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Human-carnivore conflict is a global challenge with complex and context-specific
causes and consequences. While spatial analyses can use ecological principles to
predict patterns of conflict, solutions to mitigate conflict must also be locally adaptable,
sustainable, and culturally-sensitive. In Nakuru County, Kenya, rapid development and
land subdivision have exacerbated conflict by isolating wildlife in protected areas
that are increasingly adjacent to human settlements. In an effort to understand local
perspectives on carnivore conflict, and to apply this information toward locally-based
conservations actions, we conducted gender-stratified interviews and participatory
mapping sessions with 378 people in 16 villages near two ecologically isolated protected
areas in Kenya: Lake Nakuru National Park and Soysambu Conservancy. Specifically, we
developed a method for associating interview responses and demographic information
with spatial participatory data to examine how local perceptions of conflict compared
to spatially-explicit records of livestock depredation in the region from 2010 to 2018.
We mapped kernel densities of recorded and perceived risk of human-carnivore conflict
and then tested for potential social and ecological predictors of divergences found
between the two datasets. Mismatched hotspots of observed and perceived risk of
conflict were correlated with several ecological and socioeconomic factors. Regions with
higher NDVI exhibited more perceived conflict, while the opposite held true for verified
conflict. Road density was positively correlated with both types of conflict, and both types
of conflict increased closer to protected areas. Livestock ownership, visitation to Lake
Nakuru National Park, if the participant’s child walked to school, and male gender identity
were associated with more perceived conflict reports. Education level and national park
visitation were associated with more positive attitudes toward carnivores. Our results
show that while observed and perceived conflict may ultimately be equally important for
understanding and managing human-carnivore conflict, they may be driven by markedly
different social and ecological processes. We suggest that integrating the spatially explicit
experiences and perspectives of local communities with more traditional ecological
methods is critical to identifying lasting and socially just forms of conflict mitigation.

Keywords: human-carnivore conflict, risk perceptions, conservation practice, participatory mapping,
socioecological
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INTRODUCTION

Human-carnivore conflict (HCC) is a primary driver of large
carnivore declines globally (Ripple et al., 2014) and creates a
significant challenge to rural livelihoods in many areas (Muhly
and Musiani, 2009). For example, in the United States, over $168
million in livestock losses per year are attributed to depredation
by carnivores (USDA Animal and Plant Health Inspection
Service, 2020). Livelihood impacts of HCC are most pronounced
in regions where carnivore populations remain viable or have
recovered, and where marginal incomes place producers near
poverty (Dickman et al., 2011). Along with affecting livelihoods,
human-wildlife conflict is known to have a number of indirect
social and emotional impacts on affected communities, such
as diminished psychological well-being and food insecurity
(Barua et al., 2013). Conflicts between people and carnivores
are exacerbated by a combination of sociopolitical factors (e.g.,
regional livelihoods, poverty, global wildlife policies; Treves
and Karanth, 2003) and local histories of people’s relationships
with wildlife (e.g., Megaze et al., 2017), as well as increased
development that has intensified habitat fragmentation and
human-wildlife interactions (Were et al., 2013; Weldemichel
and Lein, 2019). Thus, human-carnivore conflicts comprise
impacts associated with interactions between carnivores and
people, along with the human-human relationships underlying
and influencing those interactions (Young et al., 2010; Redpath
et al., 2015).

