biosphere 
Reserve 

104 4487 Bou-Hedma National Park Tunisia Africa II 

105 555624270 Jebil National Park Tunisia Africa Not assigned 

106 18776 Sidi Toui National Park Tunisia Africa Not assigned 

107 555624249 Dghoumes National Park Tunisia Africa Not assigned 

108 555624261 Orbata National Park Tunisia Africa Not assigned 

109 40042 
Toro Semliki Wildlife 
Reserve Uganda Africa II 

110 1441 
Lake Mburo National 
Park Uganda Africa II 
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111 18437 
Bwindi Impenetrable 
National Park Uganda Africa II 

112 40002 Kibale National Park Uganda Africa II 

113 18438 
Rwenzori Mountains 
National Park Uganda Africa II 

114 957 
Queen Elizabeth National 
Park  Uganda Africa II 

 

2. ANALYSES: 

Table S2 Definition of variables 

Variables Type Definition  Sources of data   

HDI  Test 
predictor 

HDI is a measure of the 
level of socioeconomic 
development of a nation. It 
is an index obtained from 
three measures of 
socioeconomic indicators: 
health, wealth (GDP) and 
education. We used the 
value for 2017. 

United Nations Development Programme, 
http://hdr.undp.org/en/composite/HDI 

Accessed 15/12/18 

Population 
density 

Test 
Predictor  

The Gridded Population of 
the World, Version 4 
(GPWv4): Human 
population density (number 
of persons per square 
kilometer). The data files 
were produced as global 
rasters at 30 arc-second (~1 
km at the equator) 
resolution. We used the 
value for 2015. 

Center for International Earth Science 
Information Network - CIESIN - Columbia 
University. 2018. Gridded Population of the 
World, Version 4 (GPWv4): Population 
Density, Revision 11. Palisades, NY: NASA 
Socioeconomic Data and Applications Center 
(SEDAC). 
 https://doi.org/10.7927/H49C6VHW. 
Accessed 

Accessed 15/12/18 

Supportive 
community 
attributes 

Test 
predictor 

A composite index obtained 
from three independent 
indices:  nature-friendly 
“Culture”, “Attitude”, and 
“ Mutual trust”  levels 
between communities and 
the PA managements 

Item="Culture” (Index) 

Part VII: Qu.1. The culture of the local 
community is supportive of nature 
conservation 

Qu. 2 The local communities have institutions 
related to nature conservation 

Qu. 3. Local communities are willing to 
participate in nature conservation 

Part VI. Qu. 7 The local communities support 
the protection of the NP 

Qu. 4. The local communities would like to 
protect the wildlife in the NP 

Item= “Attitude” (index) 

http://hdr.undp.org/en/composite/HDI
https://doi.org/10.7927/H49C6VHW
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Qu. 1 The local communities have positive 
attitude towards the NP 

Qu. 2 The local communities have positive 
attitude towards the park authorities   

Qu 3. The local communities are satisfied with 
the management of the NP 

Part Involvement, Qu. 3 The local 
communities are satisfied with the benefits 
they get from the NP 

Item: “Trust” (index) 

Part VII: Qu. 5 I trust the local community that 
they protect the NP 

Part VI Qu. 3 The local communities trust the 
park management and authorities 

Protection-
based 
conservation 
efforts 

Test 
predictor 

A composite index obtained 
from three protection based 
interventions, regular 
ranger patrols, buffer zone 
and presence of permanent 
research institution.  

Part: III. Conservation interventions, Question  

a) Regular patrol 

b) Buffer zone 

f) Presence of permanent research institution 

Community 
based 
conservation 
interventions 

Test 
predictor 

A composite index obtained 
from three independent 
indices: “Involvement”, 

“Economic benefits”, 

“Livelihood benefits”, 

“Awareness creation”. 

Item: “Involvement” (index):  

Part VI, Involvement, Qu.1 The local 
communities are involved in the decision 
making process of the NP 

Qu.5 The local communities participate in the 
protection of the NP 

Qu. 6 The village chiefs/leaders participate in 
the decision making process of the PA 

Item: “Economic benefits” (index). 

Part V: Qu 1. Associated benefits for local 
communities in terms of community projects 
such as schools, medical homes, roads and 
others... 

Qu. 2. Economic benefits to local 
communities from the NP in terms of income, 
employment...  

Qu. 5 Benefits to local communities through 
tourism 

Qu. 8. Legal right to access some resources 
from the NP 

Part III, Qu l. Payment for local 
communities/farmers 

Item:” Livelihood benefits” (index) 

p. Alternative livelihood projects 
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m. Provision of community projects: 
schools/health facilities/roads/others 

Item “Awareness” (index): 

Part III. Qu. q Environmental/conservation 
education and awareness creation       

Motivation 
of hunting 

Test 
predictor/ 
Interaction 
term 

Economic, socio-cultural 
and ecological function of 
hunting; Economic 
function: hunting for 
subsistence and income,  
socio-cultural function: 
non-market related hunting 
for entertainment and 
cultural reasons, ecological 
function: killing because of 
population control and 
human-wildlife-conflict 

Part VI 

Question 12, Motivations for killing animals 
from the PA 

Threat 
through 
hunting 

Response 
Threat assessment of threat 
through “Hunting and 
trapping” 

Part IV 

Question 35, Severity of the threat “hunting” to 
biodiversity conservation in your NP 

Threat 
through 
human 
wildlife 
conflicts 

Response 

Threat assessment of threat 
through “Killing animals 
because of human-wildlife 
conflict” 

Part IV 

Question 35, Severity of the threat “Killing 
animals because of human-wildlife conflict” to 
biodiversity conservation in your NP 

Threat 
illegal 
hunting 
within parks 

Response 

Assessment “Illegal 
killing/poaching/poisoning 
is a sever threat for 
protected species in the 
NP” 

Part VI 

Question 3,1 

Illegal killing/poaching/poisoning is a sever 
threat for protected species in the NP 

Threat 
illegal 
hunting 
outside parks 

Response 

Assessment “Illegal 
killing/poaching/poisoning 
is a sever threat for 
protected species of the NP 
outside the NP” 

Part VI 

Question 3,2 

Illegal killing/poaching/poisoning is a sever 
threat for protected species of the NP outside 
the NP 

PA size Control Size of PA in Km2 

Protected planet database  

https://www.protectedplanet.net/ 

 Accessed 15/12/18. 

Country Random 
effect 

The country and the 
continent the NP is located 

Our questionnaire 

Change in 
the 
abundance 
of mammals 
and birds 

Control 

A binary variable assuming 
1 if the change is 
stable/improving or 0 
otherwise in the past 10 
years. 

Part IV, Biodiversity related questions  

Change in 
the 
abundance 
of predators 

Control 
A binary variable assuming 
1 if the change is 
stable/improving or 0 

Part IV, Biodiversity related questions 

https://www.protectedplanet.net/
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otherwise in the past 10 
years. 

All variables are standardized from zero to one before compiling the indices. All predictor variables were transformed into 
standard normal z distribution (with mean 0 and standard deviation 1). 

