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DISSERTATION ABSTRACT
Hervé Roland Memiaghe
Doctor of Philosophy
Department of Landscape Architecture
December 2022

Title: Investigating Forest Elephant Crop Depredation to Guide Landscape Management for
Villager-Forest Elephant Coexistence

Forest elephant destruction of villagers' crops in and around Gabon's national parks has persisted
despite intensive efforts to control the problem by blocking elephant access to crops. I developed
an alternative approach to craft spatially integrated landscape management strategies that
simultaneously meet the needs of villagers and elephants, which I call a landscape framework for
human-elephant coexistence. To craft the coexistence framework, I investigated factors
influencing CDIs in two villages at Lopé National Park, Gabon. In chapter 2, I used content
analysis of semi-structured interviews with 46 villagers and conservation professionals to
explore how interacting landscape processes lead to CDIs. This generated a conceptual
framework characterizing how six broadscale CDI drivers set in motion five landscape change
dynamics, which in turn lead to five generalizable problem types that directly contribute to CDIs
in village areas. In chapter 3, I combined the stakeholder interviews with a mapped census of
native fruit tree distribution along elephant trails in the two villages and nearby forest, and long-
term fruit phenology data to assess CDI distribution in relation to seasonal availability of native
fruits and domestic crops. The results indicate that neither crop nor native fruit availability, nor
the interaction between them, is a definitive factor controlling CDIs. Instead, they suggest that
the spatial and temporal distribution of elephant resources and human activities within mosaics

of natural and managed landscapes combine to influence elephant foraging behaviors, which in

v



turn set the stage for CDIs. In chapter 4, I reframed each of the five problem types into a
coexistence strategy, and identified a toolbox of 59 actions to form the core of the landscape
coexistence framework, and used chapter three results to inform how strategies could be applied
at local extents. Two of the five strategies were targeted to fulfilling elephant needs, two toward
villager needs, and one toward reducing the spatial overlap of elephant foraging and villager
cropping activities. The landscape coexistence framework serves as an overarching structure
through which participatory planning could be conducted at the scale of individual villages or an

entire national park like Lopé.
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CHAPTER 1 : INTRODUCTION
1.1. The context of crop depredation in Gabon

In Gabon, a central African nation located on the continent’s Atlantic coast, and
elsewhere in rural Africa and Asia, human communities use the land with wildlife, and their
inevitable interactions cause harm to both. Villagers plant crops for food and family income in or
near places where wildlife is accustomed to feeding. This practice is especially problematic when
wildlife includes elephants, a protected species which existence is essential for a healthy
ecosystem, and at serious risk of extinction by illegal poaching. Furthermore, the resource
management policies and settlement patterns of human communities have reduced the quantity
and quality of elephants' preferred food in natural areas, which creates a further threat to
elephants. Elephants cope by eating villagers' crops, which threatens villagers' livelihood;
elephants' size makes managing their behavior very challenging. This dissertation analyzes the
nature of the conflict between elephants and villagers, identifies factors that might be managed
more effectively to reduce conflicts and suggests strategies to address them to promote healthy
coexistence for elephants and people.

The primary focus of this research is crop depredation incidents (CDIs), in which
elephants consume and trample crops when they are foraging in villagers’ crop fields, known in
Gabon as “plantations”, which are established through slash and burn clearing of forest each year
(Osborn and Hill 2005, Pittiglio et al. 2014). CDIs can lead to increased poverty, less food to
feed families, and even death (Lahm 1996, Naughton-Treves 1997, Parker and Osborn 2006,
Walker 2012, Madden and McQuinn 2014). Crop losses vary with locations and elephant
populations but can reach higher than 70% (Walker 2012, Seoraj-Pillai and Pillay 2017, Gross et

al. 2018, Ngama et al. 2019). Regardless of CDlIs, socioeconomic conditions are already fragile



in most African villages due to the lack of employment and infrastructure. If CDIs continue,
villagers will lose their primary food and income sources and the last vestiges of traditional
lifestyle, and will stop growing crops and abandon the villages for cities (Seoraj-Pillai and Pillay
2017). Through these CDIs, the existence of both forest and savanna elephants in Africa, already
threatened by poaching and habitat loss, is further threatened by desperate villagers killing them
to protect their crops.

In Central Africa, elephant crop depredation incidents are among the most significant
challenges to the success of elephant conservation. CDIs are a particular challenge with the
critically endangered forest elephant (Loxodonta cyclotis), a smaller and more reclusive species
than the better-known savanna elephant (Loxodonta africana), which is endangered (White et al.
1993, Groves 2000, Grubb 2000, Breuer et al. 2016). To reduce CDIs, people have tried a variety
of traditional and modern strategies, such as planting unpalatable crops like chili peppers and
placing beehives at the edge of plantations where their stings can repel elephants. However, these
strategies are relatively ineffective in reducing CDIs as the elephants adapt to them over time
(Naughton-Treves 1997, Parker and Osborn 2006, Sitati and Walpole 2006, Walker 2012,
Ngama et al. 2016). Park agencies are introducing other strategies, such as installing electric
fences that are successful as people can harvest their crop (Davies et al. 2011) even though
elephant continue to try to reach crops within the few months after the establishment of this
electric fence. All these crop protection methods provide only short-term solutions (Sitati and
Walpole 2006, Osipova et al. 2018, Gross et al. 2019).

Discussion on CDIs has increased over recent decades (Naughton-Treves 1998, White
and Ward 2010, Seoraj-Pillai and Pillay 2017) without a clear understanding of the factors that

influence CDIs or identification of ways to mitigate them without negatively impacting both



people's livelihoods and elephant conservation efforts. Without effective crop protection
strategies, elephants will continue to destroy crops, and villagers will hunt them legally or
illegally to protect their plantations. These dual reactions will accelerate the decline of these
villages (Fairet 2012) and elephant populations (Maisels et al. 2013, Thouless et al. 2016a,
Poulsen et al. 2017, Turkalo et al. 2017).

In the context of the needs of human communities and the needs of critically endangered
elephants, this research analyzes forest elephant CDIs associated with the proximity of
plantations to natural- or human-made regenerating forests referred to as secondary forests in this
research. Secondary forest historically provided elephants with their natural food resources. In
that context, solutions to this conflict have focused on protecting crops for villager livelihood by
deterring or repulsing endangered wildlife (Barnes et al. 1991, Walker 2012). However, the
focus should include recognition that the decreased availability of native fruit due to other
human-caused changes in the habitat leads elephants to eat crops high in nutritional value and
palatability (Eltringham 1990, Naughton-Treves 1997, Naughton-Treves 1998, Parker and
Osborn 2006). Reducing CDIs requires a deeper understanding of factors contributing to these

incidents to accommodate both human and elephant needs in an integrated management plan.

1.2. Considering other elephant needs in CDI management

Crop depredation incident management has focused to date on people's needs, mainly
crop protection, without considering elephants’ needs, including elephant security, because
elephants are seen as a danger. These needs can be complex, particularly for forest elephants,
who are less studied than African savanna and Asian elephants. Much can be learned by

examining their decision-making patterns around foraging to reach food for nutrient balance.



1.2.1. Foraging theory of nutrient balance

Foraging theory explains how wildlife species, including forest elephants, move around
to locate resource patches able to provide their nutritious food needed. This nutritional need can
guide their four foraging actions (Pyke 1984, Stephens and Krebs 1986, Raubenheimer et al.
2009). These four foraging action choices include: finding a resource patch; eating nutritiously;
determining when to leave the patch; and getting to a new patch that provides further nutrition or
leads most efficiently to a new patch (Pyke 1984). First, the elephants choose a patch based on
their need to achieve balanced nutrient intake of various food types. Second, the need to maintain
a nutritionally balanced diet can also stimulate their departure from a resource patch. Third, over
time, resource scarcity and unpalatability stimulate departure in search of a new resource patch.
Fourth, elephants’ movements between patches reflect a goal of taking the shortest route to
quickly reach a new patch or a longer one that includes food along the way (Blake and Inkamba-
Nkulu 2004). Forest elephants could be driven by food diversity and quality to gain necessary
nutrients (Merz 1981, Blake and Inkamba-Nkulu 2004, Rode et al. 2006, Mills et al. 2018), as it
has been shown for African savanna elephants (Sach et al. 2019). This desire for nutritious food
can explain the choice of highly nutritious crops by some elephants (Chiyo et al. 2005, Vogel et
al. 2019, Djoko et al. 2022).
1.2.2. A heuristic approach to understanding elephant foraging decision-making

Predictions of elephant forage decision-making can be challenging because they require
understanding elephants' perspectives on food attraction and choice. However, heuristic
approaches have been developed to understand how wildlife makes decisions (Petit and Bon
2010, Mielke et al. 2018, Boult et al. 2019). The heuristic approach (Gigerenzer and Gaissmaier

2011, Owen et al. 2017) draws on multiple sources of knowledge of animal decision-making



and, more specifically, the factors that influence elephants' foraging and movement decisions.
The goal is to guide the development of testable land management propositions that maintain
elephants' food availability while protecting crops essential for villagers' well-being. (Dickman
2010, White and Ward 2010, Hoare 2012, Shaffer et al. 2019). Land management and large-scale
design should meet the needs of both people and elephants, or help one of them without harming

the other, to create conditions for successful coexistence.

1.3. Coexistence approach

Human-wildlife coexistence is generally based on human interests and tolerance of
wildlife without considering wildlife needs (Sinu and Nagarajan 2015, Frank 2016, Nyhus 2016,
Yurco et al. 2017, Crespin and Simonetti 2019, de Silva and Srinivasan 2019). Frank (2016)
proposed an alternative: defining coexistence as the result of actions that satisfy human and
wildlife interests through tradeoffs designed to express each party's priority needs. Managing
these prioritized needs could offer the least harm in a land-sharing environment (Morehouse and
Boyce 2017, Tiller and Williams 2021).
1.3.1. Human-elephant coexistence

Healthy coexistence, and not mere tolerance, is essential for three main reasons. First,
coexistence could improve the precarious livelihoods of people by protecting crops while
creating jobs by managing the landscape to maintain its conditions in the long term. Second,
coexistence could enhance forest elephant conservation by increasing elephants’ security and
ensuring food availability. Third, a functional forest, essential for climate change mitigation, can
be maintained, with elephants contributing to forest dynamics with tree diversity and carbon
sequestration. Elephants spread seeds and other nutrients across the forest through their dung

(Chapman et al. 1992, Blake et al. 2009, Beaune et al. 2013). Forest elephants shape the forest



during their movement to reach habitats, resource patches, and food. Forest elephants maintain
the health and function of tropical forests with the sequestration of carbon (Berzaghi et al. 2021,
2022) and preserve forests as a source of food and medicine for people (Hermans-Neumann et al.
2016, Cheng et al. 2017, Poulsen et al. 2018).

The study of human-elephant coexistence is an emerging area of research. One important
focus pertains to elephant population sizes and behaviors. Eltringham (1990) presented
conditions for the coexistence of humans and certain types of wildlife, such as elephants, based
only on understanding elephant population size and resource availability in a landscape
dominated by human land use. He promoted tolerance of elephants, for example, through
financial compensation and alternative cropping systems. Songhurst et al. (2016) focused on
elephant behavior by investigating savanna elephants' risk avoidance behaviors when foraging.
Songhurst et al. (2015) initiated a more complex multidisciplinary human-elephant coexistence
project focusing on multiple aspects, such as elephant movement and ecology, and the impact of
the conflict on human livelihood and farming activities.

1.3.2. Coexistence approach through Landscape Architecture

Most human-elephant research in disciplines such as ecology, sociology, and economics
have looked at their interactions from only human or elephant perspectives (Kremen and
Merenlender 2018, Crespin and Simonetti 2019). Thus, understanding and management of CDIs
have been limited because of the lack of comprehensive investigation that includes human and
elephant interactions. However, the need for coexistence may require an understanding of
human-elephant interactions across multiple scales, integrated space, and time. The discipline of

Landscape Architecture embeds approaches from planning and design that deepen understanding



of CDIs and can help identify large-scale interventions that could result in healthier habitats for
wildlife and people.

Concepts in Landscape Architecture illuminate human-elephant interactions by revealing
factors that may influence elephant crop depredations (CDIs) across space and time (Deming and
Swaffield 2011, Lenzholzer et al. 2013, Jorgensen 2014, Meijering et al. 2015). Landscape
approaches integrate multiple knowledge sources through research for beneficial design
outcomes. This research aims to assist human-elephant coexistence by integrating multiple
knowledge sources to guide the planning of landscape management that will satisfy the needs of

both humans and elephants or the needs of one without harming one when satisfying the other.

1.4. Significance of the project

A landscape-based analysis of CDIs can contribute to expanding the application of
landscape architecture to conservation planning. It can also contribute to the emergence of
practical human-elephant coexistence research through deeper understanding of the spatial and
temporal dimensions of the CDI problem and its solutions. These dual analyses can allow
identifying manageable problems that should guide seeking strategies to satisfy human and
elephant needs. Humans can be satisfied by maintaining viable crop production and improving
socioeconomic conditions, while critically endangered forest elephants can be satisfied by
supporting their security and food availability. This analysis emphasizes strategies that can
discourage elephants from foraging in the village areas, including housing and plantations, and
simultaneously enhance elephants' attraction to resources in natural or designed areas as resource

hotspots that could be located at a safe distance from human land use.



1.5. Dissertation structure

This dissertation investigates both general and village-specific problem types to identify
villagers' and forest elephants' needs as they relate to elephant crop depredation incidents (CDIs).
The research was framed for design because determined problem types guide the selection of
coexistence strategies with actions that can satisfy villagers or elephants without harming either
or both. These two investigations, and the selection of strategies with actions, are condensed in
the three main chapters in the form of publishable manuscripts; chapters 1 and 5 provide a brief
introduction and conclusion.

In chapter 2, problem types that lead to CDIs in Gabon are derived from villagers' and
conservation professionals' perceptions, gathered through semi-structured interviews, and
analyzed through content analysis to determine the landscape context, drivers, dynamics, and
problem types influencing CDIs in Gabon. These drivers, dynamics, and problem types were
linked with interviewees’ perceptions in a framework that includes multiple-use forest, protected
areas, and village areas with surrounding forest and housing sites. The five problem types
include decreased elephant security; reduced reliability of fruit production; regular human-
elephant negative interactions; ineffective crop protection; and village socioeconomic conditions.
The two first problem types can contribute to the departure of forest elephants from the forest
due to disruptions of their safety and food availability to find new food resources across the
forest landscape to reach village areas where they have a more regular negative interaction,
which is also favored by ineffective crop protection and village socioeconomic conditions.

In chapter 3, I also used villagers and villagers’ and professionals’ combined perceptions
(presented in chapter 2) to identify local problems at both village and park scales with the case of

two selected villages in and adjacent to Lopé National Park. These local problems were derived



from investigating social conditions and the seasonal variation of forest elephant crop
depredation in relation to native and domestic food availability. Villagers presented social
conditions in the context of CDIs in each village based on their culture and needs. These social
conditions, culture, and needs influenced the perceptions of local problems in each of the villages
as being common or specific to these selected villages. Long-term phenology of 20 important
elephant fruit trees in the park over 18 years showed a decline in fruit production over time. Field
observation within the village areas and associated forest in the park indicated that native fruits
could be found in both village areas and forest in similar abundance so that elephants may not
differentiate the two areas when they forage, and leading them to substitute crops and domestic
fruit, including mangoes, for their native plant diet.

In chapter 4, the five problem types were expressed as strategies to develop a conceptual
framework, referred to as a coexistence framework providing management solutions designed to
satisty villagers, elephants, or both through participatory engagement. These coexistence
strategies were further assessed to identify various actions able to satisfy both or one of the
populations without harming the other. These actions and further literature review and follow-up
interviews provide a toolbox to manage the identified local problem in the landscape context.

These chapters provide insights into factors influencing forest elephant crop depredation
and how negative interactions between humans and elephants in Gabon have increased over
time. As Gabon turns to forest elephant conservation through its national parks network,
managing CDIs by satisfying the needs of both villagers and elephants could create conditions
for human and wildlife coexistence. In the 21 century, human cultural heritage and biodiversity
cannot be considered separately from one another. Rather, both should be given respect and

priority for their importance in our socio-ecological landscape systems:



“The way we see the world shapes the way we treat it. If a mountain is a deity, not a pile
of ore; if a river is one of the veins of the land, not potential irrigation water; if a forest is a
sacred grove, not timber; if other species are biological kin, not resources; or if the planet is our
mother, not an opportunity—then we will treat each other with greater respect. Thus is the

challenge, to look at the world from a different perspective” (David Suzuki).
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CHAPTER 2: KEY PROBLEMS DRIVING FOREST ELEPHANT
CROP DEPREDATION IDENTIFIED THROUGH
STAKEHOLDER INTERVIEWS IN GABON AFRICA

Contributions

This chapter is co-authored by Hervé R. Memiaghe, Mike J. Mikolo Yobo, Christine Enright,
Nelson Ting, Dennis Galvan, and Bart R. Johnson. It was written by H. R. Memiaghe under B.
R. Johnson’s guidance. H. R. Memiaghe, Nelson Ting, Dennis Galvan, and C. Enright developed
the research design and methods. H. R. Memiaghe conducted interviews, then analyzed the data
with assistance from C. Enright, M. Mikolo Yobo, and B. R. Johnson. All authors discussed the

results and contributed to edits and revisions.

2.1.  INTRODUCTION

Elephant crop depredation incidents (CDIs) occur when elephants consume and trample
villagers’ crops (Osborn and Hill 2005, Pittiglio et al. 2014). CDIs have persisted despite
intensive efforts to control them (Hoare 2012, 2015), leading to increased poverty, less food to
feed families, and even death (Lahm 1996, Naughton-Treves 1997, Parker and Osborn 2006,
Walker 2012, Madden and McQuinn 2014). CDI persistence has been attributed to the short-term
effectiveness of crop protection methods, as elephants find ways to continue depredating crops or
move to other areas with no crop protection (Osipova et al. 2018). Faced with the loss of their
livelihoods (Shafter et al. 2019, Nyumba et al. 2020, Terada et al. 2021), people may kill
elephants to protect their crops (Lahm 1996, Walker 2012, Hoare 2015, Mariki et al. 2015, Hans

Enukwa 2017, Mills et al. 2018, Epanda et al. 2019, Roe and Booker 2019, Twitcher 2020,
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Rakotonarivo et al. 2021, Terada et al. 2021), increasing the threat to elephant species already
globally endangered from poaching (Blanc 2008, Choudhury et al. 2008, Gobush 2021b, 2021a).
These dual threats to people and elephants require understanding not only the factors influencing
CDI persistence but identifying management approaches that can help meet both villagers’ and
elephants’ needs (Frank 2016, Morehouse and Boyce 2017, Tiller and Williams 2021).

In this chapter, we interviewed villagers and conservation professionals to develop a
conceptual framework for the interacting processes that lead to CDIs. The framework is built on
understanding the needs of both villagers and elephants as a foundation for developing land

management strategies that create conditions for human-elephant coexistence.

2.2. MATERIAL AND METHODS
2.2.1. Study Area

Almost 80% of Gabon is rainforest habitat for wildlife, with 10% of the country set aside
as national parks. Gabon is home to approximately 95,000 forest elephants, representing more
than 70% of the remaining individuals of this species (Maisels et al. 2013, Laguardia et al. 2021).
Elephant conservation in Gabon is a priority for three main reasons. First, Gabon has been
pursuing sustainable economic development, including ecotourism, even as it intensively extracts
other natural resources like oil and timber. Second, Gabon has one of the lowest human densities
in Africa, with just over 2 million people (World Population Review 2018) distributed across
267,667 km? (7 people/km?), roughly 40% of whom live in the capital of Libreville. Third,

biodiversity conservation has been implemented on a national scale, with 13 national parks
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established in 2002, including Lopé National Park in central Gabon (Figure 2.1), which served as

the focus for this study.
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Figure 2.1. Gabon’s 13 National Parks. Dashed line shows the equator in both panels.

2.2.2. Data collection

We collected narratives of CDIs in Gabon using semi-structured interviews of key

stakeholders, including villagers and conservation professionals. Applying a standard set of

questions within an open conversation allows participants to discuss issues in their own way and

to lead the conversation's direction. The framework promotes participants’ in-depth contributions

through narrative explanation while allowing the interviewer to follow up with additional

questions (Leedy and Ormrod 2001, Wengraf 2001, Galletta 2013, Lune and Berg 2016). The

interviews were in-person to fit better with Gabonese culture, where traditional knowledge is

transmitted orally (Bonhomme 2007, Diogo and Cerena 2015).
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Participant Selection

Interviews were conducted with two stakeholder groups: villagers, who were selected
from two villages, Kazamabika and Ramba, near Lopé National Park, and conservational
professionals, including national park rangers and forestry agents stationed in that park, and
researchers in the socioeconomics and ecology of human-elephant interactions, elephant
behavior, and forest ecology around Gabon. Lop¢é National Park has one of the highest known
incidences of CDIs (Walker 2012) and is a repository of relevant local ecological and
environmental data.

Participant selection was unique to each stakeholder group. For villagers, a preliminary
visit in 2018 established a relationship with residents at both sites. Twenty-four villagers agreed
to be interviewed after permission was obtained from their village chiefs. Interviews took place
in January-February 2020, the short dry season when only permanent residents were present.
Participants were grouped in two age groups: adults over 65 years old and adults 18 to 64 years
old to differentiate those whose adult lives included the period prior to biodiversity conservation
efforts. Professional participants were identified through three strategies: conservation network,
the snowball method (Biernacki and Waldorf 1981, Naderifar et al. 2017, Gundur 2019), and a
literature review. Interviews took place from January-June 2020. The first interviews were
conducted with professionals in the lead author’s conservation network in Gabon who have been
working on elephant conservation and human-elephant conflict. During these interviews, they
identified other people whom the lead author could contact. One researcher who had worked in
Gabon was identified through a literature review. A total of 22 professionals were interviewed:

three forestry agents, nine park agents, and ten researchers.
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Interview Procedures

The two stakeholder groups were interviewed using different procedures. Villager
interviews occurred over four weeks (two weeks in each village). At least one or two villagers
were interviewed in the afternoon each day after their work at subsistence crop fields, known
locally as plantations', and their homes. Professionals were interviewed either in person or
remotely. In-person professional interviews took place in Libreville or at Lopé National Park,
particularly in the town of Lopé. Remote interviews were conducted with professionals located
in other sites in Gabon or in other countries.

Interviews lasted from 15 minutes to an hour, depending on the length of participants'
storytelling through semi-structured interviews. Three central research questions were introduced
to participants to encourage them to include these topics in their storytelling (Table A1). Other
questions emerged as they told their stories. With their permission, all interviews were recorded
to maintain conversational flow and to capture their whole story. Interviews were conducted
primarily in French, the official language spoken by most of Gabon's population. Since a few
elderly participants communicated only in one of the 50 native languages spoken in Gabon

(Rékanga 2007), a family member served as a translator between French and their native

! Subsistence crop fields, known in Gabonese French as “plantations,” are established during the long dry
season (June to September) through slash and burn practices that convert forest to short-term
production areas for 1-2 years before they are abandoned and turn into secondary forest. This
form of agriculture is variously referred to as slash and burn, shifting cultivation, and swidden
agriculture, with no single, accepted term for the practice or the individual plots. We use the term

“slash and burn” because it describes the practice of cutting and burning forest.
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language. The family members were interviewed prior to their elders to avoid influencing the
family members’ stories. Foreign researchers from the United Kingdom or the United States
were interviewed in English.
2.2.3. Data analysis

Almost all interview recordings were transcribed directly into English after multiple
reviews to ensure that each story was accurately captured by carefully considering the content
and context of their responses. When the context could not be translated directly from their
native language, words, expressions, and sentences were written in French and later translated
into English. The final English transcripts were analyzed through qualitative content analysis
composed of thematic and quantitative analysis with CDIs as the unit of study by stakeholder
group (Gore and Kahler 2012, Bernard 2017, Mayberry et al. 2017).

Thematic analysis of the transcripts

Thematic analysis was conducted in three phases. In phase one, transcripts were read to
identify passages (typically one or more sentences) that responded to one of the two primary
interview topics: the context of crop depredation incidents (CDIs) across space and time, and
drivers of changes in resources used by elephants across space and time. Each topic included a
main question with 7-9 sub-questions that could be used to follow up on an interviewee’s
responses to a question (Table A1). This full suite of questions guided the identification of
transcript passages related to each main question, and these passages were interpreted to code
their main ideas. In phase two, all passages and codes were categorized by main question and
linked to an identifier number randomly assigned to each interviewee. Data were further
analyzed to verify the link between passages and codes and to condense the number of codes.

After multiple verifications of the passage expressions and codes, and their groupings, the codes
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were categorized into CDI themes and subthemes for further analysis. Finally, we conducted a
quantitative analysis to determine the percentage of interviewees who characterized each theme
and associated subthemes by stakeholder group, and across all interviewees. Interviewees who

referred to multiple coded items in a category (theme or subtheme) were counted only once.

2.3. RESULTS

Results are reported in three parts: (1) interview participant demographic profiles, (2)
identification of CDI themes and subthemes, (3) proportions of interviewees identifying each
theme by stakeholder group, and 4) a conceptual framework that integrates the different themes.
2.3.1. Participant Demographic Profile

Twenty-four villagers (52%) and 22 conservation professionals (48%) were interviewed
for a total of 46 participants. Twelve Villagers came from each of the two selected villages. They
included seven adults over 65 years old and five adults 18 to 64 years old at Kazamabika, and four
adults over 65 years old and eight adults 18 to 64 years old at Ramba. Professionals included nine
(20%) park agents, three (6%) forestry agents, and 10 (22%) researchers.
2.3.2. Theme Identification

Four central themes were derived to capture participants' characterization of CDIs and
their causes: landscape context, drivers, dynamics, and problem types. Landscape context
identified the locations associated with each driver, dynamic, and problem type. The derivation
of the four themes was broadly inspired by the conceptual framework of Emerson et al. (2012)
for developing collective plans of action through collaborative governance. Drivers characterized
broad-scale factors that fostered CDIs by changing socio-ecological system (SES) dynamics in
the landscape contexts. Dynamics characterized the CDI-relevant landscape change processes

resulting from the drivers. Problem types characterized outcomes of the dynamics that, by
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affecting the fulfillment of human and elephant needs, became the proximal causes of CDIs. In
our reconceptualization, drivers turn the wheels of landscape change in specific locations to set
the dynamics in motion, leading to the immediate problem types that contribute to CDIs. Each
identified interview passage thus became a schema, or fundamental unit of explanation for the
CDI problem, and was coded to represent a causal chain from landscape context — subdriver —
subdynamic — subproblem. After all, passages were coded for these four themes; each theme
was examined to consolidate its subunits into a reduced set of higher-level categories.
2.3.3. Landscape context, drivers, dynamics, and problem types influencing CDIs

In addition to the summaries below, transcribed narratives for each main category of
driver, dynamic, and problem type are provided in Appendix A under separate tables for each
theme (Tables A3, AS, and A7).

Landscape Context

Interviewees’ descriptions of the causes and consequences of CDIs were associated with
three landscape contexts: multiple-use forest, protected area, or village area. People primarily use
multiple-use forest areas for extracted natural resources such as harvestable trees and wildlife
that may be hunted (e.g., for bushmeat), including illegal poaching. Protected areas are sites
where most natural resource extraction is excluded, and biodiversity conservation is the priority.
Village areas include both inhabited spaces and nearby forest areas that villagers use for
plantations, hunting, and gathering non-timber products such as native fruit and other vegetables.

Drivers

Six categories of drivers emerged from the descriptions of villagers and professionals: 1)
elephant foraging behaviors, 2) logging, 3) conservation policies, 4) village-elephant habitat

spatial overlap, 5) rural exodus, and 6) disruption of native fruit production (Figure 2.2), each
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derived from 1-8 subdrivers (Table A2). Elephant foraging behavior was the most frequently
identified driver of CDIs. It was brought up by 70% of interviewees, and nearly equally by
villagers and professionals. This driver was derived from eight subdrivers related to forest
elephants’ needs to access food and be in a safe place. The most frequently described were
elephant hunting/poaching (26%) and elephant crop preferences (24%), primarily by
professionals, and fences pushing elephants to other sites (17%), primarily by villagers. The
logging driver was identified by 52% of interviewees, predominantly professionals (82%). It was
derived from four subdrivers, with logging by far the most frequently described, and the only one
named by villagers. The conservation policies driver was identified by 41% of interviewees,
primarily professionals. It was derived from two subdrivers related to elephant habitat protection:
elephant hunting prohibition (35%) and park establishment (20%). The village-elephant spatial
overlap driver was identified by 37% of interviewees, primarily professionals. It was derived
from two subdrivers related to transformation of the forest for villager behaviors: village location
(28%, primarily villagers) and plantation expansion (13%, primarily professionals). The rural
exodus driver was identified by 26% of interviewees with substantial number of both
professionals and villagers. It was derived from three subdrivers with village depopulation

mentioned most often by both stakeholder groups. The final driver, disruption of native fruit
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production was identified by 15% of interviewees, all professionals, based on one subdriver

related to the decrease of fruit availability due to changing climate.

Elephant foraging behaviors T
E— e

ke
A

Logging

Conservation policies

Drivers

Village-elephant spatial overlap
Rural exodus . *

Disruption of native fruit production

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Percentage of interviewees

Figure 2.2. Interviewees’ perceptions of drivers influencing CDs by villagers (black) and
conservation professionals (gray). Stars show average across all interviewees. Because interviewees
comprised almost equal numbers of villagers (n=24) and professionals (n=22), the percentages also
reasonably represent the relative number of stakeholders by type.

Dynamics

Five categories of dynamics emerged from the descriptions of villagers and professionals:

1) Increased human-elephant interactions, 2) Reduced capacity to protect crops, 3) Forest

structural change, 4) Reduced native fruit availability, and 5) Decreased elephant safety in native

habitats (Figure 2.3). The first two dynamics were described by similar percentages of

professionals and stakeholders, while the last three were noted predominantly by professionals

(Table A4). Increased human-elephant interactions were the most frequently identified dynamic,

brought up by 78% of interviewees. It was derived from ten subdynamics focused on themes that
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emphasized how village areas had become safe areas for elephants to forage. The most common

: o |
Increased human-elephant interactions *

Reduced capacity to protect crops d

Forest structural changes I *

Dynamics

Reduced native fruit availability I *

Decreased elephant safety . *

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Percentage of interviewees

Figure 2.3. Interviewees’ perception of dynamics influencing CDIs by villagers (black) and
conservation professionals (gray). Stars show average across all interviewees. Because interviewees
comprised almost equal numbers of villagers (n=24) and professionals (n=22), the percentages also
reasonably represent the relative number of stakeholders by type.

subdynamics were safe sites for elephants (30%), inclusion of crops in elephants’ diet (26%),
protected forest elephants (15%), and decreased native fruit production (13%), with substantially
different emphases by the two stakeholder groups. Reduced capacity to protect crops was
identified by 50% of stakeholders, with somewhat greater emphasis from villagers. It was
derived from four subdynamics related to villager and elephant behavior changes. Professionals
emphasized identified altered social dynamics, while villagers focused on partial or ineffective
crop protection. Forest structural change was identified by 37% of stakeholders, primarily
professionals. It was derived from three subthemes that indicated forest degradation and habitat
transformation, and both stakeholder types focused on how village areas have become elephant
habitats. Reduced native fruit availability was identified by 33% of interviewees, primarily

professionals. It was derived from two subthemes that indicated reduced numbers of native fruit
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trees and decreasing fruit production. Decreased elephant safety was identified by 26% of
stakeholders, again primarily professionals. It was derived from two subthemes related to
hunting and poaching, and noise and machinery from logging operations.

Problem types

Five problem types emerged from villager and professional perceptions of CDIs: 1)
regular human-elephant negative interactions, 2) ineffective crop protection, 3) reduced reliable

native fruit, 4) decreased elephant security, and 5) village socioeconomic conditions (Figure 2.4).

Regular human-elephant negative interactions — *

Ineffective crop protection —\3

Reduced reliability of fruit production I *

Problem types

Decreased elephant security u *

Village socioeconomic conditions u *

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Percentage of interviewees

Figure 2.4. Interviewee’s perception of problem types influencing CDIs by villagers (black) and
conservation professionals (gray). Stars show average across all interviewees. Because interviewees
comprised almost equal numbers of villagers (n=24) and professionals (n=22), the percentages also

reasonably represent the relative number of stakeholders by type.

The first two problem types were identified almost equally by villagers and professionals, while
the last three were identified primarily by professionals (Table A6). Regular human-elephant
negative interactions were the most frequently identified dynamic, brought up by 76% of
interviewees. It was derived from seven subproblems that indicate elephant disturbance, food
disruption, interest to crops, villager issues, and the proximity of both. Among the subproblems,

interviewees identified three: more elephants in village areas (48%), disturbance of elephant
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habitat (35%), and village food resources that attract elephants (28%). The first and third
subproblems were primarily identified by professionals, and the second by villagers. Ineffective
crop protection was identified by 54% of interviewees, equally by the two stakeholder groups. It
was derived from four subproblems. Among the subproblems, the increased presence of
elephants in the village and the absence of people in the village were the most mentioned by
professionals and villagers, respectively. Reduced reliability of native fruit production was
identified by 46% of interviewees, primarily professionals. It was derived from two subproblems
that were most often brought up by professionals, native fruit scarcity (46%) and disturbance of
elephant habitat (24%). Decreased elephant security in the forest was identified by 28% of
interviewees, primarily professionals. It was derived also from two subproblems, mostly related
to unsafe forest (primarily professionals). Village socioeconomic conditions was the least
frequently identified problem type, brought up by 9% of interviewees. It was derived from only
one problem type, the absence of people in the village primarily brought out by professionals.
2.3.4. Conceptual framework of stakeholder perception of factors influencing CDIs

The four themes of landscape context, drivers, dynamics, and problem types represent a
decomposition and classification of interviewees’ descriptions of how and why CDIs occur.
Interviewees related crop depredation incidents (CDIs) to multiple factors beginning with broad-
scale drivers of socio-ecological system (SES) changes that foster CDIs. For example, SES
changes can alter human and elephant behaviors or resources available in the three landscape
contexts: multiple-use forest, protected areas, and village areas (Figure 2.5). Multiple-use forest
and protected areas were each associated with four drivers, and village areas were associated
with five. The relative width of each connecting arrow was determined by the number of

interviewees whose passages connected the two (Table A8). Similarly, each driver influenced
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one or more dynamics (Table A9), leading to the identified problem types (Table A10), which
influence CDIs (Table A11). In all cases, the width of an arrow represents the number of
interviewees who made that connection. When multiple passages from a single interviewee
connected two themes, that connection was counted only once in the computation of arrow
width.