Conservation biologists lean heavily on an understanding
of ecology when researching and managing human-carnivore
conflict (Wilkinson et al., 2020). In recent years, there has
been considerable momentum behind using ecological data in
combination with innovative spatial tools for addressing conflict
using scientific evidence (Miller, 2015; Miller and Schmitz,
2019). Predation risk mapping, for example, layers verified
conflict events across ecological (e.g., habitat structure and
productivity) and anthropogenic (e.g., human infrastructure and
activity) variables in order to overcome HCC’s inherent context-
dependency, and to anticipate future carnivore conflict (e.g.,
Broekhuis et al., 2017). For instance, in arid ecosystems, conflict
has been observed to increase in the rainy season when wildlife
are not reliant on permanent water bodies and are able to
disperse widely (Koziarski et al., 2016). Yet, in fenced arid
ecosystems, wildlife transgressions of fences to exit protected
areas may be higher in the dry season (Kesch et al., 2015), possibly
because seasonal vegetation resources are more limited within
fenced ecosystems than in unfenced ecosystems (Bartzke et al.,
2018). Thus, predation on livestock and carnivore attacks on
people in different regions with varying human development
may exhibit measurable, context-specific, and spatially-explicit
patterns across key ecological variables (Thorn et al, 2012).
Additionally, anthropogenic structures and activity have altered
wildlife behavior and ecology around the globe at numerous
scales (Gaynor et al, 2018; McInturff et al., 2020), and may
be consequential covariates when mapping carnivore conflicts
with people. Risk mapping and other spatial methods have
thus proven to be highly useful tools for quantifying correlates
of verified conflict and employing ecological theory to create

targeted mitigation strategies that address HCC (Melzheimer
et al.,, 2020).

While global increases in HCC are regularly studied by
examining the associations between ecological covariates and
verified on-the-ground human-carnivore conflict reports, there
is increasing understanding that the perception of risk held by
local communities may more meaningfully predict their attitudes
toward carnivores and their retaliatory or preventative actions
(Dickman et al., 2014). Though interactions between wildlife and
humans are situated within a broad range of social, institutional,
and ecological landscapes, a key element of any human-carnivore
interaction is human behavior (Lischka et al., 2018). Behavior of
people when interacting with wildlife is, among other factors,
driven by emotion, experience, and resulting attitudes and
perceptions (Carter et al., 2012a), making human emotions and
perceptions critical for understanding and resolving conflicts
between people and carnivores.

A number of studies have acknowledged that perceptions
of conflict can diverge from ecological findings and yet still
provide tangible contributions to conservation efforts (Siex
and Struhsaker, 1999; Dickman et al., 2014). Some of these
have employed surveys to better understand the drivers of
people’s perceptions of conflict in space and time (e.g., Holmern
et al, 2007). These studies and others suggest the most
important observed social drivers of HCC perception, realization,
and management outcomes among stakeholders are gender,
education level, livestock ownership and adoption of tools
for guarding livestock, and visitation and access to nearby
protected areas (Tessema et al, 2010; Knopft et al, 2016;
Mkonyi et al, 2017). For example, men and women may
have different motivations, goals, and risk perceptions regarding
human-wildlife conflict and management (Gore and Kahler,
2012), and women may bear disproportionate burdens of conflict
due to gendered relations of space and identity (Ogra, 2008).
Additionally, education level may influence attitudes toward
wildlife and conservation (Akama et al., 1995; Holmern et al.,
2007; Dressel et al., 2014; Megaze et al., 2017), and may also be
an indicator of modernization, which is hypothesized to increase
positive attitudes toward carnivore conservation (Bruskotter
etal., 2017).

Livestock ownership also plays a potentially major role in
perceptions of conflict since livestock owners are most likely
to fear predation’s impact on their livelihoods. These same
stakeholders may be more likely to discuss conflict history or
their perceptions of risk with neighbors (Kellert, 1985), which
can contribute to spreading of perceived risks (Dickman et al.,
2014). Relatedly, the adoption of common interventions designed
to reduce carnivore conflicts (such as fladry, lights, noisemakers,
etc.; van Eeden et al., 2018) may also impact people’s perceptions
of carnivores, conflict, and risk (Eklund et al., 2020). Number
of livestock owned (Hemson et al., 2009) as well as number
of children or family size (Khumalo and Yung, 2015), may
also be indicators of financial precarity that influence conflict
risk perceptions. Finally, national park visitation, as both a
means of ecological education (e.g., Tomicevic et al., 2010) and
connection to wildlife living on the landscape (e.g., through
ecotourism; Waylen et al., 2009), may have the potential to affect
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community members understanding of and thus reaction to
carnivores (Espinosa and Jacobson, 2012; Mkonyi et al., 2017).
These social factors can be as critical as ecological variables
when understanding and predicting patterns of HCC across
different landscapes.