2.1 Cross-validation of data 

We cross-checked the validity of our data on mammals and birds abundance change with data 
collated from the Living Planet Database (LPD) (Living Planet Database (LPD), 2018), IUCN 
SSC A.P.E.S database (Kühl et al., 2007) as well as published and unpublished reports (table 
S22). We calculated the average change in the abundance of 104 species of mammals and birds. 
When we compared the rate of change reported by the PA managers and the other sources, we 
found overlap in 81% of the cases (table S22) (Gatiso et al 2021). Furthermore, we conducted 
an online survey with Non-Governmental Organisations working at the surveyed PAs 
containing the same questions related to socio-economic conditions. The online survey was 
translated into eight languages and distributed to various global and local operating NGOs, 
however, responses were low (22 respondents, 20 parks). Nevertheless, we cross-validate both 
datasets. We have grouped the variables for this into two levels (declined or stable/improved) 
and three states (low, high or agree, disagree). The average overlap here was 58.7% ±19.36%. 
We further compared our data with the Protected Area Management Effectiveness (PAME) 
assessments (PAME, 2020). The PAME data were collected on average in 2011 ± 1.4. Due to 
different scales, we used a binary scale for comparison. Unfortunately, the hunting variable 
from the PAME assessment only included one variable combining all types of hunting (legal, 
illegal) and HWCs, while our variables were differentiated. The evaluation with our hunting 
and HWC variable revealed here for both 48% overlap (PAME Qu. 5, our questionnaire: Qu. 
35, threat assessment: hunting, killing because of human-wildlife conflicts). The variables 
related to involvement (PAME: Qu. 24 a, our questionnaire: VI Involvement, Qu 1) revealed 
61% overlap, willingness of communities to involve in park protection revealed 75% overlap 
(PAME, Qu. 24c, Our questionnaire VI Involvement, Qu 5) and trust 42% (PAME: Qu. 24a), 
our questionnaire Index out VI (Involvement), Qu 3,VII, Qu 5). Notably, for the trust-
assessment, the questions were slightly different as PAME assessment includes aspects of open 
communication and trust. We further searched the literature and identified three potential bias 
through erroneous ratings. First, systematic over-or underrating (Gavin et al., 2009; Golden et 
al., 2011), which would bias the intercepts in our models. Second, tending towards the mean 
by overreporting low levels and underreporting high levels (Jones et al., 2008), which would 
decrease the steepness of the estimated effects and reduce the power of our analyses. Third, 
random errors because of imprecise memories or assessments, which would reduce the power 
to detect effects. To summarize, in all three cases, we would expect a higher likelihood for 
false-negative results but not of false-positive results.  
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3. RESULTS: 

Table S3 Model results of the probability of prevailing ecological, cultural and social function of killing of 

wildlife 

Population-Level Effects:   

 Estimate Est.Error l-95% CI 

u-95% 

CI 

Intercept -2.14 0.43 -3.02 -1.34 
HDI (2017) 0.74 0.36 0.04 1.45 
Economic_hunting 1.78 0.54 0.69 2.82 
Social_hunting 0.03 0.5 -0.95 0.99 
Population density (log) -0.09 0.38 -0.83 0.68 
Community characteristics 
index 0.41 0.31 -0.19 1.04 
Size (log) -0.06 0.28 -0.61 0.49 
HDI (2017): 
Economic_hunting -2.86 0.53 -3.93 -1.84 
HDI (2017): 
Social_hunting 1.01 0.52 0.03 2.06 
Economic_hunting: 
Population density (log) -0.28 0.52 -1.32 0.72 
Social_hunting: 
Population density (log) 0.22 0.53 -0.85 1.23 
Economic_hunting: 
Community characteristics 
index -0.44 0.43 -1.28 0.4 
Social_hunting: 
Community characteristics 
index -0.48 0.45 -1.35 0.41 

 

Table S4 Probability of high impact of hunting/poaching (Including very high, high) 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 

Intercept -1.28 0.52 -2.38 -0.34 
Population density (log) -0.34 0.46 -1.23 0.58 
HDI (2017) -1.58 0.48 -2.59 -0.65 
Community characteristics index -0.5 0.45 -1.39 0.38 
Protection-based interventions -0.26 0.42 -1.12 0.55 
Community-based interventions 
index -0.42 0.47 -1.39 0.52 
Abundance (mean) -0.76 0.44 -1.69 0.06 
Size (log) 0.13 0.49 -0.78 1.14 
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Table S5 Probability of high impact of hunting/poaching (Including very high, high, moderate) 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 

Intercept 1.09 0.6 -0.06 2.32 
Population density (log) -0.07 0.48 -1.04 0.88 
HDI (2017) -1.43 0.51 -2.49 -0.46 
Community characteristics 
index -0.54 0.46 -1.45 0.35 
Protection-based 
interventions -0.45 0.45 -1.36 0.42 
Community-based 
interventions index -0.36 0.52 -1.38 0.67 
Abundance (mean) -0.74 0.5 -1.77 0.18 
Size (log) 0.51 0.51 -0.49 1.53 

 

Table S6 Probability of high impact of poaching (Including very high, high, only illegal poaching), n=73 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 
Intercept -1.73 0.67 -3.18 -0.49 
Population density (log) -0.33 0.5 -1.32 0.66 
HDI (2017) -1.7 0.57 -2.79 -0.62 
Community characteristics index -0.5 0.48 -1.45 0.44 
Protection-based interventions -0.35 0.46 -1.26 0.55 
Community-based interventions 
index -0.31 0.51 -1.31 0.67 
Abundance (mean) -0.37 0.47 -1.34 0.54 
Size (log) -0.07 0.52 -1.06 1.01 

 

Table S7 Probability of high killings through human-wildlife-conflicts (including very high, high) 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 

Intercept -2.58 0.67 -4.11 -1.43 
Population density (log) 0.96 0.53 -0.06 2.04 
HDI (2017) 0.37 0.5 -0.62 1.35 
Community characteristics 
index -0.52 0.47 -1.47 0.4 
Protection-based interventions -0.36 0.46 -1.27 0.54 
Community-based 
interventions index 0.4 0.49 -0.55 1.39 
Abundance (mean) -0.59 0.48 -1.57 0.37 
Size (log) 0.61 0.5 -0.4 1.58 

 

Table S8 Probability of high killings through human-wildlife-conflicts (including very high, high, moderate) 

Population-Level Effects:   
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 Estimate Est.Error l-95% CI u-95% CI 

Intercept -1 0.57 -2.18 0.04 
Population density (log) 0.87 0.52 -0.14 1.93 
HDI (2017) -0.35 0.49 -1.32 0.61 
Community characteristics 
index -0.53 0.44 -1.42 0.31 
Protection-based interventions -0.01 0.42 -0.84 0.83 
Community-based 
interventions index 0.09 0.46 -0.82 1 
Abundance (mean) -0.13 0.44 -1 0.72 
Size (log) 0.29 0.47 -0.63 1.22 

 

Table S9 Probability that predators are threatened by killing of wildlife 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 

Intercept -0.99 0.98 -2.91 0.93 
HDI (2017) 1.22 0.62 -0.11 2.36 
Size (log) -0.2 0.46 -1.13 0.68 
Community characteristics index -0.06 0.33 -0.72 0.6 
Population density (log) 0.14 0.5 -0.84 1.14 
CommunityIntervention_index -0.24 0.94 -2.09 1.61 
Protection_3_interv -0.36 0.78 -1.88 1.16 
z_Abundance_predMean 0.57 0.45 -0.31 1.49 

 

Table S10 Probability of high threat to animals in the PA 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 

Intercept 1.5 0.55 0.48 2.65 
HDI (2017) -1.44 0.51 -2.46 -0.46 
Community characteristics 
index -0.99 0.46 -1.91 -0.12 
Protection-based interventions -0.58 0.45 -1.51 0.28 
Community-based 
interventions index 0.46 0.51 -0.55 1.45 
Population density (log) -0.61 0.5 -1.59 0.4 
Size (log) 0.28 0.51 -0.69 1.31 
Abundance (mean) -0.36 0.48 -1.32 0.57 

 

  



