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Foreword: Primatology in the Anthropocene

In 1994, Karen Strier published a groundbreaking article entitled “The Myth of the 
Typical Primate.” In it, she criticised the then dominant models and assumptions for 
what primates are and do, correctly noting that lives, ecologies, and dynamics “are 
far less uniform across primates than the myth has implied, raising questions about 
the generality of models of primate social systems derived from ‘typical’ primates.” 
Less than a decade later, I began a 20-year journey articulating the position that 
humans and other primates are often “simultaneously actors and participants in 
sharing and shaping mutual ecologies.” In the past three decades, primatology has 
not only massively expanded datasets and the diversity of species and populations 
studied, but most practitioners have also recognised that humans have always been 
part of other primates’ lives. There is neither a “typical” primate nor a clear line 
dividing the wild, the captive, and the in-between in primate ecologies. Anthropogenic 
ecosystems and their diversity of relations are characteristic norms for most other 
primates; human dynamics are a central ecological factor structuring primate niches.

Here, in the third decade of the twenty-first century, approximately 60% of pri-
mate species are threatened with extinction and approximately 75% have declining 
populations. This is mainly due to anthropogenic (human created and induced) pres-
sures on other primates and their habitats, largely from global and local market 
demands and political realities leading to extensive habitat loss (Estrada et al., 2017, 
2018). The contemporary processes of the Anthropocene also generate increased 
hunting, trade, and exploitation of primates as food, commodities, pets, and research 
subjects. The other primates’ lives overlap extensively with large, widespread, and 
rapidly growing human populations characterised by high levels of economic, polit-
ical, and ecological complexity and inequity. This is why the approach framed by 
the editors, and carried out by the authors in the chapters, of this book is the critical 
frame all primatological study must take, or at least be engaged with/aware of. 
Otherwise, there is no hope of addressing the massive risk of extinction and devel-
oping sustainable relationships between humans and the other primates. In the 
twenty-first century, one cannot engage in study of primate ecology and behaviour 
scientifically, ethically, or morally without including the relations between humans 
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and other primates. These relations, and their resultant ecologies, are mutually co- 
constructive, dynamic, conflictual, complex, and central to primate lives.

But one cannot just “add” humans into the mix as another variable. To succeed 
in the twenty-first century, primatological practitioners, those forming the ques-
tions, doing the work, the analyses, and the publication, must create diverse and 
inclusive teams. Diversity of experience, perspective, and training offers the broader 
toolkit necessary to effectively observe, model, and analyse the dynamics of eco-
logical and behavioural processes in the Anthropocene. The focus of primatological 
study must include serious engagement with more than the particular primate spe-
cies of interest. Recognition (and representation) of the contexts, histories, and con-
temporary interests of human communities is a central facet in ecosystem dynamics. 
This volume moves in the direction of engaging and reflecting on this contemporary 
mode of primatology. The authors, the topics, and the framing of the chapters rep-
resent multiple continents and countries, backgrounds, languages, and disciplinary 
trainings/histories. That in and of itself is a strong and necessary statement. However, 
there remains much work to be done in decolonising the field and shifting the cen-
trality of discourse, infrastructure, and funding to the people and places where the 
other primates and humans co-exist most. There is also a need for more extensive 
and explicit recognition of, and collaboration with, Indigenous and other local com-
munities across the planet who hold knowledge(s) of relations and practices that 
primatology has been too slow to formally and intellectually recognise and respect 
(Estrada et al., 2022).

Behavioural ecology in the twenty-first century is necessarily more than late 
twentieth-century practice and theory. Yet, much training and formation, especially 
in the centres of power and funding, remain rooted in the theory and methods of that 
earlier time. The chapters in this volume recognise the historical importance of the 
theory from the 1980s, 1990s, and early 2000s but subtly (and not so subtly) push 
against a static and hierarchical Global-North-centric frame of analyses and prac-
tice. From community-based conservation strategies to relations between primates 
and dogs to urban and other shared spaces, the chapters recognise the multifarious 
dynamics of contemporary primate ecology. Regenerating forests, disease transmis-
sion, touristic ecologies, trade, dynamic hunting realties, rehabilitation, and zoo 
landscapes all act as necessary locales for primate research. Ethnoprimatological 
frameworks, alongside other modes of practice and theory, facilitate integrated 
approaches, fearlessly adopting innovative methods and collaborations, and facing 
the challenges of the contemporary moment. In these chapters one feels and recog-
nises the push against constraints of tradition and sees the emergence of revolution-
ary entanglements of practice and experience, past and present, into new modes of 
investigation, reflection and action.

In his recent book, Nicholas Malone wrote “primate research and conservation 
activities do not take place in isolation, and attempting to tease apart the ecological 
and social lives of primates, amidst the context of humankind’s planet altering 
reach, is exceedingly difficult work” (Malone, 2022). This is accurate and daunting. 
Today, in the third decade of the twenty-first century, it might be too late for many 
primate populations. But those involved in primate research and conservation must 
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try. This book positively contributes to the efforts by making a difference of tone, 
frame, and intent. One cannot read this volume and not see that humans and other 
primates have been, are, and will always be entangled in one another’s lives. At the 
end of the day, this volume shows us that innovative multidisciplinary approaches 
are the contemporary baseline for a twenty-first-century primatology.

Princeton University Agustín Fuentes 
Princeton, NJ, USA
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Chapter 1
Introduction

Michelle A. Rodrigues, Siân Waters, and Tracie McKinney

Over the past two decades, new perspectives have emerged on the interactions 
between human and non-human primates. While early primatological research priori-
tised natural behaviour of non-human primates in pristine environments, our growing 
understanding of anthropogenic influences on primate behaviour has led to a para-
digm shift. Across the contexts in which non-human primates live – from the most 
remote forests to primates living as pets or in laboratories – their flexible behavioural 
adaptations are shaped by the human-primate interface. Here, we consider the expand-
ing recent literature on this subject and how it informs our understanding of the com-
plex relationships between human and non-human primates. We further broadly 
consider these ranges as a continuum and suggest that we can understand non-human 
primates better by understanding these continuities across wild and captive contexts.

Part I focuses on primates in their most natural state, with “Human Influences on 
Primate Habitats”. The chapters in this section review the rapidly growing literature 
on anthropogenic influences on primates in their traditional environments. We begin 
this section with one of the most pervasive threats to primate survival worldwide – 
habitat loss. In Consequences of Habitat Loss and Fragmentation for Primate 
Behavioral Ecology (Chap. 2), Malcolm S.  Ramsay and colleagues review the 
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excellent work done on this important topic in recent years. The authors disambigu-
ate the interrelated phenomena of habitat loss, fragmentation, and connectivity. The 
diverse ways primates are impacted by these landscape changes – including demo-
graphically, behaviourally, and ecologically – are summarised, reinforcing the com-
plexity of the relationship between animals and their landscapes. The chapter 
highlights the species- and even site-specific responses of primates to habitat frag-
mentation and calls for a holistic, mixed methods approach to better understanding 
this global challenge.

With habitat loss and fragmentation at the forefront of primate conservation, it is 
important that we explore the factors that render regenerating forest suitable habitat 
for primates. In The Emerging Importance of Regenerating Forests for Primates in 
Anthropogenic Landscapes (Chap. 3), Lucy Millington and colleagues define regen-
erating forests and explain the role of seed-dispersing primates in forest succession. 
The authors note that while very few primate taxa are recognised as regenerating 
forest dwellers, a wide range of primate taxa use them. Our tendency to describe 
primates as simply “folivores vs. frugivores” or “primary forest specialists vs. 
regenerating forest specialists” suggests that significant gaps remain in our under-
standing of primate ecological plasticity.

Exacerbating habitat fragmentation and loss is the pervasive pressure of human 
hunting. Hunting of Primates in the Tropics: Drivers, Unsustainability, and 
Ecological and Socio-economic Consequences (Chap. 4), by Inza Koné and col-
leagues, reviews the myriad impacts of hunting on wild primate populations. The 
authors point out that, while hunting of primates has long been an important factor 
in human subsistence, current hunting technologies combined with market demand 
have pushed this threat to an unsustainable level. In addition to behavioural and 
demographic consequences on the primates themselves, hunting of primates drives 
another vital issue – cross-species disease transmission.

Where there are people, there will be dogs. In Dogs, Primates, and People: A 
Review (Chap. 5), Siân Waters and colleagues explore this ubiquitous but poorly stud-
ied interspecies association. The chapter describes people’s relationships with their 
dogs and subsequently with wildlife and highlights differences in the level of respon-
sibility assumed by humans for the actions of their animals. The authors highlight the 
risks to primate conservation posed by dogs, which include disease transmission, 
harassment, and hunting. The chapter provides two case studies from Morocco and 
Madagascar that demonstrate creative approaches to managing dog-primate interac-
tions. This chapter is an excellent reminder that humans can influence whole ecologi-
cal communities by introducing species as much as by eliminating them.

The final chapter in this section, Climate Change Impacts on Non-human Primates: 
What Have We Modelled and What Do We Do Now? (Chap. 6) by Isabelle C. Winder 
and colleagues, reviews recent modelling studies that aim to understand the effects of 
climate change on primate populations. While most primates are expected to respond 
to climate change through shifting home ranges, responses are species-specific, and 
therefore far more data collection is needed. The authors note the relative lack of stud-
ies to date and the unbalanced taxonomic focus, highlighting the need for more work 

M. A. Rodrigues et al.



3

in this vital area. With a global perspective on anthropogenic impacts on non- human 
primate survival, this chapter concludes Part I with a strong reminder of our responsi-
bility for the conservation of our closest relatives.

Our second section, “Primates in Human-Dominated Landscapes”, examines the 
diverse ways primates and humans impact each other. In Community-Based 
Strategies to Promote Primate Conservation in Agricultural Landscapes: Lessons 
Learned from Case Studies in South America (Chap. 7), Laura A. Abondano and 
colleagues explain how anthropogenic forest clearance for agriculture has destroyed 
large swathes of primate habitat globally. The authors review how community con-
servation projects fostering sustainable agriculture can improve primate habitat 
accessibility by connecting such forest fragments. The authors stress the importance 
of understanding the social, political, and historical contexts of a project setting as 
well as the use of participatory spaces where conservationists and community mem-
bers can share knowledges and experiences to foster human-primate coexistence. 
The Colombian and Ecuadorian case studies clearly illustrate how participatory 
research and meaningful inclusion of communities can facilitate sustainable agri-
culture as well as improve people’s livelihoods and endangered primates’ prospects 
for the future.

As built-up centres of human population spread, some primates adapt to living in 
urban, peri-urban, and urbanising landscapes. In Primates in the Urban Mosaic: 
Terminology, Flexibility, and Management (Chap. 8), Harriet R. Thatcher and col-
leagues define the terms to describe these habitats and explain how primates such as 
baboons adapt and diversify their behaviours in response to such extreme changes 
in their environment. The authors explain the complexities of the urban mosaic with 
its high levels of anthropogenic disturbance, diverse urban primate ecologies, and 
complex human dimensions. All these aspects make management of these particular 
interfaces very challenging. The authors recommend careful consideration of the 
whole to enable effective management of urban human-primate coexistence.

The more frequently people and primates interact, the higher the risk of disease 
transmission from one to the other. In Infectious Diseases in Primates in Human-
Impacted Landscapes (Chap. 9), Marina Ramon and colleagues review the current 
knowledge about infectious diseases, describing the myriad ways people and pri-
mates impact one another’s health. The authors explain how good health for both 
human and non-human primates is promoted and encouraged, along with reviewing 
how risk analysis might prevent disease outbreaks in the first instance. Two case 
studies examine responses by primatologists to a yellow fever outbreak in Brazil 
and a holistic One Health approach in Uganda. As the COVID-19 pandemic has 
demonstrated, the anthropogenic effects on primate and other wildlife leading to 
disease transmission to people have implications for us all.

In the next Primate Conservation in Shared Landscapes (Chap. 10), Elena 
Bersacola and colleagues suggest we think carefully about primate conservation 
priorities when reviewing our definitions of important species because some pri-
mate species may be overlooked. As such, the authors argue that as well as protect-
ing primate habitats with high species biodiversity and low human population, we 
need to consider how we can also conserve primates in anthropogenic or shared 

1 Introduction



4

landscapes. However, shared landscapes bring their own set of problems which 
foster negative human-primate interactions. The three case studies from Uganda, 
Indonesia, and Brazil all illustrate how complex considerations of issues such as 
species characteristics and human-primate relations need to be made in order to 
assist people and primates to share a landscape.

Primate Tourism (Chap. 11) is an important conservation tool. In their review of 
the topic, Stefano Kaburu, Malene Friis Hansen, and colleagues provide a historical 
overview of primate tourism before describing the considerable costs and benefits 
that accompany this activity in all its forms. A large part of the appeal of primate 
tourism is getting close to the animals. Such proximity may have unpredictable and 
often negative consequences for both person and primate. The authors make sugges-
tions for further research on a number of issues of concern such as how individual 
primate differences might influence tourist-primate interactions and discovering 
what tourists might expect from their primate viewing experience. In this chapter, 
the authors emphasise that there are substantial benefits for both primates and com-
munities provided by primate tourism. However, dependence on tourism to the det-
riment of subsistence and other activities has proven a problem during the COVID-19 
pandemic.

The final chapter of this section is Shared Ecologies, Shared Futures: Using the 
Ethnoprimatological Approach to Study Human-Primate Interfaces and Advance 
the Sustainable Coexistence of People and Primates (Chap. 12). Erin P. Riley and 
colleagues review the rise of ethnoprimatology and its now substantial contribution 
to our understanding of the human-primate interface. The authors examine three 
different settings where people and primates interact – tourism, urban environments, 
and agroecosystems. Although these settings have been examined in detail in previ-
ous chapters, here, the authors consider how people and primates react to and affect 
each other in various cultures and scenarios. As the authors argue, gaining a contex-
tual understanding of each situation can facilitate human-primate coexistence.

In the third section, “Primates in Captivity”, the book explores how human man-
agement is an anthropogenic pressure that shapes primate lives. In the first chapter 
in this section, Perspectives on the Continuum of Wild to Captive Behaviour  
(Chap. 13), Michelle A.  Rodrigues and colleagues consider how anthropogenic 
influences occur as a continuum and affect primates across wild, human-sympatric, 
and human-managed conditions. They explore how human presence and activity 
shape primates’ lives in environments across these contexts and how recognition of 
this continuum can inform our understanding of co-evolutionary relationships 
between humans and non-human primates, particularly behavioural flexibility. They 
provide a case study on captive chimpanzees and bonobos to illustrate how behav-
ioural flexibility can be studied in zoo-housed primates.

In The Past, Present, and Future of the Primate Pet Trade (Chap. 14), Sherrie 
D. Alexander and colleagues provide an overview of the history and current state of 
the primate pet trade. They explain that pets are traditionally kept as companions 
and that pet-keeping is historically rooted in many cultural traditions. Pet-keeping 
today is influenced by these roots, as well as changing trends associated with status, 
social media, and internet usage. They provide regional and taxonomic overviews of 
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Asian macaques, orangutans in Southeastern Asia, Malagasy lemurs, Indian slow 
lorises, and platyrrhines in the Americas. They then consider how the internet has 
changed the pet trade, using a case study of how a photo of one of the authors and a 
captive zoo primate ended up being used out of context within the pet trade, and 
assess solutions for the future to curb the pet trade.

In Rescue, Rehabilitation, and Reintroduction (Chap. 15), Siobhan I.  Speiran 
and colleagues explore the current state of knowledge on how conservation organ-
isations deal with the rescue, rehabilitation, and reintroduction of primates across 
regions. Primate rescue refers to removing primates from harm, whether it may be 
injuries sustained in the wild or harms from illegal or biomedical trade. However, 
rescue and rehabilitation may overlap, and there is a lack of data on the state of 
primate rescue across regions, often due to poor record-keeping or organisations 
reticent to share details about failures publicly. Reintroductions have the most 
extensive literature and documentation, including multiple IUCN best practice 
guidelines. Nonetheless, like rescue and rehabilitation, there is still inconsistency in 
reporting and evaluation, as well as many projects that do not adhere to recom-
mended best practices. They provide a case study examining the rescue, rehabilita-
tion, and reintroduction of Costa Rican primates across sanctuaries. The authors 
point out that there are major gaps on the literature for this topic and consider future 
solutions for more comprehensive tracking of these projects, as well as ethical 
issues that need to be addressed. They note that many projects are guided by well-
meaning intentions but may not adequately serve either individual primate welfare 
or conservation goals.

In Through the Looking Glass: Effects of Visitors on Primates in Zoos  
(Chap. 16), Ashley N.  Edes and Katie Hall explore how visitor presence affects 
primates housed in zoos. Human presence is ever-present for primates in zoological 
facilities, through both the regular interaction with keeper staff and the presence of 
regular daily visitors. Most of the literature frames visitor effects as negative or 
neutral; however, approximately a third describe positive effects. While these rela-
tionships can be bidirectional and dynamic, with visitors and animals influencing 
each other, most of the literature focuses on how visitors affect zoo animals rather 
than vice versa. The authors provide some suggestions for broadening the scope of 
this research, including rethinking assumptions about solely negative impacts, con-
sideration of individual variation and physiological measures to better understand 
welfare impact, and steps that can be taken to increase animal choices to ameliorate 
negative effects.

In our final Primate Portrayals: Narratives and Perceptions of Primates in 
Entertainment (Chap. 17), Brooke C. Aldrich and colleagues survey the use of pri-
mates within entertainment and the media, including the rising presence of social 
media. They highlight the long usage of primates in entertainment, from circuses 
and tourist attractions to movies and video games, to the rise of primate content in 
social media. Despite activism causing pressure on limiting or changing harmful 
exploitation of primates for entertainment, many avenues still exist, and the expand-
ing world of social media has exacerbated these usages. The authors consider these 
usages from the lens of the Five Freedoms of animal welfare while considering the 
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motivations for using primates in entertainment and media. While the usage of pri-
mates in media is harmful from both a welfare and conservation perspective, con-
servationists can reduce and counter these harms by considering the sociocultural 
factors that create demand for primate content.

From unhabituated primates deep in equatorial rainforest to the primates chained 
at a tourist attraction to pose for selfies, primates are shaped by the co-occurrence of 
humans and human activity. In this book, we ask our readers to consider shared 
dynamics across all of these contexts while recognising the particularly local and 
specific factors that shape each facet of the human-non-human primate interface. 
Recognising the importance of human actions in the lives of non-human primates 
can help us act to conserve primates and promote their welfare across the globe.

M. A. Rodrigues et al.



Part I
Human Influences on Primate Habitats



9

Chapter 2
Consequences of Habitat Loss 
and Fragmentation for Primate Behavioral 
Ecology

Malcolm S. Ramsay, Fernando Mercado Malabet, Keren Klass, 
Tanvir Ahmed, and Sabir Muzaffar

M. S. Ramsay (*) · F. Mercado Malabet 
Department of Anthropology, University of Toronto, Toronto, ON, Canada 

K. Klass 
The Alexander Silberman Institute of Life Science, The Hebrew University of Jerusalem, 
Jerusalem, Israel 

T. Ahmed 
Wildlife Research and Conservation Unit, Nature Conservation Management (NACOM),  
Dhak, Bangladesh 

S. Muzaffar 
Department of Biology, United Arab Emirates University, Al Ain, United Arab Emirates

Contents

2.1  Introduction  10
2.2  Defining Habitat Loss and Fragmentation  10
2.3  Habitat and Landscape Patterns  12
2.4  Behavioral Responses to Habitat Fragmentation  14
2.5  Population-Level Effects of Fragmentation  17
2.6  Secondary Effects of Fragmentation  19
2.7  Conclusion and Future Directions  21
 References  22

Abstract Primates are a particularly sensitive order to the negative effects of habi-
tat loss and fragmentation due to their unique life histories and habitat requirements. 
Given that nearly all primate populations are in some way affected by habitat loss 
and fragmentation, it is important for all primatologists – even those uninterested in 
these processes directly – to consider the effects of habitat loss and fragmentation 
on the behavior and conservation of their study species. In this chapter, we review 
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some of the current knowledge of the effects of habitat loss and fragmentation on 
primate behavior. We begin by defining key terms and discussing issues of scale. We 
then review some of the major literature regarding primary and secondary effects of 
fragmentation, highlighting its potential impact on home range, social interactions, 
and group composition. Finally, we note that primate responses to habitat fragmen-
tation are species- and sometimes even site-specific and recommend a holistic 
approach for future research concerning habitat loss and fragmentation.

Keywords Demography · Diet · Dispersal · Habitat fragmentation · Human- 
primate interactions · Landscape ecology · Scale

2.1  Introduction

The ways in which non-human primates (herein referred to as primates) respond to 
habitat loss and fragmentation have been an important theme of research in the 
modern era of primatology (Marsh, 2003; Marsh & Chapman, 2013). The negative 
effects of habitat loss and fragmentation, driven mostly by resource extraction and 
related anthropogenic activities, have led to a global decrease in primates; 65% of 
primate species are classified as threatened with extinction, and 75% have declining 
populations (Estrada et al., 2020). Primates are a particularly sensitive order to the 
negative effects of habitat loss and fragmentation due to factors such as long life 
histories and large home range requirements (Arroyo-Rodriguez & Fahrig, 2014). 
Moreover, strictly arboreal primates are often the least capable of adapting to life in 
fragmented landscapes, as their ecological requirement for forest habitats limits 
their adaptability outside these landscapes (Galán-Acedo et al., 2019a; Harcourt 
et al., 2002). The matrix between forest patches in fragmented landscapes such as 
grassland or anthropogenic habitats (e.g., farmlands or human settlements) can be 
very inhospitable to primates, thus restricting dispersal ability which can lead to 
long-term population viability concerns (Marshall et al., 2016). Fragmentation also 
has many secondary effects; in particular, primates living in fragments may come 
into closer contact with humans and associated anthropogenic threats (Estrada et al., 
2020). In this chapter, we summarize some of the latest research on primates in 
fragmented landscapes. Specifically, we examine how scale and habitat vary in pri-
mates, behavioral flexibility of primates in fragments, and demographic conse-
quences on primate populations of living in fragments. Finally, we suggest some 
future directions for research on primates living in an increasingly fragmented world.

2.2  Defining Habitat Loss and Fragmentation

Habitat loss and fragmentation are interconnected but distinct ecological concepts 
that can affect species and landscapes in different ways (Mcgarigal & Cushman, 
2002). Habitat loss is the conversion of one habitat to another such as the change of 
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forest to savannah or vice versa (Fahrig, 2003). Of central importance to this process 
is the definition of habitat. Habitat can be defined as any area with the necessary 
conditions (e.g., food, shelter, conspecifics) to promote the sustained occurrence of 
a species based on their ecological and behavioral requirements (Fahrig, 1997). Put 
differently, a habitat refers to the location where we are most likely to find a primate 
because they can find food and shelter and because they can locate other individuals 
of the same species to facilitate important group behaviors like reproduction and 
dispersal. For an arboreal primate species, their habitat of choice may be forest, 
while a terrestrial primate species may just as suitably occupy open grasslands or the 
forest floor in the same patch as the previously mentioned arboreal species.

After habitat loss occurs, landscapes often contain a network of isolated habitat 
patches surrounded by a matrix of non-habitat that may be heterogeneous in quality 
(Fahrig, 2003; Galán-Acedo et al., 2019b). Habitat fragmentation is this process 
of continuous habitat being reduced to isolated habitat patches or fragments (Villard 
et al., 2014). Researchers continue to debate how to define the degree of habitat 
fragmentation; what makes a landscape fragmented as opposed to continuous? In 
theoretical terms, given two landscapes with equal habitat amounts, the more frag-
mented landscape has a greater number of habitat patches, these habitat patches 
have a lower average habitat area, and the landscape will contain a greater total 
percentage of habitat edges (Fahrig, 2017). In real landscapes, these concepts are 
more complicated. Fahrig (2003) demonstrated that many authors considered fac-
tors such as individual patch size, isolation, and connectivity as the defining features 
of fragmentation, while others considered these attributes to be separate processes 
that occur as a result of fragmentation at the landscape scale. What constitutes habi-
tat fragmentation does not represent simply a semantic argument. The definition of 
habitat loss and fragmentation, and thus their independent effects, is critically 
important for conservation planning (Fahrig, 2017; Keinath et al., 2017).

It is important to note that both the habitat itself and the non-habitat matrix can 
be variable in quality (Fahrig, 2003). In real landscapes, all area is on a spectrum of 
being more or less suitable to a given species; those areas that are most suitable are 
deemed habitat, while areas that are least suitable are deemed matrix, with spaces 
between known as edge zones. Generalist species occupying these landscapes may 
be able to exist in many different types of habitats, whereas other species may be 
only able to persist in certain types of habitats, such as edge-tolerant or edge- 
sensitive species (Fig. 2.1). The quality of the matrix, which can be determined by 
the degree to which matrix area resembles habitat, will also play an important role 
in determining a given species’ persistence in a fragmented landscape. High-quality 
matrix (e.g., brush thicket for a forest specialist) can facilitate movement and even 
allow temporary refuge for populations, while low-quality matrix may lead to iso-
lated and disjunct populations.

2 Consequences of Habitat Loss and Fragmentation for Primate Behavioral Ecology
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Fig. 2.1 Theoretical distribution of three ecologically distinct species across a fragmented land-
scape. (Illustration by Fernando Mercado Malabet)

2.3  Habitat and Landscape Patterns

The occurrence and persistence of any primate species in a landscape of fragmented 
habitat are functionally correlated with the availability of adequate environmental 
conditions to sustain their demographic, foraging, and other behavioral needs 
(Fahrig, 1997; Hutchinson, 1957; Wiens et al., 1993). Species’ patterns of occur-
rence and persistence are simultaneously affected by several interrelated character-
istics of the fragmented landscapes they occupy, at both the scale of the local habitat 
fragments they inhabit and the much broader landscape context that surrounds those 
fragments (Arroyo-Rodriguez & Fahrig, 2014). For example, an arboreal primate’s 
distribution throughout the landscape will be determined by both the species’ own 
ecology and behavior and the conditions in the different fragments and surrounding 
matrix. Fragment characteristics that affect species’ distributions include fragment 
size, when and where food is available within them, and what other species occupy 
these fragments. At the landscape scale, the lives of these arboreal primates are 
simultaneously affected by how close to different fragments they are and the com-
position of non-habitat matrix that separates the habitat fragments.

M. S. Ramsay et al.
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At the fragment-level scale, the probability of a species’ occurrence and their 
long-term persistence are related to attributes of the fragments such as the amount 
of habitat (e.g., forest area for forest-dwelling species) and resources (e.g., distribu-
tion of fruits for frugivore species) available that are functionally relevant to their 
respective ecological and behavioral characteristics (Morris, 1987). Indeed, a num-
ber of studies have shown that the probability of forest fragments being occupied by 
primates is at least, in part, related to the size of the fragments – where larger frag-
ments are more likely to exhibit higher species richness or population density for 
species whose ecology is sensitive to home range variability (Harcourt & Doherty, 
2005). For example, Steffens and Lehman (2019) showed that increasing fragment 
area was associated with higher primate species richness. Moreover, previous 
research on the habitat ecology of crowned lemurs (Eulemur coronatus) in northern 
Madagascar has shown that within anthropogenically disturbed forest fragments, 
their distribution is influenced by fragment quality (Mercado Malabet et al., 2020). 
Primates respond differently to habitat characteristics depending on their ecology 
and behavior. This means that while a fragment can be suitable to some species, it 
may simultaneously restrict the occurrence of others. For example, species sensitive 
to edge effects may exhibit restricted distributions or absence from fragments that 
exhibit a large proportion of edge habitat (Lehman, 2006).

A given primate species’ patterns of occurrence and persistence across a frag-
mented landscape are further constrained by their connectivity across the habitat 
mosaic. In fragmented landscapes, the connectivity of primate populations is 
affected by the amount and types of non-habitat matrix that are present between 
habitat fragments, coupled with the distance that separates any two (or more) frag-
ments (Arroyo-Rodriguez & Fahrig, 2014; Galán-Acedo et al., 2019b). Patterns of 
landscape connectivity affect how well individuals can move across the landscape 
and interact with each other depending on the type of matrix that surrounds frag-
ments, as there are inherent costs associated with movement through these non- 
habitat patches and corridors due to the lack of conspecifics, preferred habitat 
substrate for locomotion, preferred foods, and/or adequate sleeping sites (Fahrig, 
1997, 2003). The matrix is not universally uninhabitable, and an organism’s ability 
to use and move through non-habitat matrix is directly related to species-specific 
traits such as ecological flexibility and the degree to which matrix is similar to habi-
tat (Fahrig, 2003).

Habitat choice patterns of primates depend on their biology (Hutchinson, 1957; 
Wiens et al., 1993). There is no generalized response to habitat and landscape pat-
terns (Andriatsitohaina et al., 2020; Eppley et al., 2020; Galán-Acedo et al., 2019b; 
Steffens & Lehman, 2019). Habitat choice patterns are species-specific, realized by 
the closely synergistic relationship between the ecology and behavior of any animal 
and the characteristics of places that they occupy. Responses vary due to differences 
in correlates of any two species – such as life history, body size, group size, mating 
system, home range size, dietary preference, and preferred method of motility – all 
of which affect how a primate interacts with the habitats they occupy and how well 
they may be able to respond to changes in broader landscape patterns (Eppley et al.,  
2020; Galán-Acedo et al., 2019b). In a global-scale analysis, Keinath et al. (2017) 
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concluded that an organism’s habitat relationships, particularly its degree of habitat 
specialization, were more important than other species-specific life history param-
eters (such as fecundity, life span, and body mass) in predicting their scale of 
response to fragmentation. In other words, how flexible a species’ habitat needs are 
will affect how they respond to fragmentation, whether they can continue to inhabit 
these landscapes or whether their populations will be extirpated. In primates, habitat 
generalists will tend to tolerate fragmentation more than habitat specialists who are 
more prone to extinction risk, because the generalists are able to make use of fall-
back resources when their preferred options are unavailable. Meanwhile, the strict 
habitat requirements of specialists do not grant such flexibility, forcing these species 
to disperse to other fragments – regardless of the inherent risk associated with dis-
persal (e.g., mortality or dispersal to worse quality fragments) – or risk the decline 
of their populations in response to the lack of resources (Gibbons & Harcourt,  
2009). Thus, landscape patterns and interspecific variation in habitat use and life 
history traits must also be considered when examining the effects of habitat loss and 
fragmentation on primate populations.

2.4  Behavioral Responses to Habitat Fragmentation

2.4.1  Home Range and Density

Arboreal primate populations are often (but not always; e.g., Wong & Sicotte, 2006; 
DeGama-Blanchet & Fedigan, 2006) found at higher densities with decreased home 
ranges in forest fragments than in continuous forest (e.g., lion-tailed macaques, 
Macaca silenus, Singh et al., 2002; diademed sifakas, Propithecus diadema, Irwin, 
2008; howler monkeys, Alouatta spp., Arroyo-Rodriguez & Dias, 2010; Bicca- 
Marques, 2003; Klass et al., 2020a). Small fragment areas can limit the number of 
groups and, subsequently, within-fragment population sizes; thus, population size 
(the number of individuals in a given population) is often positively correlated and 
population density (the number of individuals in a given area) negatively correlated 
with fragment size (e.g., lion-tailed macaques, Macaca silenus, Singh et al., 2002; 
howler monkeys, Alouatta spp., Arroyo-Rodriguez & Dias, 2010; brown spider 
monkeys, Ateles hybridus, de Luna & Link, 2018; ring-tailed lemurs, Lemur catta, 
Gould & Cowen, 2020). In some species, the high population densities observed in 
forest fragments reflect short-term, temporary crowding as a result of recent habitat 
loss (Debinski & Holt, 2009), in which fragments show population densities far 
above carrying capacity immediately post-fragmentation that then decline (e.g., 
Tana River red colobus, Procolobus rufomitratus, Decker, 1994; brown spider mon-
keys, Ateles hybridus, de Luna & Link, 2018). Other species appear able to sustain 
these high population densities over decades (e.g., black howler monkeys, Alouatta 
pigra, Klass et al., 2020a), although longer-term monitoring may reveal declines 
over more extended time periods (Kuussaari et al., 2009).

M. S. Ramsay et al.



15

While generally primates are thought to have decreased home ranges in fragments, 
there appears to also be a high degree of home range size flexibility, even within indi-
vidual species occupying fragmented landscapes. For example, the home range sizes 
of western hoolock gibbons (Hoolock hoolock) vary widely, with gibbons in the 
smallest fragments having 16–17 ha home ranges and those in medium- sized frag-
ments having 13–24 ha home ranges (Ahsan, 2001). This variability may have many 
underlying causes, such as a species-specific ability to exploit resources in the matrix 
(Steffens et al., 2021) which would allow larger home ranges outside of the remaining 
fragments or ecological factors such as the presence of high- quality fallback foods 
which could sustain smaller home ranges in forest fragments (Irwin, 2008).

2.4.2  Dietary Shifts in Fragments

Primates in fragmented habitats often need to modify their diets in relation to the 
resources available, resulting in diets marked by less specialty and increased use of 
fallback foods (Silver & Marsh, 2003; Bicca-Marques & Calegaro-Marques, 1994). 
Dietary shifts to novel, often non-native food resources in fragments are widespread 
in many primate taxa (Singh et  al., 2002; Irwin, 2008). This could also include 
major dietary shifts such as the introduction of novel feeding behaviors like preda-
tion (Bicca-Marques et al., 2009; Ren et al., 2009). However, if the novel foods are 
of lower quality or lead to an increased energy expenditure, this could negatively 
affect populations. For example, a population of Udzungwa red colobus (Procolobus 
gordonorum) in Tanzania inhabiting a monoculture plantation fed on lower-quality 
foods such as leaves and buds, and this population declined from an estimated 400 
to 50 over a period of two decades (Ehardt et al., 1999; Marshall et al., 2016). Many 
primates in fragments also exhibit power-feeding strategies, where they increase 
their daily foraging path lengths, visit more food patches, and spend more time 
feeding per day (Harris & Chapman, 2007; Sato et al., 2016). In disturbed forest 
fragments (fragments with a high level of anthropogenic activity that results in a 
lower quality of habitat) or during seasonally lean periods, power-feeding strategies 
are a mechanism for primate populations to acquire enough energy in spite of reduc-
tions in the total availability of their preferred food resources. Thus, feeding strate-
gies may be varied to cope with the availability of food resources, resulting in an 
altered diet, but not necessarily a negative or positive outcome (Taylor et al., 2016; 
Bicca-Marques & Calegaro-Marques, 1994).

2.4.3  Social Interactions in Fragments

Living in a fragmented landscape can affect the social behavior of primates in many 
ways (Marsh, 2003; Clarke & Young, 2000). In response to food scarcity in small 
fragments, increased feeding competition may result in higher rates of agonism 
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from dominant, resident groups to displace conspecifics from food resources 
(Ahmed & Naher, 2021). In contrast, Asensio et al. (2007) found sympatric mantled 
howler monkeys (Alouatta palliata) and coatis (Nasua narica) in forest fragments 
had more frequent social interactions and increased levels of tolerance. Territorial 
primate groups are more likely to defend high-quality clumped resources in a rela-
tively small area of habitat, while if resources are more spread out and in low- 
quality habitat, large home ranges or territories may be required (Lappan et al., 2017).

Average group size does not always differ in fragments compared to continuous 
forest (e.g., ursine colobus, Colobus vellerosus, Wong & Sicotte, 2006; diademed 
sifakas, Propithecus diadema, Irwin, 2008; black howler monkeys, Alouatta pigra, 
Klass et al., 2020a), although even when average size is similar, populations in frag-
ments often show greater variability in group size. For example, lion-tailed macaque 
(Macaca silenus) groups in fragments ranged from 6 to 53 individuals, whereas in 
larger forest complexes, group size ranged from 8 to 18 individuals, and the vari-
ance in group size significantly increased with the degree of habitat disturbance 
(Singh et al., 2002). In other populations, group size is smaller in fragments than in 
continuous forest (e.g., black-and-white colobus, Colobus guereza, Onderdonk & 
Chapman, 2000; collared lemurs, Eulemur collaris, Donati et al., 2011). Population 
density may also shape group size (Horwich et al., 2001); in some species, this is 
seen specifically via changes to the number of adult males in groups. For example, 
Rudran and Fernandez-Duque (2003) found a preponderance of single-male groups 
at low densities and multi-male groups at high densities in ursine howlers 
(A. arctoidea).

Group composition in forest fragments may be altered relative to continuous for-
est, even when group sizes remain similar, which has consequences for sociality. In 
black howler monkeys (Klass et al., 2020a), the average number of adult males per 
group was lower, and the proportion of single-male groups was higher, in forest 
fragments as compared to continuous forest, despite identical mean group sizes. 
Klass et al., (2020a, b) posited that these patterns may result from increased male 
mortality during dispersal and reduced female dispersal in the fragmented land-
scape, resulting in an overall lower proportion of males in the fragmented landscape 
and an adult sex ratio that is highly skewed toward females. However, the intercon-
nectedness of the effects of habitat loss and fragmentation makes it difficult to pre-
dict the social outcome of such changes on primate populations (Chapman et al., 
2010). On the one hand, changes in sociality in fragments can have negative conse-
quences on primate populations, including increased mortality. For example, infan-
ticide may be more common in fragmented habitats where there is crowding of 
individuals as demonstrated by case studies of infanticide in populations where this 
behavior does not follow the sexual selection hypothesis (black-horned capuchin 
monkeys, Sapajus nigritus: Illia et  al., 2021; Coquerel’s sifaka, Propithecus 
coquereli: Ramsay et al., 2020). Yet other species of macaques and vervets have 
seemingly benefited from increased social cooperation in fragmented landscapes, 
resulting in increased success in food provisioning (Dhawale et al., 2020; Maurice 
et al., 2019; Singh, 2019).
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2.5  Population-Level Effects of Fragmentation

2.5.1  Demography

Demographic studies are a necessary component for assessing the long-term viabil-
ity of primate populations inhabiting fragmented landscapes (Lawler, 2011). 
Undisturbed wild primate populations generally have demographically stable popu-
lations (Lawler, 2011; Morris et al., 2011), with long life spans and long generation 
times compared to many other vertebrates (Morris et al., 2011). Population growth 
rates are typically close to equilibrium or slightly above (Lawler, 2011; Morris 
et al., 2011), and changes to adult survival rates tend to have the largest effect on 
population growth rates, as compared to other demographic traits, for example, age 
at first reproduction (Lawler, 2011). Deviations from these common patterns in 
populations in fragmented landscapes, or from more specific patterns in comparison 
to populations of the same species in continuous, undisturbed habitat, can be infor-
mative regarding the viability of the fragmented population and the ways in which 
the fragmented landscape may be altering population demography (Cristobal 
Azkarate et al., 2017; Klass et al., 2020a; Rudran & Fernandez-Duque, 2003).

Habitat fragmentation can alter the demographic structure in several ways. The 
dense, small populations often found in fragments can show increased vulnerability 
to random environmental and demographic fluctuations (Arroyo-Rodriguez et al., 
2008; Chiarello, 2003; Umapathy & Kumar, 2003), which may cause subsequent 
unpredictable changes to population composition. The high primate population den-
sities and/or reduced habitat quality often found in small forest fragments (Arroyo- 
Rodriguez & Dias, 2010; Laurance et al., 2017) can increase levels of nutritional 
and physiological stress (Cristobal-Azkarate & Dunn, 2013; Rangel-Negrín et al., 
2014) caused by increased competition for resources. These stressors can in turn 
reduce reproductive rates (Rangel-Negrín et al., 2014) or increase individual mor-
tality (Cristobal-Azkarate et  al., 2005; Pride, 2005), causing further changes to 
population size and composition over time. Increased competition for limited 
resources in fragments can affect specific age/sex classes more than others. For 
example, fragment area was found to be a central variable determining the propor-
tion of juveniles in populations of ring-tailed lemurs (Lemur catta) in fragments in 
Madagascar (Gould & Cowen, 2020), and high rates of juvenile mortality in forest 
fragments were recorded in lion-tailed macaques (Macaca silenus) in the Western 
Ghats, India (Umapathy et al., 2011). However, some species are also able to effec-
tively utilize resources in the matrix, which can mitigate some of the negative demo-
graphic effects of fragmentation (Steffens et al., 2021).
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2.5.2  Dispersal

Dispersal is at its foundation a movement behavior (Nathan et al., 2008); thus, any-
thing that alters or restricts movement among locations/social groups, such as 
anthropogenic habitat fragmentation, will affect the dispersal of individuals in a 
population and, subsequently, population demography. Dispersal is a key individual 
life history stage that shapes many demographic parameters such as fertility and 
mortality rates and population structure, for example, via the composition of social 
groups and group and population sex ratios (Lawler, 2011).

The population structure of primates in fragments may be affected by changing 
dispersal patterns in several ways. Skewed sex ratios and reduced mate availability 
often characterize the small, dense populations found in fragments (Bergl & 
Vigilant, 2007; Ferrari et al., 2013; Oklander & Corach, 2013). Dispersal rates may 
therefore increase as individuals are forced to leave their natal fragment in search of 
reproductive opportunities elsewhere. Dispersal rates and the sex ratio of dispersing 
individuals may also be affected by increasing competition for resources in small, 
densely populated fragments (Cristobal-Azkarate & Dunn, 2013; Jones, 2005; 
Oklander & Corach, 2013).

Larger isolation distances between fragments or matrix types that prevent or 
restrict movement can reduce dispersal rates, cause increases or decreases in dis-
tances traveled during dispersal events, and lead to non-random movement paths 
through the matrix (e.g., howler monkeys, Alouatta spp., Arroyo-Rodriguez & Dias, 
2010; Mandujano et al., 2004; Cross River gorillas, Gorilla gorilla diehli, Bergl & 
Vigilant, 2007; titi monkeys, Callicebus spp., Ferrari et al., 2013). During dispersal 
through non-forest matrix types, monkeys may be forced to move close to or on the 
ground, which can make them more vulnerable to hunting and predation, for exam-
ple, from dogs (Canis lupus familiaris, Pozo-Montuy et al., 2011). In species with 
sex-biased dispersal, increased mortality rates for the dispersing sex during transi-
tion through the matrix can affect both sex ratios in the population as a whole and 
also within specific fragments.

Males and females may be affected in different ways by the higher costs of dis-
persal through the matrix. For species where both males and females disperse, some 
studies have shown that one sex tends to become more philopatric in fragments 
(e.g., increased female philopatry in black-and-gold howlers (Alouatta caraya) in 
forest fragments when compared to a population in continuous forest; Oklander & 
Corach, 2013). Such sex-specific changes to dispersal patterns can alter group com-
positions and sex ratios in fragments and the fragmented landscape overall, effects 
which may be further exacerbated if the dispersing sex experiences higher mortality.
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2.6  Secondary Effects of Fragmentation

One of the major issues with determining the effects of fragmentation on a given 
species is the prevalence of secondary effects of fragmentation which can be posi-
tive, negative, or neutral (Fahrig, 2003). For example, if habitat fragmentation 
results in a decline of predator species that prey on a given primate, this may result 
in increases in primate population size. Fragmentation may also open up corridors 
for new predators (in particular humans and domestic species) that can have pro-
found effects on communities in fragmented landscapes. Given that these effects are 
complicated and occur in dynamic systems, they must be examined in a nuanced 
way, not only at the species level but also site to site.

2.6.1  Predation Risk in Fragments

Large predators are some of the first species to disappear from landscapes undergo-
ing habitat fragmentation due to large habitat area requirements (Taylor et al., 2016). 
A decline in predators should result in an increase of prey populations as long as the 
other effects of fragmentation do not lead to a net greater population decline. This 
positive effect has been observed in a number of primate populations (macaques, 
Macaca spp.: Singh, 2019; vervets, Chlorocebus pygerythrus: Maurice et al., 2019; 
and baboons, Papio spp.: Taylor et  al., 2016). However, fragmentation can also 
increase predation via the introduction of new predators, in particular mesopreda-
tors and introduced species like domestic dogs (see Chap. 5, this volume). Primates 
in fragmented landscapes are often under increased predation risk by dogs (Mendes- 
Pontes & Soares, 2005) which can result in even higher predation rates than would 
be expected from a native predator. Primates themselves are often mesopredators, 
resulting in a competitive advantage when large predators are missing. For example, 
reduction of predators such as leopards (Panthera pardus) resulted in increasing 
baboon populations which are prolific omnivores that can predate on a wide variety 
of species (Taylor et al., 2016).

Predation risk in fragments coupled with decreased availability of preferred hab-
itat can result in the selection of novel sleeping sites. Some primates appear to 
preferentially select forest-agriculture mosaics to avoid predation. For example, 
northern pig-tailed macaques (Macaca leonina) use roadside oil palm plantations as 
sleeping site in Bangladesh (Ahmed & Naher, 2021), hamadryas baboons (Papio 
hamadryas) use non-native palm trees rather than cliffs in Ethiopia (Schreier & 
Swedell, 2008), and mantled howlers (Alouatta palliata) in Central America inhabit 
coffee plantations (McCann et al., 2003). These sleeping sites may have fewer natu-
ral predators but potentially allow for easier detection by remaining predators due to 
lack of foliage or the need to move terrestrially because of discontinuous habitat 
(Chapman et  al., 2006). Additionally, the movement of primates into these 
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human-dominated zones for predator protection invariably leads to increasing 
human-primate interactions.

2.6.2  Human-Wildlife Interactions

Fragmentation of a primate’s natural habitat can lead to the expansion of primate 
populations into areas of high human habitation or increased access to a primate’s 
habitat by humans (Maurice et  al., 2019; Singh, 2019; Taylor et  al., 2016). The 
urban environment offers an abundance of anthropogenic, often high-quality, food 
resources, but this often leads to associated conflict with humans (see Chap. 8, this 
volume). Crop foraging in more rural areas and foraging in markets and homes in 
urban areas are common forms of primate-human interactions that can sometimes 
have negative outcomes (Anand & Radhakrishna, 2020; Taylor et  al., 2016). 
Primates in forest fragments within or near urban environments frequently attack, 
bite, or otherwise injure people, either provoked or unprovoked (Goldberg et al., 
2006; Skorupa, 1988). Agonism from humans can lead to aggressive behavioral 
strategies that unfortunately lead to cycles of further conflict (Nekaris et al., 2013; 
Uddin et al., 2020). Mitigation of these conflicts is possible, but requires a good 
understanding of the underlying causes of conflict and respectful cooperation with 
local stakeholders (Anand & Radhakrishna, 2020; Nekaris et  al., 2013; Uddin 
et al., 2020).

In areas of where negative interactions occur, humans typically consider pri-
mates as pests which can lead to negative population outcomes (Maurice et  al., 
2019; Taylor et al., 2016; Uddin et al., 2020). For example, a study in India showed 
that most people wanted to control populations of urban primates by either translo-
cation or sterilization (Pebsworth et al., 2021). However, these interactions are not 
universally negative; many primate species are associated with spirituality or taboos 
and are thus protected or provisioned (Uddin et al., 2020). For example, critically 
endangered Coquerel’s sifakas (Propithecus coquereli) were found in high abun-
dance in fragments near human settlements against expectations, with the authors 
hypothesizing that local taboos provided protection to sifaka groups ranging near 
the village (Ramilison et al., 2021). The complicated nature of human-primate inter-
actions makes quantifying and interpreting these interactions difficult. Measures of 
anthropogenic disturbance such as the distance to the nearest settlement or the pres-
ences of trails may be uninformative or even misleading if hunters travel large dis-
tances into remote areas and avoid paths because of legality (Steffens & Lehman, 
2019). Holistic approaches that involve qualitative methods, such as ethnoprimatol-
ogy, may be a more effective way of measuring human-primate interactions in frag-
mented habitats (Nekaris et al., 2013).

Increasing levels of human-primate interactions can lead to both anthroponotic 
and zoonotic disease transmission (see Chap. 9, this volume). In human-dominated 
fragmented landscapes, the increased proximity to humans may put populations of 
primates at risk due to their susceptibility to human diseases like scabies, intestinal 
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parasites, measles, metapneumovirus, and tuberculosis (Palacios et al., 2011; Wallis 
& Lee, 1999). Conversely, diseases transferred from primates to humans can have 
negative public health consequences. For example, Simian foamy viruses, a group 
of frequently transmitted retroviruses, have been detected in different human popu-
lations, including hunters (Gessain et al., 2013), laboratory and zoo workers (Switzer 
et al., 2004), and visitors to temples (Jones-Engel et al., 2007). The risk of disease 
transmission in both directions makes the need to understand human-primate inter-
actions in fragmented landscapes all the more vital. However, primatologists them-
selves must be careful not to unknowingly put their study populations at risk. For 
example, genomic evidence suggests that apes, African and Asian monkeys, and 
some lemurs are likely to be highly susceptible to SARS-CoV-2 (Melin et al., 2020).

2.7  Conclusion and Future Directions

In this chapter, we have presented a relatively small proportion of the research done 
on primates in fragmented habitats. In reality, most primates, even those living in 
so-called pristine or undisturbed habitats, are affected by habitat loss and fragmen-
tations at some scale. This is especially true in the context of global climate change, 
which is predicted to have significant negative effects on most primate habitats 
(Stewart et al., 2020; Chap. 6, this volume). While primates display some trends, 
such as the importance of habitat area and the ability to disperse between habitat 
patches, the overall picture of fragmentation research in primates is that it is com-
plicated and species-specific, if not population- and/or site-specific. Some of this 
complication is due to theoretical questions and issues in study design and analyses. 
For example, are we studying primates at the right scale to identify the effects of 
habitat loss and fragmentation (Galán-Acedo et al., 2018; Jackson & Fahrig, 2012; 
Mcgarigal & Cushman, 2002; Moraga et al., 2019)? Scale of effect refers to the 
minimum size of an area at which we can observe variation in the response of an 
animal to changes in their environment. Issues with scale of effect occur when 
researchers study the ecology of an animal at a scale that is too small or too large to 
understand whether variation in some habitat condition can affect their ecology. For 
example, we may incorrectly conclude that access to fresh water is not important to 
the distribution of a primate species if the study was done at a small scale where all 
groups in the sample are located a short distance away from fresh water. To under-
stand the effect that access to this resource has on the distribution of the species, it 
would be necessary to survey an area at a scale where some individuals in the sam-
ple have to put more effort into accessing water bodies than others. However, issues 
with scale of effect are not always considered when studying the ecology of pri-
mates in fragmented landscapes (Steffens et al., 2020). This issue is further compli-
cated by the fact that primates also display a remarkable ecological diversity and 
flexibility in response to habitat loss and fragmentation, particularly in the face of a 
multitude of interconnected secondary effects occurring in fragmented landscapes. 
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Thus, their responses to these complex, interrelated secondary threats may also 
occur at varying scales of effect.

One area of primate fragmentation research that will likely grow in the future is 
the continued adoption of theoretical paradigms and mathematically rigorous mod-
elling approaches from the general ecology literature. For example, the modelling 
of metapopulation dynamics in fragmented landscapes has only been applied to 
primates sparingly (Lawes et  al., 2000; Mandujano & Escobedo-Morales, 2008; 
Steffens & Lehman, 2018) despite being widely used in other species for some time 
(Hanski, 1998). The application of methods like these to more primate species will 
certainly be an exciting addition to the current literature. However, rather than argue 
that primatologists should just be more quantitative, we suggest a more holistic 
approach. Primatologists should lean into the strengths of our field that was born out 
of the social sciences. Qualitative methods and new perspectives on quantifying 
human-animal interactions, such as those used in ethnoprimatology (Chap. 12, this 
volume), will provide many valuable insights into some of the outstanding issues in 
fragmentation research, especially if integrated alongside other approaches. This 
synthesis of multiple paradigms is not just an intellectual exercise. Given the alarm-
ing declines seen in primates across the world in increasingly fragmented land-
scapes, determining the effects of habitat loss and fragmentation on primates is vital 
for their continued survival.
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Abstract Habitat loss is the greatest threat to primate survival. However, land 
altered for logging or agricultural developments is often abandoned and can regen-
erate after use. These regenerating forests are critical for the future of primate con-
servation as they provide habitats and connectivity between mature forest fragments. 
They can also contribute to climate change mitigation. In this chapter, we introduce 
what constitutes a regenerating forest, how widespread they are, and how secondary 
succession varies depending on disturbance history and ecological characteristics. 
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We also examine the role primate seed-dispersal plays in forest regeneration: from 
the transportation of seeds to changes that occur within a primate’s gut that facilitate 
germination and impacts on plant communities. We consider how primates might 
cope with living in a regenerating forest, in terms of behavioral plasticity, from 
changes in diet to ranging patterns or group cohesion. We argue that the study of 
primates in regenerating forests is currently lacking and will be pivotal for future 
primate conservation planning.

Keywords Behavioral flexibility ·  Conservation ·  Forest regeneration ·  
Reforestation ·  Secondary succession ·  Seed dispersal

3.1  Introduction to Regenerating Forests

Deforestation is converting forests into anthropogenically-modified landscapes at 
alarming rates, and the associated habitat loss is one of the greatest threats to pri-
mate populations (Estrada et  al., 2017). Examples of anthropogenic drivers of 
deforestation in the tropics include clearance of land for agriculture and cattle 
ranching and logging for timber or mining (Coomes, 1995). While the global rate of 
deforestation has slowed over the last 30 years, rates continue to rise in many pri-
mate range countries such as Madagascar, Indonesia, and Brazil (Estrada et  al., 
2018; Kalbitzer & Chapman, 2018). The sheer volume of past and projected forest 
loss is staggering – 178 million ha of forest has been lost globally between 1990 and 
2019 (FAO, 2020). This loss of tropical forests is detrimental to forest-dependent 
species, including the 78% of primate species that are strictly arboreal (Galán- 
Acedo et al., 2019a). These species provide important ecosystem services (e.g., seed 
dispersal, pollination; Arroyo-Rodríguez et al., 2017a) in addition to the services 
provided by the continued presence of standing forests (e.g., climate regulation; 
Diaz et al., 2006). The synergistic effects of losing standing forests and key species 
will affect the resilience of these ecosystems to climate change (Sales et al., 2020).

Regenerating forests, which are forests that grow on land that was previously 
deforested, are fast becoming important refuges for primates in the twenty-first cen-
tury as they are the dominant land cover in anthropogenically-modified landscapes 
(Arroyo-Rodríguez et al., 2017a). In fact, many primate species use regenerating 
forests across the different primate-habitat regions (Fig.  3.1). Although 90% of 
remaining forests worldwide are classified as “naturally regenerating” (FAO, 2020), 
this is a misleading statistic as “naturally regenerating” is a broad term referring to 
a wide range of forests in different stages of succession. Some are highly homoge-
nous and unable to sustain high levels of biodiversity, whereas others may be struc-
turally and compositionally heterogeneous with relatively high levels of biodiversity, 
although often not as high as mature forests (Barlow et al., 2007).

Many terms are used interchangeably for regenerating forests including second-
ary, successional, second growth, and regrowth (Chokkalingam & de Jong, 2003). 
Similarly, mature forest has been referred to as primary, old growth, mature, and 
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Fig. 3.1 The percentage of species in each primate genus reported by Galán-Acedo et al., 2019b, 
to use regenerating forests (RF) by region: (a) Asia and mainland Africa and (b) Madagascar and 
the Neotropics. (Taxonomy following Estrada et al. 2017)

virgin (Clark, 1996). For the purposes of this chapter, we will be using “regenerat-
ing forest” because other terms such as “secondary forest” imply poor quality. We 
will also use “mature forest” because terms like “primary/virgin” do not accurately 
reflect the status of many forests that have been inhabited by Indigenous people for 
millennia, who may have influenced the structure of tropical forests (White & 
Oates, 1999).
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The structural and compositional complexity of regenerating forests, along with 
their abundance, makes them important areas that should be prioritized for biodiver-
sity conservation (Chapman et al., 2020). Although the importance of studying pri-
mates in regenerating forests has been highlighted recently (Chapman et al., 2020), 
it is still an emerging field. In this chapter, we summarize the available information 
and identify gaps in our current knowledge on this topic to encourage future research 
in this field. In particular, we distinguish between active and passive regeneration 
practices and place forest regeneration into the context of landscape-scale ecology. 
We then focus on the process of forest regeneration through secondary succession 
and explore how primates contribute to forest regeneration through seed dispersal. 
We then examine the behavioral and dietary modifications that primates employ to 
survive in regenerating forests. Finally, we conclude with why regenerating forests 
are important habitats and essential for the conservation of primate populations.

Forests can regenerate on lands that have been deforested as a result of natural 
disturbances (e.g., hurricanes or forest fires) or anthropogenic activities (e.g., aban-
donment of cattle pasture or cropland; FAO, 2020), and this can happen at different 
spatial scales. For instance, an area cleared for agriculture may become less fertile 
and, therefore, lose economic value over time. Once abandoned, this area may be 
able to regenerate naturally through the process of secondary succession (see Sect. 
3.3). On the other hand, small-scale disturbances such as tree-fall gaps, occurring 
when trees naturally fall, allow light to penetrate the canopy, leading to changes in 
plant species composition in small areas (Whitmore, 1989). These are examples of 
passive forest regeneration. In addition to passive regeneration, seeds can be planted 
to restore an area through reforestation, also referred to as active regeneration or 
active reforestation. Unfortunately, active reforestation can be costly (Corbin & 
Holl, 2012) and time-consuming and is met with mixed success, as levels of biodi-
versity in patches may remain low for decades (Wheeler et al., 2016). Active refor-
estation often takes place within an agroforestry context in the form of live fences 
and/or tree plantations (Lazos-Chavero et al., 2016) and may include exotic species 
that are economically beneficial to local communities.

3.2  Regenerating Forest as a Part of the Matrix

In this section, we will examine regenerating forests within the context of landscape 
ecology. Anthropogenically-modified landscapes are matrices comprised of differ-
ent land covers, containing important habitats and resources for primates (Galán- 
Acedo et al., 2019b). These may include logged areas, agricultural fields, plantations, 
urban areas, waterbodies, stands of regenerating forests, and mature forest patches, 
among others.

At the landscape scale, regenerating forests can act as corridors bridging the gap 
between mature forest patches that have become isolated following habitat frag-
mentation (Raboy et al., 2004). These corridors facilitate dispersal, offer access to 
seasonal food resources not available in remnant mature forest patches, and provide 
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sleeping sites (Asensio et al., 2009; Baguette & Van Dyck, 2007). Planted corridors 
are often comprised of both exotic and native plant species, and primates use them 
both to travel between patches and as food sources (lion-tailed macaques, Macaca 
silenus, Singh et al., 2001; lemurs, Ganzhorn, 1987; Ganzhorn et al., 1999; platyr-
rhines, Luckett et al., 2004; slow lorises, Nycticebus javanicus; Nekaris et al., 2017). 
Ideally, for these corridors to be used by primates, they should contain fast-growing 
tree species and species that provide food resources (Ganzhorn, 1987; Ganzhorn 
et al., 1999; Singh et al., 2001). Enriching the corridor with trees of economic value 
to local communities (e.g., trees that can be used as timber) can ensure that corridors 
provide use to both humans and primates (Estrada, 2013).

Regenerating forests are important habitats for primates within anthropogenically- 
modified landscapes as they may provide an immediate refuge following habitat 
disturbance/modification. They may also contribute to the long-term maintenance 
of populations, particularly in landscapes composed largely of regenerating forests. 
For instance, many primate-habitat regions in Mesoamerica have a long-standing 
history of slash-and-burn agriculture, and the remaining habitats are a mosaic of 
mature forest patches surrounded by forests in different stages of succession 
(DeClerck et al., 2010). Primates in these regions use regenerating forests not only 
as corridors but also for feeding and other activities (Ramos-Fernández & Ayala- 
Orozco, 2003; Rodrigues, 2017). It is important to study primates in such land-
scapes to establish whether species and populations can persist without or with 
minimal access to mature forests as their core habitat.

By facilitating forest regeneration, we ensure that these forests will survive for 
both primates and humans alike. Sometimes, regenerating forests are not protected 
from degradation as they are considered of low conservation concern and may exist 
outside of protected areas. While protected areas are at the forefront of conservation 
planning, they often fall short in terms of their size and level of protection. For 
instance, currently, only 18% of all forests fall within protected areas (FAO, 2020). 
More needs to be done to protect forests for primates and biodiversity as a whole, 
including promoting forest regeneration and protecting regenerating forests from 
degradation. Forest regeneration is a fast way to regain the properties that make 
forests so important  – as habitats for wildlife and for climate change mitigation 
through carbon storage.

3.3  Successional Pathways

In this section, we will introduce the ecological processes that underpin forest 
regeneration, discussing the effect that various pathways have on the structure and 
composition of regenerating forests. Secondary succession in tropical forests refers 
to the change in dominant species occupying an area over time, after that area has 
experienced a disturbance (Chazdon, 2014). It is therefore the process by which a 
deforested area regenerates. Directly after an anthropogenic or natural disturbance 
clears vegetation from the land, fast-growing, light-demanding (shade-intolerant) 
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tree species, grasses, vines, and shrubs establish in the area (Guariguata & Ostertag, 
2001). This stage of secondary succession is often referred to as the “pioneer stage” 
(Chazdon, 2014). Throughout the early and late stages of secondary succession 
(5–20 years after disturbance), pioneer species grow in height and start closing the 
forest canopy. As tree canopies expand, less light reaches the forest floor and pre-
vents seedlings of shade-intolerant species from establishing (Chazdon, 2014). As 
such, pioneer species start being replaced by shade-tolerant species, and the regen-
erating forest contains both shade-tolerant and shade-intolerant species (Chazdon, 
2014). At this stage of secondary succession, the regenerating forest patch is struc-
turally similar to mature forests with tree diameter, height, and biomass assimilating 
that of mature forests (Chazdon, 2014). Although species richness (the number of 
species) may be similar to mature forests 40 years after a disturbance (Aide et al., 
2000), species composition can take hundreds of years to approach mature forest 
levels (Dent & Wright, 2009; Guariguata & Ostertag, 2001). For example, the den-
sity of Brosimum alicastrum, a tree species important in the diet of Geoffroy’s spi-
der monkeys (Ateles geoffroyi), occurred at 288 individuals per hectare in mature 
forests compared to <1 individual per hectare in regenerating forest <40 years old 
(Ramos-Fernández & Ayala-Orozco, 2003). During the “climax” stage of succes-
sion, large-seeded tree species increase in abundance, and the canopy becomes 
dominated by shade-tolerant species. A regenerating forest patch can be considered 
“old growth” when its structure and species composition are relatively stable 
(Chazdon, 2014).

The process by which plant species establish in a disturbed area can follow many 
different successional pathways (Arroyo-Rodríguez et al., 2017a). These pathways 
are influenced by a mixture of disturbance history (type, frequency, and duration of 
the disturbance), biotic (e.g., presence of vertebrate seed dispersers, quantity of 
seeds in the seed bank) and abiotic factors (e.g., light availability, climate, soil qual-
ity) (Chazdon, 2014; Guariguata & Ostertag, 2001). These factors are particular to 
each forest stand (Guariguata & Ostertag, 2001), and, as such, no two regenerating 
forest plots will follow exactly the same successional pathway (Arroyo-Rodríguez 
et al., 2017a). Forest patches of the same age may therefore differ in their composi-
tion. Changes in plant species composition during forest succession may affect pri-
mates through changes in the availability of feeding trees and resting sites, favoring 
some species and providing a challenge for others. For instance, tamarins (Saguinus 
mystax and Leontocebus nigrifrons) increased both the time spent foraging on fruits 
and the number of species consumed in a regenerating forest over an almost 20-year 
period, likely the result of increasing habitat quality as the forest aged (Heymann 
et  al., 2019). Similarly, Sorensen and Fedigan (2000) found that the biomass of 
primate food sources increased as regenerating forest aged.

It is important to consider spatial scale in studies of the effect of forest regenera-
tion on primates. Successional pathways in a particular forest patch depend on 
landscape- scale factors, such as the amount of mature forest in the landscape, the 
connectivity between forest patches, and the type of landscape matrix – i.e., the 
different land covers surrounding forest patches, such as cropland, urban settle-
ments, and waterbodies (Arroyo-Rodríguez et  al., 2017a). These factors will 
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determine the likelihood of seed dispersers, including primates, arriving at a regen-
erating forest patch; some primate species that frequent degraded habitats promote 
the establishment of diverse plant species in these areas by carrying seeds from 
mature forest patches (Kaplin & Lambert, 2002; Martinez & Razafindratsima, 2014; 
Wunderle Jr, 1997). Regenerating forest patches close to or connected to mature 
forest are, thus, more likely to contain mature forest species than isolated patches 
(Dent & Wright, 2009). It is vitally important to study forest regeneration and its 
effects on primates at the landscape scale (Arroyo-Rodríguez et al., 2017a), as pri-
mates depend on and contribute to the structure and composition of regenerating 
forests in their environments, yet studies of this nature are lacking.

3.4  The Importance of Primate Seed Dispersal 
in Forest Regeneration

In this section, we introduce the mechanisms of seed dispersal and how primates 
contribute to forest regeneration. Seed dispersal is a fundamental process in a plant’s 
lifecycle and is vital for both ecosystem resilience and functioning (Howe & 
Smallwood, 1982; Wang & Smith, 2002). It plays a key role in influencing plant 
fitness and demography dynamics. Seeds dispersed away from the parent plant can 
escape factors that may increase mortality in the vicinity of the parent, such as 
increased intraspecific competition and interactions with natural enemies (Howe & 
Smallwood, 1982; Razafindratsima & Dunham, 2015; Wang & Smith, 2002).

Seed dispersal also plays an important role in natural succession and the regen-
eration of newly formed habitats. It helps plants establish in new sites and influ-
ences the composition of the future vegetation community (Howe & Miriti, 2004; 
Razafindratsima & Dunham, 2016; Schupp & Fuentes, 1995). Thus, it can facilitate 
the natural regeneration of degraded landscapes (Chazdon & Guariguata, 2016), 
consequently reducing management costs associated with active reforestation proj-
ects (Farwig & Berens, 2012). While some regenerating forests may benefit from 
seeds that are already within the soil (seed bank), in most cases, succession depends 
on the arrival of seeds from mature forests that are often dispersed by frugivores 
(Alvarez-Buylla & Martínez-Ramos, 1990; Duncan & Chapman, 1999; Guariguata 
& Ostertag, 2001). Some plant species are even unable to reach and establish in 
certain sites without animal seed dispersers (Albert et al., 2015; George & Bazzaz, 
1999; Myers & Harms, 2011). Often, large-seeded plant species rely on large pri-
mate frugivores for their dispersal (Balcomb & Chapman, 2003; Kitamura et al., 
2002; Peres et al., 2016). For example, in Kibale National Park, Uganda, the seeds 
of the plant species Monodora myristica are primarily dispersed by three large- 
bodied primates (chimpanzees, Pan troglodytes; baboons, Papio anubis; and gray- 
cheeked mangabeys, Lophocebus albigena) because these are the only frugivores 
able to open their hard-husked fruits (Balcomb & Chapman, 2003). The absence of 
large-bodied frugivorous species can, therefore, result in limited dispersal and 
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recruitment of large-seeded plants (Cordeiro & Howe, 2001; Wotton & Kelly, 2011). 
Regenerating fragments where large-bodied primate frugivores are absent have 
fewer primate-dispersed plant species and are dominated by plants that are dis-
persed by other means (e.g., by birds or through abiotic means such as wind or bal-
listic ejection; Cordeiro & Howe, 2001; Ganzhorn et al., 1999; Effiom et al., 2013). 
This change in plant species composition and density within the community high-
lights the importance of primate-mediated seed dispersal in regenerating forests to 
maintain similar plant communities to remnant forest patches.

Primates are critical seed dispersal agents of many angiosperms in tropical forest 
ecosystems (Lambert & Garber, 1998; Razafindratsima et  al., 2018; Sussman, 
1991). Besides playing an essential role in transporting seeds into the regenerating 
forest, primates can also affect the probabilities of germination and recruitment of 
the seeds that they disperse through endozoochory (in which seeds are ingested, 
pass through animal gut, and get dispersed via defecation). For instance, seeds 
ingested and defecated by frugivorous lemurs in Madagascar were found to have 
higher germination rates and increased seedling growth than seeds that did not pass 
through their guts (Dew & Wright, 1998; Ramananjato et al., 2020; Razafindratsima 
& Martinez, 2012). The removal of fruit pulp from the seed by a frugivore can 
release it from potential germination inhibitors (Fuzessy et al., 2016; Traveset et al., 
2007). The mechanical and/or chemical scarification of the seed in the gut can also 
enhance germination and break dormancy  – i.e., the state in which the seed is 
unable to germinate under normal physical environmental conditions (Fuzessy 
et al., 2016; Traveset et al., 2007). In some cases, if seeds are not processed by ani-
mals, they may rot or be unable to break dormancy (Wunderle Jr, 1997). In addition, 
the fecal material accompanying the seed can act as a fertilizer facilitating seedling 
growth (Fuzessy et al., 2016; Traveset et al., 2007).

Encouraging primate frugivores to bring seeds from a mature forest into regener-
ating forests is pivotal in accelerating secondary succession; yet, it is an area of 
research that has received little attention (Chapman et al., 2020). Sites to be refor-
ested (restoration sites) should have characteristics that attract primate seed dispers-
ers, including the availability of key food resources and structural requirements 
such as refuge from predators (Duncan & Chapman, 1999; Wunderle Jr, 1997). This 
can be achieved by developing and/or maintaining forest or plantation corridors 
between the restoration site and the mature forest as well as planting key species 
and/or establishing human-made structures in the restoration site (Howe, 2016; 
Wunderle Jr, 1997). Restoration sites with remnant trees or early establishing spe-
cies can receive more zoochorous seed rain (i.e., seeds dispersed by animals) than 
sites without trees because they offer resources for seed dispersers (Duncan & 
Chapman, 1999; Guariguata & Ostertag, 2001; Reid et al., 2015). These remnant 
and early establishing trees can also serve as a seed source and facilitate the move-
ment of seed-dispersing animals (Chazdon et al., 2009a; Holl & Aide, 2011). For 
example, a restoration program established in the Masoala National Park (northeast-
ern Madagascar) successfully attracted red-ruffed lemurs (Varecia rubra) to dis-
perse seeds from the mature forest into regenerating forest patches by planting key 
food sources (Holloway, 2000, 2004; Martinez & Razafindratsima, 2014).
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To identify how to incorporate primate seed dispersal into restoration efforts, 
Chapman and Dunham (2018) posed five fundamental questions to guide and direct 
these efforts. These questions included identifying which primate species use regen-
erating forests and for what purpose, how to encourage them to use regenerating 
forests, which seeds are dispersed, and what the fate of these seeds is at various 
stages in their lifecycle. Identifying these variables is important as restoration strat-
egies are often context-dependent (Chapman & Dunham, 2018; Chazdon et  al., 
2009a; Chazdon & Guariguata, 2016). Additionally, understanding which aspects of 
regenerating forests may attract primates to visit them is important to increase seed 
rain and diversify the plant communities of these forests.

3.5  Primate Behavioral Ecology in Regenerating Forests

The vast ecological diversity in the order Primates makes describing the varied 
ways in which regenerating forests are used a challenge. In many cases, regenerat-
ing forests form part of the landscape matrix through which primates travel between 
mature forest patches, where they sleep or forage (Gascon et al., 1999). Regenerating 
forests can provide a more suitable substrate for travel than pastures or agroecosys-
tems, allowing for better connectivity in a heterogeneous landscape (Anderson 
et al., 2007; Galán-Acedo et al., 2019b). Some taxa make greater use of this regen-
erating forest matrix than others through landscape supplementation – or foraging 
in the spaces surrounding their habitat patch – which can constitute a substantial 
amount of an animal’s diet (Asensio et al., 2009). Finally, some primates, including 
howler monkeys (genus Alouatta) and some chimpanzee (genus Pan) populations, 
spend the majority of their time in regenerating forests (Arroyo-Rodríguez et al., 
2017b; Bicca-Marques, 2003; Bryson-Morrison et al., 2016).

The howlers and colobus monkeys (genus Colobus) are informally perceived as 
regenerating forest specialists, but the literature for these genera usually describe 
them using a complex, heterogeneous landscape that includes mature forests, farm-
lands, and other modified landscapes in addition to regenerating forests; roughly 
50% of species from each genus are known to live in regenerating forests (Fig. 3.1; 
Galán-Acedo et al. 2019b). Both groups are adapted for folivory but can use a range 
of food resources according to seasonal availability (Lambert, 2007; Nowak & Lee, 
2013). Despite the broad trend of success in these genera, survival in anthropogenic 
landscapes is not guaranteed, nor is it exclusive to these highly folivorous primates. 
The black-and-white colobus (Colobus guereza), for example, are more abundant in 
regenerating forests and edge habitats (Harris and Chapman 2007) and survive well 
in logged forests (Chapman et al., 2017). However, where black-and-white colobus 
populations show increased densities in logged forests, red colobus (Piliocolobus 
tephrosceles) populations in the same forests decline, even though the two species 
rely on many of the same food resources (Isabirye-Basuta & Lwanga, 2008). 
Longitudinal records at Kibale National Park, Uganda, make it clear that primate 
abundance patterns are complex and dependent on a wide variety of variables 

3 The Emerging Importance of Regenerating Forests for Primates in Anthropogenic…



38

(Chapman et al., 2017). In the Americas, howler monkeys (genus Alouatta) survive 
well in regenerating forests; most studies of howler monkeys are in regenerating 
forest or other anthropogenically-modified landscapes (Bicca-Marques, 2003), and 
they are among the first primates to return to regenerating forests following defor-
estation events (Sorensen & Fedigan, 2000). However, other platyrrhines also fre-
quent regenerating forests, including capuchins (genus Cebus) (Fedigan & Jack, 
2001; Sorensen & Fedigan, 2000), titi monkeys (genus Callicebus) (Heiduck, 2002), 
and even spider monkeys (genus Ateles) – large frugivores that are often perceived 
as ecologically sensitive (Arroyo-Rodríguez et al., 2017b; Chaves et al., 2011). In 
fact, at least 30% of the spider monkey home range in Punta Laguna, Mexico, is 
made up of regenerating forest <26 years of age (Ramos-Fernández et al., 2013).

Whether a primate species can survive in regenerating forests is often attributed 
to the species’ perceived ecological flexibility. It is widely assumed that generalist 
species will survive better than specialist species in changing habitats, but in fact 
there is no clear link between specialization and extinction risk (Nowak & Lee, 
2013). Labels such as “folivore” or “frugivore” may mask a primate’s true dietary 
flexibility, and specialist primates are probably less constrained by dietary prefer-
ences than we think – most primates switch their primary foods as resource avail-
ability fluctuates throughout the year (Lambert, 2007; Nowak & Lee, 2013). 
Likewise, behavioral flexibility may be overlooked in less-studied species; animals 
considered to be strict habitat specialists, for example, often prove to be more flex-
ible than previously believed upon further study (Hansen et al., 2020; Nowak & 
Lee, 2013). When discussing primate plasticity, the most commonly reported 
behavioral variation is a shift in diet, followed by sociological adjustments such as 
changing ranging patterns or habitat use (McLennan et al., 2017; Nowak & Lee, 
2013). With such flexibility, it is no surprise that many primates can alter their 
dietary intake to exploit plant species commonly found in regenerating forests 
(Bicca-Marques, 2003; Bryson-Morrison et al., 2016).

Our understanding of the effects of regenerating forest on diet or behavioral pat-
terns is limited to comparative studies between animals in “disturbed” landscapes 
and their nearby conspecifics in intact mature forests. Primates in anthropogenically- 
modified landscapes often show a decrease in travel and foraging time and increase 
in resting time due to patchily distributed resources (McKinney, 2019). Primates 
living in forest fragments must reduce their ranging patterns in response to available 
space, but long-term success of these populations seems dependent on their ability 
to use the matrix surrounding fragments (Bicca-Marques, 2003). While compara-
tive studies are immensely useful for our understanding of behavioral and ecologi-
cal flexibility, it is worth noting that their findings are likely site-specific, and 
patterns highlighted may be confounded by other factors like climate change and 
not influenced directly by forest structure (Isabirye-Basuta & Lwanga, 2008; Nowak 
& Lee, 2013; Chap. 6, this volume). We are also beginning to look at landscapes in 
a more nuanced manner, recognizing that there is a continuum of forest successional 
stages and anthropogenic modification (Chazdon, Peres, et al., 2009b). Landscape 
research has been heavily influenced by the “island biogeography” models of the 
1960s and has, therefore, focused primarily on forest patches; today, an integration 
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of matrix landscapes and varying forest structures is sorely needed (Galán-Acedo 
et  al., 2019c). Long-term studies of primates in regenerating forests are rare 
(Chazdon, Peres, et al., 2009b) but are essential for understanding the interactions 
of complex ecological communities (Chapman et  al., 2017; Isabirye-Basuta & 
Lwanga, 2008). Determining whether primate presence in regenerating forests is 
due to a preference or adaptation for this forest type, or simply because the primates 
have been pushed there through habitat loss, is an important goal that will require 
long-term study of multiple populations of diverse primate taxa.