While these and other socioeconomic factors help predict
local perceptions of conflict, the application of information on
perceptions to structure and implement programs HCC is rare
(Lozano et al., 2019). Moreover, the participatory methodologies
necessary to assess and apply human perceptions are scarce
across human-wildlife conflict research (Gray et al., 2020). This is
despite the known importance of considering spatial, ecological,
and social variables together for long-term conflict mitigation
(White et al.,, 2009), and the common acknowledgment that
conservation conflicts are best managed when science and
solutions are co-created with affected communities (Treves et al.,
2009; Redpath et al., 2013). In fact, examples abound of cases
where a lack of participatory and integrative approaches have
contributed to ineffective, short-lived, and/or unjust solutions
to conflict (Meguro and Inoue, 2011; Eklund et al., 2020).
For targeted and effective outreach and management of HCC,
we need to address this disconnect by working toward an
understanding of how and why verified and perceived HCCs
diverge (Dickman, 2010), as well as how conflict risk perceptions
cluster spatially and are driven by various social and ecological
factors (Bruskotter and Wilson, 2014).

Here, we sought to bridge this gap by using a unique
combination of verified conflict reports and participatory
perception data to answer the following questions: (1) How
do verified and locally perceived carnivore conflict compare
spatially?, (2) How are similarities and differences in the two
datasets correlated with ecological variables and infrastructure?,
and (3) Are there social predictors (e.g., demographics, livestock
ownership, and attitudes toward carnivores) of the level and
distribution of perceived carnivore conflict? We examined these
questions in the region surrounding Lake Nakuru National Park
and Soysambu Conservancy in the Rift Valley of Kenya. This
location provided an ideal system for this study because of its
high rate of human immigration and land subdivision, and the
resulting close proximity of wildlife to people, human activities,
and infrastructure (Kassilly et al., 2008; Mubea and Menz, 2012;
Wilkinson et al,, 2021). We predicted (1) that verified and
perceived conflict would exhibit observable spatial differences,
and (2) that these disparities would be driven by a variety
of ecological factors, such as season, vegetation, road density,
and distance to protected areas, as well as social factors, such
as participant education level, gender, livestock ownership and
activities, and national park visitation (Table 1).

METHODS

Study Site

We conducted our study in Nakuru County, in the Rift Valley,
southwest Kenya (Figure 1) from June 2018 to March 2019. The
study area (~500 km?, 0°26" S, 36°1’ E) includes two major
wildlife protected areas: Lake Nakuru National Park (LNNP,
188 km?), which is one of two fully fenced national parks in

Kenya, and Soysambu Conservancy (190 km?), which is semi-
fenced and functions simultaneously as a wildlife conservancy
and a livestock ranch with over 10,000 cattle, sheep, and
goats. The two large alkaline lakes in the region, Lake Nakuru
and Lake Elmenteita, are designated UNESCO World Heritage
sites. The region supports many species of large mammals,
including threatened and endangered species such as black
rhinoceros (Diceros bicornis) and Rothschild’s giraffe (Giraffa
camelopardalis rothschildi); large carnivore species, such as
African lion (Panthera leo), spotted hyena (Crocuta crocuta),
and leopard (Panthera pardus); and several mesocarnivore
species, such as serval (Leptailurus serval) and black-backed
jackal (Lupulella mesomelas). Many carnivore populations in the
region (both inside and outside of protected areas) are stable
or increasing despite heavy historical persecution (Ogutu et al.,
2017).