Next, we describe the main linkages that flow through the diagram for each landscape

context and illustrate how individual passages were decomposed into the linkages from context

to driver, dynamic, and problem type. Both the category and subcategory of each theme is

shown, with the latter in parentheses.
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Figure 2.5. Conceptual framework showing how respondents linked landscape context to drivers, dynamics, and problem types influencing
CDIs Arrow width is proportional to the number of respondents reporting a linkage between themes.



In multiple-use forest, as shown by the arrows to the four connected drivers, interviewees
focused most on how logging contributes to four dynamics: forest structural change, decreased
elephant habitat security, reduced native fruit availability, and increased people-elephant
negative interactions. Forest structural change, for example, then contributed to two problem
types: reduced reliability of fruit production and regular human-elephant negative interactions.
Both interactions were described and embedded in the data that produced Figure 2.5, for
example, as “There are less natural fruiting trees in the forest due to past logging” (ID, 13), and
“Elephant fruiting trees were logged in the past. Elephants were then lost in the forest and came
to the villages.” (ID, 19). The latter interviewees’ passage was coded as multiple-use forest —
logging — reduced native fruit availability (reduced number of native fruiting trees) — regular
human-negative interactions (more elephants in village areas).

In protected areas, interviewees mentioned mostly the disruption of native fruit
production and elephant foraging behaviors as drivers of change. The first driver was linked to
the reduced native fruit availability dynamic that affects two problem types, primarily the
reduced reliability of fruit production. Interviewees expressed this connection, for example, as “/
had the same feeling [change in climate condition affecting native fruit production] at Loango
[park] because I did ten years overall there, and talking to people, I was feeling that the dry
season was expanding more and more, beginning earlier, and the rainy season beginning late. It
was not drier but more expanded, and also the small dry season that used to start in December,
moved to January” (ID 45). Here, the codes were protected area — disruption of native fruit
production (climate change) — reduced native fruit availability (decreased native fruit
production) — reduced reliability of fruit production (native fruit scarcity). Another interviewee

stated, “A tree like Gabonese chocolate [bush mango] gives fruit every 2 to 3 years, if one gives
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fruit this year, it will wait for 2 to 3 more years for giving new fruits. [Elephants] are obliged to
come to the village to find a little bit food like mango [domestic mango], guava [within the
village areas]” (ID 13). This was coded as [protected area — disruption of native fruit production
(climate change) — reduced native fruit availability (decreased native fruit production) —

regular human-elephant negative interactions (village with food sources that attract elephants).

In village areas, elephant foraging behaviors, village-elephant habitat spatial overlap, and
conservation policies stood out as the most important drivers of changes to landscape dynamics
that in turn created linked problem types that contributed to CDIs. For example, elephant
foraging behaviors were linked to three dynamics, with the most reported being increased
human-elephant interactions. This dynamic was related to three problem types expressed mostly
through regular human-elephant negative interactions that increased CDIs. For example, these
linkages were expressed by one interviewee as “They [elephants] were coming [within the village
areas] because crops attract them” (1D, 46). “Elephants could come to the village as a refuge,
and go where it is quieter, and follow to where there is more food” (1D, 35). The latter was
coded as village area — elephant foraging behaviors (safety/food availability for elephants) —
increased human-elephant interactions (safe site for elephants) — regular human-elephant

negative interactions (village with food sources that attract elephants).

2.4. DISCUSSION

We investigated conditions associated with the persistence of forest elephant crop
depredation incidents (CDIs) based on both villagers’ and conservation professionals’
knowledge. Villagers contributed more to understanding the factors around their village, whereas

professionals perceived these incidents across larger areas. The two stakeholder groups’
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knowledge thus contributed different perspectives that were combined to conceptualize the
factors and processes behind CDIs in Gabon.

The commonalities and differences in their perspectives (Figures 2.2, 2.3, 2.4) likely
reflect their experiences and values of what is important. For example, while both villagers and
professionals identified elephant foraging behaviors as a top driver of CDIs, the professionals,
whose job is conservation, were three times more likely to identify logging as a CDI driver than
villagers, many of whom have been employed by the forestry industry for different activities.
Overall, professionals, whose job it is to consider these issues, were likely to provide more
comments than villagers, reflected in the higher average percentages of professionals identifying
different drivers, dynamics, and problem types. This weights the width of the arrows in figure
2.5 toward professionals’ knowledge simply because they brought up more issues and serves as a
reminder that the perspectives and deep experience of villagers, who experience CDIs and their
impacts directly, should be given careful attention, particularly because they may be less verbose
in their commentaries.

It is not surprising that villagers and conservation professionals focused on different
factors, given the nature of each group’s experiences and priorities. Should these factors become
part of future collaborative planning efforts, it may be useful to prioritize those issues on which
both groups agree as starting points for planning discussions. Points of agreement provide
opportunities to build trust and to identify initial actions that may be easy to implement.
Differences in perspectives around other issues should be investigated further to identify points
of contention and to look for possible resolution or compromise.

We frame our discussion of the problem types that occur in multiple-use forest, protected

areas, and village areas by examining how the distillation of our conversations with stakeholders
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built a complex picture of the factors contributing to CDIs. This narrative begins with the
landscape contexts associated with six broad-scale socioecological drivers that have stimulated
five processes of dynamic landscape change which in turn have led to five problem types that
directly contribute to CDIs (Figure 2.5). Important to the goals of developing strategies for
human-elephant coexistence, two of these problem types focus on the needs of elephants, two on
the needs of villagers, and one on the zones of spatial overlap in their activities that serve as the
locations of CDlIs.

Like the causes of CDIs, stakeholders' responses were often complex and nuanced. After
coding their responses from the transcripts, we considered various ways to portray their stories
and integrate them into a single narrative, represented by Figure 2.5. The goal of identifying a
discrete set of problem types that could be addressed at local landscape scales in different
landscape contexts (chapter 4) was central, as was the desire to retain the complexity of their
stories while making the synthesis visually accessible and directly useful for developing
management strategies in local contexts.

Consequently, our analytical framework shows all implied causal arrows flowing
horizontally from left to right. In doing so, we have ignored the fact that there are interactions
and feedback within each theme of drivers, dynamics, and problem types. For example, the
driver of disruption of native fruit production impacts elephant foraging behaviors. Furthermore,
the lack of arrows connecting categories within the primary themes led to the need for several
instances of tightly linked categories among the themes. For example, disruption of native fruit
production (driver), reduced native fruit availability (dynamic), and reduced reliability of fruit
production (problem type). We debated extensively on how to address these issues. In the end,

we decided that the framework shown best represented the commentaries and intentions of the
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interviewees and that the added complexity of attempting to describe or diagram interactions
within themes made the framework too complex to serve its purpose of clarifying the causes of
CDils. If this framework were further developed, we recommend that these interactions and
feedbacks within themes be further explored. With that caveat, we next explore the relationships
identified through stakeholders’ stories of the interactive relationships that lead to CDIs.
2.4.1. Multiple-use forest

Stakeholders connected multiple-use forest to four of the six drivers, primarily logging
and elephant foraging behaviors (Figure 2.5). The activities of logging have initiated drivers of
forest structural change, decreased elephant habitat safety, and reduced native fruit availability
(Blake 2002, Poulsen et al. 2011). Forest structural changes from logging were described as
alterations to forest structure and composition, particularly the reduced numbers of big trees and
increased distance between them through selective harvest. Many of the most important timber
trees that have been logged are important sources of fruit for forest elephants. There are recent
efforts to restrict logging of the most important trees for elephants in Gabon, but so far, they
include only a few species (Decretn°0137/PR/MEFEPA 2009). While the density of trees
removed under Gabon’s logging practices is low (1-2 trees/ha), loggers naturally target the giant
trees that are also the most important individuals for elephants. Interviewees reported, “7The
fruiting tree species of which animals consumed fruits were also the trees logged in the past”
(Professional, ID 21). “Logging concessions destroy elephant habitat and food sources
(Professional, ID 35).

Large fruit trees are often the anchors of elephant trail systems. Trail systems in turn, are
the spatial foundation for elephant foraging behaviors. Established trails serve as an elephant

herd’s cognitive map of the results of their past foraging, increasing the efficiency of their
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movements as they seek fruits and other food resources (Fishlock et al. 2016, Presotto et al.
2019). Through their trail systems and the guidance of experienced, older elephants, cognitive
maps seem to be transmitted from generation to generation (Fishlock et al. 2016). In this way,
logging can change elephant foraging behavior at the landscape scale, leading them to roam
widely as they search for reliable food sources. Over time, they create an updated trail system
that serves their dietary needs throughout their seasonal rounds to maximize foraging efficiency.
Because of reduced fruit availability in logged areas and, as described next, the disturbances of
logging activities, elephants and their trail systems may be relocated into both protected areas
and around villages, establishing new patterns of behavior that will be passed on from one
generation to the next.

In multiple-use forest, interviewees most often linked the driver of elephant foraging
behavior with the dynamic of decreased elephant habitat safety. In addition to adjusting their
foraging behaviors to changes in fruit distribution, they must adjust to increased noise and
danger. “Logging noise pushed elephants away (Professional, ID 16). Indeed, I was involved in
logging before I worked in conservation. You cannot imagine the noise made by chainsaw,
engine, and bulldozer (Professional, ID 31)”. Furthermore, both noise and danger are brought
into the forest with the use of guns during hunting and poaching.

Hunting and poaching are strongly associated with logging and other industrial extraction
processes (Fay and Agnagna 1991, Blake 2002, Rakotonarivo et al. 2021) and affect elephant
presence and behavior in both forest and savanna (Kolowski et al. 2010, Yackulic et al. 2011,
Vanthomme et al. 2013, Breuer et al. 2016). Interviewees reported that elephants left the forest
due to noise from guns used during hunting or poaching. “There is a displacement of elephants

as they move away from poaching areas (Professional, ID 36)”, causing elephants to leave their

31



areas of established use and associated trail systems. “...They leave their corridors when they are
disturbed” (Professional, ID 14). This process is self-perpetuating as the proliferation of new
roads provides ongoing access, and those involved in extractive industries may themselves take
advantage of the opportunities for gain. “More, people who worked take advantage to hunt
animals, I saw that personally. I think that this is the cause of elephant movement at 100% "
(Professional, ID 31). In these ways, both the processes and outcomes of logging stimulate new
elephant foraging behaviors and reinforce them over time. As expanded upon below, these direct
and indirect effects then contribute to increased CDIs as elephants displaced by logging may
seek food and safety in protected areas and villages.

Through these three drivers and four dynamics, stakeholder commentaries described how
human activities in multiple-use forest led to three problem types: decreased elephant security,
reduced reliability of fruit production, and most importantly, regular human-elephant negative
interactions. In this landscape context, then, we argue that multiple-use forest must be managed
as part of a landscape-scale strategy to mitigate CDIs. Although logging creates intense
disturbances to tropical forests (Hosonuma et al. 2012, Tyukavina et al. 2018), including the loss
of fruiting trees and loud, disruptive activities, the short-term impacts could be managed to
provide benefits to forest elephants in the long term through the creation of different-aged
patches of secondary forest, so long as increased access for hunting and poaching can be
controlled.

2.4.2. Protected areas

Stakeholders connected protected areas almost equally to four drivers: conservation

policies, disruption of native fruit production, elephant foraging behaviors, and village-elephant

spatial overlap. Hunting and poaching in protected areas were not noted for this landscape,
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although it is a major factor in other Gabonese national parks (Maisels et al. 2013, Poulsen et al.
2017).

Conservation policies in Gabon were intended to create a safe environment for elephants
through the establishment of national parks. The government established these large, protected
areas to conserve core portions of the Congo Basin rainforest for wildlife as both a complement
and counterpart to trends toward logging for economic gain (Laurance et al. 2006, Lee et al.
2006, Eba’a Atyi et al. 2022). Extractive industries like logging and mining were excluded to
retain habitat quality, and hunting wildlife was prohibited to create secure areas for wildlife to
thrive. Outside the parks, hunting species of concern like elephants was highly restricted, and
efforts were put in place to stop elephant poaching for ivory.

The effects of national park establishment, however, have propagated through the socio-
ecological system in unintended ways. The expectation was that forest elephants would stay in
these protected areas, but some interviews reported they spend most of their time in surrounding
human land use areas, particularly village areas. “In 1981-2, the ECOFAC [conservation
program] began; from there, people could not go in the forest as they wanted, not even to hunt.
At that time, animals [elephants] began to come close to people. Those elephants have multiplied
(Villager, ID 22)”.

One of the reasons elephants are leaving their reserves may be the disruption of native
fruit production by rapidly changing global climate. The collapse of fruit production is creating
severe scarcity (Bush et al. 2020b) of a central component of forest elephants’ diet (Tchamba and
Seme 1993, White et al. 1993, Beirne et al. 2020, Djoko et al. 2022, Fai et al. 2022). Since 1982,
a research station in what is now Lopé National Park has maintained a long-term forest fruit

phenology dataset. The data showed that fruit production has been in rapid decline since at least

33



1986 (Bush et al. 2020b), when Lopé was a wildlife reserve, long before its establishment as a
national park in 2002. As a result, elephants must search longer and roam further to find fruit.

Like the loss of fruit trees from logging, reduced fruit production which includes both
fewer fruits in a tree and reduced numbers of years in which an individual tree produces any
fruits changes elephant foraging behaviors. As has been shown for several important elephant
fruit tree species such as Sacoglottis gabonensis, elephants track the variation of native fruit
availability (Momont 2007, Mills et al. 2018, Beirne et al. 2020, Bush et al. 2020b), using trail
systems that take them close to individual fruiting trees (chapter 3, (Short 1981, Blake 2002,
Blake and Inkamba-Nkulu 2004). They also use their acute sense of smell to determine when
fruits are ripe across long distances away (White et al. 1993, Plotnik et al. 2014), which applies
not only to native fruits but to domestic fruits and some crops, such as banana plants (Villager,
ID 34), potentially guiding them toward villages as they seek new food sources.

For these reasons and others described below, the establishment of protected areas has
increased village-elephant habitat spatial overlap. Village areas offer elephants access to both
food and shelter in Gabon (Blake et al. 2008, Kolowski et al. 2010, Vanthomme et al. 2013, Wall et
al. 2021), especially those located in and adjacent to protected areas (Mills et al. 2018). One
interviewee described this increased elephant presence as follows: “In 1981-2, the ECOFAC
began; from there, people could not go in the forest as they wanted, not even hunting. At that time,
animals [elephants] began to come close to people; these elephants have multiplied (Villager, ID
22)”. Lahm (1996) reported that villagers associated CDIs with periods of reduced reliability of
fruit production, which can explain forest elephants' presence near villages areas. “These disturbed

elephants are obliged to find refuge in nearby villages” (Professional ID 12).
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Although protected areas were created to provide elephants safe refuges with abundant
resources, they have not fully met the needs of elephants nor protected the livelihoods of nearby
villagers. For protected areas to serve their full potential and their central role in long-term
wildlife conservation, we argue that resolving their unintended consequences, particularly the
reduced reliability of fruit production, is crucial for both villagers and elephants.

2.4.3. Village Areas

As described above, displaced elephants from multiple-use forest and protected areas are
under pressure to find reliable food sources that fulfill their year-round dietary needs and to seek
safety from logging activities, hunting, and poaching. Village areas, which are the location of
CDls, appear to provide those needs. In that context, stakeholders connected village areas to five
of the six drivers of landscape change, particularly to conservation policies, elephant foraging
behaviors, and village-elephant spatial overlap.

Conservation policies intended to protect habitats and wildlife inside national parks have
had large effects on villages inside or adjacent to the parks. Because villages were widely
distributed across the landscape, some wound up inside the parks while others were located close
to their boundaries. Those inside the parks can no longer hunt at all, while those outside parks
can no longer hunt protected species, including elephants. Villagers may request that the forestry
service kill a problem elephant, but the process is time-consuming and difficult.

Interviewees reported a new permanent forest elephant presence around village areas,
particularly since the establishment of protected areas where elephant hunting is prohibited
(Professional, ID 14). This increased safety made crops easily available to elephants when they
faced increasing fruit scarcity and reduced safety in large parts of the regional landscape. Several

researchers have suggested that the shortage of fruits in the forest may have encouraged
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elephants to leave protected areas to forage in surrounding human land-use areas, particularly
around villages (Lahm 1993, Mills et al. 2018, Djoko et al. 2022). Interviews echoed this idea,
for example, by saying, “I think they came here [to the village] when the forest did not produce
fruit for them...” (Villager, ID 11). The increased presence of elephants around villages has
happened when villagers’ capacities to protect their crops have been reduced by both the
prohibition of lethal force, and the impacts of rural exodus, as described below.

With greater access to crops, elephant foraging behaviors have changed as well. They are
intruding within village areas more often, especially those in and adjacent to protected areas
(Nsonsi et al. 2017, Mills et al. 2018, Beirne et al. 2019, Ngama et al. 2019). “In the past,
elephants were hard to see, and now, without hunting, they are around villagers. The elephants
are more and more. In the past, one elephant was coming, and it used to eat and go back. Today
there are groups of more than six elephants (Villager, ID 13).

Increased pressure by elephants seeking crops in conjunction with rural exodus, has made
labor-intensive traditional crop protection methods less effective as elephants become used to
them or find ways to overcome them. Traditional methods were managed by working-age youths
and adults leaving the village for big cities. Newer methods of protection, such as permanent
fencing, have proved problematic, for example, using ineffective fencing materials, to which
elephants can quickly adapt (Shaffer et al. 2019) .

The inclusion of crops in elephants’ diet is also fostered by their ongoing availability.
Villagers convert nearby forest into plantations through slash-and-burn clearing each year
(Angoué 1999), where they produce crops for 1-2 years, after which plantations return to

secondary forest, a further source of herbaceous forage. Forest elephants may also seek out crops
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because of fruit scarcity and because they provide important nutritional value, particularly
minerals in their diet (Chiyo and Cochrane 2005, Chiyo et al. 2005, Rode et al. 2006).

To help villagers protect their crops in the face of increasing elephant incursions, electric
fences have been introduced in some villages in and adjacent to Lopé National Park. Electric
fences have shown given promising results but may push elephants toward other villages lacking
such fences. For all these reasons, villages in and adjacent to protected areas may be perceived
by elephants as a source of security and food (Mills et al. 2018). Elephants grow bolder when
they are pushed from the forest by lack or danger and drawn to village areas where crops are
reliably available on a year-round basis.

Village-elephant habitat spatial overlap has increased under these combined forces.
Villagers stated that it used to be rare to see elephants in village areas. Elephants used to stop to
eat some crops when they passed by village areas, mostly in plantations that were some distance
from housing sites (ID, 13). As a consequence, villagers used to have few interactions with forest
elephants. Even hunters would have to walk around 50 km before seeing the elephant’s footprint
(Villager, ID 33). Their interactions with elephants were meaningful enough that they had ritual
significance. They described how elephant hunters conducted traditional rituals to prepare a
product that they would spread on the footprints of the elephant they had targeted before they
pursued it. These interactions suggest that people and elephants once had their own places, with
limited overlap in their use of the forest, potentially due to their hunting (Barnes 1996).

Now, village areas offer elephants access to both food and shelter in Gabon (Blake et al.
2008, Kolowski et al. 2010, Vanthomme et al. 2013, Wall et al. 2021), especially villages in and
adjacent to protected areas (Nsonsi et al. 2017, Mills et al. 2018). Compounding the problem,

villagers lack the ability to deter elephants using lethal force, as they once could: “And the local
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population was weak against elephants. They could not do something to deter elephants from
entering their plantation or garden...” (Professional, ID 3).

Not surprisingly, village areas played a large role in stakeholders' accounts because they
are the location of CDIs. But these conversations revealed clearly that drivers and dynamics
generated elsewhere push elephants toward resource-rich village areas where people cannot repel
them. Stakeholders linked village areas to all five problem types through the intermediaries of
five of six drivers and three dynamics: the reduced capacity to protect crops, increased human-
elephant interactions, and decreased elephant safety.

It is clear from these conversations that resolving CDIs in villages requires more than just
resolving the problem of ineffective crop protection. It must also attend to the drivers produced
by managing multiple-use forest and protected areas, which in turn lead to other contributing
problem types, including decreased elephant security, reduced food production reliability, and
regular human-elephant negative interactions. Perhaps the most challenging problem types
identified to address is the feedback from CDIs to declining village socioeconomic conditions,
driven by larger national and regional forces of rural exodus. The same can be said of the drivers
of conservation policies and logging. Our purpose in this study, however, was primarily to distill
how the effects of local, regional, and national forces affected CDIs at local landscape scales. In
this vein, we identified key problem types related to the needs of both villagers and elephants
that could be addressed through local land management as a first step toward fostering

coexistence.

2.5. CONCLUSION
The causes and consequences of CDI are sufficiently complex that at times they seem

intractable. In this study, we identified three primary landscape contexts in which six broadscale
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drivers have led to five dynamics that in turn contributed to five key problem types influencing
CDIs. Two of these problem types specifically relate to unmet elephant needs, leading them to
seek out village areas and their crops. Two of the problem types related to the lack of effective
crop protection methods as well as to broader issues of socioeconomic change that have led to
rural exodus. Village population decline has reduced the ability of people to protect their crops
even further, creating an ongoing cycle of rural exodus and increasing CDIs. The fifth problem
type, regular human-elephant negative interactions, has increased through the impacts of all five
dynamics. Elephants have shifted their foraging activities to village areas in search of increasing
scarce food resources and safety. With settlement in permanent villages, rural peoples’
traditional methods of slash-and-burn crop production embedded within natural forest has
created a self-reinforcing, socio-ecological conflict centered around their village with decreasing
resources to counteract the problem.

Despite their antagonism, villagers and elephants have common needs for safety and food
even though villagers are faced with an urgent dilemma, the need to protect their crops to feed
their families. People also need to physically protect themselves and their families from
elephants that enter their villages. These displaced forest elephants find refuge in village areas,
particularly those in and adjacent to protected areas. In village areas, crops are available year-
round and typically lack effective protection, making it easy for elephants, protected by law, to
consume them without danger. It is thus imperative to identify management strategies that
simultaneously satisfy villagers' and forest elephants' needs by sharing the land rather than
simply trying to block elephants from crops.

The combined perspectives and experiences of villagers and conservation professionals

provide a solid foundation for understanding forces behind the persistence and severity of forest
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elephant CDIs. Many of the specific findings may have relevance for CDIs by endangered
African savanna elephants and Asian elephants, which occupy large areas of Africa and Asia.
More importantly, similar efforts could produce both regionally differentiated knowledge and a
framework for sharing experiences. As in Gabon, crop protection efforts across these two
continents have been insufficient to protect impoverished and vulnerable village populations.
This study provides a transferable approach to address CDIs by drawing on the landscape-
specific experiences of local villagers and professionals to identify how the unmet needs of

people and wildlife can be reconciled for the benefit of both.
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CHAPTER 3: UNDERSTANDING FOREST ELEPHANT CROP
DEPREDATION CONDITIONS WITHIN VILLAGES IN AND
ADJACENT TO LOPE NATIONAL PARK, GABON

Contributions

This chapter is co-authored by Hervé R. Memiaghe, Emma Bush, Nelson Ting, Steeve Ngama,
Christine Enright, Katherine Abernathy, Dennis Galvan, and Bart R. Johnson. It was written by
H. R. Memiaghe under B. R. Johnson’s guidance. H. R. Memiaghe, B. R. Johnson, N. Ting, and
C. Enright developed the research design and methods. H. R. Memiaghe conducted stakeholder
interviews and led field data collection. H.R. Memiaghe and B.R. Johnson analyzed data and
results. E. Bush provided the long-term phenology data and contributed to its assessment. All

authors discussed the results and contributed to revisions and editing.

3.1. INTRODUCTION

Forest elephant crop depredation incidents (CDIs) in Gabon threaten rural livelihoods,
particularly in villages in and adjacent to national parks. Villagers can lose most of their crops—
their primary food source and sometimes a source of income (Walker 2012, Terada et al.
2021)—Dbecause crop protection methods are ineffective or effective only in the short term
(Davies et al. 2011, Shaffer et al. 2019, Kiftner et al. 2021). Because Gabon has the largest
remaining population of critically endangered forest elephants (Gobush 2021b, Hart et al. 2021,
Laguardia et al. 2021), protecting both villagers’ livelihoods and elephants is imperative.

But what drives CDIs, and why do they persist despite intensive efforts to control them?
In natural habitats, forest elephants forage widely for a variety of native fruits, particularly those
of tree species such as Baillonella toxisperma, Sacoglottis gabonens, and Irvingia gabonensis

(White 1992, White 1994, Momont 2007), but fruits are getting scarcer due logging (Hosonuma
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et al. 2012, Tyukavina et al. 2018) and changing climate conditions (Tutin and Fernandez 1993,
Bush et al. 2020a). Native fruit scarcity could push elephants to adjust their foraging behaviors to
include human-transformed land, including villages (Mills et al. 2018, Beirne et al. 2020). When
this happens, CDIs can be exacerbated by the proximity of native fruit trees to crops, and the
availability of crops when native fruits are not available (Chiyo et al. 2005, Fairet 2012, Mills et
al. 2018, Ngama et al. 2019).

Understanding the spatial distribution of resources used by elephants within villages and
associated forest areas may offer important insights into how to shift elephant foraging away
from village areas, allowing villagers and elephants to coexist more peacefully. Our objective in
this study was to assess CDI occurrence in relation to seasonal native fruit and crop availability
by integrating local stakeholder perceptions, a mapped census of native fruit tree distribution

along elephant trails, and long-term fruit phenology data.

3.2. STUDY AREA

The study was conducted in central Gabon at Lopé National Park and two villages,
Kazamabika and Ramba, which are in and adjacent to the park, respectively, along its
northeastern edge (Figure 3.1). Lopé is one of 13 national parks in Gabon, covered by Gabon’s
characteristic equatorial rainforest as well as inclusions of savanna, otherwise found only in
Gabon's southwestern, southern, and southeastern areas (Walters et al. 2012). Lopé National
Park has been recognized for its wildlife diversity, including forest elephants (Loxodonta
cyclotis), mandrills (Mandrillus sphinx), and western lowland gorillas (Gorilla gorilla gorilla).
The abundance of forest elephants and other wildlife led to the area's classification as a natural
wildlife reserve in the 1930s (Tutin and Fernandez 1987); it became a national park in 2002

(Laurance et al. 2006). The region’s diverse wildlife and vegetation have benefited not only
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Figure 3.1. Location of case study villages near Lopé National Park, Gabon, Africa. (A) Location
of Gabon in Equatorial Africa. (B) Gabon’s 13 National Parks with Lopé highlighted. (C)
Lopé National Park and key villages. Lopé is the region’s principal village; Kazamabika
and Ramba are the two smaller villages selected for this study.

elephants but also modern humans and their ancient ancestors, who have inhabited the area for
around 400,000 years, based on archeological evidence (Oslisly and Peyrot 1992). Because of its
ancient human history and biodiversity, Lopé was classified as a UNESCO World Heritage Site
in 2007 (UNESCO 2010).

Land use practices changed dramatically when European colonization forced people to
settle along the principal terrestrial and fluvial transportation routes instead of living as forest
nomads (Lahm 1996, Morin-Rivat et al. 2017). These colonial settlements and more recent
logging activities (Angoué 1999) contributed to the current village distribution in the northern

part of Lopé, where villagers use the forest for subsistence agriculture, hunting, and gathering
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plants and fruits that wildlife such as elephants also consume. Traditional slash-and-burn
agriculture also changed during the colonial period with the introduction of new crops, such as
cassava, which lengthened the active cropping period from several months to one to two years
before plots were abandoned (Vansina 1997). Subsistence crop fields, known in Gabonese
French as “plantations,” are established during the long dry season (June to September) through
slash-and-burn practices that convert forest to short-term production areas for 1-2 years before
they are abandoned and turn into secondary forest. This form of agriculture is variously referred
to as slash and burn, shifting cultivation, and swidden agriculture, with no single, accepted term
for the practice or the individual plots. We use the term “slash and burn” because it describes the
practice of cutting and burning forest vegetation to prepare the plots, and retain the Gabonese use
of the term “plantations” for the individual plots, while emphasizing that in Gabon the term holds
no connotations of large-scale production of cash crops with wage labor or various forms of
forced labor.

Elephants forage widely across this part of the park over seasonal cycles of native
resource availability (Momont 2007). When they reach village areas, they naturally engage in
crop depredation. Despite the use of various crop protection methods, CDIs persist in villages
around Lop¢ (Walker 2012). Kazamabika and Ramba have different histories of settlement and
experiences with CDIs. Kazamabika was settled in conjunction with logging expansion in the
1970s; by Okand¢, Saké, and Makina peoples, and has had many CDIs (Angou¢ 1999, Walker
2010). In contrast, Ramba, also known as Massenguelani, was a Mitsogo tribal village, later
joined by Babango people after their village flooded (Villager, ID 11). Historically, it had fewer
CDIs than Kazamabika. Both villages have experienced increased CDIs since the establishment

of the national park system in 2002 (Rakotonarivo et al. 2021).
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The landscape of the northern part of the park is a mosaic of three main cover types based
on vegetation structure and composition: semievergreen tropical rainforest (or “mature forest™)
(3165 km?), savanna and forest-savanna mosaic (340 km?); successional savanna-forest,
including Sacoglottis and Marantaceae forests (1417 km?); and small amounts of gallery forest,
mostly located along streams and rivers (Figure 3.1C). All these vegetation types contain salt
sites, called salines, where elephants eat soil for minerals (White et al. 1993), as well as seasonal
or permanent water sources.

The dynamics of this vegetation mosaic, as well as the farming practices of villagers, are
influenced by four seasons: a short dry season in January and February; the first rainy season
from March to May; the long dry season from June to September; and the second rainy season
from October to December (Figure 3.2). Lopé’s semievergreen tropical rainforest is a mature
forest with a closed canopy of overstory trees, including species from the families Burseraceae,
Fabaceae, Myristicaceae, and Annonaceae; understory trees from the family Rubiaceae, and a
sparse understory of herbaceous plants and shrubs (White 1992, White et al. 1993, Momont
2007). The diverse tree species produce fruits that attract numerous elephant herds, while the
leaves of understory tree species provide herbaceous forage. In the past, around 2500 to 3000
km? of semievergreen tropical rainforest was selectively logged at low intensity (1-2 trees ha)
(White et al. 1995), principally for one species, Aucoumea klaineana of the family Burseraceae
(White 1992, Angoué 1999).

The savanna and forest-savanna mosaic occurs along the northern and eastern limits of
the park. Savanna was established in the late Holocene era, with its long dry season of five to six
months (Schwartz 1992, Delegue et al. 2001, Maley 2002, Ngomanda et al. 2009). Its

establishment enabled the Bantu people to migrate from North Africa to Central Africa and
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occupy this region (Schwartz 1992). The Bantu, now considered local people, used to burn
savanna to make hunting easier (Schwartz 1992, Oslisly and White 2000), which also prevented
encroachment of the surrounding forest. The absence of fire leads to forest expansion along

savanna edges and isolated forested patches in the middle of a savanna, known as "bosquet
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Figure 3.2. The four seasons at Lopé National Park based on 34 years of monitoring data.
Seasons are expressed through the average rainfall and standard error in each month of each
season: short dry season (SDS), first rainy season (FRS), long dry season (LDS), and second
rainy season (SRS). The difference between “dry” and “rainy” seasons was based on 100 mm
line base. Data derived from long-term precipitation monitoring at Lopé research station.

forests" (Ukizintambara et al. 2007). Today, the park service has introduced fire management
throughout the park to mitigate forest encroachment (Jeffery et al. 2014, Walters et al. 2015,
Moura et al. 2019).

Throughout the year, forest elephants also maintain forest and savanna through activities
that include establishing trails, which reduces the spread of fire in the forest, dispersing fruit
seeds in their dung, which helps establish new trees, and pulling down or otherwise consuming

trees and other vegetation (Poulsen et al. 2018, Cardoso et al. 2020).
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Successional savanna-forest is comprised of two main types, Sacoglottis and
Marantaceae forests. Sacoglottis forest, found in the central northern portion of the park, is
dominated by early successional species with Sacoglottis gabonensis (family Humiriceae) as the
dominant tree (White 1992, White 1994). Sacoglottis produces fruits that attract many elephant
herds (Momont 2007). The Marantaceae forest dominates the park’s northwest and northeast
areas, situated between mature forest and the savanna-forest mosaic (Momont 2007). This older
stage of the successional savanna-forest also attracts many elephant herds. It has a more open
canopy with trees of the families Leguminosae, Burseraceae, and Sterculiaceae, and is
characterized by herbaceous plants of the Marantaceae and Zingiberaceae families (White 1992,

White et al. 1995).

3.3. METHODS AND ANALYSIS

We used a combination of interviews, field studies, and long-term monitoring data to
examine how various food resources' availability could influence forest elephant CDIs in
Kazamabika and Ramba.
3.3.1. Interviews of local stakeholders

We used semi-structured interviews of thirty-seven interviewees (previously described in
chapter 2) to explore their local perceptions of the seasonal variation of CDIs and crop and
mango availability in the two villages (villagers) and across the entire park (professionals).
Interviewees included villagers (n = 24) and professionals (n = 13). Villagers were equally
represented from the two villages. Professionals included nine park agents, one researcher, and
three forestry agents.

We assessed interview transcripts using qualitative content analysis in thematic and

quantitative phases (chapter 2). In the first phase, the lead author used thematic analysis to
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determine (1) the main problems identified by villagers and professionals as drivers of CDIs in
each selected village and across the entire park respectively, and (2) the percentage of
interviewees reporting CDIs, or the availability of native fruits, crops, or mangoes as
contributing to CDIs, in each season. Because participants offered their own responses to the
questions posed, the percentages reported are based only on the issues raised by interviewees.
Two analyses were conducted. One broke out only villager responses by individual village, and
the second included all stakeholders to understand CDIs across Lopé National Park and the
associated villages.