___________________Differences and commonalities in wildlife hunting across the Global North-South gradient 

164 
 

Table S11 Probability of high threat to animals outside the PA 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 

Intercept 2 0.63 0.88 3.35 
HDI (2017) -0.95 0.49 -1.94 -0.01 
Community characteristics 
index -0.89 0.47 -1.83 0.01 
Protection-based interventions 0.07 0.47 -0.86 1.02 
Community-based interventions 
index -0.13 0.51 -1.15 0.84 
Population density (log) -0.44 0.54 -1.49 0.66 
Size (log) -0.05 0.5 -1.02 0.94 
Abundance (mean) -0.56 0.5 -1.57 0.38 

 

Table S12 Effect of trust towards PA management on the probability, that animals are threatened from 

poaching inside the PA 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 

Intercept 1.5 0.55 0.48 2.63 
HDI (2017) -1.54 0.5 -2.56 -0.57 
Trust index -1.26 0.48 -2.23 -0.34 
Protection-based interventions -0.55 0.44 -1.43 0.32 
Community-based interventions index 0.38 0.5 -0.64 1.37 
Population density (log) -0.6 0.5 -1.59 0.39 
Size (log) 0.31 0.51 -0.65 1.35 
Abundance (mean) -0.44 0.48 -1.42 0.49 

 

Table S13 Effect of trust towards PA management on the probability, that animals are threatened from 

poaching outside the PA 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 

Intercept 1.95 0.6 0.87 3.2 
HDI (2017) -0.94 0.49 -1.92 0.04 
Trust index -0.82 0.46 -1.73 0.03 
Protection-based interventions 0.08 0.45 -0.78 1 
Community-based interventions index -0.27 0.49 -1.24 0.65 
Population density (log) -0.42 0.56 -1.51 0.72 
Size (log) -0.04 0.5 -1.01 0.96 
Abundance (mean) -0.63 0.5 -1.65 0.32 
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Table S14 Effect of attitudes towards PA management on the probability, that animals are threatened from 

poaching inside the PA 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 

Intercept 1.45 0.56 0.44 2.63 
HDI (2017) -1.37 0.51 -2.38 -0.36 
Attitude index -0.82 0.44 -1.72 0.02 
Protection-based interventions -0.63 0.45 -1.56 0.24 
Community-based interventions index 0.41 0.51 -0.64 1.38 
Population density (log) -0.59 0.51 -1.57 0.43 
Size (log) 0.26 0.5 -0.7 1.27 
Abundance (mean) -0.4 0.49 -1.37 0.53 

 

Table S15 Effect of attitudes towards PA management on the probability, that animals are threatened from 

poaching outside the PA 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 

Intercept 2.06 0.65 0.92 3.43 
HDI (2017) -0.82 0.52 -1.9 0.16 
Attitude index -0.71 0.49 -1.72 0.27 
Protection-based interventions -0.03 0.49 -1 0.94 
Community-based interventions index -0.17 0.51 -1.18 0.83 
Population density (log) -0.46 0.55 -1.52 0.64 
Size (log) -0.06 0.5 -1.05 0.92 
Abundance (mean) -0.61 0.5 -1.63 0.36 

 

Table S16 Effects of supportive local culture on the probability, that animals are threatened from poaching 

inside the PA 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 

Intercept 1.49 0.57 0.47 2.71 
HDI (2017) -1.41 0.5 -2.44 -0.48 
Local culture index -0.7 0.44 -1.6 0.14 
Protection-based interventions -0.56 0.46 -1.51 0.32 
Community-based interventions index 0.34 0.49 -0.6 1.32 
Population density (log) -0.56 0.53 -1.59 0.49 
Size (log) 0.34 0.51 -0.6 1.38 
Abundance (mean) -0.4 0.47 -1.34 0.52 

 

  



___________________Differences and commonalities in wildlife hunting across the Global North-South gradient 

166 
 

Table S17 Effects of supportive local culture on the probability, that animals are threatened from poaching 

outside the PA 

Population-Level Effects:   

 Estimate Est.Error l-95% CI u-95% CI 

Intercept 1.96 0.62 0.89 3.34 
HDI (2017) -0.98 0.5 -2.01 -0.01 
Local culture index -0.88 0.45 -1.82 -0.03 
Protection-based interventions 0.13 0.46 -0.76 1.07 
Community-based interventions index -0.2 0.48 -1.14 0.74 
Population density (log) -0.42 0.55 -1.49 0.72 
Size (log) 0.02 0.5 -0.91 1.04 
Abundance (mean) -0.58 0.49 -1.61 0.36 

 

Table S18 AIC-Values and ∆AIC of models containing only compositions of the indices community 

characteristics. Values were estimated separately for “model location in” and “model location out”. 

Model AIC ∆AIC 

Model location in Trust 121.44 0.00 
Model location in 128.35 6.91 
Model location in Attitude 131.23 9.78 
Model location in Culture 132.41 10.96 
Model location out Trust 125.08 0.00 
Model location in out 125.64 0.56 
Model location out Culture 126.09 1.00 
Model location  Attitude 127.80 2.72 

∆AIC > 2 indicates that the model receives 'considerably less' empirical support and models that differ from the 

best model by more than 10 are 'substantially' worse than the best and unlikely to be the truly best model.  

Table S19 Model results for the probability of beneficial local community conditions 

Population-Level Effects:    

 Estimate Est.Error l-95% CI u-95% CI 

Intercept -0.23 1.38 -3.11 2.35 
Population density (log) -0.24 0.64 -1.55 1.01 
Provision economic benefits 0.72 0.65 -0.67 1.93 
Implementation livelihood projects -0.25 0.58 -1.4 0.92 
Scale of local inclusion 1.4 0.75 -0.21 2.77 
Implementation environmental 
awareness (No) 0.33 0.92 -1.46 2.19 
Size (log) -0.61 0.62 -1.79 0.68 
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Table S20 Legally and illegal killed species 

No 
par
k 

Countr
y 

Regi
on Species 

Scientific 
name 

Species 
guild 

N° 
hunted Unit 

Lega
l 
setti
ng Reason Weapon 

1 Kenya 

East 
Afric
a Animals NA NA 0 per year legal NA NA 

2 Uganda 

East 
Afric
a Animals NA NA 0 per year legal NA NA 

3 
Ethiopi
a 

East 
Afric
a Animals NA NA 0 per year legal NA NA 

4 
Ethiopi
a 

East 
Afric
a Animals NA NA 0 per year legal NA NA 

5 Austria 

West 
Euro
pe NA Animals NA 0 NA 

illeg
al NA NA 

5 Austria 

West 
Euro
pe Red deer 

Cervus 
elaphus 

Large 
non-
predatory 
mammals 150 per year legal 

population 
control, 
protection of 
flora NA 

5 Austria 

West 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 400 per year legal 

population 
control, 
protection of 
flora NA 

6 Austria 

West 
Euro
pe Chamois 

Rupicapra 
rupicapra 

Small to 
medium 
non-
predatory 
mammals 0.3 per year 

illeg
al 

Hunting/ 
poaching NA 

6 Austria 

West 
Euro
pe Chamois 

Rupicapra 
rupicapra 

Small to 
medium 
non-
predatory 
mammals 150 per year legal 

population 
control NA 

6 Austria 

West 
Euro
pe Red deer 

Cervus 
elaphus 

Large 
non-
predatory 
mammals 150 per year legal 

population 
control NA 

6 Austria 

West 
Euro
pe Roe deer 

Capreolus 
capreolus 

Small to 
medium 
non-
predatory 
mammals 150 per year legal 

population 
control NA 

7 Austria 

West 
Euro
pe Animals NA NA 0 NA 

illeg
al NA NA 

7 Austria 

West 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 50 per year legal 

population 
control NA 

8 
Hungar
y 

East 
Euro
pe 

Hooded 
crow 

Corvus 
cornix 

Omnivoro
us birds 280 

2016/20
17 legal 

population 
control traps 

8 
Hungar
y 

East 
Euro
pe 

common_ma
gpie Pica pica 

Omnivoro
us birds 60 

2016/20
17 legal 

population 
control traps 

8 
Hungar
y 

East 
Euro
pe red_fox 

Vulpes 
vulpes 

Small 
mammali
an 
predators 540 

2016/20
17 legal 

population 
control 

traps/shoo
ting 

8 
Hungar
y 

East 
Euro
pe 

European_ba
dger 

Meles 
meles 

Omnivoro
us 
mammals 15 

2016/20
17 legal 

population 
control traps 

8 
Hungar
y 

East 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 420 

2016/20
17 legal 

population 
control shooting 
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8 
Hungar
y 