Outside of protected areas, the Nakuru-Elmenteita watershed
is home to dense human populations, with considerable
immigration into the region. Small-scale agriculture and
pastoralism, as well as increased urbanization, are common in
the settled areas surrounding LNNP and Soysambu Conservancy,
and there is a mix of ethnic representation (mostly Kikuyu,
Kalenjin, and Maasai). Nakuru town, which is directly adjacent
to the northern border of LNNP, is home to an estimated
570,674 people (Kenya National Bureau of Statistics, 2019) and
is considered to be one of the fastest growing cities in East Africa.
In many places throughout the study area, human settlements
directly about the conservancy and park boundaries.

Participatory Data

Data Collection

In order to gather community perspectives on carnivores and
conflict, we selected 16 sub-villages, within 5 broader village
areas, located within 5km of the protected area boundaries
(Figure 1). The sample comprised representation from every
rural village with lands adjacent to the two protected areas,
while excluding urban areas. Though participatory mapping is
subject to inherent logistical, access, and scalability limitations
(Brown, 2012), we addressed these challenges in a number of
ways through iterative pre-testing and sampling considerations.
Because the study area was large and many of the households
were unmapped, we used semi-random heterogeneity sampling
(Blankertz, 1998) to identify 378 participants (180 women,
198 men) for participatory mapping and interview sessions.
Participants were informed (a) they could leave mapping and
interview sessions at any time, (b) that participation in the
exercise was not mandatory, and (c) that compensation was
not provided. To reduce bias in responses, participants were
informed that the interviewers and facilitators were students,
and that the students held no direct authority in addressing
human-wildlife conflict issues.

For each participatory mapping session, we aimed for 12
participants, with no more than 6 participants drawing on a
single map (for legibility purposes). However, this wasn’t always
feasible, as the mapping sessions were popular and occasionally
drew crowds. Thus, in a few circumstances, up to 8 participants
drew on a single map. Mapping sessions were gender-stratified,
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TABLE 1 | Hypotheses related to verified conflict, perceived conflict, and attitudes toward carnivores.

Variable

Hypotheses

References

Education level

National park visitation by
participant or child

Active nighttime livestock
guarding

Perceived threats to children

Number of children

Gender

Livestock ownership

Season
Vegetation greenness (NDVI)
Road density (as a proxy for

human population)
Distance to protected area

Increasing education level is correlated with
1) more positive attitudes toward carnivores conservation, and
2) fewer perceived conflict reports.

Participants who have visited the national park, or whose children have visited the
national park are more likely to

1) have positive attitudes toward carnivores, and

2) report fewer perceived conflicts.

Livestock owners who employ tools to actively guard their livestock at night are more
likely to

1) have positive attitudes toward carnivores, and

2) report fewer perceived conflicts.

Participants who believe carnivores pose a threat to children on their way to school
are more likely to

1) have negative attitudes toward carnivores, and

2) report more perceived conflicts.

Increasing number of children is correlated with
1) negative attitudes toward carnivores, and
2) more perceived conflict reports.

)
1) Women are more likely to have negative attitudes toward carnivores.
2) Men are more likely to report more perceived conflicts.
)

1) Livestock owners are more likely to
a. have negative attitudes toward carnivores, and
b. to report more perceived conflicts.
2) These effects are stronger with increasing number of livestock owned.
1) Verified conflict increases during the rainy season.
)
)

2) Perceived conflict shows no difference between seasons.

1) NDVI is positively correlated with both perceived and verified carnivore conflict.
1) Road density is positively correlated with both perceived and verified conflict.

1) Distance protected area is negatively correlated with both perceived and verified
conflict, with a stronger effect for verified conflict.