3.6  Conclusion

This chapter highlights the gaps in our knowledge about how and when primates use 
regenerating forests. At present, only a few genera are regularly described as using 
regenerating forests, mostly African and Neotropical species, although a recent 
study highlighted that a diverse array of primate taxa use them (Galán-Acedo et al., 
2019b). There are, however, large gaps in our knowledge on the use of regenerating 
forests by Asian species, lemurs, and nocturnal primates (but see Bersacola et al., 
2019; Ganzhorn et al., 1999; Martinez & Razafindratsima, 2014). Although main-
taining mature forests and halting deforestation should remain the priority for con-
servation management plans, greater attention must be paid to the potential of 
regenerating forests in primate conservation (Chapman et al., 2020).

The literature on animals outside of mature forests typically considers a range of 
habitat types, collectively labelled the matrix, and is therefore not specific to regen-
erating forests. This chapter highlights the importance of exploring subtle gradients 
of landscape types and moving beyond the dichotomy of “natural” versus “unnatu-
ral” primate habitats. It is clear that regenerating forests are a dominant land cover 
globally and, as such, will become increasingly essential for primate conservation; 
forest regeneration on abandoned lands can create corridors and habitats and con-
tribute to climate change mitigation. Forest regeneration to levels of diversity and 
structure similar to mature forests is possible given the right circumstances (e.g., the 
presence of seed dispersers, soil that is still viable). However, without a concerted 
effort to protect these later successional forests from further degradation, their abil-
ity to sustain primate populations will be diminished. This limits the influx of seed 
dispersers, affecting future secondary succession as well as reducing the overall 
habitat available for primates within anthropogenically-modified landscapes. While 
primate seed dispersal can facilitate forest regeneration, this process is slow, and, in 
some cases, a combined approach of passive and active regeneration may be neces-
sary. In cases where the matrix is impermeable to large seed-dispersing primates, 
active planting interventions may be necessary to facilitate movement and aid seed 
dispersal into abandoned areas. Further study is needed to determine the long-term 
success of primate-dispersed seeds in regenerating forests and abandoned plots, and 
under which conditions, primates are able to disperse seeds into different areas to 
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establish which ecological factors encourage forest restoration/regeneration in 
abandoned areas.

With long-lived species like primates, it will take many years of study to deter-
mine the long-term stability of populations in regenerating forests. A landscape- 
scale approach across taxonomic and geographic boundaries is required to better 
understand which species frequently exploit regenerating forests, how they use 
them, and which species only use younger forests when absolutely necessary. 
Regenerating forests may provide the necessary landscape heterogeneity required to 
support primate populations in a rapidly changing world.
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Abstract Hunting of primates is an important source of nutritional and economic 
sustenance for many tropical rainforest inhabitants. However, this reliance has 
become one of the major drivers of species loss and disappearance. This therefore 
requires a review of the drivers of the hunting of primates, addressing unsustainable 
levels of off-take, as well as its multifaceted consequences. In this chapter, we dis-
cuss the commercial and nutritional value of wild meat being a great obstacle to 
primate conservation resulting in population decline of primate populations which 
negatively affects forest regeneration, human use of forest resources, and human 
health. Though debates are ongoing as to whether hunting should be banned or 
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regulated, we do not comment on these debates as they require focused attention 
and representation of multiple levels of stakeholders. What is certain is that the 
status quo is sustainable for neither people nor primates. We argue in this chapter 
that there is a need to reduce hunting pressure both to conserve endangered species 
and to reduce the risk of cross-species transmissions of viruses.

Keywords Primate conservation · Wild meat trade · Health risks · Cross-species 
transmission

4.1  Introduction

Hunting of wildlife is widespread in the tropics as an important way of procuring 
protein and nutrients for people (Bennett & Robinson, 2000; Lee et  al., 2000; 
Mukesh, 2010; Powell et al., 2013; Sirén & Machoa, 2008). Hunting has always 
been an integral part of local subsistence in tropical forests, but has increasingly 
become unsustainable given the increasing commercialisation of wild meat trades. 
This unsustainable off-take is considered one of the major drivers of species loss 
in the tropics after habitat destruction (Brodie et  al., 2021; Estrada et  al., 2017; 
Hoffmann et  al., 2010; Hughes, 2017; Milner-Gulland & Bennett, 2003; Peres, 
2011; Robinson & Bennett, 2000; Wilkie et al., 2011). Mammals rank top among 
the animals most affected by hunting, especially antelopes and primates (Braga- 
Pereira et al., 2020; Fa & Brown, 2009; Hegerl et al., 2017; Ripple et al., 2016; 
Topp-Jørgensen et  al., 2009). Primates are often the numerically dominant prey 
items harvested by Indigenous groups. This is the case throughout Amazonia, 
where primates rank higher than any other order of mammals in subsistence hunt-
ing efforts (Peres & Nascimento, 2006).

When combined with the multiplicative effects of habitat loss, hunting leads to 
the dramatic reduction of primate populations and to the extirpation of vulnerable 
primate species from habitats across their historical range (Estrada et  al., 2017; 
McGraw, 2007; Refisch & Koné, 2005). Miss Waldron’s red colobus (Piliocolobus 
waldroni), a species endemic to south-eastern Côte d’Ivoire and south-western 
Ghana, for example, may have been exterminated due to habitat loss and, ultimately, 
hunting (Oates et al., 2020). If confirmed, it will be the first primate taxon to have 
gone extinct in over 500 years (Linder et  al., 2021; McGraw, 2005; McGraw & 
Oates, 2002; Oates et al., 2000). The extinction of that monkey could signal the 
beginning of a wave of primate extinctions across Africa (McGraw, 2007). 
Population declines and local extinctions in relation to direct human exploitation 
are widely reported in South and Central America, including Guyana (Lehman, 
2000), Venezuela (Urbani, 2006), French Guiana (de Thoisy et  al., 2005), and 
Brazilian Amazonia (Peres & Palacios, 2007). Large cebids such as woolly mon-
keys (Lagothrix lagotricha), spider monkeys (Ateles paniscus), and red howlers 
(Alouatta seniculus) are usually the first target species and consequently are the 
most dramatically affected (de Thoisy et al., 2009).
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The loss of primates has cascading effects on entire ecosystems, as they are cru-
cial pollinators, seed dispersers, and browsers; therefore, their absence reduces the 
diversity of plant species and the ability of the forest systems to recover from distur-
bance (Refisch & Koné, 2001). Recent studies have demonstrated that beyond its 
effects on biodiversity, hunting of primates may cause serious human health issues 
through the transmission of viral diseases from wild meat (Calvignac-Spencer et al., 
2012; Cantlay et al., 2017; Peeters & Delaporte, 2012). In this chapter, we review 
the drivers of the hunting of primates and highlight evidence addressing unsustain-
able levels of off-take, as well as its multifaceted consequences.

4.2  From Subsistence to Commercial Hunting of Primates

Hunting has always been a source of nutritional and economic sustenance for tropi-
cal rainforest inhabitants, who originally tracked and hunted game for their own 
subsistence and in a relatively sustainable way (Dounias, 2016). Forest dwellers 
continue to attribute paramount dietary, cultural, and symbolic value to wild meat, 
including primate meat (Dounias, 2016; Remis & Jost Robinson, 2014; Sirén & 
Machoa, 2008). These values are also strong among urban dwellers, who tend to 
prefer wild meat over domesticated meat and thus maintain a high market demand 
(Obioha et al., 2012). The harvesting of wildlife, in particular that of primates, pro-
vides a major source of animal protein and nutrients (America, Bodmer, 1995; 
Peres, 1990, 2000; Redford, 1992; Africa, Bennett & Robinson, 2000; Jenkins et al., 
2011; Schulte-Herbruggen et al., 2017; intercontinental comparison, Cawthorn & 
Hoffman, 2016; Fa & Peres, 2001; Hoffman & Cawthorn, 2012; Sarti et al., 2015). 
In West Africa, 25% of protein requirements were met by wild meat in the 1990s 
(Bennett & Robinson, 2000); exceptionally in Liberia, a country that had experi-
enced a long socio-political and military conflict, 75% of the meat consumed was 
from wild animals. In this instance, the challenges of living in a long-standing con-
flict zone may have inhibited the potential to identifying alternative sources of 
income in the country (Angelsen et al., 2014; Bennett & Robinson, 2000).

In addition to providing animal protein and nutrients, hunting finds its impor-
tance in local traditions from hunting technology to storytelling. In many communi-
ties, a hunter is well respected (Gurven & Rueden, 2006). Acquisition of animal 
trophies for personal adornment is a widespread practice (Secretariat of the 
Convention on Biological Diversity, 2011). Given its cultural importance, it is not 
surprising that communities in tropical countries continue to hunt, even if they have 
alternative sources of income and nutrition (Bennett & Robinson, 2000; Jost 
Robinson et al., 2017).

At present, the commercial value of wild meat has made hunting it a major 
source of income (Lindsey et al., 2007; Naidoo et al., 2016; Refisch & Koné, 2005; 
Saayman et al., 2011; Van der Merwe et al., 2014). A widespread trade has devel-
oped in many countries including in those where hunting is prohibited (Caspary 
et al., 2001). In the Arabuko Sokoke Forest in Kenya, local hunters earn more by 
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selling meat than the equivalent of the average annual income per capita (Okello & 
Kiringe, 2004; Wato et al., 2006). Chapman and Peres (2001) estimated that 3.8 
million primates are consumed annually in the Brazilian Amazon, which represents 
a mean market value of $34.4 million. Caspary and Momo (1998) estimated that in 
1996, 100,000 tonnes of wild meat entered the markets in Côte d’Ivoire, represent-
ing the equivalent of 1.4% of the gross domestic product. Over the past decades, 
wild meat commerce has undergone a dramatic acceleration in the Congo Basin 
(Nasi et al., 2011). The demand for wild meat is considerably intensified by densely 
populated settlements that are increasingly concentrated within wildlife habitats. 
That situation is exacerbated by political and economic instability, corruption, infra-
structure building (for hydroelectric production, fossil fuel extraction, logging, and 
mining), and expanding urban and rural populations (Fa et al., 2002).

The profits derived from hunting vary considerably. For example, in Côte 
d’Ivoire, restaurant owners, market keepers, and intermediaries, rather than the 
hunters themselves, are the people who derive the greatest profit from wild meat 
markets (Caspary et al., 2001). Hunters may only make a profit if they kill multiple 
medium- or large-bodied species, such as duikers and larger primates. Given that 
many of these species are concentrated in national parks and reserves where hunting 
is prohibited, it means that hunters, who derive the least profit, simultaneously face 
the highest risk of being arrested. Further, those individuals who are hunting wild 
meat often come from low-income groups. They are often hired by gun owners (e.g. 
restaurateurs) to hunt to supply a commercial market (Refisch & Koné, 2005). In the 
Congo Basin, Indigenous hunters who were once the major suppliers of wild meat 
to markets are now vulnerable, economically, nutritionally, and culturally, as 
expanding commercial trades involve new actors and converge with other forms of 
illicit trade involving fearless and ruthless actors (Dounias, 2016; Jost 
Robinson, 2012).

4.3  Unsustainability of Primate Hunting

Given global population expansion, particularly in forested regions, even subsis-
tence hunting of game meat may now exceed sustainability (Wilkie et al., 1998). 
Food taboos may play an important role in determining hunting intensity in primate 
communities, but with the combination of immigration of people from different 
regions and already declining primate populations, the protection offered by such 
customs has decreased (Jimoh et al., 2012; Jones et al., 2008). Professionalisation 
of the wild meat trade to feed urban markets (Bennett & Robinson, 2000) along with 
advanced in hunting technology, especially the availability of shotguns (Braga- 
Pereira et al., 2020), has led to more efficient hunting. Together, these factors make 
current hunting pressures unsustainable, leading to dramatic impacts on wild pri-
mate populations.

Hunting has several direct effects on wildlife populations and may lead to local 
extinction of species in many cases (Cowlishaw & Dunbar, 2000; Ripple et  al., 
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2016). Furthermore, hunting for larger individuals can change the demography and 
reduce the proportion of animals in older age classes. Because of hunting, many 
populations are reduced in size and fragmented into small remnants where there is 
little or no contact in the form of inter-group encounters or dispersal. This has sev-
eral implications for the genetic make-up of the population. Random fluctuations 
due to genetic drift can accelerate the decline of wildlife populations for several 
reasons (Willi et al., 2006). Inbreeding, not necessarily a component of genetic drift 
but often associated with it in small populations, causes a reduction of average indi-
vidual fitness compared to the ancestral population in a wide variety of species. 
Even if the effect of fitness on inbred individuals is not large, the loss of genetic 
variation may reduce the ability of a population to adapt to changing environments 
(Bijlsma & Loeschcke, 2012). Studies suggest a link between inbreeding and greater 
susceptibility to infectious diseases (Altizer et al., 2003; Avecedo-Whitehouse et al., 
2003; Lively et al., 1990).

Hunting affects not only numbers but also primate behaviour (Koné & Refisch, 
2005). Since hunters most often target large-bodied animals which can generate 
higher revenue, individuals with medium-size body mass may be favoured, as 
shown in orangutans (Pongo pygmaeus) (Bennett, 1998). In theory, females may 
also increase fecundity to offset the mortality rate caused by hunting, but this has 
not been demonstrated for tropical forest species (Bennett & Robinson, 2000). It 
was reported that faced with human predators, monkeys adopt a temporary cryptic 
behaviour (Bicca-Marques & Heymann, 2013; Cäsar et al., 2012). Bshary (2000) 
documented that Diana monkeys (Cercopithecus diana) adjust their behaviour in 
hunted areas of the Taï National Park, Côte d’Ivoire. In fact, poachers in the Taï 
region often imitate animal calls to feign the presence of either leopards (Panthera 
pardus) or crowned hawk eagles (Stephanoaetus coronatus), which cause the mon-
keys to react with vocalisations and approach (Shultz, 2001; Zuberbühler et  al., 
1999). While this works in most areas, Diana monkeys in heavily hunted areas are 
rarely fooled by these imitations and remain cryptic. Koné and Refisch (2005) dem-
onstrated that hunting pressure did not cause any significant modification in the 
anti-predator behaviour of the western red colobus (Piliocolobus badius) that was, 
instead, dictated by the hunting pressure on the species by western chimpanzees 
(Pan troglodytes verus). Conversely, Diana monkeys responded to human predation 
pressure notably by spending most of their time in high forest strata, hiding system-
atically behind vegetation without alarm calling, reducing movements, and con-
stantly keeping a distance from each other and from any other animal.

Some species are more vulnerable than others. Among mammals, species with 
low intrinsic rates of reproduction are less resilient to hunting; this pattern holds 
true for most primate species. Species whose mating, nesting, social, or anti- predator 
behaviours make them easy to hunt are especially vulnerable (McGraw, 2007). It 
was demonstrated that the behavioural non-responsiveness of red colobus 
(Piliocolobus badius) to human predation increased the vulnerability of these mon-
keys to hunting (Koné & Refisch, 2005). Most primates are group-living species, 
and hunters can hunt more than one animal at one time. Furthermore, species with 
spectacular displays or loud calls are easy to detect and preferred preys of hunters. 
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Koné and Refisch (2005) suggest that the fact that Diana monkeys reduced their 
frequency of vocalisations and foraging in poached areas to avoid detection may 
lead to a disruption of social life that is partly regulated by vocalisations and to a 
decrease in energy intake resulting in lowered reproduction rates. They concluded 
that beyond the number of animals killed, the vulnerability of monkeys to hunting 
also lies in the counterproductive modification of their behaviour.

4.4  Multifaceted Consequences of Primate 
Population Decline

Reduction of animal population densities has cascading effects on the ecosystem. 
The plant community composition may be biased towards species that can repro-
duce in the absence of large animal pollinators and seed dispersers at the expense of 
the species which cannot. Chapman and Chapman (1995) estimated that 60% of the 
25 tree species they sampled in the Kibale National Park, Uganda, could potentially 
be lost if all frugivores were removed. However, there is little understanding as to 
how hunting activities alter the processes which govern the maintenance of biodi-
versity and the sustainability of forest ecosystems. Examples in which plant regen-
eration can be directly linked to the presence of a specific group of seed dispersers 
are restricted to relatively species-poor ecosystems (Brown & Heske, 1990). Some 
tight coadaptations seem to exist between elephants and larger fruits (Chapman 
et al., 1993; Stephen & Inkamba-Nkulu, 2004) and between lowland gorilla (Gorilla 
gorilla gorilla) and Cola lizae. Indeed, it has been documented that gorillas are the 
only important dispersers of Cola lizae (Voysey et al., 1999a, b).

The decline of primate populations may also affect human use of natural 
resources in forest-dwelling communities. Koné et al. (2008) explored the potential 
for monkey seed dispersers to maintain the utility of forest fragments for people 
through seed dispersal in the Taï region, western Côte-d’Ivoire. In this study, they 
compared the fruiting tree species dispersed by monkeys with those used by humans 
in the broader Taï region. Of this total set of 75 species of trees consumed by the 
monkeys of the Taï National Park, 52 (69%) were dispersed almost exclusively by 
monkeys and were also found in neighbouring forest fragments. Of the 52 fruiting 
forest tree species dispersed by Taï monkeys, 25 (48%) have some utility to local 
inhabitants for wood, food, medicine, or ritual purposes. The authors concluded that 
maintaining primate populations is important not only for forest regeneration but 
also for the people who rely on forest resources.

Hunting also plays an important role in the vertical and horizontal transfer of 
important local cultural traditions. For many tropical rainforest inhabitants, hunting 
practices are deeply rooted in their cosmologies and worldviews and directly influ-
ence their relationships to primates. For example, the Waiwai of Guyana are swid-
den agriculturalists whose diet is highly supplemented by animal protein, particularly 
that of black spider monkey (Ateles paniscus). For the Waiwai, these primates serve 
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not only as a protein source but as a means through which they realise and under-
stand the roles of all species in their forest environment (Shaffer et al., 2017). In the 
Central African Republic, BaAka hunter-gatherers, who once specialised in hunting 
arboreal primates using a traditional crossbow (gbano), have experienced the 
decline of this trade as primate populations are lost to hunting with firearms (Jost 
Robinson & Remis, 2018). Additionally, the decline of primate populations jeop-
ardises important rituals linked to some primate species, including critically endan-
gered species. Indeed, some of the rare plant or animal species occurring in the 
Tanoé-Ehy Forest, south-eastern Côte d’Ivoire, are very important for traditional 
practices (Zadou et al., 2011). For example, the scat of Geoffroy’s black-and-white 
colobus (Colobus vellerosus) is used for expiatory ceremonies by the “adouvlê”. In 
this community, the tenth child born of a woman remains cursed for life if the expia-
tory ceremony is not conducted. The same is true for a child born to a woman who 
has become pregnant without having had her period four times after a previous 
childbirth. The scat of Colobus vellerosus is also used in the purification ceremonies 
of women who have committed adultery.

4.5  Hunting and Zoonotic Infectious Diseases

Considering the West African Ebola outbreak of 2013–2015 and zoonotic disease 
emergence in general, including COVID-19, much global attention has turned to the 
risks associated with wild meat consumption and the risk of contracting animal- 
borne infectious diseases. The focus of this section is on the potential health risks 
that emerge through the hunting and consumption of wild meat. There are four main 
ways in which disease transmission to humans can occur through direct contact: (i) 
hunted and consumed wild animals; (ii) traded wild animals (including at markets); 
(iii) wild animals kept as pets at home or at restaurants/hotels or in zoos, sanctuar-
ies, or laboratories; and (iv) domestic or peri-domestic animals. Wild vertebrates 
including primates can be reservoirs of a wide range of pathogens. Harvesting wild 
meat and trading live animals can increase the risk of zoonotic spillover. For exam-
ple, hunters are exposed to disease risk if injured by an animal during its capture or 
if they cut themselves when butchering the animal and also when carrying their prey 
back home (LeBreton et al., 2006; Subramanian, 2012).

There are many examples where pathogens have crossed the species boundaries 
from animals to humans and vice versa. Wolfe et al. (2005) investigated the diver-
sity of human T-lymphotropic virus (HTLV) among Central African hunters and 
showed that these hunters were infected with a wide variety of HTLVs associated 
with many human illnesses (Wolfe et al., 2005). Another study found simian foamy 
virus infections among Central African hunters, concluding that retroviruses can 
cross into human populations via contact when getting in contact with blood and 
body fluids through hunting and butchering (Wolfe et al., 2004). Two of the most 
significant zoonotic disease transmissions in recent history are the human immuno-
deficiency viruses, HIV-1 and HIV-2, the two infectious agents for acquired 
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immunodeficiency syndrome (AIDS) in humans (Barre-Sinoussi et al., 1983; Clavel 
et al., 1986). The closest relatives of HIV-1 are simian immunodeficiency viruses 
(SIVs) that infect wild populations of chimpanzees (Pan troglodytes troglodytes) 
and gorillas in western and central Equatorial Africa. Chimpanzees were the origi-
nal hosts of this clade of viruses. Four lineages of HIV-1 have evolved by indepen-
dent cross-species transmission events to humans, and one or two of those 
transmissions from primates to humans may have been via gorillas (Sharp & Hahn, 
2010). The closest relatives of HIV-2 are simian immunodeficiency viruses in sooty 
mangabeys (Cercocebus atys) which live in West Africa (Hirsch et al., 1989). Chen 
et al. (1997) show that cross-species transmission from SIVs in sooty mangabeys to 
HIVs in humans has occurred at least six times. The possible reason is that sooty 
mangabeys and chimpanzees are both often kept as pets or hunted for food, thus 
resulting in their frequent direct contact with humans (Hahn et al., 2000). More than 
40 species of African monkeys are infected with their own, species-specific SIV, 
and some species can carry multiple SIVs (Hahn et al., 2000; Peeters & Courgnaud, 
2002; Peeters et al., 2002). These viruses are of relatively low pathogenicity in their 
hosts and usually do not induce symptoms, suggesting that they have evolved with 
their hosts over an extended period of time. However, recent evidence shows that 
SIVcpz can induce symptoms and result in reduced fertility in eastern chimpanzees 
(Keele et al., 2009).

The conclusion that HIV-1 stems from a virus infecting chimpanzee is interest-
ing, given the close phylogenetic relationship of chimpanzees and humans. This 
raises a number of questions: (i) “what is the origin of the chimpanzee virus?”, (ii) 
“did adaptation of SIVcpz to infecting chimpanzees enabled the virus to infect 
humans?”, and (iii) “is SIVcpz infection of chimpanzees of low pathogenicity?” 
(Sharp & Hahn, 2010). It is thought that SIV may have previously crossed the spe-
cies barrier into human hosts multiple times throughout history, but it was not until 
relatively recently with modern means of travel and globalisation that HIV spread 
beyond causing mortality in local populations. This conclusion is based on the anal-
ysis of strains found in four species of monkeys from Bioko Island in Equatorial 
Guinea, which was isolated from the mainland by rising sea level about 11,000 years 
ago, indicating that SIV must have been present in monkeys and apes for at least 
30,000 years and probably much longer (Worobey et al., 2010).

There are other diseases too which have had devastating impacts on both humans 
and great apes. Ebola virus disease (EVD), first documented in 1976  in the 
Democratic Republic of Congo and in South Sudan, can affect chimpanzees, goril-
las, and people. Hunters in Central Africa contracted EVD when opportunistically 
harvesting and handling infected gorilla and chimpanzee cadavers for meat con-
sumption (Leendertz et al., 2016). Previous outbreaks in Gabon and the Republic of 
Congo in the mid-1990s killed more than 90 per cent of the gorillas and chimpan-
zees in some areas, and further Ebola waves in the early 2000s killed thousands of 
great apes (Leroy et al., 2004). Walsh et al. (2003) estimated that it will take gorilla 
populations that experienced 95 per cent mortality more than 130 years to recover.

There is also evidence from other continents of the health risks associated with 
consumption of wild meat. A risk assessment of zoonotic disease in markets in Lao 
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People’s Democratic Republic indicated that the combination of high volumes of 
consumed wildlife, high-risk taxa for zoonoses, and poor biosafety increases the 
risk for transmission into the human population (Greatorex et al., 2016). In North 
America, several studies have also documented the potential disease risk and trans-
mission pathway associated with the import of live animals in trade (Can et  al., 
2019; Pavlin et al., 2009). The first reported case of monkey pox outside Africa, in 
2003, was linked to human infection by pet prairie dogs that had become infected 
by African rodents imported to the United States (Bernard & Anderson, 2006). The 
shift towards large-scale commercial hunting activities has increased the frequency 
of human exposure to primate retroviruses and other pathogens. The reduction of 
hunting pressure to sustainable levels is not only indispensable to conserve endan-
gered species, but it has also the potential to reduce the risk of cross-species trans-
missions of simian retroviruses.

4.6  Conclusion

Hunting has always been a source of nutritional and economic sustenance for tropi-
cal rainforest inhabitants. It has also always been a cultural practice with specific 
rules and systems of values in many societies. At present, the commercial value of 
wild meat has made hunting a major source of income leading to its unsustainabil-
ity. Hunting of primates combined with habitat destruction causes alarming popula-
tion decline. That decline is accelerated by the genetic drift associated with 
inbreeding and by negative behavioural changes including reduction of reproduc-
tion associated with increased stress.

The decline of primate populations negatively affects forest regeneration, peo-
ple’s use of forest resources, cultural references of many human societies, and 
human health. At present, large-scale development projects pose a risk at different 
levels. They lead to deforestation, migration of people, and increased trade in wild 
meat. They also increase the risk of emergence and spread of diseases as people and 
wildlife migrate, bringing new pathogens with them. Further changes in the envi-
ronment can also facilitate the emergence of infectious diseases. This highlights the 
need to better understand the linkages between changing environment and disease 
and the need to include health indicators in development planning. Debates are 
going on in several spheres as to whether hunting should be banned or regulated. We 
do not comment on these debates as they require focused attention and representa-
tion of multiple levels of stakeholders. What is not debatable is that the status quo is 
not an option for either people or primates.
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Abstract People are assisted by dogs in many activities which may bring them into 
contact with primates, often leading to negative interactions and outcomes for one 
or other species. People’s perceptions and behaviour towards dogs vary and are 
influenced by cultural and other factors. We present incidents of dog-primate harass-
ment and predation found during a literature review. We found that dog-primate 
contact can result in negative interactions and outcomes for one or other species, 
and we discuss how dogs influence primate populations globally via indirect inter-
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actions such as the transmission of disease. Observing direct interactions between 
dogs and primates is exceedingly rare due to the difficulty associated with observing 
these encounters, and we introduce single-species occupancy modelling as a method 
to conduct non-invasive research to investigate the effects of dogs on primates. We 
explore methods for mitigating dog-primate interactions. Finding effective ways to 
manage dog populations in collaboration with their owners and/or changing those 
owners’ behaviour in relation to their dogs is emerging as yet another challenge for 
primate conservation practitioners.

Keywords Conservation · Dog-primate interactions · Disease transmission · 
Human-animal relations · Occupancy modelling · One Health Approach

5.1  Introduction

Dogs (Canis familiaris) were first domesticated around 16,000 years BP and have 
been closely associated with people ever since (Perri, 2016). Due to this commensal 
affiliation (Gompper, 2014), free-roaming domestic dogs are now ubiquitous in 
landscapes everywhere except Antarctica and have diverse and, sometimes, cata-
strophic effects on native wildlife species (Young et  al., 2011). We define free- 
roaming dogs (hereafter dogs) as “dogs owned by one or more individuals or 
families that spend the majority of their time unconfined, able to roam freely away 
from their owner, and may acquire some or most of their food from a source other 
than their owner” (Kshirsagar et al., 2020:483). We differentiate between crop pro-
tection, livestock guarding and hunting dogs while appreciating that they may have 
multiple roles and also roam freely when not working. Dog presence brings the 
capacity for negative interactions, including zoonotic disease transmission, parasite 
exchange, a propensity for livestock and wildlife predation, as well as risk of injury 
to humans (Gompper, 2014; Young et  al., 2011). Inclusion of the “One Health” 
concept acknowledges a long-held understanding of the interconnected relationship 
between human health, animal health, and the health of the ecosystems in which 
they exist (Mackenzie & Jeggo, 2019; OIE, 2021).
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Despite the interest in dog-wildlife interactions for carnivore and ungulate spe-
cies (e.g. Gompper, 2014), the frequency and types of interactions between dogs 
and primates are not well known. A review of literature prior to 1986 revealed only 
seven incidences of primate mortalities due to dog attacks – the majority of which 
were on Asian terrestrial primates although multiple incidences of dog-primate 
interactions were recorded (Anderson, 1986). Reports of dog-primate interaction 
may have been scarce due to the difficulty of observing such events in the field and 
a lack of awareness of the potential importance of such interactions. For the pur-
poses of this chapter, we use Bengtson’s (2002) definition of successful predation as 
the predator killing but not necessarily consuming its prey. We also document pri-
mates being wounded by dogs as this has ramifications for disease spillover events, 
as well as incidents of dogs chasing primates which may affect primate group 
movements.

5.2  Human-Dog Relations

Human-dog relations can be diverse, complex, and culturally and regionally spe-
cific, and understanding them is essential when investigating the conservation of 
wildlife species which may be affected by dog harassment or predation (Valenta 
et al., 2016; Waters, et al., 2018a). Dogs repeatedly traverse from domesticated to 
wild behaviour, and their categorisation may shift, transgressing the spatial order-
ings people attempt to confine them to (Brown, 2015; Philo & Wilbert, 2000). 
Human-animal perceptions differ across and within societies and are shaped by 
factors such as the perceived merit of an animal and their utilitarian value or for 
their intrinsic worth within an environment, irrespective of whether wild or domes-
ticated (Waters, Watson, et  al., 2018b). Numerous influencers including culture, 
religion, politics, economics, history, and the attribution of symbolic meanings 
drive perspectives which shape how animals are treated (Hughes & Macdonald, 
2013; Waters, Watson, et al., 2018b). Communities or individuals may support or 
vilify the domestic dogs in contact with them and see their impacts on wildlife as 
positive or negative accordingly (Hughes & Macdonald, 2013). People are assisted 
by dogs in many activities which may bring them into contact with primates. Such 
contact can result in negative interactions and outcomes for one or other species.

Pastoralists are often accompanied by livestock guarding dogs. However, these 
dogs may be distracted by primate presence, harassing and sometimes injuring or 
killing them (Venkataraman et al., 2015; Waters et al., 2017). People may be accom-
panied by their dogs for reasons of company, protection, and purposeful and oppor-
tunistic hunting (Dos Santos et  al., 2018). Mushroom collectors in Bouhachem 
forest, Morocco, were often accompanied by their dogs which – because they were 
not “working” – spent long periods of time harassing Barbary macaques (Waters 
et al., 2017). Both the mushroom collectors and the local shepherds were indifferent 
to their dogs’ harassment of primates (Waters unpub data), which could be frequent 

5 Dogs, Primates, and People: A Review



64

and prolonged, while shepherds’ relations with their dogs were ambiguous at best 
and hostile at worst as we see in Box 5.1.

Large male baboons and macaques can kill or injure crop-protecting dogs deployed 
by farmers to protect their crops (Hyeroba et  al., 2017; Waters et  al., 2017). In 
Uganda, the third most common cause of village dog mortality was aggressive inter-
actions with crop-feeding olive baboons (Papio anubis), with the open wounds 
documented on 18% of the dogs in the study probably caused by these primates 
(Hyeroba et al., 2017).

Box 5.1 People, Dogs, and Barbary Macaques  
by Siân Waters
In northern Morocco, the Barbary Macaque Awareness and Conservation 
team investigated strategies to conserve the remaining populations of Barbary 
macaques (Macaca sylvanus) in Bouhachem forest. Shepherds use dogs to 
protect their livestock, and, although essential, these dogs are often treated 
with open hostility. For instance, it is “haram” or forbidden to allow a dog 
inside homes. Shepherds expected their dogs to aggressively protect their 
livestock from predators within the forest, though any dogs exhibiting this 
aggression towards humans within the village environment were sometimes 
fatally punished. We suggest that dogs’ liminality, moving easily from domes-
tic to wild spaces, contributes to the ambiguity of the shepherds’ perceptions 
of them. Local shepherds believed these dogs to be feral; however, our obser-
vations identified these dogs as being owned, free-roaming village dogs rather 
than feral dogs.

We recorded a total of 30 events of dog harassment on 11 macaque groups 
over 12 months. The highest rates of occurrence (N = 17) occurred during the 
months of April and May. In general, morning attacks lasted from 7 minutes 
to 2 hours and 15 minutes, with a mean length of 42 minutes (N = 9). Late 
afternoon attacks were much shorter and lasted 8–27 minutes with a mean of 
15  minutes (N  =  21). The mean number of dogs observed to take part in 
attacks was 4, with a range of 1–18. The dogs were accompanying shepherds 
and herds on most occasions (59%), with 19% of attacks by unaccompanied 
dogs and 19% by dogs accompanying mushroom collectors. Barbary 
macaques are particularly susceptible to prolonged harassment from livestock 
guarding dogs in spring when the dogs’ presence impedes the macaques’ ter-
restrial foraging. This harassment may result in increased stress and energeti-
cally costly behaviour for lactating or pregnant female macaques (Waters 
et al., 2017).

S. Waters et al.
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5.2.1  Hunting Dogs and Primates

People train dogs to assist in hunting primates (Steiner et al., 2003; Waters, Watson, 
et  al., 2018b). In Cameroon, hunters could only hunt the large, terrestrial, and 
Endangered drill (Mandrillus leucophaeus) using dogs which were used to move a 
drill group into a tree where they presented an easy target for armed hunters (Steiner 
et  al., 2003). In southern Tanzania, dogs chase the Vulnerable Angolan colobus 
(Colobus angolensis) into a tree so they can be easily shot, and dogs harass red colo-
bus (Piliocolobus kirkii) in Zanzibar causing them to panic and descend to the 
ground where they are killed (T.  Davenport, pers. obs). In 2019, a researcher 
observed hunters with numerous dogs attacking habituated chimpanzees in Kibale, 
Uganda. The hunters fled, but their dogs remained, attacking a spear-wounded 
female and her infant son who both died of their wounds (Yong, 2019).

5.3  Review of Dog-Primate Interactions

Dogs also influence primate populations globally via indirect and/or direct interac-
tions. We present incidents of dog-primate harassment and predation found during 
our review of the literature in Table  5.1. All of the 31 primate species listed in 
Table 5.1 are categorised according to their conservation status on the IUCN Red 
List. 6% (n = 2) are Critically Endangered, 32% (n = 10) are Endangered, 26% 
(n = 8) are classed as Vulnerable, 3% (n = 1) are classed as Near Threatened, and 
32% (n = 9) are classed as Least Concern. Unsurprisingly, most dog attacks on pri-
mates take place when the latter are on the ground. Arboreal primates are very vul-
nerable when descending to the ground to move between forest patches in search of 
food and secure sleeping places (Candelero-Rueda & Pozo-Montuy, 2010). The 
Endangered Central American howler (Alouatta pigra) in Mexico was observed 
moving up to a maximum of 200 m on the ground in one study (Pozo-Montuy et al., 
2013) leaving them very vulnerable to dog predation. This vulnerability is illus-
trated by many observations (N = 49) of A. pigra being killed by dogs (Candelero- 
Rueda & Pozo-Montuy, 2010; Pozo-Montuy et al., 2013). Species like the southern 
brown howler (A. guariba clamitans) live in urbanised or urbanising spaces in 
Brazil making interactions with dogs an increased risk (see Table  5.1). Primate 
groups restricted to a single remaining forest fragment are also very vulnerable, and 
two groups in Uganda were completely extirpated by dogs (Goldberg et al., 2008). 
Dog predation is rated as the fourth most significant threat to Endangered golden 
langurs in Bhutan due to forest destruction to build infrastructure such as roads 
(Thinley et al., 2020) and is an important threat to the species in Assam, India. For 
example, Chetry et al. (2010) reported the deaths of seven golden langurs due to dog 
bites with a further eight golden langurs killed by dogs in three other areas of Assam 
(Chetry et al., In press; AK Das, pers. comm.) There are reports of dogs often attack-
ing langurs by trying to catch their long tails, making these species generally more 
vulnerable to attacks while on the ground or in low forest canopy.
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Primate infants and juveniles are generally not vigilant towards predators, likely 
leaving them susceptible to fatal interactions with dogs (e.g. Chetry et al., 2005; 
Riley et al., 2015; Waters et al., 2017). Such a lack of vigilance in response to dogs 
may substantially affect Central American howler infant and juvenile survival in 
Mexico (Bonilla-Sanchez et al., 2010). In Laem Son National Park, Thailand, dog 
presence negatively correlates with a low proportion of juveniles in some groups of 
long-tailed macaques (M. f. aurea) although no actual predation events were 
observed (Gumert et al., 2013).

Primates living in habitats where they are at risk of harassment, injury, and pre-
dation by dogs will suffer disruption of group activity patterns and foraging behav-
iour and obstructed movement (Anderson, 1986; Gumert et al., 2013). In response, 
some primate species adapt their behaviour. For example, when blue monkeys 
(Cercopithecus mitis) in western Kenya shifted their territory and began feeding in 
plantation forest, they quickly learned active avoidance behaviour of people and 
dogs. The monkeys appeared to wait until the sounds of herders and their cattle and 
dogs grew faint before they crossed into the plantation to feed. When fleeing from 
approaching people or dogs, the monkeys did so silently without their usual alarm 
calling (Cords, 2014). Barbary macaques have also been observed moving silently 
away from the sounds of approaching shepherds and dogs in Bouhachem forest, 
Morocco (S. Waters, pers. obs.). There may well be as yet unrecognised implica-
tions for some species. For example, dog harassment of long-tailed macaques acts 
to disrupt the monkeys’ unique tradition of tool use (Gumert et al., 2013).

5.4  Studying Dog-Primate Interactions

5.4.1  Interactions: Disease Transmission

Disease spillover occurs when pathogens are transmitted from reservoir popula-
tions to novel host populations (Power & Mitchell, 2004). Major human epidemics 
have largely resulted from spillover events from wildlife into humans (e.g. Ebola, 
COVID-19; Goldstein et al., 2020). While less is known about the risk of disease 
spillover to primates than to humans (Narat et al., 2017), it is increasingly apparent 
that exposure to novel pathogens can have detrimental outcomes and conservation 
implications for primate populations, including large-scale morbidity and mortality 
(Chap. 9, this volume; Walsh et al., 2003).

Pathogen spillover from dogs to primates is particularly complex. Dogs interact 
with humans, wildlife, and other domestic species on both sides of the anthropo-
genic and natural frontier, putting them at great risk of zoonotic infection (Ayinmode 
et  al., 2018). Diseases that infect dogs as well as humans include viruses (e.g. 
rabies), bacteria (e.g. campylobacteriosis), parasites (e.g. echinococcosis), and 
fungi (e.g. sporotrichosis) (Chomel, 2014). Dogs may represent a particular disease 
risk to primates as they simultaneously have greater associations with humans and 
more frequent interactions with wildlife compared to other domestic species 
(Gompper, 2014).
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The likelihood of pathogen spillover between dogs and primates depends on 
multiple variables: distribution and density of hosts and pathogens, immune and 
molecular responses, and the pathogen’s replication and transmission rates 
(Plowright et al., 2017). Although disease sampling of dogs can provide estimated 
risks of dog-primate transmission (Alexander et al., 2016), the transmission mode 
of dog-primate pathogen spillover is similarly complex and can occur via three 
routes: direct transmission, environmental transmission, and vector-based transmis-
sion (Fig. 5.1). We discuss each of these modes with examples of confirmed and 
suspected dog-primate spillover events.

Direct transmission refers to the transfer of pathogens through direct contact 
with an infected individual or their bodily fluids (VanderWaal & Ezenwa, 2016). In 
the rare cases when dogs co-mingle with wild primates, such as with macaques or 
vervets in urban settings, direct transmission may be more common (Gompper, 
2014; Lyngdoh et al., 2014). Outside these settings, however, the most plausible 
scenarios for dog-primate direct transmission would be failed predation attempts, 
which are rarely observed. Theoretically, however, primates are at risk of any 
directly transmitted dog- associated pathogen to which they are susceptible, e.g. 

Fig. 5.1 The transmission modes of dog-primate pathogen spillover. (Illustration by Sally 
Bornbusch)
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rabies (Kotait et al., 2019). Although direct transmission from dogs to primates may 
be crucial to primate conservation, the difficulty of observing direct dog-primate 
interactions hampers attempts to discern its importance.

Environmental transmission entails the indirect transmission of pathogens 
through inhalation (e.g. COVID-19) or exposure to infected water or soil (e.g. chol-
era or gastrointestinal parasites, respectively) (Breban et al., 2010). Because many 
environmentally transmitted diseases (e.g. enteric parasites) can be detected using 
non-invasive methods (e.g. faecal collection and microscopy; Valenta et al., 2017), 
they are well studied in wild primates. These pathogens can also be detected through 
sampling of potential environmental reservoirs, which provides information on 
habitat- wide disease burden and risk (Turner et al., 2016). Notably, canine parvovi-
rus, which is commonly transmitted between dogs and soil, has high potential to 
spillover to and devastate native fauna, including primates (Behdenna et al., 2019; 
Ng et al., 2019; Rasambainarivo & Goodman, 2019).

Vector-based transmission refers to disease transfer between susceptible indi-
viduals via a third organism. Vector-borne diseases affecting primates include 
malaria, dengue fever, leishmaniasis, and yellow fever (De Azevedo Fernandes 
et al., 2017; World Health Organization, 2014). Theoretically, any disease hosted by 
dogs and transmitted through another organism – typically arthropods, like mosqui-
toes or ticks – can infect primates. For example, the transmission of Spirocerca lupi, 
a beetle-borne nematode, from dogs to lemurs has been implicated in cases of lemur 
mortality (Blancou & Albignac, 1976). Additionally, canine heartworm (Dirofilaria 
immitis), a mosquito-borne parasite that is fairly ubiquitous in untreated dogs, was 
recently discovered to have spilled over into mouse lemurs (Zohdy et al., 2019). 
However, because it typically requires blood samples, identifying vector-borne 
pathogens in primates is an invasive and challenging task.

Regarding the implications of dog-vectored diseases for primate conservation, 
one must consider dilution effects, whereby increased biodiversity can lead to 
decreased pathogen prevalence (Khalil et al., 2016). Although this is not the only 
process that determines pathogen prevalence, by nature of their ability to regulate 
host populations or interfere with transmission, diverse communities can inhibit the 
abundance of pathogens (Schmidt & Ostfeld, 2001). Thus, just as disease spillover 
can impact primate conservation and biodiversity, increasing primate biodiversity 
through targeted conservation may dilute the spread of novel pathogens.

5.4.2  Interactions: Non-invasive Sampling and Modelling

Studying direct interactions between dogs and primates is exceedingly rare due to 
the difficulty associated with observing these encounters and behaviours. Non- 
invasive surveying approaches, namely, camera trapping, for dog populations pro-
vide presence/absence data to study their spatial distribution, habitat use, and 
behaviours. These presence/absence data for both dogs (camera traps) and primates 
(line-transects, acoustic detectors) can be combined to study dog-primate space use 
and interactions via occupancy modelling. Occupancy modelling allows 
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researchers to explore species distributions and activity, habitat suitability, inter- 
and intraspecific interactions, disease transmission, and others in a cost-effective, 
limited sampling framework.

Single-species occupancy modelling has been used to investigate the effects of 
dogs on primates. Farris et al. (2019) incorporated dog activity and distribution to 
evaluate how this invasive, exotic predator influenced the occurrence and detection 
of multiple lemur species at Ranomafana National Park, Madagascar. The research-
ers found that habitat was the most important variable for explaining the occurrence 
and detection of most lemur species. However, for two lemur species (red-bellied 
lemur Eulemur rubriventer and eastern lesser bamboo lemur Hapalemur griseus), 
their spatial distribution and the probability of being detected by researchers were 
best explained by the presence of dogs. Additionally, at least one study using two- 
species or conditional occupancy has been conducted to explore dog-primate inter-
actions. Farris et  al. (2014) used two-species occupancy to explore interspecific 
interactions between three lemurs and multiple potential predators, including dogs. 
They found that mouse lemurs (Microcebus rufus) showed lack of co-occurrence 
(occurred less than at random) with dogs in contiguous forest sites. Brown lemurs 
(E. albifrons) and dogs had a positive co-occurrence (occurred more together than at 
random) in fragmented sites, while woolly lemurs (Avahi laniger) showed no spatial 
relationship with dogs across either type of forest. The findings of this study high-
lighted the threats posed to these endemic primates, particularly as forests are altered 
and these invasive, exotic predators become more prevalent across the landscape. 
Anecdotal accounts of these interactions reported in broader studies of the popula-
tion dynamics, demographics, or habitat use of primates support the importance of 
this issue, but lack the contextual data needed for efficient management solutions.

5.5  Managing Dog-Primate Interactions

Of the primate species appearing in Table 5.1, 64% are either Critically Endangered, 
Endangered, or Vulnerable to extinction according to the IUCN Red List, and for 
some species, dog harassment and predation is a significant threat. Dog predation 
on arboreal primates was not reported in Anderson’s (1986) survey, but it appears to 
be a more common occurrence than previously thought possibly due to the ever- 
increasing expansion of people into primate habitat. For arboreal primates, such as 
howlers and gibbons, being forced to the ground to move between forest patches 
further stresses threatened populations both through direct mortalities and by creat-
ing a landscape of fear that restricts gene flow between small, isolated groups 
(Serio-Silva et al., 2019). While it may be obvious that the solution to this issue is 
to increase connectivity perhaps by using canopy bridges, for example (Das et al., 
2009; Lindshield, 2016; Chap. 2, this volume), occupancy models could prioritise 
and inform where and how these connections are developed, targeting resource use 
and improving efficacy.

Scientists working on the issue of dog predation on primates have suggested 
diverse actions that might be taken to control dog populations. These include the 
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application of fines to dog owners, constraining dogs in households, and increasing 
awareness about the cost of dog interactions with endangered primates (Chaves & 
Bicca-Marques, 2017; Oliveira et al., 2008; Thinley et al., 2020). All these sugges-
tions involve dog owners changing their behaviour as well as that of their dogs and 
may be difficult to enforce in many places. Some recommend capture and removal 
of dogs from protected areas (Oliveira et al., 2008) or mass sterilisation (Thinley 
et al., 2020) which may be unacceptable to local communities or impractical and 
costly if the numbers of dogs are extremely high. Research into human-dog rela-
tions like that undertaken in Madagascar and Morocco (Kshirsagar et  al., 2020; 
Valenta et al., 2016; Waters, Bell, & Setchell, 2018a) is crucial to understand the 
best way to collaborate with dog owners to manage dog activity in primate habitats. 
One such initiative is ongoing in Madagascar and described in Box 5.2.

Box 5.2 The Mad Dog Initiative: A Model in the Mitigation of Free- 
Roaming Dog Populations  
by Tara Clarke
Strategic dog population management is critical for ensuring the health and 
welfare of wildlife and human communities. The Mad Dog Initiative (MDI), 
a US-based not-for-profit, is an example of a holistic and community-based 
approach working to mitigate the complex issues posed by free-roaming dogs 
in Madagascar. MDI employs an innovative and diverse approach that includes 
documenting and analysing the spread of zoonotic disease, spay/neuter/vac-
cination campaigns, wildlife monitoring, education, and outreach.

MDI has focused its expeditions and long-term research at Ranomafana 
and Andasibe-Mantadia National Parks. To date, the team has analysed thou-
sands of dog and wildlife samples for evidence of zoonotic disease, sterilised 
over 1000 dogs in protected areas using mobile veterinary clinics, and vacci-
nated thousands. Additionally, MDI conducts camera- trap and lemur-transect 
surveys to assess the effect of dog populations on wildlife populations. MDI 
also regularly surveys people living in and around protected areas to better 
understand regional attitudes towards dogs and how these can be used to max-
imise the effectiveness of veterinary interventions. A critical part of MDI’s 
mission is to share knowledge contributing to the inclusive development of 
Malagasy veterinarians and students.

MDI’s holistic approach has enabled it to gain insight into human-dog rela-
tionships and dynamics, as well as of dogs’ impacts on endangered and 
endemic wildlife. Through targeted sterilisation and vaccination campaigns, 
MDI has been able to address and reduce growing dog populations. Scientists 
and researchers might consider employing MDI’s model to more successfully 
mitigate issues posed by dogs. While the dog dilemma is complex, and every 
region, community, and village is unique, strategic modifications may be nec-
essary for achieving similar goals in different settings.
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Waters and colleagues (2018b) describe how they needed to impart their findings 
that the dogs thought to be feral by shepherds were, in fact, owned dogs (see Box 
5.1). The authors developed a One Health programme to improve the health of 
owned dogs to safeguard both human and animal health. They administered rabies 
vaccinations to owned dogs and provided their owners with brightly coloured dog 
collars. After observing collared dogs hunting in the forest, the shepherds realised 
the dogs were owned, thus avoiding a potential conflict between locals and conser-
vationists. Many shepherds began to castrate their dogs to prevent them from roam-
ing. Vaccination coverage was high, protecting both people and their livestock from 
rabies, and communities became more positive about the conservation team’s pres-
ence because the programme was salient to their concerns (Waters et al., 2018b).

5.6  Discussion

Understanding the complex ways animal and human lives intertwine, their mutual 
embodiment within spaces and landscapes, and the ways they are categorised and 
conceptualised in relation to other species is essential in the development of inter-
ventions attuned to local perceptions (Brown, 2015). Whether people classify dogs 
as free-ranging, feral, or owned, all threaten endemic wildlife populations as agents 
of harassment or disease (Sparkes et al., 2016) as most live unrestrained and all may 
hunt with or without the presence of humans. Villatoro et al. (2018) reported that 
dog owners agreed unowned dogs who hunted wild animals required control, but 
only a limited number indicated they would actually stop their own dogs if they 
attacked wildlife, expressing a dichotomy in acceptable behaviour between owned 
and unowned dogs. This denial may be because people are unable to distinguish 
between owned and stray animals (Paolini et al., 2020) or because of a failure to 
acknowledge dogs as individuals (Waters, Watson, et al., 2018b). Thus, by focusing 
on “biological” behaviour and ignoring individual animal agency (Fox, 2006), dog 
owners effectively absolve themselves of any responsibility for the problems associ-
ated with their dogs. Dog owners in one study failed to acknowledge dog-wildlife 
interactions at all, perhaps indicating participants might see domestic dogs as acting 
purely within a “human-dominated” context and not as carnivores within wilder 
ecosystems (Shüttler et al., 2017).

How humans perceive and construct their relationships with animals and their 
environments in relation to their own needs shapes their appetite to regulate their 
own conduct, with potentially detrimental impacts on other species. Understanding 
the complex ways animal and human lives intertwine, their mutual embodiment 
within spaces and landscapes, and the ways they are categorised and conceptualised 
in relation to other species is essential in the development of interventions attuned 
to local perceptions (Brown, 2015). It is therefore imperative to make conservation 
approaches to dog management more inclusive to increase the chances of positive 
acceptance and strong community support (Brown, 2015; Kshirsagar et al., 2020). 
Our understanding of people’s dynamic cultural adaptations to and beliefs and 
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attitudes about dog-primate interactions will be fundamental in the recruitment of 
dog owners into programmes enabling them to manage their dogs in a more wildlife- 
friendly manner and to ensure owners understand the importance of maintaining 
dog health and population control via vaccination and sterilisation programmes 
under a One Health umbrella.

Continued research into the disease ecology of dogs and primates has demon-
strated that dog presence within wildlife habitats facilitates the transmission of 
infectious diseases. As primate habitats are further eroded, pathogen spillovers are 
expected to accelerate. The extent of pathogen-specific primate morbidity and mor-
tality and the associated conservation implications are important considerations for 
future research. Using single- and two-species occupancy that incorporates vari-
ables or covariates presents a promising approach to explore these difficult-to-study 
interspecific interactions between primates and invasive, exotic dog populations. 
These models help further clarify existing hypotheses in the literature regarding 
primate-dog interactions and inform conservation measures. The limited number of 
studies that incorporate this occupancy and/or co-occurrence modelling approach 
has revealed their effectiveness at exploring these relationships, and researchers 
should consider their use, particularly in areas where dogs or similar predators may 
be influencing primate spatial distribution.

Primate conservationists need to think outside the box to find innovative solu-
tions to mitigate dog-primate interactions while working with communities to man-
age and maintain smaller, healthier dog populations. Including a One Health 
approach that considers the connections between humans, domestic animals, and 
wildlife will likely yield benefits when applied alongside traditional primate conser-
vation efforts (Ellwanger & Chies, 2019; Waters, Watson, et al., 2018b). An addi-
tional benefit of a One Health approach is to convey a message to local people that 
conservationists are committed to them and their livestock’s wellbeing as well as 
that of primates (Waters, Bell, & Setchell, 2018a). The threat posed to primates 
globally by an expanding dog population will likely increase as more primate habi-
tat is fragmented. Finding effective ways to manage dog populations in collabora-
tion with their owners and/or changing those owners’ behaviour in relation to their 
dogs is emerging as yet another challenge for primate conservation practitioners.
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Abstract Climate change will be a key influence on primates in the twenty-first 
century, potentially exacerbating the effects of habitat loss and anthropogenic activ-
ities to drive vulnerable species closer to extinction. There are many ways to assess 
species’ vulnerability to climate change, including modelling approaches of three 
main types: trait-based models, species distribution models, and mechanistic mod-
els. In this chapter, we survey the literature on climate change models as applied to 
primates, including the type(s) of model made and the predictions obtained. Most 
primate genera (62 of 80) have been subject to ecological modelling, though we 
found no future projections for lemurs and no palaeoclimate models for lorises, 
tarsiers, or platyrrhines. Maximum entropy methods predominate even though 
direct comparisons have shown that these tend to predict more severe habitat losses 
when used uncritically. Most of the taxa modelled to date have been predicted sub-
stantial habitat losses by 2100, with significant variation within each taxo-
nomic group.
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6.1  Introduction

Climate change is expected to become a major factor driving human and non- 
human primate survival in the Anthropocene. While climate change impacts may 
never exceed those of land-use changes and trade, they will very likely exacerbate 
the effects of these other threats (Gouveia et al., 2016; Korstjens & Hillyer, 2016; 
Struebig et al., 2015; Titeux et al., 2017). Therefore, a discussion about the effect of 
anthropogenic factors on non-human primate (henceforth “primate”) survival is not 
complete without some consideration of climate change. Primate vulnerability to 
climate change is determined by the level and type of changes the species will expe-
rience in its geographical range (exposure) coupled with the biological traits that 
determine how well the species can cope with (sensitivity) or adapt to (adaptabil-
ity) the predicted changes (Foden et al., 2019; Foden & Young, 2016; Korstjens & 
Hillyer, 2016).

Many regions where primates occur are expected to undergo pronounced cli-
matic changes (Carvalho et al., 2019; Graham et al., 2016; Zhang et al., 2019a), 
with increased maximum temperatures, reduced or excessive rainfall, increased sea-
sonality, and an increased frequency and intensity of extreme events (cyclones and 
droughts) likely to be the biggest threats to primates. Across primate-occupied 
regions, mean temperature increases are predicted to be 10% greater than the global 
average (i.e. for every 1 °C increase globally, primate ranges will heat up by 1.1 °C; 
Graham et  al., 2016). More worryingly, maximum temperatures are likely to 
increase by >2 °C across primate ranges, with some areas suffering up to 5–7 °C 
increases, taking these temperatures well above the physiological limit for primates 
(Carvalho et al., 2019). Greatly increased rainfall is predicted for 8% of primate 
species, while 4% will see large reductions (>3% increase or decrease per 1  °C 
mean global warming, respectively; Graham et al., 2016). Seasonality, an important 
predictor of species’ geographical ranges (Williams et al. in press), is predicted to 
become more extreme across primate ranges. Temperature averages, rainfall pat-
terns, and seasonality are major determinants of the vegetation cover and productiv-
ity of primate habitats. Climate change can also exacerbate droughts and cyclones 
which affect 26% and 18% of primate species, respectively (Zhang et al., 2019a), 
and can lead to devastating instant mortality (Campos et al., 2020). Finally, climate 
change may have indirect effects on primates by (for instance) changing the patterns 
of other anthropogenic impacts on them and their habitats. We are still far from 
producing an exhaustive list of the ways climate change can alter primate lives.
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6.1.1  Assessing Species Vulnerability to Climate Change: 
Modelling Approaches

Models aimed at assessing species’ vulnerability to climate change can be divided 
into three categories of increasing complexity, each with a different suitability for 
assessing sensitivity, exposure, and adaptive ability (Foden et al., 2019; Korstjens & 
Hillyer, 2016) (Fig. 6.1). First, trait-based approaches use expert opinion and pub-
lished knowledge to determine how a species is likely to respond to or cope with 
particular climate changes based on their biological traits and inferred relationships 
between traits and vulnerability (e.g. Zhang et  al., 2019a). Second, correlative 
approaches (i.e. species distribution models, often called niche or climate enve-
lope models) investigate how current species distributions are influenced by cli-
matic conditions and use these relationships to predict how species will be distributed 
under future climatic conditions. Finally, mechanistic approaches look at the 
underlying traits and physiological processes (mechanisms) that determine 
environment- species relationships to predict how species will be able to cope with 
and respond to changes based on their physiology, behaviour, or time budgets (e.g. 
Dunbar et al., 2009).

Species distribution models (SDMs) identify which areas are most suitable for a 
particular taxon, as identified by environmental conditions that describe the species’ 

Fig. 6.1 Schematic representation of the relationships between the three main components of a 
species’ vulnerability and the assessment approaches used to estimate species’ vulnerability to 
climate change. Knowledge of each of these elements (sensitivity, exposure, and adaptive abil-
ity) provides the best estimate of actual vulnerability of species (dark grey overlap area in Venn 
diagram). Solid arrows show the most basic outcome of different approaches, and dashed lines 
show further more indirect outcomes or outcomes achieved by combining the approaches. Foden 
and Young (2016) provide an extensive overview of vulnerability indices and modelling 
approaches
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environmental niche (Elith & Leathwick, 2009; Norberg et  al., 2019). They best 
explain exposure but also provide important climate niche information to help 
understand sensitivity and adaptive ability, often used in trait-based and mechanistic 
approaches (Fig. 6.1). Once a taxon’s environmental niche is established based on 
current distributions, the models can be used to identify other suitable locations 
elsewhere or in the past or future. SDMs require input data on the environmental 
conditions at locations where a species is present to compare against conditions 
where the species is absent. Due to lack of knowledge of absence, many models are 
actually developed using presence data and “pseudo-absences” or background loca-
tions, i.e. locations that are randomly selected from a predetermined area (e.g. out-
side the known distribution area) (Guillera-Arroita et al., 2015; Santini et al., 2021). 
How these pseudo-absences are selected can greatly affect the reliability of the 
SDM but is not always given sufficient consideration (for a critical review and test, 
see Santini et al., 2021). The variables that are included in establishing this environ-
mental niche depend on the information and computational resources that are avail-
able to the researchers, as well as the research question. Recent exponential growth 
in accessible global datasets on environmental conditions (e.g. landscape cover, 
climatic conditions, human footprint) and modelling approaches can make it diffi-
cult to keep up with best practice (Araújo et al., 2019; Norberg et al., 2019; Zurell 
et al., 2020).

In this chapter, we systematically survey the literature covering modelling of 
non-human primate responses to climate change. In particular, we consider the 
potential presence and manifestation of taxonomic bias, explore the state of knowl-
edge for each major primate group, and summarise predictions of habitat changes 
under future climate conditions.

6.2  Systematic Method

We searched the literature for modelling studies of the 80 extant non-human primate 
genera in the IUCN Red List of Threatened Species v. 2020.3 (IUCN, 2020) using 
the broadest academic database, Google Scholar (Gusenbauer, 2019). Search terms 
included the genus name, “species distribution model”, and “ecological niche 
model”, linked with Boolean operators. Where we could find no relevant literature 
for a genus, we refined the taxonomic search term (e.g. using alternative genus 
names or adding the rest of the binomial) and finally widened our search using the 
search term “climate change model”.

For each genus, we sorted the resulting papers by relevance and selected up to 
four for detailed analysis (the modal number of relevant hits per genus was 2). 
Where a genus had more than four relevant papers (which affected the great apes, 
Hylobates, Macaca, Rhinopithecus, Cercopithecus, Ateles, Aotus, Alouatta, 
Saguinus, and Sapajus), we read abstracts and methods of all we found and selected 
a representative sample of four that included (1) as many species as possible; (2) a 
range of approaches, if several had been used; and (3) predictive and/or 
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palaeoclimate studies if they had been done. This meant, for instance, that for the 
best-studied genera, we excluded some very-small-scale studies (especially where 
they modelled a single population or a region rather than a species’ full range). We 
also sometimes found Masters theses and then papers deriving from the same mod-
els (we retained the peer-reviewed papers) or research teams which had produced a 
series of papers each considering a different species but using the same method and 
scenario (here we chose a representative example or, if it existed, a recent synthesis 
covering multiple species). For our final literature sample, we then performed a 
content analysis by extracting information on climate change scenario(s) and date(s) 
modelled, modelling approaches, focus and scale (taxon-specific, regional or 
larger), and the main aims and findings.

6.3  Results

Over half the studies we found dated to 2018–2021. All the major primate groups 
have been modelled, though coverage ranged from 30% to 100% of genera (see 
Fig. 6.2).

The taxonomic differences in coverage that we observed differed slightly from 
the bias in favour of apes and lemurs found in the wider climate change literature 
(Bernard & Marshall, 2020) and are less pronounced than those seen in primatologi-
cal field studies (Bezanson & McNamara, 2019).

Fig. 6.2 The percentage of genera that have been modelled, arranged by major taxonomic group
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Correlative species distribution models dominated our literature (Fig. 6.3). A 
few studies used mechanistic time-budget models (Dunbar, 1998, on Theropithecus) 
or trait-based biophysical models (Stalenberg, 2019). The majority of the correla-
tive SDMs used maximum entropy modelling, either as a stand-alone tool (using 
Maxent software; Phillips et al., 2006) or in R (54/89 studies, 65.1%). Ensemble 
modelling, using multiple approaches (including maximum entropy, general and 
generalised linear models), was used in 15 studies (18.1%). Only three (3.6%) used 
generalised linear models, with all other methods accounting for 1–2.5% (one or 

Fig. 6.3 Modelling approaches used for works on each major primate taxonomic group: (a) apes; 
(b) cercopithecines; (c) colobines; (d) platyrrhines; (e) lorises and galagos; and (f) lemurs. The 
tarsiers are excluded, because we found only one relevant paper, which used maximum entropy 
modelling in R. Full details of each paper can be found in Supplemental Tables 1, 2, 3, 4, 5, 6, and 
7. Most studies (54.8%) only modelled the present day, while 33.3% projected into the future and 
10.7% into the past. This pattern varied by group (see Fig. 6.4; we found no future projections for 
lemurs, and only future but no palaeoclimate models for lorises and galagos and platyrrhines). 
Present-only models were generally conservation orientated, looking at habitat fragmentation, pri-
mate distributions, and conservation planning. Common themes throughout the literature include 
climate change, ecology, anthropogenic impacts, and conservation (Fig. 6.5)
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two papers) each. There were some differences among taxonomic groups, with 
maximum entropy modelling dominating even more where a group was understud-
ied or subject to one or two broad works rather than numerous specific ones.

6.3.1  Apes and Monkeys

All seven ape genera have been the subject of modelling studies, but only Hylobates 
and the hominids had >4 studies each. Maximum entropy models were used in 
62.5% and ensemble approaches in 25% of studies. Only Barratt et  al. (2020) 
explored palaeoclimate models, while eight studies modelled the present (Ario 
et al., 2018; Bonnin et al., 2020; Etiendem et al., 2013; Rahman et al., 2019; Singh 
et al., 2018; Tran & Vu, 2020; Wich et al., 2012; Yuh et al., 2020), and seven pre-
dicted the future (named below).

Outcomes of future predictions varied by taxon and approach. Mwambo (2010) 
and Carvalho et al. (2021) predicted substantial habitat losses for Pan and Gorilla 
by 2090. Thorne et al. (2013), however, found that these losses were typical only 
when using “standard” correlative models and a limiting factor model predicted 
minimal change for mountain gorillas. Predictions of climate change impacts, they 
concluded, are sensitive to the assumptions of the selected method.

For Asian apes, predictions were more negative. Wich et al. (2016) used land- 
cover change scenarios to predict substantial population declines for Pongo abelii 
by 2030. Other taxa potentially at high risk included various species of Hylobates 
(Condro et al., 2021; Trisurat, 2018), Pongo abelii, and Symphalangus syndactylus 
(Condro et al., 2021). Potentially better off were Pongo pygmaeus (Condro et al., 
2021) and Hoolock hoolock (Deb et al., 2019), both predicted range increases, while 
Hylobates muelleri and H. abbotti were predicted only small changes (Condro 
et al., 2021). The differences in apparent risk may result from different vulnerability 
profiles or modelling approaches.

We found models on 10/13 cercopithecine genera (all save Erythrocebus, 
Miopithecus, and Allenopithecus, though Chlorocebus is included only under the 
older name Cercopithecus in Willems & Hill, 2009) and 9/10 colobine genera (all 
but Procolobus). Among the 15 studies found, 2 predicted past distributions (Khanal 
et al., 2018a; Chala et al., 2019), 6 predicted the future (listed below), and 7 focused 
on the present (Willems & Hill, 2009; Green, 2012; Cronin et al., 2015, 2017, who 
reported the same models; Moyes et al., 2016; Korstjens et al., 2018; Fuchs et al., 
2018; Greenspan et al., 2020).

Predicted outcomes of climate change varied. Dunbar’s (1998) time-budget 
model predicted that Theropithecus gelada populations will fragment as climates 
warm, while Hill and Winder (2019) predicted that 3/6 Papio species might suffer 
substantial habitat losses. Condro et al. (2021) predicted habitat losses by 2050 for 
eight macaque species, but suggested Macaca ochreata and M. siberu would be less 
affected. Mandrillus leucophaeus may experience substantial habitat loss from ear-
lier on in the twenty-first century than Cercocebus atys (Baker & Willis, 2015). 
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Finally, Korstjens (2019) suggested that habitat suitability for Cercopithecus would 
reduce only slightly by 2070. The final study that looked to the future, Ayebare et al. 
(2013), did not present any species-specific results.

In the colobine literature, there are proportionally more single-species or regional 
studies than for cercopithecines, particularly in Asia. Of 22 studies, 5 focused on the 
past (Ehlers-Smith, 2014; Khanal et  al., 2018c; Moody, 2007; Ren et  al., 2017; 
Windyoningrum, 2013), 9 predicted the future (see below), and 8 focused on the 
present (Anh et al., 2019; Atmoko et al., 2020; Cavada et al., 2017; Cronin et al., 
2015, 2017; Khanal et al., 2018b; McDonald et al., 2019; Singh et al., 2018; Tran 
et al., 2018).

Korstjens (2019) suggested that Colobus may be more at risk than Cercopithecus. 
At species level, Baker and Willis (2015) predicted substantial habitat loss for 
C. polykomos (while C. vellerosus may be unaffected along with Piliocolobus pen-
nantii). P. badius, however, is predicted range loss by all their models, and P. preussi 
may lose habitat by 2040.

In Asia, Pygathrix (Tran et al., 2020; Vu et al., 2020), Rhinopithecus (Luo et al., 
2015; Zhang et al., 2019b), and Semnopithecus species (Bagaria et al., 2020) are 
predicted substantial habitat loss. Condro et al. (2021) predicted complete habitat 
losses for two species of Trachypithecus, Simias concolor, and six species of 
Presbytis. They found that two more Presbytis species would experience smaller 
habitat losses, while three would be stable or increase their habitats. Finally, Zhao 
et al. (2019) suggested that Rhinopithecus bieti might lose 8–22% of its suitable 
habitat by 2050 unless anthropogenic land-use changes were controlled, in which 
case, their suitable habitat might increase.

We found models for 20 of 22 platyrrhine genera (Platyrrhini), all save 
Leontocebus and Brachyteles. Of these, none modelled the past, 7 the future 
(Fig. 6.4), and 17 the present (Boubli & De Lima, 2009; Calixto-Pérez et al., 2018; 
Campos & Jack, 2013; Clément et al., 2014; De Marco et al., 2020; Garbino et al., 
2015; Guy et al., 2016; Hasui et al., 2017; Helenbrook & Valdez, 2020; Holzmann 
et al., 2015; Howard et al., 2015; Moraes et al., 2019; Ochoa-Quintero et al., 2017; 
Ortega Huerta, 2007; Rezende et  al., 2020; Shanee et  al., 2015; Vidal-García & 
Serio-Silva, 2011).

For platyrrhines, as for colobines and cercopithecines, projections of climate 
change impacts often also include the impact of deforestation and other anthropo-
genic changes, and studies that expressly separate these often suggest forest loss 
will be more damaging. Lagothrix lagothricha is predicted a 13% loss of suitable 
habitat due to climate change, but 18% where forest loss continues apace (Linero 
et al., 2020). Other species predicted severe habitat losses included Callithrix flavi-
ceps, C. pencillata and C. aurita (though other members of the same genus were 
less affected; Braz et al., 2019), Alouatta belzebul, Sapajus flavius and S. libidinosus 
(Moraes et al., 2020), Aotus miconax, Lagothrix flavicauda, and, if land-use change 
continues alongside climate change, Plecturocebus oenanthe (Shanee, 2016).

Several platyrrhine studies focused on broad biodiversity measures and how bio-
diversity might shift or decline as climates change. Sales et al. (2017) found that 
biodiversity of taxa including primates was likely to decline in the Amazon, and 
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Fig. 6.4 Periods covered by modelling studies of the major primate groups: (a) apes; (b) cercopi-
thecines; (c) colobines; (d) platyrrhines; (e) lorises and galagos; and (f) lemurs. Black denotes 
papers projecting the future, mid-grey includes papers examining palaeoclimates, and pale grey 
includes papers examining the present alone. Tarsiers are excluded because only one paper (which 
projected to 2050) was found

Sales et al. (2020) suggested that overall, the contribution of primates to seed dis-
persal in this area, based on modelled range area and dispersal potential, is likely to 
decline substantially. Sales et al. (2019) found that 20% of 80 primate species might 
expand their ranges as a result of climate change, if they can disperse as well as they 
can today. If fragmentation prevents dispersal of platyrrhines through the Amazon, 
these 80 species will lose on average 90% of their suitable habitat.

6.3.2  Prosimians

Only one of the three tarsier genera (genus Tarsius) has been modelled and only 
once. Condro et al. (2021) used maximum entropy modelling in R to explore cli-
mate change impacts on Indonesian biodiversity and included eight species. They 
predicted total habitat loss by 2050 for six species, near complete loss for Tarsius 
dentatus, and roughly stable habitat for T. pumilus.

The lorises and galagos (superfamily Lorisoidea) were also rarely studied, with 
only one of the six genera of Galagidae and two of the four among Lorisidae the 
subject of any models. We found no palaeoclimate models, two that predicted the 
future (see below), and four that focused on the present (Kumara et  al., 2021; 
Nekaris & Stengel, 2013; Thorn et al., 2009; Voskamp et al., 2014).
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Condro et  al. (2021) predicted total habitat loss for Nycticebus javanicus and 
~75% loss for N. bancanus. The remaining five taxa (N. kayan, N. hilleri, N. bor-
neanus, N. coucang, and N. menagensis) were all predicted small increases of up to 
~25% of the current extent (Condro et al., 2021). Erasmus et al. (2002) suggested 
significant shifts in overall biodiversity of South African animal communities, 
including Galago moholi, by 2050.

We found seven works specifically focusing on modelling the niches and cli-
matic vulnerabilities of Lemuroidea, two of which (Herrera et al., 2018; Peacock, 
2011) cover a wide range of taxa. In fact, beyond these two papers, only Lepilemur 
(Stalenberg, 2019) and Eulemur, which was by far the best studied, were modelled. 
Allocebus was not studied at all. Among these, none addressed the future, one 
(Stalenberg, 2019) reconstructed the past, and six (Blair et al., 2013; Herrera et al., 
2018; Kamilar & Tecot, 2016; Mercado Malabet et  al., 2020; Ormsby, 2019; 
Peacock, 2011) explored the present.

The only model of the effects of climate change on lemurs was Stalenberg’s 
(2019) biophysical model. Biophysical models estimate a species’ thermal niche 
and water requirements and compare physiological needs to environmental condi-
tions to identify suitable habitats for it. Stalenberg’s model found that Lepilemur 
leucopus was at higher risk of thermal stress in the 1975–2005 than the 1931–1960 
time period.

6.4  Discussion and Conclusions

Climate change impact on primates is still a relatively new area of research, with 
over half of the studies we found published from 2018 onwards, yet it is no doubt an 
important one (Fig. 6.5). Our systematic review shows that there are still relatively 
few studies out there, and fewer than half of the species distribution models that 
have been built have been used to predict the future. Efforts are not equally distrib-
uted across genera, with apes and large-bodied monkeys being the best represented, 
a bias that we also see in the wider primatological literature (Bezanson & McNamara, 
2019; Hawes et al., 2013). Bezanson and McNamara (2019) suggest that taxonomic 
bias may be related to the presence of long-term field sites and publication bias. 
Although modelling work is often desk-based, it does rely on a reasonable knowl-
edge of the localities where the target species is found.

In the wider context of publishing in primatology, the small study counts we 
found for this specific topic highlight it as an understudied subject. To date, we have 
very limited understanding of how climate change is potentially going to affect 
primates, and with 2050 (one of the predicted scenarios used in climate modelling) 
less than 30 years away, we urgently need to make meaningful predictions and adapt 
subsequent conservation strategies. Those studies we do have suggest that primates 
will need to shift ranges to accommodate changing climatic conditions (Estrada 
et  al., 2017; Schloss et  al., 2012), with consequences for their management and 
conservation. Primate responses to changing climates will be species-specific 
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Fig. 6.5 Common themes in modelling literature for each major primate group: (a) apes; (b) cer-
copithecines; (c) colobines; (d) platyrrhines; (e) lorises and galagos; and (f) lemurs. Tarsiers are 
excluded, as only one paper was found – it explored climate change impacts on biodiversity

(Condro et  al., 2021; Schloss et  al., 2012), so we cannot rely on generalisations 
across subfamilies. The sooner we identify the potential impacts of climate change 
on primates, the longer we give ourselves to implement the necessary steps to miti-
gate effects and avoid population declines.

Modelling efforts did not seem to correspond with extinction risk, i.e. species 
classified by the IUCN as “critically endangered” or “endangered” were no more 
likely to be the focus of these studies. In fact, some endangered species (Prolemur 
simus, Macaca pagensis) have yet to be studied this way. Species that are already 
struggling may face even more challenging futures that we cannot accurately pre-
pare for and mitigate if we do not have predictions of what the future may mean. 
This is yet again a pattern in the wider literature (Bezanson & McNamara, 2019) 
and may be a result of data scarcity. Although modelling can draw on online or 
published pools of data, such as the Global Biodiversity Information Facility (GBIF) 
or iNaturalist, sometimes datasets for a species are still missing, small, inaccurate, 
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or of poor quality (Maldonado et al., 2015), making it difficult to build accurate, 
high-quality models.