East 
Euro
pe Red deer 

Cervus 
elaphus 

Large 
non-
predatory 
mammals 170 

2016/20
17 legal 

population 
control shooting 

9 
Hungar
y 

East 
Euro
pe wolf Canis lupus 

Top 
mammali
an 
predators 1 per year 

illeg
al 

human wildlife 
conflict shooting 

9 
Hungar
y 

East 
Euro
pe Animals NA NA 0 per year legal NA NA 

10 
Hungar
y 

East 
Euro
pe 

hunting wild 
boar, deer, 
roc NA NA 600 per year legal 

population 
control NA 

11 
Hungar
y 

East 
Euro
pe coypu 

Myocastor 
coypus NA 10 NA 

illeg
al NA NA 

11 
Hungar
y 

East 
Euro
pe Animals NA NA 0 per year legal NA NA 

12 
Hungar
y 

East 
Euro
pe wolf Canis lupus 

Top 
mammali
an 
predators 1 2015 

illeg
al NA 

accident 
in with a 
fence 

12 
Hungar
y 

East 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 

160-
240 per year legal 

reduce damage 
to vegitation 
and ground 
dewelling 
species NA 

13 Uganda 

East 
Afric
a Animals NA NA 0 per year legal NA NA 

14 Uganda 

East 
Afric
a Animals NA NA 0 per year legal NA NA 

15 Uganda 

East 
Afric
a sitatunga 

Tragelaphu
s spekii 

Large 
non-
predatory 
mammals 20 per year legal 

population 
control NA 

16 Kenya 

East 
Afric
a Animals NA NA 0 per year legal NA NA 

17 Ghana 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

18 Ghana 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

19 Ghana 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

20 Ghana 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

21 Ghana 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

22 Liberia 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

23 Liberia 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

24 Liberia 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

25 Liberia 

West 
Afric
a 

Hippopotam
us 

Hippopota
mus spec. 

Large 
non-
predatory 
mammals 1 2014 

illeg
al 

human 
consumption Snare 

25 Liberia 

East 
Afric
a Chimpanzee 

Pan 
troglodytes 

Great 
apes 1 2017 

illeg
al 

human 
consumption firearm 
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25 Liberia 

East 
Afric
a Red colobus 

Piliocolobu
s badius 

Small 
bodied 
primates 20 per year 

illeg
al Commercial firearm 

25 Liberia 

East 
Afric
a Animals NA NA 0 per year legal NA NA 

26 Kenya 

East 
Afric
a Animals NA NA 0 per year legal NA NA 

27 Kenya 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

28 
Ethiopi
a 

West 
Afric
a 

Grants 
Gazells 

Nanger 
granti NA 150 per year legal 

population 
control NA 

28 
Ethiopi
a 

West 
Afric
a 

Greater 
Kudu 

Tragelaphu
s 
strepsiceros NA 150 per year legal 

population 
control NA 

28 
Ethiopi
a 

West 
Afric
a Lesser kudu 

Tragelaphu
s imberbis NA 150 per year legal 

population 
control NA 

28 
Ethiopi
a 

West 
Afric
a waterbuck 

Kobus 
ellipsiprym
nus 

Large 
non-
predatory 
mammals 150 per year legal 

population 
control NA 

28 
Ethiopi
a 

West 
Afric
a warthogs 

Phacochoer
us 
africanus 

Omnivoro
us 
mammals 150 per year legal 

population 
control NA 

28 
Ethiopi
a 

West 
Afric
a Bushbuck 

Tragelaphu
s spec. 

Small to 
medium 
non-
predatory 
mammals 150 per year legal 

population 
control NA 

28 
Ethiopi
a 

West 
Afric
a 

Red river 
hog 

Potamocho
erus porcus 

Omnivoro
us 
mammals 150 per year legal 

population 
control NA 

29 
Sierra 
Leone 

East 
Afric
a Animals NA NA 0 per year legal NA NA 

30 
Sierra 
Leone 

East 
Afric
a Animals NA NA 0 per year legal NA NA 

31 Uganda 

East 
Afric
a Animals NA NA 0 per year legal NA NA 

32 Uganda 

West 
Euro
pe Animals NA NA 0 per year legal NA NA 

33 
Ethiopi
a 

East 
Euro
pe Animals NA NA 0 per year legal NA NA 

34 
Germa
ny 

East 
Euro
pe Animals NA NA 0 NA 

illeg
al NA NA 

34 
Germa
ny 

East 
Euro
pe wild pig Sus scrofa 

Omnivoro
us 
mammals 284 per year legal 

population 
control NA 

35 
Romani
a 

North 
Afric
a Animals NA NA 0 per year legal NA NA 

36 
Romani
a 

North 
Afric
a Animals NA NA 0 per year 

illeg
al NA NA 

36 
Romani
a 

North 
Afric
a Animals NA NA 0 per year legal NA NA 

37 Tunisia 

North 
Afric
a Animals NA NA 0 per year legal NA NA 

38 Tunisia 

North 
Afric
a Animals NA NA 0 per year legal NA NA 
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39 Tunisia 

North 
Afric
a Animals NA NA 0 per year legal NA NA 

40 Tunisia 

North 
Afric
a Jackals 

Canis 
adustus 

Small 
mammali
an 
predators 10 per year legal NA NA 

41 Tunisia 

North 
Afric
a Animals NA NA 0 per year legal NA NA 

42 
Camero
on 

West 
Afric
a 

Giant 
Ground 
Pangolin 

Smutsia 
gigantea 

Insectivor
ous 
mammals 8 legs 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

African 
buffalo 

Syncerus 
caffer 

Large 
non-
predatory 
mammals 

21 legs, 
12 
trophie
s 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Red river 
hog 

Potamocho
erus porcus 

Omnivoro
us 
mammals 

2 
animals
+ 45 
legs 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Sitatunga 

Tragelaphu
s spekii 

Large 
non-
predatory 
mammals 

6 
animals
+ 9 
legs 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Bay Duiker 

Cephaloph
us dorsalis 

Small to 
medium 
non-
predatory 
mammals 

13 
animals
+ 94 
legs+ 
12 
trophie
s ( 6 
skins) 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Blue duiker 

Philantomb
a monticola 

Small to 
medium 
non-
predatory 
mammals 

38 
animals
+ 25 
legs, 
138 
trophie
s 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Cynocéphale 

Cynophalu
s spp NA 

2 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Bongo 

Tragelaphu
s 
eurycerus. NA 16 legs 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Water 
chevrotain 