Akama et al., 1995; Holmern et al., 2007;
Dressel et al., 2014; Bruskotter et al.,
2017; Megaze et al., 2017

Tomicevic et al., 2010; Espinosa and
Jacobson, 2012; Hausmann et al., 2016;
Mkonyi et al., 2017

Holmern et al., 2007; Rust et al., 2013

Bruskotter and Wilson, 2014; Bruskotter
etal., 2017

Khumalo and Yung, 2015; Bruskotter
etal, 2017

Ogra, 2008; Gore and Kahler, 2012

Kellert, 1985; Hemson et al., 2009;
Dorresteijn et al., 2014; Dressel et al.,
2014

Koziarski et al., 2016; Bartzke et al., 2018

Thorn et al., 2012; Koziarski et al., 2016;
Bartzke et al., 2018; Ugarte et al., 2019

Treves and Karanth, 2003; Ugarte et al.,
2019

Mkonyi et al., 2017; Ugarte et al., 2019;

Weldemichel and Lein, 2019; Gray et al.,

2020

with men and women gathering on different days to encourage
open conversation and a broad range of perspectives (Pfeiffer
and Butz, 2005). A total of 322 maps were drawn across all
participatory mapping questions and sessions.

Each interviewees session began with a short (~10min)
one-on-one interview, with a Kenyan master’s student serving
as an interviewer, using the application Open Data Kit (ODK;
https://getodk.org/), carried out on Android devices (Motorola
Moto E). Interviews were conducted in English or Kiswahili,
depending on the interviewee’s preference. Information gathered
included demographic data, risk perceptions about carnivores,
attitudes toward carnivores and carnivore conservation,
livestock ownership, experience with carnivore-livestock
conflict, educational experience, national park visitation, and
employment (Appendix 1), with a combination of multiple
choice, check all that apply, numerical, and open-ended
questions. Prior to the interview, each participant was assigned
a unique pen color for the day. During the initial interview, a
photo was taken of their pen within the ODK application. This
allowed us to associate a participant’s spatial data with their
interview data while maintaining anonymity.

For the participatory mapping portion of the sessions,
paper maps were developed and printed using Field Papers
(www.FieldPapers.org). Field Papers is an open source tool
to print basemaps that can be annotated in the field and
then scanned, allowing annotation to be digitized into a GIS
database. During the sessions, participants were first given a
minimum of 15 min of map orientation, though these orientation
exercises and conversations often lasted longer than 30 min.
Participants were encouraged to teach one another by using
laminated, highly detailed atlases of the region, and finding
locations of interest to the community such as the national park,
particular intersections, Nakuru town, and village centers. We
asked participants to use the assigned pens and paper maps we
provided to draw their answers to 24 general questions regarding
places of importance, livestock predation, carnivore presence,
desired carnivore conservation and movement, risk perceptions
regarding carnivores, and other factors (Appendix 1). For each
question on each map, a unique (to that map) symbol (falling
into the categories of point, line, or polygon) was requested.
Participants were encouraged to draw on top of one another’s
symbols as needed.
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Participatory Data Preparation

To digitize maps, participatory maps were photographed, and a
QR code allowed the map images to be georeferenced directly
using FieldPapers.org. Georeferenced map images were then
uploaded into ArcGIS Pro (Version 2.5) in order to trace each
question’s spatial responses (points, lines or polygons) into GIS
layers, with each layer representing the collected answers to one
question. During the digitization process, pen colors on each
session’s maps were again cross-referenced with photographs
of pen colors that had been automatically labeled with each
interview’s unique identification number. These identification
numbers were assigned to each feature in each layer’s attribute
table. Interview data were then joined with attribute tables for
each layer, and each question’s layers were subsequently merged
into a single master layer that included data from all sessions for
that question.

Verified Conflict Data

Human-carnivore conflict (HCC) data for 2008-2018 were
provided by the Kenya Wildlife Service. The dataset contains
HCC incidents (such as carnivore attacks on livestock and threats
to people) reported to the Nakuru Community Wildlife Service
(CWS) station. The station houses trained rangers who respond
to conflict issues and also undertake community outreach around
the park and adjacent localities within the county. Conflict
cases are reported by the local community through a dedicated
telephone hotline or the institutional call center, both of which
are open 24h a day. Once a conflict report is received at the
station, a CWS team is dispatched to verify. The details of
the nature of each conflict are collected by the rangers and
later recorded in an occurrence book. The information collected
includes the date, location name, conflict species, the nature of
the conflict, and the management action taken. Data recorded
in the occurrence book are later entered into a database at the
station. We obtained these verified conflict data from the main
human-wildlife conflict database and georeferenced each record
to the approximate village or sub-village level using landmarks
and location names provided in the original dataset. While this
dataset consisted of historical records of conflict which were
initially collected solely for monitoring purposes (see Easterday
et al., 2018), the data were cleaned and georeferenced points
were iteratively verified with Kenya Wildlife Service staff prior
to analysis.