Both this chapter and the literature within it emphasise the need for more foun-
dational knowledge on many primate species. When we are unsure on current 
ranges, habitat preferences, and a species’ ability to cope with anthropogenic fac-
tors, accurate and meaningful projections may be impossible, and we run the risk of 
overgeneralisation. Some species may gain incidental protection from sharing their 
habitats with others we have modelled, but this is not the ideal given that responses 
are so species-specific (Pacifici et al., 2017; Schloss et al., 2012). It is also important 
to note that simply modelling distributions based on perceived correlations between 
occurrence and climate conditions may not give us the full picture. Herrera et al.’s 
(2018) study found that food tree distribution was a more accurate predictor for 
lemur distribution than climate. Indeed, different aspects of the environment will 
influence different species, with arboreal species perhaps more concerned with for-
est connectivity than terrestrial ones, and these factors can also affect population 
density (Pozo-Montuy et al., 2011).

Correlative methods, and specifically maximum entropy models, were by far the 
most common approach we found, but climate change modellers are far from reach-
ing consensus on methodology. With SDMs, there is ongoing disagreement on how 
small a sample size is appropriate and how accurate small-sample studies are 
(Santini et al., 2021; Wisz et al., 2008). Occurrence data used in studies of rare or 
cryptic species in particular is likely to have been opportunistically collected (and 
thus not randomly sampled or reflective of entire populations). Conducting studies 
on the species that have established field sites simply because they are the taxa we 
have sufficient high-quality data for is likely to unintentionally reinforce taxonomic 
biases. Additionally, animals do not exist in closed systems. Many external factors 
that are not commonly included in SDM studies can influence primate distributions. 
For example, anthropogenic and biotic factors (such as natural disasters) ultimately 
will play a role in shaping current and future distributions (Graham et al., 2016; 
Kamilar & Tecot, 2016), and, while some primatological studies included these fac-
tors, this was rare. Studies that fail to include anthropogenic layers risk over- 
estimating primate ranges (Kamilar & Tecot, 2016). SDMs also do not take into 
account behavioural flexibility or the issues of sensitivity and adaptability men-
tioned in our introduction. As a more positive note, it is worth our recognising that 
some primate species have adapted fairly successfully to human-dominated land-
scapes, persisting in urban areas (Aguiar et al., 2014; Jaman & Huffman, 2013). 
Human encroachment and urbanisation may impact such species less than others. 
Overall, while the picture emerging from existing models of primate responses to 
climate change may seem grim, we would like to end by proposing that there are 
significant gains to be made for primatologists and conservationists if we work to 
develop better methods and simultaneously generate new knowledge about our 
models’ predictive abilities.
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Abstract The increasing demand for natural resources has led to continued changes 
in land use, affecting the survival of many wild species, including non-human 
 primates. One of the major challenges for primate conservation in landscapes domi-
nated by agriculture is to find environmentally friendly alternatives that provide 
economic benefits to local communities while improving the health of the ecosys-
tems that primates and humans rely on. Community-based conservation is an 
approach whereby researchers and conservationists work in collaboration with local 
people to plan, implement, and assess conservation projects. This ensures effective 
and sustainable management of their natural resources based on the specific needs 
and cultural traditions of each community. In this chapter, we present an overview 
of primates living in agricultural landscapes and provide some guidelines for devel-
oping community-based conservation projects based on experiences of three case 
studies from Colombia and Ecuador. It is important to create participatory spaces 
for local communities to become involved in the co-planning and co-design of con-
servation actions and provide training that strengthens people’s capacities to acquire 
the necessary skills for implementing sustainable practices that bring revenue to the 
communities while protecting wildlife. Due to the social nature of community- 
based approaches, these conservation projects must also consider the socioeco-
nomic and political contexts that influence the relationships between people and 
wildlife at each intervention site.

Keywords Participatory conservation · Sustainable agriculture · Economic 
alternatives · Capacity building · Local traditions · Multidisciplinary conservation · 
Sustainable cacao · Sustainable livestock · Empowering communities · Natural 
resource management

7.1  Introduction

The continued expansion of human populations around the world has resulted in 
increased demands for food and other natural resources. This leads to intensified 
deforestation and land-use shifts towards small-scale subsistence farming, large- 
scale industrial agriculture, cattle ranching, and extractivist activities (Godfray 
et al., 2010). Due to these changes in land use, many animal species, including non- 
human primates (hereafter primates), have been subject to habitat loss, fragmenta-
tion, and degradation, leading to significant contractions of their home ranges and 
an increase in their spatial and ecological overlap with humans (Fuentes & Hockings, 
2010). Primates, however, are known for their behavioural and ecological flexibility, 
including a high degree of vagility, and, for some species, the ability to survive in 
degraded landscapes (e.g. Hending, 2021). This results in a shared space with 
humans and an increased likelihood of direct human-primate interactions. As habi-
tat alteration continues, it is imperative to understand how wild primates and humans 
use ecological and social spaces to effectively develop strategies that allow the sur-
vival of both taxa (Fuentes, 2012; Fuentes et al., 2016).
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Primates and humans share coevolutionary histories due to human modification 
of landscapes occupied by primates, shaping their movement patterns, ranging, 
habitat use, and genetic variation. However, primates have also played a significant 
role in shaping the culture, economy, and everyday lives of people living within 
close proximity to them (reviewed in Fuentes, 2012; Fuentes et al., 2016). Therefore, 
understanding the human-primate interface is crucial to ensure the continued sur-
vival of the species occupying today’s urban ecotones and complex heterogeneous 
human-modified landscapes (Lee, 2010). To enable human-primate coexistence, 
it is necessary to integrate the interests and concerns of both taxa and undertake 
conservation actions that consider an ecological framework accounting for both 
human and primate requirements (Riley, 2006; Wolfe & Fuentes, 2007).

Community-based conservation is focused on including the participation and 
buy-in of local communities in the planning, implementation, and assessment of 
conservation projects (Baldauf, 2020). This bottom-up conservation approach 
ensures that communities take an active role in the management of local species and 
their habitats. It also allows local people to gain autonomy in the management and 
control of their territories in a sustainable manner. This approach not only guaran-
tees that the community’s interests are taken into account but also promotes a rela-
tionship based on trust and collaboration between local communities, conservation 
managers, and researchers. Rather than relying on interventions from outsiders who 
may not understand the nuances of the human-wildlife dynamics at each site, may 
not have appropriate permissions, and/or are focused solely on the protection of 
wildlife, community-based interventions are centred around the needs of the people 
living in the area (Adams & Hulme, 2001; Shaffer, 2015). For human and primate 
coexistence to occur within agricultural landscapes, the ever-growing demand for 
agricultural products, the needs of local communities, and the successful conserva-
tion of primate populations need to occur simultaneously (Hill, 2002). However, 
successful coexistence depends on the specific needs and opportunities of each 
community, their relationship with wildlife, and the geographic, historic, and socio-
economic context of each shared landscape. Therefore, it is important to develop 
inclusive strategies that are environmentally and financially sustainable and meet 
both primate and human needs.

In this chapter, we present an overview of primates living in agricultural land-
scapes and provide some guidelines on how to engage with local communities to 
increase the success of participatory conservation projects. We also present a set of 
case studies from South America that demonstrate first-hand strategies to co-develop 
community-based projects to ensure the conservation of primate species in human- 
modified landscapes. Our goal is that by presenting examples of applied community- 
based approaches for the conservation of wild primates, we can inform and guide 
current and future primate conservationists about the different strategies and their 
varying levels of success in various contexts and scenarios. With this, we want to 
stress the importance of involving and working with local communities and govern-
ments in conservation project decision-making, as well as providing suggestions of 
what we think are the best practices to implement primate threat mitigation strate-
gies that meet both primate ecological demands and human interests and wellbeing.
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7.2  Primates in Agricultural Landscapes

The ongoing expansion of tropical agriculture is particularly catastrophic for pri-
mates, as almost all extant primate taxa live within tropical regions, and most of 
these primates depend exclusively on tropical forest for their survival (Chapman 
et al., 2003). In the last 30 years alone, agricultural land has expanded by over 1.5 
million km2 into primate habitat, and this expansion and its associated deforestation 
are now regarded as one of the biggest threats to global primate populations (Estrada 
et  al., 2017; Fernández et  al., 2021). Croplands now occupy 17.1 million km2 
(35.3%) of the 50.2 million km2 global primate distribution (Fig.  7.1), much of 
which is directly adjacent to remaining tropical forests, resulting in intense anthro-
pogenic encroachment and disturbance of primate habitat (Estrada et al., 2017).

Many tropical landscapes are now dominated by matrices of isolated forest 
patches surrounded by croplands and plantations (Perfecto & Vandermeer, 2008). 
Although simplified agroecosystems such as pastures and monocultures generally 
exclude most native biodiversity and restrict the dispersal of many primates, more 
complex systems (e.g. successional agroforestry and silvopastoral systems) can 
support more biodiversity and serve as suitable habitat or travel corridors while 
providing food resources and dispersal opportunities (Estrada et al., 2012; Guzmán 
et al., 2016). Over 60 primate species have been observed foraging within croplands 
and plantations or travelling through them to reach adjacent forest fragments 

Global primate geographic range

Crop cultivation areas within global
primate range N

0 2.500 5.000 Kilometers

Fig. 7.1 The global distribution of the Primate order (orange) and the land used for crop cultiva-
tion within this geographic range (yellow). Map created with a scale of 1:100,000,000. Global crop 
geoTIFF data downloaded from Earthstat.org
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(Estrada et al., 2012). For example, several arboreal primates in Central and South 
America have been observed moving within matrices of cacao, coffee, or bamboo 
agroecosystems and through cattle ranching landscapes (e.g. Estrada et al., 2006; 
Guzmán et al., 2016; Loría & Méndez-Carvajal, 2017; Gómez-Posada, 2014). In 
Madagascar, several species of lemur have been recorded in vanilla and cacao plan-
tations, and these areas may represent extensions of suitable habitat for these 
endemic primates (Hending et al., 2018; Webber et al., 2019). Chimpanzees (Pan 
troglodytes) and a multitude of monkey species use banana, palm oil, and mango 
plantations as temporary habitats, while they travel between forest fragments in 
sub-Saharan Africa (Estrada et al., 2012). In Asia, tarsiers (Tarsius sp.) have adapted 
to live in cacao, ylang-ylang, and coffee plantations (Merker & Muhlenberg, 2000), 
and several cercopithecids use palm oil plantations as travel corridors (Campbell- 
Smith et al., 2010). These examples provide evidence that agricultural practices can 
provide both economic benefits to local communities while maintaining landscapes 
with enough ecological integrity (Grantham et  al., 2020) for primate species to 
survive, if properly managed. However, more long-term data is needed to ensure 
that primates can indeed survive, reproduce, and maintain stable and healthy popu-
lations in these anthropogenically impacted landscapes.

7.3  Community-Based Conservation Approaches

Community-based conservation takes place when researchers and conservationists 
collaborate with local communities to ensure sustainable and responsible manage-
ment of their natural resources based on the specific needs and cultural traditions of 
each community (Horwich & Lyon, 2007). This bottom-up approach deviates from 
more traditional top-down models of biodiversity conservation that are often based 
on the creation of protected areas or interventions from large conservation organisa-
tions or international researchers (Baldauf, 2020; Berkes, 2004). Top-down 
approaches to conservation have been criticised for not including local people and 
local context as part of the decision-making processes (Baldauf, 2020; Berkes, 
2004). Local communities are more likely to participate in conservation projects 
when they are previously consulted, when their traditions and beliefs are taken into 
account, and especially when they directly benefit from the interventions to be made 
(Horwich & Lyon, 2007). These projects may then become attractive to neighbour-
ing communities and among multiple stakeholders, becoming a driver of positive 
changes towards biodiversity conservation at a regional and national level (Horwich 
& Lyon, 2007; Savage et al., 2010; Shanee et al., 2020).

To develop and implement potential interventions for reducing or mitigating 
actions that threaten biodiversity, it is important to have participatory spaces (e.g. 
Fig. 7.2) where local people can express how they interact and coexist with local 
wildlife through their beliefs, perceptions, and everyday activities (Jacobson, 2010; 
Savage et al., 2010). Building trust with communities is crucial to fully understand-
ing the dynamics between people and their environment, including any negative 
interactions between humans and wildlife (Estrada et al., 2017; Savage et al., 2010; 
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Fig. 7.2 Examples of participatory methods employed by Proyecto Washu in Ecuador (see Box 
7.1) to understand the interactions between local communities and wildlife in shared landscapes. 
(Photo credits: Proyecto Washu)

Shanee, 2012; Shanee & Shanee, 2015; Waylen et al., 2010), which can become 
major obstacles for primate conservation. These conversations can help conserva-
tionists to design specific strategies and messages tailored towards people’s atti-
tudes regarding wildlife and their needs and, by doing so, increase the likelihood of 
people engaging with conservation projects (Jacobson, 2010; Waters et al., 2019). 
For example, areas where communities perceive primates as pests (e.g. Hockings & 
McLennan, 2016; Tweheyo et al., 2005; Warren, 2009; Regmi et al., 2013; Saraswat 
et al., 2015) or as vectors of disease (e.g. Bicca-Marques & de Freitas, 2010) will 
require different strategies to those sites where primates are revered (e.g. Lutgendorf, 
2007) or seen as key for forest regeneration (e.g. Stevenson et al., 2002; González- 
Zamora et al., 2012; Arroyo-Rodríguez et al., 2015; Franquesa-Soler & Serio-Silva, 
2017; de Luna et al., 2016). Therefore, participatory spaces are important for local 
people to communicate how they interact with their surrounding environment and 
for conservationists to learn about the communities’ relationships with nature, to 
subsequently co-design the most effective strategies that ensure the protection of 
natural resources.

Local community members have traditionally managed and utilised natural 
resources for many generations. They have relied on small-scale and subsistence 
agriculture, as well as forest-based economies, in accordance with their cultural 
traditions, to supplement their economic activities (Hill, 2002). However, 
commercial- scale agriculture, extensive cattle production, and large-scale natural 
resource extraction represent a major income source for large-scale farm owners, 
national and international companies, and development agencies who may, or may 
not, be local to the region or represent the local interests (Estrada et  al., 2020). 
Therefore, one of the major solutions to promote primate conservation in landscapes 
dominated by agriculture is to find alternative income sources and economic incen-
tives that do not rely on conventional unsustainable practices. Although this is not 
always possible when addressing large-scale commercial operations, it has proven 
to be a very effective strategy with local communities who have transitioned to more 
environmentally friendly approaches (e.g. Boxes 7.1 and 7.2). Alternative sustain-
able farming methods, such as successional agroforestry, silvopastoral systems, 
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Box 7.1 Protecting Brown-Headed Spider Monkeys in Ecuador Through 
the Creation of a Sustainable Matrix Model
The Chocó region in western Ecuador is a biodiversity hotspot (Myers et al., 
2000) that requires immediate conservation action given that it has lost over 
95% of its original vegetation cover (Mittermeier et al., 1999; Myers et al., 
2000; CEPF, 2005). This forest loss has led to population decreases of several 
species in the region, including the Critically Endangered brown-headed spi-
der monkey (Ateles fusciceps fusciceps) (Moscoso et al., 2021). The protec-
tion of the few remaining forest patches has been promoted by establishing 
private and state reserves. However, the success of this strategy, based on a 
protected area model, relies on the connectivity and permanence of unpro-
tected forests located in the buffer zones (Checa et al., 2012). Buffer zones in 
this region have mainly been used for commercial and illegal logging, inten-
sive agriculture, and cattle ranching by private enterprises, Mestizo immi-
grants, and Afro-Ecuadorians and Indigenous (Chachis/Awa) communities 
(Sierra & Stallings, 1998) that live in extreme poverty (Unidad de Información 
Socio Ambiental, 2021).

Proyecto Washu was established as an NGO with the goal of promoting the 
conservation of brown-headed spider monkeys and their habitats using primarily 
participatory methods with local communities (Fig. 7.2). Since 2013, Proyecto 
Washu has been working with farmers living in the buffer zones of the protected 
areas in north-western Ecuador, to create a Sustainable Matrix Model (SMM), 
which integrates concepts of agroecological matrices, sustainable develop-
ment, and land sharing (Perfecto & Vandermeer, 2010; Butsic & Kuemmerle, 
2015). Under this model, Proyecto Washu and members of the local communi-
ties have established socio-environmental agreements to hold themselves 
accountable for the protection of the forests and wellbeing of their communities. 
Additionally, Proyecto Washu has played an important role in facilitating local 
capacity building in biodiversity conservation, sustainability, and leadership, to 
promote autonomy and ownership of their territories, and, in the process, instill-
ing a sense of community stewardship in conservation projects.

Through these efforts with local communities, Proyecto Washu has facili-
tated the inclusion of more than 500 hectares of land within the SMM. More 
than 300 hectares of forest, owned by 17 families that currently maintain 
socio-environmental agreements, are protected until 2025. With these com-
munity agreements, the project seeks to have both low-intensity farming and 
areas dedicated to biodiversity conservation within the same territory, pro-
moting a “high-quality matrix” which allows for the migration of species and 
for preventing regional extinction trends. Local communities involved in the 
SMM are committed to protecting their forests while strengthening their 
capacities to produce high-quality cacao. These activities also help in increas-
ing the communities’ economic opportunities by establishing direct commer-
cial relationships with buyers and farmers, who acknowledge the added value 
of the high-quality cacao produced within the SMM. This added value has 
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resulted in a twofold increment in price per kilogram compared to average 
cacao prices in the country.

With the SMM framework, Proyecto Washu has helped in strengthening 
the capacities and principal economic activities of local communities in this 
biodiversity hotspot and, by doing so, improved both the people’s liveli-
hoods and protecting biodiversity, including the Critically Endangered brown-
headed spider monkeys that live in the region.

Box 7.2 The Colombian Sustainable Cattle Ranching Project
The transformation of natural forests for livestock production is the third lead-
ing cause of habitat loss worldwide, affecting 31% of primate species (Estrada 
et al., 2018). In Colombia, cattle ranching occupies over 30% of the national 
territory and is primarily managed by small family businesses (FEDEGAN, 
2021; Giraldo et  al., 2018). In 2010, the Colombian Sustainable Cattle 
Ranching Project was launched as an economic programme to improve the 
income and the quality of life of ranchers and their families (Uribe et al., 
2011; Giraldo et al., 2018). The project promotes the adoption of environmen-
tally friendly cattle ranching practices that improve the management of natu-
ral resources and expand the provision of ecosystem services while increasing 
the farms’ productivity (Giraldo et al., 2018; Uribe et al., 2011).

The project focuses on three main sustainable practices: (1) creating living 
fences to improve connectivity, to act as a windbreak barrier, and to conserve 
biodiversity; (2) planting scattered trees in pastures to provide shade for live-
stock, as windbreaks, and to promote biodiversity and soil improvement; and 
(3) using intensive silvopastoral systems (Giraldo et al., 2018). It also includes 
the management of pastures with activities focused on avoiding soil compac-
tion, protection of watersheds by the reforestation of river banks, develop-
ment and application of organic compost, and use of forage species generated 
by the silvopastoral system to feed cattle and to reduce the costs of supple-
mentary feed to maintain cows (Giraldo et al., 2018; TNC, 2020).

By 2019, a total of 4100 families practising cattle ranching had benefited 
from this project (Calle, 2021). Between 2010 and 2019, participating farms 
recorded a 3% increase in secondary forest cover (while the mature forest 
cover remained the same), a 54% increase in the amount of land converted to 
silvopastoral systems, and a 151% increase in area covered by living fences, 
with a significant reduction of pastures and degraded soil (TNC, 2020). In 
total, 38,390  ha of silvopastoral systems with cattle production have been 
implemented through the project (TNC, 2020; Calle, 2021). These changes 
have also brought economic benefits to communities, with a reported average 
increase of 32% in animal load and 29% in dairy productivity (Calle, 2021). 
Furthermore, changes in land use and biodiversity (including birds, bats, dung 
beetles, edaphic microfauna, aquatic macrofauna, and plants) are being 
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productive reforestation, as well as climate smart and ecosystem-based adaptation 
approaches (Colls et al., 2009; Lipper et al., 2014; Wezel et al., 2014), can become 
crucial to provide economic benefits to communities while improving the health of 
the ecosystems that primates and humans rely on (Jacobson, 2010; Estrada et al., 
2012). In parallel to these sustainable practices, it is important to increase capacity 
and provide the necessary infrastructure that would allow for the integration of local 
communities into productive market chains at the local, regional, national, and 
international scale. This is important so that local producers have a demand for their 
sustainably sourced products and for those products to become marketable at com-
petitive prices (Smith, 2008). Additionally, environmental and fair-trade certifica-
tions for sustainability (i.e. Rainforest Alliance, Wildlife Friendly Enterprises) can 
provide economic incentives for farmers by providing platforms so that they can sell 
their products at a higher price than regular market prices. This is due to the ecosys-
tem conservation, wildlife protection, and fair treatment and good working condi-
tions for workers that these certifications promote and that make the product unique 
and special (Makita, 2016; Box 7.1). By increasing product price, farmers are more 
willing to switch to more environmentally friendly practices that protect primates 
and their habitats and promote social, economic, and environmental standards for 
agriculture. These market integration strategies can be strengthened by creating 
local cooperatives and associations between individual community members or 
partnering with NGOs and businesses to collaborate towards shared environmental 
goals (Jacobson, 2010; Smith, 2008). The creation of these partnerships among 

monitored in collaboration with local communities (Calle, 2021). Results 
suggest that, with the expansion of silvopastoral systems (instead of pastures), 
there has been an increase in biodiversity and the mobility of wildlife between 
forest patches has improved due to an increase in living fences and scattered 
trees (Calle, 2021; TNC, 2020).

This project has been implemented in farms located in lowland and moun-
tain areas in the Caribbean, Andes, plains foothills, and the Orinoquia savan-
nas in Colombia. Because of its geographic extension, this project potentially 
benefits at least 21 of the Colombian primate species that occupy these 
regions, including the Critically Endangered cotton-top tamarin (S. oedipus) 
and brown spider monkey (A. hybridus), and the Endangered white-bellied 
spider monkey (A. belzebuth) and the white-fronted (Cebus versicolor) and 
Colombian white-faced capuchins (C. capucinus capucinus). Primate com-
munities inhabiting these regions may benefit from the increase in forest 
cover and the connectivity provided by living fences, the reforestation of 
riparian areas, and the increase in mobility between forest patches using 
scattered trees and silvopastoral systems (e.g. Torres et al., 2021). These sus-
tainable livestock initiatives are a potential tool for the conservation of pri-
mates in rural landscapes while also benefiting local communities that depend 
on productive systems in those landscapes.

Box 7.2 (continued)
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local community members, which may be facilitated by NGOs, researchers, or other 
external organisations, strengthens their participation in sustainable practices. It 
also empowers communities to become responsible for the ownership and long- 
term management of the natural resources in their territories (Savage et al., 2010; 
Shanee et al., 2020).

Conservation initiatives tend to be more successful when implemented alongside 
a strategy to increase awareness of the threats to target species or ecosystems. Also 
important are training and capacity building programmes that help local communi-
ties to gain or strengthen their skills in implementing sustainable practices (that 
bring revenue to the communities while protecting wildlife) (Horwich & Lyon, 
2007; Box 7.3). If conservation projects are not accompanied by awareness and 
capacity building activities, communities may become dependent on external organ-
isations to adequately manage and maintain sustainable practices within their agro-
ecosystems (Horwich & Lyon, 2007). Including financial literacy within training 
programmes is also important for key participants to acquire the necessary skills to 
run financially sustainable projects that empower and ensure the autonomy of local 
communities (Baldauf, 2020). Conservationists and researchers must also keep in 
mind that several years of consultation, planning, training, and implementation may 
be required for a community-based conservation project to become successful (e.g. 

Box 7.3 Silvery-Brown Tamarin Conservation in Cattle Ranching Farms 
in Colombia
Silvery-brown tamarins (Saguinus leucopus) are endemic to the Andean 
region of Colombia and currently threatened by increased habitat fragmenta-
tion caused by cattle ranching, agriculture, mining, and dam building (Link 
et al., 2021; Henao-Díaz et al., 2020). Almost 80% of the tamarin’s geographic 
distribution now consists of cattle ranching pastures (Etter, 1997). Many tam-
arin populations overlap with human settlements, resulting in a close relation-
ship between local people and these primates, which shapes communities’ 
livelihoods and cultural identity both positively and negatively (Valencia, 
2018). For example, S. leucopus are in high demand in illegal pet trade mar-
kets (Henao-Díaz et al., 2020) representing an important source of income for 
some local people. Tamarins can also be a nuisance for communities, as they 
forage for food inside houses and move across roads, electric poles, and 
fences. Nevertheless, silvery-brown tamarins have become a symbol in 
the region.

Conservación Titi Gris (CTG) is a community-based conservation and 
research programme that promotes S. leucopus population recovery and long- 
term survival in cattle ranching farms in Norcasia, Caldas. Through multi- 
stakeholder coalitions with local government, national and international 
NGOs, universities, and most importantly the local community, CTG has built 
scientific knowledge about the viability of tamarin populations in highly 
degraded habitats and has raised awareness of the species’ importance 
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(Valencia, 2018). The project recognises that farmers are key allies for the 
long-term survival of tamarins in this region. At the project’s inception, the 
goal was to understand the perceptions, behaviours, and attitudes of small 
holders and large-scale cattle ranchers towards tamarins and their habitat. 
This was achieved through continuous engagement and open communication 
with the local community, which included informal and formal interviews 
(Fig.  7.3), conversations over a cup of coffee, and educational workshops. 
Initially, the local community was not aware of the conservation status, 
threats, and endemicity of the species, nor did they understand how their 
everyday activities impacted tamarin survival. Using a variety of outreach 
materials and communication strategies specifically targeted to the local com-
munity (e.g. ponchos for cattle ranchers, mugs for cattle farm owners, colour-
ing books for students), the project instilled a sense of pride and stewardship 
in the community (Fig. 7.3), using taglines like “Let’s protect it, it’s unique 
and ours”, “The tamarin is as Colombian as myself”, and “Tamarins are on 
my farm, and I protect them”.

The project is currently addressing drivers of forest loss and identifying 
and implementing strategies that could increase the tamarins’ chance of sur-
vival while improving local communities’ livelihoods. Tourism is one of the 
main economic activities in the area, and the project has highlighted the 
importance of tamarins to tourists by using the primates as a flagship species. 
Billboards with the message “Welcome to the land of the Titi Gris” have been 
installed throughout the region. The project also worked with cattle ranchers 
to understand beef production practices and landscape management, with a 
view to designing feasible strategies for the implementation of silvopastoral 
systems on these farms. CTG will now focus on empowering the local com-
munity to develop long-term and self-sustainable ecotourism plans, as well as 
silvopastoral and reforestation activities.

Fig. 7.3 Informal conversations between conservationists and cattle ranchers to understand 
zoning and management mechanisms of cattle farms (left). Instilling stewardship and pride 
within local communities (right), both strategies for the conservation of silvery-brown tam-
arins in Norcasia, Caldas (Colombia). (Photo credits: Lina M. Valencia)
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Savage et al., 2010; Horwich et al., 2010), so they should plan a long-term strategy 
with local communities when developing these projects.

Although some of the socioeconomic factors that affect local communities in 
primate habitat countries can be alleviated by incorporating sustainable practices, it 
is also important to consider other social, political, and historical realities to fully 
understand the dynamics between people and the environment in each area 
(Jacobson, 2010; Estrada et al., 2020). These socioeconomic and political factors 
can become major hurdles for conservation initiatives, and they should be consid-
ered carefully in the design of community-based conservation programmes. If 
ignored, interventions can cause more harm than good for local communities 
(Waters et al., 2021). For example, within the last few decades, there has been a rise 
in targeted violence, threats, and the assassination of activists, Indigenous people, 
lawyers, and journalists affiliated with environmental and social justice organisa-
tions, as well as agrarian communities who were engaged in the defence of environ-
mental rights and their territories (Butt et al., 2019). This wave of violence has been 
marked by conflicts over natural resources and is more predominant in megadiverse 
countries in Latin America, the Caribbean, and South-East Asia (Butt et al., 2019), 
which host a large percentage of all primate species (Estrada et al., 2012, 2017). 
Although there is pressure from international organisations calling for governments 
to advocate for social and environmental justice (e.g. Escazu Agreement, CEPAL, 
2018), weak and corrupt institutions and governments continue to leave environ-
mental defenders in a very vulnerable, potentially life-threatening position (Butt 
et al., 2019; López-Cubillos et al., 2021). Therefore, conservationists must consider 
these socio-political aspects before planning conservation strategies in order to 
ensure the safety of local communities.

Finally, in an effort to improve the livelihoods of local communities, it is also 
important to include an approach that reduces gender inequalities, especially in 
rural areas where the gender gap in job opportunities and land ownership is even 
more pronounced (FAO, 2011). Cultural traditions and conventional gender roles in 
the division of labour have often left women in a more vulnerable situation. Men 
tend to join the workforce and have paid jobs, while women focus on unpaid domes-
tic work and taking care of family or other community members (including children 
and elders) (Elson, 2017). Additionally, women endure more barriers to access edu-
cational programmes, including those offered in community-based conservation 
initiatives. As a consequence, women are less likely to receive the information and 
training on sustainable practices that they could implement in their households and 
transmit to their children (Agarwal, 2009; Gutierrez-Montes et al., 2012). Receiving 
information and training on sustainable activities is especially important for the 
development of rural and agricultural communities given that women have a domi-
nant role in obtaining firewood, procuring water, and gathering and cooking food 
(Gutierrez-Montes et al., 2012). Since women often carry out these activities, it is 
likely they interact more closely with the environment than men. Women’s deci-
sions can, therefore, have significant effects on the use and management of natural 
resources (Gutierrez-Montes et al., 2012). When designing community-based con-
servation projects, it is important to find livelihood alternatives that alleviate 
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poverty and provide leadership to women and other vulnerable populations, and to 
do so, women should be included in all aspects of the project, including the plan-
ning and implementation stages.

In conclusion, community-based conservation approaches are more effective 
when local community members participate in all the phases of the project and 
individuals outside the community take a facilitator role rather than a paternalistic 
and hands-on approach (Appleton et al., 2021). Researchers and conservationists 
must include local communities in the design and planning of strategies to protect 
natural resources, support them in obtaining the skills required to put into action the 
planned interventions, and provide the foundation to ensure their sustainability. 
Additionally, it is important to mention that despite potential commonalities across 
sites, each project will vary depending on the specific interests and needs of each 
local community and on the historical and socio-political context that shape the 
relationships between people and wildlife in each site.

7.4  Conclusions

Local communities in many primate habitat countries rely on activities related to 
crop cultivation, livestock farming, and the extraction of natural resources for their 
subsistence. It is, therefore, vital that conservation projects taking place in agricul-
tural landscapes consider the local traditions and economic interests of all stake-
holders involved (Baldauf, 2020). Participatory spaces allow conservationists to 
collaborate with stakeholders at different scales (i.e. local, regional, national, and 
international) in working together towards shared environmental goals that benefit 
both humans and wildlife. Given the social nature of participatory and inclusive 
conservation programmes, it is important to have a socioeconomic, socio-political, 
and socioecological approach for understanding the root causes beyond the immedi-
ate drivers of biodiversity loss (Baldauf, 2020).

Primate conservationists often have a background in biology, zoology, or bio-
logical anthropology that allow them to understand the biological and ecological 
factors impacting primate populations. However, primatologists tend to lack proper 
training to understand the social dynamics that may threaten primates directly or 
indirectly and the socio-political and historical background influencing land use in 
each region or to resolve social conflicts between different stakeholders (Jacobson, 
2010; Horwich & Lyon, 2007; Estrada et al., 2020; Baldauf, 2020). Because of this, 
many projects result in a trial-and-error approach leading to several unsuccessful 
strategies that might discourage communities from wanting to participate in future 
conservation efforts. It is, therefore, crucial for primatologists to collaborate with 
people with a background in sociology, sociocultural anthropology, history, conflict 
management, pedagogy, law and policy, accounting, entrepreneurship, marketing, 
fundraising, and agricultural sciences, as well as local stakeholders, to ensure the 
long-term success of community-based projects for primate conservation.
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Abstract Continuous human expansion is affecting landscape composition, in par-
ticular through urbanisation. Wildlife persistence in the urban mosaic is generally 
negatively affected; however, many primate species show behavioural plasticity and 
thrive in the urban mosaic. Urban primates often show selective behaviours in the 
urban mosaic, e.g. responses to anthropogenic food resources. However, as the 
urban mosaic becomes more prominent and important for biodiversity, conserva-
tion, and management, clearer definitions and terminology used to describe the 
urban mosaic are needed. Therefore, we use this chapter to review current defini-
tions and suggest using the term ‘mosaic’ to discuss urban landscape ecology mov-
ing forward. Throughout our chapter, we consider the complexity of the urban 
mosaic and emphasise the value of considering quantified anthropogenic distur-
bance and species-specific knowledge in urban primate ecology. We suggest that 
management focus on the multiple facets of the urban mosaic, both human and 
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primate derived, and discuss the benefits for biodiversity, conservation, and human- 
primate coexistence.

Keywords Fitness · Human-primate coexistence · Management · Matrix · Mosaic 
· Urbanisation

8.1  Introduction

Almost all wildlife lives in an environment that is subject to some level of anthro-
pogenic disturbance (Soulsbury & White, 2015). The effects of this disturbance 
vary dramatically with the nature of the environmental change (McKinney, 2008). 
Research on wildlife living in the urban mosaic is increasing (Perry et al., 2020), 
yet research on non-human primates (hereafter primates) in the urban mosaic is 
complex because of the multi-dimensional and heterogeneous nature of urban areas. 
The viability of biodiversity in an urban environment is influenced by multiple 
aspects such as the environment’s ecological structure (Mackenstedt et al., 2015), 
species-specific physiological and behavioural adaptations (Humle & Hill, 2016), 
and human-primate relationships (Naughton-Treves et al., 1998). In this chapter, we 
will first consider terminology used to discuss the urban mosaic and then review 
research on primate ecological and behavioural flexibility in an urban environ-
ment. Finally, we will consider the application of this knowledge for management 
and conservation.

8.2  The Urban Mosaic

Global environmental change, caused by human land use requirements, often has 
detrimental impacts on ecosystems (e.g. Lambin et al., 2000). The growth of human 
populations, resulting in anthropogenic changes to landscapes and urban sprawl, is 
now considered a key driver of environmental change (Grimm et  al., 2008). 
Urbanisation creates a unique landscape ecology through increasing human popula-
tions, anthropogenic topography, and habitat fragmentation (Werner, 2011). These 
urban landscapes vary dramatically from large cities to small settlements; therefore, 
the ecological effects are difficult to measure quantitatively (Bennett & 
Gratton, 2012).

Increases in human populations have resulted in changes to the natural ecosys-
tem’s function and biodiversity (Bonier et al., 2007). Although effects are species- 
specific, certain primate species have shown behavioural flexibility to ecological 
changes and thrive in these conditions (McLennan et al., 2017). Desirable charac-
teristics linked to the urban environment, such as increased resources and a reduc-
tion in predation, provide an attractive habitat (Bateman & Fleming, 2012; de 
Andrade et al., 2020); hence, some species often favour the urban environment to its 
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rural counterpart (Kaplan & Rogers, 2013). Generally, urban primates persist in 
these areas because of their omnivorous foraging behaviour (Lowry et al., 2013). By 
optimising their foraging strategies, exploiting human resources (Thatcher et  al., 
2020), altering ranging patterns for food access or changing foraging activity to 
avoid increased aggression from humans (Thatcher et al., 2019a, b), and using the 
city as a refuge (Waite et  al., 2007), many primates are able to thrive in the 
urban mosaic.

Although the urban mosaic has many positive aspects, there are also many nega-
tive consequences (Bicca-Marques, 2016; Perry et al., 2020). Primates in the urban 
mosaic face challenges of habitat destruction and fragmentation resulting in poor 
habitat quality and connectivity (Bicca-Marques, 2016), as well as challenges asso-
ciated with anthropogenic topography, human-wildlife interactions, pollution, and 
food restrictions (Gordo et al., 2013). These challenges can bring an increased risk 
of stress (Giraudeau et  al., 2014) and increased chances of death and/or injury 
related to the human-primate interface (O’Riain & Hoffman, 2012),  for example 
due to power lines (Lokschin et al., 2007; Lindshield, 2016; Pereira et al., 2020), 
and dog predation (Chap. 5, this volume). Furthermore, studies on endangered pri-
mate populations have shown the genetic risks of increased fragmentation (e.g. 
banded leaf monkey, Presbytis femoralis femoralis, Ang et al., 2012; pied tamarin, 
Saguinus bicolor, Farias et al., 2015), this research stresses the importance of con-
sidering the urban sprawl for genetic conservation of endangered species.

8.2.1  Defining the Urban Mosaic

It is commonly acknowledged that landscapes are spatially heterogeneous areas 
comprised of a mosaic of patches that differ in spatial patterns and ecological pro-
cesses (Forman & Gordon, 1986; Wu, 2013). Urban patch mosaics form key attri-
butes for wildlife providing anthropogenic resources (Johnson & Munshi-South, 
2017) and green space (de Andrade et al., 2020; Downs et al., 2021). Although the 
term urban mosaic is becoming more widely used within urban ecology (e.g. Corrêa 
et al., 2018), it is still not clearly defined, likely because of global variation in these 
landscapes (see Werner, 2011). Here, we will consider the two most commonly 
accepted definitions of Werner (2011) and Marzluff et  al. (2001) and define the 
urban mosaic as ‘a habitat made up of areas of building density, residential human- 
density, anthropogenic disturbance, green areas and linear anthropogenic structures’.

In conducting this chapter, we found multiple discrete phrases for urban land-
scapes within the primate literature, including ‘urban’, ‘peri-urban’, ‘semi-urban’, 
‘urban-city/forest/farm/rural/semi-rural/tourist’, ‘human disturbance’, ‘anthropo-
genic’, and ‘tourist’. All these studies used the word ‘urban’ at some point to 
describe their study within either the abstract, introduction, or methods, yet their 
study sites varied dramatically. Most studies only described the study site, with few 
studies defining landscapes and anthropogenic terminology (e.g. Scheun et  al., 
2019; Chowdhury et  al., 2020). We, therefore, suggest that studies should more 
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clearly describe the matrix within their study site, providing a clear ecological 
description of the habitat composition (Werner, 2011) and considering landscape 
scales (see Marzluff et al., 2001, pp. 11, Table 1) to clearly define the habitat type. 
Understanding this matrix of connected habitats and species requirements in the 
urban mosaic is important for ecosystem services and biodiversity conservation 
(Downs et al., 2021; Zungu et al., 2020a, b). We acknowledge the value of these 
diverse and discrete terms within the developing urban mosaic; nevertheless, within 
this chapter, we will focus primarily on research conducted in ‘urban’ habitats as 
clearly defined in the study’s methodology and/or following our definition. More 
detailed analysis of the above subcategories can be seen in the respective chapters 
throughout this book.

8.2.2  Quantifying Anthropogenic Disturbance

With increasing urban expansion, interest in the human-primate interface is grow-
ing, evidenced by recent ethnoprimatology studies (McKinney & Dore, 2018). 
Currently, most research that focuses on the anthropogenic interface classifies dis-
turbance by habitat type (see Sect. 9.2.1), and data are often compared interchange-
ably without consideration of the varying ecological pressures within these 
landscapes (McKinney, 2015). Additionally, as the urban mosaic varies globally, so 
does the nature of the human-primate interface (Beisner et al., 2015). For example, 
economic loss to communities (Dickman, 2012) differs from the economic and cul-
tural benefits of primate tourism (Zhao, 2005). In response, McKinney (2015) 
suggested a generalised classification system allowing researchers to clearly report 
four major variables within their study site including landscape, non-human primate 
interface, diet, and predation risk. Although McKinney’s descriptive system is a 
valuable initiative, it is not necessarily applicable to accelerating urban landscapes, 
for example, with respect to the value of opportunistic foraging for urban primates. 
McKinney’s classification has only been used in one urban study so far (Thatcher 
et al., 2018; Table 1), although with modifications the premise of this system could 
be used more widely across the urban mosaic.

Nevertheless, some studies do provide a quantified estimate of field site variables 
(Table 8.1). For example, research has attempted to quantify anthropogenic topog-
raphy by calculating the density of key urban mosaic features (e.g. buildings and 
green space) (Santos et al., 2014; Thatcher et al., 2018; de Andrade et al., 2020). 
Additionally, some studies have considered the effect of noise pollution in the urban 
environment, measuring noise amplitude (de Andrade et  al., 2020; Duarte 
et al., 2011).

Measuring interactions and associations within the human-primate interface is 
one of the most common measures of anthropogenic disturbance (Table  8.1). 
Multiple studies have used behaviour sampling to record all human-primate inter-
actions, the initiator and context, providing a detailed account of interactions (e.g. 
Beisner et al., 2015; Suzin et al., 2017). Additionally, studies have highlighted the 
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importance of considering the nature of human-primate interactions in the urban 
mosaic, both positive and agonistic/negative, providing an understanding of the 
drivers of urban primate behaviour (Suzin et al., 2017; Thatcher et al., 2019a, b; 
Thatcher et al., 2020). What is noteworthy is that although studies have considered 
both human- and primate-orientated interactions (Table 8.1), to our knowledge, no 
study has simultaneously considered both positive and negative interactions from 
both the human and primate perspectives, an important consideration to fully under-
stand the multiple facets of the human-primate interface.

As the importance of studying the urban mosaic becomes a more prominent issue 
(Perry et al., 2020), clearer definitions and understanding within this landscape are 
needed to allow comparisons of research and support management plans for biodi-
versity and conservation. Although Table 8.1 highlights the current array of quanti-
fied anthropogenic pressures measured in urban studies, the methods and techniques 
within these studies are still variable, and as the human-primate interface varies 

Table 8.1 Different measurements of quantified anthropogenic disturbance for primates in the 
urban mosaic. Each shows a brief description of the method and the associated study

Measure of 
urbanisation Definition Study

McKinney’s 
classification

Code landscape variables 
including diet, human- 
nonhuman primate interface, 
and predation level (see 
McKinney, 2015)

Thatcher et al. (2018)

Land cover Anthropogenic topography de Andrade et al. (2020), Santos et al. (2014), 
and Thatcher et al. (2018)

Human 
presence

Tourism rate Ilham et al. (2017)
Human population (per km2) Thatcher et al. (2018)
Human traffic scans (humans, 
bikes, motorcycle, bus, truck, 
cars)

Beisner et al. (2015)

Noise 
disturbance

Noise amplitude de Andrade et al. (2020) and Duarte et al. 
(2011)

Human- 
primate 
interface

Human-primate conflict (injury 
or death)

O’Riain and Hoffman (2012) and 
Pragatheesh (2011)

Human-primate interaction from 
local human community 
perspective (questionnaire)

Rodrigues and Martinez (2014), Teixeira 
et al. (2015), Beisner et al. (2015), Chauhan 
and Pirta (2010), Kaburu et al. (2018, 2019), 
Marty et al. (2019a, b), Olaleru and 
Ogunfuwa (2020), and Patterson et al. (2017)

Human-primate interactions 
(behavioural observations)

Suzin et al. (2017), Thatcher (2019), and 
Thatcher et al. (2019a, b, 2020)

Human monitoring (behavioural 
observations)

Kaburu et al. (2018, 2019) and Marty et al. 
(2019a, b)

Provisioning, rate, and food 
type

Ilham et al. (2018), Kaplan et al. (2011), 
Suzin et al. (2017), and Thatcher et al. (2020)

Human impact 
index

Human activity score Fourie et al. (2015)
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with both anthropogenic and ecological pressures, these quantified measures need 
to be supported with an ecological description of urban mosaic characteristics 
(Table 8.1).

8.3  Behavioural Flexibility

To successfully thrive in an urban mosaic, animals must display behavioural flexi-
bility to adapt to changing environmental pressures (Wright et al., 2010). Species 
that display a high degree of behavioural flexibility can adjust to a range of condi-
tions and thrive in the urban mosaic (Healy & Nijman, 2014). Therefore, research 
has focused on this plasticity in the urban environment to understand fitness impli-
cations (Sol et al., 2013) and how this knowledge can be used for management plans 
(McLennan et al., 2017; Sol et al., 2002).

As time is a bounded resource, its allocation and use reflect ecological pressures 
(Dunbar et  al., 2009). Time budgets have been applied to primates in the urban 
mosaic to demonstrate trade-offs in behaviour (McLennan et al., 2017). For exam-
ple, urban properties such as high-value food generally decrease foraging time 
(Back et al., 2019; Hoffman & O’Riain, 2011; Jaman & Huffman, 2013), often cor-
responding with reduced movement (Jaman & Huffman, 2013) and associated with 
an increase in social interactions and resting (Ilham et al., 2018; Jaman & Huffman, 
2013; Scheun et al., 2019). Additionally, studies on primates in the urban mosaic 
have shown that urban primates can flexibly adjust their activity seasonally (Jaman 
& Huffman, 2013; Thatcher et al., 2019a).

8.3.1  Foraging

Generalist species who display foraging flexibility and dietary plasticity can typi-
cally adjust more readily to anthropogenic changes than specialist species; there-
fore, foraging/dietary plasticity is highlighted as a key attribute to thrive in the urban 
mosaic (Lowry et al., 2013). Research on primates in the urban mosaic highlights a 
preference for high-calorie anthropogenic food resources (Hoffman & O’Riain, 
2012a; Dasgupta et al., 2020). Foraging patterns in urban primates show that both 
natural and human foods are important to their diet, but dependence on either 
resource can differ between species and even within species (Ilham et  al., 2017; 
Thatcher et  al., 2020). More so, urban primates have been shown to modify the 
proportion of anthropogenic and natural food dependent upon food availability, 
largely influenced by provisioning and natural food availability (long-tailed 
macaques, Macaca fascicularis, Ilham et  al., 2017; grey langurs Semnopithecus 
entellus, Dasgupta et al., 2020; vervet monkeys, Chlorocebus pygerythrus, Thatcher 
et al., 2020).
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Research highlights that human food within a primate’s diet can have varied fit-
ness effects across anthropogenic landscapes; studies show this high-value food can 
increase individual fitness and reproductive success in agroecosystems because of 
higher nutritional content (Warren et al., 2011) and increase intergroup competition 
(Sinha & Mukhopadhyay, 2013) and subsequently increase anxiety and social ten-
sion (Maréchal et al., 2011) in areas of high tourism. Although these examples come 
from studies across anthropogenic landscapes, the consequences most likely hold 
true within the urban landscape as urban primates show a high degree of foraging 
flexibility and increased human-primate proximity (Thatcher et al., 2019a, b, 2020). 
Additionally, urban research has previously suggested that these increased foraging 
opportunities in the urban mosaic can lead to increased group size (Patterson et al., 
2018). Therefore, an enhanced understanding of urban primates’ dependence on 
anthropogenic food, and the potential fitness implications, is necessary to imple-
ment and sustain management plans (Thatcher et al., 2020).

8.3.2  Ranging

Primate studies in the urban mosaic generally show that increased anthropogenic 
effects reduce home range size, primarily because of increased urban resources 
(Hoffman & O’Riain, 2011, 2012b; Klegarth et al., 2017). Research in the urban 
mosaic has also shown that urban primates express shorter daily path lengths 
(Corrêa et al., 2018; Thatcher et al., 2019b). Generally, this is highlighted to be an 
adaptive strategy, with a preference for habitats with greater food resources associ-
ated with reducing the energy and need to travel for food (Hoffman & O’Riain, 
2012a; Patterson et al., 2019). Further research has shown that such habitat selection 
can be an adaptive strategy to avoid areas of high noise pollution and human distur-
bance (Duarte et al., 2011).

Conversely, research on urban vervet monkeys that quantified human-primate 
interactions reported the opposite, that home ranges increased with anthropogenic 
disturbance (Thatcher et al., 2019b). This differing result is likely due to the quanti-
fied measures of the human-primate interface in Thatcher et al.’s research (Thatcher 
et al., 2019b) suggesting that this study population show an avoidance strategy to 
avoid human-directed aggression or that they ranged further to forage at more pre-
dictable sources of high-value human food. Granting  clear interpretations of the 
costs and benefits of this strategy cannot be derived from the findings, it nonetheless 
suggests a complex attraction-avoidance scale within the urban mosaic. Although 
current research on primates in the urban mosaic is limited and does not show con-
sistent patterns, it does imply that primates show spatial feeding strategies depen-
dent upon anthropogenic pressures, highlighting fitness consequences and the value 
of species-specific studies.
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8.3.3  Sociality

Social flexibility of wildlife has been shown to be plastic to change (review: Smil, 
1993) and is an important behavioural trait that persists in the urban mosaic 
(Skandrani et al., 2017). Increased anthropogenic food availability can allow more 
time for socialising (Jaman & Huffman, 2013; Thatcher et al., 2019a, b). Kaburu 
et  al. (2019) found that rhesus macaques (M. mulatta) who interacted more fre-
quently with humans spent significantly less time resting and grooming, suggesting 
unpredictable human behaviour is a time constraint. Furthermore, Thatcher et al. 
(2019a) categorised human interactions as either positive (food) or negative (con-
flict) and found that human interactions influenced time budget behaviour, suggest-
ing a complex relationship between the costs and benefits of urban living. These 
studies therefore highlight the benefits of urban living, with more time for socialis-
ing (Jaman & Huffman, 2013; Kaburu et al., 2019; Thatcher et al., 2019a) likely 
because of provisioning and increased dispersed feeding opportunities (Back et al., 
2019; Scheun et al., 2019).

There are of course costs to social living in the urban mosaic, for example, 
greater anthropogenic food availability has been shown to increase competition and 
aggressive behaviours (Sinha & Mukhopadhyay, 2013). Furthermore, research on 
the human-primate interface shows the complexity of social dynamics between 
humans and primates; trends generally highlight that human actions and resources 
cause primate reactions (e.g. aggression) (Beisner et al., 2015; Chauhan & Pirta, 
2010) and that human interactions are exacerbated by primate reactions (Chauhan 
& Pirta, 2010) and economic loss/damage (Beisner et  al., 2015). A wealth of 
research on inter-individual differences in primate social behaviour has been con-
ducted on macaques in the urban mosaic. Research has shown that bonnet macaques 
(M. radiata) (Balasubramaniam et  al., 2020), rhesus macaques (Kaburu et  al., 
2019), and long-tailed macaques (Marty et al., 2019b) that spend more time moni-
toring human activity reduce their grooming effort. Furthermore, research has 
shown that long-tailed macaques spend less time grooming when human presence 
increases (Ilham et al., 2018). This research therefore highlights the importance of 
studying the more complex individual social dynamics within the urban mosaic, an 
area of research that is continually developing.

8.4  Urban Health

Urbanisation is commonly linked to more complex and disturbed habitats increas-
ing human-wildlife interactions, all of which have been suggested to increase the 
intensity and diversity of parasites (Soto-Calderón et  al., 2016; Thatcher et  al., 
2018). However, the effects of urbanisation on parasite load are not always consis-
tent, and other studies have found that a more anthropogenic environment can lead 
to a reduction in the intensity and diversity of parasites (Lane et al., 2011) or no 
difference in parasite prevalence (Adrus et al., 2019). Although parasite diversity 
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trends are mixed throughout the anthropogenic landscape, studies on parasite diver-
sity and intensity are important for human health and wellbeing (Díaz et al., 2006). 
Primates in the urban mosaic are often found in proximity to humans, and this 
increases opportunities for zoonosis (Singh & Gajadhar, 2014; Sapkota et al., 2020). 
Although studies have suggested the potential for transmission between urban pri-
mates and humans, data are still preliminary and currently inconclusive (Aitken 
et al., 2016; Debenham et al., 2017).

Parasite load and urbanisation have been linked to further primate health con-
cerns. For example, white-footed tamarins, Saguinus leucopus, living in the urban 
mosaic were found to be overweight and have a higher body mass and cholesterol 
level than rural tamarins (Soto-Calderón et al., 2016). Additionally, urban popula-
tions of the African lesser bushbaby (Galago moholi) have a greater body mass index, 
and females have higher faecal glucocorticoid than their rural counterparts (Scheun 
et al., 2015). Overall, these studies highlight the risks of increased time and depen-
dence on anthropogenic resources and potential negative health impacts of the urban 
mosaic, suggesting species may show flexibility and habituate to humans’ presence, 
but not necessarily to the conflict and stress associated with the urban mosaic.

8.5  Managing the Urban Mosaic

Understanding an animal’s phenotypic and behavioural flexibility in response to 
urban challenges provides an educated rationale to form species-specific manage-
ment techniques for human-wildlife coexistence and conservation management 
(Lowry et al., 2013). Acquiring further knowledge on the impact of urbanisation on 
wildlife populations is a priority to be able to implement appropriate management 
(Redpath et al., 2013). Due to their intelligence and sociality, primates pose a com-
plex challenge to execute effective management plans (Woodroffe et al., 2005).

Knowledge of behavioural flexibility can be beneficial for species management. 
Research has shown black-tufted marmosets (Callithrix penicillata) in the urban 
mosaic avoid high noise areas, even if the area has high food availability, showing 
noise has potential benefits as aversive management (Duarte et  al., 2011). 
Additionally, research on chacma baboon (Papio ursinus) has been applied for the 
benefit of species management in the urban mosaic (Hoffman & O’Riain, 2011). 
For example, Kaplan et  al. (2011) studied the effectiveness of a food station in 
deterring chacma baboons away from urban spaces, showing the need of a com-
bined approach. Additionally, O’Riain and Hoffman (2012) modelled characteris-
tics of chacma baboon spatial ecology to predict potential human-baboon conflict 
and show the benefit of applying this knowledge to make informed management 
suggestions. Overall, this research across the urban mosaic highlights the value of 
behavioural studies for management and the consideration of urban mosaic features.

Research generally highlights that foraging flexibility and anthropogenic food 
play a key role in wildlife success and should be the focus of management (Bicca- 
Marques, 2016; Thatcher et al., 2019b, 2020). In Box 8.1, we present a case study 
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Box 8.1 A Case Study Showing that Positive and Negative Human- 
Interactions Create a Complex Attraction-Avoidance Scale for Urban 
Vervet Monkeys that Should Be Considered for Management
Urban ecosystems present complex challenges for the human-primate inter-
face. Thatcher and colleagues analyses consider time budget behaviours 
(Thatcher et al., 2019a), ranging behaviours (Thatcher et al., 2019b), and for-
aging flexibility (Thatcher et al., 2020). In these studies, Thatcher et al. mea-
sured rates of human-wildlife interaction, considering both positive (e.g. 
food) and negative (e.g. aggression) urban drivers from a vervet monkey per-
spective. Results highlighted that vervet monkey behaviour is influenced by 
human-wildlife interactions, suggesting that urban vervet monkeys express 
behavioural flexibility. In this case study, we summarise key findings, high-
lighting the application of this approach for managing the human-primate 
interface.

Vervet monkeys in an urban mosaic take shorter (Thatcher et al., 2019b) 
and more direct journeys (Thatcher et al., 2019a) if they have increased access 
to human food. However, if the rate of positive human- interactions decreases, 
and negative human-interactions increase, these routes become longer and 
less direct. Results further highlight that vervet monkeys’ movement is highly 
dependent on the value of available food resources, as vervet monkeys are less 
likely to move in response to human aggression when anthropogenic food is 
available. Therefore, managing access to this anthropogenic food can directly 
affect vervet monkey movement patterns.

The interaction of positive and negative human interactions was also sig-
nificant for foraging, indicating that if vervet monkeys have access to high- 
value anthropogenic food, then, despite human aggression, their time spent 
foraging would increase (Thatcher et al., 2019a). Again, this result has impor-
tant consequences for management showing the key role of human food, but 
the ineffective deterrent of human aggression. However, more recent in-depth 
analysis showed that foraging depended upon availability of resources 
(human- derived food and horticultural plants) (Thatcher et al., 2020). Thus, 
vervet monkeys show strong seasonal foraging, but that negative human inter-
actions can reduce foraging rate of specific food resources. These results 
(Thatcher et al., 2019a, 2020) highlight the foraging flexibility of urban vervet 
monkeys, but also highlight some conflicting results that could possibly be 
because Thatcher et al.’s (2019a) study population depends solely on human- 
derived resources (horticultural garden plants and human-derived food), 
emphasising the need for refined foraging terminology within the urban 
landscape.

Overall, Thatcher and colleagues’ studies highlight the key role of human 
food and that increased human aggression does not necessarily reduce the 
‘unwanted’ behaviour of vervet monkeys. Therefore, management strategies 
should aim to reduce opportunities for human food consumption that may 

(continued)
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that highlights the role of anthropogenic food and human-wildlife interactions to 
create a complex attraction-avoidance scale that should be considered for human- 
wildlife management. Acknowledgement and incorporation of the human-primate 
interface in research and the positive and negative consequences of this interface, 
for both primates and humans, is beneficial to make informed management strate-
gies for primate welfare and biodiversity conservation (Dore et al., 2018; Setchell 
et al., 2017). Understanding the dynamics and frequencies of human-wildlife inter-
actions is necessary to feed forward into appropriate management (Beisner et al., 
2015). Although primatology is moving away from the term human-wildlife conflict 
and focusing on coexistence (McKinney & Dore, 2018), it is important that we 
consider both positive (e.g. anthropogenic resources) and negative (e.g. human- 
directed aggression) aspects of the human-primate interface (Thatcher et  al., 
2019a, b).

Additionally, it is just as important to consider human perceptions and roles 
within urban species management. In particular, an ethnographic perspective is 
essential when designing strategies to ensure they are truly inclusive, advocating a 
decolonial approach to research in the urban mosaic (Ehlers Smith et al., 2021) and 
wider anthropogenic landscapes (Setchell et al., 2017; Waters et al., 2019). Diverse 
multi-cultural beliefs, views, and philosophies may be embedded within local 
human-wildlife relationships, and these need to be fully considered in order to 
develop effective management strategies, for example, shepherds’ perceptions of 
Barbary macaques (M. sylvanus) in the anthropogenic landscape (Waters et  al., 
2018). Therefore, consultation with local communities and Indigenous populations 
must be a priority during the conceptualisation of any plan in the urban mosaic.

Community science studies have highlighted human concern for urban primates, 
emphasising the value of incorporating a human dimension within urban ecology 
and management (Patterson et  al., 2017; Suzin et  al., 2017). Although human- 
focused behaviour change can be more challenging to implement in the urban 
mosaic (Bicca-Marques, 2016), education is considered a key action in managing 
the human-primate relationship, and research has shown a public willingness to 
engage in these measures (Sha et  al., 2009). Furthermore, the presence of urban 
wildlife is also beneficial at a public level because often people in the urban mosaic 
only encounter urban wildlife (Lunney & Burgin, 2004), and it has been shown that 

support human- wildlife conflict through education and local management 
programmes.

Overall, findings emphasise vervet monkey behavioural flexibility, demon-
strating how vervet monkeys respond to the urban landscape by altering their 
behaviour under periods of positive human interactions to benefit from the 
potentially high calorific food. The interplay between positive and negative 
aspects of the urban environment creates a complex attraction-avoidance 
scale, and both aspects must be considered to fully understand behavioural 
adaptations under anthropogenic pressures for species management.

Box 8.1 (continued)
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exposure to wildlife at an early age can encourage support for conservation (Soga & 
Gaston, 2016), even making humans more tolerant of exploitive wildlife (Hosaka 
et al., 2017). Recent research has also highlighted the mental health benefits of the 
human-primate interface, suggesting positive consequences for human wellbeing 
(Barua et al., 2021).

As urbanisation is only predicted to increase with the growing human popula-
tion, a developed understanding of species-specific primate reactions to urban driv-
ers is needed (Lowry et al., 2013). Species that can thrive and tolerate anthropogenic 
drivers are currently ‘winners’ in this developing mosaic (Perry et  al., 2020). 
However, as the urban mosaic becomes more dominant, knowledge of flexible 
behavioural ecology will be necessary to predict and manage species adaptations to 
the changing landscape to benefit human-wildlife coexistence and biodiversity con-
servation. We suggest the best way to facilitate this moving forward is clearer mea-
surements and definitions of urbanisation where possible.
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Abstract The close phylogenetic relationship between humans and nonhuman pri-
mates (hereafter primates), coupled with mounting anthropogenic impacts, such as 
habitat change, wildmeat hunting, pet-keeping, and tourism, increases disease risks 
for primates and humans by facilitating zoonotic pathogen exchange and altering 
host-pathogen interactions. Infectious diseases, and particularly emerging infec-
tious diseases, have the potential to threaten the long-term survival of many primate 
populations and pose a risk to public health. Adoption of holistic approaches such 
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as One Health is critical to provide a framework for protecting the health of wild 
primates and humans and the ecosystems we share. Here, we describe multiple 
practices of this transdisciplinary strategy, including disease risk analysis, disease 
prevention, health monitoring and disease surveillance, clinical interventions, and 
community engagement.

Keywords Pathogen · Parasite · Disease · Zoonosis · EID · Health · Surveillance · 
Vaccination · One Health

9.1  Introduction

An infectious disease is a disorder caused by an infectious agent, a parasite, or a patho-
gen, which lives in or on another organism (the host), at some cost to the host (Nunn 
& Gillespie, 2016). Parasites are categorised into microparasites and macroparasites. 
Microparasites are microbes, including viruses, bacteria, protozoa, and fungi, while 
macroparasites are multi-cellular organisms, such as helminths and arthropods. Due to 
differences in generation times, microparasites are often associated with acute disease 
(appears rapidly and lasts a relatively short period of time), in contrast to macropara-
sites, which tend to produce infections of longer duration (Delahay et  al., 2009). 
However, some chronic diseases in primates are caused by bacteria, such as tubercu-
losis, or viruses, such as simian immunodeficiency virus (SIV).

Transmission of parasites follows three main routes: direct contact, involving 
physical contact with body fluids of an infected individual; indirect contact, occur-
ring through exposure to an environment contaminated with pathogens; and vectors, 
agents  – mainly arthropods but also gastropods and helminths  – which transmit 
parasites to a secondary host (Cormier & Jolly, 2018).

Zoonoses are infectious diseases that are naturally transmissible from nonhuman 
animals to humans (WHO, 2020), whereas anthroponoses (also known as anthro-
zoonoses, anthropozoonoses, zooanthroponoses, or reverse zoonoses) are human 
infectious diseases that can be naturally transmitted to other animals (Muehlenbein, 
2017). These terms are often used interchangeably, and experts recommend the use 
of ‘zoonoses’ to refer to infectious diseases naturally transmitted between 
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Fig. 9.1 Infectious 
diseases are the result of 
factors acting at the host, 
pathogen, and environment 
level. Anthropogenic 
disturbance in the forms of 
habitat change, hunting or 
tourism, can affect 
host-pathogen interactions

nonhuman animals and humans (Hubálek, 2003). Zoonotic infections are triggered 
by a spillover event, involving pathogen transmission from one reservoir popula-
tion to a novel host population (Daszak et al., 2000).

The probability of acquiring and transmitting an infectious disease (disease risk) 
is influenced by the interaction of three factors, known as the epidemiologic triad: 
the animal host, the pathogen, and the environment (Fig. 9.1). A change in one of 
these factors can alter the entire system and modify disease patterns. Human activi-
ties can strongly influence these interactions (Chapman et al., 2005). The clearest 
example of this is emerging infectious diseases (EIDs), which are rising due to 
expanding human populations and increasing exploitation of natural environments 
and resources (Travis et al., 2006).

EIDs are identified as affecting a host population for the first time or as previ-
ously existing but rapidly increasing, either in number of new cases in a population 
or by spreading to new geographical areas, such as the Ebola virus disease (EVD) 
(WHO, 2014). Taylor et al. (2001) calculated that 61% of identified human patho-
gens, and about 75% of EIDs affecting people, had a zoonotic origin. The specific 
pathogen and its mode of transmission are key factors in its potential to become an 
emerging infection in humans, but ecological and environmental factors, often 
linked to human-induced changes, also play an essential role in disease emergence.

9.2  Anthropogenic Disturbance and Infectious Disease Risk

The close phylogenetic relationship between humans and primates combined with 
unprecedented interspecies contacts derived from anthropogenic disturbance 
increases the potential for bidirectional pathogen exchange (Gillespie et al., 2008). 
With ongoing conversion of natural habitats, human pathogens are being introduced 
into immunologically naïve wild primate populations and vice versa, threatening 
the persistence of primates and human health (Nunn & Altizer, 2006) (Table 9.1).
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9.2.1  Habitat Change

Habitat change – i.e. habitat loss, fragmentation, and degradation – can be associ-
ated with zoonotic disease outbreaks (Wilkinson et al., 2018). For example, vector-
borne diseases such as yellow fever and zoonotic malaria, caused by a spillover 
from a primate sylvatic cycle to humans and other animals, are associated with 
expansion of human settlements into forests (Wilcox & Ellis, 2006). EVD outbreaks 
in West and Central Africa are linked to recent deforestation, mostly in hotspots of 
forest fragmentation (Olivero et al., 2017; Rulli et al., 2017).

Habitat loss and fragmentation might increase gastrointestinal parasite preva-
lence and richness in primates, due to higher host densities and edge effects. High 
host density can lead to repeated use of the same area, increasing contact with sub-
strates containing parasites at infective stages (McCallum & Dobson, 2002), and 
contribute to social and nutritional stress in primates, compromising their immune 
response (Chapman et  al., 2006b). Moreover, higher host densities can increase 
among conspecifics, exposing individuals to directly transmitted pathogens 
(Anderson & May, 1992). Mbora and McPeek (2009) found that Tana River red 
colobus (Piliocolobus rufomitratus) and Tana River mangabey (Cercocebus galeri-
tus galeritus) living in highly fragmented habitats in Kenya had higher prevalence 
of parasites than many primates elsewhere, which was associated with primate 
density.

The edge effect concept predicts increased biodiversity at ecosystem edges, 
where species from adjacent ecosystems and edge-specific species overlap, poten-
tially increasing cross-species contact and pathogen transmission (Borremans et al., 
2019). In line with this, ashy red colobus (Piliocolobus tephrosceles) and eastern 
black-and-white colobus (Colobus guereza) from forest edge groups in Kibale 
National Park, Uganda, had a higher proportion of multiple infections and preva-
lence of specific gastrointestinal parasites than core forest groups (Chapman et al., 
2006a). Notably, red colobus were infected with Giardia duodenalis assemblages 
BIV and E, which characteristically infect humans and livestock, respectively 
(Johnston et al., 2010). These results suggest that in areas of human-livestock-wild-
life overlap, pathogen sharing may be especially frequent.

Primates living in fragmented and degraded habitats frequently feed on agricul-
tural crops (Hill, 2017). Dietary changes associated with eating human foods might 
modify primate-parasite dynamics. Weyher (2009) showed that crop feeding olive 
baboons (Papio anubis) in Nigeria had a lower intensity of helminth parasites 
(Trichuris sp. and Physaloptera sp.) compared to wild-foraging troops. Conversely, 
crop-foraging troops had a higher Balantidium coli cyst output, because this proto-
zoan parasite benefited from increased starch intake.
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Box 9.1 Self-Medication in ‘Village Chimpanzees’
Matthew R. McLennan
When primates are sick, they can employ behavioural strategies to help con-
trol the disease or alleviate symptoms – behaviour referred to as self-medica-
tion (Huffman, 1997, 2001). Although primates living in diverse habitats 
self-medicate, anthropogenic factors including habitat encroachment may 
influence these behaviours.

In Bulindi, Uganda, wild chimpanzees inhabit a human-modified environ-
ment comprising small forest fragments amidst farmland and villages. The 
chimpanzees eat crops and encounter humans and domestic animals daily 
(McLennan et al., 2017). An early study reported an unusually high frequency 
of ‘leaf swallowing’ among these chimpanzees. This behaviour involves 
ingesting leaves with a rough or hairy surface without chewing (Huffman, 
1997). Huffman et al. (1996) found that whole undigested leaves in chimpan-
zee faeces at Mahale, Tanzania, tended to co-occur with adult 
Oesophagostomum stephanostomum worms  – a pathogenic nematode that 
commonly parasitises mammals including primates. Swallowing bristly 
leaves increases gut motility causing expulsion of adult worms, helping to 
alleviate the infection (Huffman & Caton, 2001).

Over 13 months, 10.4% of chimpanzee faecal samples at Bulindi contained 
whole bristly leaves, compared to frequencies of 0.4–4.0% at sites where 
chimpanzees inhabit less-disturbed environments (McLennan & Huffman, 
2012). Elevated levels of self-medication suggested these chimpanzees were 
especially vulnerable to certain gastrointestinal parasites. Similar to findings 
from Mahale, leaf swallowing at Bulindi was linked to expulsion of adult 
Oesophagostomum stephanostomum worms in chimpanzee faeces.

A subsequent study at Bulindi used microscopic analysis to evaluate the 
relationship between leaf swallowing and parasite infections with known or 
likely pathogenicity. Consistent with earlier findings, un-chewed leaves 
occurred in chimpanzee faeces at a high frequency (11.8%), and, as before, 
the leaves were often associated with egested Oesophagostomum worms. 
However, microscopic analysis also revealed independent associations 
between seasonal increases in leaf swallowing and prevalence of two other 
pathogenic nematodes (Strongyloides sp. and Necator sp.) in addition to 
Oesophagostomum (McLennan et al., 2017).

Chimpanzees in Bulindi are exposed to various pathogens with zoonotic 
potential, including some possibly acquired directly or indirectly from people 
or livestock (e.g. enterobacteria such as Salmonella sp., Escherichia coli, and 
Shigella sp.; McLennan et al., 2018). Frequent leaf swallowing by these ‘vil-
lage chimpanzees’ (Fig. 9.2) might be a generalised response to gastrointesti-
nal discomfort caused by multiple infections (McLennan et al., 2017) while 
still functioning to reduce Oesophagostomum infections specifically by caus-
ing adult worms to be expelled, thereby disrupting this pathogenic nematode’s 
lifecycle and reducing the intensity of infection (Huffman & Caton, 2001).
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Fig. 9.2 Subadult male 
chimpanzee at Bulindi 
swallowing rough leaves of 
Pseudarthria hookeri. He 
selects a leaf one at a time 
(top), folds it between his 
tongue and palette, and 
swallows the leaf whole 
without chewing (bottom). 
(Photo: Bulindi 
Chimpanzee and 
Community Project)

9.2.2  Wildmeat and Pet-Keeping

Wildmeat is not only a threat to wildlife conservation but also a means through 
which humans are exposed to primate pathogens (Kilonzo et al., 2013). Wildmeat 
activities include hunting, handling, transporting, butchering, selling, purchasing, 
cooking, and consuming wild animals, all of which provide contamination opportu-
nities. Butchering carries the highest risk, since it increases exposure to animal flu-
ids and tissues via cut wounds (Wolfe et al., 2004a; Mossoun et al., 2017). During 
hunting, individuals exposed to scratches, bites, and injuries from wild primates are 
at high risk of infection, especially considering that sick animals are more easily 
captured (LeBreton et al., 2006; Calattini et al., 2007). Hunting and butchering wild 
primates have been linked to virus introduction to human populations, including 
HIV (Hahn et  al., 2000), simian foamy virus (SFV) (Wolfe et  al., 2004b), EVD 
(Leroy et al., 2004), monkeypox (Jezek et al., 1986), and human T-lymphotropic 
viruses (HTLV) (Mossoun et al., 2017).

The disease risks of wildmeat are not limited to forest-living people, since meat 
is transported to urban areas and overseas destinations (Chaber et al., 2010). Despite 
health risks linked to trade being more acute in local wildmeat markets, there have 
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been reports of introduction of infectious diseases potentially originating from 
wildmeat smuggling in European cities (Smith et al., 2012).

Pet ownership offers opportunities for pathogen transfer through exposure to 
body fluids, faecal matter, air-borne pathogens, and shared vectors. Although pri-
mate pets may have a lower prevalence of chronic diseases due to their typically 
young age when captured, owners still risk exposure to zoonotic diseases (Wolfe 
et al., 2004a; Pourrut et al., 2011). For example, common marmosets (Callithrix 
jacchus) transmitted rabies by biting pet owners in Brazil (Favoretto et al., 2001). A 
case of humans contracting Marburg virus disease after exposure to primates in a 
laboratory setting illustrates the potential for transmission of fatal diseases from 
primate pets to their owners (Martini, 1973).

Contrastingly, pet primates can acquire diseases from their owners (Michel & 
Huchzermeyer, 1998). If escaped or released, primates can introduce human-
adapted pathogens into wild populations, such as drug-resistant human 
Staphylococcus aureus (Schaumburg et al., 2012). Released individuals can even 
become invasive, as occurred with golden-headed lion tamarins (Leontopithecus 
chrysomelas) that formed a peri-urban population in Niterói city, Brazil. These ex-
captive primates get close to homes and pose a disease risk not only to humans and 
domestic animals but also to the native golden lion tamarins (L. rosalia) (Miranda 
et al., 2019). Another mode of pathogen introduction into wild populations takes 
place through the interaction of pet primates with wild conspecifics that approach 
villages (Jones-Engel et al., 2005b).

9.2.3  Tourism and Research

Although research and tourism are important conservation tools, these activities 
expose wild primates to human pathogens. Habituation and proximity to humans 
can also increase stress levels in wild populations, potentially suppressing their 
immune system and increasing susceptibility to infectious diseases (Maréchal et al., 
2011; Shutt et al., 2014).

The most frequently described diseases of human origin affecting great apes are 
caused by respiratory pathogens, which often result in high morbidity and poten-
tially high mortality. Human respiratory syncytial virus (HRSV) and human meta-
pneumovirus (HMPV) have been reported in western chimpanzees (Pan troglodytes 
verus) (Köndgen et al., 2008); eastern chimpanzees (Pan troglodytes schweinfurthii) 
(Negrey et al., 2019); mountain gorillas (Gorilla beringei beringei) (Palacios et al., 
2011); western lowland gorillas (G. gorilla gorilla) (Grützmacher et al., 2016); and 
bonobos (P. paniscus) (Grützmacher et al., 2018b).

Although SARS-CoV-2, the coronavirus responsible for COVID-19, has not 
been reported in wild primates to date, apes and African and Asian monkeys, and 
some lemurs, are likely to be highly susceptible to it (Melin et al., 2020). SARS-
CoV-2 caused moderate respiratory disease in rhesus macaques (Macaca mulatta) 
after experimental inoculation (Munster et  al., 2020) and mild to 
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moderate respiratory symptoms in captive western lowland gorillas (Gibbons, 2021; 
Zoo Atlanta, 2021), similar to those caused by human coronavirus OC43 in wild 
western chimpanzees in Taï National Park, Côte d’Ivoire (Patrono et al., 2018).

Even if measures to reduce risk of transmission of air-borne infections are in 
place at many great ape tourism sites (MacFie & Williamson, 2010), a widespread 
lack of rule adherence has been documented (Hanes et al., 2018; Weber et al., 2020; 
Molyneaux et al., 2021). Moreover, tourists are often unprotected against certain 
vaccine-preventable infections (Muehlenbein et al., 2008). In other primate tourism 
settings, tourists get very close to primates, feeding and touching them, as occurs 
with Barbary macaques (M. sylvanus) at Ifrane National Park, Morocco (Maréchal 
et  al., 2011, 2016). Similar interactions occur at Brasilia National Park, Brazil, 
with  bearded capuchin monkeys (Sapajus libidinosus) (Sabbatini et  al., 2006). 
These situations put primates at risk of disease acquisition, but also threaten tour-
ists’ health. At Hindu and Buddhist temples throughout South and Southeast Asia, 
humans are sometimes bitten or scratched by free-ranging macaques (Fuentes & 
Gamerl, 2005), exposing them to viruses, including rhesus cytomegalovirus, simian 
virus 40, Cercopithecine herpesvirus 1, SFV, and herpesvirus B (Engel et al., 2002; 
Jones-Engel et al., 2005a, 2006). In other places, primates are attracted to tourist 
lodges by food opportunities. Sapolsky and Share (2004) reported a high mortality 
of olive baboons at the Masai Mara Reserve, Kenya, after contracting tuberculosis 
when eating infected meat at a rubbish pit.

Beyond tourism, conservation personnel and researchers are the suspected origin 
of some diseases in primates. Nizeyi et al. (1999) screened faeces for the protozoan 
Cryptosporidium sp. from non-habituated and habituated gorillas in Bwindi 
Impenetrable National Park, Uganda, and found that most infections occurred in 
habituated individuals. The prevalence of Campylobacter spp. and Salmonella spp. 
infections among habituated gorillas doubled in 4 years, potentially resulting from 
habituation efforts (Nizeyi et al., 2001). In Kibale National Park, chimpanzees har-
boured bacteria genetically more similar to those of humans involved in research 
than those of local villagers, suggesting transmission between staff and apes 
(Goldberg et al., 2007). Researchers and conservation personnel also risk exposure 
to wild primates’ pathogens, as occurred with researchers who were infected with 
gorilla hookworms during their fieldwork in the Central African Republic 
(Kalousová et al., 2016).