We expected to use a forestry service CDI report as a source of quantitative data on the
timing, location, and crops consumed or damaged by elephants. The data would have been
aligned with monthly native fruit phenology data (section 3.3.3) and analyzed statistically to
compare the roles and potential interactions of native fruit availability. Prior to conducting
stakeholder interviews, we collected 167 individual incident reports from 2016-2018 in 9
villages around Lopé National Park, 392 incident reports from 2013-2017 derived from annual
summaries of all CDI incidences in 9 villages around Lopé National Park that broke out
individual incidents into their constituent crop damage. Both sets of reports included
Kazamabika and Ramba. After extensive assessments of the reports, we concluded that they
were unusable for our purposes. They were not based on incident dates but on the dates when the
reports were written; hence we could not match reported crop loss to specific months. Data were
incomplete and often inconsistent. The CDI reports also offered no clear explanation for the
absence of some villages during some years or the concentrated reporting in some years for one

village or another for no apparent reason. Because of this, we shifted our attention to gleaning
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the best possible information about the number, timing, and location of CDIs and the factors
driving them from our interviews.
3.3.2. Census of native fruit trees that attract elephants

We censused native fruit trees attractive to forest elephants within the two village areas
and nearby forest sites. Domesticated mangoes were censused within village areas where they
were planted by villagers. We selected the associated forest site for each village using three
criteria. First, it must be inside the park where elephants are safe. Second, it must be close
enough to the village to be expected to influence the behavior of elephants visiting that village.
Our selected distance of 15 km represents two days travel for an elephant based on an average
distance of 7.5 km/per day for GPS-tracked elephants in Lopé (Momont 2007). And third, local
field assistants used their knowledge of the area to identify locations with relatively high levels
of elephant activity, presumably because these locations provide concentrated native food
resources to elephants (Figure 3.3).

In each of the four delineated study areas, teams censused native fruit trees in forests for
ten days by following elephant trails to record all fruit tree species located less than 1 m from the
side of a trail (Figure 3.4). Principal elephant trails were identified based on their relative
openness and permanence due to frequent use and the presence of elephant smells and evidence
of activity. Because fruit trees did not occur in savanna areas, trail segments followed through
savanna were mapped but not included in the analysis. The village area censuses also recorded
domestic mango trees situated among houses in the village center. Camera traps were deployed
in the Kazamabika village center to document elephant foraging on mangos. Censuses were
conducted with identical methods except for adjustments to the size of the area sampled, which

focused on the spatial extents of active human use in the village areas versus expected elephant
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daily use in the associated forests. The villages were used as the staging area of each census, and
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Figure 3.3. Location of the two selected villages and associated forest the sites (black squares) at
15 km from each village where elephants fruit trees were censused at Lopé National Park.
Overlap of seasonal elephant movements tracked by GPS (Momont 2007) shown by season in
relation to the two associated forest sites.

initial trail mapping began from there each day. Mapping was constrained to within 1.5 km of a
village (i.e., roughly a 3 km diameter circle) because villagers described that as the maximum
distance to establish plantations, thus defining the “village area.” In the associated forest sites,
the local field team censused trees for ten days along principal trails and spur trails in a square

area of 7 km per side using similar protocols.
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This larger size for forest sites was selected to capture areas large enough for a typical 1-
day elephant travel. The center of the site was used as a staging area, similar to the protocol for

village sites. Each forest site was divided into four 3.5 km by 3.5 km quadrants to allow the team

Figure 3.4. View of forest elephant principal trails and nearby fruiting trees. A) Important fruit
tree at a trail intersection. B) Fruiting tree close to one side of a trail. C) . Important fruit tree
adjacent to trail. Most trails come very close to the fruiting trees that elephants are foraging.

to sample each quadrant for two days to ensure completion of the entire site and then use the last
two days to return to quadrants with greater trail densities for more thorough sampling. At all
four sites, we followed a principal trail until reaching an intersection, measuring and mapping all
native fruit trees, fresh and old elephant dung, and the presence of salines. If the trail intersection
was with a spur trail, we stopped to map and measure along it until encountering a distance of
>100 m between fruit trees. At this point, we walked back to the intersection and continued along
the original trail. In the village areas, we followed the original trail until a maximum distance of
1.5 km from the village. At that point, we selected another principal trail to follow back in the
direction of the village. In the associated forest sites, we continued along the main trail until we
approached the quadrant boundary and then looked for another principal trail to return to the

center of the site.
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For analysis, native tree species were further categorized as the eight most important and
the twelve next most important trees to elephants, based on a ranking of the 20 most important
tree species (Table B1). We selected these 20 species based on prior studies (White et al. 1993,
White 1994, Momont 2007) and in consultation with research assistants involved in long-term
phenology monitoring at Lopé National Park. Additional fruit tree species identified as attractive
to elephants (White et al. 1993) were categorized as “other fruit” trees. The density (tree/km) of
each category of native trees was calculated by dividing the number of trees along the associated
trail system by the total length of trails using ArcGIS (ESRI, 2016, ArcGIS 10.5). The use of
resource density along trails as the dependent variable allowed for comparisons across sites, or
trail segments within sites, regardless of the total distance sampled over the ten days at each site.
Mangoes were reported as the number of trees per village since they were scattered among
houses rather than along trails.

3.3.3. Phenology of elephant fruit tree species

We acquired a phenology dataset of the 20 most important native fruiting tree
species for forest elephants from a dataset of all fruiting tree species observed from 1984 to
present in the vicinity of the Lopé National Park research station. We used data starting in 2003,
by which time most of the selected 20 fruit tree species were included in the study. These data
are currently managed by the Tropical African Phenology Group based at the University of
Stirling in the UK, and the National Park Agency in Gabon (Tutin et al. 1991, Bush et al. 2017,
Bush et al. 2020b), following their past work with Gabonese institutions (Bush et al. 2017, Bush
et al. 2018).

We calculated the observed native fruiting score for each species by month for each year

and then averaged it across the months of each season for each year. We determined the
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observed native fruit score by adjusting the fruit availability score (FAS) model expressed as
FAS (species, month) = P*C based on ripe fruit scores, where P = proportion of fruit presence on
the individual tree at the time of monitoring, and C= the mean of canopy coverage of fruit
presence at the time of monitoring (Bush et al. 2020b). We then replaced the ripe fruit scores in
the model with observed native fruits at the time of monitoring (OFTM), which added unripe to
ripe fruit scores. The OFTM scores for each of the four seasons were obtained by adding OFTM
scores for each species by days for each month per year. Each monthly total OFTM score was
divided by the number of species observed, which was not always equal to 20 for each month
(Table B2). We used the results of those divisions to determine the average OFTM for each
season over each of the 18 years of data. The average OFTM for each season was then compiled
into two nine-year periods (2003-2011 and 2012-2020) to align with interviewees’ commentaries
on key periods (Table B3). This nine-year period includes the six-year-minimum span required

for valid measurement of tropical phenology variation (Bush et al. 2017).

3.4. RESULTS
3.4.1. Local interviewees

Villagers (12 interviewees per village) related CDIs to 18 local problems based on each
village’s situation and needs. These local problems fell into three of the five problem types
previously identified as influencing CDIs (chapter 2). Two problem types were common to both
villages, and one applied only to Ramba (Table 3.1).

At Kazamabika, villagers identified five issues contributing to Ineffective crop protection,
including the absence of working-age youths and adults in the village, elephant adaptation to
crop protection, and asserting that their electric fence pushed elephants to other parts of the

village area. They identified three issues related to Regular human-elephant negative
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interactions, with increased elephant presence in village areas due to conservation ranked

highest.

Table 3.1. Villager perception of problem types and local issues influencing CDIs at Kazamabika and
Ramba. Twelve people were interviewed at each village (n=24 total).

Interviewees
Village | Problem types / local issues by village
No. %

Ineffective crop protection 10 83%
Absence of working-age people in the village 5 42%

Elephant adaption to crop protection 4 33%

g Electric fence pushes elephants to other village areas 3 25%
< Absence of elephant hunters 2 17%
% More elephants in village areas due to conservation 1 8%
V; Regular negative human-elephant interactions 9 75%
More elephants in village areas due to conservation 5 42%

More elephants in village areas with natural food resources 3 25%

Village food resources attract elephants 3 25%
Ineffective crop protection 3 25%
Electric fence in neighboring village pushes elephants into Ramba 3 25%

Elephant adaption to crop protection 1 8%

Regular negative human-elephant interactions 8 67%

o More elephants in village areas close to the river 4 33%
g More elephants in the village due to ineffective crop protection 3 25%
& Disturbance of elephant habitat 2 17%
Absence of working-age people in the village 1 8%

The proximity of plantations and native elephant food resources 1 8%

Reduced reliability of fruit production 3 25%

The lack of fruit in the forest turns the village into an elephant 3 25%

food source

At Ramba, villagers identified two issues contributing to Ineffective crop protection: the
increased presence of elephants due to an electric fence in the neighboring village (highest
ranking) and elephant adaptation to crop protection. They identified five issues related to
Regular human-elephant negative interaction. The three highest ranked were increased elephant
presence in village areas close to the river, villages with ineffective crop protection, and
disturbance of elephant habitat. They also identified one local issue related to the Reduced
reliability of fruit production, which was that the village became a source of food for elephants

when fruits were scarce in the forest.
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3.4.2. Census of native fruit trees that attract elephants

Project logistics, including the 2020 COVID pandemic, prevented sampling the
associated forest sites in the same year and season. The lead author and local field team
conducted tree censuses in 2020 during the short dry season in the two village areas. The forest
site around Kazamabika was sampled in 2020 during the long dry season, and the site around
Ramba was sampled in 2021 during the short dry season. The field team’s goal for each site was
to sample 3 km of elephant trails/day for a total of 30 km over the 10 days of sampling. The
actual distances achieved depended on factors such as the difficulty of terrain, type of vegetation
encountered, and the density of resources being mapped and measured. At Ramba’s associated
forest site, 41 km of trails were mapped and measured compared to 24 km at Kazamabika. This
difference was due to the higher density of fruit trees encountered and the need to follow
elephant trails through areas of savanna, which did not contain any fruit trees and therefore were
not included in the forest resource density calculations. Similarly, the 36 km of forested elephant
trails mapped for the village area of Ramba, was roughly double the 15 km mapped at
Kazamabika (Figure 3.5).

The abundance of native fruit trees varied between the two village areas, and to a lesser
degree between each village and its associated forest site. Both areas around Kazamabika had
greater density of native fruit trees along trails in all categories of importance than the
comparable areas around Ramba. Summed across all fruit trees, densities in the Kazamabika
areas were nearly seven times higher than the comparable areas at Ramba. Contrasts between the
village area and associated forest site were more muted (Figure 3.6). The village area of
Kazamabika had 11% lower density of native fruit trees than the associated forest site due to

lower densities of the “next twelve” most important trees. The village area of Ramba had nearly
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30% lower native fruit tree density than the associated forest site due to lower densities in all

categories. Both villages had mango trees, with Kazamabika having four times as many as
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Figure 3.5. Maps of elephant fruit trees and trails within village areas and associated forest sites.

Ramba. Elephants were observed foraging on mangos in the early morning 11 times over eight
days in Kazamabika using camera traps (Table B7). Because only the two village sites could be
sampled during the same year and season, we could only compare evidence of elephant activity
with native food resources between these two sites. This comparison provided some evidence
that the village area with the highest presence of elephant food resources also has the most
elephant activity.

Kazamabika, with much higher density of trees in active fruiting and much higher density
of salines, had nearly 50% higher density of elephant dung along trails (Figure B3). However,

the relative proportions of salines between the two villages were almost identical to the relative
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proportions of fruit trees, making it impossible to distinguish which was the likely driving
factor. Our goal of using the censuses of all four sites to tease out these relationships was
confounded by our inability to sample them in the same year and season. Moreover, our attempts
to correlate elephant activity to resource density along individual trail segments within sites were

unsuccessful because elephants do not necessarily deposit their dung near the immediate location
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Figure 3.6. Censused native and mango trees in the two selected villages and associated forest sites
at Lopé National Park. Black = eight most important native trees; light grey = 12 other
important trees; Medium grey = other fruit trees.

of foraging and because our efforts to use trail width as a surrogate for elephant activity were
ineffective - some trails were between rocks, and many were on clay or sandy soils, which made
trail depth and width unreliable measurements of elephant use intensity.
3.4.3. Phenology of elephant fruit tree species

The fruit production of the 20 most important species declined by 2/3 from 2003-2009,
followed by relative stability from 2010-2020 (Figure B1). A breakdown by species shows that

the highest producing species showed the most dramatic declines (Figure B2). We grouped the
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productivity trends of the 20 most important fruit trees for elephants into four categories by the
relative level of production in the first five years shown, rate of decline, and capacity for
productive years in the last five years recorded. Overall trends of rapid decline are consistent
with those of Bush et al. (2020b), who assessed results for a compiled, broader set of fruit tree
species using the same dataset. Our species-by-species assessment shows that within that larger
trend, some tree species with high (7 species) and moderate (4 species) production still show
capacity for productive years, even if lower than in the early 2000s.

In comparison, three species that began the assessment period with relatively low
production have shown near-complete loss of fruiting over the last two decades. Finally, four
species showed modest or no decline, with some capacity for years with production close to that
of the first five years of the assessment period, and two species with low production show
increasing trends. We note that productivity (the y-axis) is measured by the proportion of the
canopy with fruit. Because the analysis does not include the numbers or size of the fruit, we
emphasize that low productivity does not necessarily mean a low volume of fruit produced.
3.4.4. Synthesis of seasonal variation of native fruit and crop availability during CDIs

Villagers and professionals indicated that CDIs, as well as crop and mango availability in
village areas, varied across the alternating dry and rainy seasons (Figure 3.7 A-C). Similarly,
native fruit availability varied across seasons over the two decades of phenology data. When
averaged across the two most recent 9-year periods of data, fruit availability declined 30 % in the
most recent period (Figure 3.7 D). Breaking the results out by season, the decrease was most
pronounced in the long dry season (37%) and least during the short dry season (20%). We relied
primarily on the recent decade’s fruit production for comparisons with CDIs and crop

availability since it best coincides with interviewees' reports (Table B3).
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This perception of high CDIs in the second rainy season coincides with the highest
reported crop availability and the key mango season. In the second rainy season, as in the first,
there was a similar balance of crop and fruit—both slightly lower in the second rainy season.

The first rainy season had the lowest production of the 20 most important fruit production
compared to the long and short dry seasons that had similar fruit production, slightly higher than
in the second rainy season (Table B4). Interviewees also related how their activities in
plantations varied seasonally (Table BS5) and their perception of the seasonal reasons for CDIs

(Table B6).
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3.5. DISCUSSION

The causes of elephant crop depredation incidents (CDIs) are complex; both simple
explanations and lasting solutions have proven elusive. We investigated a broad array of
potential contributing factors in two villages located in and adjacent to Lopé National Park in
Gabon, which holds some of the world’s best-remaining forest elephant habitat. We used semi-
structured stakeholder interviews, an elephant fruit tree census, and long-term fruit phenology
data to explore the relationships between CDIs and the seasonal availability of crops and native
fruit trees within and around two villages.

We view stakeholder reporting as extremely valuable and trustworthy but note that the
semi-structured interview methodology we employed was designed primarily for qualitative,
exploratory analysis rather than the statistical analysis we intended to apply to an integrated
temporal data set of CDI reports and fruit phenology. With this caveat in mind, we explore the
plausibility of various factors that may help explain CDI occurrence over time, in space, and by
season. In the process, we first consider big-picture evidence of changes and differences in CDIs
and then delve deeper into localized issues. We begin by considering the five key problem types
identified by villagers and conservation professionals as contributing to CDIs (chapter 2),
including the three types identified by villagers for the two case study villages (Table 3.1), and
compare their assertions to other evidence that might support or argue against their perceptions.
In doing so, we attempt to better convey how multiple issues may jointly impact CDIs. We start
from coarse scales of time and landscape context and then focus on localized seasonal contexts,
with an eye toward informing strategies to manage CDIs by satisfying both villagers’ and

elephants’ needs to create conditions for coexistence.
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3.5.1. Increase of CDIs over time

Forest elephants seem to have made crops a regular part of their diet (Naughton-Treves
1998, Chiyo et al. 2011, Gunn et al. 2014, Djoko et al. 2022). According to villagers from
Kazamabika and Ramba, until recent decades, extreme levels of crop loss were uncommon, and
people had many ways, such as killing elephants, guarding crops at night, and making fences
with old cans or endura rooting sheets to protect their crops. However, land use changes, such as
commercial logging, appear to have increased pressures for elephants to seek out crops, while the
creation of the national park seems to have led to a further increase in elephant crop consumption
at the same time that peoples’ ability to prevent CDIs has declined due to village population loss
and restrictions on the use of lethal force to protect their crops.

The worst CDIs currently appear within villages in and adjacent to protected areas such
as Lopé National Park (Walker 2012). At Lopé, stakeholders specifically asserted that CDIs were
increasing in villages as three interacting factors played out over the last 50 years: the harvest of
large fruiting trees by logging concessions from the 1970s to 1990s, wildlife protections in the
early 1980s, and conservation policies during the 2000s that prohibited killing problem
elephants. Antihunting and poaching policies marked the 1980s, while the 2000s were marked by
reinforcing these policies with the establishment of national parks, leaving local villagers with
only far less effective ways to protect their crops (Table 3.1).

In the midst of these policy and land use changes, human activities in the landscape
declined starting the 1990s with the departure of logging concessions from Lopé. Losses of jobs
associated with the logging industry, combined with the reduced ability to hunt wildlife due to
regular and intense patrols in the villages and across the park, led to the exodus of many rural

people. Villages and the park became quieter and safer for elephants, allowing them to approach
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the villages more securely (Professional, ID 12, 35,44; Villager, ID 4) and increasing regular
human-elephant negative interactions (Table 3.1). It was rare to see elephants before these
changes; traditional elephant hunters had to go through a traditional ritual before going to hunt
an elephant over 50 km from the village (Villager, ID 33). People used to walk between Lopé
town and different parts of the forest without seeing elephants, while now elephants are found
even around housing (Villager, ID 22).

Along with these land use and policy changes, elephants have faced rapidly declining
native fruit production (Figure B1, B2; see also Bush et al. (2020b). Local stakeholders asserted
that CDIs occur when there is native fruit scarcity in the forest due to irregular fruit production
and implicated that changing climatic conditions were negatively affecting native tree species.
For example, bush mango (/rvingia gabonensis), one of the eight most important fruits for
elephants, used to produce fruit twice per year but now may not produce even once per year,
impacting both elephants and villagers, who also eat the fruits (Table B3: Professional, ID 32,
Villager, ID 9). Bush mango fruit production has declined in other places in Gabon due to fruit
overharvest by villagers and incidental damage from logging (Midoko Iponga et al. 2018b) and
elsewhere in Africa (Udeagha et al. 2016).

Fruit tree phenology data from the Lopé research station showed that fruit production of
the 20 most important fruit tree species declined by 2/3 from 2003 to 2009 and has remained low
since then, fluctuating from year to year but never recovering from the prior decline (Figure B1).
The assertion by stakeholders of a causal link between climate change and reduced fruit
production is further supported by Bush et al. (2020b), who, based on the same phenology
dataset, associated large declines in ripe fruit availability with recent declines of forest elephant

body condition in Lopé National Park, while suggesting that climate change could underlie the
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declining fruiting. They documented a warming and drying trend in the park over this time
period in a subsequent paper (Bush et al. 2020a). Native fruits are central to the forest elephant
diet. Fruit reduction so severe that it has led to declines in body condition, along with the exodus
of able-bodied villagers to protect crops, could have led elephants to add crops to their diet
through the joint drivers of necessity and opportunity.

From the perspective of continued production of native fruits for elephants, it is daunting
that all 11 species with high or moderate productivity in the early 2000s have experienced
substantial declines but encouraging that each still shows some capacity for productive years. On
the other end of the spectrum, four species of relatively low production have experienced little or
no decline and some capacity for production, and two low-production species show increasing
trends. Although the overall native fruit picture thus appears grim for elephants, there is some
hope if species that show some capacity for continued years of good production and particularly
those species that are increasing production, can be reestablished and even increased in the
forest. We also note that many tropical canopy tree species are found only at low densities (Slik
et al. 2013) due to natural enemies such as insects and pathogens so that efforts to increase the
density of some species may be confronted with ecological limits that thwart such efforts (Levi
et al. 2019, Comita and Stump 2020).

Importantly, ripe native fruits attract elephants across the forest, leading elephants to
move long distances (Momont 2007, Mills et al. 2018). Elephants will move again once they
have exhausted available fruits within a resource patch or may simply need to move more often
and further when fruits have become scarce. In each case, movement, especially roaming longer
distances and exploring broader areas if their existing trail systems no longer provide reliable

resources, may increase the likelihood of encountering crops. When villages and associated
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plantations are embedded within forests of similar fruit tree densities to nearby protected areas
(Figure 3.5, Figure 3.7), this could provide a particularly attractive habitat for elephant foraging
by combining native with highly nutritional domestic food resources (Rode et al. 2006,
McLennan and Ganzhorn 2017, Vogel et al. 2019, Bryson-Morrison et al. 2020). As they forage,
elephants develop long-term trail systems that lead them efficiently toward reliable resources
(Blake and Inkamba-Nkulu 2004), likely reinforcing patterns of visiting village areas with rich
native and domestic food resources.
3.5.2. CDIs in relation to differences between villages and their landscape context

We assessed CDI conditions within two villages in and adjacent to the protected area of
Lopé National Park to answer the question: “Do CDIs vary between the two villages, and if so,
what factors might explain the differences?” Prior to installing the electric fence, Kazamabika
villagers reported that CDIs were more of a problem than Ramba villagers (interview for chapter
2). Walker (2012) identified Kazamabika as one of the villages with the highest CDI index of
villages in and adjacent to protected areas in Gabon. Ramba was not included in that study; we
questioned professionals on the absence of Ramba from previous studies but received no clear
answers. Ramba could have been omitted because villagers complained less about CDIs at that
time. It is also possible that because Ramba is outside the park, hunting games by villagers in the
surrounding forest may have frightened elephants away, whereas hunting is not allowed outside
Kazamabika because it lies inside the park.

If the prevalence of native fruits around a village increased CDIs by drawing elephants
toward it, one would expect greater numbers of CDIs in areas with higher density of native fruit
trees (Figure 3.6). Ngama et al. (2019) showed that CDIs were high in plantations with fruit trees

at the Mont de Cristal National Park in Gabon. The reports of higher CDIs at Kazamabika than
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Ramba, and its seven times higher density of native fruit trees along village-area elephant trails,
are consistent with this expectation. The higher density of elephant dung at Kazamabika than at
Ramba during the short dry season (Figure B3), when domestic mangos are not ripe, adds weight
to this argument, as does evidence of higher elephant presence with greater native fruit
availability in both community lands and a national park (Djoko et al. 2022). It is also possible
that the landscape around Kazamabika provides important habitat diversity for forest elephants
because Kazamabika is located in forest-savanna mosaic where elephants have been observed
mostly in the gallery and bosquet forest, and savanna (White et al. 1993, Momont 2007). Ramba
and its associated forest are at higher elevations in steeper terrain, which is known to reduce
elephant use (Ngama et al. 2019). Ramba also shows substantial evidence of past logging, as
evidenced by many old logging roads and tree stumps observed during fieldwork, whereas no
such evidence was seen around Kazamabika.

This spatial evidence lends credence to the idea that village areas with higher elephant
resources may be exposed to greater numbers of CDIs. While the idea may seem common sense,
this evidence helps begin to disentangle the complex questions of what is drawing elephants to
certain areas over others, including whether CDIs are purely a function of crop availability or
whether crop availability is simply one factor in a broad suite of ecological factors to which
elephants are responding.

Comparing the habitat characteristics of each village to that of a nearby protected forest
site with known elephant use suggests another factor that could increase CDIs. Both Kazamabika
and Ramba are embedded in natural habitats used by elephants with similar fruit tree density
along elephant trails to that of the village area (Figure 3.5, Figure 3.6). One stakeholder

emphasized that there is no clear difference between the village and the forest (Professional, ID
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45), which could bring elephants close to the villages because of habitat continuity, and the way
that abandoned plantations around the villages create an elephant-friendly secondary forest with
abundant forage. Although we cannot confirm that our sampling protocols allowed us to map all
principal elephant trails in the four sites, it is notable that over the course of 10 days of sampling
at each site, the length of trails mapped in the two village areas were 88% (Ramba) and 63%
(Kazamabika) of those mapped in the two protected forests, despite the added time needed to
map the somewhat higher densities of fruit trees in protected forest. This result suggests that
elephant trail densities in the village areas are similar to densities in nearby protected forests,
creating seamless continuity for elephant travel.

The evidence of greater elephant presence and more CDIs around village areas with
greater native fruit resources also suggests how declining fruit production over time could
contribute to increased CDIs by causing elephants with established trails and habitual use of both
the nearby forest and village area to shift their attention toward crops. It also leads to questions
that could be investigated further. Perhaps only Ramba villagers asserted that native fruit decline
had increased CDIs because the relative scarcity of native fruits made their decline more
impactful in that locale than in the forest around Kazamabika, with its seven times greater
abundance of native fruit trees.

The outcomes of installing electric fences around plantations in several villages suggest
that attempts to control CDIs by blocking elephants without addressing underlying causes may
shift the location of the problem rather than resolve it. In those villages as well as CDIs on those
without electric fences (Table 3.1). Due to its high levels of CDIs, Kazamabika was selected for
the first electric fence installation in 2016, in collaboration with ANPN, the Gabon National Park

Service. After a series of modifications and adjustments, the fence blocked elephant access to crops
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as intended. However, villagers reported that elephants had shifted their activities to the village
center, mostly during the mango season, creating not only fruit losses but increased danger.
Meanwhile, Two villagers and one professional reported that Ramba CDIs increased after electric
fences were installed in three nearby villages, particularly the one closest to Ramba in 2018 (e.g.,
Villager, ID 40; Professional, ID 14). Even if villagers believe there is a net benefit to using an
electric fence in their own village, doing so may create inequities across the larger landscape. This
again suggests the CDIs must be addressed as complex ecological phenomena at landscape scales
rather than as a local problem that simply requires more effective crop protection.
3.5.3. Factors influencing CDI variation by season

Do CDIs vary seasonally, and if so, do the numbers appear to respond to crop and native
fruit availability or other seasonal factors? CDIs occur throughout the year (Figure 3.7A). This
alone emphasizes that CDI reduction is needed across all seasons and provides further rationale
for a detailed examination of whether the factors driving CDIs are the same throughout the year
or whether nuanced seasonal processes may be at play. Given that the seasonal CDI numbers
presented were not developed for statistical comparisons, it is impossible to assign confidence
intervals to them. However, the reported differences between the highest and lowest seasonal
incidents are striking, with 30% more stakeholders reporting CDIs in the second rainy season
compared to the long dry season. The short dry and first rainy seasons were similar and
intermediate to the other two seasons but closer to the long dry season.

The second rainy season thus stands out as most strikingly different from the others. It
also is reported to have the highest crop and domestic mango availability (Figure 3.7 B-C), the
greatest crop abundance and variety (Table B4), and intermediate native fruit availability (Figure

3.7 D), suggesting that crop availability and not just native fruit deficit is contributing to CDIs.
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In contrast, in the long dry season, stakeholders reported the lowest CDIs and the second highest
crop availability, while native fruit availability was tied for the highest in recent times and before
then was the highest. Meanwhile, the second dry season and first rainy season have equal,
intermediate reports of CDIs, while they show the two lowest scores of reported crop availability
and both high and low native fruits. It is difficult to argue from these results that either crop or
fruit availability or the interaction between them is a definitive factor controlling CDIs
seasonally. Determining whether the connections are complex and interactive or simply tenuous

requires further exploration of the different factors and their spatial contexts (Figure3.8).

Elephant
Foraging
Behavior

Figure 3.8. Spatial distribution and timing of native and domestic fruit (mango) and crop availability
within village areas and adjacent protected areas may influence CDIs.

One factor warranting further investigation is the availability of domestic mangos. Taken
across all seasons, only the central role of ripe mangoes during the second rainy season stands

out as a striking, likely contributor to extremely high CDIs. Respondents reported that when
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domestic mango trees fruit (Table B4), many elephants leave the forest for villages (Table B6).
Ngama et al. (2018) reported that forest elephants would not stop eating mangoes even when
mixed with chili in efforts to deter elephant incursions into villages. During the ripe mango
period, elephant herds and individuals move from one village to another as mango supplies are
depleted.

Ripe mangoes have been reported to increase the number of forest elephants in other
locations as well (Ngama et al. 2018, Meyer et al. 2022). Elephants then roam within village
areas until the end of the mango season, which coincides with the period between the end of the
second rainy season and the start of the short dry season. Villagers in our study reported that
these elephants hid during the day in adjacent forest, waiting for nightfall to forage around
mango trees, as reported in two other studies (Barnes et al. 2007, Kiffner et al. 2021). We also
recorded elephant presence around mango trees from late afternoon to early morning during the
second rainy season (Table B7). The overall decline of native fruits could be one reason that
domestic mangos have become so important to elephants as a way to fulfill unmet dietary needs.

Plentiful crops are also available during the ripe mango period (Figure 3.7), potentially
increasing CDIs because of elephants’ constant activities and presence in and around the village.
Mangos thus appear to draw elephants toward villages like a powerful magnet and then amplify
CDiIs as elephants stay within the village areas day and night. They essentially may be
substituting domestic mangos for native fruit and then supplementing them with crops to satisty
their need for high quantities of herbaceous forage (White et al. 1993, Peter et al. 2001).

Except for mango production, there thus appears to be no potential “smoking gun” in our
data to explain the annual variation of CDIs. Nuanced patterns among seasons suggest

relationships that could warrant further study, particularly if more rigorous quantitative data on
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CDIs and crop availability can be obtained. Alternatively, the patterns documented may point to
the need for a more detailed understanding of not just when crops are available but the processes
and timing of crop cultivation and growth in relation to native fruit availability and elephants’
seasonal behaviors and movements. We explore these ideas next.

3.5.4. CDIs in relation to crop planting, growth, and harvest periods

Seasonal CDI variation could depend on relation to crop planting, growth, and harvest
periods. The idea of crop availability itself may be an oversimplification that needs to be put into a
broader context of villagers’ annual round of activities through periods of crop planting, growth,
and harvest (Figure 3.9). We next examine this annual cycle, one season after another, to see what
can be learned.

During the long dry season, stakeholders reported the fewest CDIs despite moderate crop
and relatively high fruit availability. However, another factor is that people spend more time in
the plantations to both harvest crops and establish new plantations. People’s increased presence
and activities may discourage elephants from approaching. After crop harvest at the end of the
dry season, villagers establish new plantations around their village, planting variety of crops after
using slash-and-burn practices to clear the forest.

During the second rainy season, stakeholders reported the greatest number of CDIs. This
is aligned with high crop availability, plentiful mangos, and intermediate native fruits. These
factors alone suggest that high crop availability may increase CDIs, but other factors identified
by stakeholders may also contribute. With the rains, diverse crops begin growing in the new
plantations, but heavy rains reduce the number of days people can access their plantations. In the

absence of regular weeding, many forest seedlings begin to establish, and the new plantations
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*Long Dry Season (Jun-Sep)
Villagers continue to harvest crops in
one-year old plantations, then reduce
weeding and continue limited harvest

for 1-2 more years. They use slash and
burn to establish new plantations at
the end of the season.

B

New and one-year old plantations

One-year old plantation

Second Rainy Season (Oct-Dec)
Villagers focus on weeding new
plantations when not too wet and
harvest some crops at the end of the
season in both new and old plantations

First Rainy Season (Mar-May)
Villagers continue to weed the new
plantations when not too wet and
begin to harvest crops at season’s end

Short Dry Season (Jan-Feb)
Villagers increase crop harvest at the
beginning of the season in both new
and 1-2 vear-old plantations, and
resume frequent weeding of new
plantations

Four-month old plantation Four-menth old plantation

Figure 3.9. Annual plantation management cycle. Synthesis derived from descriptions of plantations management by 37 stakeholders, most

of whom commented on only a single season (table B5.)
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resemble secondary forest where elephants seek out the abundant herbaceous forage (Merz 1981,
Barnes et al. 1991)

The combination of reduced human activity and increased weeds may thus contribute to
the high reported CDIs. During the transition between the rainy and dry seasons, the reduction of
rain again permits villagers to weed and harvest their crops, some of which begin to mature at the
end of this season and the start of the next (Table B4 and Table BS5). Angoué (1999) also noted
the ripening and harvest of crops, such as peanuts, corn, and other vegetables that mature around
three months during this period.

Stakeholders reported decreased but still intermediate numbers of CDIs in the short dry
season in conjunction with reduced crop availability and increased native fruit availability
compared to the previous season. This report is consistent with the hypothesis that CDIs would
vary with the relative availability of crops and native fruit. Furthermore, similar to the beginning
of the long dry season, people begin to renew their activities in both new and old plantations for
weeding and crop harvest, potentially discouraging elephants from approaching. Stakeholders
reported that most elephants left their villages to forage elsewhere during the short dry season
(Villager, ID 10, 12). One possible reason for the reported decline of CDIs during the short dry
season is that the lack of ripe crops leads elephants to leave the village area to look for native
fruits in the forest. However, this may not have always been the situation. People used to plant
more crops during this short dry season but discontinued the practice due to CDIs, except where
crops are protected by an electric fence (Villager, ID 23).

During the first rainy season, stakeholders again reported intermediate levels of CDIs,
coincident with both reduced crop and native fruit availability compared to the previous season.

However, the rain again begins to limit peoples’ activities in the plantations, and consequently,
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more weeds begin to grow. CDIs may also occur less often than in the second rainy season
because of the reduced variety of crops, and because perennial crops such as cassava are still
immature until the end of the first rainy season and the start of the long dry season. Elephants
prefer to consume only mature cassava (Kamiss and Turkalo 1999, Chiyo et al. 2005), although a
few elephants will eat immature plants (Kweku et al. 2010). Some elephants come back to eat
mature cassavas when villagers also harvest them at the end of the first rainy season and
beginning of the long dry season (Table BS5).

Finally, one professional respondent, in a conversation following the interview, noted that
during both rainy seasons, elephants may move from the flooded forest into the plantations
(Professional, ID 8), Lopé National Park, Gabon, personal communication), which are located on
higher ground, potentially increasing CDI’s. CDIs may also vary due to seasonal reductions of
accessible water, as some rivers and streams dry up in the long dry season. Water scarcity pushes
elephants to concentrate around water sources across the forest (Buij et al. 2007, Mills et al.
2018, Beirne et al. 2020, Beirne et al. 2021), potentially limiting their movements in search of
resources like crops.