Hyemosch
us 
aquaticus 

Small to 
medium 
non-
predatory 
mammals 

5 legs 
+ 6 
trophie
s (skin) 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Chimpanzee 

Pan 
troglodytes 

Great 
apes 

3 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Gambian 
pouched rat 

Cricetomys 
gambianus NA 

1 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

African palm 
civet 

Nandinia 
binotata 

Small 
mammali
an 
predators 

1 
animals 
+ 3 
trophie
s (skin) 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Mountain 
reedbuck 

Redunca 
fulvorufula 

Large 
non-
predatory 
mammals 

2 
trophie
s 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Toco toucan 

Ramphasto
s toco NA 

5 
trophie
s (3 
feeds) 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Long-tailed 
pangolin 

Manis 
tetradactyla NA 

5 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 
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42 
Camero
on 

West 
Afric
a 

Sun-tailed 
monkey 

Cercopithe
cus solatus 

Small 
bodied 
primates 

7 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Brush-tailed 
porcupines 

Atherurus 
africanus NA 

4 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

African rock 
python 

Python 
sebae NA 7 legs 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Greater cane 
rat 

Thryonomy
s 
swinderian
us NA 

1 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Southern tree 
hyrax 

Dendrohyr
ax arboreus NA 

3 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Red-flanked 
duiker 

Cephaloph
us rufilatus 

Small to 
medium 
non-
predatory 
mammals 4 legs 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Red-fronted 
gazelle 

Eudorcas 
rufifrons NA 19 legs 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Water 
chevrotain 

Hyemosch
us 
aquaticus 

Small to 
medium 
non-
predatory 
mammals 

11 
fentes 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Red river 
hog 

Potamocho
erus porcus 

Omnivoro
us 
mammals 16 legs 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Bushbuck 

Tragelaphu
s scriptus 

Small to 
medium 
non-
predatory 
mammals 

3 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Sitatunga 

Tragelaphu
s spekii 

Large 
non-
predatory 
mammals 

14 
fentes 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Bay Duiker 

Cephaloph
us dorsalis 

Small to 
medium 
non-
predatory 
mammals 

23 
animals 
+ 8 
fentes 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Red-flanked 
duiker 

Cephaloph
us rufilatus 

Small to 
medium 
non-
predatory 
mammals 

13 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

African rock 
python 

Python 
sebae NA 

1 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Brush-tailed 
porcupines 

Atherurus 
africanus NA 

16 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

African palm 
civet 

Nandinia 
binotata 

Small 
mammali
an 
predators 

2 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Western tree 
hyrax 

Dendrohyr
ax dorsalis NA 

4 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Black-
fronted 
duiker 

Cephaloph
us 
nigrifrons NA 

6 
animals 
+ 8 
fuentes 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Blue duiker 

Philantomb
a monticola 

Small to 
medium 
non-
predatory 
mammals 

9 
animals 
+ 21 
legs 2015 

illeg
al 

Hunting/poachi
ng NA 
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42 
Camero
on 

West 
Afric
a 

Greater spot-
nosed 
monkey 

Cercopithe
cus 
nictitans 

Small 
bodied 
primates 

15 
animals 
+ 36 
fentes 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Red-eared 
guenon 

Cercopithe
cus cephus 

Small 
bodied 
primates 

1 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Long-tailed 
pangolin 

Manis 
tetradactyla NA 

5 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Chimpanzee 

Pan 
troglodytes 

Great 
apes 4 legs 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Cynocéphale 

Cynophalu
s spp NA 

2 
fuentes 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Common 
genet 

Genetta 
genetta 

Small 
mammali
an 
predators 

1 
fuente 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

African 
buffalo 

Syncerus 
caffer 

Large 
non-
predatory 
mammals 

2 
trophie
s 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Long-tailed 
pangolin 

Manis 
tetradactyla NA 

1 
animals 2015 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Red-fronted 
Gazelle 

Eudorcas 
rufifrons NA 35 legs 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Water 
chevrotain 

Hyemosch
us 
aquaticus 

Small to 
medium 
non-
predatory 
mammals 

11 
fentes 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Bushbuck 

Tragelaphu
s scriptus 

Small to 
medium 
non-
predatory 
mammals 

3 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Red river 
hog 

Potamocho
erus porcus 

Omnivoro
us 
mammals 26 legs 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Sitatunga 

Tragelaphu
s spekii 

Large 
non-
predatory 
mammals 

14 
fentes 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Bay Duiker 

Cephaloph
us dorsalis 

Small to 
medium 
non-
predatory 
mammals 

23 
animals 
+ 15 
fentes 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Red-flanked 
duiker 

Cephaloph
us rufilatus 

Small to 
medium 
non-
predatory 
mammals 

5 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

African rock 
python 

Python 
sebae NA 

1 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Brush-tailed 
porcupines 

Atherurus 
africanus NA 

25 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

African palm 
civet 

Nandinia 
binotata 

Small 
mammali
an 
predators 

2 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Western tree 
hyrax 

Dendrohyr
ax dorsalis NA 

4 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Black-
fronted 
Duiker 

Cephaloph
us 
nigrifrons NA 

5 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 



APPENDIX CHAPTER V____________________________________________________________________________ 

173 
 

42 
Camero
on 

West 
Afric
a Blue duiker 

Philantomb
a monticola 

Small to 
medium 
non-
predatory 
mammals 

34 legs 
+ 1 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Greater spot-
nosed 
monkey 

Cercopithe
cus 
nictitans 

Small 
bodied 
primates 

15 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Moustached 
Monkey 

Cercopithe
cus cephus 

Small 
bodied 
primates 

2 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Long-tailed 
pangolin 

Manis 
tetradactyla NA 

5 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Giant 
Ground 
Pangolin 

Smutsia 
gigantea 

Insectivor
ous 
mammals 

1 
animals 
+ 23.5 
kg 
scale 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Sun-tailed 
monkey 

Cercopithe
cus solatus 

Small 
bodied 
primates 4 legs 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Common 
genet 

Genetta 
genetta 

Small 
mammali
an 
predators 

1 
fentes 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

African 
buffalo 

Syncerus 
caffer 

Large 
non-
predatory 
mammals 

2 
trophie
s 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Brush-tailed 
porcupines 

Atherurus 
africanus NA 

2 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Black-
fronted 
Duiker 

Cephaloph
us 
nigrifrons NA 

1 
animals 
+ 8 
fentes 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Blue duiker 

Philantomb
a monticola 

Small to 
medium 
non-
predatory 
mammals 

7 
animals 
+ 1 
fente 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Greater spot-
nosed 
monkey 

Cercopithe
cus 
nictitans 

Small 
bodied 
primates 

18 
fentes 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Giant 
Ground 
Pangolin 

Smutsia 
gigantea 

Insectivor
ous 
mammals 

4 kg 
scales 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Red river 
hog 

Potamocho
erus porcus 

Omnivoro
us 
mammals 

4 
fentes 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Red-eared 
guenon 

Cercopithe
cus cephus 

Small 
bodied 
primates 

28 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Brush-tailed 
porcupines 

Atherurus 
africanus NA 

17 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Black-
fronted 
duiker 

Cephaloph
us 
nigrifrons NA 

12 
fentes 2016 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a Blue duiker 

Philantomb
a monticola 

Small to 
medium 
non-
predatory 
mammals 

32 
animals 2016 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Long-tailed 
pangolin 

Manis 
tetradactyla NA 

8 
gigets 2017 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a 

African 
buffalo 

Syncerus 
caffer 

Large 
non-
predatory 
mammals 

21 legs 
+ 12 
trophie
s 2017 

illeg
al 

Hunting/poachi
ng NA 
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42 

Camero
on 

West 
Afric
a 

Red river 
hog 

Potamocho
erus porcus 

Omnivoro
us 
mammals 

2 
animals 
+ 45 
legs 2017 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a Sitatunga 