9.3  Promoting Primate and Human Health

9.3.1  Disease Risk Analysis

Disease risk analysis is a multidisciplinary process that estimates the likelihood 
and consequences of disease occurring in a population to aid in the development of 
management strategies and inform policies (Jones-Engel & Engel, 2006; Travis 

9 Infectious Diseases in Primates in Human-Impacted Landscapes



148

et al., 2006). It consists of four interconnected phases: (1) hazard identification aims 
to identify what can go wrong and which diseases have potential to be harmful; (2) 
risk assessment evaluates the likelihood and consequences of a disease event (i.e. 
disease transmission, illness, death) occurring in a population; (3) risk management 
aims to decrease the likelihood and consequences of an adverse outcome; and (4) 
risk communication is a continuous process of communication among stakeholders 
(Deem, 2016). For example, Engel et al. (2006) developed a risk assessment model 
to predict the likelihood of long-tailed macaques (M. fascicularis) infecting visitors 
with SFV at monkey temples in Asia.

9.3.2  Disease Prevention

Research sites and protected areas should have detailed protocols to minimise risk 
of disease transmission between humans and wild primates. Standardised regula-
tions for visiting wild great apes were developed by the IUCN, including avoiding 
trekking when sick, maintaining a minimum distance from the animals (7 m if wear-
ing N95 masks; 10 m if not wearing masks), hygiene measures, a 1-hour time limit 
per visit, and limited numbers of visits and visitors (MacFie & Williamson, 2010). 
Nevertheless, these rules are not enforceable when visiting other primate species at 
highly anthropogenic sites, where tourists get very close to primates and physically 
interact with them (Carne et al., 2017).

In order to minimise the COVID-19 threat, the IUCN issued a statement with 
preventive measures  (IUCN, 2021),  and disease prevention guidelines have been 
adapted at many great ape tourism sites (Gilardi et al., 2021). The ‘Protect Great 
Apes From Disease’ project (www.protectgreatapesfromdisease.com) provides rec-
ommendations to reduce disease transmission, including COVID-19, to African 
apes and offers freely available multimedia education and training materials to tour-
ism sites.

Health risks posed by researchers from overseas can be reduced through vaccina-
tion and quarantine. For example, the Taï Chimpanzee Project’s restrictive rules for 
researchers have resulted in a decreased incidence of severe respiratory outbreaks in 
the chimpanzees (Grützmacher et al., 2018a). In the context of the COVID-19 pan-
demic, field research projects are advised to reinforce protective measures to reduce 
disease transmission risks (Lappan et al., 2020). Moreover, it is essential to evaluate 
and improve the health of personnel working in primate habitats, especially those in 
close contact with habituated groups. A formal approach to reducing risk of patho-
gen transfer between staff and primates is an Employee Health Programme (EHP), 
such as the Mountain Gorilla Veterinary Project (Ali et al., 2004).
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9.3.3  Health Monitoring and Disease Surveillance

As defined by Gilardi et al., (2015), ‘monitoring is designed to detect and regularly 
report on any change in the normal health status of a population, whereas surveil-
lance aims to identify the first cases of a disease in a population in order to minimise 
impact’. Data from surveillance and monitoring form part of the risk analysis pro-
cess and make it possible to characterise the ‘normal’ amount of a particular disease 
in a population, known as baseline disease levels, and improve outbreak detection 
(Decision Tree Writing Group, 2006).

Both monitoring and surveillance include systematic and standardised data col-
lection on presence or absence of individuals, observable clinical signs, laboratory 
testing, and other environmental and/or behavioural factors that could indicate dis-
ease (Gilardi et  al., 2015). Monitoring potential reservoirs of disease (e.g. bats, 
rodents) as well as livestock is also crucial (Leendertz et  al., 2006). In addition, 
sampling primate-associated flies can be a safe and useful tool for monitoring 
pathogens (Gogarten et al., 2019).

When primates are habituated, observational health assessments can be made 
during routine behavioural data collection (Wolf et  al., 2019). When groups are 
unhabituated, this information can be gathered from distant viewing platforms 
(Levréro et al., 2007) or using camera traps (Hockings et al., 2021). Moreover, bio-
logical material can be collected non-invasively from faeces, hair, saliva, blood, and 
urine (Gillespie et al., 2008; Gilardi et al., 2015) (Fig. 9.3).

Great apes in their natural habitats can function as sentinel species for zoonotic 
outbreaks (Calvignac-Spencer et al., 2012). Identification of EVD in chimpanzee 
and gorilla carcasses enabled scientists to alert the health authorities of the Republic 

Fig. 9.3 Monitoring infectious disease in wild primates must ensure the safety of primates and 
researchers, as illustrated in this image of Idrissa Galiza and Marina Ramon wearing protective 
gloves and masks while collecting western chimpanzee faecal samples in Cantanhez National 
Park, Guinea-Bissau. (Photo: Canthanez Chimpanzee Project)

9 Infectious Diseases in Primates in Human-Impacted Landscapes



150

of Congo and Gabon of an imminent human outbreak (Rouquet et al., 2005). Other 
primates, such as howler monkeys (Alouatta spp.), are effective sentinels of yellow 
fever. Sudden high mortality of monkeys from this virus prompted early public 
health responses in Argentina (Holzmann et  al., 2010) and Brazil (Fernandes 
et al., 2017).

9.3.4  Clinical Interventions

The spread of infectious diseases among wild primates can potentially be controlled 
with clinical veterinary interventions (i.e. medicating, treating, or vaccinating pri-
mates). For great apes, interventions should be considered if a group is experiencing 
an outbreak, the illness is clearly human-induced, and/or the death of an individual 
is expected to have population-level consequences (Gilardi et al., 2015). Veterinary 
interventions in habituated groups of mountain gorillas have proven to be a key 
contributor to population growth rate (Robbins et al., 2011). However, vaccinating 
wild great apes should only be considered under certain circumstances, due to tech-
nical and financial challenges (Ryan & Walsh, 2011; Leendertz et al., 2017).

Similar criteria have been applied to justify vaccinating endangered golden lion 
tamarins (hereafter GLT) against yellow fever, which is responsible for high popula-
tion losses (Dietz et al., 2019). Vaccinating GLT would interrupt virus circulation 
and reduce the risk of spillover to humans (Massad et al., 2018).

Box 9.2 An Intervention to Reverse the Impact of Yellow Fever on 
Endangered Golden Lion Tamarins
Carlos R. Ruiz-Miranda
Over the last 20 years, Brazil has seen periodic resurgences of yellow fever 
epidemics (de Oliveira Figueiredo et al., 2020). Prior to the 2016 epidemic, 
the impacts of the sylvatic cycle of this vector-borne disease had only been 
documented in howler monkeys (Bicca-Marques et  al., 2017). This recent 
outbreak caused high mortality of several new world monkey species, includ-
ing howler  monkeys, marmosets (Callithrix  spp.), and tamarins 
(Leontopithecus spp.) (Bicca-Marques et al., 2017; Possas et al., 2018; Silva 
et al., 2020).

Population effects of yellow fever on GLT posed a risk that could set back 
35  years of conservation efforts recovering the species from the brink of 
extinction to about 3700 individuals (Ruiz-Miranda et  al., 2019). The 
Associação-Mico-Leão-Dourado (AMLD), the main steward of the conserva-
tion efforts, documented cases of unexplained mortality attributed to yellow 
fever. A new population survey estimated a total population reduction of 32%, 
with two locations showing losses as high as 90% (Dietz et al., 2019). Highest 
losses occurred in larger fragments with better-quality forests and presence of 
howler monkeys, potential amplifiers of the epidemic. Forest quality could 

(continued)
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have favoured the proliferation of the Haemagogus mosquito vector (Abreu 
et  al., 2019), and humans that enter these forests could have brought the 
disease in.

Researchers from the Oswaldo Cruz Immunobiological Technology 
Institute (FIOCRUZ), producers of the human yellow fever vaccine, and the 
Rio de Janeiro Primate Centre successfully adapted an attenuated human vac-
cine against yellow fever for howlers (A. guariba clamitans) and tamarins 
(L. rosalia and L. chrysomelas). The AMLD and its research partners devel-
oped an intervention vaccination plan to safeguard the GLT population. 
Population extinction risk models were applied to estimate the needed num-
ber of vaccinated animals for this species to survive another outbreak. The 
plan includes vaccinating at least 500 tamarins (i.e. 25% of the population) 
spread over 8 of the 10 populations (Fig. 9.4) and biological sample collection 
for disease surveillance. Six vaccinated social groups would then be translo-
cated to the high-loss areas to reinforce the dwindling population. The AMLD, 
along with the State Health Secretariat, strengthened a campaign to have at 
least 80% of people vaccinated against yellow fever. Vaccinating both mon-
keys and humans would contribute to an overall ‘population immunisation’ 
that would significantly attenuate future outbreaks in the region (Massad 
et al., 2018; Possas et al., 2018).

Fig. 9.4 An adult golden lion tamarin being vaccinated against yellow fever at the AMLD 
field lab in Silva Jardim, Brazil. Veterinarians and biologists are shown wearing protective 
gear during the COVID-19 pandemic. (Photo: AMLD archives)

Box 9.2 (continued)
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9.3.5  Holistic Approaches

One Health is a collaborative and transdisciplinary effort – working locally, nation-
ally, and globally – to achieve optimal health outcomes recognising the interconnec-
tion between people, wildlife, domestic animals, plants, and their shared environment 
(CDC, 2021). With this approach, Conservation Through Public Health (CTPH) 
was created as a grassroots NGO to promote biodiversity conservation by enabling 
people to coexist with gorillas and other wildlife at Bwindi Impenetrable National 
Park and other protected areas in Uganda.

Box 9.3 Community Engagement Using a One Health Approach to 
Gorilla Conservation
Gladys Kalema-Zikusoka
Two scabies outbreaks in 1996 and 2000/2001 were brought under control 
among mountain gorillas at Bwindi Impenetrable National Park (BINP). 
Intervention teams from Uganda Wildlife Authority (UWA) veterinary unit 
discovered that the affected gorillas ranged outside BINP and foraged on 
banana plants in community land, where they most likely came into contact 
with dirty clothing on scarecrows (Fig.  9.5). This contagious skin disease 
caused mortality of one infant and morbidity in two gorilla groups, which 
only recovered with ivermectin treatment (Graczyk et  al., 2001; Kalema-
Zikusoka et al., 2002). This led to the establishment in 2003 of Conservation 
Through Public Health (CTPH).

CTPH integrated programmes include wildlife conservation, community 
health, and alternative livelihoods to reduce poaching in gorillas’ habitat. 
CTPH conducts regular comparative pathogen analysis of gorillas, people, 
and livestock and trains community health workers to improve public health 
and conservation practices. Village Health and Conservation Teams (VHCT) 
reach 6000 homes and conduct behaviour change communication promoting 
good hygiene and sanitation, infectious disease prevention and control, com-
munity-based family planning, nutrition, sustainable agriculture, gorilla and 
forest conservation, as well as reporting homes visited by gorillas (Fig. 9.6).

This One Health approach has contributed to growth of the mountain 
gorilla population from 700 individuals in 2003 to 1063  in 2018, with a 
reduced incidence of scabies and giardiasis. Among the local communities, 
the approach has contributed to a threefold increase in voluntary family plan-
ning from 22% in 2007 to 67% in 2017; an increase in hand-washing facilities 
from 10% to 75%; and an 11-fold increase in suspected tuberculosis referrals.

CTPH has mitigated the impact of COVID-19 on gorilla conservation by 
working with conservation and health partners to prevent the spread of dis-
ease among people and from people to gorillas. VHCTs and Gorilla Guardians 
have been trained to sensitise their communities to wear masks when herding 
gorillas away from community land. Park staff have been trained to better 
manage tourists through mandatory face mask use, increasing the minimum 

(continued)
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viewing distance of gorillas from 7 to 10 m and measuring temperatures of 
people before entering the forest. This concerted effort has resulted in greater 
protection for gorillas from COVID-19 and other respiratory diseases and 
upgraded great ape viewing regulations in Uganda.

Fig. 9.5 Gorilla feeding on banana crops at BINP, Uganda. (Photo: Emmanuel 
Akampulira, ITFC)

Box 9.2 (continued)

Fig. 9.6 CTPH team with the Batawa VHCTs in BINP, Uganda. (Photo: CTPH)
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Other long-term primate research field sites have developed integrated health and 
conservation projects at the human-primate intersection within the EcoHealth para-
digm, an ecosystem approach to health, focused on environmental and socioeco-
nomic issues in the context of biodiversity conservation (Roger et al., 2016). This is 
the case of the Kibale EcoHealth Project, an ecological study of multi-species infec-
tion dynamics, including primates, livestock, and humans around Kibale National 
Park in Uganda (Goldberg et al., 2012).

Similarly, conservation medicine focuses on the ecological context of health and 
reversion of ecological health problems (Aguirre et al., 2012). Within this frame-
work, the Mountain Gorilla Veterinary Project in Central Africa incorporates gorilla 
health and the impact of humans and livestock living in the same area, alongside 
research and capacity building (Cranfield & Minnis, 2007).

9.4  Conclusion

Unquestionably, infectious diseases are a leading challenge to the long-term sur-
vival of wild primates. The risk may be especially great in human-impacted land-
scapes, where primates face numerous anthropogenic pressures. Further research is 
needed to identify and study the range of pathogens harboured by coexisting pri-
mates, humans, and domestic animals to evaluate the potential for cross-species 
disease transmission and threats to primate and public health. As the COVID-19 
pandemic has shown, local disease outbreaks can quickly become global health 
problems, causing huge socioeconomic impacts. With the global human population 
expected to reach 9.8 billion by 2050, and ever-increasing rates of anthropogenic 
impacts on primate habitats, the zoonotic threat is predicted to become increasingly 
serious, and we need to prepare by developing holistic and transdisciplinary 
approaches to reduce health risks at the human-primate intersection.

Acknowledgements MR thanks the NERC GW4+ Doctoral Training Partnership and the College 
of Life and Environmental Sciences of the University of Exeter, and  Re:Wild (Grant  SMA-
CCO-G0000000059) for funding support and IBAP collaborators for their work in the field. MM 
thanks the staff of the Bulindi Chimpanzee and Community Project for help in the field and Blair 
Drummond Safari Park, Born Free Foundation, Friends of Chimps, and Jane Goodall Institut 
Schweiz for funding support. CR thanks Save the Golden Lion Tamarin Foundation, FIOCRUZ, 
Universidade Estadual do Norte Fluminense, Dept of Genetics-UFRJ, Zoo Atlanta, Copenhagen 
Zoo, Disney Conservation Fund, Association of Zoos and Aquariums, The Mohamed bin Zayed 
Species Conservation Fund, Margot Marsh Biodiversity Foundation, and the International Fund 
for Animal Welfare. KH thanks the Darwin Initiative (Project 26-018 and CV19RR18) for finan-
cial support.

M. Ramon et al.



155

References

Abreu, F. V. S., Ribeiro, I. P., Ferreira-de-Brito, A., et al. (2019). Haemagogus leucocelaenus and 
Haemagogus janthinomys are the primary vectors in the major yellow fever outbreak in Brazil, 
2016–2018. Emerging Microbes & Infections, 8, 218–231.

Aguirre, A. A., Tabor, G. M., & Ostfeld, R. S. (2012). Conservation medicine. Ontogeny of an 
emerging discipline. In A. A. Aguirre, R. S. Ostfeld, & P. Daszak (Eds.), New directions in 
conservation medicine: Applied cases of ecological health (pp. 3–16). Oxford University Press.

Ali, R., Cranfield, M., Gaffikin, L., et al. (2004). Occupational health and gorilla conservation in 
Rwanda. International Journal of Occupational and Environmental Health, 10, 319–325.

Anderson, R. M., & May, R. M. (1992). Infectious diseases of humans: Dynamics and control. 
Oxford University Press.

Bermejo, M., Rodríguez-Teijeiro, J. D., Illera, G., et al. (2006). Ebola outbreak killed 5000 goril-
las. Science, 314, 1564.

Bicca-Marques, J., Calegaro-Marques, C., Rylands, A. B., et  al. (2017). Yellow fever threatens 
Atlantic Forest primates. Science Advances, 3, e1600946.

Borremans, B., Faust, C., Manlove, K. R., et al. (2019). Cross-species pathogen spillover across 
ecosystem boundaries: Mechanisms and theory. Philosophical Transactions of the Royal 
Society B, 374, 20180344.

Calattini, S., Betsem, E. B., Froment, A., et al. (2007). Simian foamy virus transmission from apes 
to humans, rural Cameroon. Emerging Infectious Diseases, 13, 1314–1320.

Calvignac-Spencer, S., Leendertz, S. A., Gillespie, T. R., & Leendertz, F. H. (2012). Wild great 
apes as sentinels and sources of infectious disease. Clinical Microbiology and Infection, 18, 
521–527.

Carne, C., Semple, S., MacLarnon, A., et al. (2017). Implications of tourist–macaque interactions 
for disease transmission. EcoHealth, 14, 704–717.

CDC. (2021). One Health. Accessed January 26, 2021 from https://www.cdc.gov/onehealth/
index.html

Chaber, A.-L., Alleborne-Webb, S., Lignereux, Y., et al. (2010). The scale of illegal meat importa-
tion from Africa to Europe via Paris. Conservation Letters, 3, 317–321.

Chapman, C. A., Gillespie, T. R., & Goldberg, T. L. (2005). Primates and the ecology of their infec-
tious diseases: How will anthropogenic change affect host-parasite interactions? Evolutionary 
Anthropology: Issues, News, and Reviews, 14, 134–144.

Chapman, C. A., Speirs, M. L., Gillespie, T. R., et al. (2006a). Life on the edge: Gastrointestinal 
parasites from the forest edge and interior primate groups. American Journal of Primatology, 
68, 397–409.

Chapman, C. A., Wasserman, M., Gillespie, T. R., et al. (2006b). Do food availability, parasit-
ism, and stress have synergistic effects on red colobus populations living in forest fragments? 
American Journal of Physical Anthropology, 131, 525–534.

Cormier, L. A., & Jolly, P. E. (2018). The primate zoonoses: Culture change and emerging dis-
eases. Routledge.

Cranfield, M., & Minnis, R. (2007). An integrated health approach to the conservation of mountain 
gorillas Gorilla beringei beringei. International Zoo Yearbook, 41, 110–121.

Daszak, P., Cunningham, A. A., & Hyatt, A. D. (2000). Emerging infectious diseases of wildlife: 
Threats to biodiversity and human health. Science, 287, 443–449.

de Oliveira Figueiredo, P., Stoffela-Dutra, A. G., Barbosa Costa, G., et al. (2020). Re-emergence 
of yellow fever in Brazil during 2016–2019: Challenges, lessons learned, and perspectives. 
Viruses, 12, 1233.

Decision Tree Writing Group. (2006). Clinical response decision tree for the mountain gorilla 
(Gorilla beringei) as a model for great apes. American Journal of Primatology, 68, 909–927.

Deem, S. L. (2016). Conservation medicine: A solution-based approach for saving nonhuman pri-
mates. In M. T. Waller (Ed.), Ethnoprimatology (pp. 63–76). Springer.

9 Infectious Diseases in Primates in Human-Impacted Landscapes

https://www.cdc.gov/onehealth/index.html
https://www.cdc.gov/onehealth/index.html


156

Delahay, R. J., Smith, G. C., & Hutchings, M. R. (2009). The science of wildlife disease manage-
ment. In R. J. Delahay, G. C. Smith, & M. R. Hutchings (Eds.), Management of diseases in wild 
mammals (pp. 1–8). Springer.

Dietz, J. M., Hankerson, S. J., Alexandre, B. R., et al. (2019). Yellow fever in Brazil threatens suc-
cessful recovery of endangered golden lion tamarins. Scientific Reports, 9, 12926.

Engel, G.  A., Jones-Engel, L., Schillaci, M.  A., et  al. (2002). Human exposure to herpesvirus 
B-seropositive macaques, Bali, Indonesia. Emerging Infectious Diseases, 8, 789–795.

Engel, G. A., Hungerford, L. L., Jones-Engel, L., et al. (2006). Risk assessment: A model for pre-
dicting cross-species transmission of simian foamy virus from macaques (M. fascicularis) to 
humans at a monkey temple in Bali, Indonesia. American Journal of Primatology, 68, 934–948.

Favoretto, S. R., De Mattos, C. C., Morais, N. B., et al. (2001). Rabies in marmosets (Callithrix 
jacchus), Ceará, Brazil. Emerging Infectious Diseases, 7, 1062–1065.

Fernandes, N.  C. C.  A., Cunha, M.  S., Guerra, J.  M., et  al. (2017). Outbreak of yellow fever 
among nonhuman primates, Espirito Santo, Brazil, 2017. Emerging Infectious Diseases, 23, 
2038–2041.

Fuentes, A., & Gamerl, S. (2005). Disproportionate participation by age/sex classes in aggres-
sive interactions between long-tailed macaques (Macaca fascicularis) and human tourists at 
Padangtegal monkey forest, Bali, Indonesia. American Journal of Primatology, 66, 197–204.

Gibbons, A. (2021). Captive gorillas test positive for coronavirus. Accessed January 12, 2021 
from https://www.sciencemag.org/news/2021/01/captive-gorillas-test-positive-coronavirus

Gilardi, K. V., Gillespie, T. R., Leendertz, F. H., et al. (2015). Best practice guidelines for health 
monitoring and disease control in great ape populations. IUCN SSC Primate Specialist Group.

Gilardi, K. V., Nziza, J., Ssebide, B., et al. (2021). Endangered mountain gorillas and COVID-19: 
One health lessons for prevention and preparedness during a global pandemic. American 
Journal of Primatology, 84(4–5), e23291.

Gillespie, T. R., Nunn, C. L., & Leendertz, F. H. (2008). Integrative approaches to the study of pri-
mate infectious disease: Implications for biodiversity conservation and global health. American 
Journal of Physical Anthropology, 47, 53–69.

Gogarten, J. F., Dux, A., Mubemba, B., et al. (2019). Tropical rainforest flies carrying pathogens 
form stable associations with social nonhuman primates. Molecular Ecology, 28, 4242–4258.

Goldberg, T. L., Gillespie, T. R., Rwego, I. B., et al. (2007). Patterns of gastrointestinal bacte-
rial exchange between chimpanzees and humans involved in research and tourism in western 
Uganda. Biological Conservation, 135, 511–517.

Goldberg, T. L., Paige, S. B., & Chapman, C. A. (2012). The Kibale EcoHealth Project: Exploring 
connections among human health, animal health, and landscape dynamics in western Uganda. 
In A. A. Aguirre, R. Ostfeild, & P. Daszak (Eds.), New directions in conservation medicine. 
Applied cases of ecological health (pp. 452–465). Oxford University Press.

Graczyk, T. K., Mudakikwa, A. B., Cranfield, M. R., & Eilenberger, U. (2001). Hyperkeratotic 
mange caused by Sarcoptes scabiei (Acariformes: Sarcoptidae) in juvenile human-habituated 
mountain gorillas (Gorilla gorilla beringei). Parasitology Research, 87, 1024–1028.

Grützmacher, T. K., Köndgen, S., Keil, V., et al. (2016). Codetection of respiratory syncytial virus 
in habituated wild western lowland gorillas and humans during a respiratory disease outbreak. 
EcoHealth, 13, 499–510.

Grützmacher, T. K., Keil, V., Leinert, V., et al. (2018a). Human quarantine: Toward reducing infec-
tious pressure on chimpanzees at the Taï Chimpanzee Project, Côte d’Ivoire. American Journal 
of Primatology, 80, e22619.

Grützmacher, T. K., Keil, V., Metzger, S., et al. (2018b). Human respiratory syncytial virus and 
Streptococcus pneumoniae infection in wild bonobos. EcoHealth, 15, 462–466.

Hahn, B. H., Shaw, G. M., De Cock, K. M., & Sharp, P. (2000). AIDS as a zoonosis: Scientific and 
public health implications. Science, 287, 607–614.

Hanes, A. C., Kalema-Zikusoka, G., Svensoon, M. S., & Hill, C. M. (2018). Assessment of health 
risks posed by tourists visiting mountain gorillas in Bwindi Impenetrable National Park, 
Uganda. Primate Conservation, 32, 123–132.

M. Ramon et al.

https://www.sciencemag.org/news/2021/01/captive-gorillas-test-positive-coronavirus


157

Hill, C. M. (2017). Primate crop feeding behavior, crop protection, and conservation. International 
Journal of Primatology, 38, 385–400.

Hockings, K. J., Mubemba, B., Avanzi, C., et al. (2021). Leprosy in wild chimpanzees. Nature, 
598, 652–656.

Holzmann, I., Agostini, I., Areta, J.  I., et  al. (2010). Impact of yellow fever outbreaks on two 
howler monkey species (Alouatta guariba clamitans and A. caraya) in Misiones, Argentina. 
American Journal of Primatology, 72, 475–480.

Hubálek, Z. (2003). Emerging human infectious diseases: Anthroponoses, zoonoses, and saprono-
ses. Emerging Infectious Diseases, 9, 403–404.

Huffman, M.  A. (1997). Current evidence for self-medication in primates: A multidisciplinary 
perspective. American Journal of Physical Anthropology, 104, 171–200.

Huffman, M. A. (2001). Self-medicative behavior in the African great apes: An evolutionary per-
spective into the origins of human traditional medicine. BioScience, 51(8), 651–661.

Huffman, M. A., & Caton, J. M. (2001). Self-induced increase of gut motility and the control of 
parasitic infections in wild chimpanzees. International Journal of Primatology, 22, 329–346.

Huffman, M. A., Page, J. E., Sukhdeo, M. V. K., Gotoh, S., et  al. (1996). Leaf-swallowing by 
chimpanzees: A behavioral adaptation for the control of strongyle nematode infections. 
International Journal of Primatology, 17, 475–503.

IUCN. (2021). Great apes, COVID-19 and the SARS-CoV-2. Section on Great Apes, IUCN SSC 
Primate Specialist Group. April 2021 revision. IUCN. Accessed September 15, 2022 from 
https://www.iucngreatapes.org/covid-19

Jezek, Z., Arita, I., Mutombo, M., et al. (1986). Four generations of probable person-to-person 
transmission of human monkeypox. American Journal of Epidemiology, 123, 1004–1012.

Johnston, A. R., Gillespie, T. R., Rwego, I. B., et al. (2010). Molecular epidemiology of cross-spe-
cies Giardia duodenalis transmission in western Uganda. PLoS Neglected Tropical Diseases, 
4, e683.

Jones-Engel, L., & Engel, G. A. (2006). Disease risk analysis: A paradigm for using health-based 
data to inform primate conservation and public health. American Journal of Primatology, 68, 
851–854.

Jones-Engel, L., Engel, G. A., Schillaci, M. A., et al. (2005a). Primate-to-human retroviral trans-
mission in Asia. Emerging Infectious Diseases, 11, 1028–1035.

Jones-Engel, L., Schillaci, M. A., Engel, G. A., et al. (2005b). Characterizing primate pet owner-
ship in Sulawesi: Implications for disease transmission. In J. D. Paterson & J. Wallis (Eds.), 
Commensalism and conflict: The human-primate interface. American Society of Primatologists.

Jones-Engel, L., Engel, G. A., Heidrich, J., et al. (2006). Temple monkeys and health implications 
of commensalism, Kathmandu, Nepal. Emerging Infectious Diseases, 12, 900–906.

Kalema-Zikusoka, G., Kock, R. A., & MacFie, E.  J. (2002). Scabies in free-ranging mountain 
gorillas (Gorilla beringei beringei) in Bwindi Impenetrable National Park, Uganda. The 
Veterinary Record, 150, 12–15.

Kalousová, B., Hasegawa, H., Petrželková, K.  J., et  al. (2016). Adult hookworms (Necator 
spp.) collected from researchers working with wild western lowland gorillas. Parasites & 
Vectors, 9, 1–6.

Kilonzo, C., Stopka, T. J., & Chomel, B. (2013). Illegal animal and (bush)meat trade associated 
risk of spread of viral infections. In S.  K. Singh (Ed.), Viral infections and global change 
(pp. 179–194). Wiley-Blackwell.

Köndgen, S., Kühl, H., N’Goran, P. K., et al. (2008). Pandemic human viruses cause decline of 
endangered great apes. Current Biology, 18, 260–264.

Lappan, S., Malaivijitnond, S., & Radhakrishna, S. (2020). The human–primate interface in 
the New Normal: Challenges and opportunities for primatologists in the COVID-19 era and 
beyond. American Journal of Primatology, 82, e23176.

LeBreton, M., Prosser, A. T., Tamoufe, U., et al. (2006). Patterns of bushmeat hunting and percep-
tions of disease risk among central African communities. Animal Conservation, 9, 357–363.

9 Infectious Diseases in Primates in Human-Impacted Landscapes

https://www.iucngreatapes.org/covid-19


158

Leendertz, F. H., Pauli, G., Maetz-Rensing, K., et al. (2006). Pathogens as drivers of population 
declines: The importance of systematic monitoring in great apes and other threatened mam-
mals. Biological Conservation, 131, 325–337.

Leendertz, S. A. J., Wich, S., Ancrenaz, M., et al. (2017). Ebola in great apes – Current knowledge, 
possibilities for vaccination, and implications for conservation and human health. Mammal 
Review, 47, 98–111.

Leroy, E. M., Rouquet, P., Formenty, P., et al. (2004). Multiple Ebola virus transmission events and 
rapid decline of central African wildlife. Science, 303, 387–390.

Levréro, F., Gatti, S., Gautier-Hion, A., & Ménard, N. (2007). Yaws disease in a wild gorilla 
population and its impact on the reproductive status of males. American Journal of Physical 
Anthropology, 132, 568–575.

MacFie, E. J., & Williamson, E. A. (2010). Best practice guidelines for great ape tourism. IUCN/
SSC Primate Specialist Group (PSG).

Maréchal, L., Semple, S., Majolo, B., et al. (2011). Impacts of tourism on anxiety and physiologi-
cal stress levels in wild male Barbary macaques. Biological Conservation, 144, 2188–2193.

Maréchal, L., Semple, S., Majolo, B., & MacLarnon, A. (2016). Assessing the effects of tourist 
provisioning on the health of wild barbary macaques in Morocco. PLoS One, 11, e0155920.

Martini, G. A. (1973). Marburg virus disease. Postgraduate Medical Journal, 49, 542–546.
Massad, E., Miguel, M. M., & Coutinho, F. A. B. (2018). Is vaccinating monkeys against yellow 

fever the ultimate solution for the Brazilian recurrent epizootics? Epidemiology and Infection, 
146, 1622–1624.

Mbora, D. N., & McPeek, M. A. (2009). Host density and human activities mediate increased 
parasite prevalence and richness in primates threatened by habitat loss and fragmentation. The 
Journal of Animal Ecology, 78, 210–218.

McCallum, H., & Dobson, A. (2002). Disease, habitat conservation and fragmentation. Proceedings 
of the Royal Society of London. Series B, 269, 2041–2049.

McLennan, M. R., & Huffman, M. A. (2012). High frequency of leaf swallowing and its relation-
ship to intestinal parasite expulsion in ‘village’ chimpanzees at Bulindi, Uganda. American 
Journal of Primatology, 74, 642–650.

McLennan, M. R., Hasegawa, H., Bardi, M., & Huffman, M. A. (2017). Gastrointestinal parasite 
infections and self-medication in wild chimpanzees surviving in degraded forest fragments 
within an agricultural landscape mosaic in Uganda. PLoS One, 12, e0180431.

McLennan, M. R., Mori, H., Mahittikorn, A., et al. (2018). Zoonotic enterobacterial pathogens 
detected in wild chimpanzees. EcoHealth, 15, 143–147.

Melin, A. D., Janiak, M. C., Marrone, F. 3rd, et al. (2020). Comparative ACE2 variation and pri-
mate COVID-19 risk. Communications Biology, 3, 641.

Michel, A.  L., & Huchzermeyer, H.  F. (1998). The zoonotic importance of Mycobacterium 
tuberculosis: Transmission from human to monkey. Journal of the South African Veterinary 
Association, 69, 64–65.

Miranda, T. S., Muniz, C. P., Moreira, S. B., et al. (2019). Eco-epidemiological profile and molec-
ular characterization of Simian Foamy Virus in a recently-captured invasive population of 
Leontopithecus chrysomelas (Golden-Headed Lion Tamarin) in Rio de Janeiro, Brazil. Viruses, 
11, 931.

Molyneaux, A., Hankinson, E., Kaban, M., et al. (2021). Primate selfies and anthropozoon-
otic diseases: Lack of rule compliance and poor risk perception threatens orangutans. Folia 
Primatologica, 92(5–6), 296–305.

Mossoun, A., Calvignac-Spencer, S., Anoh, A. E., et al. (2017). Bushmeat hunting and zoonotic 
transmission of Simian T-lymphotropic virus 1 in tropical West and Central Africa. Journal of 
Virology, 91, e02479–16.

Muehlenbein, M. P. (2017). Anthroponoses. In A. Fuentes (Ed.), The international encyclopedia 
of primatology. Wiley-Blackwell.

Muehlenbein, M. P., Martinez, L. A., Lemke, A. A., et al. (2008). Perceived vaccination status in 
ecotourists and risks of anthropozoonoses. EcoHealth, 5, 371–378.

M. Ramon et al.



159

Munster, V.  J., Feldmann, F., Williamson, B.  N., et  al. (2020). Respiratory disease in rhesus 
macaques inoculated with SARS-CoV-2. Nature, 585, 268–272.

Negrey, J. D., Reddy, R. B., Scully, E.  J., et  al. (2019). Simultaneous outbreaks of respiratory 
disease in wild chimpanzees caused by distinct viruses of human origin. Emerging Microbes 
& Infections, 8, 139–149.

Nizeyi, J. B., Mwebe, R., Nanteza, A., et al. (1999). Cryptosporidium sp. and Giardia sp. infec-
tions in mountain gorillas (Gorilla gorilla beringei) of the Bwindi Impenetrable National Park, 
Uganda. The Journal of Parasitology, 85, 1084–1088.

Nizeyi, J. B., Innocent, R. B., Erume, J., et  al. (2001). Campylobacteriosis, salmonellosis, and 
shigellosis in free-ranging human-habituated mountain gorillas of Uganda. Journal of Wildlife 
Diseases, 37, 239–244.

Nunn, C. L., & Altizer, S. (2006). Infectious diseases in primates: Behavior, ecology and evolution. 
Oxford University Press.

Nunn, C. L., & Gillespie, T. R. (2016). Infectious diseases and primate conservation. In S. A. Wich 
& A.  J. Marshall (Eds.), An introduction to primate conservation (pp.  157–173). Oxford 
University Press.

Olivero, J., Fa, J. E., Real, R., et al. (2017). Recent loss of closed forests is associated with Ebola 
virus disease outbreaks. Scientific Reports, 7, 14291.

Palacios, G., Lowenstine, L. J., Cranfield, M. R., et al. (2011). Human metapneumovirus infection 
in wild mountain gorillas, Rwanda. Emerging Infectious Diseases, 17, 711–713.

Patrono, L. V., Samuni, L., Corman, V. M., et al. (2018). Human coronavirus OC43 outbreak in 
wild chimpanzees, Côte d’Ivoire, 2016. Emerging Microbes & Infections, 7, 118.

Possas, C., Lourenço-de-Oliveira, R., Tauil, P. L., et al. (2018). Yellow fever outbreak in Brazil: 
The puzzle of rapid viral spread and challenges for immunisation. Memórias do Instituto 
Oswaldo Cruz, 113, e180278.

Pourrut, X., Diffo, J. L., Somo, R. M., et al. (2011). Prevalence of gastrointestinal parasites in 
primate bushmeat and pets in Cameroon. Veterinary Parasitology, 175, 187–191.

Robbins, M. M., Gray, M., Fawcett, K. A., et al. (2011). Extreme conservation leads to recovery of 
the Virunga mountain gorillas. PLoS One, 6, e19788.

Roger, F., Caron, A., Morand, S., et al. (2016). One Health and EcoHealth: The same wine in dif-
ferent bottles? Infection Ecology & Epidemiology, 6, 30978.

Rouquet, P., Froment, J. M., Bermejo, M., et al. (2005). Wild animal mortality monitoring and 
human Ebola outbreaks, Gabon and Republic of Congo, 2001-2003. Emerging Infectious 
Diseases, 11, 283–290.

Ruiz-Miranda, C. R., de Morais, M. M. Jr., Dietz, L. A., et al. (2019). Estimating population sizes 
to evaluate progress in conservation of endangered golden lion tamarins (Leontopithecus rosa-
lia). PLoS One, 14, e0216664.

Rulli, M. C., Santini, M., Hayman, D. T., & D’Odorico, P. (2017). The nexus between forest frag-
mentation in Africa and Ebola virus disease outbreaks. Scientific Reports, 7, 41613.

Ryan, S. J., & Walsh, P. D. (2011). Consequences of non-intervention for infectious disease in 
African great apes. PLoS One, 6, e29030.

Sabbatini, G., Stammati, M., Travares, M. C. H., et al. (2006). Interactions between humans and 
capuchin monkeys (Cebus libidinosus) in the Parque Nacional de Brasília, Brazil. Applied 
Animal Behaviour Science, 97, 272–283.

Sapolsky, R. M., & Share, L. J. (2004). A pacific culture among wild baboons: Its emergence and 
transmission. PLoS Biology, 2, 0534–0541.

Schaumburg, F., Mugisha, L., Peck, B., et al. (2012). Drug-resistant human Staphylococcus aureus 
in sanctuary apes pose a threat to endangered wild ape populations. American Journal of 
Primatology, 74, 1071–1075.

Shutt, K., Heistermann, M., Kasim, A., et al. (2014). Effects of habituation, research and ecotour-
ism on faecal glucocorticoid metabolites in wild western lowland gorillas: Implications for 
conservation management. Biological Conservation, 172, 72–79.

9 Infectious Diseases in Primates in Human-Impacted Landscapes



160

Silva, N. I. O., Sacchetto, L., de Rezende, I. M., et al. (2020). Recent sylvatic yellow fever virus 
transmission in Brazil: The news from an old disease. Virology Journal, 17, 9.

Smith, K. M., Anthony, S. J., Switzer, W. M., et al. (2012). Zoonotic viruses associated with ille-
gally imported wildlife products. PLoS One, 7, e29505.

Taylor, L., Latham, S., & Woolhouse, M. (2001). Risk factors for human disease emergence. 
Philosophical Transactions of the Royal Society B: Biological Sciences, 356, 983–989.

Travis, D. A., Hungerford, L., Engel, G. A., & Jones-Engel, L. (2006). Disease risk analysis: A 
tool for primate conservation planning and decision making. American Journal of Primatology, 
68, 855–867.

Weber, A., Kalema-Zikusoka, G., & Stevens, N. J. (2020). Lack of rule-adherence during mountain 
gorilla tourism encounters in Bwindi Impenetrable National Park, Uganda, places gorillas at 
risk from human disease. Frontiers in Public Health, 8, 1.

Weyher, A. H. (2009). Crop raiding: The influence of behavioral and nutritional changes on pri-
mate-parasite relationships. In M.  A. Huffman & C.  A. Chapman (Eds.), Primate parasite 
ecology. The dynamics and study of host-parasite relationships (pp.  403–422). Cambridge 
University Press.

WHO. (2014). A brief guide to emerging infectious diseases and zoonoses. WHO Regional Office 
for South-East Asia.

WHO. (2020). Zoonoses. Accessed December 30, 2020 from https://www.who.int/news-room/
fact-sheets/detail/zoonoses

Wilcox, B. A., & Ellis, B. (2006). Forests and emerging infectious diseases of humans. Unasylva, 
57, 11–18.

Wilkinson, D. A., Marshall, J. C., French, N. P., & Hayman, D. T. S. (2018). Habitat fragmenta-
tion, biodiversity loss and the risk of novel infectious disease emergence. Journal of the Royal 
Society Interface, 15, 20180403.

Wolf, T. M., Wang, W. A., Lonsdorf, E. V., et al. (2019). Optimizing syndromic health surveillance 
in free ranging great apes: The case of Gombe National Park. Journal of Applied Ecology, 56, 
509–518.

Wolfe, N. D., Prosser, T. A., Carr, J. K., et al. (2004a). Exposure to nonhuman primates in rural 
Cameroon. Emerging Infectious Diseases, 10, 2094–2099.

Wolfe, N. D., Switzer, W. M., Carr, J. K., et al. (2004b). Naturally acquired simian retrovirus infec-
tions in central African hunters. The Lancet, 363, 932–937.

Zoo Atlanta. (2021). Uptade on gorilla population – Sept 17. Accessed September 15, 2022 from 
https://zooatlanta.org/update-on-gorilla-population-sept-17/

M. Ramon et al.

https://www.who.int/news-room/fact-sheets/detail/zoonoses
https://www.who.int/news-room/fact-sheets/detail/zoonoses
https://zooatlanta.org/update-on-gorilla-population-sept-17/


161

Chapter 10
Primate Conservation in Shared 
Landscapes

Elena Bersacola, Kimberley J. Hockings, Mark E. Harrison, 
Muhammad Ali Imron, Joana Bessa, Marina Ramon, 
Aissa Regalla de Barros, Maimuna Jaló, Américo Sanhá,  
Carlos R. Ruiz- Miranda, Luis Paulo Ferraz, Mauricio Talebi, 
and Matthew R. McLennan

Contents

10.1  Introduction   162
10.2  Primate Conservation Priorities in the Anthropocene   163
10.3  The Importance of Inclusive Primate Conservation Approaches   166
10.4  Addressing Negative Human-Primate Interactions in Anthropogenic Landscapes   167
10.5  Conclusion   174
 References   175

Abstract The majority of nonhuman primates are found in habitats impacted by 
humans. Therefore, conservation interventions in anthropogenic landscapes are 
critical for the long-term survival of primate populations. Due to their intelligence 
and socioecological flexibility, many primates exhibit behaviours deemed problem-
atic such as crop feeding, property damage, and livestock depredation. Large-bodied 
primates may also pose a physical risk to people. In this chapter, we first revise the 
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common criteria for selecting primate conservation priorities and consider them in 
the context of shared landscapes. We discuss the importance of inclusive conserva-
tion approaches and provide recommendations for addressing negative human- 
primate interactions based on existing information. Three case studies that illustrate 
conservation efforts in shared environments are presented: (1) the Bulindi 
Chimpanzee and Community Project in Uganda, (2) community conservation of 
orangutans and Javan slow lorises in Indonesia, and (3) inclusive conservation of 
golden lion tamarins in Brazil’s Atlantic Forest. The active participation of a diverse 
group of stakeholders, including local community groups, in all conservation stages 
is essential to fully understand the complexities of human-primate interactions in 
shared landscapes, address negative interactions, mitigate conservation conflicts, 
advocate for equity, and promote long-term human-primate coexistence.

Keywords Anthropocene · Anthropogenic · Brazil · Coexistence · Community- 
based conservation · Inclusive conservation · Human-primate interactions · 
Indonesia · Multi-stakeholder conservation · Uganda

10.1  Introduction

Humans are possibly the dominant force shaping our planet’s ecosystems and envi-
ronment, leading many scientists to define a new geological epoch: the Anthropocene 
(Lewis & Maslin, 2015). It is now estimated that nearly all of our world’s terrestrial 
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landscapes have been altered by humans (Kennedy et al., 2020). Given that contem-
porary ecosystem dynamics are rarely disconnected from humans, ecologists must 
explicitly take their interconnectedness into account in their research frameworks 
(Ellis & Ramankutty, 2008). At present, 75% of the world’s nonhuman primate spe-
cies (hereafter primates) have declining populations due to human activities, in par-
ticular forest conversion into agriculture, logging, and hunting (Estrada et al., 2017). 
Thus, the ways in which primates respond to and interact with humans are an 
increasingly important area of research and of growing conservation focus (Humle 
& Hill, 2016; Kalbitzer & Chapman, 2018; McLennan et  al., 2017). Human- 
primate interactions within ‘shared landscapes’ may range from exposure to 
anthropogenic noise and infrequent encounters to high spatiotemporal overlap and 
direct contact, particularly where primates and humans use the same resources or in 
areas with high hunting pressure (Hockings et al., 2009; McKinney, 2015; McLennan 
& Hockings, 2016; McLennan et al., 2017; Mormile & Hill, 2017).

The majority of primates inhabit tropical or subtropical forest habitats (Galán- 
Acedo et al., 2019a) and are susceptible to land use change (Estrada et al., 2017). As 
human-induced environmental change continues to increase, primates are more 
often found in modified habitats including forest-agricultural/urban mosaics and 
commercial plantation landscapes (Spehar & Rayadin, 2017). Many primatologists 
are arguing for increasing recognition of the critical role of human-impacted land-
scapes for primate conservation in the twenty-first century, particularly for species 
able to adapt to some level of land use change (Estrada et al., 2012; Galán-Acedo 
et al., 2019b). With some level of landscape connectivity enabled by remnant forest 
fragments, an absence or low levels of hunting, the potential use of arboreal and 
diversified agriculture environments, and sufficient food sources, many primate spe-
cies can temporarily or permanently persist in anthropogenic landscapes (Estrada 
et al., 2012; Chap. 8, this volume).

In this chapter, we (i) review criteria to select primate conservation priorities and 
consider them in the context of shared landscapes, (ii) discuss the importance of 
inclusive conservation approaches, and (iii) provide recommendations for address-
ing negative human-primate interactions based on ‘lessons learned’. We present 
three case studies across three continents that illustrate conservation efforts in 
shared environments: chimpanzees (Pan troglodytes schweinfurthii) in Uganda, 
orangutans (Pongo pygmaeus morio) and Javan slow lorises (Nycticebus javanicus) 
in Indonesia, and golden lion tamarins (Leontopithecus rosalia) in Brazil.

10.2  Primate Conservation Priorities in the Anthropocene

Resources available for conservation, including funds, time, and expertise, are lim-
ited. It is therefore necessary to develop resource- and cost-effective conservation 
priorities. But how can we define priorities in primate conservation? Primate con-
servation priorities typically focus on ‘important’ and/or threatened primate species 
and/or areas with high primate diversity.
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Fig. 10.1 (a) Infant Bornean orangutan and (b) Temminck’s red colobus in Cantanhez National 
Park, Guinea Bissau. Due to their charismatic appearance and threatened status, orangutans and 
colobines can be considered flagship species. (Photo credits: Andrew Walmsley/Yayasan Borneo 
Nature Indonesia (a) and Elena Bersacola (b))

‘Important’ species may consist of keystone, indicator, flagship, and/or umbrella 
species (Arponen, 2012) (Fig. 10.1). Keystone species play important roles in eco-
system processes and functioning, e.g. they can be critical seed dispersers 
(McConkey, 2018) and top-down regulators (predators) or suppress competitors 
(Bond, 1994). Indicator species are considered to reflect some wider aspect of envi-
ronmental condition, expressing relatively rapid and consistent responses to envi-
ronmental change (Lawton & Gaston, 2001). Indicator species richness can also act 
as surrogate to diversity of other wildlife: across Madagascar, for example, lemurs 
were found to predict non-primate mammal diversity (Muldoon & Goodman, 2015). 
Flagship species are high-profile taxa mainly used as tools for leveraging conserva-
tion, including to raise public conservation awareness and conservation funds 
(Simberloff, 1998). They are often considered ‘charismatic’, a definition that may 
differ amongst regions, cultures, and/or groups of people. Albert et al. (2018) identi-
fied 20 species considered most charismatic by the Western public. The species 
included chimpanzees (P. troglodytes) and gorillas (Gorilla spp.), which were con-
sidered charismatic for aesthetic reasons or because they are impressive or threat-
ened with extinction (Albert et al., 2018). The iconic status of certain species such 
as great apes is not universal, however. For example, in Central Kalimantan, indig-
enous people consider fish more important than orangutans (P. pygmaeus) (Thornton 
et al., 2020). Wide-ranging, flagship species may be categorised as umbrella spe-
cies, i.e. a species whose home range and/or minimum land requirements are large 
enough to include a high number of taxa, so that the protection of their habitat will 
also benefit the conservation of other, sympatric species (Simberloff, 1998). 
Primates identified as umbrella species include orangutans (Burivalova et al., 2020), 
guenons (Cercopithecus spp.: Lambert, 2011), golden lion tamarins (Ruiz-Miranda 
et al., 2019), and woolly monkeys (Lagothrix lagothricha: Linero et al., 2020).

Prioritisation of species or subspecies that are most vulnerable to extinction is 
typically based upon assessments by the International Union for Conservation of 
Nature’s (IUCN) Red List of Threatened Species (IUCN, 2020), which is the lead-
ing provider of conservation data, assessments, and analysis and includes the IUCN 
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Primate Specialist Group. It is also worth noting that some species or subspecies 
may be classified as ‘Least Concern’ globally (IUCN, 2020), but nevertheless are 
threatened with extinction in some localities or regions. Additionally, classifications 
can be revised, meaning populations can suddenly move from being of lower to very 
high conservation concern, for example, due to taxonomic re-classification into dis-
tinct species, such as in the case of Tapanuli orangutan (P. tapanuliensis, which was 
split from P. abelii) (Nater et al., 2017). Besides the global conservation status, it is 
always worth considering the local context (see case studies). Another way to priori-
tise in primate conservation is to select areas high in (primate) biodiversity, espe-
cially where these areas are also experiencing high threat levels. ‘Biodiversity 
hotspots’ are threatened areas with high biodiversity and/or species endemism, 
where conservation action has the potential to have a large impact (Mittermeier 
et al., 2011).

Given broad variability in goals, scale, and scope, it is difficult to generalise 
about conservation priorities, particularly within anthropogenic environments 
(Hockings et al., 2015; Kalbitzer & Chapman, 2018; McLennan et al., 2017). For 
example, although many human-influenced ecosystems such as agroforests can 
retain high biodiversity (Estrada et al., 2012), applying the second criterion alone 
for selecting primate conservation priority areas may exclude opportunities for con-
servation interventions in important human-primate shared systems which are 
essential to ensure large-scale, metapopulation connectivity, given that human- 
influenced ecosystems may have lower biodiversity compared to pristine forests or 
remote locations in certain regions (Torres-Romero & Olalla-Tárraga, 2015). In 
addition, some highly imperilled taxa may not range in areas with high biodiversity 
(e.g. Barbary macaques Macaca sylvanus, Wallis et al. (2020); golden snub-nosed 
monkey Rhinopithecus roxellana, Long and Richardson (2020)). Considering that 
certain primate species may nonetheless rely on conservation policies that support 
and integrate these human-primate contexts, we argue that excluding shared land-
scapes from conservation priorities risks missing opportunities to develop inclusive, 
new, and effective conservation approaches that may be applicable to a significant 
portion of the primates’ geographical range. In addition, human-primate interac-
tions in shared landscapes can generate considerable attention (good and/or bad), 
including in the media, especially where interactions are ‘negative’ such as when 
primates damage crops or property or pose a threat to human physical safety (e.g. @
NatGeoUK, 2019). These complex interactions require conservation interventions 
and management for the benefit of local people, for the conservation and welfare of 
primates, and for the conservation of species  – if negative interactions are not 
addressed, this can weaken public support for conservation (Chua et al., 2020). It is 
also argued that conservation approaches must now look beyond the one species/
habitat patch interventions and should instead aim at restoring ecosystems at the 
large scale and integrating multi-stakeholder processes (Norris et al., 2020; Reed, 
2008). However, habitat restoration might not be possible in many human- dominated 
landscapes. With the growing evidence that some taxa can cope with modified habi-
tats, conservation aims may focus more on maintaining sufficient ecosystem func-
tion to allow species survival.
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10.3  The Importance of Inclusive Primate 
Conservation Approaches

A crucial goal of conservation practice is to balance the costs and benefits of con-
servation interventions to people living in proximity to wildlife to promote long- 
term coexistence (Harrison et  al., 2020). Importantly, practitioners must avoid 
colonial or ‘fortress’ conservation approaches, i.e. exclusionary and often violent 
conservation approaches based on the human-nature dichotomy view, which have 
been (and are sometimes still) prevalent across Africa and Asia (Brockington & 
Igoe, 2006; Colchester, 2004; Mkumbukwa, 2008). Within the scientific commu-
nity, it is now widely recognised that to be successful in the long term, conservation 
strategies must ultimately improve local people’s lives (Adams et al., 2004). Many 
primate species in need of conservation occur in areas where human poverty is high. 
For example, over 67% of the human population in Guinea-Bissau, where much of 
the remaining populations of Critically Endangered Temminck’s red colobus 
(Piliocolobus badius temminckii) are found, live below the poverty line (Bersacola 
et al., 2018; World Bank, 2021). Poverty is not only economic but encompasses a 
range of diverse issues that are often country and context specific, such as lack of 
access to education and healthcare. One way to improve people’s wellbeing is 
through poverty alleviation and sustainable development programmes (United 
Nations, 2021). There are many different ways conservation programmes may be 
able to contribute to reduce poverty, for example, through activities that help gener-
ate financial income, but also indirectly via safeguarding Indigenous rights, educa-
tion and capacity building, as well as approaches that aim to increase socioecological 
resilience (United Nations, 2021). However, aid-centric approaches that do not 
question the economic status quo have some heavy critics (Hickel, 2017; Norris 
et al., 2020). We must remember that widespread structural inequalities, poverty, 
and lack of equal opportunities not only affect more people in rural or remote areas 
but also exist between social groups. Economic and social inequalities such as 
power imbalances between conservation stakeholders and gender inequality remain 
a problematic issue in contemporary conservation (Chua et  al., 2020; Rubis & 
Theriault, 2020). Primate conservationists must therefore engage with diverse 
stakeholders to attempt to fully understand and acknowledge existing systemic 
social issues and develop conservation strategies that also explicitly aim to promote 
social equity and human wellbeing. A cross-disciplinary, multi-stakeholder team is 
necessary to fully understand the complexities of human-primate interactions.

Conservation plans in human-wildlife systems can be applied at different scales. 
At the global/national/regional level, economic policies should reflect the needs of 
rural communities, including providing incentives to adopt sustainable approaches, 
particularly in food production, to minimise environmental damage and promote 
healthy human-influenced ecosystems as well as social equality (Díaz et al., 2019). 
Likewise, site-level conservation initiatives should incorporate the needs and 
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perspectives of local residents, address the challenges these people experience (by 
living in proximity to primates), and ideally improve (or, at minimum, not worsen) 
local people’s lives and livelihoods. Involving different stakeholders in a co-creation 
process is therefore crucial when developing large-scale conservation plans, such as 
those at the national level, as well as small-scale projects at the site level. Multi- 
stakeholder participation can offer opportunities to explore equity issues, address 
socio-cultural and environmental complexities, and develop trust between policy 
makers, scientists, and citizens (Reed, 2008). In the case of primate conservation in 
human-influenced landscapes, stakeholders may often include local farmers, hunt-
ers, women and youth associations, traditional and Indigenous authorities, national 
and international NGOs, government bodies responsible for the management of 
wildlife or forest resources (e.g. Agriculture, Forestry, or Biodiversity departments), 
as well as researchers from multiple disciplines (e.g. social scientists, ecologists, 
economists, agronomists) and educators (Bersacola et  al., 2021; Chazdon et  al., 
2020; Chesney et al., 2020, Case Study 3). Pre-existing socio-political power imbal-
ances amongst conservation stakeholders can easily preclude equity and fairness in 
the participation process if left unaddressed (Rubis & Theriault, 2020). Multi- 
stakeholder approaches must ensure a fair and equal exchange of ideas throughout 
the conservation process, from research to planning, implementation, and monitor-
ing and evaluation. Besides ensuring an inclusive conservation approach, the role of 
primatologists may also include bridging conversations between local communities 
and national or international organisations.

10.4  Addressing Negative Human-Primate Interactions 
in Anthropogenic Landscapes

Interactions between people and primates in shared landscapes are often complex. 
Due to their intelligence and socioecological flexibility, many primate species 
exhibit behaviours deemed problematic by local people. Risks to people living 
alongside primates include costs to livelihoods due to crop feeding, destruction of 
stored food, property damage, and livestock depredation (Campbell-Smith et  al., 
2010; Hill, 2017; Mormile & Hill, 2017). Aggressive interactions between large- 
bodied primates and humans can also result in human injury and sometimes even 
death, particularly in young children (Hockings et al., 2010; Hockings & McLennan, 
2016; McLennan & Hockings, 2016) (Case Study 1). Primates also pose risks of 
disease transmission to humans (Jones-Engel et al., 2005; Pedersen & Davies, 2009; 
Chap. 9, this volume). These risks for humans can be a major cause of primate mor-
tality, for example, when farmers engage in pre-emptive or retaliatory killing to 
protect crops or livestock (Kibaja, 2014; Kifle & Bekele, 2020; Meijaard et  al., 
2011; McLennan et al., 2012). It is also important to point out that human-primate 
interactions are not always negative. Some primates play an important role in human 
culture and folklore (Cormier, 2006; Fuentes & Gamerl, 2005; Parathian et  al., 
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2018; Riley & Priston, 2010). In some areas, primates are provisioned with food by 
people (Fuentes & Gamerl, 2005). The presence of primates may also provide eco-
nomic opportunities to local people through tourism. However, tourism revenues 
are often distributed unequally, and/or benefits may be limited to a selected few 
(Cobbinah et al., 2017; Ezebilo & Mattsson, 2010; Sabuhoro et al., 2017).

The applied field of human-wildlife interactions has traditionally focused on 
resolving ‘problematic1’ wildlife behaviour such as primate crop feeding (Hill & 
Wallace, 2012) (Fig. 10.2). Although some technical interventions aimed at reduc-
ing crop foraging have been evaluated in a primate context (Webber et al., 2007; 
Frank et al., 2019), technical measures alone will not be enough in the long term. In 
some cases, the challenges to finding long-term solutions to primate crop feeding 
may be compounded by human fear of some primate species (e.g. orangutans: 
Campbell-Smith et al., 2010). Additionally, primates can adapt to the most sophis-
ticated repellent devices, and traditional fences are mostly ineffective at keeping 
primates out (Osborn & Hill, 2005). Primates can also learn to navigate electric 
fences, which are expensive, need high maintenance, and are unaffordable to most 
farmers in developing countries (Suzuki & Muroyama, 2010; Priston & McLennan, 
2013). The use of scarecrows or farmers chasing and shouting at crop feeding pri-
mates are common deterrent  methods; continuous guarding during the day can 
sometimes help reduce crop damage (Byamukama & Asuma, 2006; Hockings & 
Humle, 2009). Alternative crops can be utilised to mitigate crop loss, for example, 
via planting of unpalatable crop buffer zones at forest edges and by changing the 
principal crops grown, but such techniques are only effective if these crops are eco-
nomically profitable and there are existing market chains. For example, chilli is less 

1 Here, we refrain from using the term ‘conflict’ and choose instead to use ‘problematic behav-
iours’, ‘negative interactions’, or ‘risks’; we also refer to animals feeding on cultivated foods as 
‘crop feeding’ or ‘crop foraging’, rather than ‘crop raiding’ (Hill, 2015, 2018).

Fig. 10.2 Chimpanzees readily incorporate agricultural foods introduced into their habitats. (a) 
Wild chimpanzees in Bulindi, Uganda, sharing a cultivated jackfruit in a village garden; behind 
them is a stand of exotic eucalyptus trees. (b) An adult male chimpanzee at Bulindi eats jackfruit, 
while a female and her offspring wait for him to finish and leave the fruit for them. (Photo credits: 
Matthew R. McLennan)
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vulnerable to baboon and other wildlife damage in Zimbabwe while also having 
economic value (Parker & Osborn, 2006). Likewise, tea plantations surrounding the 
Kibale National Park in Uganda are unappealing to wildlife, including primates, but 
economically valuable (Hartter & Goldman, 2009). Translocation, as a measure to 
move problematic primates from a particular area, is extremely invasive and requires 
significant money and effort. It can be lethal to animals due to stress and injuries 
caused while trying to capture them, particularly when using darts. Searching for 
and identifying suitable areas for release takes time and effort, and released animals 
must be monitored for years (e.g. see Palmer, 2018 for a recent detailed treatment of 
the ethics of rehabilitation and reintroduction in orangutans). In some cases, it may 
even be detrimental towards landscape-level primate conservation through remov-
ing primates in fragments that help maintain connectivity and gene flow between 
populations (Ancrenaz et  al., 2021). Additionally, removing primates from frag-
mented landscapes may result in negative changes to ecosystem dynamics due to 
many primates’ role as seed dispersers and ‘pest’ control (e.g. rodents, snakes).

Negative human-primate interactions affect the conservation of a species in a 
certain geographic area and may also influence public support for conservation pro-
grammes, particularly when coupled with a lack of local community involvement in 
conservation decision-making processes (Sabuhoro et al., 2017). To develop strate-
gies that aim to promote sustainable coexistence in the long term, besides human- 
wildlife dynamics, we must also fully understand the socio-political nature of 
conservation-related issues in shared landscapes (Fuentes, 2012). Social, political, 
and economic power imbalances between stakeholders (including local persons, 
researchers, policy makers, industry, and community stakeholder groups) underlie 
conservation conflicts (Temudo, 2012; Leblan, 2016; Hill et  al., 2017). A large 
branch of ecologists now recognise that conservation and human-wildlife coexis-
tence goals can only be achieved by understanding and addressing the socio- political 
dimension, as well as monitoring the impacts of human-wildlife interactions on 
human livelihoods and wildlife persistence (Dore et  al., 2017; Hill et  al., 2017; 
Pooley et al., 2020). Strategies may necessitate some unusual shifts in focus, for 
example, studying fish and fishing livelihoods in the context of peatland fires in 
Indonesia, as a contribution towards conservation of orangutans and other primates 
(Chua et al., 2020; Thornton et al., 2020). Although cross-disciplinary research on 
human-primate interactions (i.e. ethnoprimatology; see Fuentes, 2012; Waters et al., 
2018) might not directly prevent negative human-wildlife scenarios, it forms an 
integral part of conservation, for example, by informing risk mitigation schemes 

Box 10.1 The Bulindi Chimpanzee and Community Project: 
Conservation at the Human-Chimpanzee Interface in Western Uganda
In western Uganda, wild chimpanzees occur outside, as well as within, pro-
tected areas. The Budongo and Bugoma Forest Reserves support two of 
Uganda’s largest chimpanzee populations, but are separated by 50 km. The 
intervening landscape is densely settled and dominated by agriculture, exotic 
timber plantations, villages, and urban centres. Since the 1990s, riverine 

(continued)
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forest, which formerly provided habitat for chimpanzees and other wildlife, 
was converted to farmland by landowners. About 300 chimpanzees survive in 
this fast-developing landscape, however, using remnant forest fragments on 
private land in remarkably close contact with villagers (McCarthy et al., 2015; 
McLennan, 2008) (Fig.  10.3). Besides habitat loss, these chimpanzees are 
threatened by infrastructure development including road upgrades, construc-
tion of an oil pipeline, and advancing urbanisation (McLennan et al., 2021). 
Given these circumstances, their long-term survival might appear doubtful. 
Why then, should we conserve them?

First, conserving these chimpanzees is necessary to avoid the large popula-
tions in Budongo and Bugoma forests from becoming genetically isolated. 
Second, increasingly negative interactions between the region’s chimpanzees 
and human residents need addressing and mitigating. Forest clearance caused 
chimpanzees to feed habitually on agricultural crops, resulting in economic 
losses for farmers and occasional trapping or killing of chimpanzees 
(McLennan et al., 2012). Additionally, local people, especially children, have 
been seriously injured by chimpanzees and several human babies have been 
killed. These negative interactions have been reported in Uganda’s press, 
potentially reducing public support for conservation of the species.

The Bulindi Chimpanzee and Community Project (BCCP) was established 
in 2015 to address these problems, initially concentrating on one site (Bulindi) 
where chimpanzees were the focus of long-term research, but where recent 
deforestation had shrunk local forests by 80% (McLennan et  al., 2020). 
Informal discussions with landowners helped to understand their priorities 

Fig. 10.3 For chimpanzees living in human-dominated landscapes outside protected areas, 
such as in Bulindi, Uganda, encounters with humans can be unpredictable. (a) Chimpanzees 
looking towards the sound of people approaching in the distance. (b) Adult males crossing 
a village road watched by local residents. (Photo credits: Matthew R. McLennan)

Box 10.1 (continued)

(continued)
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and constraints. Residents commonly cited their need to raise cash to fund 
their children’s education as a reason for clearing forest for farming or selling 
timber. When BCCP offered to contribute to school fees in return for an end 
to forest cutting, most landowners agreed. This voluntary initiative ended 
major forest clearance in Bulindi. BCCP helped landowners establish a for-
mal community-based organisation, with a constitution governing conditions 
of membership that included entrusting members with shared responsibility 
for conserving local forests. After 6 years of this initiative, forest in Bulindi is 
regenerating. More recently, the programme was expanded to help landown-
ers conserve unprotected forest used by other chimpanzee groups regionally.

Many landowners no longer have forest on their land, yet are still impacted 
by chimpanzees. Therefore, a suite of integrated programmes was developed 
to more widely enhance local capacity to accommodate chimpanzees and 
engage in conservation. Central to this effort is largescale tree planting. BCCP 
supplies landowners with tree seedlings as an alternative livelihood to reduce 
reliance on natural forest. Woodlots of fast-growing species offer an alterna-
tive (non-forest) source of wood and income from timber sales, while coffee 
provides a ‘chimp-friendly’ alternative to tobacco and rice cash-cropping 
(both major drivers of deforestation) and sugarcane growing. Unlike sugar-
cane, chimpanzees and other primates are not reported to  eat coffee; thus, 
coffee farming doesn’t generate negative human-primate interactions. 
Indigenous trees are planted to supplement natural forest regeneration. Other 
initiatives include energy-efficient stoves that reduce fuelwood consumption; 
water wells (boreholes) that provide clean water away from forest streams, 
where children risk encountering chimpanzees; education clubs to promote 
child safety; savings groups to support alternative livelihoods; and a popular 
‘chimpanzee football league’ that sponsors local teams with kits and tourna-
ments. These community- based programmes are combined with research, 
yielding long-term data on chimpanzee demography, ranging, and behaviour 
and identifying site-specific threats to help direct conservation efforts. As of 
2021, the project reached over 150 villages.

Nevertheless, these interventions offer no quick fix to the complex chal-
lenges inherent in conserving wildlife in human-dominated landscapes out-
side protected areas. Natural forest regionally is unlikely to ever regenerate 
such that chimpanzees no longer range and forage around villages. Meanwhile, 
the human population will continue increasing alongside expanding infra-
structural development. Human- dominated environments are characterised by 
diverse priorities and interests of residents and other stakeholders, which cre-
ate unanticipated challenges. Patience, understanding, and long-term liveli-
hood support and economic opportunities for local residents, alongside careful 
management of the chimpanzees, will be required for decades to come.

Box 10.1 (continued)
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Box 10.2 Primate Conservation in Shared Landscapes in Indonesia
Indonesia is home to an estimated 48 nonhuman primate species, 45 of which 
are threatened (Estrada et  al., 2018), and the world’s fourth largest human 
population. It possesses diverse habitat types, land uses, and peoples, with 
83% of primate ranges outside protected areas (PAs) (Estrada et al., 2018), 
representing a diversity of human-primate interaction contexts and conserva-
tion challenges. We illustrate two contrasting Indonesian primate conserva-
tion contexts in non-PA, multi-use landscapes.

The world’s most populated island, Java, still harbours relatively large 
Javan slow loris habitats, largely distributed in high-altitude agroecosystems 
in West Java (Nekaris et al., 2017) and lower-altitude, secondary forest with 
coffee agroforestry in Central Java (Sodik et al., 2020). In Central Java par-
ticularly, slow loris habitat is relatively small within existing PAs and mostly 
occurs in production forest (Sodik et al., 2020).

The presence of a small slow loris population (~7–9 individuals) in 
Kemuning lowland secondary forest (400 ha) in densely populated Central 
Java provides new conservation hope (Sodik et al., 2019). This forest is man-
aged by the state-owned enterprise, PERHUTANI, and local people have 
access to the forest through Pengelolaan Hutan Bersama Masyarakat (PHBM) 
or social forestry management, for planting shade coffee. However, slow 
lorises only use parts of this small fragment (Sodik et al., 2019). Due to their 
high territoriality (Campera et al., 2020; Nekaris et al., 2020), plus the small 
population in Kemuning, local extinction may be occurring. Promising initia-
tives include the successful use of artificial canopy bridges to connect loris 
populations in West Java (Birot et al., 2020) and the promotion of wildlife-
friendly coffee production (Campera et al., 2021) by local NGO, JAWI, and 
Universitas Gadjah Mada, supported by Oxford Brookes University. Local 
people’s involvement in these initiatives helps to reduce poaching, which is 
also prohibited in village regulations.

In Kalimantan (Indonesian Borneo), orangutan conservation efforts have 
historically focused on PAs and ‘undisturbed’ forests, yet >75% of orangutans 
inhabit areas open for development (Wich et  al., 2012). Recent orangutan 
studies have revealed a high tolerance to forest disturbance in the absence of 
killing, generating calls to focus on integrated management of multi-use land-
scapes, including (connecting) orangutan populations in concessions, stake-
holder engagement, and killing avoidance (Spehar et  al., 2018). One area 
where this is relevant is Rungan Forest (1500  km2), Central Kalimantan, 
which supports around 2220–3275 orangutans, plus five other primate species 
(Buckley et al., 2018; Husson et al., 2019). The forest is bordered by 20 vil-
lages, with 22% of it currently protected, 14% allocated for oil palm, and the 
remainder as pulp and paper concessions (Husson et al., 2019). Borneo Nature 
Foundation (BNF) and partners are pursuing a multi-stakeholder conservation 
plan, aiming to safeguard Rungan’s orangutan population while enhancing 
local community wellbeing. This involves landscape-level orangutan 

(continued)
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population and habitat surveys, establishing a forest research base, supporting 
local community forest management rights acquisition, engaging concession 
managers to conserve High Conservation Value Forest, and implementing 
sustainable livelihood initiatives, including permaculture (BNF, 2020) 
(Fig. 10.4). Initial results are encouraging, though further long-term work is 
required to achieve desired benefits for both orangutans and people 
(BNF, 2020).

Fig. 10.4 Permaculture development in Rungan Landscape, Central Kalimantan. (Photo 
credit: Yayasan Borneo Nature Indonesia)

Box 10.3 Inclusive Conservation in Brazil’s Atlantic Forest
Brazil has the highest diversity of primate species (Estrada et al., 2018), and, 
except for some Amazonian primates, most (including many Endangered spe-
cies) inhabit landscapes strongly influenced, if not dominated, by human 
activities including areas of heavy agricultural or urban development. The 
National Primate Action Plans show concern for dealing with the shared land-
scape issue. But conservation efforts must move beyond; plans must include 
the community as actors or stewards.

The Golden Lion Tamarin Conservation Programme, a successful Atlantic 
Forest flagship species project, is a good example of a conservation strategy 
with community participation (Kierulff et  al., 2012; Ruiz-Miranda et  al., 
2019). Golden lion tamarins live in a landscape of forest fragments within an 
agricultural and urban matrix, situated between Rio de Janeiro (80 km away) 
and major oil and gas production areas, and it is the only water source for a 

(continued)
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major coastal tourist area in the state. From its foundation in 1984, the pro-
gramme hired local people to work as research assistants and educators and 
provide field site logistics. Several of those original employees still work in 
the project, 40  years later. Environmental education was set up to foster 
knowledge about the golden lion tamarins and support for forest conservation 
(Dietz & Nagagata, 1995; Dietz, 1998; Engels & Jacobson, 2007; Pádua et al., 
2002). A key strategy, the reintroduction of captive born animals, was only 
possible through the participation of local landowners, with all the release 
sites (after the initial experimental release) on private land (Kierulff et  al., 
2012; Ruiz- Miranda et al., 2010). In 1992, Associação Mico Leão Dourado 
(Golden Lion Tamarin Association, AMLD) was created (Rambaldi et  al., 
2002; Ruiz-Miranda et al., 2020) as a community-based NGO with local land-
owners serving as active and/or board members. Other members include the 
Chico Mendes Institute for Biodiversity Conservation and local government 
officials. The AMLD adaptive management strategic plan is organised around 
monitoring the population and reducing threats to golden lion tamarins and 
their habitat (Dietz et al., 2010; Ruiz- Miranda et al., 2019). Activities such as 
reforestation and establishment of forest corridors depend on local landowner 
participation (Fernandes et  al., 2008). For reforestation, the AMLD estab-
lished a programme to build capacity for six landowners to develop commer-
cial nurseries for native tree species to be used in all reforestation efforts. The 
AMLD also assists the community to develop economic activities that rely on 
sustainable land use such as agroforestry and ecotourism. The reforestation 
and forest protection efforts of the AMLD and the Ministry of the Environment 
have benefited the municipal government; the region receives the largest 
amount of green tax funds in the State of Rio. The AMLD and local commu-
nity continue to work together to make the region a multi-use conservation 
landscape that protects biodiversity and fosters economic activities and qual-
ity of life.

and conservation management approaches. At both the research and conservation 
planning stages, cross-disciplinary research  – including psychology, economics, 
anthropology, political sciences, and ecology – is essential to ensure that pragmatic, 
effective, and inclusive conservation impacts are achieved (Bartuszevige et  al., 
2016; Waters et al., 2018).

10.5  Conclusion

Achieving sustainable coexistence between humans and wildlife is one of the great-
est challenges we face in the Anthropocene (Lewis & Maslin, 2015; Hockings et al., 
2015; McLennan et  al., 2017; Frank et  al., 2019; Bersacola et  al., 2021). 
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Human- wildlife dynamics are influenced by direct interactions, including competi-
tion over space and resources, as well as the socio-political, economic, and environ-
mental contexts. Primate conservation strategies in anthropogenic environments 
must be based on cross-disciplinary research approaches that are able to resolve 
these multiple, complex socioecological dimensions. Crucially, as demonstrated in 
the three case studies presented, conservation practitioners must work directly with 
local people and ensure equity in decision-making and long-term collaboration 
amongst stakeholders in all phases including in research and planning and within 
primate conservation strategies’ adaptive frameworks.
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Abstract Primate tourism, where people travel and see non-human primates, is a 
rapidly growing activity. This chapter introduces the history and the multidimen-
sions of primate tourism across the world. We then focus on tourism associated with 
wild primate viewing and assess the costs and benefits of primate tourism related to 
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habitat protection, revenue generation, co-existence with local communities, 
 knowledge sharing, provisioning, health and habituation. Following this assess-
ment, we explore the different drivers for human-primate interactions associated 
with primate tourism. This chapter concludes by summarising responsible primate 
tourism guidelines.

Keywords Health · Human-primate interactions · Management · Provisioning · 
Viewing primates

11.1  Primate Tourism: Definitions and History

Primate tourism is broadly defined as people travelling and viewing nonhuman 
primates (hereafter primates). This definition includes the multifaceted dimensions 
of primate tourism from captive (e.g. zoos) to semi-free ranging and wild popula-
tions, from consumptive to non-consumptive activities, from highly anthropogenic 
to less anthropogenic habitats, from incidental to targeted tourism (business, 
research, conservation) and from strictly managed to unmanaged settings. Primate 
tourism can be of great benefit to humans and primates, yet it can also incur 
severe costs.

Primate tourism includes hunting of particular primates and the viewing of pri-
mates. Primate hunting tourism preceded observation-based primate tourism 
(Russon & Susilo, 2014) and still exists today. For example, between 2015 and 
2020, different African countries exported approximately 4800 hunting trophies 
from chacma baboons (Papio ursinus) (CITES Trade Database, 2020). However, 
primate viewing now far exceeds primate hunting as a tourist activity (Russon & 
Wallis, 2014). In this chapter, we will focus on primate viewing outside captive 
facilities. We begin with a brief overview of the history of primate viewing and then 
touch upon the benefits and costs of primate tourism as well as the human and pri-
mate drivers of human-primate interactions, before ending with suggestions for 
responsible primate tourism guidelines.