This framing of CDIs a s influenced not only by the relative availability of crops and
native fruit but by the seasonal patterns of people’s activities in and around the plantations make
the case that our assessment of CDIs in relation to resource availability by season (Figure 3.7)
missed the more nuanced dynamics of the explanatory storytelling of people who live with these
situations through the course of their daily lives and across many generations of lived
experience. Because of this, we argue for further studies that take on the challenge of integrating
ecological field studies with stakeholder engagement and using both qualitative and quantitative

data.
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3.5.5. Limitations

Our initial plan was to use forestry service CDI reports to assess the numbers, locations,
and seasonal distribution of CDI over time and the types of crops damaged each season. We would
then have aligned these results to the native fruit phenology data by year and season to assess the
numbers of CDIs in relation to crop and native fruit availability. However, the CDI reports proved
unreliable due to inconsistent reporting and apparent data gaps due to program administrative
issues, villagers’ likelihood of reporting CDIs across different seasons and crop types, and because
the reports did not include the incident date but only the date that the forestry agent assessed the
damage, which could have occurred long after the incident date. Given the value of such data for
future analyses, we recommend a collaborative effort by researchers and government agencies to
design and implement a CDI tracking system that can provide reliable data on the day, location,
crops damaged (eaten or trampled), and extent of the damage for each incident and encourage
villagers to report each incident. Given the complexity of the problem, we faced a variety of factors
that confounded our ability to link disparate data sources into a single picture. For example, it was
difficult to align field data collection across multiple sites in difficult terrain during a single season
to make the full set of comparisons between village areas and associated forest sites that we had
intended. The availability of long-term fruit phenology data was invaluable but it would be even
more useful if the current metric of fruit availability could be translated into one that adjusts for the

density and size of fruits and their nutritional value.

3.6. CONCLUSION
Integrating stakeholder interviews and ecological field data for the landscapes around two
rural villages at Lopé National Park provided a coherent, if complex narrative about the causes of

CDIs and why reducing them has proved so intractable. Our results indicate that neither crop nor
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native fruit availability, nor the interaction between them, is a definitive factor controlling CDIs.
Instead, they suggest that these factors, along with the spatial and temporal distribution of
elephant resources and human activities within mosaics of natural and managed landscapes,
interact to influence elephant foraging behaviors, setting the stage for CDlIs.

At broader spatial and temporal scales, land use and policy changes, including the
settlement of nomadic slash-and-burn agriculturalists in permanent villages, the expansion of
commercial logging and its decline, and the establishment of national parks, created a cascading
set of effects that put villagers and elephants on a collision course. Reduction of native fruit
production — a central dimension of the forest elephant diet — has increased the pressures on
elephants to seek alternative food sources at the same time that villagers’ traditional methods of
crop protection — lethal force plus sufficient numbers of people to repel elephants have ebbed.

At local spatial scales, permanent village areas comprised of housing with planted
domestic mangos surrounded by concentrated patches of active and abandoned plantations have
been incorporated into well-established elephant trail systems, providing concentrations of native
and domestic food resources that appear to have become critical to elephants with the decline of
native fruits. At the same time, the seasonal associations identified by stakeholders between
CDlIs, native food resources for elephants, and the ebb and flow of people’s activities in and
around plantations suggest how seasonal ecological cycles create a set of nuanced, complex
relationships between how people and elephants use the land. These relationships appear to
partially explain the variation of CDIs across seasons and, by extension, across larger landscape
scales and over time. Given that many of the dynamics described occur not just within seasons
but across the transitions between seasons, and given the limitations of our study, we argue for

further investigations that integrate ecological field studies with stakeholder engagement.
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Although the situation is daunting, we see reason for hope that these understandings of how and
why CDIs arise in the landscape through the lens of both human and elephant needs hold

promise for developing solutions that promote more peaceful coexistence.
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CHAPTER 4: A STRATEGIC FRAMEWORK AND TOOLBOX
FOR HUMAN-ELEPHANT COEXISTENCE

Contributions

This chapter is co-authored by Hervé R. Memiaghe, Christine Enright, Steeve Ngama, Nelson
Ting, Dennis Galvan, and Bart R. Johnson. It was written by H. R. Memiaghe under B. R.
Johnson’s guidance. H. R. Memiaghe and B. R. Johnson developed the research design and
methods. All authors participated in developing the conceptual foundations of the paper and

contributed to revisions.

4.1. INTRODUCTION

A practical conceptual framework for human-elephant coexistence could benefit villagers
and African forest elephants, both of whom are threatened by crop depredation incidents (CDIs)
(Nsonsi et al. 2017, Nsonsi et al. 2018). Village economies frequently depend on reliable food
production from subsistence farming, and elephant CDIs threaten the basis of villagers’
livelihood. Meanwhile, elephants may be killed or injured as a direct or indirect consequence of
villagers' attempts to protect their crops (Lahm 1996, Mackenzie and Ahabyona 2012, Walker
2012, Nyirenda et al. 2018, Nyumba et al. 2020). Villagers use various crop protection methods,
but most are only partially effective or work for only a short period of time before elephants
surmount them. Historically, villagers killed problem elephants, an action now illegal because
forest elephants are critically endangered from poaching and habitat loss (Maisels et al. 2013,
Breuer et al. 2016, Poulsen et al. 2017, Turkalo et al. 2017). In some cases, villagers still kill
problem elephants, a particularly contentious practice in villages near protected areas like

national parks, where elephants may spend more time around villages than within the protected
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areca (O'Connell-Rodwell et al. 2000, Nsonsi et al. 2018, Rakotonarivo et al. 2021, Terada et al.
2021).

What if the problem could be reframed from a focus on terminating conflict to a search
for ways to foster coexistence? Building human-elephant coexistence requires satisfying the
needs of both humans and elephants through intentionally designed and managed landscapes to
share land peaceably (Morehouse and Boyce 2017, Frank and Glikman 2019, Tiller and
Williams 2021). Frank (2016) points out that coexistence may be possible if both human and
wildlife needs are satisfied, even while tolerating some wildlife crop consumption. A sustainable
tradeoff might be achieved by satisfying top-priority human and wildlife needs while managing
negative interactions to produce the least harm in a land-sharing environment (Morehouse and
Boyce 2017, Tiller and Williams 2021). Identifying both species' needs is essential to
determining management strategies that foster coexistence, which we refer to as "coexistence
strategies," and the types of specific actions to put each strategy into practice.

A human-wildlife coexistence framework holds the potential to decrease crop
depredation (Frank and Glikman 2019, Shaffer et al. 2019, Pooley et al. 2021) but needs
successful implementation to demonstrate its feasibility. Land sharing through coexistence may
require attending to broader issues such as ameliorating unfavorable socioeconomic conditions
that exacerbate villagers' vulnerability to CDIs (Frank 2016, Van De Water and Matteson 2018,
Frank and Glikman 2019), land management practices that degrade wildlife habitat and disrupt
their foraging behaviors (Johns 1985, Dudley et al. 1992, Laurance 2010, Zakaria et al. 2016),
and changing climate conditions that can impact food availability (Bush et al. 2020b, Sattar et al.
2021). Fostering coexistence could reduce the amplifying feedback loop between rural exodus

and CDIs (chapter 2) (Angoué 1999, Fairet et al. 2014), while managing the land for keystone
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habitat engineers like elephants can help sustain key ecological processes, composition, and
structure (Poulsen et al. 2018) that may make it more resilient to stressors such as climate
change.

For coexistence to succeed, rural villagers should be involved as collaborative decision-
makers to represent their needs and their knowledge (Lalaina et al. 2011, Satyal et al. 2019).
Participatory planning approaches are essential to resolving landscape conflicts between
biodiversity conservation and socioeconomic development (Slocombe 1993, Grumbine 1997,
Johnson and Campbell 1999). Participatory engagement should begin in the initial planning
stages, such as problem definition (Grumbine 1997), because how a problem is defined
establishes whose interests its resolution will serve (Fischer 1993). If carried out throughout a
planning process, participation can help ensure that all stakeholders, from local people to natural
scientists and planners, contribute to the resolution of the conflict (Luz 2000). Participation is
essential when working with traditional people who have both a long history of living in and
interacting with local ecosystems, and who often have been marginalized in past decision-
making (Larsen et al. 2000, Musavengane 2019).

While we can ask people what they need, it's not the same with elephants. A key concept
for supporting elephants' needs while reducing CDIs is to align optimal foraging theory (Pyke
1984, Stephens and Krebs 1986), with more recent understandings from nutritional ecology
(Raubenheimer et al. 2009). In particular, the latter replaces the former’s emphasis on optimizing
energy intake and output with recognizing animals’ needs for nutrient balance in their diets. With
this revision, foraging theory can offer an integrated understanding of elephant decisions around
their dietary needs and preferences, including their selection of diverse resource patches in which

they can balance their nutrient requirements (Turkalo and Fay 2001, Blake and Inkamba-Nkulu
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2004, Rode et al. 2006) with their choice of when to leave one patch to seek another (Pyke 1984,
Chiyo et al. 2011, Chiyo et al. 2012). Elephant behaviors are complex; their decision to leave a
patch may be driven by resource depletion or by a perceived lack of security (Breuer et al. 2016,
Beirne et al. 2021), and their movements along established trail systems vary in speed and
distance when seeking new patches (Blake and Inkamba-Nkulu 2004, Von Gerhardt et al. 2014).
Recent research builds our understanding of the ways in which elephant foraging behaviors are
driven by the combined effects of food resource availability and their sense of safety as they
move across the landscape (Mills et al. 2018, Beirne et al. 2020, Benitez and Queenborough
2021, Breuer et al. 2021, Fai et al. 2022). More effective than blocking elephants from crops may
be applying knowledge of elephant behavior and cognition to help them meet their needs away
from settlements (Mumby and Plotnik 2018). Understanding elephant foraging behavior in
relation to year-round resource availability and nutrient balance thus may be central to building
landscape-scale plans for coexistence that consider elephant and human needs across the large
landscape mosaics that form the basis of elephant territories and human land use.

Coexistence is particularly crucial when villages are located within or adjacent to
protected areas. Many such villages are associated with elephant populations that have become
accustomed to crop availability over long periods (Webber et al. 2007, Von Gerhardt et al. 2014,
Nsonsi et al. 2017, Kiffner et al. 2021, Eustace et al. 2022), leading to persistent and high levels
of crop depredation (Hoare 2015). The proximity of nearby natural habitats, however, may
provide the potential to alleviate the problem by making villages less suitable for elephants, in
tandem with enhancing habitat quality in distant locations of the protected areas (Mumby and
Plotnik 2018). Given the opportunity, forest elephants adapt their behaviors to reduce contact

with humans (Vanleeuwe et al. 1997, Maisels 2004, Wrege et al. 2012).
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When elephants spend time away from people, they benefit forest habitat by establishing
trails and dispersing fruit tree seeds (Blake and Inkamba-Nkulu 2004, Blake et al. 2009,
Campos-Arceiz and Blake 2011, Bunney et al. 2017). In turn, villagers use these trails to move
around the forest and consume some of those trees' fruits (Mikolo Yobo and Kasumi 2014, 2015,
Midoko Iponga et al. 2018a, Midoko Iponga et al. 2018b, Taedoumg et al. 2018, Fungo et al.
2019). Faced with persistent crop destruction, villagers may ignore these positive contributions
of elephants and seek to eliminate them as pests (Remis and Robinson 2020). However, that
situation might be mitigated if crop damage could be reduced by supporting these keystone
mammals' needs in tandem with programs emphasizing how elephants benefit forests in ways
that serve people's needs.

These ideas provide the foundation for proposing a conceptual framework for villager-
forest elephant coexistence, informed by empirical studies. To make this framework broadly
applicable, we linked three steps. The first was to identify problem types that exacerbate CDIs in
relation to human and forest elephant needs (chapter 2). The second was to construct a set of
conceptual coexistence strategies to address each problem type, while the third was to identify a
suite of specific actions for each strategy from the literature and stakeholders. Together, these
steps produced a coexistence planning framework supported by a toolbox of actions that can be
selected to fit localized problem-solving. By bridging theory to application in localized contexts,
the framework provides a means to test the feasibility of fostering human-elephant coexistence in
real landscapes. By proposing this strategic framework and toolbox, the goal of this chapter is to
promote participatory planning efforts and practical short and long-term steps to achieve
peaceful human-elephant coexistence through actions that simultaneously serve the needs of both

species.
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4.2. METHODOLOGY
4.2.1. Study area

Gabon, a central African country located along the equator on the Atlantic coast, is
recognized for its forest elephant population, which was recently estimated at 95,000
individuals—73% of all remaining African forest elephants (Thouless et al. 2016b, Laguardia et
al. 2021). Gabon's success in this regard results from national policies that integrate sustainable
forestry and biodiversity conservation. Sustainable forestry is driven by selective logging to
minimize forest degradation. Biodiversity conservation has been prioritized since Gabon's
constitution as a state in the 1980s by establishing natural reserves and prohibiting elephant
hunting (Decret1 15/PR/MAEFDR 1981, McShane 1990). These reserves were expanded and
turned into national parks that cover 10% of the country's area and 22% of its forests (Laguardia
et al. 2021). Conservation success is also aided by Gabon's low human population density of 7.5
people/km?, based on two million people over 270,000 km?, with most people located in two
coastal cities that provide job opportunities and public services such as schools and hospitals.

Lopé National Park, located near the center of Gabon and south of the equator, covers an
area of around 4950 km? (Figure 4.1). It was one of Gabon's first protected areas and is a World
Heritage site (IUCN 2007). The park is a mosaic of three leading land cover types: semi-
evergreen tropical rainforest (3165 km?), savanna and forest-savanna mosaic (340 km?), and
savanna-forest succession (1417 km?), used by diverse wildlife, including big mammals like
forest elephants (Momont 2007). Forest elephants use this heterogeneous mosaic to meet their
seasonal cycles of fruit resource needs (Momont 2007) and salt by digging in some places called
saline (White et al. 1993). This mosaic is also used by farmers to grow crops and to gather

natural resources such as fruits,
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mainly in the northeastern part of the park, where Kazamabika and Ramba, the two case study
villages for this research, are located (Angou¢ 1999). Kazamabika, located inside the park, is 10

km from the main town of Lopé. Both Lopé and Kazamabika have been significantly affected by
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Figure 4.1. Location of case study villages near Lopé National Park, Gabon, Africa. (A) Location
of Gabon in Equatorial Africa. (B) Gabon’s 13 National Parks with Lopé highlighted. (C) Lopé
National Park and key villages. Lopé is the region’s principal village; Kazamabika and Ramba
are the two smaller villages selected for this study.

elephant CDIs (Walker 2012). In 2016, Kazamabika erected Gabon's first electric fence, which
was intended to resolve human-elephant conflicts by keeping the elephants out and allowing
villagers to grow their crops safely. Meanwhile, Ramba is about 50 km from Lopé¢ in the buffer
zone in the eastern part of the park and is located near the river Offoué, a permanent water
source. Its history of CDIs is less documented than that of Kazamabika. However, incidents
seem to have increased with the establishment of the park and, more recently, with the

installation of an electric fence in the closest neighboring village (chapter 3).
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4.2.2. Coexistence framework development

The landscape management framework for human-elephant coexistence was built around
five problem types (Table 4.1) identified from stakeholders' perceptions of CDI causes in Gabon
and the two case study villages (chapters 2, 3).

Table 4.1. Problem types that can influence forest elephant crop depredation incidents. The impacts
summarize stakeholder perceptions of these problem types (based on Chapter 2, Figure

2.5).
Problem types Impacts
Decreased elephant Elephants leave their natural habitats because human activities create
security noise and reduce safety.

Human activities such as logging reduce elephant fruiting trees and
alter/fragment habitats. As a consequence, the efficacy of elephant trail
Reduced reliability of systems and associated cognitive maps are also disrupted.

fruit production Wild fruit production has decreased due to climate change. This can

interact with episodic fruiting to make fruit availability less reliable.
Elephants must find new food sources when fruits are not available.

Forest elephants regularly visit or stay within village areas for safety
Regular human-elephant | from poaching as well as for availability of crops. Villager land
negative interactions management practices create plantation-forest mosaics that allow
elephants to access both crops and wild food in close proximity.

Many crop protection methods work only for a short period of time,
while locally effective ones shift CDIs to other locations in the same
village or other villages.

Ineffective crop
protection Village youths and adults used to guard crops by chasing elephants but

are now absent due to lack of local schools and jobs. Elderly villagers
cannot effectively protect their crops, leaving crops more exposed to
elephant depredation.

Village socioeconomic | Reduced socioeconomic opportunities cause village exodus, reducing
conditions year-round population and increasing the proportion of the elderly.

First, based on the literature and stakeholder interviews (chapter 2), we reconceived each
problem type into a coexistence strategy and identified the landscape contexts to which each
strategy would be targeted. Next, as described below, we developed a set of actions for each
coexistence strategy that could be deployed in key landscape contexts around individual villages

(Figure 4.2).
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Figure 4.2. Methodology to elaborate coexistence toolbox
that detailed actions in each coexistence strategy.

First, we reviewed the literature to identify actions that have been recommended or
implemented to mitigate CDIs between humans and wildlife, particularly elephants. In a parallel
process, we conducted follow-up interviews with participants previously interviewed about
forest elephant CDIs in Gabon (chapter 2). Participants represented two groups: villagers from
the two selected villages and conservation professionals, including park and forestry agents
working in the national parks, and researchers working in national parks and other locations
across Gabon. Twenty-six villagers (67%) and 13 professionals (33%) were interviewed for a

total of 39 participants. The professionals included nine park agents, three researchers, and one
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forestry agent. Villagers were interviewed in person, individually. Conservation professionals
were interviewed individually through phone calls due to COVID-19 travel restrictions.

Both villager and professional interviews included two phases. The first phase presented
the initial results of CDI conditions from the previous interviews (chapter 2). In the second
phase, which lasted 15 to 30 minutes depending on the depth of response, participants proposed
actions to solve the multiple problem types.

Next, the compiled actions were categorized as those that benefited one party and harmed
the other versus those that benefited one or both parties with no harm to the other. To do this, we
rated each action using a decision matrix with columns for each party (villagers and elephants)
and whether an action was expected to help satisfy that party's needs (indicated by "+"), harm
that party (indicated by "—") or have no impact on them (indicated by "0"). The final step was to
assemble a toolbox of actions organized under the five problem types and associated coexistence

strategies to provide practical options for on-the-ground framework implementation and testing.

4.3. RESULTS
Our proposed landscape management framework for human-elephant coexistence (Figure
4.3) consists of five phases that can lead to a landscape management plan and its implementation
within a participatory adaptive management cycle:
l. Assess the current CDI situation across all landscape contexts where CDIs
occur or that otherwise contribute to the CDI problem.
2. Identify generalizable problem types associated with each landscape context.
3. Explore each strategy and associated actions to prioritize a feasible set of
actions to implement that are deemed likely to address the CDI problem

through the lens of coexistence.
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4. Apply prioritized actions in each landscape context.
5. Monitor outcomes over time to periodically reassess the CDI situation and
update the management plan.

A total of 76 actions were identified from the literature (41) and interviews (53), with 18
duplicates between the two sources (Table C1). Four actions were eliminated from the literature,
three from interviews, and one from both sources because of their potentially negative impacts
on elephants. After accounting for duplicate actions, the toolbox consists of 59 actions across the
five coexistence strategies. Actions within each strategy were further grouped under sets of
objectives that characterized differences in intended outcomes. Objectives were derived by
examining each strategy to identify the higher-level intentions of its constituent actions. The
primary purpose was to help planning participants identify additional actions that may not have
been identified in this study (Table C2). An action toolbox that includes a list of sources for each
action is provided for planners or researchers who want to further investigate different actions
(Table C3), while selected examples are provided in Table 4.2 for the discussion. Each local
problem related to CDIs that villagers identified at each of the two case study villages was each

associated with a coexistence strategy (Table C4).
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Figure 4.3. The human-elephant coexistence framework. Solid arrows show existing linkages (Chapter 2). Dashed arrows show proposed
linkages to create an adaptive management cycle that fosters coexistence.
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Appendix C

Table 4.2. Coexistence strategy toolbox derived from literature and stakeholder input.

Problem Coexistence | Examples of objectives with specific actions
types strategies
Protect: Patrolling areas to reduce the secondary impacts of
Integrate logging on forest elephants
Decreased logeine and
elephant ol egghargl ¢ Integrate: Collaboration to integrate certified logging practices
2 security phar with elephant behavior research
= protection
f% Conserve: Ecotourism as alternative to logging
Oé Conserve: Protect natural habitats to maintain fruit trees, other
é Reduced Conserve and | food resources, salines, bais, and water sources used by elephants
=] T
7 rehab?hty enhance Enhance: Create elephant resource hotspots in areas of high
of fruit elephant food | ¢1ephant use far from villages, for example by selectively
production | resources planting reliable fruiting tree species and enlarging bais and
water sources for year-round use-
Tolerate: Environmental education about elephants’ ecological
% roles as keystone forest species and benefits to people;
] community forums about how villagers and elephants can coexist
=
o) g Regular Integrate: Integrate spatial planning for people and elephants that
£ 5 | human- Reduce deters elephants from reaching villages and encourages them to
§ < | elephant territorial stay in the more distant forest, particularly around hotspots away
& = negative overlap from human land use
A ® | interactions ) ]
??o Separate: Manage food resources in elephant forest sites
= (hotspots) and village areas (e.g., food waste) to separate
= elephant areas from people areas and create distance between
them.
Repel: Increase village population to guard plantations at night,
emphasizing traditional methods such as making noise, and
Integrate introduce new methods such as drones that produce 'bee' noise,
. traditional and bell alarms
Ineffective and modern
crop cro Deter: Modify the landscape by employing modern technologies
% protection P such as electric fences, trenches, bio-fences, and solar light
150 protection .
s . barriers;
= strategies
; Adapt: Integrate multiple crop protection methods into adaptable
§: plans that can respond to changing elephant behaviors
= . . . .
n Improve rural | Compensate: Efficient financial and material compensation to
Village livelihoods by | help villagers recover from CDIs
socio- creating
economic soco- Adjust: Reduce livelihood dependency on crops with alternative
conditions | economic economic activities
opportunities
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4.4. DISCUSSION

The coexistence framework serves as an overarching structure through which cohesive
planning can be conducted at the scale of an individual village within or near a national park or
scaled to an entire national park like Lopé with its associated villages (Figure 4.3). The
framework includes a toolbox of actions that can be selected and applied through collaborative
decision-making among villagers and conservation professionals (Table 4.2 and Table C3). The
goal of such projects is to implement a spatially integrated approach to mitigating elephant CDI
impacts within a common framework. The framework integrates a comprehensive review of the
literature with detailed investigations at two villages to provide a useful starting point for
participatory engagement projects at a broader set of villages and national parks in Gabon and

potentially elsewhere.

Although each village faces unique challenges that require prioritization of strategies and

actions, we argue that crop depredation at each village should be approached holistically through

an agreed-upon set of integrated actions that consider all problem types and their associated

coexistence strategies. To this end, we recommend that the coexistence framework be used to

produce action plans that satisfy seven criteria to support the participatory adaptive management

cycle (Figure 4.3):

1.  Individualized: tailored to the unique settings and needs of each village

2. Collaborative: uses participatory processes to develop a plan that has the support of

both villagers and conservation professionals for an integrated set of actions supported

by all parties
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3. Comprehensive: addresses the full spectrum of problems that drive elephant CDIs in
each location, including how multiple strategies work in concert to address the

complexity of problem types and interactions

4.  Strategic: recognize that long-term plans must begin with high-priority initial steps that
can be agreed upon and achieved in the short term to build experience and trust among

all parties

5. Cross-scalar: allows conservation agencies to apply a common framework across larger
landscapes that reflect the land use needs of individual villages, the territories and

movements of elephant herds, and the needs of an entire national park

6.  Adaptive: implementation must be accompanied by well-conceived monitoring and
assessment of outcomes so that successes and shortcomings can be assessed and

adapted as needed over the longer term

7. Mutualistic: each strategy should support human and/or elephant needs without harm to

the other.

The five coexistence strategies are not only conceptual but have spatial implications.
Each can be applied in more than one landscape type, including multiple-use forest, protected
areas, and village areas (Figure 4.3). Furthermore, actions in one place can affect CDIs in
another. In the sections below, we explore each of the five coexistence strategies (Table 4.2) by
first addressing the two designed to directly support elephants' needs, then the two designed to
directly support villagers' needs. We conclude with the intermediate strategy, which spans the

spatial domains of elephants and people by creating spatially distinct places that satisfy the needs
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of both. The number of actions identified under each strategy and objective, and their sources, is

provided in Table C2.

4.4.1. Strategies to support elephants’ needs

Elephants need both security and reliable food resources to forage effectively. These
needs are addressed with two coexistence strategies: Integrate logging and elephant protection,
and Conserve and enhance elephant food resources. These strategies attempt to mitigate how the
joint impacts on native fruit production through logging and climate change can disrupt elephant
foraging behaviors and movement patterns by reducing the efficacy of elephant trail systems and
elephants’ cognitive maps of landscape resources (Polansky et al. 2015, Mumby and Plotnik
2018, Presotto et al. 2019). These disruptions lead them to disperse and explore new locations
and thus increase the likelihood that they encounter villages and plantations.

Integrate logging and elephant protection

The coexistence strategy of Integrate logging and elephant protection respond to
decreased elephant security due to direct and indirect impacts of logging activities, including
increased road density and loss of large fruiting trees (Maisels et al. 2013, Breuer et al. 2016,
Poulsen et al. 2017). This coexistence strategy includes nine actions under three objectives:
protect, integrate, and conserve.

Actions under the Protect objective focus on reducing the secondary impacts of logging
on forest elephants, such the proliferation of logging roads that create both short- and long-term
disruption of elephant activities and provide access for poachers. Patrolling in forest areas can
increase elephant security (Clark et al. 2009, Stokes et al. 2010, Chibeya et al. 2021). While
Gabon retains the largest known forest elephant populations in Africa (Laguardia et al. 2021),

poaching for ivory remains the primary cause of population decline (Abernethy et al. 2013,

93



Maisels et al. 2013, Breuer et al. 2016, Poulsen et al. 2017). Regular patrols in Gabon discourage
local hunters as well as commercial poachers (Mangarella 2021, Tadoum et al. 2021). Most
patrols occur in national parks, but many programs have been temporary and have not extended
to regenerating secondary forest outside of parks where forest elephants like to forage (Merz
1986, Barnes et al. 1991).

Actions under the Integrate objective focus on improving certified logging practices
through collaboration with elephant behavior researchers to maintain elephant security and their
resource base (Mumby and Plotnik 2018), similar to recent innovations to protect lowland
gorillas (Haurez et al. 2014, Morgan et al. 2019). In Gabon, integration applies anti-poaching
policies in logging concessions outside of national parks (Wrege et al. 2017, Mangarella 2021) in
response to the increasing footprint of logging concessions (Xue and Kiki 2018, Legault and
Cochrane 2021).

Actions under the Conserve objective focus on alternative economic uses of the land that
do not degrade elephant habitat, such as ecotourism. Ecotourism (Hodgson and Dixon 2000,
Laurance et al. 2006) has long been promoted in Gabon as a key benefit of its national park
system but must compete with well-established ecotourism programs in eastern and southern
Africa. Gabon’s ecotourism continues to warrant strategic rethinking and investment because it
could not only protect elephants but also improve rural livelihoods, another strategy type. An
additional benefit of Conserve actions is that they provide secondary economic benefits such as
selling tropical forest carbon credits (Koh et al. 2021, Bomfim et al. 2022).

Conserve and Enhance elephant food resources

The coexistence strategy of Conserve and Enhance elephant food resources responds to

fruit scarcity due to the loss of large fruiting trees from logging activities (Harris et al. 2021,
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Carvalho Jr. et al. 2022) and reduced fruit production due to climate change (Bush et al. 2020b).
This strategy comprises three actions under 12 objectives of Conserve and Enhance.

Actions under the Conserve objective focus on maintaining fruit trees and other critical
elephant resources such as salines and water sources in high-value habitat patches within logging
concessions (Blake et al. 2007, Clark et al. 2009, Nsonsi et al. 2017, Kleinschroth et al. 2019,
Beirne et al. 2020) and other types of exploited forest such as mining concessions and palm oil
plantations. Another action is to exclude important native fruit trees from logging as Gabon
already has done for Baillonella toxisperma and Irvingia gabonensis
(Decretn°0137/PR/MEFEPA 2009). These policies require enforcement to prevent illegal
logging (Laurance et al. 2006, Tegegne et al. 2016, Guan et al. 2018). Gabon's target of 100%
sustainable logging (Laguardia et al. 2021) could reduce future habitat degradation but still
leaves large areas of previously harvested forest in need of restoration and enhancement, as
described next.

Actions under the Enhance objective focus on restoring and supporting basic food
resources in degraded forests, as well as creating high-quality elephant food sources in areas far
from villages (Mohandas et al. 2021). We refer to those areas as elephant resource hotspots that
can be natural or designed areas with clusters of fruiting trees, bais?, salines, or water sources
that can attract elephant herds and provide consistent foraging rewards. This is similar to but
distinct from uses of the term elephant hotspot to indicate high elephant use (Wasser et al. 2015,

Poulsen et al. 2017) or locations with high CDIs (Pozo et al. 2017). Hereafter, we refer to these

? The bai is an open canopy area that attracts wildlife such as forest elephants for food and minerals
(Blake and Inkamba-Nkulu 2004).
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sites more broadly as resource hotspots since they may also benefit other wildfire species. One of
the most pressing food issues for forest elephants is the rapid decline of native fruit availability
(Bush et al. 2020b), which is essential to their diet. Although the overall future of native fruit
production appears grim for elephants, some important tree species show the capacity for
continued years of good production, and a small number have stable or increasing production
(chapter 3). Focusing on these species during resource hotspot development could be important,
although efforts to increase the local density of some species may be confronted with ecological
limits, since the abundance of many tropical tree species is held in check by the density-
dependent transmission of disease.

The loss of native fruits, in combination with other land-use disruptions to elephant
foraging behaviors, increases elephant movement (Tchamba and Seme 1993, White et al. 1993),
potentially bringing them closer to human settlement. Hotspots that provide both safety and year-
round stable food resources could serve these two primary needs in discrete areas far from
villages, as discussed further below.

4.4.2. Strategies to support villagers

Protecting villagers from CDI impacts is not simple. Not only must CDIs be reduced, but
village economies must be revitalized to create socioeconomic resilience. These needs can be
addressed with two mutually supportive coexistence strategies: Integrating traditional and
modern crop protection strategies and Improving livelihoods by creating rural socioeconomic
opportunities.

Integrate traditional and modern crop protection strategies

The coexistence strategy of Integrate traditional and modern crop protection strategies

responds to the persistence of crop depredation despite efforts to reduce them. The strategy
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includes 19 actions under three objectives: repel, detect, and adapt.

Actions under the Repel objective emphasize traditional methods that can be effective
without harming elephants (supplement 2), such as making noise (Hsiao et al. 2013) and
guarding crops (Hill 1998, Killion et al. 2021). Some methods are labor intensive, and sustained
implementation would require addressing much larger societal issues. For example, working-age
people have abandoned villages for the city, leaving only the elderly to guard crops (Fairet et al.
2014). Although village population loss appears to have been increased by CDIs in some areas,
broader issues, such as the lack of rural employment and educational opportunities, are the
biggest drivers. We later note several opportunities that could be explored in the Improve
livelihoods strategy section. Even if enough able-bodied people are present, some actions, such
as guarding crops at night, can expose villagers to malaria and interfere with family life,
education, and other work commitments (Mackenzie and Ahabyona 2012, Hsiao et al. 2013).

Actions under the Deter objective focus on employing modern technologies to strengthen
structures that prevent elephants from entering areas with crops (Montero-Botey et al. 2021,
Vibha et al. 2021). Electric fences have proved effective at keeping elephants out of plantations,
but fences require frequent and long-term maintenance. In Sri Lanka, electric fence maintenance
costs have been reduced by families deploying mobile fences during crop growth and moving
them to another location after harvest (Fernando et al. 2008, Fernando 2015). Even when
successful in one village, elephants may simply move to other parts of the village or to a nearby
village. For example, villagers at Kazamabika have largely resolved their CDI problem with an
electric fence around an extensive plantation, but elephants have now shifted to foraging for
mangoes inside the village center, creating further danger to themselves and villagers.

Meanwhile, villagers at Ramba said their CDIs increased because an electric fence at a nearby
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village shifted elephants to Ramba. They have yet to find an adequate solution (Table C4) and
are now asking for their own electric fence. Unless electric fences can be installed around every
village, this solution may cause as many problems as it resolves. This Deter action could benefit
elephants if mobile fences can be deployed for 1-2 years and then removed because abandoned
plantations turn into secondary forest where elephants can forage.

Actions under the Adapt objective integrate multiple crop protection methods in
adjustable plans that respond to changing elephant behaviors (Walker 2012, Tamrat et al. 2020,
Killion et al. 2021) as elephants adapt to individual methods. Villagers at Ramba, where current
methods are ineffective (Table C4), might test these Adapt actions for viability with forest
elephants while they await the arrival of an electric fence.

Improve livelihoods by creating rural socioeconomic opportunities

The coexistence strategy of improve livelihoods by creating rural socioeconomic
opportunities seeks to reduce villagers' vulnerability to CDIs, create greater capacity for villagers
to respond proactively, and more broadly, to sustain the cultural value of village life and rural
populations.

Maintaining rural populations is a key to effective crop protection and disrupting the
feedback loop between increasing CDIs and decreasing village populations (Terada et al. 2021).
Long-term economic improvements could encourage working-age youths and adults to stay in or
return to their villages, and their presence can help reduce CDIs (Lahm 1996, Hsiao et al. 2013,
Gunaryadi et al. 2017, Killion et al. 2021). This coexistence strategy is based on eight actions
under two objectives: Compensate and Adjust.

Actions under the Compensate objective must respond quickly to indemnify villagers

against CDI losses with financial and material resources that help them tolerate endangered
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elephant presence in their vicinity. For example, a community-based insurance program
managed by the local community (Xu et al. 2019, Sherchan et al. 2021) could help to avoid the
difficult, time-consuming procedures currently required in Gabon to file nationally managed CDI
reports and receive compensation. Recovering from losses, however, is only one way to help
sustain village economies, and such measures should be part of broader economic development.