Tragelaphu
s spekii 

Large 
non-
predatory 
mammals 

6 
animals 
+ 9 
legs 2017 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a Bay Duiker 

Cephaloph
us dorsalis 

Small to 
medium 
non-
predatory 
mammals 

13 
animals 
+94 
legs+1
2 
trophie
s (6 
skins) 2017 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a Blue duiker 

Philantomb
a monticola 

Small to 
medium 
non-
predatory 
mammals 

38 
animals 
+ 25 
legs 
+138 
legs 2017 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Cynocéphale 

Cynophalu
s spp NA 

2 
animals 2017 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Bongo 

Tragelaphu
s 
eurycerus. NA 16 legs 2017 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a 

Water 
chevrotain 

Hyemosch
us 
aquaticus 

Small to 
medium 
non-
predatory 
mammals 

5 
legs+6 
trophie
s (skin) 2017 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Chimpanzee 

Pan 
troglodytes 

Great 
apes 

3 
animals 2017 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Gambian 
pouched rat 

Cricetomys 
gambianus NA 

1 
animals 2017 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a 

African palm 
civet 

Nandinia 
binotata 

Small 
mammali
an 
predators 

1 
animals 
+ 3 2017 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a 

Mountain 
reedbuck 

Redunca 
fulvorufula 

Large 
non-
predatory 
mammals 

2 
trophie
s 2017 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a Toco toucan 

Ramphasto
s toco NA 

5 
trophie
s (3 
legs) 2017 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a 

Long-tailed 
pangolin 

Manis 
tetradactyla NA 

5 
animals 
+ 
trophie
s 
(scales) 2017 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Sun-tailed 
monkey 

Cercopithe
cus solatus 

Small 
bodied 
primates 

7 
animals 2017 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Brush-tailed 
porcupines 

Atherurus 
africanus NA 

4 
animals 2017 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

African rock 
python 

Python 
sebae NA 7 legs 2017 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a 

Greater cane 
rat 

Thryonomy
s 
swinderian
us NA 

1 
animals 2017 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Western tree 
hyrax 

Dendrohyr
ax dorsalis NA 

3 
animals 2017 

illeg
al 

Hunting/poachi
ng NA 
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42 

Camero
on 

West 
Afric
a 

Red-flanked 
duiker 

Cephaloph
us rufilatus 

Small to 
medium 
non-
predatory 
mammals 4 legs 2017 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Giant 
Ground 
Pangolin 

Smutsia 
gigantea 

Insectivor
ous 
mammals 5 legs 2018 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a 

African 
buffalo 

Syncerus 
caffer 

Large 
non-
predatory 
mammals 

21 legs 
+ 12 
trophie
s 2018 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a 

Red river 
hog 

Potamocho
erus porcus 

Omnivoro
us 
mammals 

1 
animals 
+ 37 
legs 2018 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a Sitatunga 

Tragelaphu
s spekii 

Large 
non-
predatory 
mammals 

1 
animals 
+ 4 
legs 2018 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a Bay Duiker 

Cephaloph
us dorsalis 

Small to 
medium 
non-
predatory 
mammals 

8 
animals 
+ 75 
legs + 
6 skins 2018 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a Blue duiker 

Philantomb
a monticola 

Small to 
medium 
non-
predatory 
mammals 

12 
animals 
+ 12 
legs + 
138 
trophie
s 2018 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Cynocéphale 

Cynophalu
s spp NA 

2 
animals 2018 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a 

Water 
chevrotain 

Hyemosch
us 
aquaticus 

Small to 
medium 
non-
predatory 
mammals 

5 legs 
+ 6 
skins 2018 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Chimpanzee 

Pan 
troglodytes 

Great 
apes 

3 
animals 2018 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Gambian 
pouched rat 

Cricetomys 
gambianus NA 

1 
animals 2018 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a 

African palm 
civet 

Nandinia 
binotata 

Small 
mammali
an 
predators 3 skin 2018 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a 

Mountain 
reedbuck 

Redunca 
fulvorufula 

Large 
non-
predatory 
mammals 2 skin 2018 

illeg
al 

Hunting/poachi
ng NA 

42 

Camero
on 

West 
Afric
a Toco toucan 

Ramphasto
s toco NA 

5 
trophie
s + 3 
legs 2018 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Long-tailed 
pangolin 

Manis 
tetradactyla NA scales  2018 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Sun-tailed 
monkey 

Cercopithe
cus solatus 

Small 
bodied 
primates 

7 
animals 2018 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

Brush-tailed 
porcupines 

Atherurus 
africanus NA 

2 
animals 2018 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a 

African rock 
python 

Python 
sebae NA 3 legs 2018 

illeg
al 

Hunting/poachi
ng NA 

42 
Camero
on 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 



___________________Differences and commonalities in wildlife hunting across the Global North-South gradient 

176 
 

43 
Camero
on 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

43 
Camero
on 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

44 
Camero
on 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

45 
Camero
on 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

46 
Camero
on 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

47 
Camero
on 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

47 
Camero
on 

West 
Afric
a 

Bohor 
Reedbuck 

Redunca 
redunca NA 6 2017 

illeg
al NA NA 

47 
Camero
on 

West 
Afric
a Giant Eland 

Tragelaphu
s derbianus NA 2 2017 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a Kob Kobus kob 

Small to 
medium 
non-
predatory 
mammals 5 2017 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a Hartebeest 

Alcelaphus 
buselaphus 

Large 
non-
predatory 
mammals 5 2017 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a waterbuck 

Kobus 
ellipsiprym
nus 

Large 
non-
predatory 
mammals 2 2017 

illeg
al NA NA 

47 
Camero
on 

West 
Afric
a 

Red river 
hog 

Potamocho
erus porcus 

Omnivoro
us 
mammals 1 2017 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a Bushbuck 

Tragelaphu
s scriptus 

Small to 
medium 
non-
predatory 
mammals 2 2017 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a 

Greater cane 
rat 

Thryonomy
s 
swinderian
us NA 2 2017 

illeg
al NA NA 

47 
Camero
on 

West 
Afric
a birds Aves NA 100 2017 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a Oribi 

Ourebia 
ourebi 

Small to 
medium 
non-
predatory 
mammals 1 2017 

illeg
al NA NA 

47 
Camero
on 

West 
Afric
a 

Savannah 
Monitor 

Varanus 
exanthemat
icus NA 1 2017 

illeg
al NA NA 

47 
Camero
on 

West 
Afric
a 

Crested 
Porcupine 

Hystrix 
cristata NA 2 2017 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a 

sable_antelo
pe 

Hippotragu
s niger 

Large 
non-
predatory 
mammals 4 2017 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a Elephant 

Loxodonta 
spec. 