11.1.1  The History of Viewing Primates

Research, cultural reasons and conservation purposes are the basis of many primate 
tourist sites, but a growing tourism industry has made many of them hotspots for 
primate tourism. For example, in the 1950s, researchers used provisioning to habit-
uate Japanese macaque (Macaca fuscata) groups for research purposes with these 
groups becoming the subject of tourist attention with the creation of the so-called 
monkey parks (Asquith, 1989; Knight, 2010; Kurita, 2014). Other primate tourism 
projects were initiated for cultural and/or religious reasons (Fuentes & Gamerl, 
2005; Fuentes et al., 2007). In Bali (Indonesia), for example, Hindu temple staff 
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began provisioning resident long-tailed macaques (M. fascicularis) in the 1980s, 
followed by a sharp increase of provisioning and tourism in the 1990s (Fuentes 
et al., 2007; Wheatley, 1999). In contrast, in Gibraltar in the 1940s, it was the British 
military who initiated provisioning of introduced Barbary macaques (M. sylvanus), 
which in the 1980s–1990s led to an increase in tourism and provisioning (Fuentes 
et al., 2007). Although provisioning was, initially, the preferred method of rapidly 
habituating primates to human presence, nowadays provisioning is discouraged and 
prohibited in many areas because of its negative effects on primates and their 
habitats.

Other primate tourism projects began for conservation purposes and through the 
establishment of protected areas (Russon & Wallis, 2014). For instance, orangutan 
(Pongo sp.) tourism, began in the 1970s in both Sumatra and Borneo with rehabili-
tant orangutans (Russon & Susilo, 2014), while in the late 1970s, it began in the 
Virunga National Park in order to protect mountain gorillas (Gorilla beringei 
beringei) from poaching and habitat destruction (Kalpers et  al., 2003). National 
Parks where tourists could watch primates were also established in Costa Rica in the 
1970s (Boza, 1993; Kauffman, 2014) and in Madagascar in the 1990s (Wright 
et al., 2014).

11.1.2  Different Types of Primate Tourism Management

Many primate tourism activities strive to become ecotourism. The International 
Union for Conservation of Nature (IUCN) defines ecotourism as “the environmen-
tally responsible travel to natural areas, in order to enjoy and appreciate nature (and 
accompanying cultural features, both past and present) that promote conservation, 
have a low visitor impact and provide for beneficially active socio-economic 
involvement of local peoples” (Ceballos-Lascurain, 1996, 20). In other words, to be 
considered as ecotourism, primate tourism must be ecologically sustainable, low 
impact, culturally sensitive, learning-oriented and community supporting. However, 
the great complexity surrounding primate tourism, associated with differences in 
geographical areas, local cultures, the species in question and the management 
authority means that we need different approaches to manage the activities, the tour-
ists and the primates, and as such, ecotourism may not always be initially achievable.

Primate tourism can be classified based on the degree of management: strictly 
managed, loosely managed or unmanaged. The management authority can be either 
governmental (e.g. Baluran National Park, East Java, Indonesia: Hansen et  al., 
2019) or community-based and/or private (e.g. The Community Baboon Sanctuary 
in Belize: Alexander, 2000). Management possibilities will vary greatly with respect 
to the primate habitat in which the tourism activity occurs and the species the activ-
ity focuses on.

Strictly managed primate tourism settings have consistent, strict regulations and 
a high degree of active management. We often find this type of tourism for great 
apes, where the focus lies on managing tourist behaviour to mitigate potential 
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negative effects on apes such as pathogen transmission. In these projects, the num-
ber of tourists and the minimum distance allowed near an ape group as well as the 
time spent in proximity to a group are restricted (Williamson & Macfie, 2014). 
Guides are present at all times to enforce restrictions, and some groups are protected 
by guards. Strictly managed projects can also include some forms of incidental 
primate tourism, when tourists venture into areas with primates without the spe-
cific purpose of viewing them (Grossberg et al., 2003). This occurs, for example, 
when tourists visit large National Parks to watch other wildlife. Some primate tour-
ism projects focus on strict management of both humans and primates. For 
instance, the government in Singapore manages their long-tailed macaque popula-
tion in recreational areas by culling and other forms of population control (Sha 
et al., 2009), while human behaviours towards primates are strictly regulated and 
enforced with fines (Fuentes et al., 2008).

Loosely managed settings have some regulations and management, but they 
often lack consistency. Most of these projects mainly focus on managing the pri-
mates. One management initiative relies on provisioning with the goal of enticing 
the primates closer (Knight, 2009), to keep them in certain areas or to deter them 
from crop foraging (Fuentes et al., 2007). Other initiatives include translocation, 
culling and other forms of population control, such as sterilisation (Priston & 
McLennan, 2013). These projects may often be reactive when problems arise. For 
example, management strategies tend to be implemented when primates are 
observed approaching tourists aggressively (Priston & McLennan, 2013). Loosely 
managed tourism activities may also have rules and regulations in place regarding 
tourist behaviours, yet they lack enforcement (Hansen et al., 2019).

Finally, unmanaged projects have no management of either the tourists or the 
primates. This may be incidental or intentional. Incidental forms can occur, for 
example, in urban areas or on roads (e.g. Morrow et  al., 2019; Sengupta & 
Radhakrishna, 2020), whereas intentional unmanaged activities can happen in cul-
tural or religious sites, where visitors purposely visit revered primates (Medhi 
et al., 2007).

11.2  Benefits and Costs of Primate Tourism

With more than 60% of primate species currently threatened with extinction (Estrada 
et al., 2017), the growing primate tourism industry can play a crucial role for pri-
mate conservation (Russon & Wallis, 2014). The conservation value of primate 
tourism, however, can only be assessed if there is a thorough investigation of the 
benefits and costs that both primates and people experience as a result of visitors’ 
presence at primate sites (Russon & Wallis, 2014). Accordingly, the last three 
decades have seen an increase in studies examining the impact of tourists on pri-
mates and vice versa, especially with the emergence of the field of ethnoprimatol-
ogy (Fuentes & Hockings, 2010; Lee, 2010). It is worth noting, however, that 
benefits and costs vary in relation to the level of analysis (e.g. depending on whether 
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the analysis is conducted at individual, population, species or ecosystem levels) 
and/or the duration of the effect examined (short-term vs long-term effects), and all 
these aspects need to be taken into consideration when performing a cost-benefit 
analysis. In this section, we will provide an overview of some of the main benefits 
and costs of primate tourism for both primates and humans.

11.2.1  Habitat Protection

One of the most effective strategies to mitigate primate habitat loss and protect pri-
mate populations is the establishment of protected areas (PAs) (Bruner et al., 2001). 
Accordingly, since the late 1960s and early 1970s, a growing number of primate 
habitats have been declared PAs. The case of the mountain gorilla of Virunga 
National Park offers perhaps the most striking example of the importance of PAs for 
the conservation and protection of primates. By 1978, there were only 252–285 
mountain gorillas remaining in the park (Weber & Vedder, 1983). In 1979, the 
Mountain Gorilla Project was established with the goal of protecting the gorilla 
population through the promotion of gorilla tourism. This tourism programme pre-
vented poaching, logging and cattle grazing inside the park, and, along with a pro-
fessional veterinary programme, the gorilla population gradually increased in size 
reaching 480 individuals by 2010 (Goldsmith, 2014). PAs, however, can be costly to 
the local people, as their establishment often leads to the resettling of local com-
munities, thereby depriving people of access to resources they have depended on for 
generations (Allendorf, 2007; Snyman, 2014). Furthermore, communities living 
adjacent to or in PAs can incur direct costs such as damage to crops, loss of live-
stock or loss of life (Hill, 2000) and indirect costs including increased ethnic con-
flict, reliance on volatile tourism markets and political marginalisation (Laudati, 
2010; van der Duim et al., 2014). In this context, the revenues that come from pri-
mate tourism and the involvement of local people in tourism-related jobs play a key 
role in reducing the negative impact PA establishment may have on local communi-
ties (Snyman, 2014). However, it is worth noting that while the IUCN (2008) has 
provided a definition of the different kinds of PAs and their level of protection, the 
national governments in primate habitats may have their own definitions, making it 
difficult to generalise costs and benefits of habitat protection.

11.2.2  Revenue Generation and Human-Primate Coexistence

In addition to the direct protection of primate habitats, tourism provides an impor-
tant revenue to use for primate conservation. Annual gorilla tourism revenue in 
Bwindi Impenetrable National Park, (Uganda), Volcanoes National Park (Rwanda) 
and Virunga National Park, for example, was estimated to be around $7.75 million 
US in 2000–2001 (Hatfield, 2005). In 2010, gorilla tourism in Bwindi was 
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estimated to account for more than 80% of all foreign tourist revenues (Goldsmith, 
2014). Similarly, Wright et al. (2014) estimated that lemur tourism in the region of 
Ranomafana National Park in Madagascar generated nearly $2 million US in funds 
in 2011. Income from tourism can be invested in the protection of primate species 
and their habitat and/or in local communities. In Kibale National Park (popular for 
chimpanzee tourism), the Uganda Wildlife Authority shares 20% of entrance fees 
with the local communities living near the park with an estimated $150,000 US 
distributed between 1999 and 2008 (MacKenzie, 2012). Although most of this 
money is spent to build schools, interviews with local people suggest that revenues 
are most effectively spent on building fences to protect crops against elephant incur-
sions (MacKenzie, 2012). This highlights the importance of including local com-
munities when deciding the allocation of funds as this can maximise their 
conservation effectiveness (MacKenzie, 2012). Unfortunately, not all forms of pri-
mate tourism manage to turn revenue into conservation efforts. Russon and Susilo 
(2014), for example, found no evidence that orangutan tourism provides substantial 
economic benefits to orangutan conservation. Both because of the high percentage 
of monetary leakage (i.e., the money that is not spent in the region but is used to 
purchase imported goods, such as insurance, advertising, and foreign employees; 
(Hvenegaard, 2014)) and corruption in orangutan tourism, and because of the low 
price of the entry fees.

Local communities can have mixed perceptions and attitudes towards coexisting 
with primates and/or associated tourists, and the involvement of local communities 
in tourist activity can offer local people incentives to protect primate populations. 
This is particularly important in areas where local communities traditionally depend 
on primates for subsistence, or where negative interactions with primates occur. For 
example, the Uaso Ngiro Baboon Project at Il Ngwesi Community Sanctuary in 
Kenya created “baboon walks” in which local Maasai communities could take tour-
ists to see baboon groups, shifting local communities’ attitudes towards baboons, 
and reducing human-related baboon deaths (Strum & Nightingale, 2014). Crucially, 
involving the Maasai community in the baboon walks exposes tourists to the local 
culture, providing a broader tourist experience (Strum & Nightingale, 2014). This 
may provide a positive quality of interaction between visitors and local people and 
contribute to the acceptance and tolerance of tourists by residents. To our knowl-
edge, however, there are no studies examining to the extent the relationship between 
tourists and residents affects the latter’s attitudes towards primate tourism.

The presence of primate populations in unmanaged tourism sites such as tem-
ples can also impose several economic costs to the local people living near the sites. 
These costs can range from damage to property, the stealing of objects and the risk 
of injury or death (Priston & McLennan, 2013). Population control strategies such 
as culling, translocation and/or sterilisation of primates are the measures most 
commonly used to limit such costs (Priston & McLennan, 2013). However, these 
measures are not always effective, and local communities can perceive them 
negatively (Saraswat et al., 2015).
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11.2.3  Education: Knowledge Sharing

Knowledge sharing with tourists on the importance of protecting nature, animal 
biodiversity and local community culture is another important contribution of tour-
ism to primate conservation. Educational programmes can encourage tourists to 
engage in behaviours that are more appropriate towards wildlife and local commu-
nities and/or increase their contribution to primate conservation. In fact, several 
studies have highlighted how little tourists know about the primate species they are 
visiting. Only 20% of tourists interviewed in Morocco, for example, knew that 
Barbary macaques are endangered and only 40% of interviewees recognised the 
health and safety risks associated with interacting with the macaques (Stazaker & 
Mackinnon, 2018). Additionally, there is often a mismatch between tourists’ aware-
ness of how they are supposed to behave around wildlife and how they actually 
behave. For instance, results from a combination of tourist interviews and direct 
observations in Parque Nacional de Brasilía (Brazil) showed that, while 79.2% of 
interviewees reported that monkeys initiated human-capuchin interactions, direct 
observations revealed that people started 47.3% of the interactions (Sabbatini et al., 
2006). Although sites characterised by incidental or opportunistic primate tourism 
(e.g. religious temples) generally do not offer educational programmes (Matheson, 
2016), many parks do offer tourists some form of information about primate behav-
iour and/or conservation status. A tour guide and/or brochures or information boards 
provide this information. Surprisingly, to our knowledge, no studies have examined 
how successful such information is in changing people’s attitudes towards primate 
conservation. Furthermore, a growing number of studies have highlighted that tour 
guides frequently fail to enforce park regulations leading to tourists breaking rules 
during their visits (Leasor & Macgregor, 2014; Nakamura & Nishida, 2009; Weber 
et al., 2020). Weber et al. (2020), for example, showed that in 98% of tourist visits 
to the gorillas of the Bwindi Impenetrable National Park, the 7-m distance rule was 
violated. The authors suggest various reasons why park regulations are not enforced, 
such as the pressure guides face to maximise the gorilla experience for tourists who 
have often travelled long distances and spent a lot of money to see the gorillas, 
especially if the guides receive tips from the tourists. Not only does the lack of law 
enforcement jeopardise the health and safety of both humans and wildlife, but it 
communicates the wrong message to the tourists: that it is acceptable to compro-
mise wildlife safety in order to have a more enjoyable experience.

In addition to potentially providing some form of education for visitors, primate 
tourism sites can also offer forms of knowledge sharing with the local communities. 
Crucially, this knowledge sharing can go both ways: on the one hand, these tourist 
sites can provide information on the diversity of local wildlife and how to protect it 
to local people (e.g. Kurita, 2014); on the other hand, these sites can benefit from 
traditional knowledge about environment, medical plants and animal behaviour 
(Strum & Nightingale, 2014). It is also important that conservation education pro-
grammes align with local cultural beliefs and practices. For instance, a complete 
ban on provisioning might not be a viable solution in cultures where people want to 

11 Primate Tourism



190

feed primates for religious reasons (Sengupta & Radhakrishna, 2020). Alternatively, 
attempts to align conservation programmes with local cultural practices can unin-
tentionally exacerbate primate conservation issues if not appropriately, carefully 
and respectfully implemented (e.g. lemur hunting: Sodikoff, 2011).

11.2.4  Provisioning

Intentional provisioning by tourists and/or staff occurs frequently in many primate 
tourism sites, especially in loosely managed and unmanaged projects. Provisioning 
can affect several aspects of primates’ lives, from their behaviour to their ecology 
and health. Anthropogenic food tends to be more caloric and more digestible than 
non-cultivated and non-processed food (McLennan & Ganzhorn, 2017). This can 
provide primate groups and/or individuals with important advantages compared to 
those foraging mainly on natural food. This includes higher competitive abilities 
(i.e. stronger and bigger physical features), especially in high-ranking individuals 
(Balasubramaniam et al., 2020a; Campbell, 2013; McKinney, 2014), and more time 
available for resting or social activities (Jaman & Huffman, 2013; Koirala et al., 
2017). However, when provisioning is unpredictable for those primates relying on 
tourist provisioning, individuals spend time monitoring human activity and interact-
ing with visitors to obtain food, which inevitably reduces the time they invest in 
resting or social activities (Balasubramaniam et  al., 2020a; Kaburu et  al., 2019; 
Marty et al., 2019). In the short term, these behavioural changes can alter group 
dynamics, potentially jeopardising primate welfare. In comparison, primate groups 
that inhabit or visit tourist areas tend to be larger (e.g. Fuentes et al., 2011; Hasan 
et  al., 2013; Hansen et  al., 2015, 2019, 2020) and less cohesive (Morrow et  al., 
2019) with higher rates of intra-group aggression, which can lead to injuries or even 
death (Hill, 2000; Maréchal et al., 2016a).

There seems to be a negative correlation between the home ranges of provi-
sioned primates and the level of provisioning (e.g. Klegarth et al., 2017). In Baluran 
National Park, East Java, Indonesia, the home range of a provisioned group of long- 
tailed macaques was 23 times smaller than that of a non-provisioned group and 
negatively correlated with the number of tourists (Hansen et al., 2020). The provi-
sioned group furthermore actively selected tourist sites, and the distribution of long- 
tailed macaques in the park was centred around roads and trails (Hansen et  al., 
2019). Given that primates play a key ecological role as seed dispersers, provisioning- 
induced alterations of primate movement and habitat selection can negatively affect 
the surrounding ecosystems (Waterman et  al., 2019). In India, rhesus macaques 
(M. mulatta), for instance, shortened their daily range and reduced seed dispersal 
during tourist season, where they were provisioned. They also dispersed seeds on 
tarmac roads reducing germination success (Sengupta et  al., 2015). However, at 
incidental tourism sites with spatially dispersed provisioning, primate home ranges 
and daily travel lengths may increase (Riley et al., 2021), possibly leading to higher 
energetic expenditures.
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Finally, there is mixed evidence that access to highly caloric human food 
increases females’ birth rates, shortening their inter-birth intervals and lowering 
infant mortality. For instance, provisioning led to an increase of the Japanese 
macaque population from about 160 individuals in 1950 to more than 2000 indi-
viduals in the 1990s (Kurita, 2014). In contrast, female pygmy marmosets (Cebuella 
pygmaea) exposed to tourists were found to have lower birth rates, smaller litter 
sizes and larger inter-birth intervals, compared to groups that received fewer tourist 
visits (de la Torre et al., 2000).

11.2.5  Health

In addition to altering primates’ behaviour, human provisioning can change primate 
diets, by compensating for seasonal shortages in natural food availability, but it can 
also have detrimental effects on primate health. The high carbohydrate content and 
low fibre of anthropogenic foods (McLennan & Ganzhorn, 2017) is of particularly 
poor nutritional value for primates. Such diets can increase serum insulin and cho-
lesterol levels (Kemnitz et al., 2002), thereby increasing the risks of cardiovascular 
diseases and diabetes (Sapolsky, 2014). Recent work has also shown that anthropo-
genic food can change gut microbiome and parasite load (Borg et al., 2014; Lee 
et  al., 2019). Human provisioning can also affect primate health indirectly. For 
example, while a primate group can rapidly grow with supplementary feeding, 
exceeding the natural food availability capacity can increase the risk of starvation if 
provisioning is abruptly reduced or stopped (e.g. Kurita, 2014). Finally, when pro-
visioning occurs close to roads, primates face higher risks of death by vehicle colli-
sions (Campbell et al., 2016).

A particular concern for primate tourism is the bidirectional pathogen transmis-
sion between humans and primates because of their close evolutionary proximity 
(Melin et al., 2020), ecological overlap and close physical interactions (Muehlenbein 
& Wallis, 2014; Carne et al., 2017). Moreover, international tourists may introduce 
new pathogens for which animals and the local human population do not have 
immunity (Russon & Wallis, 2014). Despite the higher risk of pathogen transmis-
sion associated with primate tourism, there is no confirmed case of transmission 
from tourists to primates due to the difficulty in identifying the exact source of 
infection (Muehlenbein & Wallis, 2014). However, there are several examples of 
individual cases of a pathogen spread from primates to an individual person (Jones- 
Engel et al., 2005), or humans to primates (Goldberg et al., 2007).

Exposure to, and interactions with, tourists and other human disturbances may 
be stressful for primates. For example, animals that are more exposed to tourists 
exhibit higher glucocorticoid levels (Maréchal et al., 2011, 2016a; Sarmah et al., 
2017). In addition, some primates exposed to tourists present physical signs of 
stress, including poor coat conditions such as alopecia (Jolly, 2009; Maréchal et al., 
2016a). To deal with such associated stress, primates may use behavioural coping 
strategies when exposed to tourists, by displaying behavioural changes, self-directed 
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behaviours and/or higher aggression rates towards conspecifics or tourists (Maréchal 
et al., 2016b).

While we often relate tourism to health concerns for primates, human presence 
might provide protection from predators. For example, long-tailed macaques in 
tourist areas have higher preference for sleeping trees near human settlements 
(Brotcorne et al., 2014). Tourism management might also provide veterinary care, 
which might prevent and/or reduce potential disease outbreaks for the benefits to 
individual and population health (Wallis & Lee, 1999).

11.2.6  Habituation

Habituation occurs when primates’ fear of humans is reduced through repeated 
neutral contacts between primates and humans (Williamson & Feistner, 2011) and 
is often necessary in primate tourism in order to be able to guarantee primate sight-
ings (Blom et al., 2004; Ando et al., 2008). Habituation may be a planned manage-
ment activity leading to tourism or it may occur accidentally. This process is far 
from neutral (Hanson & Riley, 2018), and very complex (Ampumuza & Driessen, 
2020). The mutual influences between tourists and primates on their behaviour, 
physiology and health described in this chapter can also occur during the habitua-
tion process. The effects of habituation are multi-directional with humans affecting 
primates, primates affecting humans and primates affecting primates (Ampumuza 
& Driessen, 2020). Importantly, the achievable level of habituation differs between 
individuals (Allan et  al., 2020), meaning that not all individuals in a habituated 
primate group may be habituated or tolerant of tourists.

11.3  Human Drivers for Human-Primate Interactions 
Within Primate Tourism

Understanding the drivers of human-primate interactions from both the human and 
primate perspectives is key to developing more sustainable primate tourism for both 
primates and the human communities with whom they share space. From the human 
perspective, it is important to consider the implications of (1) tourist attitudes 
towards primates, (2) the different types of human-primate interactions and (3) 
human-animal communication.

The sociocultural background of tourists can underpin their representation of 
wildlife, and their attraction to specific charismatic species, generally based on size, 
beauty, charisma, accessibility and similarity to humans (Curtin, 2005). Although 
people of different nationalities may value nature-based tourism for different rea-
sons (Cochrane, 2006), primates are generally attractive to tourists (Russon & 
Wallis, 2014). For example, people refer to primates in terms associated with 
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children, highlighting the emotional attraction to primates (Russell, 1995; Knight, 
2011). This attitude towards primates shapes the motivations behind the different 
types of human-primate interactions sought by tourists, that is, viewing, photogra-
phy and provisioning.

We often base primate tourism on the concept of viewing wild primates in their 
natural environment, but such viewing can range from simply seeing primates, such 
as mere registration of the presence and visibility of the animal, to observing pri-
mates, such as attentive and cognitively involved viewing of primates (Marvin, 
2005). For instance, the “ready-to-view” primate tourism in monkey parks in Japan 
(Knight, 2010) allows tourists to see Japanese macaques, but the short time devoted 
to the visits often precludes tourists’ ability to watch or observe these animals in 
their complex social environment. This difference in viewing interaction levels can 
shape tourist perceptions of the animal involved (Curtin, 2010).

Photography also plays a key role in the tourist experience, with photographs 
representing a souvenir or a trophy to bring back home or share on social media 
(Russell & Ankenman, 1996; Lenzi et al., 2020). The rapid increase in primate tour-
ism has resulted in an increasing number of photographs of people in close proxim-
ity with primates on social media and elsewhere (Lenzi et al., 2020). However, the 
popularisation of such photographs raises serious concerns for primate welfare and 
conservation. For example, showing to the public a picture including a human in 
proximity of a primate increases their perception that primates would be suitable 
pets, enhancing illegal primate trade (Ross et  al., 2011). These photographs can 
distort the public’s understanding of both the conservation status of primates and 
what constitutes appropriate interaction (Waters et al., 2021).

Provisioning strongly affects both these interactions, such as viewing and pho-
tography, which has a considerable impact on shaping tourist attitudes towards pri-
mates. Provisioning might alter tourist views of primates as wild animals, bringing 
closer interactions with primates. For example, the public views monkey parks in 
Japan as mega zoos. Here, they lure macaques to an open feeding station where the 
macaques are conditioned and controlled by humans (Knight, 2006).

Human-primate communication influences the proximity and types of human- 
primate interactions such as facial signalling, gestures or vocalisations. For exam-
ple, people are poor at judging the emotional states of Barbary macaques based on 
their facial expressions and, consequently, are not able to accurately predict their 
subsequent behaviour (Maréchal et  al., 2017). This raises serious concerns for 
human safety, as people can get closer to primates displaying aggressive facial 
expressions than expected, potentially resulting in aggressive exchanges between 
species. Furthermore, people are willing to closely approach macaques they per-
ceive to be cute, young, female, trustworthy, social, healthy and non-dominant 
(Clark et al., 2020). However, macaques that are more dominant also drove close 
human-primate interactions despite human proclivity to avoid dominant individuals.
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11.4  Primate Individual Factors Involved 
in Human-Primate Interactions

At tourist sites where visitors interact with primates, there are strong inter- individual 
differences in the frequency and way animals interact with people. Several attributes 
seem to drive primate interactions with people, such as sex (Balasubramaniam 
et al., 2020b; Fuentes & Gamerl, 2005), dominance rank (Balasubramaniam et al., 
2020b; Carne et al., 2017), age (Fuentes & Gamerl, 2005; McKinney, 2014), social 
network position (Morrow et  al., 2019) and spatial position (Balasubramaniam 
et al., 2020b). However, such attributes might be species-specific or associated with 
factors inherent to each tourist site. For instance, male long-tailed macaques tend to 
interact with people more frequently than females (Balasubramaniam et al., 2020b; 
Fuentes & Gamerl, 2005), but studies have found the opposite pattern in rhesus 
macaques (Beisner et al., 2015) or no sex effect in white-faced capuchin (McKinney, 
2014). Similarly, recent studies showed a positive relationship between centrality in 
social network position (i.e. the number of direct and indirect social connections 
individuals have in their groups) and rates of interactions with people among bonnet 
macaques (M. radiata) (Balasubramaniam et al., 2020b), but a negative relationship 
in Barbary and moor macaques (M. maura) (Carne et  al., 2017; Morrow et  al., 
2019). We need more research to establish a comprehensive model that incorporates 
the complexity of all these features (e.g. species identity, dominance rank, sex, site 
characteristics) that accounts for these intra- and inter-specific differences in the 
primate attributes driving the interaction with people.

11.5  Be a Responsible Primate Tourist: Guidelines

As presented throughout this chapter, primate tourism can benefit primates and the 
local community, but it can also present some costs. By following the below guide-
lines (Fig. 11.1), tourists can help mitigate these costs: (1) to limit pathogen trans-
mission risk, a 7-m distance between humans and primates should be maintained at 
any time, personal protective equipment such as mask and gloves should be worn, 
shoe soles should be cleaned with detergent and multiple site visitations over a short 
period of time limited to avoid cross site contamination, and primate provisioning 
by tourists or littering should be regulated; (2) to improve primate welfare, it is 
recommended to limit tourist group size (<10 people), to maintain low noise levels 
and to avoid sudden gestures that could frighten primates, and reduce visitation time 
and frequency; (3) to reduce illegal primate trade, it is recommended to avoid post-
ing selfies with primates on social media; (4) to support and respect the local com-
munity and culture, it is recommended to investigate if revenues are distributed to 
local communities and tourist behaviour is culturally appropriate.

All these recommendations can be found in specialised guidelines such as the 
Great Apes Best Practice Tourism Guidelines (Williamson & Macfie, 2014), IUCN 
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Fig. 11.1 Primate tourism guidelines

Responsible image guidelines (Waters et al., 2021) and specific primate tourism site 
guidelines. These guidelines in addition to responsible measures followed by tour-
ism management and researchers should reduce the costs of primate tourism.

Box 11.1 COVID-19
The COVID-19 pandemic underlined the dangers of close encounters between 
primates and humans as well as the dangers of habituating primates to provi-
sioning and then abruptly ending it. Macaques are being used for research into 
the spread and the treatment of the virus SARS-CoV2 and other SARS-CoV 
strains as they are susceptible to the virus and show symptoms of the disease 
(Rockx et al., 2011, 2020). Only inoculated laboratory primates were known 
to be infected with the virus until two western lowland gorillas (Gorilla 
gorilla gorilla) started coughing. Both gorillas and possibly the rest of the 
troop tested positive for SARS-CoV2 and proved that humans can infect pri-
mates, which can also show symptoms of COVID-19 (San Diego Zoo, 2021). 
This endangers wild primate populations in tourism areas tremendously, and 
some fear that they can even become virus reservoirs (Liu et  al., 2020). 
Primate tourism decreased considerably due to intermittent lockdown in 
countries across the globe in March 2020 (Lappan et al., 2020). The reduction 
of tourism had many consequences, especially financially for tourism provid-
ers. It also affected primate groups reliant on provisioning, forcing them to 
increase aggressive encounters with other groups searching for food and with 
local people (e.g. Thailand: The Guardian, 2020). Researchers and staff in 
protected areas feared an increase in poaching with the lack of tourist atten-
tion and fewer people working inside primate habitats (Arif Pratiwi, personal 
communication, 2020; Kone, 2020). Protection efforts of primate populations 
may have to increase as a result of the pandemic (Liu et al., 2020).
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Abstract Ethnoprimatology is a research approach used to study the diverse ways 
that human and other primates’ lives and livelihoods intersect. Our objective in this 
chapter is to illustrate the use and value of ethnoprimatology in studying human- 
primate interfaces across both time and space. We begin by clarifying how human- 
primate interfaces occur across a gradient from rural to urban landscapes and 
illustrate how the ethnoprimatological approach is implemented. We showcase how 
ethnoprimatology’s theoretical and methodological landscape has expanded since 
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its emergence in the late 1990s to include the integration of frameworks and tools 
from the natural and social sciences and the humanities. To illustrate the practice of 
ethnoprimatology, we highlight research conducted on the human-primate interface 
across three geographies of human-primate encounters: tourism sites, urban and 
peri-urban settings, and agroecosystems. We conclude by showing how the human- 
primate interconnections uncovered by ethnoprimatology have important implica-
tions for conservation, management of human-primate interfaces, and the sustainable 
coexistence of multispecies communities in the contemporary era.

Keywords Ethnoprimatology · Tourism · Urban spaces · Agroecosystems · Mixed 
methods · Conservation · Anthropology · Human-wildlife conflict · Sympatry · 
Community ecology

12.1  Introduction

12.1.1  What Are ‘Human-Primate Interfaces’?

In many areas around the world, humans and nonhuman primates (primates hence-
forth) live in close proximity and regularly overlap in their use of space and the 
resources available in the environment. In some areas, these overlapping existences 
are relatively recent phenomena. For example, the free-ranging population of rhesus 
macaques (Macaca mulatta) that people encounter along the banks of the Silver 
River, Florida, USA, dates back to the 1930s, when its founding members were first 
introduced to the area (Riley & Wade, 2016). In other regions, however, human- 
primate coexistence, or what is referred to as ‘sympatry’ in ecological terms, has 
considerable time depth. Archaeological evidence from Gabon, for example, indi-
cates that three hominoid genera (Pan, Gorilla, and Homo) coexisted for a period of 
at least 60,000 years, likely competing for similarly favoured plant foods (Tutin & 
Oslisly, 1995). Similarly, literary analysis of Tamil poetry reveals how the cohabita-
tion of people and primates in southern India dates back thousands of years 
(Radhakrishna, 2018). These shared existences constitute human-primate inter-
faces: the intersections of the lives and livelihoods of humans and primates.

12.1.2  What Is Ethnoprimatology?

Given the growing reality and ubiquity of human-primate interfaces globally, and 
the fact that the world’s remaining primate taxa are primarily threatened with extinc-
tion as a result of human activities (Estrada et al., 2017), in the past few decades, 
primatologists have increasingly prioritised the human-primate interface as a 
research focus (Dore et al., 2017; Fuentes & Wolfe, 2002; Paterson & Wallis, 2005).
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Ethnoprimatology is an approach used to study human-primate interfaces 
across both space and time. It focuses on examining the multifaceted ways that 
people and primates interconnect ecologically, such as how they overlap in their 
resource use patterns (Hockings et al., 2020; Riley, 2007), and their cultural inter-
connections. The latter includes uncovering how primates feature in peoples’ folk-
lore, customs, religion, and worldviews, and, in turn, how these cultural factors 
shape people’s perceptions and behaviour towards primates (Anand et  al., 2018; 
Waters et al., 2019). Being the brainchild of anthropologists Leslie Sponsel (1997) 
and Bruce Wheatley (1999), ethnoprimatology is an inherently anthropological 
approach, drawing from sociocultural, biological, and environmental anthropology. 
At the same time, it also draws theoretical, conceptual, and methodological inspira-
tion from the natural sciences (behavioural ecology, community ecology, ethology, 
evolutionary biology, ecology) as well as other social sciences (political ecology, 
geography, science and technology studies). Also inherent to the ethnoprimatologi-
cal approach is recognising humans as part of nature (rather than separate from it) 
and viewing primate responses to human influences as integral and interesting com-
ponents of their ecological flexibility (Fuentes, 2012; Riley, 2013).

12.1.3  Objectives of This Chapter

Our objective in this chapter is to illustrate the use and value of ethnoprimatology in 
studying human-primate interfaces. We begin by clarifying where human-primate 
interfaces occur and address how the ethnoprimatological approach is implemented. 
We showcase how it was used initially, and how, since its emergence, its theoretical 
and methodological landscape has expanded. To illustrate the practice of ethnopri-
matology, we highlight research conducted on the human-primate interface across a 
diverse array of settings.

As a comparatively nascent field, ethnoprimatology’s conceptual contributions 
are multifold. It enables a more nuanced understanding of primate behavioural flex-
ibility, provides insights into the causes and consequences of human-primate sym-
patry, and further uncovers what it means to be human and what it means to be a 
primate. We further highlight the applied significance of ethnoprimatology by 
showing how the human-primate interconnections this approach uncovers have 
important implications for conservation, management of human-primate interfaces, 
and the sustainable coexistence of multispecies communities in the contemporary 
era, including public health concerns during the COVID-19 pandemic and beyond.
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12.2  Studying Human-Primate Interfaces: Where and How

Humans and primates interface within a wide array of contexts, most of which exist 
across a gradient from rural to urban landscapes (Fig. 12.1). This gradient ranges 
from areas where forested land or other forms of native primate habitat (e.g. savanna, 
fynbos, mangroves) border agricultural and/or livestock areas to peri-urban contexts 
where primates spatially overlap with human-dominated landscapes, such as com-
mercial and residential buildings (e.g. the Cape Peninsula, South Africa; Fehlmann 
et al., 2017; Chap. 8, this volume). The gradient also extends to urban centres, where 
primates live in relic forested areas (e.g. Tijuca forest of Rio de Janeiro, Brazil; 
Cunha et al., 2006) and cities, such as Delhi, India, where original forms of primate 
habitat are scarce, leading to primates living within the city centre, utilising anthro-
pogenic substrates as dwellings and for transport (e.g. buildings and electrical wires, 
respectively) and relying predominantly on anthropogenic foods (e.g. from provi-
sioning and/or raiding of homes or food stalls).

Recognising the mutual interests of human ecologists and primate ecologists, 
Sponsel (1997) defined ‘ethnoprimatology’ as an integrative anthropological 
approach aimed at studying the human-primate interface. Much of the earliest eth-
noprimatological work was conducted by scholars trained in sociocultural and eco-
logical anthropology (e.g. Shepard, 2002; Cormier, 2003). Accordingly, the methods 
used were primarily ethnographic, whereby a researcher lives in and among com-
munities, engages in participant observation, and documents people’s perceptions 
of and attitudes towards human-primate interfaces via in-depth interviews with key 
informants and rich descriptions. Today, ethnographic methods remain a critical 
component of the ethnoprimatological toolkit (Dore et al., 2017, 2018).

Theory and methods in the study of animal behaviour (ethology) and in ecology 
were also important to early ethnoprimatology, and primatologists who began 
adopting the ethnoprimatological approach in the early 2000s showcased how ethol-
ogy, ecology, and ethnography could be integrated and used to address key ques-
tions about the causes and consequences of human-primate sympatry (Hardin & 

Fig. 12.1 The human-primate interface across rural to urban landscapes
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Remis, 2006; Loudon et al., 2006; Riley, 2007). Today’s ethnoprimatology is char-
acterised by even greater theoretical and methodological diversity (Riley, 2018). 
Borrowing from evolutionary biology, ethnoprimatology has used the niche con-
struction framework to explore how humans shape the ecology, sociality, and evo-
lutionary trajectories of primates (Ellwanger & Lambert, 2018; Fuentes, 2010). 
Practitioners of ethnoprimatology have also recognised that evolutionary theory is 
not the only theoretical framework that is useful for studying human-primate inter-
faces (Malone et al., 2014; Parathian et al., 2018; Radhakrishna & Sengupta, 2020; 
Riley, 2018). For example, recent work has integrated ethnoprimatology with per-
spectives and concepts in human-animal studies, multispecies anthropology, and 
science studies to explore the intersubjectivity between researchers and their pri-
mate study subjects during the habituation process (Hanson & Riley, 2018), to illus-
trate how narratives about primates are emblematic of local critiques of externally 
driven nature conservation initiatives (Sousa et al., 2017), and to demonstrate how 
understanding the multispecies communities, including what people know about 
wildlife and their perceptions of them, can inform conservation practices (Jost 
Robinson & Remis, 2018; Waters et al., 2018).

The methodological toolkit of ethnoprimatology has also expanded and now 
incorporates a diverse array of techniques, including stable isotope analysis (Loudon 
et al., 2014) and nutritional ecology (Riley et al., 2013) to examine how humans and 
their activities affect primate feeding ecology and dietary patterns, spatial ecology/
GIS (Klegarth et  al., 2017) and camera trap technology (Zak & Riley, 2017) to 
examine overlap in resource and habitat use between people and primates, biode-
mographic modelling to monitor hunting sustainability (Shaffer et al., 2018), dis-
ease ecology to examine human-primate pathogen exchange (Muehlenbein, 2016), 
social network analysis (Beisner et al., 2016; Morrow et al., 2019) to understand 
how humans affect primate social networks, discourse analysis (Radford et  al., 
2018), and literary analysis (Radhakrishna, 2018) to uncover people’s perceptions 
of and attitudes towards primates and their relationships with them. Importantly, the 
ethnoprimatological approach is not just about studying anthropogenic impacts on 
primates; rather, it prioritises both human and primate perspectives to understand 
how they perceive one another and behave together.

12.3  Human-Primate Interfaces

In the following sections, we review extant ethnoprimatological studies to showcase 
the range of theoretical and methodological approaches that characterise research 
on the human-primate interface. We consider three geographies of human-primate 
encounters, namely, tourism sites, urban and peri-urban settings, and agroecosys-
tems, as settings provide illuminating examples of the diverse ways in which 
humans and primates mutually affect each other’s lives and behaviours. While some 
ethnoprimatological studies report the influence of humans and primates on each 
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other, others focus on understanding the impacts faced by one group and provide 
insights into their potential effect on the other group.

12.3.1  The Human-Primate Interface in Tourist Settings

Humans and primates influence each other in a multitude of ways across different 
forms of primate tourism (Chap. 11, this volume), making these interfaces particu-
larly relevant for examination through the lens of ethnoprimatology. Practices such 
as translocation, provisioning, and range restriction are common in primate tour-
ism settings (Berman et al., 2007; Sengupta & Radhakrishna, 2020). These proce-
dures, alongside interactions with visitors in managed or incidental primate tourism 
sites (Grossberg et al., 2003), can influence primate morphology, physiology, 
behaviour, and ecology.

Provisioned primates often have poor coat conditions (Jolly, 2009), scars and 
wounds (Westin, 2007), and larger body sizes (Maréchal et al., 2016). Additionally, 
such primates are characterised by higher physiological stress (Behie et al., 2010) 
and higher parasitic loads (Borg et al., 2014; Junge et al., 2011) and are more prone 
to various pathogens that are of human origin (Devaux et al., 2019). Tourist-exposed 
primates are further known to increase self-scratching (an indicator of anxiety; 
Maréchal et al., 2011), alter social interactions (Berman et al., 2007), change rang-
ing patterns (de la Torre et al., 2000), and reduce feeding rates when observer party 
size increases (Klailova et al., 2010). Studies show that both humans and primates 
can initiate interactions. Bonnet macaques (M. radiata), for instance, mostly initi-
ated interactions in the context of seeking food and repeated certain behaviours 
which were associated with being given food by tourists thereby creating feedback 
loops for human-primate interactions (Sengupta & Radhakrishna, 2018a). One such 
feedback loop is the ‘robbing and bartering’ behaviour which long-tailed macaques 
(M. fascicularis) and rhesus macaques display in Indonesia (Brotcorne et al., 2017) 
and India (Kaburu et al., 2019), respectively. In these scenarios, the macaques rob 
visitors of objects such as spectacles and return them in exchange for food (Brotcorne 
et al., 2017). Additionally, particular tourist behaviours can elicit specific primate 
responses. For example, when tourists ‘pointed’ at Tibetan macaques (M. thibet-
ana), they mostly responded with a ‘facial threat’, whereas when tourists ‘slapped 
the railing’, the macaques responded with a ‘lunge/ground slap’ (McCarthy et al., 
2009). At Sabah, Malaysia, macaques were more likely to exhibit aggressive 
responses, albeit low intensity (e.g. open-mouth threats), when tourists stared at 
them compared to when they took pictures (Gilhooly et al., 2021). Sound decibel 
levels on tourist viewing platforms were positively correlated with the display of 
threats by Tibetan macaques (Ruesto et al., 2010).

The nature of human-primate interactions could be a function of primate species 
involved or the age/sex category of individuals. For instance, in Costa Rica, white- 
faced capuchin monkeys (Cebus imitator) initiated more frequent and variable 
interactions with humans than mantled howler monkeys (Alouatta palliata) 

E. P. Riley et al.



209

(McKinney, 2014). Similarly, long-tailed macaques in Bali engaged in more aggres-
sive encounters than Barbary macaques (M. sylvanus) in Gibraltar (Fuentes et al., 
2007). Across different species of macaques though, adult males initiated most 
interactions (Fuentes & Gamerl, 2005; Gilhooly et al., 2021; Maibeche et al., 2015).

In incidental primate tourism settings, owing to the predictable availability of 
calorie-rich anthropogenic food, provisioned primates alter their ranging patterns. 
For instance, in Indonesia, the home range of a provisioned group of long-tailed 
macaques was 10.62 ha, whereas that of an unprovisioned group was 249.9 ha. The 
daily path length of the former was also shorter and was negatively correlated with 
the number of tourists in the study area (Hansen et al., 2020). In other contexts, 
where provisioning is irregular and offered from moving vehicles along roads, for 
example, home ranges and daily travel distances have been shown to increase (e.g. 
Riley et al., 2021; Sha & Hanya, 2013). Provisioning also alters diets of primates 
involved in incidental tourism. In India, fruits comprised 28% of the diet of a group 
of rhesus macaques when provisioned by tourists in comparison to 70% of the diet 
when the area was closed to visitors (Sengupta & Radhakrishna, 2018b). Changes 
in diet and ranging also affected their ecological functions  – provisioned rhesus 
macaques dispersed fewer seeds and deposited them in areas unconducive for ger-
mination compared to when they were unprovisioned (Sengupta et al., 2015).

Several studies have assessed the impact of primates on humans in tourism set-
tings. Aggression is common towards humans and has been documented in various 
macaque species (Gilhooly et al., 2021; Hsu et al., 2009; Maréchal et al., 2016). 
Such aggressive encounters often lead to injury and, in some cases, have resulted in 
human deaths (Zhao & Deng, 1992). Macaques also take people’s belongings by 
force (Sha et al., 2009). Additionally, humans are threatened by disease transmis-
sion from primates. Several cases of tourists contracting pathogens from primates 
have been documented in Asia and Africa (e.g. Dunay et  al., 2018; Jones-Engel 
et al., 2006).

The attitudes and behaviour of people towards primates and primate tourism 
vary and are a function of various cultural or socio-economic/demographic factors 
(Loudon et al., 2006). Humans are known to initiate interactions by actively provi-
sioning primates (Sengupta & Radhakrishna, 2020) and for taking photographs of/
with primates (Sengupta & Radhakrishna, 2018a; Fig. 12.2). Men mostly initiate 
these interactions and also tend to be the primary recipients of aggressive behaviour 
of macaques (Hsu et al., 2009). Ethnic and cultural background is another important 
factor shaping human perceptions of primates and their associated behaviour. 
Tourists from non-primate habitat countries, for instance, provisioned bonnet 
macaques to watch these wild, exotic primates up close. In contrast, Indian tourists 
at the same site were driven by their religious belief to feed the macaques (Sengupta 
& Radhakrishna, 2020) (Fig. 12.3). Residents of tourist sites may also have differ-
ent perceptions of primates than visitors. In Singapore, residents reported more 
problems related to long-tailed macaques and had more negative perceptions of 
them than tourists who mostly had neutral views (Sha et al., 2009).

Studies guided by ethnoprimatology have most importantly revealed that partic-
ular primate behaviours influence humans to engage in behaviours such as 
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Fig. 12.2 The human-primate interface at the Ubud Monkey Forest, a managed primate tourism 
setting. (Photo credit: Tanumay Datta)

Fig. 12.3 Provisioning bonnet macaques in a tourist site in Bengaluru City, India. (Credit: Ninaad 
Kulshreshtha)

provisioning thereby clearly showing that they indeed mutually impact each other’s 
lives. For instance, in India, 43 of 80 tourist respondents said that they provisioned 
rhesus macaques as they feared their aggressive behaviours or felt sorry seeing them 
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make ‘begging’ gestures (Sengupta & Radhakrishna, 2018b). Ampumuza and 
Driessen (2021) have further argued that primates are not passive players in the 
process of habituation to humans, as is commonly understood. Using the Actor 
Network Theory, they suggested that just as gorillas habituated to other gorillas, 
they habituated to humans as well. This argument and the observation that high- 
ranking macaque individuals and/or individuals better connected in their own 
grooming network initiated more interactions with humans (Balasubramaniam 
et al., 2020) show that the role of animal agency and individual motivations of pri-
mates needs further examination in primate tourism settings.

12.3.2  Urban and Peri-urban Human-Primate Encounters

Human-primate interactions in urban and peri-urban spaces typically occur within 
city parks, temple spaces, suburban forest edges, and human residential areas. 
Urban landscapes offer rich incentives for primates in the form of abundant food 
sources (Maibeche et al., 2015), refuge from predators (Malik et al., 1984), and a 
resource buffer in times of environmental threats (Waite et  al., 2007). They also 
present challenges for the survival of primates in the form of increased risk percep-
tion (Mikula et al., 2018), anthropogenic disturbance (Scheun et al., 2015), patho-
gen transmission and higher parasitic loads (Huemer et al., 2002; Thatcher et al., 
2018), death from vehicle collisions, electrocution (Lokschin et  al., 2007; 
Pragatheesh, 2011), and lethal retaliation (Jones-Engel et al., 2011; Radhakrishna & 
Shankar, 2016). While some generalist primate species have a long history of vol-
untarily associating with human habitats (Richard et al., 1989), other specialist spe-
cies have more recently begun to exhibit synanthropic trends due to anthropogenic 
pressures on their habitat (Maibeche et al., 2015). Humans coexisting with primates 
in cityscapes face the possibilities of damage to property and material possessions, 
kitchen garden depredations, disturbance in public spaces, potential disease trans-
mission and physical injury and sometimes even death due to the activities of pri-
mate individuals (Hoffman & O’Riain, 2011; Jones-Engel et al., 2008; Radhakrishna 
& Sinha, 2010; Yeo & Neo, 2010). Studies on human-primate interactions in urban 
spaces have addressed people’s attitudes towards primates (Leite et al., 2011), the 
positive or negative aspects of human-primate interactions (Suzin et al., 2017), the 
impact of human interactions on primate ecology and behaviour (Pinheiro et al., 
2018), the consequences of human provisioning for primate population growth and 
range expansion (Maibeche et al., 2015; Malik et al., 1984), and the costs of such 
interactions for human and primate health (Kowalewski et al., 2011).

Traditional primatology views primates’ use of urban spaces as non-natural and 
an aberrational behaviour that is forced by human-caused degradation or loss of 
primate habitats. In contrast, ethnoprimatology, with its emphasis on the mutual 
influences of humans and primates on each other, is a particularly useful approach 
to investigate human-primate interactions in urban spaces, as it brings to the fore the 
multiple ways in which human and primate lives are modified by each other. For 
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example, primate species adapted to cityscapes usually have larger group sizes rela-
tive to rural or forest-dwelling groups, and this is understood to be related to their 
access to provisioned food (Hasan et  al., 2013; Ilham et  al., 2017). Feeding on 
anthropogenic food also leads to behavioural changes such as increased aggression 
and altered activity budgets (Thatcher et  al., 2018) and diminished health status 
(Shively et al., 2009). In their study on human-primate conflict in urban contexts, 
Beisner et  al. (2016) adopted an ethnoprimatological approach to examine how 
human behaviour provokes aggression in rhesus macaques and vice versa. They 
concluded that aggressive behaviours by humans and macaques occur in response 
to the other party’s actions and that such conflict interactions can only be mitigated 
through a holistic understanding of both participants’ behaviours.

As in tourist settings, provisioning is a critical element of human-primate inter-
actions in urban contexts: while ‘nuisance marmoset’ cases in Brazil were often the 
result of people voluntarily feeding marmosets (Goulart et  al., 2010), rhesus 
macaques on the streets of Delhi in India display bipedal begging behaviour that 
incites people to offer them food (Barua & Sinha, 2019). The critical role of provi-
sioning in driving human-primate interactions in urban contexts was clearly visible 
during the COVID-19 pandemic, when abrupt cessation of provisioning in many 
regions due to travel restrictions led to primate groups moving away from their 
urban feeding sites (Lappan et al., 2020).

Apart from provisioning, human impacts on primate ecologies are most keenly 
felt when primates are introduced in or translocated to non-native areas through 
human intervention. Such introductions, either due to pet-keeping practices or as a 
conflict mitigation strategy, have led to human-primate conflicts or resulted in spill-
over effects on other primate ecologies in urban contexts (Radhakrishna & Sinha, 
2011). For example, the translocation of rhesus macaques, to reduce conflict inten-
sities, into the range of bonnet macaques in southern India led to the displacement 
of endemic bonnet macaques from anthropogenic spaces in those areas (Kumar 
et al., 2011). Human impacts on urban primates may also have hidden dimensions 
like noise or light pollution (Duarte et al., 2011; Scheun et al., 2015; Chap. 8, this 
volume).

Possibly because traditional primatology tends to treat primates’ presence in 
human areas as non-natural, human-primate interactions within urban spaces are 
usually treated as conflict scenarios (Lee & Chan, 2011). Consequently, less atten-
tion has generally been paid to the benefits humans may derive from living with 
urban primates. Yet it is well documented that people receive religious satisfaction 
from feeding monkeys (Radhakrishna, 2017). Additionally, they also derive plea-
sure from the interactions and personal well-being from feeling that they are helping 
animals by providing them with food. Residents who interacted with capuchin mon-
keys in an urban forest fragment in Brazil expressed positive feelings towards them 
and liked feeding them (Suzin et al., 2017). Similarly, Leite et al. (2011) observe 
that people who interacted with urban marmosets in a city park in Brazil considered 
the species’ presence important as they provided entertainment for children. Despite 
their many frustrations with the Barbary macaque, Gibraltar residents describe the 
species as ‘ours’, indicating a sense of connection with Barbary macaques and pride 
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in their coexistence (Radford et al., 2018). Urban primates also serve as inspiration 
for human art and culture; historical and contemporary art and literature attest that 
primates continue to alter human lives and the metropolises they inhabit 
(Radhakrishna, 2018), much as they are transformed by the human spaces that they 
have made their own.

12.3.3  The Human-Primate Interface in Agroecosystems

The clearing of land for agricultural development and livestock farming across pri-
mate range countries has created another context in which humans and primates 
interface. In response to anthropogenic habitat change, many primates adjust their 
feeding, foraging, and ranging strategies to utilise resources provided in these 
altered landscapes (Galán-Acedo et  al., 2019). One of the most common behav-
ioural responses of primates is crop feeding, the consumption of cultivated foods in 
agroecosystems (Fig. 12.4), which in turn, can lead to resource competition and 
conflict with humans (Hill, 2015; Humle & Hill, 2016). Ethnoprimatologists study 
this interface by exploring both the primate and human perspective, that is, examin-
ing the ecological and nutritional factors driving crop feeding by primates, and 
people’s perceptions, attitudes, and behaviour towards primate crop feeders 
(Riley, 2007).

Viewed through an ethnoprimatological lens, crop feeding is an excellent exam-
ple of highly adaptive behaviour and a foraging strategy in its own right. Entering 
agricultural gardens and feeding on crops is a risky enterprise from the perspective 
of the primates as they may face retaliation from farmers (Hill, 2017). Critical to 
examining this flexible foraging strategy is understanding the trade-offs at play. For 

Fig. 12.4 Camera trap photograph of a white-faced capuchin carrying a maize cob in a monocrop 
garden, Chiriquí province, Panama. (Photo credit: Luz I. Loría)
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primates living in and around agroecosystems, crop feeding may provide an alterna-
tive source of food during periods of wild food scarcity (e.g. de Freitas et al., 2008; 
Hockings et al., 2009). Primates may also be attracted to crops regardless of sea-
sonal patterns of wild food availability due to the nutritional and energetic benefits 
of cultivated foods, namely, they tend to be higher in digestible carbohydrates and 
lower in insoluble fibre (Bryson-Morrison et al., 2020; Riley et al., 2013).

From the human perspective, ethnoprimatological research has revealed consid-
erable variation in the nature of interactions that ensue from overlapping resource 
use in agroecosystems, ranging from benign to neutral to negative. For example, 
while farmers in Brazil perceive that bearded capuchins (C. libidinosus) consume 
very little of their crops and, hence, do not harass them (Spagnoletti et al., 2017), in 
Indonesia, farmers consider orangutans (Pongo sp.) to be dangerous and are only 
tolerant towards crop feeding if they do not perceive the orangutans to be a physical 
threat (Campbell-Smith et  al., 2010). Severe negative reactions to primate crop 
feeding often involve various forms of harassment, such as shouting, stone throw-
ing, chasing with dogs, attaching a marker to crop feeding primates and then releas-
ing them, and even killing them (Hill, 2018; Waters et al., 2019). On the other hand, 
in some cases, the co-use of crops leads to some advantages for people. For exam-
ple, in Cantanhez National Park, Guinea-Bissau, chimpanzees (Pan troglodytes 
verus) only consume the fruit of cashew, an important cash crop, and discard the 
seed facilitating the harvesting of the valuable nut by the farmers (Hockings & 
Sousa, 2012).

In terms of what shapes peoples’ perceptions, attitudes, and behaviour, socio- 
economic factors have been found to be important. People are generally less tolerant 
of crop feeding behaviour when the cultivated food is a cash crop (Hill & Webber, 
2010). When primates feed on non-commercial crops, however, they may be able to 
persist alongside people, such as the case of brown howler monkeys (A. guariba) in 
Porto Alegre, Brazil (Chaves & Bicca-Marques, 2017). In Ethiopia, local people 
who experienced relatively more crop damage displayed more negative attitudes 
towards Bale monkeys (Cercopithecus djamdjamensis) compared to people inhabit-
ing the community where crop feeding was infrequent (Mekonnen et  al., 2020). 
However, the intensity or severity of crop feeding need not always explain people’s 
willingness to tolerate primate crop feeders. For example, Hardwick et al. (2017) 
found that farmers’ attitudes towards the Buton macaque (M. ochreata brunnes-
cens) varied across three communities of Sulawesi, Indonesia, whereby the least 
wealthy community used lethal control methods more frequently than the wealthier 
communities even when crop feeding by macaques was less severe. These authors 
also found a link between wealth and conservation education, such that farmers in 
the wealthiest community where lethal control appeared to be uncommon were 
aware of the macaque’s ecological role. Similarly, landowners of the Curú Wildlife 
Refuge in Costa Rica recognise white-faced capuchins as key members of the forest 
community, thereby leading them to accept some crop damage by capuchins 
(McKinney, 2011).

Only quantifying crop losses, however, cannot explain what the losses mean for 
farmers and why some of them retaliate against primates that feed on crops while 
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others do not (Hill, 2017). Thus, the ethnoprimatological approach encourages the 
exploration of other factors that influence people’s attitudes and behaviour towards 
primate crop feeders, such as folklore, religious beliefs, and political ecological 
contexts (Dore, 2018). For example, in Lore Lindu National Park, Indonesia, villag-
ers do not kill Tonkean macaques (M. tonkeana) in retaliation for crop feeding 
because of their cultural conceptions of how they should respond to monkeys 
encountered in their gardens (Riley, 2010). Balinese people consider long-tailed 
macaques as sacred due to the prominent role Hanuman, the monkey god, plays in 
the Hindu epic ‘Ramayana’ (Wheatley, 1999). As a result, the macaques are pro-
tected; however, when the macaques leave sacred spaces, such as temples, and feed 
on cultivated food in neighbouring farms, their perceived sacredness and associated 
protection wanes (Peterson et al., 2015), and sometimes they are shot by farmers 
(Schillaci et al., 2010). The underlying political ecological context of crop feeding 
scenarios can also explain why farmer-primate conflict exists and persists. On the 
Caribbean island of St. Kitts, Dore et al. (2018) found that rates of contact between 
farmers and green monkeys (Chlorocebus sabeus) increased because of the shift 
from sugar cane estates to small-scale farms. Kittitian farmers’ negative perceptions 
of the monkeys derive from the latter’s crop feeding behaviour, and yet farmers are 
not willing to invest in mitigation strategies because they do not own the land 
(Dore, 2018).

Primates have also been shown to use elements of agroecosystems that result in 
benign interactions between people and primates. For instance, polycultures and 
agroforestry systems may become temporary or permanent habitats for primates 
that feed on the native vegetation growing around or among crops rather than the 
crops itself. Central American farmers, howler monkeys and white-faced capuchins 
peaceably coexist in shade coffee plantations, where the primates feed on the leaves 
and fruits of shade trees without damaging the crop (Loría & Méndez-Carvajal, 
2017; Williams-Guillén et  al., 2006). Similarly, Javan slow lorises (Nycticebus 
javanicus) use chayote bamboo frames for foraging on insects and moving across 
open agricultural fields in Cipaganti, Indonesia (Nekaris et  al., 2017). Since the 
lorises’ consumption of insects on bamboo frames may help minimise the presence 
of insect pests in chayote crops, the Cipaganti farmers perceived them as useful and 
tolerated these primates.

12.4  Summary and Conclusions

Ethnoprimatology recognises humans as integral components of primate commu-
nity ecology and has made the ‘human-nonhuman primate community’ its central 
focus. As we showcased in this chapter, the ethnoprimatological approach strives to 
investigate human-primate interfaces from both human and primate perspectives to 
understand how humans and other primates are co-shaping each other’s ecology, 
sociality, and evolutionary trajectories.

12 Shared Ecologies, Shared Futures: Using the Ethnoprimatological Approach…



216

From the outset, natural history has been an important component of ethnopri-
matology’s toolkit (as it should for all ethological investigations; see Altmann & 
Altmann, 2003; Tinbergen, 1963). Ethnoprimatological research on the human- 
primate interface has also been theoretically rigorous; it has drawn from behav-
ioural ecology, community ecology, and life history theory to examine, for example, 
the causes and consequences of human-primate sympatry (Hockings et al., 2012; 
Morrow et al., 2019). Moreover, by viewing humans as integral components of pri-
mates’ community ecology, ethnoprimatology is aligned with other evolutionary 
sciences studying how human niche construction activities act as a major evolution-
ary force on wildlife species across both time and space (Boivin et al., 2016; Sih, 
2013). Given its focus on the human dimensions of primate ecology and behaviour, 
ethnoprimatology has also benefited from perspectives from the social sciences and 
humanities, thereby making it a methodologically and theoretically diverse field of 
study (Riley, 2018).

The conceptual contributions that stem from ethnoprimatological research are 
manifold. In addition to recognising the role of humans in effecting evolutionary 
change, ethnoprimatological research has highlighted the need to rethink the terms 
we use to characterise ecological relationships that arise from human-primate sym-
patry (Riley, 2018). Primates that live in proximity to humans have long been 
described as ‘commensal’ (Maréchal & McKinney, 2020). A commensal relation-
ship is defined as when one species benefits while the other is unaffected. However, 
it is becoming increasingly clear that neither humans nor primates are unaffected by 
their ecological overlap. Rather, as we have shown in this chapter, both humans and 
primates can be negatively or positively impacted. Because words matter in the 
practice of science, sympatry or synanthropy – that is, cohabiting with humans – 
constitute more accurate terms to characterise human-primate interfaces (Maréchal 
& McKinney, 2020; Riley, 2018).

12.4.1  Why Does Studying the Human-Primate 
Interface Matter?

In the current era in which human-primate sympatry is becoming increasingly wide-
spread, solely relying on traditional forest and wildlife protection approaches that 
emphasise human exclusion, ignore anthropogenic environments, or discount com-
munities’ perspectives can no longer be an effective strategy for conserving pri-
mates (Chapman & Peres, 2001; Riley, 2019). With its focus on both people and 
primates, ethnoprimatological research has assisted in the development of socially 
just conservation measures, the mitigation of human-primate interfaces, and inform-
ing efforts to ensure that people and primates can coexist in the future (McLennan 
et al., 2017; Nekaris et al., 2017; Riley, 2019). For example, by integrating elements 
from ethnoprimatology and multispecies ethnography, Parathian et  al. (2018) 
were able to appreciate the mutuality and complexity of the relationships Nalu 
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people and chimpanzees have in Guinea-Bissau, providing insight to inform the 
development of socially inclusive measures (see also Remis & Hardin, 2009). 
Similarly, in their work on the human-macaque interface in north Morocco, Waters 
et al. (2018, 2019) focused on understanding local shepherds’ knowledge and per-
ceptions towards sympatric Barbary macaques. The researchers’ immersive meth-
odological approach enabled trust building with the shepherds, who in turn became 
more accepting of information shared by the researchers, ultimately altering how 
they interacted with the macaques. For example, upon learning about Barbary 
macaques’ ecological role in the forest and their endangered status, shepherds 
stopped persecuting them during encounters.

Finally, beyond the major anthropogenic activities, such as expanding agricul-
tural landscapes and increasing urbanisation, that affect the ability of primates to 
successfully coexist with humans, in the twenty-first century and beyond, zoonotic 
disease transmission will continue to be a major concern. The COVID-19 pandemic 
has resulted in shifting human-primate interfaces worldwide. Stay-at-home orders, 
travel restrictions, and the closures of protected areas and other tourist sites have 
meant fewer tourists and, hence, fewer human-macaque encounters at those sites. 
While some of the more positive outcomes of this pandemic-induced shift (e.g. 
reduced rates of provisioning; reduced risk of zoonotic exchange) may only be tem-
porary, it is possible that the COVID-19 pandemic has made communities more 
receptive to messaging about the risk provisioning, and other encounters with pri-
mates pose for human-primate aggression and human-primate disease transmission 
(Balasubramaniam et al., 2020; Lappan et al., 2020). What is certain though is that 
ethnoprimatology, with its attention to both primates and people, will continue to 
offer place-based, culturally sensitive, and impactful recommendations to advance 
human-primate coexistence moving forward.
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Abstract Historically, we have characterized the environments primates live in and 
that we observe them in as ‘wild’ and ‘captive’. We assumed that primates exhibited 
‘natural’ behaviour in the ‘wild’, whereas ‘captive’ behaviour was an ‘unnatural’ 
artefact of human management. This view later expanded to consider the influence 
of anthropogenic activities on wild primates, and the distinctions of free-ranging, 
provisioned animals and enriched naturalistic environments. However, these dichot-
omies remain. Here, we suggest primate environments should be considered a con-
tinuum, ranging from intact primary forest to heavily managed captive environments. 
Across this continuum, the behaviour we observe is a flexible response to ecological 
conditions shaped by human presence. Rather than viewing wild behaviour as natu-
ral, and captive behaviour as an artificial reaction to human management, recogni-
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tion of how humans shape primates’ environments across contexts improves our 
understanding of primate behaviour and evolution. Even the “wildest” primates’ 
lives are altered and influenced by humans, and the behaviour of intensely managed 
captive primates reflects species-level behavioural flexibility and individual 
responses. Beyond the indirect effects of anthropogenic pressures and management, 
the behaviour we observe is responsive to human observation and interaction. 
Whether the presence of researchers following primates, the presence of local peo-
ple encountering primates in daily activity, or humans caring for primates in man-
aged environments, these observer effects influence behaviour. Recognizing how 
observations are shaped by anthropogenic and observer effects across the contin-
uum of primate habitats allows us to identify how co-evolutionary pressures shape 
the evolution of primate socioecology and socioecological flexibility of primates.

Keywords Anthropogenic effects · Observer effects · Human-primate interface · 
Ethnoprimatology · Captivity

13.1  Introduction

Throughout their range, primates occur in habitats affected by a continuum of 
anthropogenic pressures. These pressures can be both direct and indirect, and we 
refer to them as indirect anthropogenic effects throughout this chapter. These 
anthropogenic effects are any influence from humans or human activity on habitat, 
forest structure, food sources, food availability, encroachment, hunting activity, or 
any results of human behaviour that reduce habitat size or function (Fuentes, 2006, 
2012; Fuentes & Hockings, 2010; Malone et  al., 2014; McKinney, 2015; Riley, 
2019). They also include direct human pressures, or observer effects, including 
direct human interactions, observation, and habituation. Here, we consider anthro-
pogenic pressures as anthropogenic effects, whereas the impact of human/researcher 
observation is considered observer effects. These interrelated pressures shape pri-
mate behavioural ecology, and those occurring over longer periods of time act as 
selective pressures.

Historically, we often assumed that wild primates existed apart from humans, in 
forests deep and wild enough to be minimally affected by human presence (Garland, 
2008; Haraway, 1989; Jost Robinson & Remis, 2018). Such assumptions echo the 
development of North American primatology within anthropology, where similar 
assumptions about ‘uncontacted’ human groups represented a perspective that sepa-
rated ‘nature’ from ‘culture’ (Haraway, 1989). While wild behaviour was consid-
ered ‘natural’ apart from human influences, the recognition that captivity shaped 
primate behavioural responses led to conclusions that such behaviour was ‘unnatu-
ral’ (Fedigan & Strum, 1999; Haraway, 1989; Strum & Fedigan, 2000). However, 
these assumptions gave way to greater recognition of how primates evolved in loca-
tions where they coexist with human presence. For example, there are reports of 

M. A. Rodrigues et al.



229

chimpanzees (Pan troglodytes) living in forests bordering human villages in West 
Africa dating back to the 1600s (Sept & Brooks, 1995).

With the rise of ethnoprimatology in the past 20 years, there is an increased 
awareness of how anthropogenic pressures shape wild primates (Estrada, 2006; 
Fuentes, 2012; Fuentes & Hockings, 2010; Malone et al., 2014; Riley, 2019; Riley 
& Fuentes, 2011; Sponsel, 1997). While wild and captive primate populations are 
traditionally considered two separate domains of research, here we suggest they are 
better understood as a continuum with continuous, overlapping anthropogenic and 
observer effects (Fig.  13.1). We now recognize that free-living primates in their 
natural ranges have significant interaction through human provisioning and obser-
vation; such circumstances overlap with the dynamics of free-ranging primates 
under managed human care outside their ranges. For example, from the monkeys’ 
perspective, what are the distinctions between free-ranging macaques (Macaca 
spp.) provisioned at an Indian temple for the past century and those free-ranging on 
Cayo Santiago, Puerto Rico? While the earliest captive settings were limited to free- 
ranging introduced populations and laboratory, pet, or zoo environments where pri-
mates’ lives were constrained to deeply ‘unnatural’ settings (Coe, 1989; Sampaio 
et al., 2020), the modern range of captive settings range from restrictively managed 
environments to those where primates live in complex ecosystems managed to mir-
ror ‘natural’ social dynamics (Coe, 1989; Hosey, 2005). While such settings may 

Fig. 13.1 The continuum of primate habitats, from dense forests to lab/research centres, and how 
anthropogenic and observer effects influence primate lives. Within habitats, anthropogenic and 
observer effects influence primate lifeways in varying ways (radiating circles). For example, the 
degree to which non-human primate individual responds to human interactions is dependent on 
previous exposure. Human influence on habitat structure can impact primate movement capa-
bilities from activities including forest use/selective logging to the extreme of human-built struc-
tures that house primates in research labs
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differ from wild ecosystems in many ways, rather than considering behaviours 
observed in these settings as artefacts, they should be viewed as flexible responses 
reflecting species’ range of adaptability.

Keeping primates in human-managed settings has a long history, from provision-
ing of temple monkeys, to keeping infants as pets after hunting adults, and to assem-
bling menageries (Coe, 1989; Fuentes & Wolf, 2002; Sampaio et al., 2020; Sponsel, 
1997). Capturing primate infants begins with violence and trauma (Bradshaw et al., 
2008; Crailsheim et al., 2020; Edes et al., 2016). The ability to survive this trauma 
and reproduce under novel circumstances favoured individuals who could adjust to 
new environments. The earliest captive environments were limited by a lack of 
understanding of wild primate behaviour to inform husbandry practices (Haraway, 
1989; Rowell, 2000; Strum & Fedigan, 2000). Human-driven selection chose which 
species were most desirable or suitable to manage in captivity. For example, rhesus 
macaques (Macaca mulatta) may have become the ‘model monkey’ for biomedical 
research because their co-evolutionary history with humans and behavioural and 
ecological flexibility made them well-suited to thrive in often adverse conditions 
(Ahuja, 2013). Capture and transport of primates were shaped by priorities for bio-
medical models, ease of capture, entertainment draw, and size/ease of convenience 
(Ahuja, 2013; Coe, 1989; Haraway, 1989; Sampaio et  al., 2020). This human- 
managed selection parallels existing co-evolutionary relationships between humans 
and non-human primates in their historical ranges.

Here we consider primates across the broad environmental categories: (1) pri-
mates in the ‘wild’, (2) primates who live among humans, and (3) primates in human-
managed settings, with consideration for how these broad categories are continuous. 
We review how these overlapping environmental categories shape primate lives.

13.2  Primates in ‘the Wild’

One might start a section on primates in the wild by questioning ‘what is wild and 
does it truly exist?’ We, however, are not going to address the meaning of wild 
because at this time, we can argue that all free-ranging primates face varying degrees 
of anthropogenic influence. This may be in the form of daily encounters with many 
humans and their tools/technology or seldom and brief encounters. Tydecks et al. 
(2016) identified 1268 biological field stations in 120 countries with the majority 
occurring where human impact is low to intermediate. Bezanson and McNamara 
(2019) identified 349 different field sites that were described in a review of 5 years 
of primatology publications. These ranged from forests without research facilities to 
well-established field sites with more than 40 years of documented research. In this 
section, we address how field sites fit on a continuum of anthropogenic influence in 
free-ranging primates. We explore the effects of research stations, infrastructure, 
and the influence of human observers.
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13.2.1  The Field Site

Field researchers often begin their research plan thinking about a particular biome 
or location where they will work for weeks to years. We imagine a site with very few 
human interactions as we nobly set out to the ‘wilds’ to follow elusive primates. 
Will it be hot, humid, hilly, rocky, buggy, cold, snaky, swampy, sunny, rainy, dark, 
light, and what stresses might these impose on human comfort? When we complete 
our work, we move to site descriptions in our publications. Many field primatolo-
gists rely on the classification of biomes to describe the research site and for ecosys-
tem mapping. Biomes are units of ecological classification based on vegetation, 
rainfall, and faunal and floristic communities that characterize the area (Bailey, 
2004; Holdridge, 1947). These regions are controlled by climate; given how humans 
alter climate and landscapes, Ellis and Ramankutty (2008) suggested we might bet-
ter understand ecological zones by considering anthropogenic pressures. Their 
resulting term ‘anthromes’ better captures the areas where we work and study pri-
mates. Anthromes are anthropogenic biomes and mosaic environments that inte-
grate human activities into ecological classifications (Ellis & Ramankutty, 2008). 
Some examples of anthromes are ‘populated forests’, ‘remote forests’, ‘populated 
rangelands’, ‘rainfed villages’, and ‘sparse trees’. Moving forward, primatologists 
might better describe field sites with this system to communicate how primate 
groups are impacted by human activity. The combination of habitat structure and 
anthropogenic activities influences resources, survival, and reproduction of indi-
viduals, generations, populations, and ultimately a world with ‘wild’ spaces.

A field site is an area of land kept in a natural state to promote research, educa-
tion, and conservation and, in some cases, may involve tourism (Brussard, 1982). 
Some field sites are characterized by a healthy infrastructure with multiple housing 
units, a laboratory, teaching spaces, electricity, warm water, and opportunities to 
communicate via internet or phone. These field sites experience more researcher 
and education traffic and may experience greater conservation efforts (Bezanson & 
McNamara, 2019: Junker et al., 2020). Other field sites may be more rustic without 
services, and these sites experience less researcher and education traffic (Bezanson 
& McNamara, 2019). All field sites exist in proximity to human communities which 
vary with regard to human influence (Martin et al., 2014).

13.2.2  The Role of Research Teams, Learning Teams, Field 
Station Personnel, and Neighbouring 
Human Communities

When we first arrive to a research site, our expectations are met with the reality that 
a research site involves many humans with whom we must communicate, share 
resources, plan, manage, work, and all while (hopefully) interrogating the effects of 
our presence (e.g. Kutsukake, 2013; MacClancy & Fuentes, 2013; Malone et al., 
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2010; Nelson et al., 2017; Riley & Bezanson, 2018; Strier, 2010). The first step of 
the research process when studying primates that have not been observed by previ-
ous researchers or subject to ongoing investigations is habituation. Habituation is 
a term for the degree of individual primate adjustment to human observation with 
the goal of all study subjects eventually behaving naturally or neutrally in the pres-
ence of researchers (Crofoot et al., 2010; Gazagne et al., 2020; Rasmussen, 1991; 
Tutin & Fernandez, 1991; van Krunkelsven et  al., 1999; Williamson & Feistner, 
2003). Scholars of the habituation process suggest that ‘natural’ behaviour or neu-
trality may never be met in the presence of researchers (Alcayna-Stevens, 2016; 
Hanson & Riley, 2018; Strier, 2013). For example, Hanson and Riley (2018) found 
that a group of moor macaques studied for more than 30 years did not act neutrally 
in the presence of researchers. This means that the macaques exhibited human-
directed behaviours such as threatening, avoiding, approaching, monitoring, or 
quickly leaving the area where observers were present. Some primates also adjust 
activity budget, home ranges; exhibit varying degrees of stress during the habitua-
tion process; and influence the behaviour of other animals that are not the study 
target (Green & Gabriel, 2020; Hanson & Riley, 2018; Jack et al., 2008; McDougall, 
2012; Rasmussen, 1991). Primates habituated to researcher presence are also habit-
uated to all human presence. A lack of fear can potentially lead to poaching, crop 
foraging, poor nutrition, and pathogen exchange (e.g. Hockings et al., 2010; Malone 
et  al., 2010; McLennan & Hill, 2010; Strier, 2013; Westin, 2017; Williamson & 
Fawcett, 2008). While many primatologists examine the influence of the habituation 
process, there are fewer studies on effects of the field site itself, including researcher 
traffic, student traffic, and infrastructure (Bezanson & McNamara, 2019; Bezanson 
et al., 2013; Fedigan, 2010; Strier, 2010).

When researchers travel to a site, they may bring research supplies, personal 
items, and other humans (e.g. assistants, students, family members). The research 
station might hire a few to many employees depending on the size of the station and 
the number of people temporarily calling the area home. Field stations vary in infra-
structure, number of employees, funding, accessibility to the public, and local 
human community involvement (Bezanson & McNamara, 2019). Larger and longer- 
term field sites can promote long-term conservation programmes, train national and 
international students, safeguard the area from illegal activities, and provide pre-
dictable support for adjacent communities (Laurance, 2013; Lwanga & Isabirye- 
Basuta, 2008; Trevelyan & Nuttman, 2008). Key examples of successful long-term 
research sites are the Biological Station of Caratinga/Reserva Particular do 
Patrimônio Natural – Feliciano Miguel Abdalla (EBC/RPPN-FMA) in Brazil (Strier 
& Boubli, 2006), Ranomafana National Park in Madagascar (Wright & Andriamihaja, 
2002), and Kibale National Park in Uganda (Wrangham, 2008). In addition to pre-
dictable support for adjacent communities, researchers working at these sites can 
often integrate local conservation programmes for community members. For exam-
ple, Franquesa-Soler et al. (2020) describe a children’s education art programme for 
12 different communities in Southern Mexico. Larger, longer-term sites often attract 
eco-tourists who bring income and predictability. However, disproportionate sup-
port for some community members can introduce conflict among community 
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members (e.g. Shoo and Songorwa 2013; Siswanto 2015). Field station traffic influ-
ences primates (and other species) by introducing trails, housing structures, trash, 
human foods (composting), field trash (e.g. trail markers, flagging tape, monitors), 
and pathogens (Bezanson et  al., 2013; Fedigan, 2010; Riley & Bezanson, 2018; 
Strier, 2010). In fact, Laurance (2013) suggests that in some cases, field station or 
science safeguarding has the potential to cause more harm than good. Because of 
these risks, recognition of the impact of research team presence and careful consid-
eration of the potential positive and negative effects of conducting field research 
should be part of the research planning process.