Actions under the Adjust objective focus on creating opportunities to reduce livelihood
dependency on subsistence crops with alternative economic activities, such as planting
commercial crops (lemon grass and citronella that are unpalatable, to at least Asian elephants)
(Gross et al. 2017) and ecotourism (Walker 2010, Barua et al. 2013). The idea of village
microcredit associations has been promoted to help finance electric fences (Chang'a et al. 2016)
but could be expanded to boost new business startups.
4.4.3. Differentiate villager and elephant places

The coexistence strategy of Reduce territorial overlap responds to regular human-
elephant negative interactions—especially CDIs-that occur from the spatial overlap of
plantations and elephant habitats (Eltringham 1990, Hoare 1999, Danquah et al. 2007).
Historically, plantations were carved out of forest lands, managed and defended for a short
period, and abandoned, leaving early successional forest that continued to provide elephants with
diverse foods (Barnes et al. 1991, Lahm 1993, Barnes 1996). As people established more
permanent villages, the plantation-forest mosaic became more spatially concentrated and
centralized, creating long-term territorial overlap between villagers and elephants. This
coexistence strategy is based on 11 actions under three objectives: Tolerate, Integrate, and
Separate.

Actions under the Tolerate objective aim to increase villagers’ awareness of the how to
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live with elephants through environmental education (Treves 2007). This is not new knowledge
but rather a reminder of their traditional knowledge of the importance of this keystone forest
animal in maintaining the forest and sustaining fruit tree species—which are also used by
villagers—by dispersing their seeds (Noutcheu et al. 2016, Midoko Iponga et al. 2018b, Beirne et
al. 2021). The persistence of CDIs and villagers’ increasing anger calls for community forums
where conflicts between elephant conservation and village life can be addressed through ongoing
dialogue among villagers and conservationists. The cultivation of tolerance allows more time to
explore peacefully how to prevent regular human-elephant negative interactions through
coexistence.

Actions under the Integrate objective focus on preventing elephant-village overlap by
integrating spatial planning for villagers' and elephants' land use (Selier et al. 2016, Killion et al.
2021). When Gabon's national parks were established; elephants were expected to stay within
park boundaries. Instead, they continued to forage within village areas, in part because villages
like those associated with Lopé National Park and their plantations are embedded within native
forest. Expanded management plans cannot assume that protected areas alone will provide for
elephants’ needs. Such plans must integrate spatial planning that better delimits villagers' and
elephants' places to determine effective actions to support the food sources of each. For example,
forestry and park agents could work with villagers to map out future plantation sites and how to
rotate mobile fences among them. Planning could include attention to avoiding major elephant
travel corridors and high-quality natural habitat that is particularly attractive to elephants.

Actions under the Separate objective focus on creating greater differentiation between
villagers' and elephants' places, reducing access to palatable crops in village areas through crop

protection, growing unpalatable commercial crops, managing food waste, and enhancing
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elephant resource hotspots in distant protected areas as described above. To date, attempts to
separate elephants from crops have focused on erecting barriers such as fences without providing
alternative food sources to elephants (Adams et al. 2021, Montero-Botey et al. 2021, Vibha et al.
2021). At the extreme end of this strategy, government agencies in parts of Asia have gone so far
as to build fences around parks and feed elephants to reduce regular human-elephant negative
interactions (Pekor et al. 2019, Fernando et al. 2020). Both actions are impractical in Gabon.
Fencing large expanses of Gabon's national parks would require enormous financial investments
to build and maintain them, while feeding elephants is problematic because of already
insufficient crop production. Instead, we propose that attracting elephants away from villages is a
more promising approach to explore.

Implementation of resource hotspots may be a two-edged sword. Hotspot enhancement
has never been tested to establish a suitable distance from villages so that elephants no longer
forage nearby. Hotspot implementation is speculative and requires substantial investigation and
testing. Design of a resource hotspot should be based on important fruiting tree species and other
food resources that enable elephants to forage for as long as possible before needing to move to
other areas. Providing diverse food resources, including fruits (Tchamba and Seme 1993, White
et al. 1993, Beirne et al. 2020, Djoko et al. 2022), herbaceous forage (White et al. 1993, Fai et al.
2022), salines (White et al. 1993), and year-round water sources (Mills et al. 2018, Beirne et al.
2020) as well as a mosaic of forest and savanna (White et al. 1993, Momont 2007) could reduce
the need for longer distance and exploratory movements by elephants (Mills et al. 2018).

Crops or domestic mango trees could also be planted in these hotspots, as has been done
in US wildlife reserves for elk and waterfowl (Fish and Service 2013, Hinton et al. 2020,

Mitchell et al. 2022). Elephants are drawn to crops, and are strongly attracted to domestic
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mangoes in villages (Ngama et al. 2018), which could help compensate for reductions in native
fruiting trees due to climate change (chapter 3). Such hybrid natural-human landscapes, while
possibly controversial, are worth exploring given the severity of the current CDI crisis, evidence
of ancient human residence in these forests (Bahuchet 1972, 1978, Soengas Lopez 2010), and the
impacts of human-induced climate change. A hotspot strategy, however, will require much
deeper knowledge of elephant foraging practices and decision making, so that resource hotspots
can over time become the hubs of modified elephant trail networks that update and reconstruct
connections between elephants’ nutrient needs, social behaviors, and long-term cognitive maps
in these dynamically changing landscapes.

Making coexistence an effective long-term strategy to mitigate CDIs and protect
elephants requires testing the framework and toolkit spatially to determine if it can reduce the
territorial overlap of elephant and villager land uses by integrating participatory assessments of
villager needs with empirical assessment of elephant needs based on foraging theory, which
provides a spatial framework for incorporating the conceptual

coexistence framework (Figure 4.4). A “push-pull” approach similar to that portrayed has
been proposed to simultaneously draw elephants toward high-resource areas while removing
elephant resources around settled areas (Gross et al. 2017, Djoko et al. 2022). Diagrams such as
this could be useful discussion tools in participatory exercises between villagers and
conservation professionals. For example, if mobile electric fences can be successfully deployed it
may be better to position plantations further from the village center so that resultant patches of
secondary forest are further away.

Interactions and feedback loops in complex socioenvironmental systems could lead to

unintended consequences when novel strategies or actions are implemented (liu et al. 2007) to
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attempt to turn human-elephant conflict into coexistence. For example, the experience of Shell
Gabon in the town of Gamba demonstrates how creating socioeconomic opportunities for
villagers at first ameliorated CDIs but then amplified them.

With increased opportunities, Gamba’s population grew. Agriculture expanded to include
crops such as cassava, banana, corn, and peanut to feed the increased human population. The
demand for food led to increased plantations and more CDIs (S. Ngama, agriculture research
institute, Gabon, personal communication, 2022).

Enhancement of elephant resource hotspots also has the potential for unintended
consequences. The objective of resource hotspots is to draw nearby elephants away from villages
by providing them sufficient food in natural habitats, a system reinforced with deter actions
around plantations. But hotspot enhancement has the potential to increase elephant density
through intrinsic population growth or by drawing distant elephants toward a village if the
distance between hotspot and village is not carefully aligned with elephants’ movement
dynamics in that area. For these reasons, the integration of strategies and specific actions must be
approached critically in a holistic coexistence planning effort. Furthermore, implementation
requires ongoing monitoring and assessment to support adaptive management that adjusts actions

over time for mutually beneficial results (Grumbine 1997, Gillson et al. 2019).
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Figure 4.4. Current and proposed conditions to test human-elephant coexistence strategy in a village inside a protected area. A. Current
Conditions. Extensive village area with village center and dispersed plantations of varying ages embedded within matrix of forest habitat
draws elephants toward villages. B. Proposed conditions. Concentrated village area with more centralized, better defended plantations, and
fewer elephant resources. Matrix of forest habitat includes enriched resource hotspots in protected areas to draw elephants away from village

arca.
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4.4.4. Feasibility, Limitations and Urgency

One cannot be naive about the challenges of resolving Gabon’s human-elephant conflict
through attempting to foster coexistence. The planning stages of the coexistence framework
would be time-consuming and likely fraught with contentious discussions. Implementation of the
actions, long-term monitoring, and adaptive management would be expensive and logistically
challenging in both the short and long term. Even more daunting, many of the ideas suggested
are novel and success is not guaranteed. Finally, the cost and feasibility of programs to support
rural villages that are in decline due a host of socioeconomic issues in addition to elephant crop
depredation raises a host of questions.

Given these challenges, why not just let rural exodus continue until there are no villages
left and the CDI problem is gone? Even though many young people have moved to larger cities,
they still return to the countryside during the holiday period of the long dry season to be
connected to traditional life and gather with their families, spending time with their elders and
reuniting with those who have dispersed to different locations. Furthermore, when they retire,
many people want to return to the more relaxing village life, and supplement their retirement
income with growing crops for consumption and sometimes for sale. Stable rural villages could
also support other societal needs, for example, by serving as refuges during public health crises
such as the COVID-19 pandemic (Kanu 2020).

The current situation is dire for both villagers and elephants. Solutions focused solely on
preventing conflict have not met either party’s needs. In addition to the challenges CDIs pose for
villagers in and near to protected areas, it appears that maintaining viable elephant populations
may require further active intervention due to the impacts of past logging and climate change on

their food resources. For these reasons we argue that further exploration and development of an

105



actional framework for coexistence is, in the long-term, the most promising approach forward,

even if it can only be carried out in small steps.

4.5. CONCLUSION

Human-wildlife coexistence requires simultaneously managing human and wildlife
needs. We developed a practical conceptual framework based on seven criteria to guide
participatory planning efforts, and a toolbox of actions able to create conditions for human-
elephant coexistence by managing the identified five key problem types in their unique
landscape and sociocultural contexts, such as the Gabonese national park and associated villages
of this study. The persistence of elephant CDIs and the threat they pose to rural villager
livelihoods and forest elephant conservation is far from unique to Gabon. We argue that no one-
size-fits-all set of strategies will work, and that human-elephant conflict planning efforts and
plan implementation must be tailored to their local, national, and regional contexts. Such
planning efforts are time-consuming and difficult to achieve. The seven criteria recommended to
support a participatory adaptive management cycle (Figure 4.3) that planning efforts should be
individualized, collaborative, comprehensive, strategic, cross-scalar, adaptive, and mutualistic
are unlikely to make planning easier, but are intended to increase its likelihood of long-term
success.

The coexistence framework itself is most likely to be directly transferable at its highest
level: supporting elephant needs, supporting villager needs, and determining ways to
differentiate elephant places from villager places in space and across their seasonal rounds of
activities (chapter 3). The five problem types (chapter 2) and associated coexistence strategies
(this chapter) seem likely to be substantially transferable but may be better used as a point of

departure for initial conversations. The toolbox of actions is just that — a documentation of
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current knowledge from the literature and the villagers and conservation professionals in this
research. If developed, disseminated and updated over time, it could provide a dynamic resource
for coexistence planning efforts, just as intended by the recently released Human-Elephant
Coexistence (HEC) Toolbox (https://ste-coexistence-toolbox.info/toolbox-index/), which links
practical tools with implementation guidance. We note, however that their concept of
coexistence appears to focus mostly on understanding elephant behaviors and protecting crops
rather than on actively supporting the needs of both elephants and people within a single
planning effort.

Our proposed coexistence framework and toolbox offer the first steps to implementing
new conditions that mutually benefit elephants and villagers. Forest elephants would benefit
from increased food availability and a sense of security while dispersing tree seeds, thus shaping
the Congo Basin Forest and contributing to forest carbon sequestration (Berzaghi et al. 2021).
Villagers could become better equipped to improve crop yields and stabilize their socioeconomic
conditions, while workers who migrated to cities might find opportunities to return to village life
and their cultural traditions and heritage. Some ideas represent best available knowledge, while
others, like the enhancement of elephant resource hotspots, remain speculative but are beginning
to garner interest.

While the Congo Basin Forest can benefit from its two land managers—villagers and
forest elephants, coexistence will not be simple to achieve. It requires attention to the
sociopolitical dimensions that exacerbate CDIs and threaten rural cultures by actively supporting
greater equity in rural socioeconomic development. It also requires keen attention to the needs of
elephants, which have too often been considered separately from the problem of CDIs. The

stakes are high, since human-elephant coexistence may be critical to sustaining the diversity and
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resilience of the Congo Basin’s equatorial rainforest, which is crucial in the fight against climate

change, and to food source and the cultural heritages of its peoples.
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CHAPTER 5: CONCLUSION

In this dissertation, we examined the nature of crop depredation incidents (CDIs) between
elephants and villagers. This understanding permitted us to identify problem types that can be
managed with suggested strategies and actions to reduce incidents and promote healthy
coexistence for elephants and people.

Crop depredation incidents (CDIs) in villages near Gabon's Lopé National Park
underscore the urgent need for strategies that can foster the coexistence between people and
wildlife through landscape management that meets the needs of both. In human-transformed
environments, management cannot focus on one population at the expense of the other (Frank
2016, Morehouse and Boyce 2017, Tiller and Williams 2021). This study's management
approach offers numerous options that can produce numerous benefits, including sustainable
human socioeconomic development and strengthening conservation initiatives of other species
that use the same land.

This dissertation shows that establishing and maintaining conditions essential for human-
elephant coexistence can offer new jobs to meet human and elephant needs. Working-age youths
and adults have been leaving villages for cities, searching for jobs and educational opportunities.
Yet Gabon's cities have few jobs, and unemployment is remarkably high (Fairet et al. 2014, Teye
2018, Awad 2019, Mueller and Thurlow 2019). Managing the environment to support human
and wildlife needs would add significant diversity to the local employment sector. These jobs
would be available in villages addressing land management; working-age youths and adults
could return and build a life working in forest management but not only to work for

conservation, logging, or mining when there are job opportunities.

109



Under current land management practices, forest elephants are difficult to view in their
natural habitat. Coexistence practices could enhance ecotourism activities, which are still early
stages since the establishment of national parks 20 years ago in Gabon, with forest elephants as
the cornerstone species. to grow around specific sites with stable resource hotspots, allowing
visitors to observe forest elephants across seasons and years in a specific site in their natural or
semi-natural habitats. Ecotourism could offer villagers more job opportunities and provides a
marketplace for their various traditional and cultural products (Avomo Ndong 2018). It would
generate more direct income for villages and permit their involvement in elephant protection and

land management that keeps food available for these elephants

5.1. Recreating coexistence for human-wildlife land sharing

The persistence of CDIs correlates with land use change and changing climate resulting
in forest elephant inclusion of crops in their diet with the potential acceleration of native fruit
scarcity. Given the detailed evidence presented here, we conclude that actions must be taken to
reduce CDIs and manage land so elephant populations and village communities can coexist and
thrive. To achieve this urgent goal, this dissertation proposed the development of a landscape
management framework for coexistence with its five steps. These steps begin to identify
problems affecting villagers and elephants to extract their needs to be managed simultaneously to
satisfy both or one without harming another. This management should be monitored long-term to

adjust and adapt to foster coexistence conditions as proposed in this framework.

5.2. Deteriorated past human-wildlife coexistence
Humans and elephants have coexisted in the past because they mark and protect their
places, including some overlap. Humans knew to protect their areas from wildlife that tried to

stay away, and wildlife avoided humans or adapted their foraging behavior to reach crops.
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However, this coexistence has deteriorated over time with changes in human land use which did
not consider the impact on villagers' relationship with the surrounding wildlife. Land use
changed in regions like Gabon from nomadic to temporary villages, which could serve the needs
of wildlife such as forest elephants (Lahm 1993, Barnes 1996). Temporary villages led to less
direct interaction with wildlife, which could have kept their distance or consumed crops at night
(Kiffner et al. 2021). These permanent villages obliged people to have permanent areas for
plantations, creating a mosaic of plantations and natural resources, including regenerated forests
representing old plantations or open gaps due to timber harvest. Today, villagers carry on
subsistence farming with plantations through slash-and-burn field clearing on regenerated forest
land. Forest elephants forage across this landscape, particularly in regenerated forest, causing
CDlIs. Plantations, initially established some distance away from housing (Lahm 1996, Angoué
1999), today are within the village areas, becoming more gardens than plantations. Also, the
expansion of elephant populations within forests has happened with the reduction of hunting
through conservation efforts. These changes, along with a decrease in native fruit availability due
to changing climate, could have pushed more elephants to consume and trample crops. Forest
elephants have been consuming crops for a long time; however, this consumption was previously
not seen as a big problem because they ate only part of the crops, or they could spend only a little

time there to reduce the risk of being killed.

5.3. Recommendations and limitations

The identification of factors influencing CDIs should be conducted at each of the
landscape and site scales to identify problem types, which are: regular human-elephant negative
interactions, ineffective crop protection, reduced reliable native fruit, decreased elephant

security, and village socioeconomic conditions (chapter 2), causing CDIs in landscape contexts
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that can include multiple-use forest forests, protected areas, village areas, or combinations of
them. In the case of protected areas with adjacent villages, as in this research, understanding the
problems that cause CDIs is crucial for the survival of both villagers and forest elephants. The
forest elephant is the least studied among the three existing elephant species (Benitez and
Queenborough 2021, Breuer et al. 2021, Hart et al. 2021, Meyer et al. 2022), particularly in
understanding and identifying foraging behavior and decision-making. This understanding will
help researchers to identify problem types influencing these elephants' interaction with humans
at each site to determine appropriate strategies and actions from the proposed toolbox to satisfy
both elephants' and villagers' needs.

To understand CDI variations and food resource availability, including crops and native
and domestic food consumed by elephants, researchers should include a multiyear census of food
availability within the village area and in distinct habitats to inform understanding of crop and
other food availability at the time of CDIs. Forest elephants' foraging behavior should also be
further observed and documented to determine which elephants or herds are consuming crops
and other domestic food sources, and why they are turning to human food resources, which
endangers them, rather than safely foraging in the forests to avoid further negative interactions.

Developing the actions toolbox is the first step toward achieving practical coexistence.
The contents and use of this kit should be developed through the participatory engagement of all
stakeholders, including landowners, conservation practitioners, and villagers, to create plans that
suit each group and allow them to engage in long-term management. While this research was
mostly based on stakeholder perceptions, future phases should be based on participatory
engagement with a collaboration between conservation professionals and villagers at Lopé

National Park to address CDIs. This practical conceptual framework and kit can be used
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elsewhere to manage human-wildlife negative interaction to create mutually beneficial
coexistence.

Coexistence that is created by improving crop protection and socioeconomic conditions
to maintain people areas and wildlife security and food availability to enhance their conservation
by managing identified local problem types with stakeholder contribution through the landscape

and changing climate.
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CHAPTER 2: APPENDIX A

Table Al. Questionnaire

The preliminary: identification and historical profile

Participant | Elder/ Female/man | Affected Date Village Voice
Number Adult by CDIS record
number

Main question:

Can you tell how the number of people in your family changes in your house across
seasons and years?

(Pouvez-vous me dire comment le nombre de personnes de votre famille change dans
votre maison a travers les saisons et années ?)

Sub-questions:
How many people live in your house during each season around? Please mention the
number of people living in actually and the change through seasons and years
(Combien de personnes vivent en moyenne dans votre maison pendant chaque saison ?
Svp, mentionnez le nombre qui vivent avec vous actuellement et les changements a
travers les saisons et années)
Importance of elephants for the forest and people

Main question:

Before, we begin to talk about your conflict with elephants, are there any benefits to
having them in the forest around you? How do you know that?
(Avant que nous commencions a parler du conflit, est-ce-qu’il y a des bénéfices a avoir les
¢léphants dans la forét autour de vous ? comment s’avez-vous cela ?

Sub-questions

Are they useful for your plantations or soil qualities around you? Why or why not?

(Est-ce qu’ils sont utiles pour vos plantations ou la qualité du sol autour de vous ? Pourquoi ou
pourquoi pas ?

What about the forest you use as a source of food and medicine? Why or Why not?

(Et au sujet de la forét que vous utilisez pour la nourriture et médecine ? Pourquoi ou pourquoi
pas ?)

The context of crop depredation incidents (CDIs) across space and time

Main question:

Do you know about what year did crop-raiding become a problem for you? What are the
reasons? How do you live with it?

(Est-ce que vous connaissez 1’année a laquelle les destructions des cultures sont devenues
un probléme pour vous? Qu’elles sont les raisons ? Comment vivez-vous avec cela ?)
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Sub-questions;
C.1. Do you know when/where the elephant problem started around the Lopé
area?

(Est-ce que vous connaissez quand/ ou le probléme avec les éléphants a débuter
autour de la Lopé?)

C.2. What year did elephants begin to destroy your crops?
(En quelle année les ¢éléphants ont ‘il commencé a détruire vos cultures?

C.3. What year did crop raiding become a problem in your village? why?
(En quelle année les attaque des cultures sont-elles devenues un probléme dans
votre village ? Pourquoi ?

Cd. Do you see an increase, a decrease, or no changes in CDIs across
locations, seasons or years? Can you describe the reasons?  (Est-ce que vous
voyez une augmentation, diminution, ou pas de changement de ces attaques a
travers les lieux, les saisons, années ? Pouvez-vous donner les raisons)

C.S. Do you think that some years/ seasons or space are better or worse? Can
you tell the reasons? (Pensez-vous que certaines années/saisons sont mieux/
grave? Pouvez-vous donner les raisons?)

C.6. Do you know the number? Can you indicate the number of CDIs
approximately per year/season on the diagram below? Do you know the reasons?
(Est-ce que vous connaissez le nombre ? Pouvez-vous indiquer
approximativement le nombre d’attaque par année/ saison sur le diagramme ci-
dessous ? Est-ce que vous connaissez les raisons ?)

C.7. If you estimate the losses in percentage, what percentage of loss allows
you to still have what to eat only or both eat and sell?

(Si vous estimez les pertes en pourcentage, quel est le pourcentage de perde qui
vous permet de toujours avoir que quoi manger ou manger et ventre ?)

C.8. What do you think can be the causes of elephant crop depredation? Why?
(e.g., population size and fruit availability)

(D’apres vous, qu’elles sont les causes de ces attaques des éléphants ?
Pourquoi ? (Exemple, la taille de la population and la disponibilité des fruits)

C.9. Do you think that the elephant population has increased here in Lopé?

(Pensez-vous que la population des ¢éléphants a augment¢ ici a la Lope ?)
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Changes in resources used by elephants across space and time and reasons for them

Main question:

Do you see any changes in the forest resources (fruits, water, and etc) that maybe
increase CDIs recently or in the past?Why are these changes occurring? (Voyez-vous des
changements dans la ressources (fruits, eau et etc) des éléphants en forét qui pourront étre la
cause de la croissance des attaques ? Pourquoi y a t’il ces changements ?

Sub-questions :

D.1. Do you think that there is enough food and resources for elephants in the
forest? Why or Why not? (Pensez-vous qu’il y a assez de nourriture et ressources
pour les €léphants en forét ? Pourquoi ou pourquoi pas ?)

D.2. Are you able to know what natural food or resource do elephants consume
? Can you explain your answer (Pouvez-vous connaitre les aliments et
ressources que consomment les elephants ? Pouvez vous expliquez votre
reponse)

D.3. Do you think that these natural food and resource (water,mineral, salt) are
available around the plantations and villages? Why or why not? (Pensez-vous
que cette nourriture et ressource (eau, mineral, sel) sont disponible autour des
planatations et villages ? Pourquoi ou pourquoi pas ?)

D.4. Can you know what natural food and resource elephants eat in these
natural patches around plantations and villages? Can you explain your answer?
(Pouvez-vous connaitre ce que les ¢léphanants consomment dans ces sites autour
des plantation et villages)

D.5. Have you already seen a time when this food or resource are available, but
elephants are not present? Can you explain your answer?
(Avez-vous déja vu une période pendant laquelle cette nourriture et ressource
sont disponible, mais les éléphanants sont absent ?)

D.6. Do you experience CDIs when resources and crops are available? If yes,
can you tell when, where,and what crops are eaten, damage or not?

(Avez-vous vécu les attaques quand les ressources et les culture sont disponible?
Si oui pouvez-vous dire quand, ou et quelles cultures sont impactées ?)

D.7. Have you ever seen the elephants that have been raiding crops eating natural
foods around plantation or village? If yes, What can you tell about this rencontre?
(Avez-vous déja vu les éléphanants qui attaquent les cultures manger autour des
plantations ou villages ? Que pouvez vous dire sur cette rencontre ?)
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Table a2. Stakeholder perception of drivers and subdrivers. The number of interviewees shown
for a driver may be less than the total of those shown for its subdrivers because some

interviewees comments fell into multiple subdrivers.
Villagers (n= 24) | Professionals (n=22) | Total (n=46)

Drivers/subdrivers No % No % No %
Elephant foraging behavior 16 67% 16 73% 32 70%
Elephant hunting and poaching 1 4% 11 50% 12 26%
Elephants crop preferences 5 21% 6 27% 11 24%
Fences push elephants to other sites | 7 29% 1 5% 8 17%
Irregular native fruit production 5 21% 1 5% 6 13%
Elephant adaption to crop protection |4 17% 1 5% 5 11%
Safety/food availability for elephants | 1 4% 4 18% 5 11%
Elephant food source expansion 1 4% 0 0% 1 2%
Presence of bush within the village 0 0% 1 5% 1 2%
areas
Logging 6 25% 18 82% 24 52%
Logging 6 25% 17 77% 23 50%
Land transformation 0 0% 4 18% 4 9%
Other land use 0 0% 2 9% 2 4%
Mining 0 0% 1 5% 1 2%
Conservation policies 7 29% 12 55% 19 41%
Elephant hunting prohibition 6 25% 10 45% 16 35%
Establishment of park 4 17% 5 23% 9 20%
Village-elephant spatial overlap 7 29% 10 45% 17 37%
Village location 9 38% 4 18% 13 28%
Plantation expansion 0 0% 6 27% 6 13%
Rural exodus 5 21% 7 32% 12 26%
Village depopulation 4 17% 6 27% 10 22%
Absence of elephant hunters 2 8% 0 0% 2 4%
Shortage of time and labor 0 0% 1 5% 1 2%
Disruption of native fruit production | 0 0% 7 32% 7 15%
Climate change 0 0% 7 32% 7 15%
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Table A3. Respondents’ quotes expressing each of the six drivers.

Drivers

Respondent’s quotes

Logging

There are less natural fruiting trees in the forest due to past logging (Villager, ID 13). Fruiting trees that elephants like were logged in
the past (Villager, ID 19). Logging reduced big trees in the forest (Villager, ID 24). Past logging activities reduced fruiting in the trees
that elephants like (professional, id 3). Yes, we can talk about logging activities having negative impacts on resource availability until
recent times. This logging activity has changed with the protection of some species (Professional, ID 12). The problem is that we have
logging concessions almost everywhere (Professional, ID 45).

Conservation
policies

We used to kill elephants and this hunting keeps them away from crops. Since the presidential prohibition of elephant killing, I observed
that more elephants were coming (Villager, ID 19). In 1981-2, the ecotax [conservation program] began, from there, people could not
go in the forest as they wanted; not even to hunt. At that time, animals [elephants] began to come close to people. Those elephants have
multiplied (Villager, ID 22). And the local population was weak against elephants. They could not do something to deter elephants from
entering their plantation or garden (Professional, ID 3). Go to the village to ask about this conflict. They [villagers] will always tell you
that since they have prohibited the kill of elephants, the elephants feel like it is their place here (Professional, ID 12).

Disruption of
native fruit
production

Today, I can tell you that the fruiting trees do not produce every time any more with all the same change due to the change in the
climate or in the cycle in animal mind, the animal know for a long time that at this period and at this site it will find this this in
maturity or today with does small change, it is not that and when it is think that it will find and does not find , eh ben, it look for other
places it can come close to people where it will find what it can eat, it is a little bit my experience in this point. It is not just because
those animal want to go, their environment is not the same, the climate change that do the le fructification change or they have a
schedule that was established long time ago, this program , they can include that anymore, they need to be used to the new program
and the fact that their house is destroy every day, it is true that we said that the Gabon is cover to 80 by primary forest, you observed
well in is it not always true, we go there every day but when see, it is true that from the top we see the canopy but let see below, below
the canopy do no represent anything. ( Professional, ID 21)

Elephant foraging
behaviors

Everything that was planted, elephants were eating (Villager, ID 13). They come and stay around areas where they are safe and can
find food (Villager, ID 7). They eat and keep the location (Villager, ID 16). They try to go to the fence , they are charge by electricity,
they come back and oblige to eat food behind the house, There, it should have been a trail between the forest and the economic road,
but as it is the village, they are obliged to cross it. You can see as elephant cross to look for the way to go. When they find domestic
fruiting tree, they obliged to come and destroy everything. There is not a place where the elephant did not go and devastated
everything ( Villager, ID 22)

Village-elephant
spatial overlap

“From my experience, the population is here, their crops are here, and the elephants are here. (Professional, ID 3). In the savanna area,
gallery forests are used by villager and are elephant corridor. For plantation, people cut tree which include elephant tree. The
transformation of larger areas of forest or savanna push elephant nearby village (Professional, ID 12). There are almost located in the
same part of the park (Professional, ID 29), there is not clear difference between forest and village (Professional, ID 45)

Rural exodus:
villagers and
professionals:

These villages are empty, because the people were unable to produce their crops (Villager, ID 22). We used to have many people here
and activities with logging concessions making much noise in the past. So, it was rare to see elephants and buffalo here, whereas now
there are a lot. I saw that progressively with the reduction of activities with the departure of the logging concession, this area became
quieter. This situation encouraged elephants to come more to the village (Professional, ID 25). When the population is decreasing in
the villages, the elephants seem to come in. ...villages and camps with different hunting activities kept elephants away. With fewer
villagers and hunters in the forest, elephants have more space. So, you can see that when there are more people, the plantation can be
protected (Professional, ID 38).
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APPENDIX A

Table A4. Stakeholder perception of dynamics and subdynamics. The number of interviewees shown for a
dynamic may be less than the total of those shown for its subdynamics because some interviewees

comments fell into multiple subdrivers.

Villagers (n= | Professionals (n=22) | Total (n=46)
24)

Dynamic/subdynamics No. 1o No. % No. 1%
Increased human-elephant interactions 17 | 71% 19 86% 36 | 78%
Safe site for elephants 3 13% 11 50% 14 |30%
Inclusion of crop in elephant diet 6 25% 6 27% 12 26%
Protected forest elephants 4 17% 3 14% 7 15%
Decreased native fruit production 5 21% 1 5% 6 13%
Elephant habitat conversion to village areas | 2 8% 2 9% 4 9%
Forest become unsafe for elephants 1 4% 3 14% 4 9%
Reduced number of people in the villages 1 4% 3 14% 4 9%
Villagers and elephants occupy same areas | 2 8% 1 5% 3 7%
Degraded forest habitat 1 4% 1 5% 2 4%
Partial/ineffective crop protection 1 4% 0 0% 1 2%
Reduced capacity to protect crops 13 54% 10 45% 23 50%
Altered social dynamics 5 21% 8 36% 13 28%
Partial/ineffective crop protection 8 33% 1 5% 9 20%
Elephant expansion in the forest 0 0% 2 9% 3 7%
Inclusion of crops in elephant diet 2 8% 1 5% 3 7%
Forest structural changes 4 17% 13 59% 17 37%
Village areas converted to elephant habitat | 4 17% 8 36% 12 126%
Degraded forest habitat 0 0% 7 32% 3 7%
Road establishment 0 0% 2 9% 2 4%
Reduced native fruit availability 4 17% 11 50% 15 33%
Reduced number of native fruiting trees 4 17% 10 45% 14 30%
Decreased native fruit production 0 0% 7 32% 7 15%
Decreased elephant safety in native habitat | 1 4% 11 50% 12 | 26%
Forest become unsafe for elephants 1 4% 9 41% 10 | 22%
Increased noise around elephants 0 0% 3 14% 3 7%
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APPENDIX A

Table a5. Respondents’ quotes expressing each of the five dynamics.

Dynamics Respondent’s quotes

Forest structural changes Logging reduced the number of big trees in the forest. (Villager, ID 24, 7). Moreover, like the moabi [wild fruiting tree],
these species were sources of proteins for elephants. If you exploited all the moabi in one area, when the elephants come
back and find out that there is no fruit to eat, they would look for protein elsewhere (Researcher, ID 12). The fruiting tree
species of which animals consumed fruits were also the trees logged in the past (Professional, ID 21).

Decreased elephant safety Poaching pressure pushes elephants away (villager, id 7). There is delocalization of elephants that move away from
poaching areas (Professional, ID 36). When they are hunted or poached, elephants depart (Professional ID 20).

Reduced native fruit For many years, we did not have some wild fruits. For instance, we have not eaten chocolate [Gabonese chocolate made

availability from bush mango] for many years. The bush mango tree has not produced many fruits anymore. If two or three trees

produce fruit, the elephants are already there ahead of us to consume what they can find under these trees. When we want
to go and collect some fruits, we do not find anything because they have already eaten fruits from these trees that do not
produce a lot. For more than ten years, we have not eaten chocolate [Gabonese chocolate] made from bush mango trees
that no longer produce enough (villager, id 9). I think they came here [to the village] when the forest did not produce fruit
for them (Villager, ID 11). And today, I can tell you that the fruiting trees do not produce any more (Professional, 1D 1).
There are indeed seasons where we see many trees with flowers. However, sometimes these flowers do not produce fruit;
thus, the climate plays a role, but we know if there is high flower production will have a lot of fruit (Professional, ID 3).
Increase human- elephant In the past, elephants were difficult to see in the dense forest. Now they are around villagers more and more (villager, 1D
interactions: 13). The elephants began to come into the village after the grandparents' death, and these grandparents used to kill them
[elephants] (villager, id 4). In the past, one elephant was coming; it used to eat and go back. Today, there are six individual
elephants who come. (Villager, 1D 33). Moreover, the issue is regular for villages in or around the park as elephants are
permanent (Park agent, ID 29). I saw that [increase of elephants] progressively with the reduction of activities due to the
logging concession departure, this area became quieter. This situation encourages elephants to come more often into the
village (Professional, 1D 25).