Large 
non-
predatory 
mammals 4 2017 

illeg
al NA NA 

47 
Camero
on 

West 
Afric
a hyena 

Crocuta 
crocuta 

Top 
mammali 1 2017 

illeg
al NA NA 
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an 
predators 

47 
Camero
on 

West 
Afric
a 

Crested 
Porcupine 

Hystrix 
cristata NA 2 2017 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a Hartebeest 

Alcelaphus 
buselaphus 

Large 
non-
predatory 
mammals 8 2016 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a 

sable_antelo
pe 

Hippotragu
s niger 

Large 
non-
predatory 
mammals 4 2016 

illeg
al NA NA 

47 
Camero
on 

West 
Afric
a 

Bohor 
Reedbuck 

Redunca 
redunca NA 7 2016 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a Oribi 

Ourebia 
ourebi 

Small to 
medium 
non-
predatory 
mammals 8 2016 

illeg
al NA NA 

47 
Camero
on 

West 
Afric
a 

Crested 
Porcupine 

Hystrix 
cristata NA 2 2016 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a Kob Kobus kob 

Small to 
medium 
non-
predatory 
mammals 4 2016 

illeg
al NA NA 

47 
Camero
on 

West 
Afric
a 

Red river 
hog 

Potamocho
erus porcus 

Omnivoro
us 
mammals 2 2016 

illeg
al NA NA 

47 

Camero
on 

West 
Afric
a Bushbuck 

Tragelaphu
s scriptus 

Small to 
medium 
non-
predatory 
mammals 1 2016 

illeg
al NA NA 

48 
Camero
on 

West 
Afric
a Elephant 

Loxodonta 
spec. 

Large 
non-
predatory 
mammals 1 2013 

illeg
al 

Hunting/poachi
ng NA 

48 

Camero
on 

West 
Afric
a Elephant 

Loxodonta 
spec. 

Large 
non-
predatory 
mammals 1 2014 

illeg
al 

Hunting/poachi
ng NA 

48 

Camero
on 

West 
Afric
a Elephant 

Loxodonta 
spec. 

Large 
non-
predatory 
mammals 1 2017 

illeg
al 

Hunting/poachi
ng NA 

48 
Camero
on 

West 
Afric
a Chimpanzee 

Pan 
troglodytes 

Great 
apes 1 2013 

illeg
al 

Hunting/poachi
ng NA 

48 
Camero
on 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

49 
Camero
on 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

50 Guinea 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

51 Guinea 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

52 Guinea 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

53 Guinea 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

54 
Romani
a 

East 
Euro
pe Animals NA NA 0 NA 

illeg
al NA NA 
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55 
Romani
a 

East 
Euro
pe Animals NA NA 0 per year legal 

population 
control NA 

56 
Romani
a 

East 
Euro
pe Animals NA NA 0 per year legal 

population 
control NA 

57 
Romani
a 

East 
Euro
pe wolf Canis lupus 

Top 
mammali
an 
predators 1 

in 10 
years legal 

Avoiding more 
damages (the 
wolf was 
constantly 
attacking a 
sheep station) NA 

58 
Romani
a 

East 
Euro
pe Animals NA NA 0 per year legal 

population 
control NA 

59 Spain 

West 
Euro
pe Animals NA NA 0 per year legal 

population 
control NA 

60 Spain 

West 
Euro
pe Animals NA NA 0 NA 

illeg
al NA NA 

61 Spain 

West 
Euro
pe lynx Lynx lynx 

Top 
mammali
an 
predators 5 2017 

illeg
al NA NA 

61 Spain 

West 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 300 per year legal NA NA 

62 Spain 

West 
Euro
pe animals NA NA 0 NA legal NA NA 

63 Spain 

West 
Euro
pe Red deer 

Cervus 
elaphus 

Large 
non-
predatory 
mammals 

1150 
killed/4
50 sold NA legal NA NA 

64 Poland 

East 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 43 per year legal 

Prevention 
African Swine 
Fewer NA 

65 Poland 

East 
Euro
pe 

Golden_eagl
e 

Aquila 
chrysaetos raptors 4 

last 10 
years 

illeg
al 

Hunting/poachi
ng NA 

65 Poland 

East 
Euro
pe wolf Canis lupus 

Top 
mammali
an 
predators 1 

last 10 
years 

illeg
al 

Hunting/poachi
ng NA 

65 Poland 

East 
Euro
pe wolf Canis lupus 

Top 
mammali
an 
predators 1 

last 10 
years 

illeg
al 

Hunting/poachi
ng NA 

65 Poland 

East 
Euro
pe Red deer 

Cervus 
elaphus 

Large 
non-
predatory 
mammals 10 per year legal 

population 
control NA 

65 Poland 

East 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 10 per year legal Disease control NA 

66 Poland 

East 
Euro
pe red_fox 

Vulpes 
vulpes 

Small 
mammali
an 
predators 13 per year legal 

population 
control NA 

66 Poland 

East 
Euro
pe Red deer 

Cervus 
elaphus 

Large 
non-
predatory 
mammals 4 per year legal 

population 
control NA 

66 Poland 

East 
Euro
pe Roe deer 

Capreolus 
capreolus 

Small to 
medum 
non-
predatory 
mammals 13 per year legal 

population 
control NA 

66 Poland 

East 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 96 per year legal Disease control NA 



APPENDIX CHAPTER V____________________________________________________________________________ 

179 
 

67 Poland 

East 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 16 per year legal NA NA 

68 Poland 

East 
Euro
pe animals NA NA 0 NA legal NA NA 

69 

Czech 
republi
c 

East 
Euro
pe 

ungulates, 
mouflon NA NA 

200-
600 per year legal 

population 
control NA 

70 

Czech 
republi
c 

East 
Euro
pe Red deer 

Cervus 
elaphus 

Large 
non-
predatory 
mammals 1000 per year legal 

population 
control NA 

70 

Czech 
republi
c 

East 
Euro
pe Roe deer 

Capreolus 
capreolus 

Small to 
medium 
non-
predatory 
mammals 200 per year legal 

population 
control NA 

70 Czech 
republi
c 

East 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 400 per year legal 

population 
control NA 

70 
Czech 
republi
c 

East 
Euro
pe red_fox 

Vulpes 
vulpes 

Small 
mammali
an 
predators 100 per year legal 

population 
control NA 

71 
Germa
ny 

West 
Euro
pe lynx Lynx lynx 

Top 
mammali
an 
predators 15 per year 

illeg
al 

human-wildlife-
conflict NA 

71 

Germa
ny 

West 
Euro
pe Red deer 

Cervus 
elaphus 

Large 
non-
predatory 
mammals 

130-
140 per year legal 

population 
control NA 

71 
Germa
ny 

West 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 

100-
300 per year legal 

population 
control NA 

71 

Germa
ny 

West 
Euro
pe Roe deer 

Capreolus 
capreolus 

Small to 
medium 
non-
predatory 
mammals 

130-
140 per year legal 

population 
control NA 

72 Poland 

East 
Euro
pe 

European 
bison 

Bison 
bonasus 

Large 
non-
predatory 
mammals 4 

last 10 
years 

illeg
al 

Hunting/poachi
ng NA 

72 Poland 

East 
Euro
pe animals NA NA 0 NA legal NA NA 

73 Gabon 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

74 Gabon 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

75 Gabon 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

76 Gabon 

West 
Afric
a Animals NA NA 0 per year legal NA NA 

77 France 

West 
Euro
pe Animals NA NA 0 NA 

illeg
al NA NA 

77 France 

West 
Euro
pe Animals NA NA 0 per year legal l NA 

78 France 

West 
Euro
pe Animals NA NA 0 2017 

illeg
al NA NA 

78 France 

West 
Euro
pe Animals NA NA 0 per year legal NA NA 
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79 France 

West 
Euro
pe Animals NA NA 0 NA 

illeg
al NA NA 

79 France 

West 
Euro
pe wild pig Sus scrofa 

Omnivoro
us 
mammals 30 per year legal 

population 
control shooting 

80 France 

West 
Euro
pe birds of prey NA NA 1.5 

per per 
year 

illeg
al NA NA 

80 France 

West 
Euro
pe Wild porc Sus scrofa NA 7104.4 

2017-
2018 legal 

Agro-sylvo-
cynegetic 
equilibrium 
(L425-4 with 
obligation of 
result in core 
area) NA 