13.3  Primates Among Humans

For primates living alongside humans, anthropogenic pressures shape daily life. 
Anthropogenic activities that induce novel conditions change socioecological con-
ditions and thereby the behaviour of individuals (Buskirk & Steiner, 2009). The 
behavioural responses are rapid, while the costs are low and have a major impact on 
the fitness of individuals and thereby the viability of the population (Tuomainen & 
Candolin, 2011). If the responses are adaptive and improve the fitness of individu-
als, they can protect a species from decline and extinction as well as provide more 
time for genetic adaptation (Pigliucci and Pigliucci, 2001; Tuomainen & Candolin, 
2011; West-Eberhard, 1983).

13.3.1  Primates Living in Fragmented Habitats

Fragmentation of forests is a direct consequence of human presence which impacts 
primate populations by altering the habitat (Almeida-Rocha et al., 2017). Human 
intervention creates fragments in primate habitats which influence their population, 
activity budget, and social organization (Almeida-Rocha et al., 2017; Benchimol & 
Peres, 2014; Ram et al., 2003; also see McKinney, 2015 for review). Changes in the 
landscape and habitat can either be sudden (Cowlishaw & Dunbar, 2000; Chapman 
& Peres, 2001; Velankar et al., 2016) or gradual over time (Baranga et al., 2012; 
Marsh, 2003; Singh, 2019). Prominently, the presence of humans influences the 
feeding behaviour among primates which depends on the distribution and availabil-
ity of food (Marsh, 2003). Provisioning, crop foraging, snatching human food, and 
garbage foraging are the major sources of food for primates in the anthropogenic 
landscapes (Alouatta: Asensio et  al., 2009; Pozo-Montuy et  al., 2013; Cebus: 
McKinney, 2011; Macaca: Kumara et al., 2009; Proffitt et al., 2018; Riley et al. 
2021; Trachypithecus: Nijman & Nekaris, 2010; Papio: Nowak & Lee, 2013).

In many circumstances, behavioural flexibility determines the survivability of 
primates in a fragmented landscape, for example, urban areas (Marty et al., 2020; 
Ralainasolo et al., 2008). However, there is some discordance in the results found in 
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studies under naturalistic conditions. In some studies, specialized diets helps pri-
mates survive in the fragmented landscape (Boyle & Smith, 2010), whereas in other 
studies, novel behavioural traits and flexibility in otherwise generalized diets were 
beneficial (Reader & Laland, 2003).

Most studies focus on behavioural plasticity in feeding behaviour of primates 
(reviewed in Nowak & Lee, 2013) and innovations to extract food from otherwise 
difficult sources (Sapajus: Moura & Lee, 2004; great apes: Watts, 2008, Macaca: 
Malaivijitnond et al., 2007; Pal et al., 2018; Tan et al., 2016). These behaviours are 
attributed to larger brains which help in adapting to altered environments (‘cogni-
tive buffer hypothesis’) (Sol, 2009). However, the relationship between brain size 
and innovation is not straightforward. In some lemurs, despite the small brain to 
body ratios, there is behavioural flexibility (Cameron & Gould, 2013; Soma, 2006). 
Nowak and Lee (2013) emphasize that behavioural flexibility is not novel and is the 
‘norm rather than the exception’. There is a lack of information across taxa for com-
parative analysis of behavioural plasticity, and with increases in anthropogenic 
impact threatening primates with extinction, it is critically important that we better 
understand this plasticity. Ethnoprimatological studies provide an excellent oppor-
tunity to study conditions under which the behavioural ecology and behavioural 
flexibility in primates change under the influence of human-induced changes (Dore 
et al., 2018; Fuentes, 2012; McKinney & Dore, 2018). It presents a holistic approach 
for human-primate interaction affected by anthropogenic food.

13.3.2  Impacts of Shared Landscapes on Primate Behaviour

Adaptability of primates puts them at crossroads with humans, placing constraints 
on behaviour. Despite studies attempting to understand this relationship, there is 
still little information on the impact humans have on complex social behaviour in 
primates. A few recent studies investigated the effect of human presence on groom-
ing strategies of macaques, but its impact on social relationships and fitness conse-
quences is unknown (Balasubramaniam et al. 2020a, b; Beisner et al., 2015; Marty 
et al., 2019).

Proximity to humans causes time constraints on primates’ social behaviours and 
reciprocity (Kaburu et al., 2019). Grooming is one of the most common of the social 
interactions and is beneficial for the primates by removing ectoparasites, lowering 
stress levels, and maintaining social cohesion (Seyfarth, 1977; Silk et  al., 2009, 
2010). The presence of humans can change activity and grooming patterns based on 
the balance of cost and benefits (Balasubramaniam et al., 2020a, b; Dhawale et al., 
2020; Kaburu et al., 2019; Maréchal et al., 2011; Marty et al., 2019). Human pres-
ence increases the chances for sociality as more ‘free time’ is available with high- 
calorie anthropogenic food (McLennan & Ganzhorn, 2017; Riley et al., 2013). Also, 
there is higher grooming to cope with social stresses from living near humans 
(social stress hypothesis: Aureli & Yates, 2010; Maréchal et  al., 2011; Schino 
et al., 1988).
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Strong bonds among the primates can calm social and environmental stress (Silk 
et  al., 2009, 2010; Young et  al., 2014). Human influences reduce the strength of 
bonding among the individuals and increase aggressive behaviour by changing 
competitive regimes in the group, changing the social network, and altering mother-
infant interactions (Holzner et  al., 2019; Morrow et  al., 2019). Therefore, living 
alongside humans constrains social behaviour in primates by changing the socio-
ecological parameters and group structure.

13.4  Primates in Human-Managed Settings

Human-managed settings range along a continuum from free-ranging provisioned 
groups to naturalistic social groups in enriched-but-enclosed settings at zoos, sanc-
tuaries, and research centres, to those in limited social groups and/or constrained 
captive environments, including those held as pets, at roadside zoos, or in laboratory 
environments where animals may be single or pair-housed (Baker, 2007; Coe, 1989; 
Fuentes & Wolf, 2002; Hosey, 2005; Sponsel, 1997). While the span of non-human 
primates living sympatrically with humans overlaps with those living in human- 
managed settings (Fig. 13.1), we focus this section on non-human primates that are 
(1) held in free-ranging settings where they are provisioned and receive veterinary 
care and (2) under human management providing animals with adequate social 
companionship, veterinary care, appropriate environmental conditions, and enrich-
ment. The continuum of primates living in human-managed settings extends to 
those living in environments which do not meet the basic physical and social needs 
of primates (Hosey, 2005). While primates under enriched human-managed settings 
may exhibit the range of primates’ behavioural, ecological, and social flexibility 
(Hosey, 2005; Rodrigues & Boeving, 2019), such impoverished environments likely 
exceed their range of adaptive coping abilities. On the ‘wilder’ side of the contin-
uum are rehabilitated primates in sanctuaries or reintroduced populations receiving 
provisioning and medical/welfare interventions and free-ranging introduced pri-
mate colonies such as those on Cayo Santiago, Puerto Rico or St. Catherine’s Island, 
Georgia (Beck, 2018; Hosey, 2005). On the managed side of this continuum are 
primates living in socially housed groups in zoos, sanctuaries, and laboratories 
(Baker, 2007; Coe, 1989; Hansen et al., 2018; Hosey, 2005).

13.4.1  Constraints of Human Management

Hosey (2005) describes zoo environments as those with primates living under 
human management, restricted or enclosed spaces, and large numbers of unfamiliar 
human visitors. ‘Human management’ includes feeding, veterinary care, and may 
include management of group size/composition and reproduction (Hosey, 2005). 
These constraints vary across human-managed conditions but overlap with those in 
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free-ranging conditions. In McKinney’s (2015) anthropogenic classification system, 
three of the four domains, landscape, diet, and human-non-human interface, overlap 
with these criteria. Primates living in natural landscapes experience less space 
restrictions, but increasingly fragmented forests may become restricted spaces 
(Benchimol & Peres, 2014; Estrada et al., 2017). Furthermore, provisioning occurs 
across wild and human-sympatric contexts, and at some sites, veterinary interven-
tions occur (McKinney, 2015; Robbins et al., 2011). The soft-release stages of rein-
troductions and permanence of rehabilitated primates released onto islands (Beck, 
2018; Chap. 15, this volume) occupy middle ground between ‘wild’ and ‘captive’. 
Finally, exposure to unfamiliar humans is frequent for primates living at tourist sites 
and within cities (Hosey, 2005; Kaburu et  al., 2019; Maréchal et  al., 2011). 
Understanding the range of primate behavioural flexibility across anthropogenic 
pressures as part of the animals’ ecological environment allows for insight into the 
full range of primate adaptive capabilities and niche construction (Day et al., 2003; 
McKinney, 2015).

13.4.2  Managing Primates’ Needs

Increased understanding of primates’ social, dietary, and space needs, in conjunc-
tion with increasing welfare standards, altered captive environments, though this 
process has often been trial-and-error. For example, Yerkes assumed chimpanzees 
were monogamous and housed them in nuclear family units (Haraway, 1989). 
Conversely, there were struggles breeding golden lion tamarins (Leontopithecus 
rosalia) in captivity until caretakers realized housing in pairs reduced stress 
(Kleiman, 1979, 1983). Similarly, infant chimpanzees were removed to nursery 
groups, assuming the standard of care would be better from humans. This practice 
was changed when humans recognized this practice caused harm and that the social 
transmission of mothering skills had generational effects (Davenport & Menzel, 
1963; Chernus, 2008; Freeman & Ross, 2014). More recent studies shed light on 
managing primates in captivity. For example, female black and gold howler mon-
keys (Aloutta caraya) have better reproductive success under human management 
when housed in larger ‘family’ groups, rather than pairs, and when they can regu-
larly hear the howls of familiar conspecifics (Farmer et al., 2011; Pastor-Nieto, 2015).

13.4.3  What Is ‘Natural’ Behaviour?

In human management, ‘naturalistic’, wild-like behaviours are viewed as ideal. 
However, ‘unnatural’ behaviour may not correspond to decreased welfare (Hosey, 
2005). Some primates, such as Sulawesi macaques (Macaca nigra), have compa-
rable activity budgets between wild and zoo-housed primates. Other primates under 
human-managed care have more time to allocate to socializing, due to decreased 
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travel and ranging needs (Majolo et al., 2008). Therefore, it is valuable to see the 
range of behaviours that emerge in captivity as part of species’ wider behavioural 
repertoires. For example, studies on captive ape social dynamics yield insight into 
the adaptive flexibility of these primates (Rodrigues & Boeving, 2019; see Box 
13.1). Research on human-caretaker dynamics also indicates human! caregivers 
have an active role in captive primate social networks (Funkhouser et al., 2020).

Box 13.1 Flexibility of Chimpanzees and Bonobos in Managed Care

Rodrigues and Boeving (2019) examined captive chimpanzees and bonobos 
living in human-managed settings, considering the impact of sex, origin, 
group tenure, and kinship on social network structure. We found grooming 
networks were equally strong within-and-between sexes in both species. 
Among the bonobos, wild-born bonobos were most central in grooming net-
works, and group tenure correlated with strength, a social network statistic 
that sums individuals’ association with other individuals. A similar role for 
wild-born chimpanzees occurred in some studies (Leve et al., 2016). Among 
factors examined, none accounted for the chimpanzee grooming structure. 
While studies on individual groups under human management cannot fully 
address large questions, in conjunction with other studies on Pan social 
dynamics in zoos and the wild, this approach allows us to explore primates’ 
range of adaptive flexibility while teasing out how individual- and group- 
characteristics impact network social dynamics.

Research on behavioural differences between chimpanzees and bonobos 
emphasized contrasts between the two species, particularly among social rela-
tionships. However, the emphasis on female social relationships in bonobos 
was critiqued as an artefact of human management, as initial research empha-
sizing female-female relationships emerged from zoo settings (Parish, 1994, 
1996). Further research on bonobos in these settings found female-female 
social engagement increases when new females join the group but decreases 
after the group stabilizes (Stevens et al., 2006). Data from wild populations 
increased our knowledge of Pan flexibility across sites, emphasizing male-
female and male-male bonds in wild bonobos (Furuichi & Ihobe, 1994; 
Stanford, 1998), and strength of female-female bonds in wild chimpanzees 
(Lehmann & Boesch, 2009; Wakefield, 2008, 2013). However, studying social 
dynamics in human-managed populations allows us to examine malleability 
of social bonds in environments where the ecological pressures that shape or 
limit social bonding in wild animals are comparable for both species.
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13.5  Conclusion

For primates living in their ‘natural’ ranges, species’ behavioural ecology is influ-
enced by anthropogenic and observer effects and may reflect a long history of inter-
actions with humans. For primates living within human-managed care, their ability 
to thrive in these settings is influenced by species’ range of flexibility and these 
co-evolutionary histories. Primate behavioural ecology, including feeding ecology, 
social behaviour, and reproduction, are shaped by coexistence with humans. Even at 
the most remote field sites, the ‘wild’ has the potential to transition into a new 
anthropogenic landscape or anthrome. Further research is needed to understand how 
these human impacts shape primate behaviour, especially the social behaviour of 
primates living among human settlements. Furthermore, given that our knowledge 
of wild primate behaviour, especially long-term, intensive study, is biased towards 
a subset of species and field sites (Bezanson & McNamara, 2019), it is possible that 
some behaviours seen in captivity are part of species’ larger behavioural repertoire, 
or emerging cultural traditions. For primates living under human management, care-
takers and visitors may also be social influences that impact behaviour (Chap. 16, 
this volume). Fully understanding primate behavioural ecology requires that we 
recognize ourselves as part of primates’ ecological and social networks.

Acknowledgements We thank the co-editors of this volume, particularly Tracie McKinney and 
Siân Waters, for inviting us to contribute to this volume and for their careful editing. We thank our 
peer and editor reviewers for their constructive comments. MAR is grateful for discussions about 
captive behavioural flexibility with Emily Boeving, who co-authored the case study research on 
grooming networks in captive chimpanzees and bonobos.

References

Ahuja, N. (2013). Macaques and biomedicine: Notes on decolonization, polio, and chang-
ing representation of Indian Rhesus in the United States, 1930–1960. In S.  Radhakrishna, 
M.  A. Huffman, & A.  Sinha (Eds.), The macaque connection: Cooperation and conflict 
between humans and macaques (pp. 71–91). Springer Science & Business Media LLC. https://
doi.org/10.1007/978- 1- 4614- 3967- 7

Alcayna-Stevens, L. (2016). Habituating field scientists. Social Studies of Science, 46(6), 833–853. 
https://doi.org/10.1177/0306312716669251

Almeida-Rocha, J. M., Peres, C. A., & Oliveira, L. C. (2017). Primate responses to anthropogenic 
habitat disturbance: A pantropical meta-analysis. Biological Conservation, 215, 30–38. https://
doi.org/10.1016/j.biocon.2017.08.018

Asensio, N., Korstjens, A. H., & Aureli, F. (2009). Fissioning minimizes ranging costs in spider 
monkeys: A multiple-level approach. Behavioral Ecology and Sociobiology, 63(5), 649–659. 
https://doi.org/10.1007/s00265- 008- 0699- 9

Aureli, F., & Yates, K. (2010). Distress prevention by grooming others in crested black macaques. 
Biology Letters, 6(1), 27–29. https://doi.org/10.1098/rsbl.2009.0513

Bailey, R. G. (2004). Identifying ecoregion boundaries. Environmental Management, 34(1), S14–
S26. https://doi.org/10.1007/s00267- 003- 0163- 6

M. A. Rodrigues et al.

https://doi.org/10.1007/978-1-4614-3967-7
https://doi.org/10.1007/978-1-4614-3967-7
https://doi.org/10.1177/0306312716669251
https://doi.org/10.1016/j.biocon.2017.08.018
https://doi.org/10.1016/j.biocon.2017.08.018
https://doi.org/10.1007/s00265-008-0699-9
https://doi.org/10.1098/rsbl.2009.0513
https://doi.org/10.1007/s00267-003-0163-6


239

Baker, K. (2007). Enrichment and primate centers: Closing the gap between research 
and practice. Journal of Applied Animal Welfare Science, 10(1), 49–54. https://doi.
org/10.1080/10888700701277618

Balasubramaniam, K. N., Marty, P. R., Arlet, M. E., Beisner, B. A., Kaburu, S. S., Bliss-Moreau, 
E., Kodandaramaiah, U., & McCowan, B. (2020a). Impact of anthropogenic factors on affilia-
tive behaviors among bonnet macaques. American Journal of Physical Anthropology, 171(4), 
704–717. https://doi.org/10.1002/ajpa.24013

Balasubramaniam, K. N., Marty, P. R., Samartino, S., Sobrino, A., Gill, T., Ismail, M., Saha, R., 
Beisner, B. A., Kaburu, S. S., & Bliss-Moreau, E. (2020b). Impact of individual demographic 
and social factors on human-wildlife interactions: A comparative study of three macaque spe-
cies. Scientific Reports, 10(1), 1–16. https://doi.org/10.1038/s41598- 020- 78881- 3

Baranga, D., Basuta, G. I., Teichroeb, J. A., & Chapman, C. A. (2012). Crop raiding patterns of sol-
itary and social groups of red-tailed monkeys on cocoa pods in Uganda. Tropical Conservation 
Science, 5(1), 104–111. https://doi.org/10.1177/194008291200500109

Beck, B. B. (2018). Unwitting travelers: A history of primate reintroduction. Salt Water Media.
Beisner, B. A., Heagerty, A., Seil, S. K., Balasubramaniam, K. N., Atwill, E. R., Gupta, B. K., 

Tyagi, P. C., Chauhan, N. P., Bonal, B. S., & Sinha, P. R. (2015). Human–wildlife conflict: 
Proximate predictors of aggression between humans and rhesus macaques in India. American 
Journal of Physical Anthropology, 156(2), 286–294. https://doi.org/10.1002/ajpa.22649

Benchimol, M., & Peres, C. A. (2014). Predicting primate local extinctions within “real-world” for-
est fragments: A pan-neotropical analysis. American Journal of Primatology, 76(3), 289–302. 
https://doi.org/10.1002/ajp.22233

Bezanson, M., & McNamara, A. (2019). The what and where of primate field research may be fail-
ing primate conservation. Evolutionary Anthropology: Issues, News, and Reviews, (November 
2018), evan.21790. https://doi.org/10.1002/evan.21790

Bezanson, M., Stowe, R., & Watts, S. M. (2013). Reducing the ecological impact of field research. 
American Journal of Primatology, 75(1), 1–9. https://doi.org/10.1002/ajp.22086

Boyle, S. A., & Smith, A. T. (2010). Can landscape and species characteristics predict primate 
presence in forest fragments in the Brazilian Amazon? Biological Conservation, 143(5), 
1134–1143. https://doi.org/10.1016/j.biocon.2010.02.008

Bradshaw, G.  A., Capaldo, T., Lindner, L., & Grow, G. (2008). Building an inner sanctuary: 
Complex PTSD in chimpanzees. Journal of Trauma and Dissociation, 9(1), 9–34. https://doi.
org/10.1080/15299730802073619

Brussard, P.  F. (1982). The role of field stations in the preservation of biological diversity. 
Bioscience, 32, 327–330. https://doi.org/10.2307/1308849

Buskirk, J.  V., & Steiner, U.  K. (2009). The fitness costs of developmental canaliza-
tion and plasticity. Journal of Evolutionary Biology, 22(4), 852–860. https://doi.
org/10.1111/j.1420- 9101.2009.01685.x

Cameron, A., & Gould, L. (2013). Fragment-adaptive behavioural strategies and intersite vari-
ation in the ring-tailed lemur (Lemur catta) in South-Central Madagascar. In L.  K. Marsh 
& C. A. Chapman (Eds.), Primates in fragments: Complexity and resilience (pp. 227–243). 
Springer. https://doi.org/10.1007/978- 1- 4614- 8839- 2_16

Chapman, C. A., & Peres, C. A. (2001). Primate conservation in the new millennium: The role of 
scientists. Evolutionary Anthropology: Issues, News, and Reviews, 10(1), 16–33. https://doi.
org/10.1002/1520- 6505(2001)10:1<16::AID- EVAN1010>3.0.CO;2- O

Chernus, L.  A. (2008). Separation/abandonment/isolation trauma: What we can learn from 
our nonhuman primate relatives. Journal of Emotional Abuse, 8(4), 469–492. https://doi.
org/10.1080/10926790802480364

Coe, J. C. (1989). Naturalizing habitats for captive primates. Zoo Biology, 8(1S), 117–125. https://
doi.org/10.1002/zoo.1430080512

Cowlishaw, G., & Dunbar, R.  I. M. (2000). Primate conservation biology. University of 
Chicago Press.

13 Perspectives on the Continuum of Wild to Captive Behaviour

https://doi.org/10.1080/10888700701277618
https://doi.org/10.1080/10888700701277618
https://doi.org/10.1002/ajpa.24013
https://doi.org/10.1038/s41598-020-78881-3
https://doi.org/10.1177/194008291200500109
https://doi.org/10.1002/ajpa.22649
https://doi.org/10.1002/ajp.22233
https://doi.org/10.1002/evan.21790
https://doi.org/10.1002/ajp.22086
https://doi.org/10.1016/j.biocon.2010.02.008
https://doi.org/10.1080/15299730802073619
https://doi.org/10.1080/15299730802073619
https://doi.org/10.2307/1308849
https://doi.org/10.1111/j.1420-9101.2009.01685.x
https://doi.org/10.1111/j.1420-9101.2009.01685.x
https://doi.org/10.1007/978-1-4614-8839-2_16
https://doi.org/10.1002/1520-6505(2001)10:1<16::AID-EVAN1010>3.0.CO;2-O
https://doi.org/10.1002/1520-6505(2001)10:1<16::AID-EVAN1010>3.0.CO;2-O
https://doi.org/10.1080/10926790802480364
https://doi.org/10.1080/10926790802480364
https://doi.org/10.1002/zoo.1430080512
https://doi.org/10.1002/zoo.1430080512


240

Crailsheim, D., Stüger, H. P., Kalcher-Sommersguter, E., & Llorente, M. (2020). Early life expe-
rience and alterations of group composition shape the social grooming networks of former 
pet and entertainment chimpanzees (Pan troglodytes). PLoS One, 15(1), 1–26. https://doi.
org/10.1371/journal.pone.0226947

Crofoot, M.  C., Lambert, T.  D., Kays, R., & Wikelski, M.  C. (2010). Does watching a mon-
key change its behaviour? Quantifying observer effects in habituated wild primates using 
automated radiotelemetry. Animal Behaviour, 80(3), 475–480. https://doi.org/10.1016/j.
anbehav.2010.06.006

Davenport, R. K., & Menzel, E. W. (1963). Stereotyped behavior of the infant chimpanzee. Archives 
of General Psychiatry, 8, 99–104. https://doi.org/10.1001/archpsyc.1963.01720070101013

Day, R.  L., Laland, K.  N., & Odling-Smee, J. (2003). Rethinking adaptation: The niche- 
construction perspective. Perspectives in Biology and Medicine, 46(1), 80–95. https://doi.
org/10.1353/pbm.2003.0003

Dhawale, A.  K., Kumar, M.  A., & Sinha, A. (2020). Changing ecologies, shifting behaviours: 
Behavioural responses of a rainforest primate, the lion-tailed macaque Macaca silenus, to a 
matrix of anthropogenic habitats in southern India. PLoS One, 15(9), e0238695. https://doi.
org/10.1371/journal.pone.0238695

Dore, K. M., Radford, L., Alexander, S., & Waters, S. (2018). Ethnographic approaches in prima-
tology. Folia Primatologica, 89(1), 5–12. https://doi.org/10.1159/000485693

Edes, A. N., Wolfe, B. A., & Crews, D. E. (2016). Rearing history and allostatic load in adult 
western lowland gorillas (Gorilla gorilla gorilla) in human care. Zoo Biology, 35(2), 167–173. 
https://doi.org/10.1002/zoo.21270

Ellis, E. C., & Ramankutty, N. (2008). Putting people in the map: Anthropogenic biomes of the 
world. Frontiers in Ecology and the Environment, 6(8), 439–447. https://doi.org/10.1890/070062

Estrada, A. (2006). Human and non-human primate co-existence in the Neotropics: A prelimi-
nary view of some agricultural practices as a complement for primate conservation. Ecological 
and Environmental Anthropology, 2, 17–29. Retrieved from http://digitalcommons.unl.edu/
icwdmeea/3

Estrada, A., Garber, P. A., Rylands, A. B., Roos, C., Fernandez-Duque, E., Di Fiore, A., et  al. 
(2017). Impending extinction crisis of the world’s primates: Why primates matter. Science 
Advances, (229). https://doi.org/10.1126/sciadv.1600946

Farmer, H. L., Plowman, A. B., & Leaver, L. A. (2011). Role of vocalisations and social housing 
in breeding in captive howler monkeys (Alouatta caraya). Applied Animal Behaviour Science, 
134, 177–183. https://doi.org/10.1016/j.applanim.2011.07.005

Fedigan, L. M. (2010). Ethical issues faced by field primatologists: Asking the relevant questions. 
American Journal of Primatology, 72(9), 754–771. https://doi.org/10.1002/ajp.20814

Fedigan, L. M., & Strum, S. C. (1999). A brief history of primate studies: National traditions, dis-
ciplinary origins, and stages in north American field research. In P. Dolhinhow & A. Fuentes 
(Eds.), The nonhuman primates (pp. 258–269). Mayfield Publishing Company.

Franquesa-Soler, M., Jorge-Sales, L., Aristizabal, J.  F., Moreno-Casasola, P., & Serio-Silva, 
J.  C. (2020). Evidence-based conservation education in Mexican communities: Connecting 
arts and science. PLoS One, 15(2), e0228382. https://doi.org/10.1371/journal.pone.0228382

Freeman, H. D., & Ross, S. R. (2014). The impact of atypical early histories on pet or performer 
chimpanzees. PeerJ, 2, e579. https://doi.org/10.7717/peerj.579

Fuentes, A. (2006). Human-nonhuman primate interconnections and their relevance to 
Anthropology. Ecological and Environmental Anthropology (University of Georgia), 1, 0–11. 
https://doi.org/10.1002/eat.20929

Fuentes, A. (2012). Ethnoprimatology and the anthropology of the human-primate interface. 
Annual Review of Anthropology. https://doi.org/10.1146/annurev- anthro- 092611- 145808

Fuentes, A., & Hockings, K. J. (2010). The ethnoprimatological approach in primatology. American 
Journal of Primatology, 72(10), 841–847. https://doi.org/10.1002/ajp.20844

Fuentes, A., & Wolf, L. D. (2002). Primates face to face: The conservation implications of Human- 
nonhuman primate interconnections. Cambridge University Press.

M. A. Rodrigues et al.

https://doi.org/10.1371/journal.pone.0226947
https://doi.org/10.1371/journal.pone.0226947
https://doi.org/10.1016/j.anbehav.2010.06.006
https://doi.org/10.1016/j.anbehav.2010.06.006
https://doi.org/10.1001/archpsyc.1963.01720070101013
https://doi.org/10.1353/pbm.2003.0003
https://doi.org/10.1353/pbm.2003.0003
https://doi.org/10.1371/journal.pone.0238695
https://doi.org/10.1371/journal.pone.0238695
https://doi.org/10.1159/000485693
https://doi.org/10.1002/zoo.21270
https://doi.org/10.1890/070062
http://digitalcommons.unl.edu/icwdmeea/3
http://digitalcommons.unl.edu/icwdmeea/3
https://doi.org/10.1126/sciadv.1600946
https://doi.org/10.1016/j.applanim.2011.07.005
https://doi.org/10.1002/ajp.20814
https://doi.org/10.1371/journal.pone.0228382
https://doi.org/10.7717/peerj.579
https://doi.org/10.1002/eat.20929
https://doi.org/10.1146/annurev-anthro-092611-145808
https://doi.org/10.1002/ajp.20844


241

Funkhouser, J. A., Mayhew, J. A., Mulcahy, J. B. B., & Sheeran, L. K. (2020). Human caregiv-
ers are integrated social partners for captive chimpanzees. Primates. https://doi.org/10.1007/
s10329- 020- 00867- 6

Furuichi, T., & Ihobe, H. (1994). Variation in male relationships in bonobos and chimpanzees. 
Behaviour, 130, 211–228. https://doi.org/10.1163/156853994X00532

Garland, E. (2008). The elephant in the room: Confronting the colonial character of wildlife con-
servation in Africa. African Studies Review, 51(3), 51–74. https://doi.org/10.1353/arw.0.0095

Gazagne, E., Hambuckers, A., Savini, T., Poncin, P., Huynen, M.  C., & Brotcorne, F. (2020). 
Toward a better understanding of habituation process to human observer: A statistical approach 
in Macaca leonina (Primates: Cercopithecidea). Raffles Bulletin of Zoology, 68(2020), 
735–749. https://doi.org/10.26107/RBZ- 2020- 0085

Green, V. M., & Gabriel, K. I. (2020). Researchers’ ethical concerns regarding habituating wild- 
nonhuman primates and perceived ethical duties to their subjects: Results of an online survey. 
American Journal of Primatology, 82(9), e23178. https://doi.org/10.1002/ajp.23178

Hansen, B. K., Fultz, A. L., Hopper, L. M., & Ross, S. R. (2018). An evaluation of video cam-
eras for collecting observational data on sanctuary-housed chimpanzees (Pan troglodytes). Zoo 
Biology, 37(3), 156–161. https://doi.org/10.1002/zoo.21410

Hanson, K.  T., & Riley, E.  P. (2018). Beyond neutrality: The human–primate interface during 
the habituation process. International Journal of Primatology, 39(5), 852–877. https://doi.
org/10.1007/s10764- 017- 0009- 3

Haraway, D. J. (1989). Primate visions: Gender, race, and nature in the world of modern science. 
Routledge, Chapman & Hall, Inc.

Hockings, K. J., Yamakoshi, G., Kabasawa, A., & Matsuzawa, T. (2010). Attacks on local persons 
by chimpanzees in Bossou, Republic of Guinea: Long-term perspectives. American Journal of 
Primatology, 72(10), 887–896. https://doi.org/10.1002/ajp.20784

Holdridge, L.  R. (1947). Determination of world plant formations from simple climatic data. 
Science, 105(2727), 367–368. https://www.science.org/doi/10.1126/science.105.2727.367

Holzner, A., Ruppert, N., Swat, F., Schmidt, M., Weiß, B. M., Villa, G., Mansor, A., Sah, S. A. M., 
Engelhardt, A., & Kühl, H. (2019). Macaques can contribute to greener practices in oil palm 
plantations when used as biological pest control. Current Biology, 29(20), R1066–R1067. 
https://doi.org/10.1016/j.cub.2019.09.011

Hosey, G. R. (2005). How does the zoo environment affect the behaviour of captive primates? Applied 
Animal Behaviour Science, 90(2), 107–129. https://doi.org/10.1016/j.applanim.2004.08.015

Jack, K. M., Lenz, B. B., Healan, E., Rudman, S., Schoof, V. A., & Fedigan, L. (2008). The effects 
of observer presence on the behavior of Cebus capucinus in Costa Rica. American Journal of 
Primatology, 70(5), 490–494. https://doi.org/10.1002/ajp.20512

Jost Robinson, C. A., & Remis, M. J. (2018). Engaging holism: Exploring multispecies approaches 
in ethnoprimatology. International Journal of Primatology, 39(5), 776–796. https://doi.
org/10.1007/s10764- 018- 0036- 8

Junker, J., Petrovan, S.  O., Arroyo-RodrÍguez, V., Boonratana, R., Byler, D., Chapman, C.  A., 
Chetry, D., Cheyne, S. M., Cornejo, F. M., Cortés-Ortiz, L., & Cowlishaw, G. (2020). A severe 
lack of evidence limits effective conservation of the world’s primates. Bioscience, 70(9), 
794–803. https://doi.org/10.1093/biosci/biaa082

Kaburu, S. S. K., Beisener, B., Balasubramaniam, K. N., Marty, P. R., Bliss-Moreau, E., Mohan, 
L., Rattan, S. K., Arlet, M. E., Atwill, E. R., & McCowan, B. (2019). Interactions with humans 
impose time constraints on urban-dwelling rhesus macaques. Behaviour, 156(12), 1255–1282. 
https://doi.org/10.1163/1568539X- 00003565

Kleiman, D. G. (1979). Parent-offspring conflict and sibling competition in a monogamous pri-
mate. The American Naturalist, 114(5), 753–760.

Kleiman, D. G. (1983). The behavior and conservation of the golden lion tamarin, Leontopithecus 
rosalia. Congresso Brasileiro de Primatologia, 35–53.

13 Perspectives on the Continuum of Wild to Captive Behaviour

https://doi.org/10.1007/s10329-020-00867-6
https://doi.org/10.1007/s10329-020-00867-6
https://doi.org/10.1163/156853994X00532
https://doi.org/10.1353/arw.0.0095
https://doi.org/10.26107/RBZ-2020-0085
https://doi.org/10.1002/ajp.23178
https://doi.org/10.1002/zoo.21410
https://doi.org/10.1007/s10764-017-0009-3
https://doi.org/10.1007/s10764-017-0009-3
https://doi.org/10.1002/ajp.20784
https://www.science.org/doi/10.1126/science.105.2727.367
https://doi.org/10.1016/j.cub.2019.09.011
https://doi.org/10.1016/j.applanim.2004.08.015
https://doi.org/10.1002/ajp.20512
https://doi.org/10.1007/s10764-018-0036-8
https://doi.org/10.1007/s10764-018-0036-8
https://doi.org/10.1093/biosci/biaa082
https://doi.org/10.1163/1568539X-00003565


242

Kumara, H. N., Kumar, S., & Singh, M. (2009). Of how much concern are the ‘least concern’ spe-
cies? Distribution and conservation status of bonnet macaques, rhesus macaques and Hanuman 
langurs in Karnataka, India. Primates, 51(1), 37. https://doi.org/10.1007/s10329- 009- 0168- 8

Kutsukake, N. (2013). Heterogeneous ethical structures in field primatology. In J. MacClancy & 
A. Fuentes (Eds.), Ethics in the field: Contemporary challenges (pp. 84–97). Berghan Books.

Laurance, W. F. (2013). Does research help to safeguard protected areas? Trends in Ecology & 
Evolution, 28(5), 261–266. https://doi.org/10.1016/j.tree.2013.01.017

Lehmann, J., & Boesch, C. (2009). Sociality of the dispersing sex: The nature of social bonds in 
West African female chimpanzees, Pan troglodytes. Animal Behaviour, 77(2), 377–387. https://
doi.org/10.1016/j.anbehav.2008.09.038

Leve, M., Sueur, C., Petit, O., Matsuzawa, T., & Hirata, S. (2016). Social grooming network 
in captive chimpanzees: Does the wild or captive origin of group members affect sociality? 
Primates, 57(1), 73–82. https://doi.org/10.1007/s10329- 015- 0494- y

Lwanga, J.  S., & Isabirye-Basuta, G. (2008). Long-term perspectives on forest conservation: 
Lessons from research in Kibale Park. In R. W. Wrangham & E. Ross (Eds.), Science and 
conservation in African forests (pp. 63–74). Cambridge University Press.

MacClancy, J., & Fuentes, A. (Eds.). (2013). Ethics in the field: Contemporary challenges (Vol. 
7). Berghahn Books.

Majolo, B., De Bortoli Vizioli, A., & Schino, G. (2008). Costs and benefits of group living in pri-
mates : Group size effects on behaviour and demography. Animal Behaviour, 76, 1235–1247. 
https://doi.org/10.1016/j.anbehav.2008.06.008

Malaivijitnond, S., Lekprayoon, C., Tandavanittj, N., Panha, S., Cheewatham, C., & Hamada, 
Y. (2007). Stone-tool usage by Thai long-tailed macaques (Macaca fascicularis). American 
Journal of Primatology, 69(2), 227–233. https://doi.org/10.1002/ajp.20342

Malone, N. M., Fuentes, A., & White, F. J. (2010). Ethics commentary: Subjects of knowledge 
and control in field primatology. American Journal of Primatology, 72, 779–784. https://doi.
org/10.1002/ajp.20840

Malone, N., Wade, A.  H., Fuentes, A., Riley, E.  P., Remis, M., & Robinson, C.  J. (2014). 
Ethnoprimatology: Critical interdisciplinarity and multispecies approaches in anthropology. 
Critique of Anthropology, 34(1), 8–29. https://doi.org/10.1177/0308275X13510188

Maréchal, L., Semple, S., Majolo, B., Qarro, M., Heistermann, M., & MacLarnon, A. (2011). 
Impacts of tourism on anxiety and physiological stress levels in wild male Barbary macaques. 
Biological Conservation, 144(9), 2188–2193. https://doi.org/10.1016/j.biocon.2011.05.010

Marsh, L. K. (2003). The nature of fragmentation. In L. K. Marsh (Ed.), Primates in Fragments. 
Springer. https://doi.org/10.1007/978- 1- 4757- 3770- 7_1

Martin, L. J., Quinn, J. E., Ellis, E. C., Shaw, M. R., Dorning, M. A., Hallett, L. M., Heller, N. E., 
Hobbs, R. J., Kraft, C. E., Law, E., & Michel, N. L. (2014). Conservation opportunities across 
the world’s anthromes. Diversity and Distributions, 20(7), 745–755. https://doi.org/10.1111/
ddi.12220

Marty, P. R., Beisner, B., Kaburu, S. S., Balasubramaniam, K., Bliss-Moreau, E., Ruppert, N., Sah, 
S. A. M., Ismail, A., Arlet, M. E., & Atwill, E. R. (2019). Time constraints imposed by anthro-
pogenic environments alter social behaviour in longtailed macaques. Animal Behaviour, 150, 
157–165. https://doi.org/10.1016/j.anbehav.2019.02.010

Marty, P. R., Balasubramaniam, K. N., Kaburu, S. S., Hubbard, J., Beisner, B., Bliss-Moreau, E., 
Ruppert, N., Arlet, M. E., Sah, S. A. M., & Ismail, A. (2020). Individuals in urban dwelling 
primate species face unequal benefits associated with living in an anthropogenic environment. 
Primates, 61(2), 249–255. https://doi.org/10.1007/s10329- 019- 00775- 4

McDougall, P. (2012). Is passive observation of habituated animals truly passive? Journal of 
Ethology, 30(2), 219–223. https://doi.org/10.1007/2Fs10164- 011- 0313- x

McKinney, T. (2011). The effects of provisioning and crop-raiding on the diet and foraging activi-
ties of human-commensal white-faced capuchins (Cebus capucinus). American Journal of 
Primatology, 73(5), 439–448. https://doi.org/10.1002/ajp.20919

M. A. Rodrigues et al.

https://doi.org/10.1007/s10329-009-0168-8
https://doi.org/10.1016/j.tree.2013.01.017
https://doi.org/10.1016/j.anbehav.2008.09.038
https://doi.org/10.1016/j.anbehav.2008.09.038
https://doi.org/10.1007/s10329-015-0494-y
https://doi.org/10.1016/j.anbehav.2008.06.008
https://doi.org/10.1002/ajp.20342
https://doi.org/10.1002/ajp.20840
https://doi.org/10.1002/ajp.20840
https://doi.org/10.1177/0308275X13510188
https://doi.org/10.1016/j.biocon.2011.05.010
https://doi.org/10.1007/978-1-4757-3770-7_1
https://doi.org/10.1111/ddi.12220
https://doi.org/10.1111/ddi.12220
https://doi.org/10.1016/j.anbehav.2019.02.010
https://doi.org/10.1007/s10329-019-00775-4
https://doi.org/10.1007/2Fs10164-011-0313-x
https://doi.org/10.1002/ajp.20919


243

McKinney, T. (2015). A classification system for describing anthropogenic influence on nonhuman 
primate populations. American Journal of Primatology, 77, 715–726. https://doi.org/10.1002/
ajp.22395

McKinney, T., & Dore, K.  M. (2018). The state of ethnoprimatology: Its use and potential in 
today’s primate research. International Journal of Primatology, 39(5), 730–748. https://doi.
org/10.1007/s10764- 017- 0012- 8

McLennan, M. R., & Ganzhorn, J. U. (2017). Nutritional characteristics of wild and cultivated 
foods for chimpanzees (Pan troglodytes) in agricultural landscapes. International Journal of 
Primatology, 38(2), 122–150. https://doi.org/10.1007/s10764- 016- 9940- y

McLennan, M.  R., & Hill, C.  M. (2010). Chimpanzee responses to researchers in a disturbed 
forest–farm mosaic at Bulindi, western Uganda. American Journal of Primatology, 72(10), 
907–918. https://doi.org/10.1002/ajp.20839

Morrow, K.  S., Glanz, H., Ngakan, P.  O., & Riley, E.  P. (2019). Interactions with humans are 
jointly influenced by life history stage and social network factors and reduce group cohesion 
in moor macaques (Macaca maura). Scientific Reports, 9(1), 1–12. https://doi.org/10.1038/
s41598- 019- 56288- z

Moura, A. d. A., & Lee, P. C. (2004). Capuchin stone tool use in Caatinga dry forest. Science, 
306(5703), 1909–1909. https://doi.org/10.1126/science.1102558

Nelson, R.  G., Rutherford, J.  N., Hinde, K., & Clancy, K.  B. H. (2017). Signaling safety: 
Characterizing fieldwork experiences and their implications for career trajectories. American 
Anthropologist, 119(4), 710–722. https://doi.org/10.1111/aman.12929

Nijman, V., & Nekaris, K. A.-I. (2010). Testing a model for predicting primate crop-raiding using 
crop- and farm-specific risk values. Applied Animal Behaviour Science, 127(3), 125–129. 
https://doi.org/10.1016/j.applanim.2010.08.009

Nowak, K., & Lee, P. C. (2013). “Specialist” primates can be flexible in response to habitat altera-
tion. In L. K. Marsh & C. A. Chapman (Eds.), Primates in fragments: Complexity and resil-
ience (pp. 199–211). Springer. https://doi.org/10.1007/978- 1- 4614- 8839- 2_14

Pal, A., Kumara, H. N., Mishra, P. S., Velankar, A. D., & Singh, M. (2018). Extractive foraging and 
tool-aided behaviors in the wild Nicobar long-tailed macaque (Macaca fascicularis umbrosus). 
Primates, 59(2), 173–183. https://doi.org/10.1007/s10329- 017- 0635- 6

Parish, A. R. (1994). Sex and food control in the “uncommon chimpanzee”: How Bonobo females 
overcome a phylogenetic legacy of male dominance. Ethology and Sociobiology, 15(3), 
157–179. https://doi.org/10.1016/0162- 3095(94)90038- 8

Parish, A.  R. (1996). Female relationships in bonobos (Pan paniscus): Evidence for bonding, 
cooperation, and female dominance in a male-philopatric species. Human Nature, 7(1), 61–96. 
https://doi.org/10.1007/BF02733490

Pastor-Nieto, R. (2015). Health and welfare of howler monkeys in captivity. In M. M. Kowalewski, 
L. Cortés-Ortiz, & B. Urbani (Eds.), Howler monkeys: Behavior, ecology, and conservation 
(pp. 313–355). Springer Science. https://doi.org/10.1007/978- 1- 4939- 1960- 4

Pigliucci, M. (2001). Phenotypic plasticity: Beyond nature and nurture. John Hopkins 
University Press.

Pozo-Montuy, G., Serio-Silva, J. C., Chapman, C. A., & Bonilla-Sánchez, Y. M. (2013). Resource 
use in a landscape matrix by an arboreal primate: Evidence of supplementation in black 
howlers (Alouatta pigra). International Journal of Primatology, 34(4), 714–731. https://doi.
org/10.1007/s10764- 013- 9691- y

Proffitt, T., Luncz, V. L., Malaivijitnond, S., Gumert, M., Svensson, M. S., & Haslam, M. (2018). 
Analysis of wild macaque stone tools used to crack oil palm nuts. Royal Society Open Science, 
5(3), 171904. https://doi.org/10.1098/rsos.171904

Ralainasolo, F. B., Ratsimbazafy, J. H., & Stevens, N. J. (2008). Behavior and diet of the critically 
endangered Eulemur cinereiceps in Manombo forest, Southeast Madagascar. Madagascar 
Conservation and Development, 3(1), 38–43. https://doi.org/10.4314/mcd.v3i1.44134

13 Perspectives on the Continuum of Wild to Captive Behaviour

https://doi.org/10.1002/ajp.22395
https://doi.org/10.1002/ajp.22395
https://doi.org/10.1007/s10764-017-0012-8
https://doi.org/10.1007/s10764-017-0012-8
https://doi.org/10.1007/s10764-016-9940-y
https://doi.org/10.1002/ajp.20839
https://doi.org/10.1038/s41598-019-56288-z
https://doi.org/10.1038/s41598-019-56288-z
https://doi.org/10.1126/science.1102558
https://doi.org/10.1111/aman.12929
https://doi.org/10.1016/j.applanim.2010.08.009
https://doi.org/10.1007/978-1-4614-8839-2_14
https://doi.org/10.1007/s10329-017-0635-6
https://doi.org/10.1016/0162-3095(94)90038-8
https://doi.org/10.1007/BF02733490
https://doi.org/10.1007/978-1-4939-1960-4
https://doi.org/10.1007/s10764-013-9691-y
https://doi.org/10.1007/s10764-013-9691-y
https://doi.org/10.1098/rsos.171904
https://doi.org/10.4314/mcd.v3i1.44134


244

Ram, S., Venkatachalam, S., & Sinha, A. (2003). Changing social strategies of wild female bonnet 
macaques during natural foraging and provisioning. Current Science, 84(6), 780–790. https://
www.jstor.org/stable/24107582

Rasmussen, D. R. (1991). Observer influence on range use of Macaca arctoides after 14 years of 
observation. Laboratory Primate Newsletter, 30(3), 6–11.

Reader, S. M., & Laland, K. N. (2003). Animal innovation (Vol. 10). Oxford University Press.
Riley, E. P. (2019). The Promise of contemporary primatology. Routledge.
Riley, E. P., & Bezanson, M. (2018). Ethics of primate fieldwork: Toward an ethically engaged 

primatology. Annual Review of Anthropology, 47, 493–512. https://doi.org/10.1146/
annurev- anthro- 102317- 045913

Riley, E. P., & Fuentes, A. (2011). Conserving social-ecological systems in Indonesia: Human- 
nonhuman primate interconnections in Bali and Sulawesi. American Journal of Primatology. 
https://doi.org/10.1002/ajp.20834

Riley, E. P., Tolbert, B., & Farida, W. R. (2013). Nutritional content explains the attractiveness 
of cacao to crop raiding Tonkean macaques. Current Zoology, 59(2), 160–169. https://doi.
org/10.1093/czoolo/59.2.160

Riley, E.  P., Shaffer, C.  A., Trinidad, J.  S. Morrow, K.  S., Sagnotti, C., Carosi, M., Ngakan, 
P. O. (2021). Roadside monkeys: anthropogenic effects on moor macaque (Macaca maura) 
ranging behavior in Bantimurung Bulusaraung National Park, Sulawesi, Indonesia. Primates, 
62, 477–489. https://doi.org/10.1007/s10329- 021- 00899- 6

Robbins, M. M., Gray, M., Fawcett, K. A., Nutter, F. B., Uwingeli, P., Mburanumwe, I., et  al. 
(2011). Extreme conservation leads to recovery of the Virunga mountain gorillas. PLoS One, 
6(6). https://doi.org/10.1371/journal.pone.001978

Rodrigues, M. A., & Boeving, E. R. (2019). Comparative social grooming networks in captive chim-
panzees and bonobos. Primates, 60(3), 191–202. https://doi.org/10.1007/s10329- 018- 0670- y

Rowell, T. (2000). A few peculiar primates. In S.  C. Strum & L.  M. Fedigan (Eds.), Primate 
encounters: Models of gender, science, and society (pp. 57–70). University of Chicago Press.

Sampaio, M. B., Schiel, N., & Souto, A. (2020). From exploitation to conservation: A historical 
analysis of zoos and their functions in human societies. Ethnobiology and Conservation, 9(2), 
1–32. https://doi.org/10.15451/EC2020- 01- 9.02- 1- 32

Schino, G., Scucchi, S., Maestripieri, D., & Turillazzi, P. G. (1988). Allogrooming as a tension- 
reduction mechanism: A behavioral approach. American Journal of Primatology, 16(1), 43–50. 
https://doi.org/10.1002/ajp.1350160106

Sept, J. M., & Brooks, G. E. (1995). Reports of chimpanzee natural history, including tool use, in 
16th- and 17th-century Sierra Leone. International Journal of Primatology, 16(1), 867–878. 
https://doi.org/10.1007/BF02736073

Seyfarth, R. M. (1977). A model of social grooming among adult female monkeys. Journal of 
Theoretical Biology, 65(4), 671–698. https://doi.org/10.1016/0022- 5193(77)90015- 7

Shoo, R. A., & Songorwa, A. N. (2013). Contribution of eco-tourism to nature conservation and 
improvement of livelihoods around Amani nature reserve, Tanzania. Journal of Ecotourism, 
12(2), 75–89. https://doi.org/10.1080/14724049.2013.818679

Silk, J. B., Beehner, J. C., Bergman, T. J., Crockford, C., Engh, A. L., Moscovice, L. R., Wittig, 
R. M., Seyfarth, R. M., & Cheney, D. L. (2009). The benefits of social capital: Close social 
bonds among female baboons enhance offspring survival. Proceedings of the Royal Society B: 
Biological Sciences, 276(1670), 3099–3104. https://doi.org/10.1098/rspb.2009.0681

Silk, J. B., Beehner, J. C., Bergman, T. J., Crockford, C., Engh, A. L., Moscovice, L. R., Wittig, 
R. M., Seyfarth, R. M., & Cheney, D. L. (2010). Female chacma baboons form strong,  equitable, 
and enduring social bonds. Behavioral Ecology and Sociobiology, 64(11), 1733–1747. https://
doi.org/10.1007/s00265- 010- 0986- 0

Singh, M. (2019). Management of forest-dwelling and urban species: Case studies of the lion- 
tailed macaque (Macaca silenus) and the bonnet macaque (M. radiata). International Journal 
of Primatology, 40(6), 613–629. https://doi.org/10.1007/s10764- 019- 00122- 

M. A. Rodrigues et al.

https://www.jstor.org/stable/24107582
https://www.jstor.org/stable/24107582
https://doi.org/10.1146/annurev-anthro-102317-045913
https://doi.org/10.1146/annurev-anthro-102317-045913
https://doi.org/10.1002/ajp.20834
https://doi.org/10.1093/czoolo/59.2.160
https://doi.org/10.1093/czoolo/59.2.160
https://doi.org/10.1007/s10329-021-00899-6
https://doi.org/10.1371/journal.pone.001978
https://doi.org/10.1007/s10329-018-0670-y
https://doi.org/10.15451/EC2020-01-9.02-1-32
https://doi.org/10.1002/ajp.1350160106
https://doi.org/10.1007/BF02736073
https://doi.org/10.1016/0022-5193(77)90015-7
https://doi.org/10.1080/14724049.2013.818679
https://doi.org/10.1098/rspb.2009.0681
https://doi.org/10.1007/s00265-010-0986-0
https://doi.org/10.1007/s00265-010-0986-0
https://doi.org/10.1007/s10764-019-00122-


245

Siswanto, A. (2015). Eco-tourism development strategy Baluran National Park in the Regency 
of Situbondo, East Java, Indonesia. International Journal of Evaluation and Research in 
Education, 4(4), 185–195.

Sol, D. (2009). Revisiting the cognitive buffer hypothesis for the evolution of large brains. Biology 
Letters, 5(1), 130–133. https://doi.org/10.1098/rsbl.2008.0621

Soma, T. (2006). Tradition and novelty: Lemur catta feeding strategy on introduced tree species at 
Berenty Reserve. In Ringtailed lemur biology (pp. 141–159). Springer.

Sponsel, L. (1997). The human niche in Amazonia: Explorations in ethnoprimatology. In 
W. G. Kinzey (Ed.), New world primates: Ecology, evolution, and behavior (pp. 143–168). 
Aldine De Gruyter.

Stanford, C. B. (1998). The social behavior of chimpanzees and bonobos. Current Anthropology, 
39, 399–420. https://doi.org/10.1086/204757

Stevens, J. M. G., Vervaecke, H., De Vries, H., & Van Elsacker, L. (2006). Social structures in 
Pan paniscus: Testing the female bonding hypothesis. Primates, 47(3), 210–217. https://doi.
org/10.1007/s10329- 005- 0177- 1

Strier, K.  B. (2010). Long-term field studies: Positive impacts and unintended consequences. 
American Journal of Primatology, 72(9), 772–778. https://doi.org/10.1002/ajp.20830

Strier, K. B. (2013). Are observational studies of wild primates really noninvasive? In J. MacClancy 
& A. Fuentes (Eds.), Ethics in the field: Contemporary challenges (pp. 67–83). Berghahn.

Strier, K. B., & Boubli, J. P. (2006). A history of long-term research and conservation of north-
ern muriquis (Brachyteles hypoxanthus) at the Estação Biológica de Caratinga/RPPN- 
FMA. Primate Conservation, 2006(20), 53–63. https://doi.org/10.1896/0898- 6207.20.1.53

Strum, S. C., & Fedigan, L. M. (2000). Introduction and history. In S. C. Strum & L. M. Fedigan 
(Eds.), Primate encounters: Models of gender, science, and society (pp. 1–49). University of 
Chicago Press.

Tan, A. W., Luncz, L., Haslam, M., Malaivijitnond, S., & Gumert, M. D. (2016). Complex pro-
cessing of prickly pear cactus (Opuntia sp.) by free-ranging long-tailed macaques: Preliminary 
analysis for hierarchical organisation. Primates, 57(2), 141–147. https://doi.org/10.1007/
s10329- 016- 0525- 3

Trevelyan, R., & Nuttman, C. (2008). The importance of training national and international sci-
entists for conservation research. In Science and conservation in African forests (pp. 88–98). 
Cambridge University Press.

Tuomainen, U., & Candolin, U. (2011). Behavioural responses to human-induced environmental 
change. Biological Reviews of the Cambridge Philosophical Society, 86(3), 640–657. https://
doi.org/10.1111/j.1469- 185X.2010.00164.x

Tutin, C.E & Fernandez, M. (1991). Responses of wild chimpanzees and gorillas to the arrival of 
primatologists: Behaviour observed during habituation. In Primate responses to environmental 
change (pp. 187–197). Springer.

Tydecks, L., Bremerich, V., Jentschke, I., Likens, G. E., & Tockner, K. (2016). Biological field 
stations: A global infrastructure for research, education, and public engagement. Bioscience, 
66(2), 164–171. https://doi.org/10.1093/biosci/biv174

van Krunkelsven, E., Dupain, J., Van Elsacker, L., & Verheyen, R. (1999). Habituation of bonobos 
(Pan paniscus): First reactions to the presence of observers and the evolution of response over 
time. Folia Primatologica, 70(6), 365–368.

Velankar, A. D., Kumara, H. N., Pal, A., Mishra, P. S., & Singh, M. (2016). Population recov-
ery of Nicobar Long-Tailed Macaque Macaca fascicularis umbrosus following a tsunami 
in the Nicobar Islands, India. PLoS One, 11(2), e0148205. https://doi.org/10.1371/journal.
pone.0148205

Wakefield, M. L. (2008). Grouping patterns and competition among female Pan troglodytes sch-
weinfurthii at Ngogo, Kibale National Park, Uganda. International Journal of Primatology, 
29(4), 907–929. https://doi.org/10.1007/s10764- 008- 9280- 7

13 Perspectives on the Continuum of Wild to Captive Behaviour

https://doi.org/10.1098/rsbl.2008.0621
https://doi.org/10.1086/204757
https://doi.org/10.1007/s10329-005-0177-1
https://doi.org/10.1007/s10329-005-0177-1
https://doi.org/10.1002/ajp.20830
https://doi.org/10.1896/0898-6207.20.1.53
https://doi.org/10.1007/s10329-016-0525-3
https://doi.org/10.1007/s10329-016-0525-3
https://doi.org/10.1111/j.1469-185X.2010.00164.x
https://doi.org/10.1111/j.1469-185X.2010.00164.x
https://doi.org/10.1093/biosci/biv174
https://doi.org/10.1371/journal.pone.0148205
https://doi.org/10.1371/journal.pone.0148205
https://doi.org/10.1007/s10764-008-9280-7


246

Wakefield, M. L. (2013). Social dynamics among females and their influence on social structure 
in an East African chimpanzee community. Animal Behaviour, 85(6), 1303–1313. https://doi.
org/10.1016/j.anbehav.2013.03.019

Watts, D. P. (2008). Scavenging by chimpanzees at Ngogo and the relevance of chimpanzee scav-
enging to early hominin behavioral ecology. Journal of Human Evolution, 54(1), 125–133. 
https://doi.org/10.1016/j.jhevol.2007.07.008

West-Eberhard, M. J. (1983). Sexual selection, social competition, and speciation. The Quarterly 
Review of Biology, 58(2), 155–183. https://doi.org/10.1086/413215

Westin J.  L. (2017). Habituation to tourists: Protective or harmful? In K.  M. Dore, 
E.  P. Riley, & A.  Fuentes (Eds.), Ethnoprimatology: A practical guide to research at the 
human-nonhuman primate interface (pp.  15–28). Cambridge University Press. https://doi.
org/10.1017/9781316272466.004

Williamson, E. A., & Fawcett, K. (2008). Long-term research and conservation of the Virunga 
mountain gorillas. In R. Wrangham & E. Ross (Eds.), Science and conservation in African 
forests: The benefits of Long-term research (pp. 213–229). Cambridge University Press.

Williamson, E. A., & Feistner, A. T. (2003). Habituating primates: Processes, techniques, variables 
and ethics. In J. M. Setchel & D. J. Curtis (Eds.), Field and laboratory methods in primatology: 
A practical guide (pp. 25–39). Cambridge University Press.

Wrangham, R. W. (2008). Why the link between long-term research and conservation is a case 
worth making. In R. W. Wrangham & E. Ross (Eds.), Science and conservation in African 
forests (pp. 1–8). Cambridge University Press.

Wright, P. C., & Andriamihaja, B. (2002). Making a rain forest national park work in Madagascar: 
Ranomafana National Park and its long-term research commitment. In J.  Terborgh (Ed.), 
Making parks work: Strategies for preserving tropical nature (pp. 112–136). Island Press.

Young, C., Majolo, B., Heistermann, M., Schülke, O., & Ostner, J. (2014). Responses to social 
and environmental stress are attenuated by strong male bonds in wild macaques. Proceedings 
of the National Academy of Sciences, 111(51), 18195–18200. https://doi.org/10.1073/
pnas.1411450111

M. A. Rodrigues et al.

https://doi.org/10.1016/j.anbehav.2013.03.019
https://doi.org/10.1016/j.anbehav.2013.03.019
https://doi.org/10.1016/j.jhevol.2007.07.008
https://doi.org/10.1086/413215
https://doi.org/10.1017/9781316272466.004
https://doi.org/10.1017/9781316272466.004
https://doi.org/10.1073/pnas.1411450111
https://doi.org/10.1073/pnas.1411450111


247

Chapter 14
The Past, Present, and Future 
of the Primate Pet Trade

Sherrie D. Alexander, Siân Waters, Brooke C. Aldrich, Sam Shanee, 
Tara A. Clarke, Lucy Radford, Malene Friis Hansen, 
Smitha Daniel Gnanaolivu, and Andrea Dempsey

S. D. Alexander (*) 
Department of Anthropology, University of Alabama at Birmingham, Birmingham, AL, USA 

Barbary Macaque Awareness and Conservation, Tetouan, Morocco
e-mail: sdalex@uab.edu 

S. Waters 
Barbary Macaque Awareness and Conservation, Tetouan, Morocco 

Department of Anthropology, Durham University, Durham, UK 

B. C. Aldrich 
Asia for Animals Coalition, Hong Kong, China 

Neotropical Primate Conservation, Seaton, Cornwall, UK 

S. Shanee 
Neotropical Primate Conservation, Seaton, Cornwall, UK 

T. A. Clarke 
Department of Sociology & Anthropology, North Carolina State University, Raleigh, NC, 
USA 

Mad Dog Initiative, Antananarivo, Madagascar 

L. Radford 
Department of Anthropology, Durham University, Durham, UK 

Sumatran Orangutan Society, Abingdon, UK 

Contents

14.1  Introduction  248
14.2  The Past Primate Pet Trade  250
14.3  The Present Primate Pet Trade  251
14.4  Future of the Primate Pet Trade  257
 References  261

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
T. McKinney et al. (eds.), Primates in Anthropogenic Landscapes, Developments in 
Primatology: Progress and Prospects, https://doi.org/10.1007/978-3-031-11736-7_14

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-11736-7_14&domain=pdf
mailto:sdalex@uab.edu
https://doi.org/10.1007/978-3-031-11736-7_14


248

Abstract Pet primates are those kept typically for companionship, enjoyment, and 
status, although their uses as pets may extend beyond these parameters. The trade in 
pet primates is historically rooted, with many primates playing important roles in 
human cultures and religions. Thus, it is not surprising that current sociocultural 
trends reveal an ongoing fascination with primates and their purchase as status pets. 
Recent reports from various regions are presented in this chapter, demonstrating the 
need for drastic interventions to avoid further losses. Capture of animals for the pet 
trade may be intentional or opportunistic and is often exacerbated by internet trade 
and social media. This situation is complicated by the difficulty of obtaining accu-
rate numbers of primates bought and sold illegally. The health and welfare of pri-
mates captured or kept as pets is another area of great concern. Long-term solutions 
will require attention from governmental, professional, and public actors on local 
and international levels.

Keywords Welfare ·  Exploitation ·  Illegal ·  Legal ·  Conservation

14.1  Introduction

A pet is an animal typically ‘kept for companionship, enjoyment, and status’ 
(Fuentes, 2007:129). Non-human primates’ physical and behavioural similarities to 
humans make them intrinsically appealing as pets. Pet keeping is diverse across 
cultures, and cultural conceptualizations and historical factors influence people’s 
motivations for keeping primates as a pets (Hurn, 2012). In some cases, these ani-
mals are sought out specifically for the pet trade (Van Uhm, 2016), and in others, 
they are the orphaned juveniles of primates hunted for food (Cormier, 2003). There 
is a ready market for primates as pets in Western society and elsewhere, where they 
may be used as companions or as entertainers (Lee & Priston, 2005; Norconk et al., 
2019; Chap. 17, this volume).
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Recent research shows that portrayals of primates with humans in media and 
photographs affect people’s perceptions of animals and their conservation status 
(Clarke et al., 2019; Leighty et al., 2015; Lenzi et al., 2020; Ross et al., 2008, 2011; 
Schroepfer et al., 2011). A trend for keeping a particular species of primate as a pet 
has drastic repercussions for wild populations when wild-captured animals are sold 
into the illegal wildlife trade to feed demand (Nekaris et al., 2013; Van Uhm, 2016). 
Even for captive-reared primates, there remains an unacceptably high cost to the 
psychological and physical welfare of individual animals (Soulsbury et al., 2009).

The welfare of primates kept as pets is inevitably compromised, whether they are 
wild-caught or bred in captivity. Infants are routinely removed from their mothers to 
be kept or sold as pets (Soulsbury et al., 2009). Maternal deprivation is profoundly 
damaging to primates and can result in major and often irreversible psychological 
damage, behavioural abnormalities, immune system dysfunction, and decreased 
survivorship (Harlow, 1962; Law et al., 2009; Lewis et al., 2000; Pryce et al., 2004). 
Isolation from conspecifics is the norm and is also problematic; close relationships 
with kin and group mates are important for the behavioural development of young 
primates (Thompson, 2019).

Pet primates are typically fed poor diets that do not meet their nutritional needs, 
leading to nutrition-related bone disease, diabetes, and other conditions (B Aldrich 
pers observation; Soulsbury et al., 2009). As young individuals of most primate spe-
cies mature, they are likely to become unmanageable and dangerous, at which point 
owners may seek to surrender their pets to zoos or sanctuaries (North American 
Primate Sanctuary Alliance, 2021) or may set them free, with little chance of sur-
vival (H Browning, pers communication).

Primatological and veterinary bodies have stated publicly that primates are fun-
damentally unsuitable to be kept as pets (British Veterinary Association, 2014; 
International Primatological Society, 2008). Of additional concern is the direct or 
close contact between pet primates and their owners that puts both at risk for disease 
transmission (Cormier & Jolly, 2018; Chap. 9, this volume).

While live primates are also traded for use as subjects of biomedical research and 
the entertainment industry, the pet trade accounts for hundreds of thousands of pri-
mates traded annually (Estrada et al., 2017; Norconk et al., 2019). Here, we define 
the trade of primates as the buying, selling, or exchange of primate species, locally, 
nationally, or internationally. The illegal trade takes place through unlawful chan-
nels or when forbidden by local or international laws. Although our use of the term 
pet is consistent with that of Fuentes (2007), Hurn (2012) and Reuter et al. (2019) 
broadly define pet as an animal having a human owner, no longer living in their 
natural habitat, and reliant on humans for food.

It is also worth noting that the definition of pet may, at times, encompass grey 
areas outside of ‘companionship, enjoyment, and status’ (Fuentes, 2007:129). 
Fuentes (2013):116–117) adds that pet primates may ‘contribute to the income, 
nutritional intake, or other functional facets of the humans who own them’. Captive 
primates kept for tourism (Chap. 11, this volume) and entertainment (Chap. 17, this 
volume) may be referred to as pets, although they typically have a strictly utilitarian 
function.
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14.2  The Past Primate Pet Trade

The longevity of pet primate keeping is revealed in the archaeological record, with 
the earliest evidence of long-distance trade in primates to ancient Egypt. These 
specimens date to the Ptolemaic period (305  BCE to 30  BCE) and included 
Hamadryas baboons (Papio hamadryas), Olive baboons (P. anubis), Barbary 
macaques (Macaca sylvanus), and vervet monkeys (Chlorocebus aethiops), none of 
which are found locally (Dominy et al., 2020; Groves, 2008). The additional captive 
breeding of baboons in ancient Egypt and removal of their large canines suggests 
these animals functioned as companions in addition to divine representations 
(Dominy et al., 2020).

Keeping primates and other exotic pets has historically been a status marker 
(Dominy et  al., 2020; Fuentes, 2007; Hurn, 2012; Serpell, 1996). For example, 
Greeks were known to keep pet primates along with their preferred lap dogs. In the 
third century B.C.E., monkeys were common household pets among the Roman 
upper class (Serpell, 1996).

One of the earliest, most consistently traded species of primates is the Barbary 
macaque (Macaca sylvanus) of North Africa. Outside of Egypt, this primate makes 
numerous appearances throughout ancient Europe and the Mediterranean (Van 
Uhm, 2016). Janson (1952) describes the immense popularity of Barbary macaques 
and their trainers throughout Europe as early as the eleventh century. However, by 
the seventeenth century, other primate species appear in European art and life as the 
result of increased intercontinental travel (Groves, 2008).

Artistic depictions from the Japanese Middle Ages suggest that monkeys were 
kept as pets as early as the twelfth century, while the Samurai of sixteenth century 
Japan were known to possess ‘pet stable monkeys” to counter diseases or misfor-
tunes affecting horses (Mito & Sprague, 2013). Fuentes (2013) explains that pet 
keeping is a long-lived tradition in Southeast Asia where macaques, primarily 
M. fascicularis, M. mulatta, and M. nemestrina (MF Hansen pers. observation), are 
kept as companions, for entertainment, or status. In India, captive slender lorises 
have been integrated into traditional practices since 300 B.C.E (Venkatesan, 2018). 
Fishermen kept caged slender lorises (Loris spp.) for use as compasses through the 
1980s (SD Gnanaolivu unpublished data). Similarly, astrologers and fortune tellers 
continue to keep slender lorises in wooden boxes, going from house to house to 
foretell God’s word (Gnanaolivu et al. In prep).

Finally, several Indigenous or foraging cultures keep pet primates for various 
purposes such as education, adornment, and food, since these animals have been 
incorporated into local ecologies and worldviews. Among others, the Guajá 
(Cormier, 2003) and Matsigenka (Shephard, 2002) of South America, and Mentawi 
(Fuentes, 2002) of Indonesia, capture infant and juvenile monkeys as the by-product 
of subsistence hunting.
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14.3  The Present Primate Pet Trade

The ongoing extraction of wild primates is unsustainable given that over half of all 
primate species are facing extinction or have declining populations (Estrada et al., 
2017; Norconk et al., 2019). Overall numbers of wild-caught primates traded ille-
gally are impossible to discern. As of 2017, the largest numbers of live primates 
traded internationally were exported from China, many of which originated in 
Southeast Asia (CITES Trade Database, 2021). Vietnam and Cambodia followed 
China with roughly half of their sales received by Japan (Norconk et al., 2019).

The most heavily traded primate species is the long-tailed macaque (Macaca 
fascicularis) (Foley & Shepherd, 2011; Shepherd, 2010; Nijman et al., 2017). In the 
United States, 84% of all primate imports (dead and alive) from 2010 to 2014 were 
long-tailed macaques, and almost half of live individuals were wild-caught (Sanerib 
& Uhlemann, 2020). Although most legally traded primates are destined for bio-
medical research, the species traded for this industry are often the same as those 
kept as pets, as they are afforded the least legal protection and are most easily pur-
chased and discarded (MF Hansen pers observation).

The legality of keeping primates varies between countries and regions, adding to 
the complexity of trade regulation. The United States and Europe provide two 
examples of locations where primates are not endemic, but heavily traded (American 
Society of Primatologists, 2021; Endcap, 2012). The practice of keeping primates is 
unregulated in some US states and completely prohibited in other states. Legality 
even varies between municipalities. In Texas, it is legal to keep certain primates 
within some city limits, but not others (Born Free USA, 2021). Many US states 
allow at least some primates to be kept; however, their breeding, transport, and 
exhibition may be regulated by the US Department of Agriculture (American 
Society of Primatologists, 2021). Recent reports suggest many of 15,000 pet pri-
mates in the United States have likely been bred in captivity specifically for the 
trade (Born Free USA, 2021).

Some European countries entirely prohibit the keeping of primates as pets. For 
example, in Hungary, Italy, and the Netherlands, the practice is banned (Endcap, 
2012). The United Kingdom’s legislation is confusing. While there are currently no 
prohibitions on keeping any species of primate as a pet in the United Kingdom, the 
Animal Welfare Act, 2006, and accompanying secondary legislation, should pro-
hibit most primate pet keeping (Animal Welfare Act, 2006; Code of Practice for the 
Welfare of Privately Kept Non-Human Primates, 2010). In practice, licenses con-
tinue to be issued by local authorities for primates that fall under the Dangerous 
Wild Animals Act. Social media posts, newspaper stories, and advertisements all 
demonstrate there is clearly a thriving trade in callitrichids in the United Kingdom, 
which requires no license or registration of any kind (Wild Futures & RSPCA, 2009).
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14.3.1  Sociocultural Influences on Primate Pet Keeping 
and Trade

Regardless of location, sociocultural factors play an important role in the pet trade. 
Primate pet keeping may be more prevalent in Asia than elsewhere, with macaques 
regularly sold or kept as pets in China (Ni et al., 2018), Vietnam (Aldrich & Neale, 
2021), and Indonesia (Nijman et al., 2017). In Indonesia, macaques are prevalent as 
pets. Macaques, along with other primate species such as lorises, langurs, gibbons, 
and orangutans, are captured as infants and kept as household pets.

In many areas of Central and South America, wildlife trade and primate pet keep-
ing are part of local cultures and economies, and these activities are widely tolerated 
by the public and authorities (Antunes et al., 2016; Bodmer & Pezo, 2001; Drews, 
2002; Gómez Ruiz, 2010). As previously mentioned, primate pet keeping in this 
region is historically associated with the integration of primates into Indigenous 
worldviews (Cormier, 2003, 2005).

Blair et al. (2017) speculate that African primate pet trade is under-researched, 
perhaps because it is considered a by-product of the wild meat trade. In a rare study 
of pet chimpanzee ownership, Kabasawa (2009) suggested that bushmeat hunting 
was not a primary factor in the trade in Sierra Leone due to the cultural and religious 
taboos against the consumption of chimpanzee meat among the resident population. 
Kabasawa (2009) found that the general perception of Sierra Leone nationals was 
that white expatriates were the main purchasers of infant chimpanzees, and indeed 
this group made up over 50% of the owners of chimpanzees that were either confis-
cated or brought to a sanctuary. The chimpanzees were purchased for diverse rea-
sons, such as pity for the infant, rescuing the infant to take to a sanctuary, or simple 
desire for the primate as a pet. As in many cases of primate pet purchase, the pur-
chasers were unaware that the animal would increase in size and might become very 
aggressive (Kabasawa, 2009).

14.3.2  Regional Reports on the Primate Pet Trade

Keeping the global trade of live primates in mind, we shift our attention to reports 
on the current trade. These examples move beyond sociocultural factors alone to 
explore socio-economic, welfare concerns, and place-based efforts to mitigate the 
primate pet trade. Considering the breadth of the trade, an exhaustive review is not 
possible in this chapter alone. Thus, the following regional reports species from five 
different primate groups: macaques of Asia, orangutans of Southeast Asia, lemurs 
of Madagascar, slender lorises of India, and the collective category of platyrrhines.
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14.3.2.1  Macaques

The desire to keep macaques as pets varies greatly between Southeast Asian coun-
tries (Aldrich & Neale, 2021). Many macaque species are highly synanthropic, 
living near or around humans, and perceived as abundant due to their visibility. 
Consequently, there is potentially less protection given to these species (Aldrich & 
Neale, 2021). The perception of a primate species’ rarity, and thus, significance as a 
status symbol, seems to affect their desirability as pets. For example, in Laos, the 
long-tailed macaque is not a desirable pet, because it is believed to be common and 
uninteresting (P Phiapalath, pers communication).

The legality of macaque keeping varies. In Indonesia, most primate species are 
legally protected, although enforcement is poor, and many species are sold openly 
in the bird markets of Java and Bali (Nijman et al., 2017). Most pet macaques are 
taken directly from the wild, although this has been illegal since 2009. However, in 
2021, the government lifted the harvest ban for long-tailed macaques and reinstated 
a harvest quota. While low, the quota potentially opens up further trade and pet 
keeping (see Hansen et al., 2021 for review).

Long-tailed macaques and southern pig-tailed macaques are excluded from 
Indonesia’s list of protected species (Hansen et al., 2021). Long-tailed macaques are 
frequently seen in cages or chains outside people’s houses. Pet owners often release 
macaques in nearby forests when they have reached maturity or decide to keep them 
constrained when they are no longer easily managed. Released individuals seem to 
experience difficulty foraging and integrating with wild groups (MF Hansen pers 
observation). When asked to give up a pet macaque, owners may claim it is impos-
sible because the macaque is a member of their family (MF Hansen pers observation).

In Vietnam, possession of a macaque of any species is illegal unless a permit has 
been granted by the Forest Protection Department – but these permits cannot be 
legally granted for the purpose of pet ownership. Yet, the practice is relatively com-
mon, and penalties are too light to serve as deterrent. Aldrich and Neale (2021) 
report that Vietnamese rescue centres are full beyond capacity and struggle to find 
space for more macaques daily. Due to this lack of capacity, the authorities regularly 
release macaques immediately following confiscation. This is usually done without 
regard for the suitability of the location or the health status of the released individu-
als. Of Vietnam’s five macaque species, northern pig-tailed macaques (M. leonina) 
are confiscated most frequently (Aldrich & Neale, 2021).