Reduced capacity to protect We built small camps to stay in [in order to] protect plantations before the electric fence was established here (Villager, ID
crop 24). We tried traditionally built and adapted fences, but they worked for only a short- time. Empty cans did not work;
elephants were not threatened by that, they played with them (Villager, 1D 10). The local population protected their
plantations by killing those animals. It is illegal, but people do that because they are desperate...there is no reliable
technique, no concrete solution, no practices that help reduce the devastation to their plantations (Professional, 1D 27).
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Table A6. Stakeholder perception of problem types and subproblems. The number of interviewees shown

for a problem type may be less than the total of those shown for its subproblems because some

interviewees comments fell into multi

le subdrivers.

Problem types/subproblems

Villagers (n= 24)

Professionals (n=22)

Total (n= 46)

No % No % No %
Regular human-elephant negative 17 71% 18 82% 35 76%
interactions
More elephants in village areas 17 71% 5 23% 22 48%
Village with food sources that 6 25% 7 32% 13 28%
attract elephants
Disturbance of elephant safety in 1 4% 12 55% 13 28%
the forest
Proximity of crop field and native | 1 4% 4 18% 6 13%
resource
Absence of people in the village 0 0% 3 14% 3 7%
Native fruit scarcity 1 4% 1 5% 2 4%
Increased human insecurity 1 4% 0 0% 1 2%
Ineffective crop protection 13 54% 12 55% 25 54%
More elephants in village areas 1 4% 10 45% 14 30%
Absence of people in the village 6 25% 2 9% 8 17%
Partial crop protection across 5 21% 1 5% 6 13%
villages
Elephant adaption to crop 5 21% 1 5% 6 13%
protection
Reduced reliability of fruit 7 29% 14 64% 21 46%
production
Native fruit scarcity 7 29% 9 41% 21 46%
Disturbance of elephant habitat 1 4% 7 32% 11 24%
Decreased elephant security 2 8% 10 45% 16 35%
Unsafe forest 1 4% 11 50% 18 39%
Illegal elephant killing 0 0% 2 9% 2 4%
Village socioeconomic conditions | 1 4% 3 14% 4 9%
Absence of people in the village 1 4% 3 14% 4 9%
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Table A7. Respondents’ quotes expressing each of the problem types.

Problem types

Respondents’ quotes

Decreased elephant security:

1 observed that when the forest was exploited in one area, the elephants were able to move to other areas very quickly to
silent sites (Villager, ID 40). Indeed, I was involved in logging before I worked in conservation. You cannot imagine the noise
made by chainsaw, engine, and bulldozer (Professional, ID 31). We began to observe elephants near the villages when
logging concessions began to be established in the forest around villages. There was an increase in elephant presence in the
village when engine noises disturbed them. If elephants are disturbed, they will turn to areas with the crops to feed
themselves. They leave their corridors when they are disturbed (Professional, ID 14). In Pana, we showed that elephants were
leaving the forest to [go to] the village and town. After the analysis, I think that the elephant was leaving the forest because of
Congolese gold miners, who used to enter the forest illegally. Suppose I talk again about situations in Pana. In that case, |
can say that there was no elephant issue there before miners' activities. I am certain? About that because I am from the
Birougou park (Professional, ID 41). Logging concessions destroy elephant habitat and food sources (Professional, ID 35)

Reduced reliability of fruit
production :

When we [villagers] were at Massenguelani [old village], the elephants used to eat bush mango trees, Detarium trees in the
forest. These are the fruits that they follow the most in the forest. Today they are eating everything (villager, 1D 40). I can
imagine that they come here when there is no food production in their forest (villager, 1D 30). [ think they [elephants] came
here when the forest did not produce fruit for them. 1t is the same for us; sometimes [things are] hard or [there’s] some
complication with the crop, so they [the elephants] come here. It is like us; we planted, but sometimes we do not harvest a lot;
we have a decrease of crops, so it could be the same in the forest. Then it is when they [elephants] see there is no food in the
forest that they come in the village (Villager, 1D 11). Many tree species that produce elephants’ preferred fruit were logged in
the past. When I am looking at the forest, there are fewer “elephant fruiting trees” because these tree species, like moabi
[important tree species], were logged in the past, but not like now with their exclusion from logging. Instead, one species
pushes elephants to forage toward Soforga [old logging concession], it is Ossugua. If it had been logged, we will be in the
same case as moabi and others. We cut moabi and other species; these were their food (Professional, ID 44).

Regular human-elephant
negative interactions

They multiplied, increased, and called others (Villager, 1D 4). They come and stay around areas where they are safe and can
find food (villager, id 7). In 1981-2, the Ecofac began; from there, people could not go in the forest as they wanted, not even
hunting. At that time, animals [elephants] began to come close to people, these elephants have multiplied (Villager, 1D 22).
This area began to be more and more quiet. This situation encouraged elephants to come more to the village (Professional,
ID 25). It has become silent here compared to ivindo [another park in Gabon], where there is still logging with Rouger
[concession]. There are still activities around it [Lope], and that is why these elephants of Lopé treat it like a refuge
(Professional, ID 3). Elephants could join the village as a refuge, go where there is safety, and follow where there is food, so
the alimentation attracts them (Professional, ID 25).

Ineffective crop protection

We made a fence with empty cans, but it did not work for a long time (villager, id 46). The technique they used was to shoot
guns toward the sky or injure one elephant. People used to have time to grow and harvest crops and do other plantations
(villager, ID 44). The elephants came to destroy the first plants. We tried traditional and adaptive fences, but it was just for a
short period, with empty old cans. It did not work, elephants were not threatened by it; they were playing with it. It was hard
for us (villager, ID 33). And, when the elephants left the forest and arrived in plantations and villages, people could not
support the restriction on hunting this pachyderm (Professional, ID 21).

Village socioeconomic
conditions

Young people left the village for job and better live, leaving only old people. Young people were the protectors and hunter of
elephants, exodus came also with protecting elephant in middle 1980’s (Professional, ID 20). They come to the village. One
time, I stayed alone in the village, they came and even broken one kitchen ( Villager, ID 40)
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Table AS8. Stakeholder perception of landscape context and drivers.

APPENDIX A

Landscape context | Drivers Number of
respondents
Conservation policies 1
Disruption of native fruit production 2
Mutiple-use forest
Elephant foraging interests 11
Logging 23
Conservation policies 3
Disruption of native fruit production 7
Protected areas
Elephant foraging interests 6
Village-elephant spatial overlap 2
Conservation policies 18
Elephant foraging interests 25
Village areas Logging 2
Village dynamic 12
Village-elephant spatial overlap 15
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Table A9. Stakeholder perception of drivers causing dynamics.

Drivers Dynamics Number of respondents
Conservation | Increased human-elephant interactions 12
policies .
Reduced capacity to protect crops 12
Disruption of | Reduced native fruit availability 7
native fruit
production
Elephant Decrease of elephant habitat safety 8
foraging . .
interests Increased human-elephant interactions 20
Reduced capacity to protect crops 12
Logging Decrease of elephant safety 9
Forest physical changes 7
Increased human-elephant interactions 2
Reduced native fruit availability 14
Village Increased human-elephant interactions 5
dynamic )
Reduced capacity to protect crops 7
Village- Forest physical changes 12
elephant ] ]
Increased human-elephant interactions 6

spatial overlap
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CHAPTER 3: APPENDIX B

Table B1. Twenty most important elephant tree species, in two groups derived from previous studies and
local field assistants

Fruiting tree species Families Fruit tree
categories

Baillonella toxisperma Sapotaceae

Bobgunnia fistuloides Fabaceae

Detarium macrocarpum Fabaceae

Duboscia macrocarpa Malvaceae 8 most important

Irvingia gabonensis Irvigiaceae fruit tree species

Nauclea diderrichii Rubiaceae

Sacoglottis gabonensis Humiriaceae

Uapaca guineensis Phyllanthaceae

Antidesma vogelianum Euphorbiaceae

Chrysophyllus africanum Sapotaceae

Klainedoxa gabonensis Irvigiaceae

Mammea africana Calophyllaceae

Massularia acuminata Rubiceae

Myrianthus arboreus Urticaceae 12 next most
important fruit tree

Omphalocarpum procerum Sapotaceae species

Panda oleosa Pandaceae

Pentadesma butyracea Clusiaceae

Psidium guineense Myrtaceae

Tetrapleura tetraptera Fabaceae

Uvariastrum pierreanum Annonaceae
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Table B2. Number of important fruiting tree species observed each month by year at Lopé National Park.

Years Months

Jan | Feb | Mar | Apr |May |Jun |Jul | Aug | Sep | Oct | Nov | Dec
2003 [ 11 13 12 15 14 11 15 13 16 16 10 13
2004 [ 12 14 15 12 16 19 | 15 18 19 15 14 14
2005 [ 16 18 16 18 18 19 | 16 19 17 18 19 19
2006 [ 15 18 19 20 18 17 | 17 17 17 17 18 18
2007 [ 19 19 17 17 17 20 | 19 19 20 18 15 14
2008 [ 19 17 18 18 16 17 | 17 18 17 17 8 19
2009 [ 19 18 20 19 16 17 | 16 17 13 19 16 15
2011 [ 18 18 19 20 18 18 | 20 16 18 18 19 15
2012 [ 19 17 19 17 18 17 | 16 18 15 20 14 15
2013 [ 17 20 19 17 18 18 | 19 20 18 18 18 18
2014 [ 20 17 17 17 19 16 | 19 18 17 19 18 17
2015 [ 18 18 16 20 17 19 | 18 20 20 19 20 19
2016 [ 18 20 18 18 17 18 | 18 18 14 17 18 17
2017 [ 17 18 17 18 18 19 | 17 18 16 16 15 18
2019 | 15 17 17 18 19 16 | 16 19 16 18 18 17
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Table B3. Stakeholder perceptions of native fruit production variation documented in 2020.

ID

Stakeholders

Reference periods

Stakeholder quotes

38

32

Professionals

Around 10 years ago

During the past 10 to 11 years, the issue [CDIs] was
regular in areas where 1 worked [Park].

Around 10 years ago

There were periods when you had two productions,
without going far, the [bush] mango tree produce two
times, the big production and small. Today they do
not do that. It was like the forest when I was working
at Ivindo [ around 10 years ago]; every time I went

to Louangue, every year we had an abundance of
noisette |native fruit], but in my last years

at Ivindo you found that the “noisitiers” [native fruit
tree] were producing every 2 or 3 years.

39

24

Villagers

Less than 5 years ago

So since our last walk around the village [2018], 1
have seen the elephant numbers increase here
[Ramba] with the fence in the neighboring village.
This increase was intense in 2019 because they even
degraded the cemetery.

Less than 10 years ago

1t is between 2016 and now that they have been
coming to eat everything in the village as the eclectic
fence pushed them around housing. The electric fence
protected crop field that elephants used to come from
time to time depredate, mostly between 2012 and
2015

Around 10 years ago

How many year we do not have food. For instead we
eat also the chocolate [Bush mango], but how many
years we have eat chocolate... It is less than 10 year,
it is even small, it is more that 10 years that we have
the chocolate here.
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Table B4. Seasonal variation of crop and mango availability through stakeholder perceptions.

Villagers (n=24)

Professionals (n=13)

Total respondents

Seasons Crops/ (n=37)
mangoes
No. % No. % No. %

Banana 2 8% 0 0% 2 5%

Cassava 4 17% 0 0% 4 11%

Short dry Maize 5 21% 1 8% 6 16%

season Mango 0 0% 1 8% 1 3%
Other

vegetables 3 13% 0 0% 3 8%

Peanut 7 29% 1 8% 8 22%

Banana 3 13% 0 0% 3 8%

First rainy | Cassava 5 21% 1 8% 6 16%
season Other

vegetables 1 4% 0 0% 1 3%

Banana 3 13% 0 0% 3 8%

L d Cassava 6 25% 1 8% 7 19%

on

s | Maize 1 4% 0 0% | 3%

Pineapple 3 13% 0 0% 3 8%

Taro 2 8% 0 0% 2 5%

Banana 5 21% 0 0% 5 14%

Cassava 4 17% 0 0% 4 11%

Segond Maize 6 25% 2 15% 8 22%

ramy Mango 10 42% 7 54% 17 46%
season Other

vegetables 4 17% 1 8% 5 14%

Peanut 8 33% 1 8% 9 24%
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Table B5. Perception of seasonal villager activities in plantations.

Seasons [illagers' activities in plantations Total respondents
(n=37)
No. %
Short dry season | Villagers harvest some crops atthe | 8 22%
beginning of the season and
continue to maintain plantations
First rainy Villagers maintain plantations by 8 22%
season clearing weeds and harvest crops at
the season’s end
Long dry season | Villagers harvest crops and then 11 30%
establish new plantations at the end
of the season
Second rainy Villagers maintain plantations 12 32%
season during this season and harvest crops
at the end
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Table B6. Stakeholder perception of seasonal reasons for forest elephant crop depredation.

Total
S Reason for elephant presence Villagers Professionals respondents
casons within village areas (n=24) (n=13) (n=37)
No. % No. % No. %
Lack of native fruits 1 4% 0 0% 1 3%
Short dry Crop available within the village
season areas 2 8% 15% 4 11%
Lack of native fruits 1 4% 15% 3 8%
Crop available within the village
areas 51 21% 1 8% 6 16%
First rainy Native fruit availability within
season the village areas 31 13% 2| 15% 5 14%
Lack of native fruits 0% 8% 1 3%
Long dry Crop available within the village
season areas 2 8% 1 8% 8%
Mango presence 12 | 50% 51 38% 17 46%
Second rainy Crop available within the village
season areas 2 8% 1 8% 3 8%
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Table B7. Elephant gender and time spent around mango trees recorded with camera traps at Kazamabika

in 2021. The two bolded cells indicate the earliest and latest times that elephants arrived to forage and

departure.

Date Hour Time of day | Individual Video ID
Female and
11/9/2020 17:43:36 5:40 PM | baby 1109004
11/9/2020 17:45:01 5:45 PM | Young male 1109005
11/9/2020 18:55:49 6:55 PM | Single male 1109008
11/9/2020 20:11:27 8:10 PM | Single male 1109021
A female with
11/11/2020 | 18:30:14 6:30 PM | two kids 1110010
11/11/202 19:00:02 7:00 PM | MALE 1110013
11/11/2020 | 19:31:46 7:30 PM | Young male 1110023
11/11/2020 | 20:03:22 8:00 PM | Male 1110025
11/11/2020 | 21:21:04 9:21 PM | Male 1110032
11/17/2020 5:19:00 5:20 AM | Male 1110856
11/17/2020 5:58:00 6:00 AM | Male 1110857
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Figure B1. Decline of fruit availability across the 20 important native fruit trees at Lope National Park
over 18 years from 2003-2020.
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Figure B2. Trends in observed natural fruits of the 20 most important fruit tree species for elephants from
2003 to 2020. Species are organized into groups based overall fruit availability scores and trends over
time. Y axis is the mean observed fruit score based on combining immature and mature fruit scores. X

axis represents year.
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Kazamabika
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Figure B3. Censused native fruits, salines, and elephant dung along trails within villages areas at
Kazamabika and Ramba after the mango period. Dark grey shows the density of trees in active
fruiting for the eight most important native species, light grey shows the density of trees in active
fruiting for the 12 next most important species. In the dung graph, the grey is young dung less

than three days and black is old dung more than three days old.
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Table C1. Compiled actions gathered through literature and stakeholders. The effect of these strategies on people or elephants was characterized as

satisfying with the sign "+", harming with "—

!

', and no impact with "0."

S Benefit
Objectives/ Actions Benefit elephan | Literatures | Stakeholders
Strategy human ¢
Decrease of elephant security /
Integrate forest exploitation and elephant habitat protection
Ecotourism as alternative to logging ) +) [1,2] No
Conserve
Combine research and ecotourism around elephants 0) (+) Yes
Protect'lon of intact forest landscape (IFL) through Forest Stewardship 0) ® [3, 4] Yes
Council
Patrolling areas with high elephant population 0) +) [3, 5, 6] Yes
Protect Used new technology like satellite ©) +) [7] No
Patrolling of elephant habitat ©) +) Yes
Protect elephant habitat ()] +) Yes
Collaboration of certified logging and research for tropical forest [5, 8-10]
) o (0) (+) No
conservation and wildlife management
Integrate Increase monitoring of sustainable forest exploitation implementation ©) ) Yes
Speed the increase of sustainable forest exploitation practice 0) (+) Yes
Sustainable forest exploitation implementation 0) (+) Yes
Reduced reliability of fruit production /
Conserve and enhance elephant food resources
Maintain fruiting trees in protected areas and logging concession +) +) [11] Yes
Conserve
Sustainable forest exploitation implementation 0) +) Yes
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Increase monitoring of sustainable forest exploitation implementation 0) +) Yes
Increase sustainable forest exploitation implementation (0) (+) Yes
Ban logging of elephant fruit trees ©0) (+)
Change logged fruit tree species 0) +) Yes
Encourage international behavior change to improve climate ) +) Yes
Protect elephants remained food resources 0) (+) Yes
Feeding elephant ) +) [12] No
Manage habitat to maintain water and plant favorable wild food for ) ) [13, 14] Yes
elephants

Enhance Adapt fruiting trees to seasonal/climate change ) ) Yes
Plant elephant wild fruit tree species &) +) [14] Yes
Replant important fruiting species logged in the past &) +) Yes
Restore logging areas with elephant fruit tree species &) +) Yes

Regular human-elephant negative interactions /

Reduce territorial overlap

Tolerate Environmental education ©) (0) [15] Yes
Integrate Sp?.tia-l planning for rural communities, conservation, and ) ) [16-18] Yes
forest exploitation. Unfractured development
Integrate management for local development and conservation ) (+) [19, 20] No

Integrate Community—baseFl intervention method and landscape-scale ) ) [6, 21, 22] No
management habitat management
Planning to avoid plantations nearby elephant habitat +) (0) [23] Yes
Introduce plantation planning ) +) Yes
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Participatory planning ) (+) Yes

Control elephant population ) () Yes

Plant non-unattractive crops for elephants ) (0) [12,24,25] |No

Fences around the parks ) (0) [26] Yes
Separate

Elephant crop hotspot ) +) Yes

Elephant wild food hotspot 0) +) [14, 24] Yes

Village protection ) (0) Yes
Separate

Village waste management &) (0) Yes
Ineffective crop protection /
Integrate traditional and modern crop protection strategies

Bell. Alarm &) (0) [27] Yes
Repel Spotlight ) 0) [21,23,27] |No

Guard plantation, mostly at night &) (0) [229(;’ 23,27- Yes

Make noise to repulse elephants ) (0) Yes

Hurt elephant ) -) Yes

Kill elephant &) ) Yes

Use of bees to repel elephants ) ) [30, 31] Yes
Repel

Disruptive darling (o anesthetize the animal and apply concentrated [32]

chili wax (>150 000 Scoville units) on sensitive parts of his body ) ) No

(avoiding the eyes)

Repellent wild animal: protein bill, chili (+) ) gi(])’ 28,33, No
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Technologic (acoustic and image action) and Spatial analysis ) (0) [13] No

Trenches ) (0) [22] No

Virtual automated fence with drones with bees song ) (0) [35] No

Solar light barriers ) (0) [36] No
[11,21,22,

Electric fence, solar fence ) (0) 27,28, 30, Yes
37-47]

Seasonal electric fence ) +) [48, 49] No
[11, 21,22,

Deter Biofences, vegetation fences ) 0) 27,28, 30, No

37-47]

Deter elephant ) 0) Yes

Fences around village areas &) (0) Yes

Use fish net fences &) (0) Yes

Use of traditional fence ) 0) Yes

Village protection &) (0) Yes
[11, 21,22,

Chili-oil fence, Wire mesh, Barbed-wire, beehive fence &) -) 27, 28, 30, No
37-47]

Combine crop protection methods ) (0) [20, 50, 51] Yes

Combine traditional and modern methods ) (0) Yes

Adapt Improve crop protection method +) (0) Yes
Plant crops in the village areas +) (0) Yes
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Village socioeconomic conditions / Improve livelihood by creating rural
socioeconomic opportunities

Regular financial and material compensation ) +) Yes
Community-based insurance scheme ) +) [52] No
Compensate | 1.5 me to provide habitat for wildlife ) +) [53, 54] No
Compensate for crop loss ) (0) [37, 55] Yes
Reduce li.v‘elihgod dependpncy to crop with alternative economic ) 0) [56, 57] Yes
opportunities like ecotourism
Village micro-credit association ) 0) [39] No
Get income from unattractive crops to elephant/ alternative livelihood ) 0) [24] No
Adjust The socioeconomic benefit of compensation with money from tourism ) 0) [20, 56, 58] |No
Improve livelihood by creating rural socioeconomic opportunities &) (0) Yes
Improve the socioeconomic condition of villages &) (0) Yes
Income from Beehive ) () [11,42,59] |No
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Table C2. Summary of the number of actions in each coexistence strategy with their objectives from literature and by stakeholders. The subtotal
and total actions per coexistence strategy are the bold numbers.

Problem types Coexistence strategies Objectives Number of actions
Literature Stakeholder | Common | Total
Conserve 1 1 0 2
. Integrate forest exploitation and
Decrease of elephant security elephant habitat protection Protect 3 2 2 3
Integrate 1 3 0 4
Subtotal 5 6 2 9
Reduced reliability of fruit Conserve and enhance elephant | Conserve ! 7 1 7
production food resources Enhance b 4 1 5
Subtotal 3 10 2 12
Repel 3 3 2 4
Ineffective crop protection Integrating traditional and Deter 7 6 1 12
modern crop methods
Adapt 1 3 1 3
Subtotal 11 12 4 19
Regular. human-elephant negative Reduce territorial overlap Tolerate 1 1 1 1
interactions
Integrate 4 2 2 4
Separate 2 5 1 6
Subtotal 7 8 4 11
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Problem types Coexistence strategies Objectives Number of actions
Literature Stakeholder | Common | Total

Improve livelihood by creating | compensate | 3 1 1 3
Village socioeconomic condition | rural socioeconomic

opportunities

Adjust 4 2 1 5

Subtotal 7 3 2 8
Total 33 41 14 59
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Table C3. Coexistence framework toolbox of strategies and actions. The effect of these strategies on people or elephants was characterized as
satisfying with the sign "+" and no impact with "0."

Objectives/ | Actions Benefit Benefit
Strategy human elephant
Integrate Forest exploitation and elephant habitat protection
Ecotourism as alternative to logging +) )
Conserve
Combine research and ecotourism around elephants (0) +)
Protection of intact forest landscape (IFL) through Forest Stewardship Council, 0) )
Protect Patrolling areas with the high elephant population (0) +)
Used new technology like satellite 0) )
Collaboration of certified logging and research for tropical forest conservation and wildlife 0) )
management
Integrate Increase monitoring of sustainable forest exploitation implementation (0) +)
Speed the increase of sustainable forest exploitation practice (0) ()
Sustainable forest exploitation implementation (0) )
Reduced reliability of fruit production/Conserve and enhance elephant food resources
Maintain fruiting trees in protected areas and logging concession +) (+)
Sustainable forest exploitation implementation 0) +)
Conserve Increase monitoring of sustainable forest exploitation implementation 0) )
Increase sustainable forest exploitation implementation 0) )
Change logged fruit tree species (0) )
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Objectives/ | Actions Benefit Benefit

Strategy human elephant
Encourage international behavior change to improve climate (+) ()
Protect elephants remained food resources (0) )
Feeding elephant ) )
Manage habitat to maintain water and plant favorable wild food for elephant (+) ()

Enhance Adapt fruiting trees to seasonal/climate change () ()
Replant important fruiting species logged in the past (+) (+)
Restore logging areas with elephant fruit tree species (+) ()

Regular human-elephant negative interactions/Reduce territorial overlap

Tolerate Environmental education +) (0)
Integrate spatial planning for rural communities, conservation, and forest exploitation. Unfractured (+) (+)
development

Integrate Integrate management for local development and conservation () ()
Community-based intervention method and landscape-scale management habitat management (+) (+)
Planning to avoid plantations nearby elephant habitat ) (0)
Plant non-unattractive crops for elephant () (0)
Fences around the parks +) (0)
Elephant crop hotspot () ()

Separate
Elephant wild food hotspot (0) (+)
Village protection () (0)
Village waste management () (0)
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Objectives/ | Actions Benefit Benefit
Strategy human elephant
Ineffective crop protection/Integrate traditional and modern crop protection strategies
Bell. alarm (+) 0)
Spotlight (+) (0)
Repel
Guard (+) (0)
Grouping villages +) (0)
Technologic (acoustic and image action) and Spatial analysis ) (0)
Trenches +) (0)
Virtual automated fence with drones with bees' song ) (0)
Solar light barriers, +) 0)
Electric fence, solar fence +) (0)
Seasonal electric fence +) +)
Deter
Biofences, vegetation fences ) (0)
Deter elephant ) (0)
Fences around village areas ) (0)
Use fish net fences +) (0)
Use of traditional fence +) (0)
Village protection +) (0)
Combine crop protection methods +) (0)
Adapt
Improve crop protection method +) (0)
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Objectives/ | Actions Benefit Benefit
Strategy human elephant
Plant crops in the village areas +) (0)
Village socioeconomic conditions/Improve livelihood by creating rural socioeconomic opportunities
Community-based insurance scheme (+) (+)
Compensate Income to provide habitat for wildlife +) (+)
Compensate for crop loss +) (0)
Reduce livelihood dependency to crop with alternative economic opportunities like ecotourism ) (0)
Village micro-credit association +) (0)
Adjust Get income from unattractive crops to elephant/ alternative livelihood ) (0)
Socioeconomic benefit with compensation with money from tourism +) (0)
Improve socioeconomic condition of villages +) 0)
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Table C4. Case study to manage CDIs in two selected villages at Lopé National Park. Local problem
types were identified and prioritized and then aligned to their associated coexistence strategies from Table
2 in the main results.

have resources such native fruit trees, water that attract many
elephants

Village contain food resources such crop, mango trees that attract
elephants

More elephants in village areas because of electric fences in the
neighboring village

The proximity of crop fields and elephant resources in natural
habitats

Village | Local problems at each village Coexistence strategies
Absence of youths and adults in the village
Elephant adaptation to crop protection .
Integrate traditional
More elephants in village areas because of conservation and m(?dem Crop
strategies
o Absence of elephant hunters
A2
) Electric fences shift elephant activities to housing areas, increasing
% threats to people
Q More elephants in village areas because of conservation in nearby
protected areas
More elephants in village areas because of the village location which o
) . Reduce territorial
have resources such as native fruit trees, water that attract many
overlap
elephant
Village contain food resources such crop, mango trees that attract
elephants
. . . Conserve and enhance
Villages serve as sources of food when there is a lack of fruit in the
elephant food
forest
resources
Villagers ineffectively use old cans and endura metal roofing as crop Integrate traditional
protection and modern crop
Elephant adaptation to crop protection strategies
Village replaces elephant habitat because build its habitat or along
o corridor
E
S More elephants in village areas because of the village location which

Reduce territorial
overlap

147



10.

11.

12.

13.

Appendix C

References

Laurance, W.F., et al., Challenges for forest conservation in Gabon, Central Africa.
Futures, 2006. 38(4): p. 454-470.

Hodgson, G. and J.A. Dixon, El Nido revisited: ecotourism, logging and fisheries.
Collected essays on the economics of coral reefs, 2000: p. 55-68.

Clark, C., et al., Logging concessions can extend the conservation estate for Central
African tropical forests. Conservation biology, 2009. 23(5): p. 1281-1293.

Kleinschroth, F., T. Rayden, and J. Ghazoul, The Dilemma of Maintaining Intact Forest
Through Certification. Frontiers in Forests and Global Change, 2019. 2: p. 7.

Stokes, E.J., et al., Monitoring Great Ape and Elephant Abundance at Large Spatial
Scales: Measuring Effectiveness of a Conservation Landscape. Plos One, 2010. 5(4): p.
18.

Chibeya, D., et al., How do African elephants utilize the landscape during wet season? A
habitat connectivity analysis for Sioma Ngwezi landscape in Zambia. Ecology and
Evolution, 2021. 11(21): p. 14916-14931.

Dorfling, J., et al. Satellite, Aerial, and Ground Sensor Fusion Experiment for
Management of Elephants and Rhinos and Poaching Prevention. in AIAA SCITECH 2022
Forum. 2022.

Laurance, W.F., et al., Biomass collapse in Amazonian forest fragments. Science, 1997.
278(5340): p. 1117-1118.

Haurez, B., et al., Western lowland gorilla density and nesting behavior in a Gabonese
forest logged for 25 years: implications for gorilla conservation. Biodiversity and
Conservation, 2014. 23(11): p. 2669-2687.

Morgan, D., et al., Impacts of Selective Logging and Associated Anthropogenic
Disturbance on Intact Forest Landscapes and Apes of Northern Congo. Frontiers in
Forests and Global Change, 2019. 2: p. 13.

Beirne, C., et al., Climatic and Resource Determinants of Forest Elephant Movements.
Frontiers in Ecology and Evolution, 2020. 8: p. 14.

Fernando, P., S.K.K. Ekanayaka, and J. Pastorini, The elephant at the fence: almsman,
panhandler, friend or foe? European Journal of Wildlife Research, 2020. 66(6): p. 13.

Mohandas, P., et al., Elephant movement mapping in Hosur forest border areas to detect
the elephant intrusion pattern and mitigation measures to resolve human—elephant
conflict. GeoJournal, 2021.

148



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Appendix C

Djoko, I.B., et al., Fruit Availability Influences Forest Elephant Habitat Use in a Human
Dominated Landscape, Campo-Ma’an, Southern Cameroon. Tropical Conservation
Science, 2022. 15: p. 194008292211170.

Naughton-Treves, L., Farming the forest edge: Vulnerable places and people around
Kibale National Park, Uganda. Geographical Review, 1997. 87(1): p. 27-46.

Poulsen, J.R., C.J. Clark, and B.M. Bolker, Decoupling the effects of logging and hunting
on an Afrotropical animal community. Ecological Applications, 2011. 21(5): p. 1819-
1836.

Vanthomme, H., et al., Distribution of a Community of Mammals in Relation to Roads
and Other Human Disturbances in Gabon, Central Africa. Conservation Biology, 2013.
27(2): p. 281-291.

Selier, S.A.J., R. Slotow, and E. Di Minin, The influence of socioeconomic factors on the
densities of high-value cross-border species, the African elephant. Peerj, 2016. 4: p. 16.

Mwangi, D.K., et al., Socioeconomic and health implications of human-wildlife
interactions in Nthongoni, Eastern Kenya. African Journal of Wildlife Research, 2016.
46(2): p. 87-102.

Killion, A.K., J.M. Ramirez, and N.H. Carter, Human adaptation strategies are key to
cobenefits in human-wildlife systems. Conservation Letters, 2021. 14(2): p. 13.

Davies, T.E., et al., Effectiveness of intervention methods against crop-raiding elephants.
Conservation Letters, 2011. 4(5): p. 346-354.

Shaffer, L.J., et al., Human-Elephant Conflict: A Review of Current Management
Strategies and Future Directions. Frontiers in Ecology and Evolution, 2019. 6.

Gunaryadi, D., Sugiyo, and S. Hedges, Community-based human-elephant conflict
mitigation.: The value of an evidence-based approach in promoting the uptake of effective
methods. Plos One, 2017. 12(5): p. 13.

Gross, E.M., et al., The potential of medicinal and aromatic plants (MAPs) to reduce
crop damages by Asian Elephants (Elephas maximus). Crop Protection, 2017. 100: p. 29-
37.

Gross, E.M., et al., Does traditional and advanced guarding reduce crop losses due to
wildlife? A comparative analysis from Africa and Asia. Journal for Nature Conservation,
2019. 50: p. 9.

Pekor, A., et al., Fencing Africa’s protected areas: Costs, benefits, and management
issues. Biological Conservation, 2019. 229: p. 67-75.

Hsiao, S.S., et al., Crop-raiding deterrents around Budongo Forest Reserve: an
evaluation through farmer actions and perceptions. Oryx, 2013. 47(4): p. 569-577.

149



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Appendix C

Hill, C.M. and G.E. Wallace, Crop protection and conflict mitigation: reducing the costs
of living alongside non-human primates. Biodiversity and Conservation, 2012. 21(10): p.
2569-2587.

Hill, C.M., Crop Foraging, Crop Losses, and Crop Raiding, in Annual Review of
Anthropology, Vol 47, D. Brenneis and K.B. Strier, Editors. 2018, Annual Reviews: Palo
Alto. p. 377-394.

Ngama, S., et al., How Bees Deter Elephants: Beehive Trials with Forest Elephants
(Loxodonta africana cyclotis) in Gabon. Plos One, 2016. 11(5): p. 12.

Cook, R.M., et al., African honeybees as a mitigation method for elephant impact on
trees. Biological Conservation, 2018. 217: p. 329-336.

Langbauer, W.R., et al., From elephant memory to conservation action: using chili oil to
mitigate conflict one elephant at a time. Animal Conservation, 2021: p. 2.

Kimball, B.A. and K.R. Perry, Evaluating new protein sources for development of a deer
repellent product. Crop Protection, 2009. 28(4): p. 364-366.

Ngama, S., et al., Camera traps to study the forest elephant’s (Loxodonta cyclotis)
response to chilli pepper repellent devices in Gamba, Gabon. Nature Conservation
Research, 2018. 3(2): p. 26-35.

Dampage, U., et al., Automated virtual elephant fence based on detection, alarming, and
coordinated redirection of wild elephants. Environmental Monitoring and Assessment,
2021. 193(4).

Adams, T.S.F., I. Mwezi, and N.R. Jordan, Panic at the disco: solar-powered strobe light
barriers reduce field incursion by African elephants Loxodonta africana in Chobe
District, Botswana. Oryx, 2021. 55(5): p. 739-746.

Perez, E. and L.F. Pacheco, Damage by large mammals to subsistence crops within a
protected area in a montane forest of Bolivia. Crop Protection, 2006. 25(9): p. 933-939.

Thapa, S., Effectiveness of crop protection methods against wildlife damage: A case
study of two villages at Bardia National Park, Nepal. Crop Protection, 2010. 29(11): p.
1297-1304.

Chang'a, A., et al., Scaling-up the use of chili fences for reducing human-elephant
conflict across landscapes in Tanzania. Tropical Conservation Science, 2016. 9(2): p.
921-930.

King, L.E., et al., Beehive fences as a multidimensional conflict-mitigation tool for
farmers coexisting with elephants. Conservation Biology, 2017. 31(4): p. 743-752.