80 France 

West 
Euro
pe Deer Cervus NA 510.1 

2017-
2018 legal 

Agro-sylvo-
cynegetic 
equilibrium 
(L425-4 with 
obligation of 
result in core 
area) NA 

81 
Germa
ny 

West 
Euro
pe Animals NA NA 0 per year 

illeg
al NA NA 

81 
Germa
ny 

West 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 200 per year legal 

Avoid damages 
for neighbours 
to increase 
acceptance of 
park NA 

81 
Germa
ny 

West 
Euro
pe Deer 

Capreolus 
capreolus 

Small to 
medium 
non-
predatory 
mammals 50 per year legal 

Avoid damages 
for neighbours 
to increase 
acceptance of 
park NA 

81 
Germa
ny 

West 
Euro
pe Fallow deer 

Dama 
dama 

Small to 
medium 
non-
predatory 
mammals 40 per year legal 

Avoid damages 
for neighbours 
to increase 
acceptance of 
park NA 

81 
Germa
ny 

West 
Euro
pe Red deer 

Cervus 
elaphus 

Large 
non-
predatory 
mammals 10 per year legal 

Avoid damages 
for neighbours 
to increase 
acceptance of 
park NA 

82 
Germa
ny 

West 
Euro
pe Animals Animals NA 0 NA 

illeg
al NA NA 

82 
Germa
ny 

West 
Euro
pe Animals Animals NA 0 NA legal NA NA 

83 Congo 

Centr
al 
Afric
a Animals NA NA 0 NA legal NA NA 

84 Congo 

Centr
al 
Afric
a Animals NA NA 0 NA legal NA NA 

85 Congo 

Centr
al 
Afric
a Animals NA NA 0 NA legal NA NA 

86 
Namibi
a 

South 
Afric
a Animals NA NA 0 NA 

illeg
al NA NA 

86 
Namibi
a 

South 
Afric
a Animals NA NA 0 NA legal NA NA 

87 
Namibi
a 

South 
Afric
a antelopes NA NA 4 per year  

illeg
al NA NA 
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87 
Namibi
a 

South 
Afric
a Animals NA NA 0 per year legal NA NA 

88 
Slovaki
a 

East 
Euro
pe Red deer 

Cervus 
elaphus 

Large 
non-
predatory 
mammals 600 per year legal 

Population 
control NA 

88 
Slovaki
a 

East 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 600 per year legal 

Population 
control NA 

89 
Slovaki
a 

East 
Euro
pe Animals NA NA 0 per year legal 

Population 
control NA 

90 
Slovaki
a 

East 
Euro
pe Red deer 

Cervus 
elaphus 

Large 
non-
predatory 
mammals 50 per year legal NA NA 

90 
Slovaki
a 

East 
Euro
pe Wild pig Sus scrofa 

Omnivoro
us 
mammals 70 per year legal NA NA 

91 
Slovaki
a 

East 
Euro
pe Animals NA NA 0 per year legal NA NA 

92 Chad 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

93 Chad 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

94 Chad 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

95 Chad 

West 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

96 CAR 

Centr
al 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

97 CAR 

Centr
al 
Afric
a Animals NA NA 0 per year legal 

population 
control NA 

98 
South 
Africa 

South 
Afric
an NA NA NA 0 per year legal 

population 
control NA 

99 
South 
Africa 

South 
Afric
an Animals NA NA 0 NA 

illeg
al NA NA 

99 
South 
Africa 

South 
Afric
an Animals NA NA 0 NA legal NA NA 

10
0 

South 
Africa 

South 
Afric
an Animals NA NA 0 NA legal NA NA 

10
1 

South 
Africa 

South 
Afric
an Animals NA NA 0 NA legal NA NA 

10
2 

South 
Africa 

South 
Afric
an Animals NA NA 0 NA 

illeg
al NA NA 

10
3 Sweden 

North 
Euro
pe Carnivores NA 

Top 
mammali
an 
predators  0 NA legal 

 Damage 
control of all 
carnivores/ Red
ucing 
carnivores for 
reindeer 
husbandry NA 

10
4 Sweden 

North 
Euro
pe Carnivores NA 

Top 
mammali
an 
predators 1 NA legal 

 Damage 
control of all 
carnivores/ Red
ucing 
carnivores for NA 
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reindeer 
husbandry 

10
5 Sweden 

North 
Euro
pe Carnivores NA 

Top 
mammali
an 
predators 6 NA legal 

 Damage 
control of all 
carnivores/ Red
ucing 
carnivores for 
reindeer 
husbandry NA 

10
6 Sweden 

North 
Euro
pe Carnivores NA 

Top 
mammali
an 
predators  0 NA legal 

 Damage 
control of all 
carnivores/ Red
ucing 
carnivores for 
reindeer 
husbandry NA 

10
7 Sweden 

North 
Euro
pe Carnivores NA 

Top 
mammali
an 
predators  0 NA legal 

 Damage 
control of all 
carnivores/ Red
ucing 
carnivores for 
reindeer 
husbandry NA 

10
8  Sweden 

North 
Euro
pe Carnivores NA 

Top 
mammali
an 
predators 3 NA legal 

 Damage 
control of all 
carnivores/ Red
ucing 
carnivores for 
reindeer 
husbandry NA 

 

 

Table S21 Preparation and authorization of quotas  

NP Country Continent Determination culling quotas Authorization 

1 Austria Europe Regulations of hunting associations Ministry 

2 Austria Europe NA NA 

3 Austria Europe Hunting associations Ministry 

4 Czech Republic Europe NA NA 

5 Czech Republic Europe NA NA 

6 Czech Republic Europe National park administration National park administration 

7 Czech Republic Europe NA NA 

8 France Europe Government Government 
9 France Europe NA NA 

10 France Europe NA NA 

11 France Europe NA NA 

12 Germany Europe NA NA 

13 Germany Europe National park administration National park administration 

14 Germany Europe National park administration Government 

15 Germany Europe NA NA 

16 Hungary Europe NA NA 

17 Hungary Europe Hunting associations NA 

18 Hungary Europe Hunting associations NA 

19 Hungary Europe Hunting associations NA 

20 Hungary Europe Hunting associations NA 
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21 Poland Europe National park administration (management plan) Ministry of environment 

22 Poland Europe National park administration (management plan) Ministry of environment 

23 Poland Europe National park administration (management plan) Ministry of environment 

24 Poland Europe National park administration (management plan) Ministry of environment 

25 Poland Europe National park administration (management plan) Ministry of environment 

26 Poland Europe National park administration (management plan) Ministry of environment 

27 Romania Europe No regular culling No culling 

28 Romania Europe No regular culling No culling 

29 Romania Europe No regular culling No culling 

30 Romania Europe No regular culling No culling 

31 Romania Europe No regular culling No culling 

32 Romania Europe No regular culling No culling 

33 Slovakia Europe Hunting association Ministry of agriculture 
34 Slovakia Europe Hunting associations Ministry of agriculture 
35 Slovakia Europe Hunting associations Ministry of agriculture 
36 Slovakia Europe Hunting associations Ministry of agriculture 
37 Slovakia Europe Hunting associations Ministry of agriculture 
38 Spain Europe NA NA 

39 Spain Europe NA NA 

40 Spain Europe NA NA 

41 Spain Europe NA NA 

42 Spain Europe NA NA 

43 Sweden Europe NA NA 

44 Sweden Europe Government Government 

45 Sweden Europe Government Government 

46 Sweden Europe Government Government 

47 Sweden Europe Government Government 

48 Sweden Europe NA NA 
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