Macaques, like all other primates, are legally protected in China. Primate confis-
cations in China between 2000 and 2017 included 215 individual macaques, many 
of which were rhesus macaques. Most of the documented seizures occurred in resi-
dential areas, although the macaques could have been kept for other purposes, such 
as use in traditional medicine. Rhesus macaques are bred extensively in captivity in 
China, but the confiscated rhesus individuals may have had captive origins (Ni 
et al., 2018).
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14.3.2.2  Orangutans

From 2005 to 2011, more orangutans were captured from the wild for the illegal 
trade than chimpanzees (Pan troglodytes), bonobos (P. paniscus) or gorillas (Gorilla 
sp.) (Stiles et al., 2013). The three species of orangutan, Bornean (Pongo pygmaeus), 
Sumatran (P. abelii), and Tapanuli (P. tapanuliensis), are fully protected by law in 
Malaysia and Indonesia, but law enforcement is inadequate (Jonas et al., 2017). All 
orangutan species are also listed on Appendix I of the Convention on International 
Trade in Endangered Species (CITES), prohibiting their unlicensed interna-
tional trade.

Between 1993 and 2016, over 400 Bornean and Sumatran orangutans combined 
were confiscated by Indonesian authorities, and hundreds more were voluntarily 
surrendered to the authorities (Nijman, 2017). High mortality rates among infants 
captured from the wild and difficulties confiscating all illegally traded individuals 
mean that the numbers officially recorded are smaller than the numbers of wild 
captures (Meijaard et al., 2012). Marshall et al. (2009) estimated the loss of wild 
orangutans to hunting alone to be over the 1% rate deemed sustainable for orang-
utan populations.

Deforestation and increased human accessibility to orangutan habitat contribute 
to the prevalence of orangutan trade, as it enables opportunistic or planned killing 
of adults and the capture of infants (Sherman et al., 2020). However, this does not 
explain the motivations underlying peoples’ choices to keep orangutans as pets. 
Over a 10-year period from 2007, facilities caring for Bornean orangutans took in 
almost 700 orangutans from the pet trade; some of these animals were confiscated, 
while others were surrendered by their owners (Sherman et al., 2020). In nearly all 
these cases, the owners claimed that they had found the animals alone as infants on 
the ground or that someone else had given them an already-orphaned animal. A 
study on orangutan killings in Kalimantan found that very few people had killed 
orangutans to sell infants into the pet trade (Freund et al., 2016). Rather, most were 
opportunistic killings for food, self-defence, and crop protection (Meijaard 
et al., 2011).

Anecdotal reports from surrenders indicate that people see an infant orangutan as 
another child and as part of the family (Yayasan Orangutan Sumatera Lestari team, 
pers communication). Others report that they took in an infant orangutan without 
knowing how big and strong they would become in adulthood. There is also a clear 
economic value to an infant orangutan since it can be sold or bartered later 
(Nijman, 2005).

14.3.2.3  Lemurs

Today, 98% of Madagascar’s lemurs are threatened with extinction and approxi-
mately a third (31%) are listed as Critically Endangered by the International Union 
for the Conservation of Nature (IUCN, 2020a). Between 2010 and mid-2013, the 
trade impacted more than 28,000 individual lemurs. Most lemurs were wild caught 
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by their owners and kept as pets for up to 3 years. This practice, although illegal 
(Mittermeier et al., 2010; Petter, 1969; UN, 1973), is widespread and occurs in both 
urban and rural settings. However, the prevalence of ownership tends to be higher in 
urban areas. Foreigners living in Madagascar, as well as local Malagasy, keep pet 
lemurs. Captive lemurs are typically kept in poor conditions, living in small cages 
with no access to food or water; they are often individually housed, or restricted by 
a rope tied around their waist (Reuter et al., 2016).

Captive pet lemurs are found in a variety of settings, such as restaurants, bars, 
hotels, and eco-lodges (Reuter & Schaefer, 2016). Businesses advertising lemurs on 
their premises charged more for their services than businesses that did not. Thus, the 
presence of, and potential for, human-lemur interactions are a draw for tourists 
(Reuter & Schaefer, 2017).

To date, more than 40 species of lemur are affected by the illegal trade, including 
Critically Endangered species such as Propithecus verreauxi, Eulemur flavifrons, 
and Varecia variegata (IUCN, 2020a; Reuter & Schaefer, 2017). Thus, since the 
initial large-scale documentation of the trade (Reuter et al., 2016), exploitation of 
wild populations has steadily increased resulting in a more urgent call for conserva-
tion action (Reuter et al., 2017). Thus, there is no evidence to suggest lemurs are 
being internationally traded, which is illegal as they are protected by CITES 
Appendix I.

One species notably impacted by the pet trade is the ring-tailed lemur (Lemur 
catta), currently listed as Endangered (LaFleur et al., 2016; LaFleur & Gould, 2020; 
Gould & Sauther, 2016). This species is the most reported lemur in the pet trade, 
due to its desirability and ability to fare well in captivity (LaFleur et  al., 2019). 
Furthermore, multiple hot spots for pet ring-tailed lemurs correspond with their 
geographic range, as well as popular coastal tourist destinations. About half (49%) 
were kept at local businesses, such as hotels and restaurants.

Wild extraction for the pet trade from threatened populations is unsustainable. 
Thus, it is vital that strategic conservation initiatives (e.g. education of locals and 
tourists) are implemented. Continued research will be essential in informing our 
understanding of the extent and impacts of wild extraction and trade, and how to 
best ensure the long-term viability of wild lemur populations.

14.3.2.4  Lorises

While slow lorises (genus Nycticebus) have garnered much attention from an alarm-
ing increase in trade due to social media (Grasso et al., 2020; Lenzi et al., 2020; 
Nekaris et al., 2010, 2013), the slender lorises (Loris lydekkerianus spp.) of India 
are some of the least studied primates in the world. These small nocturnal strepsir-
rhines are endemic to the Indian subcontinent and Sri Lanka and consist of two 
species and two subspecies (Gnanaolivu et al., 2020).

Slender lorises are subject to numerous anthropogenic threats, such as habitat 
loss, logging, road kills, illegal pet trade, traditional medicine, ritual practices, and 
hunting (Dittus et al., 2020; Radhakrishna & Singh, 2002), and are listed as ‘Near 
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Threatened’ by the International Union for the Conservation of Nature (IUCN) Red 
List (Dittus et al., 2020). In India, the hunting, sale, transfer, or possession of lorises 
or their parts (dead or alive) without prior permission from the government, are 
illegal under Schedule I of Wildlife (Protection) Act, 1972. Internationally, they are 
protected under CITES Appendix II, prohibiting their international trade (Nekaris 
et al., 2010).

Slender lorises are very small and freeze when threatened, making them easy to 
capture and traffic. They are traded internationally, nationally within Indian borders, 
and locally within loris habitats (Alves et al., 2010). To date, there have been no 
recorded instances of international trade on the CITES database, which may be due 
to confusion regarding revised taxonomy of the species (Nekaris et  al., 2010). 
However, reports of international trade appear in local and national newspapers, as 
well as recorded instances via individuals investigating the illegal trade in India 
(Alves et al., 2013; Gnanaolivu et al., In prep).

The illegal trade of slender lorises is driven by local perceptions and beliefs rang-
ing from fortune telling to warding off bad omens (Gnanaolivu et al. In prep). While 
these animals are often kept caged in homes, there is no evidence of slender lorises 
being kept as status or companion pets in India (Ahmed, 2012; Gnanaolivu et al. in 
prep; Morgan & Nijman, 2020). Due to a deficit of information on slender lorises 
(Dittus et al., 2020) and a likelihood of species misidentification, the impact of the 
pet trade on slender loris populations in India remains incomplete. Thus, additional 
research on the socioeconomics of the slender loris trade is desperately needed.

14.3.2.5  Platyrrhines

Across South and Central America, live primates are traded and kept as pets (Duarte- 
Quiroga & Estrada, 2003; Daut et al., 2015; de Souza et al., 2016; Lizarralde, 2002; 
Maldonado, 2012; Parathian & Maldonado, 2010; Shanee et  al., 2017; Stafford 
et al., 2016; Tirira, 2013). Although the Americas have been the focus of compara-
tively little research (Reuter & O’Regan, 2017), most global evaluations list hunting 
in the continent as a lesser threat to primates than in other global regions (Estrada 
et al., 2017; IUCN, 2020a, b). All Pan-American primate range countries are CITES 
signatories, and all have laws prohibiting or controlling the capture, trade, or keep-
ing of primates (CITES, 2020; Svensson et al., 2016). This means that few people 
have the necessary permits for private ownership of primates, and so by default, the 
vast majority is illegal.

In comparison with wild meat, the pet trade represents a minimal contribution to 
subsistence economies in the Amazon (Alves et al., 2013; Bodmer & Pezo, 2001; 
Maldonado & Waters, 2020). Mammals in general are traded as adornment, meat, 
or traditional medicines, whereas most primates traded and/or confiscated across 
the continent are live, suggesting that they are predominantly trafficked for the pet 
trade or for entertainment purposes (Levacov et  al., 2011; Lizarralde, 2002; 
Parathian & Maldonado, 2010; Shanee, 2012; Stafford et al., 2016; Shanee et al., 
2017; Tirira, 2013).
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The welfare and conservation implications of primate pet keeping can be severe. 
For example, Peres (1991) estimated that ~10 female woolly monkeys (Lagothrix 
lagothricha) are killed for every infant found in nearby markets. As well as oppor-
tunistic capture by individuals or for local trade, primates are also captured in a 
more organized manner. Smaller species, such as marmosets and tamarins, are 
caught in groups using baited traps, while larger bodied species, such as capuchins 
and spider and woolly monkeys, are caught before weaning, by shooting the mother 
and recovering the infant from the ground (Shanee et al., 2017). The most common 
primates kept as pets and attractions, or found in markets, are capuchins, squirrel 
monkeys, marmosets, and woolly monkeys (Ministerio de Medio Ambeinte y 
Desarrollo Sostenible, 2012; Levacov et  al., 2011; Tirira, 2013; Maldonado & 
Waters, 2017; Oklander et al., 2020; Shanee et al., 2017).

As the human population has steadily increased across primate habitats in the 
Neotropics, the illegal pet trade is also increasing. Limited understanding of the 
trade in many areas hinders strategies to control it (Bodmer et al., 2004; Daut et al., 
2015). Measures to control the trade are inadequate, with official estimates severely 
underestimating true volumes (Shanee, 2012; Shanee et al., 2021). Authorities are 
often slow to act, with very few cases resulting in punishment of offenders, even if 
clear evidence is presented (Nóbrega Alves et al., 2012; Shanee & Shanee, 2021).

Global trends of wildlife trafficking moving online are not mirrored in the 
Americas, with little evidence of online wildlife trade in the region (Demeau et al., 
2019; Lavorgna, 2015; Shanee et al., 2021). Efforts to increase enforcement in the 
region have resulted in increased confiscations and improved record keeping. 
Several countries have published national anti-wildlife trafficking strategies, includ-
ing Colombia, Ecuador, and Peru (Ministerio del Ambiente y Agua, 2001; Ministerio 
de Medio Ambeinte y Desarrollo Sostenible, 2012; Ministerio de Agricultura y 
Riego, 2017).

14.4  Future of the Primate Pet Trade

Many primate species face an uncertain future, with technology directly influencing 
the demand for these animals. The global market for primates, increasing internet 
sales, and the use of social media collectively play a critical role in the trade of 
many primate species, protected or otherwise (Nekaris et  al., 2013; Waters & 
Harrad, 2013). The open sale of primates in markets has decreased in some coun-
tries possibly due to increased law enforcement. However, the online trade in pri-
mates on social media like Facebook, Tik Tok, and Instagram has boomed because 
these are sites which facilitate contact between vendors and consumers (Bergin 
et al., 2018; Cheyne et al., In prep; Lenzi et al., 2020; Norconk et al., 2019).
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14.4.1  The Primate Pet Trade and the Internet

Slowing online sales of pet primates is contingent on understanding the dynamics of 
these transactions. Urban centres are key consumers of pet primates as urban middle 
classes use their disposable income to advertise their economic status by buying an 
expensive pet and have no difficulties connecting to the internet. Some Middle 
Eastern countries feature strongly in the online illegal primate trade. Photographs of 
elites and celebrities featuring Critically Endangered species like gorillas inspire 
favourable reactions from their followers. Glorifying endangered primate pet own-
ership as a status symbol and feature of wealth may have implications for increased 
demand by others wishing to share the public’s adulation (Spee et al., 2019).

Over an 18-month study of online sales of primates and carnivores on Facebook 
in Thailand, 20 primate species (380 individuals) were listed for sale (Siriwat et al., 
2019). Slow loris and macaques accounted for most of the posts, but non-native 
primates such as callitrichids and squirrel monkeys were the most expensive. 
Another study of Facebook and Instagram conducted over a 6-year period in 
Indonesia found a mean number of 155 posts advertising 650 individual gibbons for 
sale (Cheyne et al., In prep). A decrease in such posts from 2019 may be explained 
by an initiative by the Indonesian state to close Facebook wildlife trade accounts 
and Facebook’s own initiative to prohibit wildlife trafficking on its site (Cheyne 
et al., In prep). Open exploitation of Barbary macaques is more common in Morocco 
than in Algeria due to the stricter enforcement of wildlife protection laws in the lat-
ter. This may explain higher online sales of Barbary macaques in Algeria (Bergin 
et al., 2018).

Social media is also a weapon to counteract the presence of posts featuring pri-
mates kept as pets or advertised illegally. Loris conservationists fought back against 
damaging YouTube videos of lorises being ‘tickled’ by posting comments on the 
negative welfare and conservation consequences for these pets (Nekaris et  al., 
2013). A Moroccan NGO, Barbary Macaque Awareness and Conservation (BMAC), 
countered the lack of awareness about wildlife laws prohibiting the keeping of the 
Endangered Barbary macaque as a pet in Morocco, by taking advantage of high 
Facebook use among the Moroccan public. They shared information about the 
macaque and the laws protecting the species as well as providing Facebook as 
medium, empowered Moroccans to report illegally held macaques (Waters & 
Harrad, 2013). This had led to a collaboration of BMAC and the Department of 
Forestry leading to the confiscation of numerous illegally held macaques since 
2012. A positive unforeseen consequence has been that regional jurisdictions are 
much quicker to confiscate because they are sensitive to the Facebook posts (S 
Waters, unpublished data).

To mitigate the high level of online gibbon trade in Indonesia, a campaign target-
ing potential buyers used a website and the social media platform Instagram to tar-
get potential buyers in major cities where trade and possession of pet gibbons were 
known to be high. The website was deemed more successful in reaching potential 
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buyers (Cheyne et al., In prep.). All the above activities illustrate that online infor-
mation sharing is low cost and can have a wide reach among urban populations.

Box 14.1 Misuse of Publicity Photos
The following is a personal account from Andrea Dempsey on the negative 
repercussions of photos depicting primates in close proximity to humans. “I 
had been working at ZSL London Zoo for two years when we received a new 
Endangered primate species to our animal collection  – one male and two 
female white-naped mangabey (Cercocebus lunulatus).

In April 2008, one of the females gave birth via C-section. After several 
hours, the female had not picked up her offspring and the decision to hand 
rear was made. The hand-rearing process followed a strict protocol, with min-
imal human interaction to avoid imprinting, abnormal behaviours, and an 
inability to reproduce or rear their own offspring.

The offspring, Conchita, was a good news story both for the species and 
for ZSL London Zoo. Thus, it was agreed one photographer would be allowed 
to take photographs of Conchita. A number of images were captured; yet, the 
photographer was not entirely satisfied and asked if I could hold Conchita to 
my face so I too could be incorporated into the photo. I followed his directions 
and with Conchita by my face, she turned and bit my nose - snap! The photo 
was taken and I thought nothing more of the session. I was only delighted that 
awareness of the species was being raised.

So it came as a genuine shock sometime later to be alerted to an American 
website, advertising for sale ‘cappuccino monkeys’ using the photo of 
Conchita and I. I immediately contacted the press department at ZSL London 
Zoo, the website, the seller, but nothing could be done. Not only do primates 
make poor pets, but the very trade itself is driving primates like the mangabey 
to extinction and here am I advertising it! This notion, compounded by the 
fact I had no recourse, is a lesson well learnt. This was over twelve years ago, 
and yet a simple Google search will still find my image being used.

As primatologists, zoo keepers, conservationists, marketing departments, 
and publicists we must find other ways to tell our story, to create compassion 
for the natural world without using images of humans and primates together, 
which can be used without consent and paradoxically out of context, other-
wise we will be responsible for perpetuating a trade that could wipe out the 
primate populations we are working to save.
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14.4.2  Finding Solutions to the Primate Pet Trade

Primates face numerous compounding threats, such as habitat loss, hunting, climate 
change, and illegal capture for the pet trade (Estrada et al., 2017; IUCN, 2020a). 
Understanding the longevity and complexity of primate pet keeping is critical. Due 
to its clandestine nature, studies of wildlife trafficking are difficult, and information 
which does exist is often from imperfect data (Barber-Meyer, 2010). The primate 
pet trade in local communities is often opportunistic, but organized trade also exists 
at the national and international level (Leberatto, 2016; Shanee et al., 2017).

As with other conservation activities, properly motivated communities and local 
leaders can be effective in the fight against wildlife trafficking (Shanee, 2013) and 
can lead to the custom becoming less socially acceptable (Shanee, 2012; Waters 
et al., 2019). The primate pet trade is driven by access to markets and online social 
platforms and a growing demand for wildlife from an ever-increasing human 
population.

In some locations, primate-based ecotourism and investigation could provide 
economic gain from intact primate communities, and sustainable hunting practices 
would help maintain local livelihoods (Bodmer & Pezo, 2001). Estrada et al. (2020) 
remind us that the preservation of the world’s primates ultimately requires attention 
to human well-being, health, and security. Even so, greater changes in political and 
social behaviours are still needed, combined with properly trained, equipped, and 
funded wildlife authorities. Legislation must be cleaned up and legal loopholes 
closed, laws updated, and corruption must be addressed at all levels (Shanee & 
Shanee, 2021).

Other solutions include increasing public awareness. This includes ensuring 
messages from scientists, primatologists, caretakers, and tour guides coming into 
close contact with wild primates are clear (Norconk et al., 2019; Waters et al., 2021). 
Often, those with access to primates are quick to disperse images of themselves with 
wild or captive primates despite the misleading messages generated by such imag-
ery (see Waters et al., 2021). As our case study from the London Zoo demonstrates 
(A Dempsey, pers communication), even the most innocent of photographs can have 
far-reaching consequences.

The development of long-term solutions requires consideration of the historical, 
sociocultural, political, and economic contexts of the primate pet trade (Estrada 
et al., 2017; Estrada et al., 2020; Norconk et al., 2019). Ultimately, extensive gov-
ernment and public support from local to global levels will be required. Given that 
65% of all extant primate species are either endangered or threatened, our persis-
tence and collective efforts are imperative (Estrada et al., 2017; Estrada et al., 2020).
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Abstract The rescue, rehabilitation, and reintroduction of nonhuman primates 
(henceforth, primates) from captive and wild settings are three sequential strategies 
which improve species conservation and individual welfare. Rescue refers to the 
removal of individuals from situations of cruelty, danger, illness, or risk which harm 
their well-being. Upon rescue, individuals requiring ongoing veterinary care and/or 
supervision undergo rehabilitation. This process differs depending on the needs of 
the individual primate; while those rescued from both wild and captive circum-
stances may undergo rehabilitation, only the former group is typically candidate for 
reintroduction. Reintroduction refers to the release of rehabilitated individuals into 
spaces where they historically ranged, with the goal of improving species conserva-
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tion. In practice, however, reintroduction often occurs in the interest of improving 
primate welfare, which can complicate conservation objectives. This chapter 
reviews the literature from the past couple of decades on primate rescue, rehabilita-
tion, and reintroduction – emphasizing the call for continuing to develop multidis-
ciplinary, ethical, and evidence-based “best practices.”

Keywords Rescue ·  Rehabilitation ·  Reintroduction ·  Primate ·  Monkey ·  
Sanctuary ·  Costa Rica

15.1  Introduction

A female monkey is swinging briskly through the trees with an infant hanging from 
her neck. She arrives at the outer edges of the forest and looks out at a two-lane 
commercial street. She can see the connecting forest in the distance, but reaching it 
requires crossing human territory. She observes the traffic on the road below, then 
looks up to the electrical wiring which connects the forest canopy to the city like a 
spiderweb. She mounts the transformer and grasps the bottom wire until, in a fateful 
moment, her prehensile tail connects with the top wire and she experiences a sud-
den jolt!
Dropping to the ground with her infant, a passerby observes the event and calls the 
police, who forward the call to the local wildlife authority. Soon after, rescuers 
appear on the scene, note the location and cause of the monkeys’ injuries, and care-
fully transfer them to a rescue centre for veterinary attention and rehabilitation. 
Over a period of weeks, the mother and infant recover from their injuries. Upon 
observation, the animal care staff determine the monkeys have successfully reha-
bilitated and the next morning they are reintroduced in a national park near the 
location where they were rescued.
The rescue, rehabilitation, and reintroduction of nonhuman primates (henceforth, 
primates) from captive and wild settings are three sequential strategies which may 
improve species conservation and individual welfare (Guy et  al., 2014). Rescue 
refers to the removal of individuals from situations of injury or human-related dan-
ger (Pyke & Szabo, 2017). There are inconsistent definitions for rehabilitation and 
reintroduction. In a broad sense, rehabilitation is a managed process in which ill, 
injured, orphaned, or displaced wild animals regain the health and skills needed for 
successful reintroduction and survival (International Wildlife Rehabilitation Council 
2005, cited in Molony et al., 2006). Rehabilitation may also describe caring for cap-
tive wild animals that are not to be reintroduced (Guy et al., 2014). In its narrowest 
definition, reintroduction refers to the release of captive, or confiscated individuals 
or groups animals into wild habitats from where the species was previously extir-
pated (Baker, 2002; Beck et al., 2007; Beck, 2018). This may include translocations, 
introductions of animals outside their historic range, or the release of animals where 
there is already to supplement the numbers of an existing population (Beck, 2018).
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The opening passage describes the processes of primate rescue, rehabilitation, 
and reintroduction in a relatively simplistic way; every step in the process conceals 
complex layers, however, and is rarely so straightforward. Imagine how it could be 
complicated if the monkey succumbed to her injuries, leaving her infant orphaned? 
Or if they were so disabling (e.g., amputation, severe burns) that she was not a can-
didate for release? What about primates rescued from people’s homes, the wildlife 
trade, or the entertainment industry – those so habituated to humans that a return to 
the wild is difficult or impossible?

Processes of rehabilitation differ depending on the needs of the individual pri-
mate; while those rescued from both wild (e.g., road collision) and captive circum-
stances (e.g., confiscated pet) undergo rehabilitation, only the former group is 
typically candidate for reintroduction (Speiran, 2021). The manner of rehabilitation 
can influence the success of release, including whether the primates require disha-
bituation, training, or time to heal from procedures. Dishabituation refers to a pro-
cess in which wild animals who are considered overly habituated to humans (i.e., so 
tolerant or unafraid that either party could be at risk) are trained or conditioned to a 
point that they can be released with less concern for potential conflict with humans 
or disease vectors (e.g., tuberculosis) (Wallis & Lee, 1999).

The process of reintroduction varies across taxa, regions, facilities, and between 
individuals. For example, the method of reintroducing a group of young, orphaned 
monkeys will differ from the method of releasing a single adult (Schwartz et al., 
2016). Reintroductions may occur in a different location from the sanctuary if there 
is not enough suitable surrounding habitat, or to reduce the chance that reintroduced 
individuals will return to the site of rehabilitation (i.e., the sanctuary) (Konstant & 
Mittermeier, 1982; Speiran, 2021).

Primates rescued from the wildlife trade or entertainment industry may be sig-
nificantly habituated to humans and have no experience in the wild. Such individu-
als tend to live in captivity forever in zoos or wildlife sanctuaries (also called rescue 
centers). These are conservation-focused organizations which do not breed their 
animals nor allow tourist interaction. Sanctuaries are a diverse, innumerous global 
phenomena; some operate as NGOs, others for-profit; some may be private, while 
others rely on tourism. Ethical, accredited sanctuaries offer tourists a chance to see 
primates in captivity but prevent direct interactions or “wildlife selfies.” The Global 
Federation of Animal Sanctuaries (GFAS) accredits organizations, comparable to 
how the World Association of Zoos and Aquariums (WAZA) accredits their sites, 
providing an audited list of ethical and conservation-benefiting sanctuaries. There 
are 18 GFAS-accredited primate sanctuaries globally. A sanctuary does not have to 
have GFAS accreditation to be ethical and legitimate; there are undoubtedly fiscal, 
geographical, and resource-based barriers that may prevent some sites from apply-
ing for accreditation.

Sanctuaries may or may not be in the home range of an individual species; for 
example, there are 68 sanctuaries worldwide for great apes, which range in Africa 
and Asia (Arcus Foundation, 2020). Sites which perform reintroductions are likely 
to be located within the range distribution of the primate species, and in a similar 
region to where the rescue occurred. It is preferable to perform all three phases of 
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rescue, rehabilitation, and reintroduction at the same location to avoid the added 
stress and welfare risks of transportation. This is not always possible, however, and 
there are procedures for sanctuaries to send rescued individuals to other sanctuaries 
whether for rehabilitation or eventual release.

The definition of sanctuary, as it is operationalized across diverse cultural and 
ecological contexts, can seem idealistic. There are examples of primate sanctuaries 
which breed endangered individuals for reintroduction; in Decolonizing Extinction 
(2018), Parreñas bears witness to orangutans’ forced copulation in Borneo sanctuar-
ies. While forced copulation occurs among wild populations, Parreñas reframes 
how this behavior is exacerbated and facilitated by the physical boundaries of a 
sanctuary: “forced sexual reproduction highlights the underlying violence that 
occurs when the response to the threat of extinction is to increase the population of 
an endangered or threatened species” (Parreñas, 2018: 104).

The origins of rescued primates, and the course of their rehabilitation and rein-
troduction, often involve uncontrollable variables which may impact the success of 
primate conservation goals (Karesh, 1995; Junker et al., 2017). Like all conserva-
tion actions, which do not occur in an experimental or sociocultural vacuum, these 
processes are subject to trade-offs and hard choices (McShane et al., 2011; Lazos- 
Chavero et al., 2016). In this chapter, we cover the state of research on the rescue, 
rehabilitation, and reintroduction strategies deployed by organizations around the 
world in the interest of primate conservation and/or welfare, many of which operate 
as NGOs under the titles of sanctuaries and rescue centers. We conclude with a 
discussion of gaps in the literature and future directions for research.

15.2  Rescue

The term rescue could be broadened to encompass the processes of rehabilitation 
and/or releasing the animal back into its natural habitat. Primate rescue organiza-
tions and sanctuaries are usually involved in all these aspects of the animal’s wel-
fare. Animal rescues may be differentiated into two types: opportunistic and targeted 
(Pyke & Szabo, 2017). Opportunistic rescues involve the recovery of animals when 
they are discovered in harmful situations. Targeted rescues are organized when nat-
ural or man-made events place animals and their habitats at risk. Generally, pri-
mates arrive at rescue centers, sanctuaries, and zoos through a variety of 
circumstances: injury in the wild, confiscation from illegal trade, former pets (sur-
rendered or seized), the entertainment industry (film or circus performers), from 
research facilities, and captured for translocation (Sherman et al., 2020). Quite fre-
quently, an animal may be dropped off at a rescue center, sanctuary, or zoo without 
any prior consultation or health checks, and the organization must deal with the 
animal on the spot. A health assessment and a period of quarantine to monitor health 
status are usually the first steps.

Many primate rescue organizations do not actively carry out rescues or, if they 
do, do not address how they carry them out on their websites. The MONA Foundation 

S. I. Speiran et al.



271

wildlife rescue center in Spain is an exception and describes the steps involved in its 
rescue process: (1) determine if the animal is in an illegal or in an abusive situation, 
(2) coordinate permits for the retrieval of the animal, (3) organize the most suitable 
means of transport, (4) conduct health checks prior to retrieval/rescue, and (5) repeat 
health checks on the day of retrieval and again while in quarantine (https://funda-
cionmona.org/en/nuestros- primates/).

The sources of primates in need of rescue vary based on whether it happens in a 
range or non-range country for that species. In range countries in Central and South 
America, Africa, and Asia, illegal hunting and trade produce the highest number of 
orphaned primates (Ross & Leinwand, 2020). In fact, primates constitute 94.8% of 
the legal global trade of mammals with the Cercopithecidae family and the Macaca 
genus being the most traded primate groups (Can et al., 2019).

15.2.1  North America/Europe

Many primates in non-range countries such as the United States or European coun-
tries enter rescue centers and sanctuaries from research, entertainment, and pet 
industries. For example, despite the endangered Barbary macaque (Macaca sylva-
nus) being native to north Africa, it is the most confiscated mammal in the European 
Union (Uhm, 2016). Rescue animals end up in sanctuaries in Belgium, France, 
Italy, the Netherlands, and Spain. A case study on this trade is discussed in the pre-
vious chapter (Chap. 14, this volume). Since these are non-range countries, the pos-
sibility of release or reintroduction into the wild is nonexistent.

15.2.2  Latin America

Countries in Central and South America are home to a diverse range of primates, 
many of which are included in the International Union for Conservation of Nature 
(IUCN) Red List of endangered species. Illegal trafficking of wildlife is highly prof-
itable in these regions and is estimated to be worth 10 billion US dollars a year 
(Romo, 2019). Howler monkeys (Alouatta spp.), for example, are rescued from 
poachers who hunt them for meat, illegal trade, or are captured for pets (Arroyo- 
Rodríguez & Dias, 2009). Capuchin monkeys (Sapajus spp.) are the most common 
primate held in captivity in Brazil with 90% of them obtained through surrender 
from pet owners or confiscated from traders (Nascimento et al., 2013).
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15.2.3  Africa

The Pan African Sanctuary Alliance (PASA) includes 23 sanctuaries in 13 coun-
tries, and many centers care for a variety of primate and non-primate species (Stokes 
et al., 2018). Overall, chimpanzees (Pan troglodytes), gorillas (Gorilla spp.), and 
bonobos (Pan paniscus) have high rescue rates in central regions of Africa (Ferrie 
et al., 2014). Chimpanzees are hunted illegally and often opportunistically; many 
are brought to rescue and rehabilitation centers by law enforcement officers 
(Ghobrial et al., 2010).

Hunting for bushmeat (i.e., meat obtained from wild animals) is one of the big-
gest threats to primate populations in Africa. Data from seven countries in west and 
central Africa indicated the hunting of 22 primate species (Fa et al., 2005). Since 
hunters mainly seek out adult primates, there has been a notable increase in the 
number of orphans arriving at rescue centers, many of whom have low survival 
rates, especially if they were too young to be weaned (Faust et al., 2011).

The most common species of primate brought into rescue and rehabilitation cen-
ters in South Africa are galago (Galago moholi), chacma baboon (Papio ursinus), 
and vervet monkey (Chlorocebus aethiops) (Guy & Curnoe, 2013; Wimberger et al., 
2010). Vervet monkeys are often kept as pets but are equally likely to be considered 
pests due to human-monkey conflict. The “Monkey Helpline” organization was 
responsible for the rescue of more than 300 vervets in just the first half of 2010 
(Smit 2010, cited in Guy & Curnoe, 2013). The Vervet Monkey Foundation took in 
191 vervet monkeys over an 8.5-year span (Healy & Nijman, 2014).

15.2.4  Asia

Orangutans (Pongo pygmaeus) in Borneo are primarily threatened by the clearing of 
their forest habitats for industry, agriculture (especially for palm oil), and urbaniza-
tion. Rescue efforts include translocation of wild individuals from unsuitable habi-
tats. However, most orangutans (90–96%) at rescue centers were either surrendered 
or confiscated from illegal ownership. Records show at least 994 orangutans arriv-
ing at rescue centers between 2007 and 2017, although the actual numbers likely 
exceeded this (Sherman et al., 2020).

Several primate species in Asia are hunted and trafficked for usage in traditional 
medicine. In Indonesia, slow lorises (Nycticebus spp.) are highly desired as pets and 
for medicinal use (Nekaris & Moore, 2014; Nekaris et al., 2013; Nijman & Nekaris, 
2014). Macaques (M. fascicularis, M. nemestrina) are also often found in high num-
bers at Indonesian rescue centers (Nekaris & Moore, 2014). Gibbons (Hylobates 
spp.) are another primate species that are commonly confiscated from the illegal 
trade as pets (Nijman et al., 2009).

The Endangered Primate Rescue Center (EPRC) in Vietnam is home to many 
primates confiscated by the Forest Protection Department, many of which are 

S. I. Speiran et al.



273

critically endangered or endangered. These include several species of langur 
(Trachypithecus spp., Pygathrix spp.), gibbon (Nomascus spp.), and lorises 
(Nycticebus spp.) (Nadler, 2013). Due to its affiliation with the German Primate 
Centre, the EPRC does blood screening for diseases and stores DNA samples of 
individuals for genetic analysis for individuals arriving at the Center.

Twenty-five primate species live in China, and 80% of them are threatened, 
mainly due to hunting, anthropogenic, and natural climate-driven habitat loss (Li 
et al., 2018). In contrast to the vast diversity of primates, there are disproportion-
ately few rescue centers which house a limited number of species. This is primarily 
due to the slow progress in governmental efforts (Li et al., 2018). Very few, if any, 
of the critically endangered gibbon species (Nomascus nasutus, N. hainanus, and 
N. concolor) or black snub-nosed monkey (Rhinopithecus strykeri) have been 
housed in captivity – indicating a need for breeding programs or better conservation 
efforts in the wild (Li et al., 2018).

India is home to 14 species of primates (Southwick & Lindburg, 1986). Yet, there 
are only two state-funded primate rehabilitation facilities in the entire country; the 
second one opened in south India in 2020. One of the goals of this facility is to 
sterilize the monkeys brought to the facility especially those that are not an endan-
gered or threatened species and then release them back out (The Indian 
Express, 2020).

15.3  Rehabilitation

15.3.1  What Is Primate Rehabilitation?

Primate rehabilitation includes a variety of processes aimed at improving the health, 
socialization, and welfare of individuals. Guy et al. (2014) present a framework for 
looking at rehabilitation via two goals  – conservation and welfare. The goal of 
conservation- based rehabilitation is reintroduction, where primates are released into 
the wild where they can reproduce and contribute to the survival of their species. 
The goal of welfare-based rehabilitation is to acclimate the animals to living in 
captivity. In 2015, the IUCN provided best practice guidelines for translocation and 
rehabilitation of gibbons (Hylobates spp.) (Campbell et  al., 2015). Protocols for 
conservation-based rehabilitation can be made based on IUCN guidelines for rein-
troduction (IUCN  SSC, 2013), but because welfare goals are not conservation- 
oriented, there are currently no consistent protocols. The current state of animal 
rehabilitation overall is disparate, as organizations around the world infrequently 
collect systematic data on their methods and outcomes, and there are few guidelines 
that are widely accepted by rehabilitators.
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15.3.2  What Research Has Been Done 
on Primate Rehabilitation?

Research on the methods and success of primate rehabilitation is disparate; it covers 
a wide range of species, incorporates a variety of methods, and yields inconclusive 
results. Published papers include orangutans (Pongo spp.; Russon, 2009; Yeager, 
1997), chimpanzees, and bonobos (Pan spp.; Tutin et al., 2001; Wobber & Hare, 
2011), gibbons (Hylobates spp.; Cheyne, 2009, H. lar; de Veer & Van den Bos, 
2000), vervets (C. aethiopicus; Wimberger et al., 2010), capuchin monkeys (Sapajus 
apella; Suarez et al., 2001), squirrel monkeys (Saimiri sciureus; Vogel et al., 2002), 
and slow loris (Nycticebus spp.; Nekaris & Moore,  2014). Many papers do not 
describe their rehabilitation methods in detail. This, combined with the lack of post- 
release monitoring to measure reintroduction success, makes it difficult to evaluate 
rehabilitation outcomes. Due to the similarities between nonhuman primate species, 
most research focuses on major skills captive primates need to learn before reintro-
duction, including dishabituation from humans, socialization with conspecifics, 
appropriate predator responses, locomotion in natural environments, and foraging 
skills (Guy et al., 2014; Guy & Curnoe, 2013). There are various rates and defini-
tions of success in preparing primates for release into the wild (Cheyne, 2009). 
There are two opposing conclusions that are drawn from this research: some high-
light that rehabilitation plans need to be detailed enough to account for the multiple 
skills animals need to survive and reproduce in the wild (Cheyne, 2009; Guy & 
Curnoe, 2013), while others conclude that rehabilitation does not contribute to post- 
release success of reintroductions (Baker, 2002; Beck et al., 2007). A study of vervet 
(C. aethiops) rehabilitation and reintroduction emphasizes the importance of know-
ing the history of the individual animals, resocializing them in social groups that 
mimic wild group sizes, and providing naturalistic enclosures with natural sub-
strates, appropriate sleeping sites, and natural food (Guy & Curnoe, 2013). In addi-
tion, the animals needed to be dishabituated from humans and trained to recognize 
predators.

Similarly, Cheyne’s (2009) case study of gibbon (H. lar) release in Indonesia 
found that the rehabilitated gibbons came from a wide variety of backgrounds and 
often had social adjustment problems. Through trial-and-error and knowledge of 
gibbons’ natural behaviors, the sanctuary found that groupings of juveniles or an 
older adult with a younger juvenile had better survival rates after reintroduction than 
did opposite-sex, same-age pairs. A bad pairing during rehabilitation could lead to 
animals becoming scared of conspecifics. Furthermore, pairs from captivity did not 
necessarily remain paired in the wild (Cheyne, 2009; de Veer & Van den Bos, 2000).

Reports on great ape rehabilitation are similar. It takes a long  time period of 
acclimatizing animals to their natural habitats, and thus time from rescue to release 
lasts 2–7 years (Russon, 2009; Tutin et al., 2001). This time accounts for animals 
becoming socialized with conspecifics and dishabituated to humans. Russon (2009) 
provides an overview of orangutan (Pongo spp.) rehabilitation projects in Borneo 
and Sumatra where rehabilitation is conducted based on age classification. The 

S. I. Speiran et al.



275

infants are cared for in nurseries, young juveniles are resocialized with other orang-
utans in enclosures, and older juveniles are taken to “forest school.” “Forest school” 
allows for individuals to go out into the natural environment with partial provision-
ing during the day, but then they are brought back to sleep in enclosures. This 
involves a trade-off in human interaction, in which human caretakers are more heav-
ily involved in the forest schools, while the juveniles in socialization enclosures 
experience minimal human influence. Similarly, a chimpanzee project in the Congo 
also used age-graded approaches to form social groups on islands before their even-
tual release (Tutin et al., 2001). Planning started 2 years before the chimpanzees 
were released, and with a release site carefully chosen and each individual closely 
evaluated for suitability of release.

15.3.3  What Is the Future of Primate Rehabilitation?

Guy et al. (2014) reviewed primate rehabilitation and assessed its contribution to 
conservation. They conclude that there should be species-specific guidelines for 
rehabilitation, considering each species’ unique natural history and behavior. These 
conclusions are supported by findings that orangutans did better when a younger 
animal was paired with an older one, and without being housed in large social 
groups (Russon, 2009). Additionally, the natural diets of the primates are crucial. 
Some animals may not need to learn how to process natural foods, while extractive 
foragers may need extensive learning to be competent at foraging for wild foods. 
The proposed model outlined by Guy et al. (2014) may be a valuable starting point, 
since there are currently no guidelines for welfare-based rehabilitation comparable 
to those completed for reintroductions.

Guy et al. (2014) evaluated 28 rehabilitation and reintroduction projects, exclud-
ing captive-bred animals from their conclusions. They found that the most serious 
problems were projects that lacked quarantine of newly arrived animals, collection 
of histories, dishabituation from humans, training to recognize predators, and long- 
term post-release monitoring. They did find positive interventions across the 28 
projects. These interventions included putting primates into appropriate social 
groups, giving them medical assessments upon arrival, limiting human contact, 
housing animals in natural enclosures, assessing each animals’ skills for indepen-
dent living, providing natural foods before release, and using soft release strategies.

These studies indicate that successful primate rehabilitation is possible but takes 
a large effort, including sufficient time and funding (Cheyne, 2009; Guy et al., 2014; 
Russon, 2009; Tutin et al., 2001). There must be extensive knowledge of the spe-
cies’ natural history, appropriate resources for the individual animals to learn sur-
vival skills, and close evaluation of each individual’s abilities and likelihood of 
survival. However, a broader ethical question remains whether welfare-based reha-
bilitations, including those that end in reintroductions, are in the best interest of both 
the individual rehabilitant animals, as well as whether they achieve or detract from 
broader conservation goals.
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15.4  Reintroduction

Reintroductions have a long history across Africa, Asia, and Latin America 
(Kleiman, 1996; Russon, 2009; Beck, 2018). Despite their prevalence, rescue and 
welfare-based reintroductions are inconsistent with best practice recommendations 
for primate reintroductions (Baker, 2002; Beck et al., 2007). While rescue and reha-
bilitation occur with primates across varying contexts, including captive-born ani-
mals from the pet trade and laboratories, most primate reintroductions (95.6%) are 
with wild-born individuals (Beck, 2018). Many reintroductions were conducted 
primarily for primate welfare purposes; however, both the broader IUCN guidelines 
on reintroductions for plants and animals and the primate-specific IUCN guidelines 
emphasize that the goal of reintroduction should be to conserve wild populations by 
increasing their population size (Baker, 2002; IUCN SSC 2013).

Historically, such endeavors were done on a trial-and-error basis or lacked sus-
tained monitoring efforts (Beck et al., 2007; Beck, 2018). Reintroductions have an 
emotional appeal to individuals and conservation organizations, reflecting the desire 
to ameliorate harms inflicted on individual animals and their ecosystems by human 
capture (Estrada et  al., 2017; Beck, 2018). Furthermore, North American and 
European zoos often justify captive breeding with the need to have a captive reser-
voir for future reintroductions (Croke, 1997; Snowdon, 1989). However, the success 
of reintroductions is variable across sites, due to variation in approach, lack of pre-
release training and/or post-release monitoring, and inconsistent evaluation of long- 
term success and publication. While successful reintroductions may be beneficial in 
terms of increasing wild population sizes (Kleiman, 1996; Beck, 2018) or in con-
tributing to ecosystem restoration (Genes et al., 2019), it is unclear whether they 
benefit individual primate welfare (Beck, 2018; Guy et  al., 2014; Palmer, 2018; 
Sherman et al., 2020).

Of primate reintroduction projects, only 43.2% of reintroduction programs have 
successfully met benchmarks of success, including post-release survival for at least 
a year, transitioning to independence from human provisioning, and integration 
with wild populations (Beck, 2018). Furthermore, only 14% were able to reach the 
more stringent conservation aim of becoming a fully self-sustaining wild population 
(Beck, 2018). Not all projects collect or release data on post-release outcomes. To 
improve outcomes, the IUCN published guidelines for best practices in planning 
primate reintroductions (Baker, 2002) and expanded on these guidelines specifically 
to address reintroduction of great apes (Beck et al., 2007) and small apes (Campbell 
et al., 2015; Cheyne, 2012). These guidelines provided a framework for assessing 
suitability of animals for release, identifying suitable sites, and planning prerelease 
training and post-release monitoring and evaluation. The guidelines for primate 
reintroductions include a “decision tree” with steps for planning a reintroduction 
and emphasize that “the main goal of any reintroduction effort should be to re- 
establish self-sustaining populations of primates in the wild and to maintain the 
viability of those populations” (Baker, 2002:32). They emphasize the “precaution-
ary principle” that reintroductions can pose risks to wild populations, including the 
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risk of introducing diseases, and thus recommend that reintroductions should not be 
pursued if they will not benefit this conservation aim (Baker, 2002).

15.4.1  Latin America

Reintroduced Central and South American monkey species include atelines, cebids, 
and callitrichids (Konstant & Mittermeier, 1982; Beck, 2018). One of the earliest 
was the reintroduction of Geoffroy’s spider monkeys (Ateles geoffroyi) to Barro 
Colorado Island, where they were previously extirpated (Milton & Hopkins, 2006; 
Beck, 2018). Eighteen to nineteen confiscated individuals between one and 
four years old were released on the island from 1959 to 1966. Only five individuals, 
one male and four females survived, and only three females reproduced (Milton & 
Hopkins, 2006). They established a breeding population that grew to 28 individuals 
by the early 2000s but had limited genetic diversity due to the small founder popula-
tion (Milton & Hopkins, 2006). An additional reintroduction was attempted in 1991, 
but none of those in the second group of monkeys survived, likely due to poor plan-
ning (Milton & Hopkins, 2006).

The most well-documented reintroduction in the Americas was the reintroduc-
tion of 146 captive-born golden lion tamarins (Leontopithecus rosalia) from 1983 to 
2000 in Brazil’s Atlantic Forest (Kleiman, 1996; Kierulff et al., 2012; Beck, 2018). 
Golden lion tamarins had severely declined in the wild and were extirpated from the 
release sites. Over ten cohorts, release strategies changed, from “hard releases” 
without post-release support, to “soft releases” with provisioning and supportive 
care as needed. However, only about 30% survived to the benchmark of 2 years, 
which was long enough to reproduce (Beck, 2018). Supported with 42 translocated 
tamarins, this population increased, and the golden lion tamarins improved their 
conservation status from “critically endangered” to “endangered” (Kierulf et  al.,  
2012; Ruiz-Miranda et al., 2019). However, despite climbing to above 3000 wild 
individuals in 2014, the population has been threatened by yellow fever outbreaks 
in 2017, and the populations are now decreasing (Beck, 2018; Ruiz-Miranda 
et al., 2019).

15.4.2  Africa

A wide range of African primates have been reintroduced, including apes, monkeys, 
and strepsirrhines (Beck, 2018). However, African apes have been a focal point 
(Tutin et al., 2001; Beck et al., 2007; Beck, 2018). Many of the chimpanzee reintro-
ductions overlap with rehabilitation, as rehabilitation programs release animals on 
islands where the animals can live in wild habitats, while still allowing for monitor-
ing, provisioning, and separation from wild populations (Beck, 2018). Multiple 
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projects resulted in abandonment of the animals, such as when New York Blood 
Center withdrew financial support of released chimpanzees (Beck, 2018).

Reintroductions of chimpanzees and bonobos (Pan spp.) to wild, non-island 
habitats have had significant challenges. For example, release of 14–16 chimpan-
zees into Niokolo Koba National Park from 1972 to 1977 resulted in recapture and 
release of surviving chimpanzees to an island due to aggression from wild chimpan-
zees (Beck, 2018). Fifty-three chimpanzees were released into Conkouati-Douli 
National Park between 1996 and 2012 (Tutin et al., 2001; Goossens et al., 2005; 
Beck, 2018). The initial cohorts were first released to islands for 4–10 years, allow-
ing them to gain ecological competence. Numerous individuals were attacked by 
wild chimpanzees. However, at least 17 infants were born to reintroduced females 
(Tutin et al., 2001; Goossens et al., 2005; Beck, 2018). Chimpanzee Conservation 
Center in Guinea also conducted a reintroduction of 16 chimpanzees in Haut Niger 
National Park where there were wild chimpanzees, from 2008 to 2011 (Humle 
et al., 2011; Beck, 2018). Half of the first cohort survived and gained independence 
within a year, but there were multiple deaths, and at least one female returned to the 
sanctuary (Beck, 2018). During a similar time period from 2009 to 2011, Lola ya 
Bonobo reintroduced 16 bonobos at Ekola Ya Bonobo Democratic Republic of 
Congo (Beck, 2018). Most of the reintroduced bonobos acclimated to their wild 
environment, and four infants were born from 2011 to 2016. However, three bono-
bos attacked trackers monitoring them post-release and had to be returned to the 
sanctuary (Beck, 2018).

Like chimpanzees, gorilla (Gorilla spp.) reintroductions occurred as early 
attempts at rehabilitating individual rescued animals or releasing groups onto 
islands (Beck, 2018). The John Aspinall Foundation led several reintroductions, 
including 25 predominantly wild-born infants at Lesio-Louna and Lefini Reserves, 
Republic of Congo between 1996 and 2006. Most of the gorillas survived in the 
wild, and there were new infants born, but at least four males had to be recaptured 
due to human-wildlife conflict, while six to eight died or disappeared (Beck, 2018). 
Projet Protection des Gorilles and Aspinall Foundation also reintroduced over 65 
gorillas (Beck, 2018). Twenty-five individuals of a wild-born sanctuary population 
were introduced in 3 cohorts in the Lefini Reserve, Republic of Congo, and 23 of 
another confiscated Gabonese population were reintroduced into the Bateké Plateau 
National Park, Gabon. These reintroductions were largely successful. However, in 
2014, the Aspinall Foundation reintroduced an additional nine captive-born animals 
from zoos in the United Kingdom in Gabon, against the recommendations of the 
IUCN guidelines (Beck et al., 2007; Beck, 2018). This resulted in the death of at 
least half of the ten gorillas within weeks of the project, and four surviving individu-
als were returned to islands or sanctuaries (Beck, 2018).
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15.4.3  Asia

In Asia, most of the reintroductions focused on rehabilitant orangutans (Russon, 
2009; Beck, 2018). However, a wide range of other Asian primates, including gib-
bons, macaques, langurs, and lorises, have been reintroduced (Beck, 2018). Primate 
reintroductions have a deeper history in parts of Asia, from the Buddhist and Taoist 
traditions of feng sheng (Beck, 2018; Magellan, 2019). These “mercy” or “prayer 
releases” are compassionate acts of freeing an animal that are believed to bring posi-
tive karma to the releaser. As a result, some Asian primate reintroductions, particu-
larly gibbons, occur on the grounds of Buddhist temples (Beck, 2018). However, 
such mercy releases can have detrimental effects on ecosystems (Magellan, 2019).

Early efforts to rehabilitate orangutans (Pongo spp.) began in the 1960s (Harrison, 
1963; Russon, 2009; Beck, 2018). Due to the increasing numbers of animals and 
difficulty accommodating them, rehabilitation projects grew to reintroductions, and 
other sanctuaries built on that model (Harrison, 1963; Beck, 2018; Palmer, 2018; 
Russon, 2009; Sherman et al., 2020). Over 5 times as many orangutans have been 
reintroduced as all the African apes, across 13 programs (Palmer, 2018; Beck, 
2018). These differences may be due to the large number of orangutans displaced by 
habitat loss, along with Indonesian laws that require reintroduction (Beck, 2018). 
Wild-born offspring of released orangutans comprise a large proportion of the total 

(continued)

Box 15.1 Costa Rican Monkeys
Costa Rica is a tropical country in Central America that has undergone peri-
ods of deforestation and impressive reforestation of mangroves, wet and dry 
rainforests (Stan & Sanchez-Azofeifa, 2019). There are four species of mon-
key indigenous to Costa Rica: the Panamanian white-face capuchin (Cebus 
capucinus) and mantled black howler monkey (Alouatta palliata), which are 
listed by the IUCN as of least concern, the vulnerable black-capped squirrel 
monkey (Saimiri oerstedii), and the critically endangered Geoffroy’s spider 
monkey (A. geoffroyi) (Fig. 15.1).

Rescue: Records from four rescue centers located in different conservation 
regions around the country report electrocution as approximately 25% of the 
reasons that monkeys are rescued (n  =  365 monkeys) (Speiran, 2021). 
Monkeys – and other arboreal animals – may be electrocuted when they climb 
uninsulated power lines and transformers to cross fragmented habitat. It is not 
uncommon for adult monkeys to cross a road or power line with an infant on 
their back, and become critically injured or perish, leaving the infant orphaned. 
Over a period of 5  years, for example, one region received 624 reports of 
electrocuted adult monkeys and 165 orphans (IAR Costa Rica, 2021). It is 
estimated that at least half of rescued monkeys succumb to their injuries 
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naturally or are euthanized after receiving a veterinary assessment 
(Speiran, 2021).

Rehabilitation: Rescued monkeys who cannot be released will rehabili-
tate, barring any physical injuries or maladies, by adjusting to sanctuary life – 
and a new, captive group. Rescued monkeys from the wild with potential for 
reintroduction will receive veterinary care to heal from health problems and 

Fig. 15.1 Native monkey species in Costa Rican sanctuaries (from left to right): capuchin, 
howler, squirrel, and spider monkeys. (Photos: Siobhan Speiran)

Fig. 15.2 (a) Howler monkey undergoing veterinary procedures at a rescue center after 
being injured with a machete. Photo: Proyecto Asis. (b) Capuchin enclosure in a Costa 
Rican sanctuary. (Photo: Siobhan Speiran)

Box 15.1 (continued)

(continued)
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may undergo training for reintroduction (Fig. 15.2). When a monkey is ready 
to be reintroduced, some centers will move the monkey or troupe to an iso-
lated area away from human disturbance.

Reintroduction: Primates are typically reintroduced where they were res-
cued. If the rescue site is precarious (i.e., a road, urban area, etc.), then a 
center will usually attempt release in the closest suitable natural area. 
Sometimes, centers may perform a “soft” release in which monkeys are 
brought to the future site of release, provisioned with food, and allowed to 
venture out of the enclosure into the wild when they choose to fully reinte-
grate (Guy et al., 2014; Beck, 2018) (Fig. 15.3).

McKinney and Schutt (2005) examined programs to rehabilitate and 
release previously extirpated spider monkeys (A. geoffroyi) in the southern 
Nicoya peninsula Costa Rica, which included at least 6 months of post-release 
monitoring. Since 1989, around 30 spider monkeys were released into a des-
ignated wildlife refuge, and some had infants and moved to different ranges 
from where they were reintroduced – indicating some success. Recent updates, 
however, indicate that the monkeys were not monitored more than a year post-
release, so there is no long-term assessment of their survival at present (ibid). 
The study concludes that local involvement in long-term species survival pro-
grams is necessary for success and encourages similar programs for different 
species.

Fig. 15.3 Howler monkey being released after successful rehabilitation. (Photo: Proyecto 
Asis)

Box 15.1 (continued)

orangutan population, which reflects a long history of anthropogenic pressures 
shaping orangutan populations (Russon, 2009; Spehar et al., 2018). Because orang-
utan reintroductions occurred at such a large scale and been primarily “welfare” 
releases, there is considerable ethical debate over the extent to which these releases 
may have helped or harmed individual welfare and posed risks to conservation of 
wild populations (Russon, 2009; Beck, 2018; Palmer, 2018; Parreñas, 2018).
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15.5  Discussion

Our survey of the literature on the rescue, rehabilitation, and reintroduction of pri-
mates globally revealed several insights that can motivate future research. The 
Rescue section considers how the responsive, crisis-mandated nature of wildlife 
rescue can lead to instantaneous decision-making. This may lead to poor record- 
keeping, which may explain the lack of data on primate rescues. Differing defini-
tions of what constitutes “rescued” primates further muddies attempts to generate 
baseline data. Another challenge faced by rescue organizations is that they often 
reach capacity within 1–2 years (Nekaris & Moore, 2014). This could result in the 
rejection of more animals in need of rescue or a decrease in the quality of care 
provided.

The subsequent section considers how, in practice, rehabilitation occurs across 
disparate organizations with little data or overarching guidelines for support. 
Moreover, it is difficult to measure the success of rehabilitation because studies do 
not always describe the rehabilitation process in detail and post-release monitoring 
is not always implemented. There is a lack of consistency in reported information 
regarding the type of species, number of individuals, age, and sex. Finally, we posit 
that welfare-oriented reintroductions, which serve to only benefit the individual’s 
welfare and not a conservation goal, are not consistent with best practice recom-
mendations for primate reintroductions. This view is aligned with the IUCN who 
state the goal of reintroduction is to improve species conservation. Despite this, 
many reintroductions occur for welfare purposes, as in the case of orangutans 
(Parreñas, 2018).

Taken together, it would seem the triumvirate of Rescue, Rehabilitation, and 
Reintroduction, though pillars of primate conservation discourse, are under- 
researched, under-regulated, and fraught with ethical debates and dilemmas. The 
complicated nature of this field of conservation work and scholarship is exacerbated 
when there is a disconnect between academics and wildlife rehabilitators. This can 
occur when, for example, evidence-based, best practices are deduced through 
research, but do not suit local realities or are impractical to implement. The discon-
nect is worsened if sanctuaries operate in an ad hoc, informal manner or lack trans-
parency about their methods, successes, and failures. It is not uncommon for 
rehabilitators to implement trial-and-error, or homegrown methods of rehabilitation 
and reintroduction, especially given the veritable lack of research on the subject. 
The styles and strategies employed in conservation work may be shaped by cultural 
contexts, social norms, financial constraints, and personal experience.

Perhaps those interested in primate welfare could collaborate to create such a 
centralized database for this information. Another option would be for various 
accrediting organizations (like GFAS, PASA, NAPSA, and others) to encourage or 
even require rescue centers and sanctuaries to maintain accessible records or better 
track individuals and their histories. The benefits of maintaining online rescue data-
bases are elucidated by Pyke and Szabo (2017). Such information would be highly 
beneficial to conservation agencies, welfare officials, and researchers. Sharing this 
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information with other places in the region could promote better ways of reducing 
harm to these primate populations (Healy & Nijman, 2014).

In primate reintroductions, there is often a mismatch in practice or goals between 
the IUCN-recommended best practices and individual organizations conducting 
reintroductions. Mirroring the ideals of fang sheng, or “mercy releases,” reintroduc-
tions are planned for ideological or welfare-based goals, as a way of restoring wild- 
born animals to the wild (Magellan, 2019). Such releases are guided by compassionate 
empathy for the animals but ultimately serve to assuage the emotions of those 
responsible for welfare releases, including organizers, caretakers, and funders at the 
expense of wider ecosystem conservation. Without carefully planned rehabilitation, 
poorly planned releases may be the equivalent of “dumping,” an indirect form of 
euthanasia where the responsibility is shifted from the rehabilitators to the natural 
ecosystem (Palmer, 2018). Given the risk of transmitting diseases to wild popula-
tions, risks and benefits to conserving wild populations must be the biggest consid-
eration in considering or planning reintroductions (Baker, 2002; Beck et al., 2007; 
Beck, 2018).

Some outstanding questions include whether reintroduction actually benefits 
animal welfare, and if rehabilitation and reintroduction are the best strategies for 
every species or individual. There are undoubtedly conservation contexts and crises 
in which the laborious process of rehabilitation and reintroduction may not ulti-
mately benefit conservation or even welfare.

15.6  Conclusion

A number of overarching themes pervade this chapter, chief among them the reality 
that not all rescued primates can be rehabilitated and not all rehabilitants can be 
reintroduced. Rehabilitation requires detailed knowledge of a species’ natural his-
tory, as well as the time and resources (including space, money, and staff) for indi-
viduals to learn survival skills for eventual release. There are still questions regarding 
if rehabilitation increases survival, whether reintroductions serve to advance pri-
mate welfare, and whether euthanasia is an ethical alternative to lifetime in impov-
erished captivity (Nekaris & Moore, 2014).

There is no way to know exactly how many primates have been rescued or reside 
in rescue organizations. An expansive review of the literature and sanctuary web-
sites exposed two main issues: (1) a lack of data from many rescue organizations 
who do not make accessible online the number of individuals and types of species 
they cared for, and (2) organizations vary in their definition of what is considered a 
“rescue” animal. A factor which confounds the estimation of the number of rescue 
primates is the fact that many rescue centers and sanctuaries consider retired 
research animals as “rescues.”

Numerous ethical conundrums befall primate conservation work, especially in 
contexts where species and ecological loss occur so rapidly that the processes of 
rehabilitation and reintroduction cannot keep pace. Is rescue, rehabilitation, and 
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release the best strategy for primate conservation? At present, the literature suggests 
these strategies require enormous effort for little documented benefit. The onus is on 
rescue organizations and sanctuaries to self-report their progress, likely leading to a 
bias against reporting failed rehabilitations or reintroductions. The details of the 
successes, failures, and trial-and-error findings are necessary, however, if research-
ers are to address unresolved queries.
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Abstract Daily exposure to visitors as well as caretakers makes the zoo environ-
ment a unique setting for primates in human care. Understanding how visitors 
impact zoo-housed primates is key to continually improving their welfare. Herein, 
we review decades of research on visitor effects in primates, many of which report 
a combination of effects. The majority of studies suggest visitors are a negative or 
neutral stimulus, although nearly a third also report some positive effects. Limitations 
in existing research impede our ability to fully understand how primates perceive 
visitors. Furthermore, a reliance on negative indicators of welfare and the continued 
assumption of negative impacts due to early research is likely to bias how results are 
interpreted. We discuss a need to critically reevaluate our assumption that visitors 
are inherently negative, especially in modern zoos which have larger, more spacious 
habitats that allow animals to express greater choice and control and provide poten-
tial mitigation strategies if some visitor stimuli are found aversive.
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16.1  Introduction

The zoo environment is a unique setting for primates in human care, with daily 
exposure to visitors in addition to their caretakers. As tens of thousands of primates 
are housed in zoos around the world, understanding the challenges they face and 
how to mitigate them is essential to positive welfare. The bulk of research on 
human- animal relationships (HARs) in zoos over the past 45 years focuses on 
how visitors affect animal well-being (Sherwen & Hemsworth, 2019), and the 
majority are on primates (Hosey, 2000, 2008; Sherwen & Hemsworth, 2019). 
Negative visitor effects presumably include vigilance, hiding, aggression, and 
increased distance. Neutral effects are characterized by minimal behavior changes. 
Positive effects may include seeking proximity to humans and low levels of fear, 
aggression, or vigilance (Smith, 2014). Despite the focus on primates, we know 
relatively little about each species, and studies on the same species often are contra-
dictory. As responses to visitors may vary based on social structure, body size, and 
other factors, the substantial phylogenetic variation across primates makes general-
izing results difficult. Moreover, researchers have suggested the evolutionary prox-
imity between humans and primates may increase the likelihood they will interpret 
some human actions as threatening (e.g., staring, yawning; Nimon & Dalziel, 1992; 
Birke, 2002; Sherwen et al., 2015; Hashmi & Sullivan, 2020). This may be ampli-
fied by bidirectional mimicry, which occurs when a primate performs a hostile 
behavior and humans, likely unaware of what the behavior means, mimic those 
actions, or vice versa (Nimon & Dalziel, 1992). In this chapter, we review 46 studies 
on how visitors affect primates in zoos. Unfortunately, relationships between zoo-
housed animals and their caretakers have yet to be robustly studied (Sherwen & 
Hemsworth, 2019). As such, though keeper-animal relationships are a major source 
of anthropogenic interaction in zoos and are critical to the well-being of primates in 
human care, we do not discuss them here. Nearly half of the studies we review on 
visitor effects present a mixture of results. Of all the studies reviewed, approxi-
mately 65% report at least one negative, 65% at least one neutral, and 33% at least 
one positive effect. We recognize that the terms positive, neutral, and negative may 
be limiting, as the dynamic relationship between primates and zoo guests is com-
plex and nuanced, but we use them here to maintain consistency with the literature. 
It is beyond the scope of this review to go into specific details about the species from 
each study. However, given that primates are a large taxonomic group with consid-
erable diversity, we encourage readers to keep in mind that how primates are man-
aged in human care (e.g., group composition, feeding strategies, rearing, enrichment, 
and training protocols) as well as their natural histories (e.g., terrestrial vs. arboreal, 
social hierarchies, activity patterns across the 24-hour day) can impact how they 
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respond to visitors. We then discuss how study limitations and researcher bias may 
influence how results are interpreted, contributing to a potential misconception that 
visitors are a primarily negative stimulus, and suggest ways visitor effect research 
may be improved. Finally, we suggest potential strategies for mitigating negative 
impacts. As animal welfare science moves away from simply reducing negative 
experiences and toward increasing positive experiences, better understanding how 
primates respond to and potentially benefit from the presence of and interactions 
with visitors will allow us to improve their lives in human care.

16.2  Visitor Effects by Variable

16.2.1  Presence of Visitors

Presence or absence is one of the most commonly analyzed visitor effect variables. 
The mere presence of visitors is associated with increased conspecific-directed 
aggression and decreased affiliative behavior in numerous species (ring-tailed 
lemurs [Lemur catta], Diana monkeys [Cercopithecus diana]: Chamove et al., 1988; 
cotton-top tamarins [Saguinus oedipus]: Glatston et al., 1984; Chamove et al., 1988; 
lion-tailed macaques [Macaca silenus]: Mallapur et al., 2005). However, other stud-
ies have observed no changes in affiliative or overall social interactions with con-
specifics based on visitor presence (ring-tailed lemurs, brown lemurs [Eulemur 
fulvus], black spider monkeys [Ateles paniscus], white-fronted capuchins [Cebus 
albifrons], patas monkeys [Erythrocebus patas], De Brazza monkeys [Cercopithecus 
neglectus], Sykes monkeys [Cercopithecus albogularis], Talapoin monkeys 
[Miopithecus talapoin], Barbary macaques [Macaca sylvanus], lion-tailed 
macaques, black macaques [Macaca nigra], Hamadryas baboons [Papio hama-
dryas]: Hosey & Druck, 1987; white-cheeked gibbons [Nomascus leucogenys]: 
Lukas et  al., 2002). Increased activity in relation to visitor presence has been 
reported in multiple species (ring-tailed lemurs, brown lemurs, Talapoin monkeys, 
white-fronted capuchins, black spider monkeys, lion-tailed macaques, De Brazza 
monkeys, Sykes monkeys, patas monkeys, black macaques, Hamadryas baboons: 
Chamove et al., 1988), but not in siamangs (Symphalangus syndactylus; Nimon & 
Dalziel, 1992). Negative behaviors have increased in the presence of visitors (e.g., 
aggression, pacing; lion-tailed macaques, mandrills [Mandrillus sphinx]: Chamove 
et al., 1988). A recent study comparing behavior in a gorilla (Gorilla gorilla) troop 
during the zoo’s closure for the COVID-19 pandemic with data from the previous 
year saw no significant changes in behavior (Miller et al., 2021). While not signifi-
cant, the decrease in foraging and activity levels in most of the gorillas during the 
closure suggests a positive impact of visitors, while the decline in negative behav-
iors suggests the opposite (Miller et  al., 2021), exemplifying how even a single 
group can show inconsistent effects of visitors.
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Studies using visual barriers provide additional examples of how visitor presence 
can affect primates in human care. Orangutans (Pongo spp.) spent similar amounts 
of time on a platform near the public viewing window and showed little preference 
in orientation toward the window regardless of whether it was fully open or partially 
blocked (Bloomfield et al., 2015). Visual barriers did not change the time gorillas 
spent standing, resting, locomoting, socializing near the window, or banging on the 
glass (Blaney & Wells, 2004). One-way viewing screens had no effect on the time 
black-capped capuchins (Sapajus apella) spent out of sight or engaged in behaviors 
such as resting, locomotion, foraging, or playing, nor on their proximity to the view-
ing window, but levels of aggression, negative behaviors, and glucocorticoids were 
reduced when the screens were in place (Sherwen et al., 2015). Additionally, ring- 
tailed lemurs in a free-ranging, immersive habitat increased locomotion and more 
animals came to the ground when visitors were present, suggesting interest in peo-
ple or a lack of fear (Collins et al., 2017). In contrast, free-ranging white-faced saki 
(Pithecia pithecia) spent more than a third of their time out of sight (Sha Chih Mun 
et al., 2013).

16.2.2  Crowd Size/Visitor Density

Similarly, primates respond to larger crowd sizes/higher visitor densities with many 
of the same behavior patterns. For example, some studies have shown increased 
aggression with larger crowds (golden-bellied mangabeys [Cercocebus chrysogas-
ter], Mitchell et al., 1991, 1992; gorillas, Wells, 2005; Kuhar, 2008; Stoinski et al., 
2012; Clark et al., 2012; Smith, 2014; Lewis et al., 2020; orangutans, Smith, 2014; 
mandrills, Chamove et al., 1988), whereas others have not (black macaques, Dancer 
& Burn, 2019; Japanese macaques [Macaca fuscata], Woods et al., 2019; siamangs, 
white-cheeked gibbons, Smith & Kuhar, 2010; gorillas, Stoinski et al., 2012; Bonnie 
et al., 2016; chimpanzees, Bonnie et al., 2016). Relatedly, daily wounding rates did 
not vary based on crowd size in gorillas (Stoinski et al., 2012) or daily total gate 
counts in ring-tailed lemurs or chimpanzees (Pan troglodytes; Hosey et al., 2016). 
Changes in affiliative behavior also are mixed, with some studies showing reduc-
tions (chimpanzees, Wood, 1998; gorillas, Wells, 2005), some showing no change 
(golden-bellied mangabeys, Mitchell et  al., 1991; gorillas, Wells, 2005; Kuhar, 
2008; Stoinski et al., 2012; Lewis et al., 2020; siamangs, white-cheeked gibbons, 
Smith & Kuhar, 2010), and others showing increases (Diana monkeys, Todd et al., 
2007). In gorillas, larger crowd sizes have been associated with increases (Wells, 
2005) or no change in resting (Kuhar, 2008). In a study on gorillas, pileated gibbons 
(Hylobates pileatus), and orangutans, inactivity levels and locomotion did not vary 
based on visitor densities (Hashmi & Sullivan, 2020). In response to crowd size, 
gorillas (Carder & Semple, 2008; Lewis et  al., 2020) and white-handed gibbons 
(Hylobates lar; Cooke & Schillaci, 2007) increased scratching, which may indicate 
anxiety, but crowd size did not impact behaviors such as stereotypies in gorillas or 
orangutans (Hashmi & Sullivan, 2020). In chimpanzees, higher visitor count was 
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associated with an increase in yawning, another potential indicator of anxiety, but 
not scratching or regurgitation and reingestion (Wallace et al., 2019).

In addition, many species showed increased visual monitoring, often assumed to 
indicate vigilance, with higher visitor densities (mandrills, Chamove et al., 1988; 
gorillas, Clark et al., 2012; Lewis et al., 2020; black macaques, Dancer & Burn, 
2019; white-handed gibbons, Cooke & Schillaci, 2007). Studies examining food- 
related behaviors (e.g., searching for, processing, or ingesting food items) have 
found a combination of negative (ring-tailed lemurs, Goodenough et  al., 2019; 
chimpanzees, Wood, 1998; gorillas, Clark et al., 2012; Lewis et al., 2020), neutral 
(gorillas, Kuhar, 2008), and positive effects of crowd size (black macaques, Dancer 
& Burn, 2019; Diana monkeys, Todd et al., 2007; gorillas, orangutans, Hashmi & 
Sullivan, 2020). Some great apes decrease enrichment use with larger crowds 
(chimpanzees, Wood, 1998; gorillas, Lewis et al., 2020). There is also evidence of 
multiple species engaging in avoidance behavior in response to larger crowds. For 
example, gorillas, white-cheeked gibbons, and siamangs spent more time out of 
view and decreased their proximity to viewing windows (Kuhar, 2008; Smith & 
Kuhar, 2010), and gorillas (Collins & Marples, 2016) and orangutans spent less 
time oriented toward viewing windows when visitor density was high (Hashmi & 
Sullivan, 2020). However, other studies have shown crowd size did not impact space 
use patterns or proximity to viewing windows (chimpanzees, Ross & Lukas, 2006; 
Bonnie et al., 2016; gorillas, Wells, 2005; Ross & Lukas, 2006; Bonnie et al., 2016). 
Similarly, visitor density did not alter the amount of time gorillas or pileated gib-
bons spent with their back toward the window (Hashmi & Sullivan, 2020), a behav-
ior that may be avoidant (Collins & Marples, 2016; Hashmi & Sullivan, 2020). 
Larger crowds were even associated with more time spent at viewing windows in 
common squirrel monkeys (Saimiri sciureus; Polgár et al., 2017).

In other research on the effects of crowd size, Hosey and Druck (1987) observed 
no relationship with visitor-directed behavior in the 12 species they studied. Crowd 
size was not associated with behavioral diversity in ring-tailed lemurs (Collins 
et al., 2017). Other studies reporting a neutral impact of visitor density have used 
unique measures, such as infants clinging to their mothers (gorillas, pileated gib-
bons, Hashmi & Sullivan, 2020), distribution of parturition and infant survival 
across days of the week (gorillas, Kurtycz & Ross, 2015; chimpanzees, Wagner & 
Ross, 2008), and willingness to participate in cognitive tasks (Japanese macaques, 
Huskisson et al., 2020; chimpanzees, Hopper et al., 2015).

16.2.3  Visitor Activity

Some have suggested visitor activity is more important than presence or crowd size. 
In their study on 12 species, Hosey and Druck (1987) reported increased locomo-
tion with more active visitors. Recent studies also described increased locomotion 
as well as increased vigilance and less resting in ring-tailed lemurs with a higher 
number of active visitors (Goodenough et  al., 2019). In Japanese macaques, 
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“frenetic” crowd activity predicted increased visitor-directed aggression (Woods 
et  al., 2019). Chimpanzees were more likely to scratch when visitors used flash 
photography and yawn when children screamed, but visitor behavior did not affect 
regurgitation and reingestion (Wallace et al., 2019).

16.2.4  Crowd Composition

Crowd composition is a rarely investigated visitor variable. While white-handed 
gibbons showed more scratching and alertness when there were more children, they 
had similar rates of climbing and hanging behavior regardless of crowd composition 
(Cooke & Schillaci, 2007). Gorillas also have shown increased scratching and alert-
ness when there were more children, but crowd composition was not associated 
with affiliative or agonistic social behavior, activity levels, foraging, or engaging 
with enrichment (Lewis et al., 2020).

16.2.5  Visitor Noise Levels

While many visitor variables studied are visual, auditory stimuli also may play a 
role in how primates respond to guests. Orangutans showed fewer behavioral 
responses to quiet crowds compared to louder ones (Birke, 2002). Conversely, no 
changes in overall behavior despite “the different noise levels due to visitation” 
were reported for multiple species (brown howler monkeys [Alouatta guariba], 
golden-bellied capuchins [Sapajus xanthosternos], golden-bellied lion tamarins 
[Leontopithecus chrysomelas], gorillas, chimpanzees, Quadros et al., 2014). Louder 
crowds have been associated with increased aggression or threatening behaviors in 
white-handed gibbons (Cooke & Schillaci, 2007) and gorillas (Lewis et al., 2020). 
Also in white-handed gibbons, researchers observed a decrease in affiliative behav-
ior with louder crowds (Cooke & Schillaci, 2007), but there was no change in goril-
las (Lewis et  al., 2020) and play increased in black macaques (Dancer & Burn, 
2019). Noise levels were not associated with inactivity in pileated gibbons or orang-
utans, with locomotion in pileated gibbons, orangutans, and gorillas, or with stereo-
typic behaviors in gorillas and orangutans (Hashmi & Sullivan, 2020). Multiple 
species increased alertness or vigilance in response to louder crowds (black 
macaques, Dancer & Burn, 2019; gorillas, Clark et al., 2012; white-handed gibbons, 
Cooke & Schillaci, 2007). Reports suggest some species engage in less feeding 
behavior when louder crowds are present (gorillas, Hashmi & Sullivan, 2020; Lewis 
et  al., 2020), but others have observed neutral (orangutans, Hashmi & Sullivan, 
2020) or positive effects (black macaques, Dancer & Burn, 2019). Additionally, 
Hashmi and Sullivan (2020) reported no association between noise levels and infant 
clinging in gorillas and pileated gibbons.
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16.2.6  Miscellaneous Visitor Effect Research

In addition to traditional variables, other studies have documented visitor effects in 
various ways. For example, one study combined crowd size, noise level, and activity 
into a single metric the authors called a “visitor impact score” (Roth & Cords, 
2020). Larger visitor impact scores were positively associated with aggression, 
scratching, and yawning in ebony langurs (Trachypithecus auratus). However, posi-
tive social behaviors such as mounting and allogrooming also were positively asso-
ciated with visitor impact scores, and there was no change in autogrooming (Roth 
& Cords, 2020). In another study, free-ranging cotton-top tamarins and white-faced 
saki occasionally directed agonistic behavior toward visitors, such as facial or vocal 
threats, lunging, chasing, and even biting and scratching (Sha Chih Mun et  al., 
2013). However, there was no mention of whether any particular visitor actions 
preceded these few cases of human-directed aggression. Orangutans exhibited less 
social and play behavior when visitors were less than 10 m away from the viewing 
window (Choo et al., 2011). Although this effect appears negative, the animals lived 
in large habitats with plenty of space to control their proximity to guests regardless 
of visitor position, so habitat design must be considered when interpreting effects of 
human proximity on animal behavior. Begging/soliciting food has been observed in 
ring-tailed lemurs (Collins et al., 2017), cotton-top tamarins (Sha Chih Mun et al., 
2013), lion-tailed macaques (Mallapur et al., 2005), chimpanzees (Cook & Hosey, 
1995; Wood, 1998), and orangutans (Birke, 2002; Choo et  al., 2011). Relatedly, 
crowned lemurs (Eulemur coronatus) increased their interactions with visitors over 
time during visitor feeding experiences (Jones et al., 2016). Regardless of whether 
feeding is permitted, active solicitation has been considered a positive visitor effect 
because it shows a lack of fear of humans. Likewise, juveniles accounted for 84% 
of all nonaggressive visitor-directed interactions in Japanese macaques, which the 
authors suggested may indicate curiosity (Woods et al., 2019).