150



41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Appendix C

Osipova, L., et al., Fencing solves human-wildlife conflict locally but shifts problems
elsewhere: A case study using functional connectivity modelling of the African elephant.
Journal of Applied Ecology, 2018. 55(6): p. 2673-2684.

van de Water, A., et al., Beehive fences as a sustainable local solution to human-elephant
conflict in Thailand. Conservation Science and Practice, 2020. 2(10): p. 14.

Branco, P.S., et al., An experimental test of community-based strategies for mitigating
human-wildlife conflict around protected areas. Conservation Letters, 2020. 13(1): p. 8.

Kiffner, C., et al., Perceptions and realities of elephant crop raiding and mitigation
methods. Conservation Science and Practice, 2021. 3(3): p. 15.

Di Minin, E., et al., 4 pan-African spatial assessment of human conflicts with lions and
elephants. Nature Communications, 2021. 12(1): p. 10.

Montero-Botey, M., et al., Exploring rangers' preferences for community-based
strategies to improve human-elephant coexistence in African natural corridors. Animal
Conservation, 2021: p. 12.

Vibha, G., H.G. Lingaraju, and G.V. Venktaramana, Effectiveness of solar fence in
reducing human-elephant conflicts in Manchahalli village, Mysuru, Karnataka, India.
Current Science, 2021. 120(4): p. 707-711.

Fernando, P., et al., Review of human-elephant conflict mitigation measures practiced in
South Asia. 2008: WWF Gland, Switzerland.

Fernando, P., Managing elephants in Sri Lanka: where we are and where we need to be.
2015.

Walker, K.L., Labor costs and crop protection from wildlife predation: the case of
elephants in Gabon. Agricultural Economics, 2012. 43(1): p. 61-73.

Tamrat, M., et al., Human-wildlife conflict and coexistence: a case study from Senkele
Swayne's Hartebeest Sanctuary in Ethiopia. Wildlife Biology, 2020. 2020(3): p. 10.

Sherchan, R., et al., Designing a community-based insurance scheme to reduce human-
wildlife conflict. Environment Development and Sustainability, 2021: p. 19.

Rakotonarivo, S., et al., The role of incentive-based instruments and social equity in
conservation conflict interventions. Ecology and Society, 2021. 26(2).

Xu, J.Y., 1.Y. Wei, and W.H. Liu, Escalating human-wildlife conflict in the Wolong
Nature Reserve, China: A dynamic and paradoxical process. Ecology and Evolution,
2019. 9(12): p. 7273-7283.

Karanth, K.K., et al., Patterns of human-wildlife conflicts and compensation: Insights
from Western Ghats protected areas. Biological Conservation, 2013. 166: p. 175-185.

151



56.

57.

58.

59.

Appendix C

Barua, M., S.A. Bhagwat, and S. Jadhav, The hidden dimensions of human-wildlife
conflict: Health impacts, opportunity and transaction costs. Biological Conservation,
2013. 157: p. 309-316.

Walker, K.L., Moving Away from Prescriptive Pachyderm Palliatives: Toward an
Integrated Assessment of Farmer-Elephant Conflict in Gabon. 2010.

Atta, A.C.-]J., et al., Caractérisation des conflits homme-éléphant dans le département de
Sikensi (Sud-Est Cote d’Ivoire). Agronomie Africaine, 2016. 28(3): p. 30-41.

Ceausu, S., et al., Governing trade-offs in ecosystem services and disservices to achieve
human—wildlife coexistence. Conservation Biology, 2019. 33(3): p. 543-553.

152



REFERENCES

Abernethy, K. A., L. Coad, G. Taylor, M. E. Lee, and F. Maisels. 2013. Extent and ecological
consequences of hunting in Central African rainforests in the twenty-first century.
Philosophical Transactions of the Royal Society B-Biological Sciences 368:11.

Adams, T. S. F., I. Mwezi, and N. R. Jordan. 2021. Panic at the disco: solar-powered strobe light
barriers reduce field incursion by African elephants Loxodonta africana in Chobe
District, Botswana. Oryx 55:739-746.

Angoug, C.-A. 1999. Une gestion du milieu selon les rapports historiques et économiques de
I’homme a la terre dans la réserve de faune de la Lopé (Gabon). L’homme la Forét
Trop:477-485.

Avomo Ndong, S. S. 2018. Human-wildlife Conflict and Ecotourism: Comparing Pongara and
Ivindo National Parks in Gabon.

Awad, A. 2019. Economic globalisation and youth unemployment—evidence from African
countries. International Economic Journal 33:252-269.

Bahuchet, S. 1972. Etude écologique d'un campement de Pygmées Babinga (région de la
Lobaye, RCA). Journal d'agriculture tropicale et de botanique appliquée 19:509-559.

Bahuchet, S. 1978. Les contraintes écologiques en forét tropicale humide: I'exemple des
Pygmées Aka de la Lobaye (Centrafrique). Journal d'agriculture traditionnelle et de
botanique appliquée 25:257-285.

Barnes, R., U. Dubiure, E. Danquah, Y. Boafo, A. Nandjui, E. Hema, and M. Manford. 2007.
Crop-raiding elephants and the moon. African Journal of Ecology 45:112.

Barnes, R. F., K. L. Barnes, M. Alers, and A. Blom. 1991. Man determines the distribution of
elephants in the rain forests of northeastern Gabon. African Journal of Ecology 29:54-63.

Barnes, R. F. W. 1996. The conflict between humans and elephants in the central African forests.
Mammal Review 26:67-80.

Barua, M., S. A. Bhagwat, and S. Jadhav. 2013. The hidden dimensions of human-wildlife
conflict: Health impacts, opportunity and transaction costs. Biological Conservation
157:309-316.

Beaune, D., B. Fruth, L. Bollache, G. Hohmann, and F. Bretagnolle. 2013. Doom of the
elephant-dependent trees in a Congo tropical forest. Forest Ecology and Management
295:109-117.

153



Beirne, C., T. M. Houslay, P. Morkel, C. J. Clark, M. Fay, J. Okouyi, L. J. T. White, and J. R.
Poulsen. 2021. African forest elephant movements depend on time scale and individual
behavior. Scientific Reports 11.

Beirne, C., A. C. Meier, G. Brumagin, L. Jasperse-Sjolander, M. Lewis, J. Masseloux, K. Myers,
M. Fay, J. Okouyi, L. J. T. White, and J. R. Poulsen. 2020. Climatic and Resource
Determinants of Forest Elephant Movements. Frontiers in Ecology and Evolution 8:14.

Beirne, C., A. C. Meier, A. E. Mbele, G. M. Menie, G. Froese, J. Okouyi, and J. R. Poulsen.
2019. Participatory monitoring reveals village-centered gradients of mammalian
defaunation in central Africa. Biological Conservation 233:228-238.

Benitez, L., and S. A. Queenborough. 2021. Fruit trees drive small-scale movement of elephants
in Kibale National Park, Uganda. Biotropica:11.

Bernard, H. R. 2017. Research methods in anthropology: Qualitative and quantitative
approaches. Rowman & Littlefield.

Berzaghi, F., R. Chami, T. Cosimano, and C. Fullenkamp. 2021. Valuation of carbon services
produced by wild animals finances conservation. bioRxiv.

Berzaghi, F., R. Chami, T. Cosimano, and C. Fullenkamp. 2022. Financing conservation by
valuing carbon services produced by wild animals. Proceedings of the National Academy
of Sciences 119:¢2120426119.

Biernacki, P., and D. Waldorf. 1981. Snowball sampling: Problems and techniques of chain
referral sampling. Sociological methods & research 10:141-163.

Blake, S. 2002. The ecology of forest elephant distribution and its implications for conservation.
University of Edinburgh.

Blake, S., S. L. Deem, E. Mossimbo, F. Maisels, and P. Walsh. 2009. Forest Elephants: Tree
Planters of the Congo. Biotropica 41:459-468.

Blake, S., S. L. Deem, S. Strindberg, F. Maisels, L. Momont, 1. B. Isia, I. Douglas-Hamilton, W.
B. Karesh, and M. D. Kock. 2008. Roadless Wilderness Area Determines Forest Elephant
Movements in the Congo Basin. Plos One 3.

Blake, S., and C. Inkamba-Nkulu. 2004. Fruit, Minerals, and Forest Elephant Trails: Do All
Roads Lead to Rome? Biotropica 36:392-401.

Blake, S., S. Strindberg, P. Boudjan, C. Makombo, I. Bila-Isia, O. I[lambu, F. Grossmann, L.
Bene-Bene, B. de Semboli, V. Mbenzo, D. S'Hwa, R. Bayogo, L. Williamson, M. Fay, J.
Hart, and F. Maisels. 2007. Forest elephant crisis in the Congo Basin. Plos Biology
5:945-953.

154



Blanc, J. 2008. Loxodonta africana. [UCN Available:
http://www.iucnredlist.org/documents/attach/12392.pdf. Accessed.

Bomfim, B., E. R. Pinagé, F. Emmert, and L. M. Kueppers. 2022. Improving sustainable tropical
forest management with voluntary carbon markets. Plant and Soil:1-8.

Boult, V. L., R. M. Sibly, T. Quaife, V. Fishlock, C. Moss, and P. C. Lee. 2019. Modelling large
herbivore movement decisions: Beyond food availability as a predictor of ranging
patterns. African Journal of Ecology 57:10-19.

Breuer, T., M. B. N. Hockemba, and S. Strindberg. 2021. Small-scale dung survey reveals high
forest elephant density and preference for mixed species forest in an intact protected area.
Biodiversity and Conservation 30:2671-2688.

Breuer, T., F. Maisels, and V. Fishlock. 2016. The consequences of poaching and anthropogenic
change for forest elephants. Conservation Biology 30:1019-1026.

Bryson-Morrison, N., A. Beer, A. G. Soumah, T. Matsuzawa, and T. Humle. 2020. The
macronutrient composition of wild and cultivated plant foods of West African
chimpanzees (Pan troglodytes verus) inhabiting an anthropogenic landscape. American
Journal of Primatology 82:15.

Buij, R., W. J. McShea, P. Campbell, M. E. Lee, F. Dallmeier, S. Guimondou, L. Mackaga, N.
Guisseougou, S. Mboumba, J. E. Hines, J. D. Nichols, and A. Alonso. 2007. Patch-
occupancy models indicate human activity as major determinant of forest elephant
Loxodonta cyclotis seasonal distribution in an industrial corridor in Gabon. Biological
Conservation 135:189-201.

Bunney, K., W. J. Bond, and M. Henley. 2017. Seed dispersal kernel of the largest surviving
megaherbivore-the African savanna elephant. Biotropica 49:395-401.

Bush, E. R., K. A. Abernethy, K. Jeffery, C. Tutin, L. White, E. Dimoto, J. T. Dikangadissi, A.
S. Jump, and N. Bunnefeld. 2017. Fourier analysis to detect phenological cycles using
long-term tropical field data and simulations. Methods in Ecology and Evolution 8:530-
540.

Bush, E. R., N. Bunnefeld, E. Dimoto, J. T. Dikangadissi, K. Jeffery, C. Tutin, L. White, and K.
A. Abernethy. 2018. Towards effective monitoring of tropical phenology: maximizing
returns and reducing uncertainty in long-term studies. Biotropica 50:455-464.

Bush, E. R., K. Jeffery, N. Bunnefeld, C. Tutin, R. Musgrave, G. Moussavou, V. Mihindou, Y.
Malhi, D. Lehmann, J. E. Ndong, L. Makaga, and K. Abernethy. 2020a. Rare ground data
confirm significant warming and drying in western equatorial Africa. Peerj 8:29.

155


http://www.iucnredlist.org/documents/attach/12392.pdf.Accessed

Bush, E. R., R. C. Whytock, L. Bahaa-El-Din, S. Bourgeois, N. Bunnefeld, A. W. Cardoso, J. T.
Dikangadissi, P. Dimbonda, E. Dimoto, J. E. Ndong, K. J. Jeffery, D. Lehmann, L.
Makaga, B. Momboua, L. R. W. Momont, C. E. G. Tutin, L. J. T. White, A. Whittaker,
and K. Abernethy. 2020b. Long-term collapse in fruit availability threatens Central
African forest megafauna. Science 370:1219-1221.

Campos-Arceiz, A., and S. Blake. 2011. Megagardeners of the forest—the role of elephants in
seed dispersal. Acta Oecologica 37:542-553.

Cardoso, A. W., Y. Malhi, I. Oliveras, D. Lehmann, J. E. Ndong, E. Dimoto, E. Bush, K. Jeffery,
N. Labriere, S. L. Lewis, L. T. J. White, W. Bond, and K. Abernethy. 2020. The Role of
Forest Elephants in Shaping Tropical Forest-Savanna Coexistence. Ecosystems 23:602-
616.

Carvalho Jr., E. A., J. E. Hawes, and T. Haugaasen. 2022. Potential losses of animal-dispersed
trees due to selective logging in Amazonian forest concessions. Trees, Forests and People
9:100316.

Chang'a, A., N. de Souza, J. Muya, J. Keyyu, A. Mwakatobe, L. Malugu, H. P. Ndossi, J.
Konuche, R. Omondi, A. Mpinge, N. Hahn, S. Palminteri, and D. Olson. 2016. Scaling-
up the use of chili fences for reducing human-elephant conflict across landscapes in
Tanzania. Tropical Conservation Science 9:921-930.

Chapman, L. J., C. A. Chapman, and R. W. Wrangham. 1992. Balanites-Wilsoniana - Elephant
dependent dispersal. Journal of Tropical Ecology 8:275-283.

Cheng, S. H., S. Ahlroth, S. Onder, P. Shyamsundar, R. Garside, P. Kristjanson, M. C.
McKinnon, and D. C. Miller. 2017. What is the evidence for the contribution of forests to
poverty alleviation? A systematic map protocol. Environmental Evidence 6:11.

Chibeya, D., H. Wood, S. Cousins, K. Carter, M. A. Nyirenda, and H. Maseka. 2021. How do
African elephants utilize the landscape during wet season? A habitat connectivity
analysis for Sioma Ngwezi landscape in Zambia. Ecology and Evolution 11:14916-
14931.

Chiyo, P. I, and E. P. Cochrane. 2005. Population structure and behaviour of crop-raiding
elephants in Kibale National Park, Uganda. African Journal of Ecology 43:233-241.

Chiyo, P. I, E. P. Cochrane, L. Naughton, and G. 1. Basuta. 2005. Temporal patterns of crop
raiding by elephants: a response to changes in forage quality or crop availability? African
Journal of Ecology 43:48-55.

Chiyo, P. I, P. C. Lee, C. J. Moss, E. A. Archie, J. A. Hollister-Smith, and S. C. Alberts. 2011.
No risk, no gain: effects of crop raiding and genetic diversity on body size in male
elephants. Behavioral Ecology 22:552-558.

156



Chiyo, P. I, C. J. Moss, and S. C. Alberts. 2012. The Influence of Life History Milestones and
Association Networks on Crop-Raiding Behavior in Male African Elephants. Plos One
7:€31382.

Choudhury, A., D. Lahiri Choudhury, A. Desai, J. Duckworth, P. Easa, A. Johnsingh, P.
Fernando, S. Hedges, M. Gunawardena, and F. Kurt. 2008. Elephas maximus. The [UCN
Red List of Threatened Species 2014.

Clark, C., J. Poulsen, R. Malonga, and J. ELKAN, PW. 2009. Logging concessions can extend
the conservation estate for Central African tropical forests. Conservation Biology
23:1281-1293.

Comita, L. S., and S. M. Stump. 2020. Natural Enemies and the Maintenance of Tropical Tree
Diversity: Recent Insights and Implications for the Future of Biodiversity in a Changing
World1. Annals of the Missouri Botanical Garden 105:377-392.

Crespin, S.J., and J. A. Simonetti. 2019. Reconciling farming and wild nature: Integrating
human-wildlife coexistence into the land-sharing and land-sparing framework. Ambio
48:131-138.

Danquah, E., S. Oppong, and M. Sam. 2007. Aspects du Comportement des Eléphants qui
Ravagent les Cultures dans I'Aire de Conservation de Kakum, au Ghana. Nature et Faune
(FAO/PNUE).

Davies, T. E., S. Wilson, N. Hazarika, J. Chakrabarty, D. Das, D. J. Hodgson, and A.
Zimmermann. 2011. Effectiveness of intervention methods against crop-raiding
elephants. Conservation Letters 4:346-354.

de Silva, S., and K. Srinivasan. 2019. Revisiting social natures: People-elephant conflict and
coexistence in Sri Lanka. Geoforum 102:182-190.

Decret1 15/PR/MAEFDR. 1981. Portant protection de la faune. n115/PR/MAEFDR.

Decretn°0137/PR/MEFEPA. 2009. Mise en réserve de certaines especes végétales a usages
multiples de la forét gabonaise.

Delegue, M. A., M. Fuhr, D. Schwartz, A. Mariotti, and R. Nasi. 2001. Recent origin of a large
part of the forest cover in the Gabon coastal area based on stable carbon isotope data.
Oecologia 129:106-113.

Deming, M. E., and S. Swaffield. 2011. Landscape architectural research: Inquiry, strategy,
design. John Wiley & Sons.

Dickman, A. J. 2010. Complexities of conflict: the importance of considering social factors for
effectively resolving human-wildlife conflict. Animal Conservation 13:458-466.

157



Djoko, I. B., R. B. Weladji, A. Granados, P. Paré¢, and G. Body. 2022. Fruit Availability
Influences Forest Elephant Habitat Use in a Human Dominated Landscape, Campo-
Ma’an, Southern Cameroon. Tropical Conservation Science 15:194008292211170.

Dudley, J. P., A. Y. Mensahntiamoah, and D. G. Kpelle. 1992. Forest Elephants in a Rain-Forest
Fragment - Preliminary Findings from a Wildlife Conservation Project in Southern
Ghana. African Journal of Ecology 30:116-126.

Eba’a Atyi, R., F. Hiol Hiol, G. Lescuyer, P. Mayaux, P. Defourny, N. Bayol, F. Sarglcco, D.
Pokem, R. Sufo Kankeu, and R. Nasi. 2022. Les foréts du bassin du Congo: Etat des
Foréts 2021. CIFOR.

Eltringham, S. 1990. Wildlife carrying capacities in relation to human settlement. Koedoe 33:87-
97.

Emerson, K., T. Nabatchi, and S. Balogh. 2012. An integrative framework for collaborative
governance. Journal of public administration research and theory 22:1-29.

Epanda, M. A., A. M. Fotsing, T. Bacha, D. Frynta, L. Lens, I. R. Tchouamo, and D. Jef. 2019.
Linking local people's perception of wildlife and conservation to livelihood and poaching
alleviation: A case study of the Dja biosphere reserve, Cameroon. Acta Oecologica-
International Journal of Ecology 97:42-48.

Eustace, A., D. Chambi, G. Emmanuel, and M. Saigilu. 2022. The extent of crop damage by
elephants: Does the distance from the protected area matter? Conservation Science and
Practice.

Fai, C. N., S. F. Nguedem, and R. K. Tonjock. 2022. Feeding pattern of forest elephants in the
Nki National Park and its environs, East Region, Cameroon. International Journal of
Biodiversity and Conservation 14:26-34.

Fairet, E. 2012. Vulnerability to crop-raiding: an interdisciplinary investigation in Loango
National Park, Gabon. Durham University.

Fairet, E., S. Bell, K. Remanda, and J. M. Setchell. 2014. Rural emptiness and its influence on
subsistence farming in contemporary Gabon: A case study in Loango National Park.
Society, biology and human affairs. 78:39-59.

Fay, J. M., and M. Agnagna. 1991. Forest elephant populations in the Central African Republic
and Congo. Pachyderm 14:3-19.

Fernando, P. 2015. Managing elephants in Sri Lanka: where we are and where we need to be.

Fernando, P., S. K. K. Ekanayaka, and J. Pastorini. 2020. The elephant at the fence: almsman,
panhandler, friend or foe? European journal of wildlife research 66:13.

158



Fernando, P., M. A. Kumar, A. C. Williams, E. Wikramanayake, T. Aziz, and S. M. Singh. 2008.
Review of human-elephant conflict mitigation measures practiced in South Asia. WWF
Gland, Switzerland.

Fischer, F. 1993. Citizen participation and the democratization of policy expertise: From
theoretical inquiry to practical cases. Policy sciences 26:165-187.

Fish, U., and W. Service. 2013. Emergency elk management: environmental assessment for
Bosque del Apache National Wildlife Refuge. US Fish and Wildlife Service,
Albuquerque, New Mexico, USA.

Fishlock, V., C. Caldwell, and P. C. Lee. 2016. Elephant resource-use traditions. Animal
Cognition 19:429-433.

Frank, B. 2016. Human-Wildlife Conflicts and the Need to Include Tolerance and Coexistence:
An Introductory Comment. Society & Natural Resources 29:738-743.

Frank, B., and J. A. Glikman. 2019. Human-wildlife conflicts and the need to include
coexistence. Human-Wildlife Interactions: Turning Conflict into Coexistence. Series
Conservation Biology 23:1-19.

Fungo, R., J. H. Muyonga, J. L. Ngondi, C. Mikolo-Yobo, D. M. Iponga, A. Ngoye, E. Nchuaji
Tang, and J. Chupezi Tieguhong. 2019. Nutrient and bioactive composition of five
Gabonese forest fruits and their potential contribution to dietary reference intakes of
children aged 1-3 years and women aged 19-60 years. Forests 10:86.

Galletta, A. 2013. Mastering the semi-structured interview and beyond: From research design to
analysis and publication. NYU press.

Gigerenzer, G., and W. Gaissmaier. 2011. Heuristic Decision Making. Pages 451-482 in S. T.
Fiske, D. L. Schacter, and S. E. Taylor, editors. Annual Review of Psychology, Vol 62.

Gillson, L., H. Biggs, 1. P. Smit, M. Virah-Sawmy, and K. Rogers. 2019. Finding common
ground between adaptive management and evidence-based approaches to biodiversity
conservation. Trends in Ecology & Evolution 34:31-44.

Gobush, K. S., Edwards, C.T.T, Balfour, D., Wittemyer, G., Maisels, F. & Taylor, R.D. . 2021a.
Loxodonta africana (amended version of 2021 assessment).

Gobush, K. S., Edwards, C.T.T, Maisels, F., Wittemyer, G., Balfour, D. & Taylor, R.D. : .
2021b. Loxodonta cyclotis (errata version published in 2021).

Gore, M. L., and J. S. Kahler. 2012. Gendered Risk Perceptions Associated with Human-
Wildlife Conflict: Implications for Participatory Conservation. Plos One 7:10.

159



Gross, E. M., N. Drouet-Hoguet, N. Subedi, and J. Gross. 2017. The potential of medicinal and
aromatic plants (MAPs) to reduce crop damages by Asian Elephants (Elephas maximus).
Crop Protection 100:29-37.

Gross, E. M., B. P. Lahkar, N. Subedi, V. R. Nyirenda, L. L. Lichtenfeld, and O. Jakoby. 2018.
Seasonality, crop type and crop phenology influence crop damage by wildlife herbivores
in Africa and Asia. Biodiversity and Conservation 27:2029-2050.

Gross, E. M., B. P. Lahkar, N. Subedi, V. R. Nyirenda, L. L. Lichtenfeld, and O. Jakoby. 2019.
Does traditional and advanced guarding reduce crop losses due to wildlife? A
comparative analysis from Africa and Asia. Journal for Nature Conservation 50:9.

Groves, C. 2000. Do Loxodonta cyclotis and L. africana interbreed? Elephant 2:4-7.

Grubb, P. 2000. Living African elephants belong to two species: Loxodonta africana
(Blumenbach, 1797) and Loxodonta cyclotis (Matschie, 1900). Elephant 2:1-4.

Grumbine, R. E. 1997. Reflections on “What is ecosystem management?”. Conservation Biology
11:41-47.

Guan, Z., Y. Xu, P. Gong, and J. Cao. 2018. The impact of international efforts to reduce illegal
logging on the global trade in wood products. International Wood Products Journal 9:28-
38.

Gunaryadi, D., Sugiyo, and S. Hedges. 2017. Community-based human-elephant conflict
mitigation: The value of an evidence-based approach in promoting the uptake of effective
methods. Plos One 12:13.

Gundur, R. 2019. Using the internet to recruit respondents for offline interviews in
criminological studies. Urban affairs review 55:1731-1756.

Gunn, J., D. Hawkins, R. F. W. Barnes, F. Mofulu, R. A. Grant, and G. W. Norton. 2014. The
influence of lunar cycles on crop-raiding elephants; evidence for risk avoidance. African
Journal of Ecology 52:129-137.

Hans Enukwa, E. 2017. Human-Elephant confilict mitigation methods: A review of effectiveness
and sustainability. Journal of Wildlife and Biodiversity 1:69-78.

Harris, D. J., S. T. Ndolo Ebika, C. M. Sanz, M. P. Madingou, and D. B. Morgan. 2021. Large
trees in tropical rain forests require big plots. Plants, People, Planet 3:282-294.

Hart, J., K. Gobush, F. Maisels, S. Wasser, B. Okita-Ouma, and R. Slotow. 2021. African forest
and savannah elephants treated as separate species. Oryx 55:170-171.

160



Haurez, B., C. A. Petre, C. Vermeulen, N. Tagg, and J. L. Doucet. 2014. Western lowland gorilla
density and nesting behavior in a Gabonese forest logged for 25 years: implications for
gorilla conservation. Biodiversity and Conservation 23:2669-2687.

Hermans-Neumann, K., K. Gerstner, I. R. Geijzendorffer, M. Herold, R. Seppelt, and S. Wunder.
2016. Why do forest products become less available? A pan-tropical comparison of
drivers of forest-resource degradation. Environmental Research Letters 11:14.

Hill, C. M. 1998. Conflicting attitudes towards elephants around the Budongo Forest Reserve,
Uganda. Environmental Conservation 25:244-250.

Hinton, J. W., A. E. Freeman, V. St-Louis, L. Cornicelli, and G. J. D'Angelo. 2020. Habitat
selection by female elk during Minnesota's agricultural season. The Journal of Wildlife
Management 84:957-967.

Hoare, R. 2012. Lessons from 15 years of human-elephant conflict mitigation: Management
considerations involving biological, physical and governance issues in Africa.
Pachyderm:60-74.

Hoare, R. 2015. Lessons From 20 Years of Human-Elephant Conflict Mitigation in Africa.
Human Dimensions of Wildlife 20:289-295.

Hoare, R. E. 1999. Determinants of human-elephant conflict in a land-use mosaic. Journal of
Applied Ecology 36:689-700.

Hodgson, G., and J. A. Dixon. 2000. El Nido revisited: ecotourism, logging and fisheries.
Collected essays on the economics of coral reefs:55-68.

Hosonuma, N., M. Herold, V. De Sy, R. S. De Fries, M. Brockhaus, L. Verchot, A. Angelsen,
and E. Romijn. 2012. An assessment of deforestation and forest degradation drivers in
developing countries. Environmental Research Letters 7:044009.

Hsiao, S. S., C. Ross, C. M. Hill, and G. E. Wallace. 2013. Crop-raiding deterrents around
Budongo Forest Reserve: an evaluation through farmer actions and perceptions. Oryx
47:569-577.

TUCN. 2007. A further three new sites inscribed on World Heritage List.

Jeffery, K. J., L. Korte, F. Palla, G. M. Walters, L. White, and K. Abernethy. 2014. Fire
management in a changing landscape: a case study from Lopé National Park, Gabon.
PARKS. The International Journal of Protected Areas and Conservation 20:39-52.

Johns, A. D. 1985. Selective logging and wildlife conservation in tropical rain-forest: problems
and recommendations. Biological Conservation 31:355-375.

161



Johnson, B. R., and R. Campbell. 1999. Ecology and Participation in Landscape-Based Planning
Within the Pacific Northwest. Policy Studies Journal 27:502-529.

Jorgensen, A. 2014. Looking backwards, looking forwards. Taylor & Francis.

Kamiss, A., and A. Turkalo. 1999. Elephant Crop Raiding in the Dzanga-Sangha Reserve,
Central African Republic. Report to WCS-GTZ, Central African Republic.

Kanu, I. A. 2020. Covid-19 pandemic and the health of (African) migrants. AMAMIHE Journal
of Applied Philosophy 18.

Kiffner, C., I. Schaal, L. Cass, K. Peirce, O. Sussman, A. Grueser, E. Wachtel, H. Adams, K.
Clark, H. J. Konig, and J. Kioko. 2021. Perceptions and realities of elephant crop raiding
and mitigation methods. Conservation Science and Practice 3:15.

Killion, A. K., J. M. Ramirez, and N. H. Carter. 2021. Human adaptation strategies are key to
cobenefits in human-wildlife systems. Conservation Letters 14:13.

Kleinschroth, F., T. Rayden, and J. Ghazoul. 2019. The Dilemma of Maintaining Intact Forest
Through Certification. Frontiers in Forests and Global Change 2:7.

Koh, L. P., Y. Zeng, T. V. Sarira, and K. Siman. 2021. Carbon prospecting in tropical forests for
climate change mitigation. Nature Communications 12:1-9.

Kolowski, J. M., S. Blake, M. D. Kock, M. E. Lee, A. Henderson, A. Honorez, and A. Alonso.
2010. Movements of four forest elephants in an oil concession in Gabon, Central Africa.

African Journal of Ecology 48:1134-1138.

Kremen, C., and A. Merenlender. 2018. Landscapes that work for biodiversity and people.
Science 362:eaau6020.

Kweku, A. M., B. D. Kwaku, and D. W. Edward. 2010. Assessment of crop raiding situation by
elephants (Loxodonta africana cyclotis) in farms around Kakum conservation area,
Ghana. International Journal of Biodiversity and Conservation 2:243-249.

Laguardia, A., S. Bourgeois, S. Strindberg, K. S. Gobush, G. Abitsi, H. B. B. Ateme, F. Ebouta,
J. M. Fay, A. M. Gopalaswamy, and F. Maisels. 2021. Nationwide abundance and
distribution of African forest elephants across Gabon using non-invasive SNP
genotyping. Global Ecology and Conservation:e01894.

Lahm, S. 1996. A nationwide survey of crop-raiding by elephants and other species in Gabon.
Pachyderm:69-77.

Lahm, S. A. 1993. Ecology and economics of human/wildlife interaction in northeastern Gabon.
New York University.

162



Lalaina, C. R., H. Kazuhiro, and Y. Mitsuru. 2011. Forest conservation and livelithood conflict in
REDD: A case study from the corridor Ankeniheny Zahamena REDD project,
Madagascar. International Journal of Biodiversity and Conservation 3:618-630.

Larsen, P. B., G. Oviedo, and L. Maffi. 2000. Indigenous and Traditional Peoples of the World
and Ecoregion Conservation: An Integrated Approach to Conserving the World’s
Biological and Cultural Diversity.

Laurance, W. F. 2010. Habitat destruction: death by a thousand cuts. Conservation biology for
all 1:73-88.

Laurance, W. F., A. Alonso, M. Lee, and P. Campbell. 2006. Challenges for forest conservation
in Gabon, Central Africa. Futures 38:454-470.

Lee, M. E., A. Alonso, F. Dallmeier, P. Campbell, and O. S. Pauwels. 2006. The Gamba
complex of protected areas: an illustration of Gabon's biodiversity. Bulletin of the
Biological Society of Washington 12:229-241.

Leedy, P. D., and J. Ormrod. 2001. Practical research: Planning and research. Upper Saddle.

Legault, D. D., and L. Cochrane. 2021. Forests to the foreigners: large-scale land acquisitions in
Gabon. Land 10:420.

Lenzholzer, S., I. Duchhart, and J. Koh. 2013. 'Research through designing' in landscape
architecture. Landscape and Urban Planning 113:120-127.

Levi, T., M. Barfield, S. Barrantes, C. Sullivan, R. D. Holt, and J. Terborgh. 2019. Tropical
forests can maintain hyperdiversity because of enemies. Proceedings of the National
Academy of Sciences 116:581-586.

Lune, H., and B. L. Berg. 2016. Qualitative research methods for the social sciences: Pearson
Higher Ed.

Luz, F. 2000. Participatory landscape ecology—a basis for acceptance and implementation.
Landscape and Urban Planning 50:157-166.

Mackenzie, C. A., and P. Ahabyona. 2012. Elephants in the garden: Financial and social costs of
crop raiding. Ecological economics 75:72-82.

Madden, F., and B. McQuinn. 2014. Conservation's blind spot: The case for conflict
transformation in wildlife conservation. Biological Conservation 178:97-106.

Maisels, F. 2004. Defoliation of a monodominant rain-forest tree by a noctuid moth in Gabon.
Journal of Tropical Ecology 20:239-241.

163



Maisels, F., S. Strindberg, S. Blake, G. Wittemyer, J. Hart, E. A. Williamson, R. Aba'a, G.
Abitsi, R. D. Ambahe, F. Amsini, P. C. Bakabana, T. C. Hicks, R. E. Bayogo, M.
Bechem, R. L. Beyers, A. N. Bezangoye, P. Boundja, N. Bout, M. E. Akou, L. B. Bene,
B. Fosso, E. Greengrass, F. Grossmann, C. Ikamba-Nkulu, O. Ilambu, B. I. Inogwabini,
F. Iyenguet, F. Kiminou, M. Kokangoye, D. Kujirakwinja, S. Latour, I. Liengola, Q.
Mackaya, J. Madidi, B. Madzoke, C. Makoumbou, G. A. Malanda, R. Malonga, O.
Mbani, V. A. Mbendzo, E. Ambassa, A. Ekinde, Y. Mihindou, B. J. Morgan, P. Motsaba,
G. Moukala, A. Mounguengui, B. S. Mowawa, C. Ndzai, S. Nixon, P. Nkumu, F.
Nzolani, L. Pintea, A. Plumptre, H. Rainey, B. B. de Semboli, A. Serckx, E. Stokes, A.
Turkalo, H. Vanleeuwe, A. Vosper, and Y. Warren. 2013. Devastating Decline of Forest
Elephants in Central Africa. Plos One 8.

Maley, J. 2002. A catastrophic destruction of African forests about 2,500 years ago still exerts a
major influence on present vegetation formations. Ids Bulletin-Institute of Development
Studies 33:13-+.

Mangarella, J. 2021. The Pitfalls of conservation in an African rentier state: The case of Gamba,
Gabon (1960s-2015). The Extractive Industries and Society 8:100995.

Mariki, S. B., H. Svarstad, and T. A. Benjaminsen. 2015. Elephants over the cliff: explaining
wildlife killings in Tanzania. Land Use Policy 44:19-30.

Mayberry, A. L., A. J. Hovorka, and K. E. Evans. 2017. Well-being impacts of human-elephant
conflict in Khumaga, Botswana: exploring visible and hidden dimensions. Conservation
and Society 15:280-291.

McLennan, M. R., and J. U. Ganzhorn. 2017. Nutritional Characteristics of Wild and Cultivated
Foods for Chimpanzees (Pan troglodytes) in Agricultural Landscapes. International
Journal of Primatology 38:122-150.

McShane, T. O. 1990. Conservation before the crisis—an opportunity in Gabon. Oryx 24:9-14.

Meijering, J. V., H. Tobi, A. van den Brink, F. Morris, and D. Bruns. 2015. Exploring research
priorities in landscape architecture: An international Delphi study. Landscape and Urban
Planning 137:85-94.

Merz, G. 1981. Recherches sur la biologie de nutrition et les habitats préférés de I’éléphant de
forét, Loxodonta africana cyclotis Matschie, 1900.

Merz, G. 1986. Movement Patterns and Group-Size of the African Forest Elephant Loxodonta-
Africana-Cyclotis in the Tai-National-Park, Ivory-Coast. African Journal of Ecology
24:133-136.

Meyer, J. M., N. Honig, and E. A. Hadly. 2022. Diet DNA reveals novel African Forest elephant
ecology on the grasslands of the Congo Basin. Environmental DNA.

164



Midoko Iponga, D., C. Mikolo-Yobo, G. Lescuyer, F. Mba Assoumou, P. Levang, J. Chupezi
Tieguhong, and A. Ngoye. 2018a. The contribution of NTFP-gathering to rural people’s
livelihoods around two timber concessions in Gabon. Agroforestry systems 92:157-168.

Midoko Iponga, D., C. Mikolo Yobo, V. Ingram, N. Nssi Bengone, and A. Ngoye. 2018b.
Livelihoods, economic contribution and sustainability of the bush mango (Irvingia
gabonensis) value chain from three provinces of Gabon. International Forestry Review
20:115-129.

Mielke, A., A. Preis, L. Samuni, J. F. Gogarten, R. M. Wittig, and C. Crockford. 2018. Flexible
decision-making in grooming partner choice in sooty mangabeys and chimpanzees. Royal
Society Open Science 5:13.

Mikolo Yobo, C., and I. Kasumi. 2014. Regulation of usages and dependency on indigenous
fruits (IFs) for livelihoods sustenance of rural households: A case study of the Ivindo
National Park (INP), Gabon. Journal of Ecology and The Natural Environment 6:349-
362.

Mikolo Yobo, C., and I. Kasumi. 2015. Trade of the most popular Indigenous fruits and nuts,
threats and opportunities for their sustainable management around the Ivindo National
Park (INP), Gabon. International Journal of Biodiversity and Conservation 7:85-102.

Mills, E. C., J. R. Poulsen, J. M. Fay, P. Morkel, C. J. Clark, A. Meier, C. Beirne, and L. J. T.
White. 2018. Forest elephant movement and habitat use in a tropical forest-grassland
mosaic in Gabon. Plos One 13:17.

Mitchell, M. E., T. Newcomer-Johnson, J. Christensen, W. Crumpton, S. Richmond, B. Dyson,
T. J. Canfield, M. Helmers, D. Lemke, and M. Lechtenberg. 2022. Potential of water
quality wetlands to mitigate habitat losses from agricultural drainage modernization.
Science of the Total Environment:156358.

Mohandas, P., J. S. Anni, T. Choudhury, and R. Thanasekaran. 2021. Elephant movement
mapping in Hosur forest border areas to detect the elephant intrusion pattern and
mitigation measures to resolve human—elephant conflict. Geojournal.

Momont, L. 2007. Sélection de 1'habitat et organisation sociale de 1'¢éléphant de forét, Loxodonta
africana cyclotis (Matschie 1900), au Gabon. Paris, Muséum national d'histoire naturelle.

Montero-Botey, M., M. Solino, R. Perea, and M. Martinez-Jauregui. 2021. Exploring rangers'
preferences for community-based strategies to improve human-elephant coexistence in
African natural corridors. Animal Conservation:12.

Morehouse, A. T., and M. S. Boyce. 2017. Troublemaking carnivores: conflicts with humans in a
diverse assemblage of large carnivores. Ecology and Society 22.

165



Morgan, D., S. Strindberg, W. Winston, C. R. Stephens, C. Traub, C. E. Ayina, S. T. N. Ebika,
W. Mayoukou, D. Koni, F. Iyenguet, and C. M. Sanz. 2019. Impacts of Selective
Logging and Associated Anthropogenic Disturbance on Intact Forest Landscapes and
Apes of Northern Congo. Frontiers in Forests and Global Change 2:13.

Morin-Rivat, J., A. Fayolle, C. Favier, L. Bremond, S. Gourlet-Fleury, N. Bayol, P. Lejeune, H.
Beeckman, and J. L. Doucet. 2017. Present-day central African forest is a legacy of the
19th century human history. eLife 6.

Moura, L. C., A. O. Scariot, I. B. Schmidt, R. Beatty, and J. Russell-Smith. 2019. The legacy of
colonial fire management policies on traditional livelihoods and ecological sustainability
in savannas: Impacts, consequences, new directions. Journal of Environmental
Management 232:600-606.

Mueller, V., and J. Thurlow. 2019. Youth and jobs in rural Africa: Beyond stylized facts. Oxford
University Press.

Mumby, H. S., and J. M. Plotnik. 2018. Taking the Elephants' Perspective: Remembering
Elephant Behavior, Cognition and Ecology in Human-Elephant Conflict Mitigation.
Frontiers in Ecology and Evolution 6:8.

Musavengane, R. 2019. Using the systemic-resilience thinking approach to enhance participatory
collaborative management of natural resources in tribal communities: toward inclusive
land reform-led outdoor tourism. Journal of Outdoor Recreation and Tourism 25:45-56.

Naderifar, M., H. Goli, and F. Ghaljaie. 2017. Snowball sampling: A purposeful method of
sampling in qualitative research. Strides in development of medical education 14.

Naughton-Treves, L. 1997. Farming the forest edge: Vulnerable places and people around Kibale
National Park, Uganda. Geographical Review 87:27-46.

Naughton-Treves, L. 1998. Predicting patterns of crop damage by wildlife around Kibale
National Park, Uganda. Conservation Biology 12:156-168.

Ngama, S., J. Bindelle, J. R. Poulsen, J. L. Hornick, A. Linden, L. Korte, J. L. Doucet, and C.
Vermeulen. 2019. Do topography and fruit presence influence occurrence and intensity of
crop-raiding by forest elephants (Loxodonta africana cyclotis)? Plos One 14:15.

Ngama, S., L. Korte, J. Bindelle, C. Vermeulen, and J. R. Poulsen. 2016. How Bees Deter
Elephants: Beehive Trials with Forest Elephants (Loxodonta africana cyclotis) in Gabon.
Plos One 11:12.

Ngama, S., L. Korte, M. Johnson, C. Vermeulen, and J. Bindelle. 2018. Camera traps to study
the forest elephant’s (Loxodonta cyclotis) response to chilli pepper repellent devices in
Gamba, Gabon. Nature Conservation Research 3:26-35.

166



Ngomanda, A., A. Chepstow-Lusty, M. Makaya, C. Favier, P. Schevin, J. Maley, M. Fontugne,
R. Oslisly, and D. Jolly. 2009. Western equatorial African forest-savanna mosaics: a
legacy of late Holocene climatic change? Climate of the Past 5:647-659.

Noutcheu, R., L. K. Snook, M. Tchatat, H. Taedoumg, O. Tchingsabe, and J. C. Tieguhong.
2016. Do logging concessions decrease the availability to villagers of foods from timber
trees? A quantitative analysis for Moabi (Baillonella toxisperma), Sapelli
(Entandrophragma cylindricum) and Tali (Erythrophleum suaveolens) in Cameroon.
Forest Ecology and Management 381:279-288.

Nsonsi, F., J. C. Heymans, J. Diamouangana, and T. Breuer. 2017. Attitudes Towards Forest
Elephant Conservation Around a Protected Area in Northern Congo. Conservation &
Society 15:59-73.

Nsonsi, F., J. C. Heymans, J. Diamouangana, F. B. Mavinga, and T. Breuer. 2018. Perceived
human-elephant conflict and its impact for elephant conservation in northern Congo.
African Journal of Ecology 56:208-215.

Nyhus, P. J. 2016. Human-Wildlife Conflict and Coexistence. Pages 143-171 in A. Gadgil and T.
P. Gadgil, editors. Annual Review of Environment and Resources, Vol 41.

Nyirenda, V. R., B. A. Nkhata, O. Tembo, and S. Siamundele. 2018. Elephant Crop Damage:
Subsistence Farmers' Social Vulnerability, Livelihood Sustainability and Elephant
Conservation. Sustainability 10:19.

Nyumba, T. O., O. E. Emenye, and N. Leader-Williams. 2020. Assessing impacts of human-
elephant conflict on human wellbeing: An empirical analysis of communities living with
elephants around Maasai Mara National Reserve in Kenya. Plos One 15:¢0239545.

O'Connell-Rodwell, C. E., T. Rodwell, M. Rice, and L. A. Hart. 2000. Living with the modern
conservation paradigm: can agricultural communities co-exist with elephants? A five-
year case study in East Caprivi, Namibia. Biological Conservation 93:381-391.

Osborn, F. V., and C. M. Hill. 2005. Techniques to reduce crop loss: human and technical
dimensions in Africa. CONSERVATION BIOLOGY SERIES-CAMBRIDGE- 9:72.

Osipova, L., M. M. Okello, S. J. Njumbi, S. Ngene, D. Western, M. W. Hayward, and N.
Balkenhol. 2018. Fencing solves human-wildlife conflict locally but shifts problems
elsewhere: A case study using functional connectivity modelling of the African elephant.
Journal of Applied Ecology 55:2673-2684.

Oslisly, R., and B. Peyrot. 1992. Un gisement du Paléolithique inférieur: la haute terrasse
d'Elarmekora: moyenne vallée de 1'0Ogooué (Gabon). Problémes chronologiques et
paléogéographiques. Comptes rendus de I'Académie des sciences. Série 2, Mécanique,
Physique, Chimie, Sciences de 1'univers, Sciences de la Terre 314:309-312.

167



Oslisly, R., and L. White. 2000. La relation Homme/milieu dans la réserve de la Lopé (Gabon)
au cours de I’Holocene; les implications sur I’environnement. Dynamique along terme
des écosystemes forestiers intertropicaux:241-250.

Owen, M. A., R. R. Swaisgood, and D. T. Blumstein. 2017. Contextual influences on animal
decision-making: Significance for behavior-based wildlife conservation and management.
Integrative Zoology 12:32-48.

Parker, G. E., and F. V. Osborn. 2006. Investigating the potential for chilli Capsicum spp. to
reduce human-wildlife conflict in Zimbabwe. Oryx 40:343-346.

Pekor, A., J. R. B. Miller, M. V. Flyman, S. Kasiki, M. K. Kesch, S. M. Miller, K. Uiseb, V. van
der Merve, and P. A. Lindsey. 2019. Fencing Africa's protected areas: Costs, benefits,
and management issues. Biological Conservation 229:67-75.

Peter, D. W., L. J. White, C. Mbina, D. Idiata, Y. Mihindou, F. Maisels, and M. Thibault. 2001.
Estimates of forest elephant abundance: projecting the relationship between precision and
effort. Journal of Applied Ecology 38:217-228.

Petit, O., and R. Bon. 2010. Decision-making processes: The case of collective movements.
Behavioural Processes 84:635-647.

Pittiglio, C., A. K. Skidmore, H. A. van Gils, M. K. McCall, and H. H. Prins. 2014. Smallholder
farms as stepping stone corridors for crop-raiding elephant in northern Tanzania:
integration of Bayesian expert system and network simulator. Ambio 43:149.

Plotnik, J. M., R. C. Shaw, D. L. Brubaker, L. N. Tiller, and N. S. Clayton. 2014. Thinking with
their trunks: elephants use smell but not sound to locate food and exclude nonrewarding
alternatives. Animal Behaviour 88:91-98.

Polansky, L., W. Kilian, and G. Wittemyer. 2015. Elucidating the significance of spatial memory
on movement decisions by African savannah elephants using state—space models.
Proceedings of the Royal Society B: Biological Sciences 282:20143042.

Pooley, S., S. Bhatia, and A. Vasava. 2021. Rethinking the study of human—wildlife coexistence.
Conservation Biology 35:784-793.

Poulsen, J. R., C. J. Clark, and B. M. Bolker. 2011. Decoupling the effects of logging and
hunting on an Afrotropical animal community. Ecological Applications 21:1819-1836.

Poulsen, J. R., S. E. Koerner, S. Moore, V. P. Medjibe, S. Blake, C. J. Clark, M. E. Akou, M.
Fay, A. Meier, and J. Okouyi. 2017. Poaching empties critical Central African wilderness
of forest elephants. Current Biology 27:R134-R135.

168



Poulsen, J. R., C. Rosin, A. Meier, E. Mills, C. L. Nunez, S. E. Koerner, E. Blanchard, J.
Callejas, S. Moore, and M. Sowers. 2018. Ecological consequences of forest elephant
declines for Afrotropical forests. Conservation Biology 32:559-567.

Pozo, R. A., T. Coulson, G. McCulloch, A. L. Stronza, and A. C. Songhurst. 2017. Determining
baselines for human-elephant conflict: A matter of time. Plos One 12.

Presotto, A., R. Fayrer-Hosken, C. Curry, and M. Madden. 2019. Spatial mapping shows that
some African elephants use cognitive maps to navigate the core but not the periphery of
their home ranges. Animal Cognition 22:251-263.

Pyke, G. H. 1984. Optimal foraging theory: a critical review. Annual review of ecology and
systematics 15:523-575.

Rakotonarivo, S., A. Bell, K. Abernethy, J. Minderman, A. Duthie, S. Redpath, A. Keane, H.
Travers, S. Bourgeois, and L.-L. Moukagni. 2021. The role of incentive-based
instruments and social equity in conservation conflict interventions. Ecology and Society
26.

Raubenheimer, D., S. J. Simpson, and D. Mayntz. 2009. Nutrition, ecology and nutritional
ecology: toward an integrated framework. Functional Ecology 23:4-16.

Rékanga, J. P. 2007. Classification revisitée des langues bantoues du Gabon.

Remis, M. J., and C. A. J. Robinson. 2020. Elephants Hunters and Others. Integrating Biological
Anthropology and Multispecies Ethnography in a Conservation Zone. American
Anthropologist 122:459-472.

Rode, K. D., P. I. Chiyo, C. A. Chapman, and L. R. McDowell. 2006. Nutritional ecology of
elephants in Kibale National Park, Uganda, and its relationship with crop-raiding
behaviour. Journal of Tropical Ecology 22:441-449.

Roe, D., and F. Booker. 2019. Engaging local communities in tackling illegal wildlife trade: A
synthesis of approaches and lessons for best practice. Conservation Science and Practice
1:11.

Sach, F., E. S. Dierenfeld, S. C. Langley-Evans, M. J. Watts, and L. Yon. 2019. African savanna
elephants (Loxodonta africana) as an example of a herbivore making movement choices
based on nutritional needs. Peerj 7:27.

Sattar, Q., M. E. Magbool, R. Ehsan, and S. Akhtar. 2021. Review on climate change and its
effect on wildlife and ecosystem. Open Journal of Environmental Biology 6:008-014.

Satyal, P., E. Corbera, N. Dawson, H. Dhungana, and G. Maskey. 2019. Representation and
participation in formulating Nepal’s REDD+ approach. Climate Policy 19:S8-S22.

169



Schwartz, D. 1992. Asséchement climatique vers 3000 BP et expansion Bantu en Afrique
centrale atlantique: quelques réflexions. Bulletin De La Societe Geologique De France
163:353-361.

Selier, S. A. J., R. Slotow, and E. Di Minin. 2016. The influence of socioeconomic factors on the
densities of high-value cross-border species, the African elephant. Peerj 4:16.

Seoraj-Pillai, N., and N. Pillay. 2017. A Meta-Analysis of Human-Wildlife Conflict: South
African and Global Perspectives. Sustainability 9:21.

Shaffer, L. J., K. K. Khadka, J. Van den Hoek, and K. J. Naithani. 2019. Human-Elephant
Conflict: A Review of Current Management Strategies and Future Directions. Frontiers in
Ecology and Evolution 6.

Sherchan, R., R. K. Rai, R. Rai, and A. Dhakal. 2021. Designing a community-based insurance
scheme to reduce human-wildlife conflict. Environment Development and
Sustainability:19.

Short, J. 1981. Diet and feeding behaviour of the forest elephant. Mammalia 45:177-186.

Sinu, P. A., and M. Nagarajan. 2015. Human-wildlife conflict or coexistence: what do we want?
Current Science 108:1036-1038.

Sitati, N. W., and M. J. Walpole. 2006. Assessing farm-based measures for mitigating human-
elephant conflict in Transmara District, Kenya. Oryx 40:279-286.

Slik, J. W. F., G. Paoli, K. McGuire, I. Amaral, J. Barroso, M. Bastian, L. Blanc, F. Bongers, P.
Boundja, C. Clark, M. Collins, G. Dauby, Y. Ding, J.-L. Doucet, E. Eler, L. Ferreira, O.
Forshed, G. Fredriksson, J.-F. Gillet, D. Harris, M. Leal, Y. Laumonier, Y. Malhi, A.
Mansor, E. Martin, K. Miyamoto, A. Araujo-Murakami, H. Nagamasu, R. Nilus, E.
Nurtjahya, A. Oliveira, O. Onrizal, A. Parada-Gutierrez, A. Permana, L. Poorter, J.
Poulsen, H. Ramirez-Angulo, J. Reitsma, F. Rovero, A. Rozak, D. Sheil, J. Silva-Espejo,
M. Silveira, W. Spironelo, H. Ter Steege, T. Stevart, G. E. Navarro-Aguilar, T.
Sunderland, E. Suzuki, J. Tang, 1. Theilade, G. Van Der Heijden, J. Van Valkenburg, T.
Van Do, E. Vilanova, V. Vos, S. Wich, H. Wéll, T. Yoneda, R. Zang, M.-G. Zhang, and
N. Zweifel. 2013. Large trees drive forest aboveground biomass variation in moist
lowland forests across the tropics. Global Ecology and Biogeography 22:1261-1271.

Slocombe, D. S. 1993. Implementing ecosystem-based management. Bioscience 43:612-622.

Soengas Lopez, B. 2010. La subsistance des Pygmées Bakoya a I'épreuve de 1'agriculture:
dynamique des savoirs ethnobotaniques et des pratiques (département de la Zadié,
Ogooué-Ivindo, Gabon). Paris, Muséum national d'histoire naturelle.

170



Songhurst, A., G. McClloch, and T. Coulson. 2016. Finding pathways to human-elephant
coexistence: a risky business. Oryx 50:713-720.

Songhurst, A., G. McCulloch, and A. Stronza. 2015. Human-Elephant Conflict and Coexistence
in Botswana.

Stephens, D. W., and J. R. Krebs. 1986. Foraging theory. Princeton University Press.

Stokes, E. J., S. Strindberg, P. C. Bakabana, P. W. Elkan, F. C. Iyenguet, B. Madzoke, G. A. F.
Malanda, B. S. Mowawa, C. Moukoumbou, F. K. Ouakabadio, and H. J. Rainey. 2010.
Monitoring Great Ape and Elephant Abundance at Large Spatial Scales: Measuring
Effectiveness of a Conservation Landscape. Plos One 5:18.

Tadoum, M., M. Tchamba, and A. Tanougong. 2021. Spatio-Temporal Dynamic of Land Use in
the Dja-Odzala-Minkebe Landscape between Cameroon, Congo and Gabon: Influence on
the Evolution of Forest Cover in a Context of Cross-Border Cooperation. Open Journal of
Forestry 11:222-237.

Taedoumg, H., P. Maukonen, C. M. Yobo, D. M. Iponga, R. Noutcheu, J. C. Tieguhong, and L.
Snook. 2018. Safeguarding villagers’ access to foods from timber trees: Insights for
policy from an inhabited logging concession in Gabon. Global Ecology and Conservation
15:¢00436.

Tamrat, M., A. Atickem, D. Tsegaye, N. Nguyen, A. Bekele, P. Evangelista, P. J. Fashing, and
N. C. Stenseth. 2020. Human-wildlife conflict and coexistence: a case study from
Senkele Swayne's Hartebeest Sanctuary in Ethiopia. Wildlife Biology 2020:10.

Tchamba, M. N., and P. M. Seme. 1993. Diet and feeding-behavior of the forest elephant in the
Santchou reserve, Cameroon. African Journal of Ecology 31:165-171.

Tegegne, Y. T., M. Lindner, K. Fobissie, and M. Kanninen. 2016. Evolution of drivers of
deforestation and forest degradation in the Congo Basin forests: Exploring possible
policy options to address forest loss. Land Use Policy 51:312-324.

Terada, S., C. Mikolo Yobo, G.-M. Moussavou, and N. Matsuura. 2021. Human-Elephant
Conflict Around Moukalaba-Doudou National Park in Gabon: Socioeconomic Changes
and Effects of Conservation Projects on Local Tolerance. Tropical Conservation Science
25:194008292110267.

Teye, J. 2018. Urbanization and migration in Africa. Pages 1-2 in United Nations expert group
meeting for the review and appraisal of the programme of action of the international
conference on population and development and its contribution to the follow-up and
review of the 2030 agenda for sustainable development. United Nations Secretariat, New
York.

171



Thouless, C., H. T. Dublin, J. Blanc, D. Skinner, T. Daniel, R. Taylor, F. Maisels, H. Frederick,
and P. Bouche. 2016a. African elephant status report 2016. An update from the African
Elephant Database.

Thouless, C., H. T. Dublin, J. Blanc, D. Skinner, T. Daniel, R. Taylor, F. Maisels, H. Frederick,
and P. Bouché. 2016b. African elephant status report 2016. Occasional paper series of the
TUCN Species Survival Commission 60.

Tiller, L. N., and H. F. Williams. 2021. The elephant in the farm: long-term solutions are the key
to coexistence. Animal Conservation 24:733-734.

Treves, A. 2007. Balancing the needs of people and wildlife: when wildlife damage crops and
prey on livestock. Land Tenure Center, Nelson Institute of Environmental Studies,
University of ....

Turkalo, A. K., and J. M. Fay. 2001. Forest elephant behavior and ecology. African Rain Forest
Ecology and Conservation: An Interdisciplinary Perspective. Yale University Press, New
Haven, CT:207-213.

Turkalo, A. K., P. H. Wrege, and G. Wittemyer. 2017. Slow intrinsic growth rate in forest
elephants indicates recovery from poaching will require decades. Journal of Applied
Ecology 54:153-159.

Tutin, C., and M. Fernandez. 1987. Gabon: a fragile sanctuary. Primate Conservation 8:160-161.

Tutin, C. E., and M. Fernandez. 1993. Relationships between minimum temperature and fruit
production in some tropical forest trees in Gabon. Journal of Tropical Ecology 9:241-248.

Tutin, C. E., M. Fernandez, M. E. Rogers, E. A. Williamson, and W. C. McGrew. 1991.
Foraging profiles of sympatric lowland gorillas and chimpanzees in the Lope Reserve,
Gabon. Philosophical Transactions of the Royal Society of London. Series B: Biological
Sciences 334:179-186.

Twitcher, L. 2020. The costs of human elephant conflict: understanding local perceptions,
vulnerabilities and impacts associated with human elephant conflict in Subulussalam,
Aceh, Sumatra. Bournemouth University.

Tyukavina, A., M. C. Hansen, P. Potapov, D. Parker, C. Okpa, S. V. Stehman, I. Kommareddy,
and S. Turubanova. 2018. Congo Basin forest loss dominated by increasing smallholder
clearing. Science advances 4:eaat2993.

Udeagha, A. U., S. Udo, and O. Olajide. 2016. Socioeconomic and status of two non-Timber
forest products ( Irvingia fruit and kernel) in a changing environment in cross river state,
Nigeria. Fore. Pages 171-187 in Ideas.

172



Ukizintambara, T., L. White, K. Abernethy, and C. Thebaud. 2007. Gallery forests versus
bosquets: conservation of natural fragments at Lope National Park in central Gabon.
African Journal of Ecology 45:476-482.

UNESCO. 2010. Ecosystem and Relict Cultural Landscape of Lopé-Okanda.

Van De Water, A., and K. Matteson. 2018. Human-elephant conflict in western Thailand: Socio-
economic drivers and potential mitigation strategies. Plos One 13:¢0194736.

Vanleeuwe, H., A. Gautier-Hion, and S. Cajani. 1997. Forest clearings and the conservation of
elephants (Loxodonta africana cyclotis) in North East Congo Republic. Pachyderm
24:46-52.

Vansina, J. 1997. Histoire du manioc en Afrique centrale avant 1850. Paideuma:255-279.

Vanthomme, H., J. Kolowski, L. Korte, and A. Alonso. 2013. Distribution of a Community of
Mammals in Relation to Roads and Other Human Disturbances in Gabon, Central Africa.
Conservation Biology 27:281-291.

Vibha, G., H. G. Lingaraju, and G. V. Venktaramana. 2021. Effectiveness of solar fence in
reducing human-elephant conflicts in Manchahalli village, Mysuru, Karnataka, India.
Current Science 120:707-711.

Vogel, S. M., W. F. de Boer, M. Masake, A. C. Songhurst, G. McCulloch, A. Stronza, M. D.
Henley, and T. Coulson. 2019. Do African savanna elephants (Loxodonta africana) eat
crops because they crave micronutrients? bioRxiv:673392.

Von Gerhardt, K., A. Van Niekerk, M. Kidd, M. Samways, and J. Hanks. 2014. The role of
elephant Loxodonta africana pathways as a spatial variable in crop-raiding location. Oryx
48:436-444.

Walker, K. L. 2010. Moving Away from Prescriptive Pachyderm Palliatives: Toward an
Integrated Assessment of Farmer-Elephant Conflict in Gabon.

Walker, K. L. 2012. Labor costs and crop protection from wildlife predation: the case of
elephants in Gabon. Agricultural Economics 43:61-73.

Wall, J., G. Wittemyer, B. Klinkenberg, V. Lemay, S. Blake, S. Strindberg, M. Henley, F.
Vollrath, F. Maisels, J. Ferwerda, and I. Douglas-Hamilton. 2021. Human footprint and
protected areas shape elephant range across Africa. Current Biology.

Walters, G., I. Parmentier, and T. Stevart. 2012. Diversity and conservation value of Gabon's
savanna and inselberg open vegetation: an initial gap analysis. Plant Ecology and
Evolution 145:46-54.

173



Walters, G., J. Schleicher, O. Hymas, and L. Coad. 2015. Evolving hunting practices in Gabon:
lessons for community-based conservation interventions. Ecology and Society 20.

Wasser, S. K., L. Brown, C. Mailand, S. Mondol, W. Clark, C. Laurie, and B. Weir. 2015.
Genetic assignment of large seizures of elephant ivory reveals Africa’s major poaching
hotspots. Science 349:84-87.

Webber, A. D., C. M. Hill, and V. Reynolds. 2007. Assessing the failure of a community-based
human-wildlife conflict mitigation project in Budongo Forest Reserve, Uganda. Oryx
41:177-184.

Wengraf, T. 2001. Qualitative research interviewing: Biographic narrative and semi-structured
methods. sage.

White, L. J. 1992. Vegetation history and logging disturbance: Effects on rain forest in the Lope
Reserve, Gabon (with special emphasis on elephants and apes).

White, L. J. T. 1994. SACOGLOTTIS-GABONENSIS FRUITING AND THE SEASONAL
MOVEMENTS OF ELEPHANTS IN THE LOPE-RESERVE, GABON. Journal of
Tropical Ecology 10:121-125.

White, L. J. T., M. E. Rogers, C. E. G. Tutin, E. A. Williamson, and M. Fernandez. 1995.
HERBACEOUS VEGETATION IN DIFFERENT FOREST TYPES IN THE LOPE
RESERVE, GABON - IMPLICATIONS FOR KEYSTONE FOOD AVAILABILITY.18.

White, L. J. T., C. E. G. Tutin, and M. Fernandez. 1993. Group composition and diet of forest
elephants, Loxodonta-africana-cyclotis Matschie 1900, in the Lope reserve, Gabon.
African Journal of Ecology 31:181-199.

White, P. C. L., and A. I. Ward. 2010. Interdisciplinary approaches for the management of
existing and emerging human-wildlife conflicts. Wildlife Research 37:623-629.

World Population Review. 2018. Gabon Population. Walnut, United States.

Wrege, P. H., E. D. Rowland, N. Bout, and M. Doukaga. 2012. Opening a larger window onto
forest elephant ecology. African Journal of Ecology 50:176-183.

Wrege, P. H., E. D. Rowland, S. Keen, and Y. Shiu. 2017. Acoustic monitoring for conservation
in tropical forests: examples from forest elephants. Methods in Ecology and Evolution
8:1292-1301.

Xu,J. Y., J. Y. Wei, and W. H. Liu. 2019. Escalating human-wildlife conflict in the Wolong
Nature Reserve, China: A dynamic and paradoxical process. Ecology and Evolution
9:7273-7283.

174



Xue, Y., and M. J. M. Kiki. 2018. Gabon wood industry and Chinese companies activities. Open
Access Library Journal 5:1-15.

Yackulic, C. B., S. Strindberg, F. Maisels, and S. Blake. 2011. The spatial structure of hunter
access determines the local abundance of forest elephants (Loxodonta africana cyclotis).
Ecological Applications 21:1296-1307.

Yurco, K., B. King, K. R. Young, and K. A. Crews. 2017. Human-Wildlife Interactions and
Environmental Dynamics in the Okavango Delta, Botswana. Society & Natural
Resources 30:1112-1126.

Zakaria, M., M. N. Rajpar, [. Ozdemir, and Z. Rosli. 2016. Fauna diversity in tropical rainforest:

Threats from land-use change. Tropical forests-the challenges of maintaining ecosystem
services while managing the landscape:11-49.

175



	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	CHAPTER 1 : INTRODUCTION
	1.1. The context of crop depredation in Gabon
	1.2. Considering other elephant needs in CDI management
	1.2.1. Foraging theory of nutrient balance
	1.2.2. A heuristic approach to understanding elephant foraging decision-making

	1.3. Coexistence approach
	1.3.1. Human-elephant coexistence
	1.3.2. Coexistence approach through Landscape Architecture

	1.4. Significance of the project
	1.5. Dissertation structure

	CHAPTER 2: KEY PROBLEMS DRIVING FOREST ELEPHANT CROP DEPREDATION IDENTIFIED THROUGH STAKEHOLDER INTERVIEWS IN GABON AFRICA
	2.1. INTRODUCTION
	2.2. MATERIAL AND METHODS
	2.2.1. Study Area
	2.2.2. Data collection
	Participant Selection
	Interview Procedures

	2.2.3. Data analysis
	Thematic analysis of the transcripts


	2.3. RESULTS
	2.3.1. Participant Demographic Profile
	2.3.2. Theme Identification
	2.3.3. Landscape context, drivers, dynamics, and problem types influencing CDIs
	Landscape Context
	Drivers
	Dynamics
	Problem types

	2.3.4. Conceptual framework of stakeholder perception of factors influencing CDIs

	2.4. DISCUSSION
	2.4.1. Multiple-use forest
	2.4.2. Protected areas
	2.4.3. Village Areas

	2.5. CONCLUSION

	CHAPTER 3: UNDERSTANDING FOREST ELEPHANT CROP DEPREDATION CONDITIONS WITHIN VILLAGES IN AND ADJACENT TO LOPÉ NATIONAL PARK, GABON
	3.1. INTRODUCTION
	3.2. STUDY AREA
	3.3. METHODS AND ANALYSIS
	3.3.1. Interviews of local stakeholders
	3.3.2. Census of native fruit trees that attract elephants
	3.3.3. Phenology of elephant fruit tree species

	3.4. RESULTS
	3.4.1. Local interviewees
	3.4.2. Census of native fruit trees that attract elephants
	3.4.3. Phenology of elephant fruit tree species
	3.4.4. Synthesis of seasonal variation of native fruit and crop availability during CDIs

	3.5. DISCUSSION
	3.5.1. Increase of CDIs over time
	3.5.2. CDIs in relation to differences between villages and their landscape context
	3.5.3. Factors influencing CDI variation by season
	3.5.4. CDIs in relation to crop planting, growth, and harvest periods
	3.5.5. Limitations

	3.6. CONCLUSION

	CHAPTER 4: A STRATEGIC FRAMEWORK AND TOOLBOX FOR HUMAN-ELEPHANT COEXISTENCE
	4.1. INTRODUCTION
	4.2. METHODOLOGY
	4.2.1. Study area
	4.2.2. Coexistence framework development

	4.3. RESULTS
	4.4. DISCUSSION
	4.4.1. Strategies to support elephants’ needs
	4.4.2. Strategies to support villagers
	4.4.3. Differentiate villager and elephant places
	4.4.4. Feasibility, Limitations and Urgency

	4.5. CONCLUSION

	CHAPTER 5: CONCLUSION
	5.1. Recreating coexistence for human-wildlife land sharing
	5.2. Deteriorated past human-wildlife coexistence
	5.3. Recommendations and limitations

	CHAPTER 2: APPENDIX A
	CHAPTER 3: APPENDIX B
	CHAPTER 4: APPENDIX C
	REFERENCES
	Hever chapter 4 appendix_121322_F010422.pdf
	Table C1. Compiled actions gathered through literature and stakeholders. The effect of these strategies on people or elephants was characterized as satisfying with the sign "+", harming with "– ", and no impact with "0."
	Table C2. Summary of the number of actions in each coexistence strategy with their objectives from literature and by stakeholders. The subtotal and total actions per coexistence strategy are the bold numbers.
	Table C3. Coexistence framework toolbox of strategies and actions. The effect of these strategies on people or elephants was characterized as satisfying with the sign "+" and no impact with "0."
	Table C4. Case study to manage CDIs in two selected villages at Lopé National Park. Local problem types were identified and prioritized and then aligned to their associated coexistence strategies from Table 2 in the main results.