16.3  Limitations of Research to Date 
and Alternative Interpretations

Though visitor effects studies form the foundation of our knowledge on HARs in 
primates, several limitations should be considered when contextualizing the litera-
ture. First, visitor variables suffer from inconsistent terminology (e.g., crowd size 
vs. visitor density) and measurement. Methodological inconsistencies, and subjec-
tively or poorly defined variables such as noise or activity, make replication and 
interpretation difficult. For example, some studies measure visitor density using 
instantaneous crowd size counts, where the observer counts the number of guests, 
while others use total daily gate counts as proxies. Although the two variables were 
correlated, behavior changes in gorillas were explained only by instantaneous crowd 
size counts (Lewis et al., 2020). Additionally, any one group of visitors may not be 
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stressful, but there could be a cumulative effect throughout the day (Kuhar, 2008; 
Collins et al., 2017).

Visitor effects research also often ignores animal-based factors that may con-
found results and interpretations. Even within the same species, primates show sub-
stantial individual variation in their responses to humans. Exemplifying this, a 
recent study on yellow-breasted capuchins (Sapajus xanthosternos) showed such 
marked individual variation in how visitors affected their behavior that no general 
pattern could be discerned (Rodrigues & Azevedo, 2017). Therefore, studies should 
incorporate individual characteristics whenever possible, such as age, sex, rearing, 
personality, and social rank (Hosey, 2008; Stoinski et al., 2012; Bonnie et al., 2016; 
Polgár et  al., 2017; Woods et  al., 2019; Hashmi & Sullivan, 2020; Lewis et  al., 
2020). For example, male gorillas increased aggression with larger crowds while 
females did not (Stoinski et al., 2012), and personality factors moderate effects of 
crowd size on behavior in gorillas (Stoinski et  al., 2012) and squirrel monkeys 
(Polgár et al., 2017). The impact of individual variation on group dynamics may 
also help explain the inconsistent results observed between studies of the same 
species.

Additionally, few studies incorporate physiological indicators of welfare along-
side behavior and those that do have measured only glucocorticoids (e.g., cortisol; 
Davis et al., 2005; Clark et al., 2012; Sherwen et al., 2015). While glucocorticoids 
can be informative, they have functions beyond stress responses, and accurate inter-
pretation can require considerable context (Cockrem, 2013; McEwen, 2019). 
Moreover, through habituation (Rault et al., 2020), individuals may learn that expe-
riences they initially found stressful are not a concern, meaning physiological 
responses may decrease over time and disappear altogether. To better understand if 
there is a biological cost associated with behavioral changes, more studies need to 
include physiological data and, whenever possible, biomarkers from multiple sys-
tems (e.g., immune, reproductive) alongside glucocorticoids (Brown et al., 2001; 
Linklater et al., 2010). Behavioral changes in some individuals may successfully 
moderate physiological changes, indicating successful coping and resilience. 
Outside of situations known to be harmful (e.g., increased wounding), this would 
raise the question of whether behavioral changes in response to visitors are indeed 
negative. One example of behavior potentially attenuating physiological responses 
is from a recent study on how gorillas responded to a recurring evening event over 
multiple weeks in which negative behavioral changes were observed (e.g., more 
contact aggression), but there were no differences in glucocorticoids (Bastian 
et al., 2020).

It also is uncommon to include environmental variables such as time of day, 
temperature, or precipitation. These are correlated with visitor variables, for exam-
ple, more visitors on days with good weather and larger crowds mid-day 
(Goodenough et al., 2019), but the common assumption is that changes in behavior 
are driven primarily by guests. However, as shown in two recent studies on ring- 
tailed lemurs, ignoring environmental variables may overestimate visitor effects. 
Collins et al. (2017) showed behavioral changes were driven by time of day, season, 
and weather, with few effects of visitors. More specifically, Goodenough et  al. 
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(2019) reported 10–37% of the behavioral changes observed were explained by 
time of day and weather, whereas effects of visitors explained only 3–8%.

Furthermore, visitor effect studies often lack internal, external, and construct 
validity. Likely due to difficulty manipulating conditions, we have yet to determine 
the cause-and-effect relationship between visitors and changes in behavior. There 
are two non-mutually exclusive hypotheses for the direction of events (Hosey, 2000, 
2008): the visitor effect hypothesis suggests visitors induce changes in behavior, 
and the visitor attraction hypothesis suggests active animals attract more atten-
tion. The visitor effect hypothesis is the lens through which most studies are viewed 
(we even refer to them as visitor effect studies). In an early influential review on the 
topic, Hosey (2000) shaped the field by stating the visitor attraction hypothesis 
“cannot account for most of the observed effects.” Although active behavior in ani-
mals has the strongest impact on how long visitors spend at exhibits (Johnston, 
1998), Choo et al. (2011) wrote that visitors looking at or taking photographs “sig-
nificantly increased the chances” orangutans would be feeding, playing or social-
izing, and moving. This framing seems to suggest orangutans perform behaviors in 
response to being watched and photographed, despite these behaviors not being 
affected by crowd size or activity (Choo et al., 2011). This example demonstrates 
how ingrained the idea of visitors causing behavioral changes has become. On the 
other hand, the cause-and-effect direction of both hypotheses is limiting: the rela-
tionship between primate and guest is likely to be interactive, dynamic, reciprocal, 
and involve a degree of turn-taking. Though the study of visitor effects on zoo ani-
mals should remain its own body of research, especially considering mitigations 
implemented that improve animal welfare, perhaps future research should also con-
sider “guest-animal interaction effects” above and beyond visitor effects.

Although the difficulty and expense of multi-institution studies are recognized 
and understood, because research on visitor effects is primarily conducted at single 
zoos with small sample sizes, generalizing results across institutions is not possible 
and makes it difficult to understand the effect visitors have on primates or establish 
best practice guidelines. These limitations are compounded further by the short 
duration of many studies, which usually capture only a few weeks or months of time 
for animals who live for decades. The field would benefit from a meta-analysis 
quantifying the strength of behavioral changes that have been observed. However, 
many studies do not report sufficient statistical information to allow for meta- 
analysis, such as effect sizes and confidence intervals (Cooper, 2017), and even 
significance can be vague (e.g., p  <  0.05 vs. p  =  0.021). More robust statistical 
reporting would help overcome this issue with external validity, allowing meta- 
analyses even when multi-institution studies remain infeasible.

Perhaps most importantly, researchers who study visitor effects need to critically 
examine whether behaviors assumed to be negative truly are, and if they are, whether 
the impacts are substantial. Though the hope may be for primates in human care to 
go about their lives as if we are not here, behavioral flexibility is an adaptive cop-
ing strategy (Hill & Broom, 2009) and it is unrealistic for animals not to show any 
response to changes in their environment. Akin to how humans behave differently 
when at work around colleagues than at home with family, such changes are not 
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inherently negative and instead may be neutral or even positive. Behaviors inter-
preted as negative are sometimes instead appropriate, species-typical reactions. 
Though wild-type behavior does not equal good welfare (Learmonth, 2019), the 
standard in zoos is usually to encourage species-typical responses, yet in some 
cases, these are then interpreted negatively. For example, silverbacks displaying at 
crowds while females more passively avoid them (Stoinski et al., 2012; Clark et al., 
2012; Lewis et al., 2020) is expected based on gorilla socioecology (Harcourt & 
Stewart, 2007), but aggression and hiding are predominantly characterized as nega-
tive reactions. While that could certainly be the case if they resulted in injury or 
prevented positive behaviors from occurring, more evidence is needed. If less feed-
ing is observed in response to visitors, consistently weighing animals, a standard 
practice in zoos for many species, will determine whether there is cause for concern. 
Measures of behavioral diversity across 24-hour periods can be used to know if 
desired behaviors, such as play or grooming, are negatively impacted by visitors. 
Recently, the possibility has been raised that visitor-directed aggression may even 
be beneficial for some individuals. For example, Woods et al. (2019) suggested low- 
ranking macaques may be the ones who are performing most of the aggression, in 
which case the public may enhance their welfare by providing a safe outlet for 
expressing species-typical displacement behaviors. Comparably, some ambiguous 
behaviors are frequently assumed to be negative. Increases in activity and decreases 
in inactivity have been interpreted as agitation or interfering with rest (Chamove 
et al., 1988), yet zoos are often concerned about lower activity levels in captive col-
lections relative to wild populations (e.g., Ross & Shender, 2016). Instead, changes 
in activity levels may indicate interest and stimulation; unless there are data animals 
are not getting sufficient rest or are losing weight, changes in activity could be con-
sidered neutral or positive effects. Visual attention also is an ambiguous behavior 
that is frequently interpreted negatively, as indicated by the practice of calling it 
vigilance. However, absent of other evidence, visual attention simply indicates 
awareness of their environment, and may even be a sign of interest or curiosity. For 
example, gorillas and orangutans spend more time watching familiar humans, with 
whom they have positive HARs, than unfamiliar (Smith, 2014). The assumption 
that visual attention equates to vigilance and feeling threatened needs explicitly 
investigated to determine if this normal, appropriate response to a changing envi-
ronment truly indicates a welfare concern. In modern zookeeping techniques, 
primate- keeper interactions are essential for their husbandry and health care. Should 
we instead reevaluate the goal that primates should behave more “wild” when in 
view of visitors? In order to give primates the best opportunities to exhibit species- 
typical behaviors and to limit the impact of visitor effects, perhaps we should instead 
reconceptualize the visitor experience: how visitors should behave, education on 
what behaviors to look for and expect from a variety of species, and what lessons 
about conservation they should take home.

The bias some researchers seem to have toward negative conclusions further 
emphasizes these issues with construct validity. For example, despite reporting no 
changes in behavior in 14 different primate and non-primate species, Quadros et al. 
(2014) wrote visitor noise was “almost certainly having a negative impact on the 
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welfare of these species.” Similarly, after observing evidence of mostly neutral and 
even some positive visitor effects in gorillas, orangutans, and pileated gibbons, 
Hashmi and Sullivan (2020) concluded the visitor effect “ranged from no effect to 
detrimental.” Part of this bias may stem from a historical emphasis on negative indi-
cators, but an absence of negative indicators does not always translate to a positive 
welfare state. Modern animal welfare science recognizes welfare exists on a spec-
trum ranging from poor to good and actively promotes positive welfare states 
(Yeates & Main, 2008; Mellor & Beausoleil, 2015). While more research is needed 
to determine indicators of positive welfare (Yeates & Main, 2008), there should be 
equal emphasis between these and negative indicators. Researchers (and readers) 
should be aware of how an emphasis on negative indicators and a prior belief that 
visitors are stressful is likely to shape everything from how behaviors are perceived 
(e.g., the often-subtle distinction between play and aggression) through to how 
results are interpreted and reported.

Finally, results from early research may lead to erroneous conclusions about 
impacts today. Modern zoo habitats are a far cry from the cages of decades ago 
(Fig. 16.1). Major changes in habitat design, some directly driven by studies on visi-
tor effects, have resulted in larger, more naturalistic habitats that provide greater 
opportunities for choice and control. Such changes are likely to mitigate many nega-
tive impacts of visitors (Hosey, 2005; Ross et al., 2009). Moreover, early enclosure 
design often permitted visitor-primate interactions that are no longer possible. 
Unfortunately, multiple studies described harassment and teasing by visitors, for 
instance, by climbing or kicking fences (Mitchell et  al., 1992), throwing rocks 
(Wood, 1998), or even physical harm (Mallapur et al., 2005). Considering this, aver-
sive reactions to visitors in some individuals are unsurprising, and given the long 
memories and life spans of these animals, may persist even after moving into 
updated habitats. Both shifting values of the public toward increased animal wel-
fare, which impacts their behavior and expectations when visiting zoos, and the 
distance or barriers preventing public interaction that are common in newer habitats 
may improve animals’ perceptions of visitors. Several recently published studies 
demonstrate visitor effects are less negative than predicted based on reports from 
earlier decades (Wagner & Ross, 2008; Choo et  al., 2011; Stoinski et  al., 2012; 
Clark et al., 2012; Kurtycz & Ross, 2015). These shifting perspectives are perhaps 
best encapsulated by a statement in a recent paper from Hosey et al. (2016, p. 209): 
“We can only agree… that the effects of zoo visitors on captive animals may be less 
profound than previous studies suggested.”

16.4  Potential Strategies for Mitigating Negative Impacts

Although changes in enclosure design and management strategies over time have 
mediated some concerns, there are still cases where visitors may be detrimental to 
the welfare of zoo-housed primates. Successfully mitigating negative impacts 
requires first identifying which visitor variables are responsible, and we recommend 
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Fig. 16.1 A comparison of a historic primate exhibit (a) with the larger, naturalistic habitats in 
many modern zoos (b–d). Panel (a) Monkey House interior (Courtesy of the Saint Louis Zoo). 
Panel (b) Donn and Marilyn Lipton Fragile Forest (Courtesy of the Saint Louis Zoo). Panel (c) 
Treetop path, Masoala Halle (Copyright: Zoo Zürich, Corinne Invernizzi). Panel (d) Gondwanaland. 
(Copyright: Zoo Leipzig, Maria Saegebarth)

comprehensive studies before implementing costly modifications that may have 
limited benefit. For example, a study on black-capped capuchins showed no evi-
dence that visitor behaviors (e.g., banging on windows) or noise levels decreased 
when a one-way viewing screen was put in place, allowing the authors to conclude 
the behavioral changes they observed after its implementation was likely due to 
reduced visual stimuli (Sherwen et al., 2015). Given that many visitor variables are 
visual (e.g., crowd size, activity), multiple studies have implemented visual barriers 
with varying degrees of success. The study on black-capped capuchins reported a 
68% reduction in conspecific-directed aggression and a further reduction in already 
low rates of visitor-directed aggression, less time visually oriented toward visitor 
areas, and a 38% reduction in abnormal behaviors in the two individuals who per-
formed them (Sherwen et  al., 2015). As described in Sect. 16.2.1, implementing 
visual barriers may also result in no changes to a variety of behaviors (Blaney & 
Wells, 2004; Bloomfield et al., 2015; Sherwen et al., 2015). A male drill (Mandrillus 
leucophaeus) even sought higher ground to continue engaging in visitor-directed 
aggression when a barrier was put in place (Martín et al., 2016). Bloomfield et al. 
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(2015) postulated people themselves may not be enriching but the changing scenery 
in the visitor viewing area may be. Animals also may be more responsive to visitors 
when they have nothing else to do. As such, increasing or changing enrichment 
may decrease boredom. At one zoo, gorillas engaged in more self-scratching and 
visual monitoring with higher visitor numbers, but these behaviors disappeared 
when food enrichment was provided (Carder & Semple, 2008). However, other 
studies indicate visitors reduce the likelihood of chimpanzees (Wood, 1998) and 
gorillas (Lewis et al., 2020) engaging with enrichment. Although a feeding enrich-
ment program successfully modified behaviors such as stereotypies in a male drill, 
it was not successful at decreasing visitor-directed aggression (Martín et al., 2016).

Studies on primates in large, naturalistic enclosures such as those described in 
Choo et al. (2011) show little evidence that visitors are aversive, likely because they 
can maintain comfortable distances and have control over their level of visibility. 
Given that some primates could interpret human actions as threatening, providing 
spaces where individuals can retreat is important. This could be accomplished by 
allowing access to off-exhibit holding areas even during open hours, ensuring 
exhibits are outfitted with on-exhibit hiding areas, and designing exhibits that offer 
sufficient retreat distances from the public without having to sacrifice access to 
important resources (e.g., shade, water sources). Such provisions give individuals 
more choice and control over their experiences, which is essential to positive wel-
fare (Broom, 1988; Hill & Broom, 2009). As multiple studies have documented no 
change in time spent out of sight, proximity to viewing windows, or space use based 
on different visitor variables (Blaney & Wells, 2004; Wells, 2005; Ross & Lukas, 
2006; Quadros et al., 2014; Bloomfield et al., 2015; Sherwen et al., 2015; Bonnie 
et al., 2016), it is unlikely many primates would choose to spend the majority of 
their time in off-display areas compared to their larger, more enriched habitats. 
Providing higher vantage points or other ways of elevating primates relative to 
guests also may improve visitor effects, especially for arboreal species.

Finally, providing increased opportunities for positive interactions may help 
strengthen and improve visitor-primate relationships. For example, there is evi-
dence showing primates form positive bonds with familiar humans such as their 
caretakers (Herrelko et al., 2012; Smith, 2014), who may even be an integral part of 
their social networks (Funkhouser et al., 2020), as well as evidence demonstrating 
the enriching effects of training (Savastano et al., 2003) and participating in cogni-
tive tasks (Herrelko et al., 2012). Implementing positive reinforcement training in 
Abyssinian colobus (Colobus guereza) resulted in an elimination of interactions 
with visitors (Melfi & Thomas, 2005). Conducting training sessions or even cogni-
tive research in full view of the public improves visitor understanding of the work 
done in zoos and appreciation for the animals themselves (Hopper, 2017). It also 
helps primates form positive associations between activities they enjoy and the pres-
ence of guests, indirectly improving their perception of unfamiliar humans (see also 
Polgár et al., 2017). Depending on the type of cognitive research being conducted, 
it may even be possible for visitors to interact with primates through touchscreen 
activities. For primates housed in zoos that will not be released into the wild, we 
should consider potential avenues to further improve their experiences in human 
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care even if the behaviors are not “natural” (see also Brando & Herrelko, 2021), 
especially if those experiences could mimic the cognitive challenges wild primates 
experience but are often lacking in captive environments. However, given the con-
sequences associated with viewing images and videos of primates in inappropriate 
contexts with humans, such as decreased perception of their conservation status or 
increased perception of their suitability as pets (Ross et al., 2011; Nekaris et al., 
2013), such nonnatural interactions would need to be carefully moderated to pro-
vide the necessary context to visitors.

16.5  Conclusion

Early research in primates indicated visitors had primarily negative impacts on 
behavior. However, primates can form positive relationships with humans, and 
accordingly there also is evidence to support neutral or even positive visitor effects. 
Given the limitations inherent to research on visitor effects and the potential for 
alternative interpretations of some results, as well as the considerable changes in 
zoo habitat design in the 45-year history of these studies, we suggest critical reeval-
uation of the common assumption that visitors are a negative stimulus. Incorporating 
consistent methods for measuring visitor variables as well as additional animal- and 
environment-based variables would greatly improve our understanding of how visi-
tors impact primates in human care. It also is necessary to improve construct valid-
ity across studies, ensuring that we accurately categorize behaviors as indicating 
positive or negative effects. Whenever possible, we should design studies with high 
internal validity that can determine the cause-and-effect relationship between visi-
tors and behavioral changes. Furthermore, as visitor effect studies are essentially a 
compendium of case studies, researchers should report data that are amenable to 
meta-analysis, such as effect sizes, which would allow us to generalize effects 
across zoos, strengthening external validity. Finally, we encourage researchers to be 
cautious in their interpretations, provide detailed alternatives, and explicitly 
acknowledge limitations. In cases where visitor effects may be negative, strategies 
such as providing hiding areas or increasing enrichment and training may success-
fully mitigate these effects. Evaluating such changes systematically will help deter-
mine best practices for care and management, and we encourage publishing both 
successful and unsuccessful attempts. Promoting positive visitor-primate relation-
ships will continue building on the vast improvements already made in animal wel-
fare over the past several decades, allowing species in human care to thrive.
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Abstract Across the globe and across time, primates have been used in live perfor-
mances and depicted through imagery to entertain audiences and tell stories. 
Technological advances have led to a proliferation of ways in which we consume 
media and with that, audiences for primates in entertainment have flourished. Here 
we review some of the ways primates are used as entertainers and examine repre-
sentations of primates in contemporary media. We provide an overview of the role 
of primates in the entertainment industry and discuss issues of animal welfare and 
conservation. An understanding of the history primates in media and entertainment 
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is critical to regulating these practices and ensuring the health and welfare of both 
humans and animals.

Keywords Actors · Ethics · Film · Gaming · Selfies · Social media · Welfare · 
Photo props

17.1  Introduction

To entertain is ‘to provide (someone) with amusement or enjoyment’ (Oxford 
Dictionary, 2021). For millennia, people have used animals, including primates, as 
sources of entertainment in a myriad of forms. As early as the first century BC, apes 
and monkeys were hunted in Venatio blood sports in the arenas of the Roman 
Empire (Mechikoff, 2014 in Ćurko, 2020). In nineteenth-century England, primates, 
including an individual called Jacko Macauco (‘the champion of monkeys’), were 
pitted against fighting dogs (Lennox, 1860). Today, the use of primates in entertain-
ment remains prevalent. Primates are used for live entertainment across the globe as 
photo props (LaFleur et al., 2019; Stazaker & Mackinnon, 2018), circus performers 
(Agoramoorthy & Hsu, 2005; Gotsis, 2018; Shanee et al., 2017), objects of novel 
experience (Romano, 2019) and as street performers (Fragaszy & Visalberghi, 
2004). Primate entertainment is not only performed by live actors but also delivered 
to audiences across numerous media platforms. Primates are used as film and televi-
sion actors (Aldrich, 2018; Wallace, 2012) and in the creation of social media con-
tent (Nekaris et al., 2013, 2015).

The International Primatological Society developed a statement opposing such 
use (IPS, 2008). The Society objects to the caricaturisation of primates (including 
dressing them and training them in ways that compromise welfare), failure to keep 
primate performers in species-appropriate social groups, the use of aversive train-
ing, inaccurate portrayal of primate biology and conservation status and the risk of 
disease transfer between people and primates. All are common aspects of the use of 
primates as performers. The Society’s statement is closely linked with the Five 
Freedoms of animal welfare: freedom from hunger or thirst; freedom from discom-
fort; freedom from pain, injury or disease; freedom from fear and distress; and free-
dom to express normal behaviours (Webster, 2016). We recognise that we cannot 
include in this chapter all examples of primates in entertainment nor detail all the 
complex ethical and welfare issues that arise. Instead, we focus on those forms of 
entertainment that deprive primates of these freedoms or compromise their conser-
vation. Further, we discuss primates in film, television, social media and gaming, 
because images of primates in these mediums have implications for public under-
standing of primates. Pet keeping, ecotourism, zoos and roadside attractions, exam-
ined in other chapters of this book and elsewhere, could also be viewed as forms of 
entertainment (Russon & Wallis, 2014; Chaps. 11, 14 and 16, this volume).
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17.2  Live Entertainment

17.2.1  Circuses and Live Performances

Travelling circuses and similar acts featuring performing primates still draw crowds, 
whether legally permitted or not (Born Free Foundation, 2014; Shanee & Shanee, 
2021; Thomas, 2018). The use of wild animals in circuses has been banned by 31 
countries, while other nations have implemented regional bans and restrictions 
(Dykes, 2020). Most bans are implemented on welfare grounds (Tyson, 2020). Yet, 
in much of the world, the use of primates as performers on stage, in circuses or in 
other public venues, is permitted, and the practice continues illegally in many other 
countries. In Vietnam, 22 circuses that feature performing wild animals have been 
identified, 18 of which include primates. Most often, the primates involved are 
macaques. As of October 2020, 1 Vietnamese circus alone owned 24 macaques 
(Animals Asia Foundation, unpublished data).

In the USA, wild animal acts regularly travel the state and county fair circuit. The 
state of Minnesota alone hosts over 90 such annual events (Qian et al., 2018). During 
the summer of 2014, one of these events was observed by Aldrich (2014). Several 
times a day, two ring-tailed lemurs (Lemur catta) were removed from a small dis-
play in a trailer and placed in carrying containers. These containers were then con-
nected to an enclosed metal ‘racetrack’ with another carrying container at the other 
end (Fig. 17.1a). Children were selected from the audience to open hatches, allow-
ing the lemurs to ‘race’ to the other end (Aldrich, 2014). Similarly, an act called 
‘The Banana Derby’ has appeared regularly at fairs across the country, featuring 
clothed capuchin monkeys strapped to the backs of dogs, ‘racing’ around a small 
course (Space Coast Daily, 2020). In South America, primates, including capuchins 
(Cebus and Sapajus spp.), spider monkeys (Ateles spp.) and woolly monkeys 
(Lagothrix spp.), are regularly used as performers in travelling circuses and fairs 
(S. Shanee, personal observation; Fig. 17.1b).

In Indonesia, long-tailed macaques (Macaca fascicularis) are trained to perform 
in masked performances (Fig. 17.1c). The animals are referred to as ‘masked mon-
keys’ – topeng monyet in Bahasa Indonesia or ledhek kethek and tandhak bedhes in 
Javanese (Hansen et al., 2021; Kencana, 2017). The practice draws on traditional 
Indonesian dance dramas in which human dancers wear masks to embody nature, 
ancestors, mythical beings or characters from traditional fables (Emigh, 1996). 
Originating in the 1890s, topeng monyet replaced the human dancers with trained 
macaques. Over time, the practice became popular and evolved to include young 
wild-caught macaques dancing, praying, riding bicycles or performing other tricks. 
Aversive handling and training methods are often used. Trainers may use pliers to 
remove canine teeth without anaesthesia or restrain animals on short metal chains to 
force them to stand bipedally in cramped cages for long periods. Often these chains 
are put on the animals when they are young and become embedded into the skin as 
they grow. These practices can result in painful infections, injuries and behavioural 
problems (JAAN, 2015). As a result of pressure from animal welfare groups, the 
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Fig. 17.1 (a) Ring-tailed lemur (Lemur catta) at a racetrack attraction at a county fair in 
Massachusetts, USA. (Photo B. Aldrich). (b) Black-faced spider monkeys (Ateles chamek) in a 
travelling circus in Bolivia. (Photo N.  Shanee/Neotropical Primate Conservation). (c) Masked 
monkey (Macaca fascicularis) in Tasikmalaya, Indonesia. (Photo A.  Walmsley/Little Fireface 
Project)

practice was officially outlawed across the island of Java in 2013. However, public 
sentiment has changed but little, and the practice still occurs across Indonesia 
(K.  Feddema and K.A.  Nekaris, personal observation). The practice of topeng 
monyet exemplifies the complex interaction between sociocultural, economic and 
animal welfare factors that shape entertainment practices.

17.2.2  Paid Interactions

Paid interactions between people and primates can occur alongside live perfor-
mances or separately from them. These interactions tend to fall into two overlapping 
categories. Animal experiences involve payment to a handler in exchange for the 
opportunity to physically interact with a primate, including feeding it, touching it or 
engaging in a planned activity (e.g. lemur yoga; Romano, 2019). Photo opportuni-
ties involve payment for a photo with the primate, which often entails physical 
contact between the person and the animal. In some cases, where these interactions 
are not regulated and are illegal, vendors may also allow clients to purchase the 
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animal as a pet (Osterberg & Nekaris, 2015). The industry built around this sort of 
interaction is known as the photo prop trade.

Box 17.1 Thailand’s Wildlife Tourist Attractions
Thailand is a leading global tourist destination, which attracted 39.8 million 
visitors in 2019 (Ministry of Tourism and Sports, 2021). Many tourists visit 
zoos and wildlife tourist attractions (WTAs), which range from local zoos and 
single species attractions like elephant (Elephas maximus) camps to safari 
parks or even a zoo on top of a department store. WTAs offer a wide selection 
of animal interactions, including circus-style shows, photos and feeding 
opportunities. These shows routinely feature primates. Of the primates, 
macaques (Macaca spp.), mainly pig-tailed macaques (M. nemestrina), are 
the most widely used. Schmidt-Burbach et al. (2015) recorded 371 individual 
macaques at 21 venues offering monkey shows. Often these macaques are 
forced to ride bicycles, play basketball, do push-ups, pose for photos and 
mingle with the crowd to sell souvenirs and beg for tips. Apes are exploited 
for the same purposes, with gibbons (Hylobatidae), orangutans (Pongo spp.) 
and chimpanzees (Pan troglodytes) common as photo props (Kerr, 2017). One 
WTA in Bangkok is well-known to animal advocates, who have repeatedly 
expressed concern over its treatment of animals, including the great apes 
(PETA, 2021; WFFT, 2019). Upon arrival at this venue, tourists see infant 
chimpanzees, orangutans and gibbons dressed like human babies and sur-
rounded by plush toys (Fig. 17.2; Cohen, 2009). Keepers charge tourists to 
bottle-feed the apes or to have their photo taken with them (A. Fourage, per-
sonal observation).

Given the perceived legitimacy of venues, tourists may assume that the 
animals are well cared for and fail to realise the welfare harms caused by their 
involvement. Experiences such as these are known drivers of the wildlife 
trade, encouraging demand for primate pets (Norconk et al., 2020). The acqui-
sition of non-native species is frequently connected to illegal activity, and in 
many cases, their origins cannot be determined (Beastall et al., 2016). If pri-
mates are wild-caught, their mothers or group mates may be killed during 
capture (Norconk et  al., 2020; Peres, 1991; Stiles et  al., 2013), which can 
cause psychological trauma from capture or from premature maternal separa-
tion (Bradshaw et al., 2005; Mallonee & Joslin, 2004). Captive environments 
for these individuals are frequently substandard, with movement severely 
restricted. Without the ability to express natural behaviours, animals may 
develop abnormal behaviours, including coprophagy, regurgitation and 
reingestion, hair plucking, stereotypies (e.g. rocking back and forth) and auto- 
aggression (e.g. self-biting and wounding) (Jacobson et al., 2016; Lopresti- 
Goodman et al., 2013). Current legislation does not prohibit the use of wild 
animals for entertainment in Thailand nor does it sufficiently govern hus-
bandry practices (Dorloh, 2017; Schmidt-Burbach et  al., 2015). Therefore, 
welfare harms will continue as long as demand for interactions persists.

(continued)
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Fig. 17.2 Two infant 
chimpanzees at a Thai 
WTA wearing diapers and 
chained at the wrist. (Photo 
A. Fourage)

In Madagascar, where the photo prop trade overlaps with pet keeping (Chap. 14, this 
volume), lemurs are often kept in cages in front of homes, hotels or businesses. 
Nearly half of owners said that these ‘pets’ were used to generate income from tour-
ists (LaFleur et  al., 2019). A 2016 analysis of the welfare of captive lemurs in 
Madagascar found that the majority were fed unnatural diets and were in bad health 
(53%), kept in small cages (72%) and restrained by leashes and chains (67%) 
(Reuter & Schaefer, 2016). In the Colombian and Peruvian Amazon, photo oppor-
tunities with primates are often offered by hotels, and primates are kept as attrac-
tions for viewing, petting or feeding in bars, where tourists or staff may offer 
cigarettes or alcoholic drinks to the animals (S. Shanee, personal observation). The 
photo prop and pet trade industries often overlap, with individual owners and wild-
life vendors offering their monkeys as photo props to generate additional income 
(Shanee & Shanee, 2021).

In popular tourist destinations such as beaches, bars and street markets, primates 
are illegally touted as photo props or offered for sale. Animals must often work long 
hours in crowded, hot conditions with no access to food or water (Stazaker & 
Mackinnon, 2018). Some are drugged and others have teeth removed to prevent 
injury to tourists, handlers or cage mates. Osterberg and Nekaris (2015) surveyed 
the illegal use of slow lorises (Nycticebus spp.) as photo props at PaTong, a resort 
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town in Puket, Thailand. Tourists paid between USD $3.15 and $15.70 to have their 
photographs taken with slow lorises. Gibbons are used for similar purposes in Thai 
tourist resorts (Osterberg & Nekaris, 2015). Grey (2012) documented their presence 
in tourist bars, restaurants and beaches, where touts charged an average of USD 
$6.34 per photo. Osterberg and Nekaris suggested that an increase in the use of 
lorises may have been due to difficulty in obtaining baby gibbons, as lorises had not 
been a well-established part of the photo prop trade prior to the study (Osterberg & 
Nekaris, 2015). In Turkey, tourists could take photos with slow lorises while playing 
with them and feeding them fruit (Kitson & Nekaris, 2017). In Morocco, people 
could purchase photo opportunities with Barbary macaques (M. sylvanus). Stazaker 
and MacKinnon (2018) reported that young macaques were used for as many as 18 
interactions per hour in Marrakech’s Djma el Fnaa square. Foreign tourists paid up 
to USD $12 per transaction, though Moroccan tourists paid less. It is illegal to keep 
Barbary macaques in Morocco, but the authorities grant special dispensations to 
photo touts (S. Waters, personal communication). Tourist guides on jungle tours in 
South America and also in India may temporarily capture animals so that tourists 
can pose for ‘wild selfies’ (Kanagavel et al., 2013; WAP, 2020).

Myrtle Beach Safari in South Carolina, USA, offers encounters and photo ses-
sions with gibbons and infant chimpanzees (Pan troglodytes), at prices ranging from 
USD $100 to $789 (Myrtle Beach Safari, 2021). The Three Monkey’s [sic] Photo 
Emporium in Tennessee describes itself as ‘an award winning, one-of-a-kind expe-
riential photo studio … Our three Capuchin Monkeys, Sasha, Cody & Lola look 
forward to interacting with you during a fun photo session’ (Three Monkey’s Photo 
Emporium, 2021). The owner of the business previously ran a cafe in which visitors 
could interact with monkeys but was forced to shut after a child was bitten in 2014 
(Hlavaty, 2015). In 2019, at Armathwaite Hall Hotel and Spa in the UK’s Lake 
District, tourists were invited to do yoga with ring-tailed lemurs (Lemur catta) as 
part of a wellness programme (Romano, 2019). In March 2021, hotel staff con-
firmed by telephone that the ‘lemoga’ programme is no longer running but that it 
may be revisited in the future.

Between 1926 and 1972, London Zoo regularly held ‘chimpanzee tea parties’ in 
which resident chimpanzees were dressed in clothes and fed tea and cakes (Allen 
et al., 1994). Such events were common in western zoos until the 1960s and 1970s, 
and similar events still occur in other countries, such as Indonesia (Klook Travel, 
2021), China and Vietnam (T. Nguyen and H. Wang, personal communication). In 
Japan, the NOAH Inner City Zoo in Yokohama allows tourists, for a fee, to take 
photos with the animals (Musing et al., 2015). Even in modern zoos that ascribe to 
ethical standards, D’Cruze et al. (2019) reported that opportunities to hand feed or 
pet wild animals, including primates, and walk-through enclosures were still preva-
lent. Accredited facilities, too, offer such opportunities. For example, both VinPearl 
Safari Park in Vietnam (a member of the World Association of Zoos and Aquariums 
(WAZA)) and Howlett’s Zoo in the UK (a member of the European Association of 
Zoos and Aquaria (EAZA)) offer opportunities to interact with and hand-feed 
lemurs (Hoàng, 2021; Howlett’s Zoo, 2021). The authors suggest that walk-through 
exhibits may increase the public’s likelihood of wanting wild animals as pets and 
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note that in many of these institutions, appropriate accompanying information on 
species welfare and conservation issues is lacking.

17.3  Primates on Screen

17.3.1  Film

Primates have performed on screen since the early twentieth century. A capuchin 
monkey appeared in the 1928 Buster Keaton film The Cameraman (Fragaszy & 
Visalberghi, 2004). The Tarzan movies of the 1930s featured a chimpanzee named 
Cheeta, most likely played by several different chimpanzees (Child, 2011). In 1951, 
a chimpanzee named Bonzo appeared in Bedtime for Bonzo. In fact, following her 
import to the USA from Liberia in 1948, she appeared in film and television under 
at least four different names (Molloy, 2011). The use of great apes has not been 
restricted to chimpanzees. Every Which Way but Loose (1978) and its sequel Any 
Which Way You Can (1980) featured an orangutan character named Clyde, played 
by three separate orangutans (IMDB, 2021a, b). The film Gorillas in the Mist 
included footage of wild gorillas in Rwanda, and primatologists were hired to over-
see the lead actor’s close proximity to the animals (Rule, 1988). The Walt Disney 
Company introduced a policy in 2012 prohibiting the use of great ape actors, addi-
tionally stating that ‘other large primates’ will not be used, specifying baboons and 
macaques (Leighty et al., 2015; Walt Disney Company, 2012). The company has, 
however, used other primate actors, such as capuchins, in their productions since 
this policy was introduced (Aldrich, 2018).

A study of primate actors in wide-release English language films found that from 
1990 to 2013, chimpanzees (Pan troglodytes), capuchins (Cebus and Sapajus spp.) 
and cercopithecines (Macaca and Papio spp.) were frequently used as actors 
(Aldrich, 2018). Comparison to an earlier, unpublished study (Gil Vazquez & 
Nekaris, unpublished) indicated that the use of orangutans (Pongo ssp.) had 
decreased over time. Aldrich (2018) found no significant increase or decrease in the 
frequency with which primate actors in general were used during the study period. 
Aldrich also analysed content in 38 film trailers that included primate actors. The 
actors were shown ‘grinning’ for 19% of the time they were on-screen. Bare-teeth 
displays often signal fear or submission in chimpanzees, capuchins, macaques and 
other primates (Preuschoft & Van Hooff, 1995), but in the context of the trailers, 
always signified pleasure or humour. The primate actors were clothed for 50% of 
their time on-screen and shown in anthropogenic environments 87% of the time. 
The presence of such behaviours is of concern as such portrayal can foster false 
understanding about the suitability of primates as human companions and about 
their conservation status (Leighty et al., 2015; Ross et al., 2011; Schroepfer et al., 
2011). Other inaccuracies, for example, about behaviour, diet or distribution, may 
also lead to misunderstandings.
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Primate actors have appeared in cinema around the world. In Vietnam, a film 
entitled Con Cu Li Bé Nhỏ (The Little Slow Loris) (2014) featured a live loris and 
touched upon issues of illegal wildlife trade and the use of lorises in folk medicine. 
The film ended with the loris escaping and returning to the wild – into a potentially 
inappropriate habitat, and at risk of disease (Thạch et  al., 2018). India’s highest 
grossing film of 1993, Aankhen, featured a performing macaque (Dhawan, 1993; 
Newsable, 2018). In 2019, The Animal Welfare Board of India began regulating the 
use of animals in Indian cinema (Jha, 2019), but it is unclear whether this will 
reduce the country’s use of primate actors. Primates continue to be used in harmful 
ways in US film and television, despite the American Humane Association’s long- 
standing monitoring of the use of animals in film and television (AHA, 2021; 
Aldrich, 2018; Geary, 2019).

17.3.2  Television

Primate actors are also regularly used in live-action television. BJ and the Bear 
(1978–1981) featured a chimpanzee (Bear) who was played by several different 
chimpanzees, one of whom later attacked and injured his owner (ABC News, 2006). 
The successful sitcom Friends (1994–2004) featured a white-fronted capuchin 
monkey (Cebus capucinus) in eight episodes. More recently, the US television 
miniseries I Know This Much is True (2020) featured a character played by Crystal, 
a capuchin monkey who has appeared on-screen in many other productions (Clarke, 
2020). The 2020 Netflix show Ratched featured a clothed white-fronted capuchin in 
constant contact with the main human character. At the time of writing, two BBC 
drama series feature monkeys in close contact with people: The Serpent (featuring 
a collared macaque) and The Terror (featuring a clothed capuchin monkey).

Television advertisements have also featured primates. Inspired by the London 
Zoo tea parties, the PG Tips advertisements, a staple feature of British television 
between 1957 and 2002, featured Louis and Choppers, residents of Twycross Zoo. 
They were dressed in human clothing and voiced over for the advertisements. In 
2014, Twycross Zoo admitted that it had been ethically problematic to use the chim-
panzees in such a way and that the animals had difficulty interacting with other 
chimpanzees or otherwise behaving naturally (Heath, 2014).

17.3.3  Animated Representations and Anthropomorphism

Animated representations of primate characters are ubiquitous and have long been 
a media staple for children, including popular cartoons, puppets and video games. 
Animated primates are typically anthropomorphised and characterised as ‘mischie-
vous’ (such as Abu from Aladdin (1992)) or ‘eccentric’ (such as King Louie of the 
Jungle Book (1967, 1995) or The Lion King’s Rafiki (1994)). Although some 
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characters are drawn in broad generalisations that do not correspond to actual spe-
cies, animations have included species from across the primate taxa, including plat-
yrrhines, catarrhines and strepsirrhines (e.g. Abu the capuchin monkey, in Disney’s 
Aladdin (1992), lemurs from the film Madagascar (2005), the sifaka from the tele-
vision show Zoboomafoo, and galagos from the TV series The Bush Baby (1992)). 
Even in 2021, a pet slow loris holding a tiny umbrella is the only ‘exotic’ pet 
amongst a series of domestic pets in Fox’s cartoon series HouseBroken. More 
recently, computer-generated imagery (CGI) has been used to create more detailed, 
realistic renderings of primates in films such as War for the Planet of the Apes 
(2017) and Godzilla vs Kong (2021). This technology allows filmmakers to include 
primate characters in live-action productions without using live primate actors and 
has therefore been suggested as a cruelty-free alternative for the industry (Craig, 
2018). The popularity of such animated characters has also extended to other media, 
including video games and augmented reality.

Video games have produced arguably one of the most famous and influential 
animated primate characters – Donkey Kong. In 1980, PacMan became the first 
video game to feature named characters, paving the way for the success of Donkey 
Kong in 1981 (DeMaria, 2018). Forty years later, Donkey Kong remains one of the 
most recognisable game characters. Donkey Kong was designed to be ‘comical and 
entertaining’ such that ‘the farcical, childlike and nonsexual Donkey Kong creates a 
humorous impression’ while in contrast, King Kong is ‘a ferocious gorilla in search 
of a beautiful woman who goes on rampages…culminating in his tragic and bloody 
death’ (SDNY, 1983).

By comparison, the monkey characters in the critically acclaimed game Ape 
Escape were described as ‘adorable-as-can-be’, with the reviewer stating ‘there is 
something extremely cute about those damn monkeys. With their goofy little hel-
mets, their puny little screeches’ (Perry, 1999). Finally, a review of a mobile phone 
game featuring a troupe of small monkeys stated, ‘the beautifully animated mon-
keys are everything cartoon monkeys should be – nimble, mischievous and charm-
ing’ (Mundy, 2009). These characteristics are congruent with the anthropomorphic 
traits seen in cartoons and animations and represent the most common perception of 
primate behaviour. While it may seem irrelevant to discuss fictional primate charac-
ters, the personality traits attributed to both the animated representations discussed 
above and the game versions provide key insights into public perceptions of the 
primate behaviour, and indeed what to expect from an interaction with a live pri-
mate, particularly given that many of these characters regularly interact with humans 
within their storylines.
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17.4  Primates Online

17.4.1  Social Media

Since the age of social media began in 2005–2006, sites like MySpace, Twitter, 
Facebook and YouTube have created a social landscape that allows individuals to 
upload, share and discuss text, image and video content. The availability of these 
forms of media has significantly altered how people access and process information. 
In 2020, over half of the global population were active Internet users and approxi-
mately 3.6 billion were users of social networking sites (Statista, 2021). The rise of 
social media provided the entertainment industry with a platform to offer free, wide-
spread access to previously difficult-to-access content. Films and television shows 
like Tarzan could be uploaded to YouTube, for example, and reach a much wider 
audience, or images of topeng monyet could be shared, spreading awareness about 
different cultural practices. One of the major opportunities that social media pro-
vided was the ability for individuals to upload content that they created themselves, 
without requiring specialised equipment or large budgets.

Engagement behaviours such as liking, sharing and commenting are the currency 
of social media, as these promote channels and increase audiences. These behav-
iours can provide or increase advertising revenue for monetised channels (Hollebeek 
et al., 2014). Social media profiles generally promote the most socially desirable 
aspects of a user’s life, which has created a demand for ever more elaborate ‘selfies’, 
photographs taken by the subject (Kurniawan et al., 2013). This drive has led to the 
proliferation of ‘wildlife selfies’ in which the subject is in close proximity to or in 
contact with wildlife (Lenzi et  al., 2020). Resulting from interactions like those 
discussed above, these photos document animal encounters in facilities like tourist 
centres, zoos or rescue centres, or wild animal encounters and photo prop experi-
ences. Photos of users holding slow lorises, for example, became popular on the site 
Instagram after tourists in Thailand were encouraged to take them by touts at 
beaches, nightlife hotspots and hotels (Osterberg & Nekaris, 2015). The popularity 
of such photos, including those taken and posted on social media by celebrities, 
further promoted the photo prop trade and encouraged the behaviour to be repeated 
in other tourist destinations such as Turkey (Kitson & Nekaris, 2017). Many social 
media channels offer no means to report illegal ownership or trading of primates, 
and limited means for reporting animal abuse. In 2017, Instagram became the first 
social media platform to provide an alert system warning of images promoting ani-
mal cruelty when certain animal hashtags are searched for (Instagram, 2021). To 
date, it does not appear that any further action has been taken, and cruelty content is 
still easy to find on Instagram.
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17.4.2  YouTube Channels

Videos of pet primates are very popular on social media, and several have gone 
viral, including a video of a pygmy slow loris (N. pygmaeus) which yielded millions 
of views across multiple platforms (Nekaris et al., 2013). Many celebrities shared 
and commented positively on the video. Videos of pet primates often feature ani-
mals that are owned illegally and frequently show the poor conditions in which the 
animals are kept. Nekaris et al. (2015) assessed 100 videos of pet slow lorises on 
video sharing sites and found that all showed at least one instance of compromised 
animal welfare, with one third of videos violating all five freedoms (see Sect. 17.1). 
Perhaps more troubling is the existence of channels that profit from the deliberate 
abuse of animals, showing content such as scaring animals with firecrackers, forc-
ing them to walk bipedally, or in severe cases physically assaulting or killing them 
(Knox, 2021). Account owners profit from such content both through the revenue 
collected from advertisements and by soliciting viewers to send money as ‘dona-
tions’. Via commenting, viewers can make suggestions for new ways to ‘discipline’ 
or otherwise hurt the primates. While some platforms have community standards 
that prohibit such content, they rely on the videos being reported by viewers and 
often employ a ‘three strikes policy’ that allow channels to continue posting content 
even after being flagged (Google, 2021).

17.4.3  Fan Accounts

Through social media, we see the rise of the ‘primate celebrities’ as personalities 
with their own fanbases. Primate actors like Crystal the Monkey, discussed in Sect. 
17.3.2, have accounts with which their keepers and trainers can share behind-the- 
scenes content. Pet owners can create accounts for their animals, creating dedicated 
fan bases that can be monetised through advertising and merchandise. Social media 
platform TikTok allows users to upload short video content to the site. The most 
popular primate accounts on the site have millions of followers. As of February 
2021, channel Heresyourmonkeycontent, which features a pet capuchin, has 11.2 
million followers; Mojothemonkey, featuring a pet vervet monkey has 2.4 million; 
and Monkeykeer, featuring an infant macaque, has 1.1 million. Their content typi-
cally includes videos of the monkeys playing, performing anthropomorphic behav-
iours or interacting with humans and other animals. In contrast to the deliberate 
abuse channels discussed in Sect. 17.4.2, cruelty may not be intended by the cre-
ators of such content. However, the welfare issues inherent to the primate pet trade 
are often apparent in the animals’ behaviours or condition, or the visibly inappropri-
ate social or physical environments in which they are kept (Chap. 14, this volume). 
In most cases, the animals are attributed positive emotions such as ‘loving’ the 
activities or ‘having fun’.
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Fig. 17.3 The Caring 
Monkey Snapchat filter 
places a virtual macaque 
on the shoulder of the user 
that performs grooming 
behaviours. (Photo 
K. Feddema)

17.4.4  Augmented Reality

Augmented reality technology such as Snapchat and Instagram filters and virtual 
backgrounds on video conferencing software have created opportunities for simu-
lated primate encounters. The Caring Monkey lens for Snapchat, for example, 
places a realistic virtual macaque on the shoulder of the user and then simulates 
grooming behaviours (Fig. 17.3). Video conferencing software allows users to select 
backgrounds that place them in contact with primates, with one example showing 
the user next to a capuchin monkey ‘waiter’ tending a bar (Gray Malin Fine Art 
Photography, 2021).

These augmented reality options raise some ethical questions. On the one hand, 
like CGI and animations, virtual primates provide an alternative that replaces con-
tact with animals and reduces health and welfare concerns. On the other hand, the 
continued use of primate imagery in this way may normalise contact with primates 
and therefore drive consumer demand for primate experiences ‘in real life’ (Ross 
et al., 2011). At present, there is no evidence as to what impact virtual reality will 
play in the future of primates in entertainment; however, if their virtual counterparts 
can become indistinguishable from the ‘real deal’, it may obviate the use of primate 
photo prop animals.
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17.5  Discussion

The use of primate performers and the sharing of primate imagery online can result 
in negative animal welfare, conservation and human health outcomes (Aldrich, 
2018; Feddema & Nekaris, 2020; Waters et al., 2021). In order to be used as sources 
of entertainment, primates are often isolated from others of their own kind and may 
be taken from the wild and/or smuggled out of their range countries. When we con-
sider the tenets of the Five Freedoms of animal welfare and the guidelines of the 
International Society of Primatologists, doubtless many primates used in entertain-
ment are subject to some form of mistreatment.

It is sometimes possible to determine from images and videos whether welfare is 
explicitly compromised during filming (Nekaris et  al., 2015). In order to create 
content, animals are often placed in human contexts or portrayed exhibiting human 
behaviours. This impinges on the animal’s freedoms in accordance with the Five 
Freedoms model of animal welfare (Webster, 2016). Forcing animals to perform 
unnatural behaviour disregards their freedom to express natural behaviour. Animals 
may be trained using aversive techniques which can violate the freedom from pain 
and injury and the freedom from fear and distress. In addition, animals may be 
housed or handled in an inappropriate manner, such as in isolation from conspecif-
ics or in barren environments without appropriate nutrition. This neglects an ani-
mal’s freedom from discomfort and freedom from hunger and thirst (IPS, 2008).

Seeing primates in a human context can increase people’s desire for one as a pet 
and encourage the belief that primates make suitable companions (Leighty et al., 
2015; Ross et al., 2008; Schroepfer et al., 2011). Additionally, it may reflect the 
Anthropogenic Allee Effect, which describes when both price and interest increase 
with species rarity. This phenomenon has been shown to occur within the illicit pet 
trade and can be made worse when images on social media associate ownership 
with social status and increase desirability for the species (Morgan & Chng, 2018; 
Siriwat et al., 2019). This creates both an opportunity and a cost for conservation-
ists. On the one hand, the desire to show off rare and charismatic species may pro-
vide law enforcement and species protection regulators the ability to detect and 
prosecute the illegal ownership and trafficking of animals (Nekaris et al., 2013). On 
the other hand, desire for internet fame and revenue through photos with rare spe-
cies may increase demand for exotic species in the pet trade or support the lucrative 
photo prop industry (Kitson & Nekaris, 2017).

Social media provides the ability to engage with content through uploading com-
ments, expressing reactions and sharing content (Hollebeek et al., 2017). Discussions 
around primate content offer insight into the perception of primates in entertain-
ment. Although limited, research suggests that responses are contextual and influ-
enced by the users’ social networks, personal beliefs and level of knowledge 
(Feddema et al., 2021; Riddle & MacKay, 2020). Online platforms therefore present 
potential sources of misinformation on primate welfare and conservation if not cor-
rected by the platform or other parties (Thaler & Shiffman, 2015). For example, 
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primate ‘influencers’ may mislead potential owners about appropriate husbandry by 
promoting inappropriate diet, housing or enrichment.

The desire for wildlife selfies and videos has been shown to increase risk-taking 
behaviours (Cherry et al., 2018; Pagel et al., 2020). The drive for ‘like currency’ 
may result in people getting too close to wild animals, interacting with dangerous 
species or provoking aggression. An increase in encounters with wild animals 
increases the risk of disease transmission, injury or even death (Carne et al., 2017; 
Gautret et al., 2007; Muehlenbein, 2017). The use of primates as entertainers there-
fore not only poses significant risk to the animals involved but also to human health 
through increased opportunities for zoonotic and anthropozoonotic disease transfer. 
This process can have similar effects to disease transfer in the illegal wildlife trade 
and in primate-based wildlife tourism (Bezerra-Santos et al., 2021; Devaux et al., 
2019; Muehlenbein & Wallis, 2014).

The use of primates in entertainment, whether in public spaces or on the small or 
large screen, stems from a historically deep-rooted global phenomenon. Its conse-
quences for welfare and conservation are largely negative. Understanding the his-
tory of primates within the media landscape from a sociocultural standpoint is 
critical to regulating these practices and ensuring the health and welfare of both 
humans and animals. While approximately 60% of the world’s primate species are 
threatened with extinction, and closer to 75% of primate populations are in decline 
(Estrada et al., 2017), viewing primates in anthropomorphic settings has been shown 
to reduce the public’s perception of this threat (Leighty et al., 2015; Ross et al., 
2011). Conservationists should consider the role of the media and other forms of 
entertainment in shaping the narrative around primates and their conservation status 
in order to raise public interest and concern.
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The future of primatology requires embracing the idea of “shared space” (Lee, 
2010) and developing solutions for mutually respectful coexistence. With a growing 
human population, increasing demands for natural resources, and continued frag-
mentation of traditional habitats, primates across their range face the challenge of 
surviving in human-dominated ecosystems. In many cases, their survival within 
human-dominated and human-managed environments is contingent on human stew-
ardship to protect their populations and manage their welfare. Finding ways to make 
these relationships work for all species involved is vital both for their welfare and 
for ours. The futures of human and nonhuman primates are intertwined, and for 
primatologists, the challenge is in articulating to our fellow humans the need to 
value, protect, and manage relationships with our distant relatives.

The chapters collected in this volume demonstrate the spectrum of possible 
anthropogenic influence. We can no longer divide study populations into a simple 
dichotomy of “wild” versus “disturbed.” Rather, there exists a wide range of 
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anthropogenic influence, from the complete control experienced by animals in cap-
tivity, through to the long-term impact we have on intact forests through climate 
change and other biogeographical processes. The gradations between these extremes 
highlight the dizzying array of interactions in which humans and our relatives might 
find ourselves. As described by our contributors, nonhuman primates may compete 
for space and resources in agricultural landscapes. They may be protected and 
treated with reverence in religious temples while being viewed as urban pests only 
meters away. And primates fill a special place in our hearts and minds, as shown by 
their prevalence in media, zoos, and tourism settings.

Following from our recognition of the kinds and degrees of anthropogenic influ-
ence is a growing understanding of the range of habitats used by wild primates. Our 
contributors have explored the literature on primates living outside of primary forest 
and found that many landscapes can provide suitable habitat. The importance of 
matrix landscapes surrounding habitat fragments has been long recognized 
(Anderson et al., 2007; Cowlishaw & Dunbar, 2000), and our increasing knowledge 
of landscape supplementation, travel patterns, and ecological plasticity can help us 
improve the permeability of matrix and increase overall habitat availability for at- 
risk populations. Likewise, the chapter on regenerating forests highlights the impor-
tance of further study on this habitat type. Our review suggests that more primates 
can make use of regenerating forests than currently recognized and that protecting 
these young forests is an important strategy for primate conservation. Agricultural 
landscapes can also provide suitable space for foraging and travel (Estrada et al., 
2012; Galán-Acedo et al., 2019). Finally, even urban spaces – which may seem the 
most alien of landscapes for wild primates – have been used by some genera for 
millennia. Our review shows that some species can not only survive but can truly 
thrive in urban landscapes. This coexistence may have shaped our fascination with 
our primate relatives, which has led us to keeping primates under human care, 
whether exploitative or enriching, across homes, entertainment venues, laborato-
ries, zoos, and sanctuaries. The threads underlying our complicated relationship 
dynamics vary across environments, but through the chapters in this book, our 
authors explore both those common threads and the intricately woven local patterns 
embedded in cultural contexts.

Our growing understanding of the complexity of primate lives has led primatolo-
gists to increasingly diverse research questions and methodologies. Just within the 
pages of this volume, we have encountered primatologists using traditional field 
observations, conducting laboratory analyses of hormones, genetics, and other bio-
logical markers, and branching into the social sciences. We strongly encourage this 
mixed-methods approach in primatology. Ethnoprimatology, for example, is a 
research paradigm focused on the interrelations between humans and nonhuman 
primates, which has relevance to nearly every primatological endeavor (Fuentes, 
2012; McKinney & Dore, 2018). Multi-species ethnography uses the tools of cul-
tural anthropology to explore the many types of relationships shared by human and 
nonhuman primates (Malone et  al., 2014; Setchell et  al., 2017). Our expanding 
laboratory toolkit helps us identify primates’ physiological stressors, genetic 
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relationships, and dietary composition, which arms us with knowledge to better 
understand how our interactions and habitat modifications shape their lives. 
Integrating social and biological data will deliver a more nuanced understanding of 
the human- primate interface (Jost-Robinson, 2017; Setchell et al., 2017).

Along with a diversity of research approaches, we argue for the importance of a 
diverse, inclusive, and decolonial primatology. This book, with contributions from 
78 authors representing 24 countries, is only a small sample of the important work 
with primates being done globally. We stress here the importance of widening our 
cultural and interpretative lens in primatology and see this as an important goal for 
the future of our discipline. We need to respect and learn from the work of a global 
community of scholars, rather than holding research from certain countries or lan-
guages in higher esteem than others. We need strong communication with policy-
makers and with the public, whose values drive laws and behaviors. Finally, we 
need to listen to and amplify the voices of people who live with primates every day 
and center their knowledge and expertise in leading conservation work. Training, 
funding, and supporting local researchers and field staff to take on leadership roles 
will help ensure that conservation efforts move away from colonial conservation 
paradigms and make positive change for both primates and human communities. In 
regard to conservation success, no one size fits all; success remains highly subjec-
tive and dependent on context. The case studies in this volume illustrate the success 
of small scale, local conservation projects with smaller teams well-placed to estab-
lish a social connection with the people coexisting with primates, earning their sup-
port to improve the prospects of people and primates alike. With ever-increasing 
pressure of anthropogenic activities on primate populations, this coexistence is 
more important than ever.

It has been a pleasure working with such a large community of scholars to review 
the position of primates in anthropogenic landscapes today. It has also been a stark 
reminder that primate conservation and primatology as a scholarly pursuit are 
intrinsically linked. Conservation can no longer be viewed as a niche area for activ-
ists. Rather, it is a vital part of our field. Effective conservation means meeting 
people and nonhuman primates wherever they are. In some cases, this may require 
cross-cultural collaboration and ethnographic work to understand the social and 
economic factors that exacerbate tensions between humans and primates in places 
of conflict. In other cases, this might mean trying to understand people’s desire to 
take selfies with wildlife or watch primate performers, to develop alternative ways 
of engaging audiences. In some cases, it may require engaging with colleagues who 
differ in ethical perspectives regarding conducting fieldwork in the landscape of a 
global pandemic or maintaining captive populations of primates in laboratory set-
tings. Whatever our backgrounds, we need to take an approach that encourages 
compromise and encompasses diverse worldviews to deliver positive human- 
primate coexistence for the long term.
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Glossary

Adaptability A measure of a non-human primate species’ ability to adapt to new 
conditions or events.

Affiliative behavior Positive social interactions that promote social bonds and 
group cohesion.

Agroecological matrices The set of agricultural land and patches of vegetation, 
natural or cultivated, that facilitate gene flow between populations and preserve 
biodiversity.

Agroecosystem A cultivated ecosystem that integrates the social, economic, and 
ecological environment.

Allogrooming One individual grooms another.
Alopecia Abnormal partial or complete absence of hair. Alopecia is often associ-

ated with high stress levels in animals.
Anthropogenic effects The indirect pressures caused by human activities creating 

constraints on primate ecosystems, activities, or behaviors.
Anthropogenic Resulting from human impact.
Anthroponosis An infectious disease whose source of infection is an infectious 

human, and can be naturally transmitted from humans to other animals.
Artificial canopy bridge An artificial connector that helps animals travel between 

trees, particularly for arboreal animals such as primates or squirrels, in areas that 
have lost tree cover.

Attitude toward primates The way in which a person thinks and feels about 
non-human primates. Attitudes towards animals are driven by factors such as 
socio-cultural background, environmental values, previous experience, and per-
sonality traits.

Autogrooming Grooming oneself.
Behavioral flexibility The ability to modify one’s behavior in an adaptive way.
Biodiversity hotspot Regions rich in biodiversity and endemism that are at high 

risk for destruction. There are currently 36 recognized biodiversity hotspots, 
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characterized by having at least 1500 species of endemic vascular plants and 
having lost at least 70% of its native vegetation, usually due to human activity.

Capacity building Developing and strengthening the skills and abilities needed for 
people to survive, adapt, and thrive in a fast-changing world.

Climate change Refers to changes in the climatic conditions, including changes 
in temperature, precipitation, and the frequency and severity of extreme events.

Climate-smart agriculture Cost-effective solutions for increasing agricultural 
productivity in a sustainable manner and helping to mitigate the factors contrib-
uting to climate change.

Commercial hunting An economic practice of pursuing, capturing, and killing of 
wildlife by people as a way of life, to harvest useful animal products and for sale 
to potential buyer.

Construct validity In study design, construct validity refers to whether a set of 
metrics actually measure what they intend to.

Cooperative A farm, business, or organization owned by and run jointly by its 
members, who share the profits or benefits.

Correlative species distribution models Species distribution models which are 
used to identify relationships between species’ distributions (or densities) and 
environmental conditions.

COVID-19 A respiratory illness that is caused by the coronavirus SARS-CoV2.
Cross-species transmission of viruses The spread of an infectious pathogen 

among hosts of different species, which poses a sustained threat to public health. 
Also known as interspecies transmission or spillover.

Culling Selective killing to control population sizes.
Demography The study of populations in terms of age/sex composition, birth, 

death, and fertility rates, emigration and immigration rates, and changes in these 
and related parameters over time.

Direct costs Negative outcomes that are clearly linked to tourism activities, such as 
risk of pathogen transmission and risk of injuries.

Dispersal The movement of individuals from one location and/or social group to 
another.

Dormancy A dormant seed is one that is unable to germinate.
Ecological integrity The degree of forest modification as a result of the effects 

of human pressures and the resulting loss of forest connectivity. Low ecologi-
cal integrity is often led by logging, fragmentation, crop and livestock farming, 
urbanization, over-hunting, wood fuel extraction, and altered fire or hydrological 
dynamics, resulting in deforestation.

Ecosystem services Services or goods (e.g., food, water, pollination of crops, pre-
vention of soil erosion) provided by ecosystems that are beneficial for people.

Ecosystem-based adaptation The use of biodiversity and ecosystem services as 
part of an overall adaptation strategy to help people adapt to the adverse effects 
of climate change.

Ecotone A transition area between two biological communities that often has fea-
tures of both.
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Ecotourism Ecologically sustainable tourism with low negative impact on biodi-
versity and environment, embracing cultural sensitivity and supporting the local 
community.

Emerging infectious diseases (EID) Infectious diseases appearing in a host popu-
lation for the first time or previously existing but rapidly increasing, either in 
number of new cases in a population or geographic range.

Endangered Threatened with extinction.
Endozoochory Seed dispersal by animals in which the seeds are carried inside 

the animal.
Enrichment Enhancing animal environments in a way appropriate for their spe-

cies’ natural biology and behavior to improve animal welfare.
Ethnoprimatology The study of human and non-human primate interactions and 

relational coexistence combining biological, ecological, and anthropological 
methods.

External validity In study design, external validity refers to whether causal rela-
tionships between variables are generalizable across contexts.

Fair trade certification Process by which a third party gives assurance that a prod-
uct meets social, environmental, and economic standards that promote poverty 
alleviation and sustainable development among small scale farmers through safe 
working conditions, environmental protection, sustainable livelihoods, and com-
munity development funds.

Food taboo A traditional belief, systematized set of rules, and/or prohibition 
against consuming certain foods or combination of foods.

Free ranging exhibit An exhibit in which animals are not contained by bars or 
glass but rather roam freely in space that is shared with human guests.

Gender gap The difference between women and men as reflected in social, politi-
cal, intellectual, cultural, or economic attainments or attitudes.

Genetic drift The cumulative and non-adaptive fluctuation in allele frequencies 
resulting from random sampling of genes in each generation.

Glucocorticoid Class of steroid hormones that is measured to assess physiological 
stress levels in animals.

Habitat fragmentation A process that occurs over time as habitat loss converts 
once-continuous habitat into a patchwork of isolated habitat fragments separated 
by matrix.

Habitat loss The conversion of habitat to an alternate landcover type, for example, 
from forest to pastureland.

Habitat Any area with all the necessary conditions (e.g., food, shelter, conspecif-
ics) to sustain a species over time.

Habituation Process through which repeated exposures between primates and 
humans lead primates to tolerate the presence and proximity of humans; it is 
often undertaken for primate research and tourism activities.

Heterogeneous landscape A landscape with a variety of different habitat types 
(e.g., a mosaic of woodland, savannah, agricultural areas).

High conservation value forest Forest that has significant biological, ecological, 
social, or cultural value that makes it a high priority for conservation.
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High-ranking individuals Dominant individuals that are above others in the group 
hierarchy.

Home range The area a primate group uses during its daily travel and activities but 
does not defend.

Human-animal relationship (HAR) A history of interactions between an ani-
mal and human(s) that can allow each to make predictions about how the other 
will behave.

Human-primate coexistence When humans and primates share habitats.
Human-primate communication Any communication cues emitted by either 

human or primates and perceived/interpreted by the receivers of the other spe-
cies. These cues include facial expressions, gestures, or vocalizations.

Human-primate interaction Encounters between humans and primates where the 
behavior performed by one elicits a response from the other one. Examples are 
viewing, observing, photographing, provisioning, or hunting.

Illegal trade Buying, selling, or exchange of primate species locally, nationally, or 
internationally through unlawful channels or when forbidden by local or inter-
national laws.

Incidental primate tourism Viewing, encountering, and/or interacting with pri-
mates without having traveled to a location with the specific goal of participating 
in primate tourism.

Indigenous Culturally distinct groups that have ancestral ties to the land they cur-
rently occupy or have been displaced from.

Indirect costs Negative outcomes due to tourism activities that may be intangible 
or take longer to appear, such as ethnic conflict, financial precarity, or political 
marginalization.

Internal validity In study design, internal validity refers to whether there is a 
causal relationship between variables.

Landscape connectivity The degree to which movement is facilitated or limited 
between habitat fragments in a given landscape. Connectivity is determined by 
the amount and types of matrix that are present between the habitat fragments in 
question, coupled with the distance that separates them.

Landscape A heterogenous land area defined by the combination of various, inter-
acting environmental patterns and ecological processes.

Livestock Domestic animals kept on a farm.
Living fences Trees or shrubs that are planted to delimit an area of land, such as a 

farm or an animal enclosure.
Management Actions taken to oversee and/or regulate primate tourism activities 

varying in the level of management from strict to loose.
Matrix All of the non-habitat landcover types surrounding and separating habitat 

fragments.
Mechanistic model A model which aims to assess the potential impacts of climate 

change by understanding the underlying processes that shape  species- environment 
relationships, based on either physiological or behavioral processes.

Mestizo A person of mixed race. In Latin America, it refers to someone having 
Spanish and Indigenous descent.
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Microbiome Community of microorganisms.
Monetary leakage Primate tourism income that escapes the local economy or 

system to profit nonlocal businesses or for the purchase of external goods and 
services.

Monoculture Agricultural area where only one crop is grown. This method is fre-
quently used in intensive agriculture but is associated with reduced biodiversity, 
declining soil quality, and a higher risk of disease.

Multispecies ethnography A field in anthropology focusing on how the lives of 
other animals are intricately linked to human lives, social worlds, economies, 
politics, and cultures.

Naturalistic An exhibit (or enrichment item) that is intended to look as if it belongs 
in nature.

Niche construction The process by which organisms, through their own activities, 
alter the selective pressures operating on themselves and others.

Non-invasive surveying Surveying of wildlife by researchers in which no trap-
ping or handling of animals occurs. This form of surveying includes approaches 
such as line-transect sampling, point counts, camera trapping, acoustic detectors, 
or others.

Observer effects The effects of direct human interaction, including observation 
and habituation. Such responses are those that are directly in responses to inter-
action or observation by humans.

Occupancy modeling Estimating the probability of occurrence via presence/
absence data while accounting for imperfect detection. This form of modeling 
contrasts with other forms of population modeling in that rather than estimating 
density, researchers often focus on the animal’s occurrence or spatial distribution 
(where, not how many). As a result, data are collected at the species rather than 
individual level.

One Health Collaborative and transdisciplinary effort – working locally, nation-
ally and globally – to achieve optimal health outcomes by recognizing the inter-
connection between people, wildlife, domestic animals, plants, and their shared 
environment.

Pathogen transmission Infectious agent or organism such as bacterium, virus, 
worm, fungi, or other microorganism that can produce a disease and be transmit-
ted between humans and primates.

Permaculture The creation of systems that are ecologically sound and economi-
cally viable, which provide for their own needs, do not exploit or pollute, and are 
therefore sustainable in the long term.

Pet An animal with a human owner, no longer living in their natural habitat, and 
reliant on humans for food.

Physiological indicator Measures of biological functioning such as heart rate, 
blood pressure, hormone levels, and immune function.

Population density The number of individuals of a given species per unit of area.
Positive reinforcement training A behavioral management technique using oper-

ant conditioning in which animals are presented with a stimulus, perform a target 
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behavior, and receive a desired reward. Often used to allow animals to cooperate 
voluntarily in their own care.

Primate tourism Traveling to view captive, semi-free ranging, or wild primate 
populations for consumptive or non-consumptive activities.

Productive market chains The set of actors that interact in the process of sup-
plying products to the market, including producers, intermediaries, and final 
consumers.

Productive reforestation The process of replanting commercially valuable trees in 
an area that was previously occupied by forests and woodlands.

Provisioning The deliberate feeding of wildlife by humans.
Regeneration The process by which new tree seedlings become established (natu-

rally or artificially) after forest trees have been cut down or have died from fire, 
insects, or disease.

Rehabilitation A managed process in which ill, injured, orphaned, or displaced 
wild animals regain the health and skills needed for successful reintroduction 
and survival.

Reintroduction The release of captive or confiscated individuals into wild habitats 
from where there is population loss to supplement the numbers of an existing 
population, or where the species had been extirpated. Reintroduction may also 
include translocation or introduction outside a species’ historic range.

Rescue The opportunistic or targeted removal of individuals from situations of 
harm including injury in the wild, confiscation from illegal trade, former pets, 
the entertainment industry, research facilities, or captured for translocation.

Riparian area The interface between terrestrial and aquatic systems alongside 
bodies of water such as creeks, streams, rivers, and wetlands.

Scale of effect The minimum size of an area at which we can observe variation in 
the response of an animal to changes in their environment.

Seed bank The seeds that are stored in the soil.
Seed dispersal The mechanism by which seeds are transported away from the par-

ent plant to new sites for germination and the development of new individuals.
Seed rain The seeds that fall to the ground as a result of seed dispersal.
Sensitivity In the context of climate change research, sensitivity refers to the ways 

in which a species’ existing biological traits make it resilient or vulnerable to 
ongoing changes.

Sentinel species In the context of zoonotic infectious diseases, animals that serve 
to detect and prevent disease risks to human health by providing an advanced 
warning signal.

Silvopastoral systems A system that combines tree growing with the production 
and maintenance of livestock within the same area.

Single-species occupancy Estimating species occurrence across a single survey or 
seasonal periods. The population is assumed to not gain or lose individuals via 
birth, immigration, emigration, or deaths.

Soil compaction The process in which soil particles are pressed together, reduc-
ing pore space between them, and consequently reducing the potential for water 
infiltration and drainage.
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Soil quality The ability of a soil to function for specific land uses that are essential 
to people and the environment.

Species distribution models Quantitative models which identify areas of suitable 
habitat for a species by correlating its current distribution to current environ-
mental conditions and using the obtained relationship to project which areas will 
be more or less suitable under future conditions. See also correlative modelling 
approaches.

Spillover Transmission of a pathogen from a natural primary host species, which 
acts as a reservoir for the pathogen, to a novel host species, leading to infection 
in the new host.

Stereotypy A repetitive behavior with no apparent function or goal. These behav-
iors are thought to be an indicator of poor welfare, caused by a lack of opportu-
nity to express a species-specific behavior.

Sterilization Medical procedure aimed at preventing an animal from reproducing.
Strict management Structured actions taken to oversee and/or regulate primate 

tourism activities, focusing mainly on managing the behavior of tourists to miti-
gate the potential negative effects of tourism on primate behavior, health, and 
welfare.

Subsistence hunting A practice whereby hunters hunt strictly to provide food for 
self-consumption for themselves and their families.

Successional agroforestry The integration of a variety of trees and cultivated 
crops based on natural succession dynamics.

Sustainable agriculture certifications Process by which a third party gives assur-
ance that a product process or service conforms to specified requirements and 
certification standards based on sustainable farming practices.

Sympatry Occurring in the same geographical location.
Synanthropy When a species benefits from living in close proximity to humans.
Tourism revenue Income generated by tourism activities that may be distributed to 

regional/national governments, local communities, or researchers.
Tout A vendor, usually on heavily touristed streets, squares, beaches or bars, 

aggressively selling opportunities to interact with or be photographed with cap-
tive animals.

Trade Buying, selling, or exchange of primate species, locally, nationally, or 
internationally.

Trait-based models These models use expert opinion and published knowledge to 
determine how a species is likely to respond to climate changes depending on its 
biological traits.

Translocation The intentional capture and release of animals from one location to 
another.

Travel corridors Linear feature that joins fragmented habitats to increase opportu-
nities for animals to disperse.

Two-species occupancy modeling A form of occupancy modeling in which the 
probability of occurrence and/or detection for a target species is estimated while 
accounting for the influence of a co-occurring species.
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Unmanaged tourism Sites where no actions are taken to oversee and/or regulate 
primate tourism activities.

Unsustainable off-take Lack of a comprehensive monitoring system of wild ani-
mal offtake or harvest levels, especially for terrestrial species.

Urban mosaic A habitat made up of areas of building density, residential human-
density, anthropogenic disturbance, green areas, and linear anthropogenic 
structures.

Vagility The ability of an animal to move around in its environment.
Visitor attraction hypothesis In studies on the relationships between visitors and 

animals in zoos, the visitor attraction hypothesis predicts that animals perform-
ing active behaviors attract larger, more active, and noisier crowds.

Visitor effect hypothesis In studies on the relationships between visitors and ani-
mals in zoos, the visitor effect hypothesis predicts that behavioral and physi-
ological changes in animals while in the presence of visitors are a direct response 
to stimuli from visitors.

Wildmeat Flesh of wild terrestrial mammals, birds, reptiles and amphibians hunted 
for human consumption.

Zoochory Seed dispersal by animals.
Zoonosis An infectious disease that can be transmitted from non-human animals 

to humans.
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A
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Acquired immunodeficiency syndrome 

(AIDS), 51–52
Actor Network Theory, 211
Adaptability, 84
Advertisements, 315
Affiliative behavior, 291
Africa, 209
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Agroecological matrices, 109
Agroecosystems, 107, 127, 207, 213
Agroforestry, 174, 215
Agroforests, 165
Allogrooming, 295
Alopecia, 191
Andes, 111
Angiosperms, 36
Angolan colobus, 65
Animal experiences, 310
Animal Welfare Act, 2006, 251
Anthromes, 231
Anthropocene, 162
Anthropogenic, 122, 127, 163, 184
Anthropogenic Allee Effect, 320
Anthropogenic effects, 228
Anthropogenic landscapes, 163
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Apes, 146

Ape tourism, 147
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Asia, 209
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Augmented reality, 319
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Behavioural plasticity, 234
Belize, 185
Bhutan, 65
Bidirectional mimicry, 290
Biodiversity hotspot, 110, 165
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