Spatial Explanatory Variables for Conflict
Reports

The ecological and anthropogenic spatial covariates that we
tested as predictors of conflict reports included distance to
protected area, road density (kernel density, per km?), mean
vegetation greenness (as measured by NDVI- normalized
difference vegetation index, via Landsat 8, for 2018), and slope
(via Shuttle Radar Topography Mission, 30 m).

Data Analysis

Summary and Comparison of Verified and Perceived
Conflict

To determine spatial differences between the verified and
perceived datasets, we used ArcGIS Pro to conduct kernel

density estimations (KDE) for the entire verified conflict and
perceived conflict datasets, respectively. From the KDE analyses
(search radius = 3km) we created difference maps comparing
the verified and perceived datasets across all stratifications by
subtracting the verified conflict KDE from the perceived conflict
KDE. We thresholded difference maps to the upper and lower
quantiles to determine areas of highest disagreement among
the two datasets, and conducted generalized linear regressions
to assess perceived and verified conflict density in relation to
distance to protected area, road density, NDVI, and slope.

Correlates of Local Clustering of Perceived Conflict
In order to determine whether people with positive attitudes
toward carnivores and who guard their livestock nonetheless
exhibited significant clustering in their perceived carnivore
conflict reports, we first used global logistic regressions to
identify predictors (Supplementary Table 1) of (1) attitudes
toward carnivores and (2) nighttime livestock guarding behavior.
We then employed a geographically weighted logistic regression
(GWLR; Brunsdon et al., 1996) to test for local clustering. The
initial regressions revealed a best-supported model (AUC =
0.805) that included the following variables to retain for GWLR:
cow ownership, sheep or goat (hereafter shoat) ownership,
whether the participant collected water in the evening (i,
landscape traversal at night), number of reasons reported for
hyenas to be conserved, belief that hyenas have access to too
few wild prey, and perceptions of carnivore-related threats to
children on their way to school (Table 2).

Trends in Verified Conflict Reports

We used linear regression to test for trends in HCC reports
over time for each carnivore species, for each livestock species
and for humans, and for all carnivore species in aggregate using
R (R Core Team, 2018). For all non-spatial analyses, verified
conflict data from 2013 were excluded because reports were only
recorded for 1 month of that year.

Predictors of Perceived Conflict/Risk and Attitudes
Toward Carnivores

To determine correlates of perceptions, we assessed the correlates
of two variables: perceived carnivore conflict and attitudes
toward spotted hyenas. As a widely reviled carnivore species
in sub-Saharan Africa (Glickman, 1995), and as one of the
most populous and visible carnivores in this region (Wilkinson
et al., 2021), spotted hyenas served as the best proxy for
examining what drives differences in attitudes toward conflict-
prone carnivores among Nakuru County residents. Thus, the
main proxy for attitudes utilized in this study was “Do you think
it is important to conserve the spotted hyena?” Pair-wise analyses
were conducted for all relevant explanatory variables (age,
education, national park visitation by participant, national park
visitation by participants child, livestock ownership, whether
participant actively guards livestock at night, number of livestock
owned). To determine whether perceived carnivore conflict or
attitudes could be predicted using these variables, a logistic
regression was then run for each dependent variable across all
explanatory variables. After eliminating any collinear variables
using the vif function, we used the dredge function in the MuMin
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TABLE 2 | Variables retained in best-performing model of predictors of attitudes toward spotted hyena conservation (AUC = 0.805).

Variable B SE z-value p-value
Has experienced an attack on their cattle” —1.758 0.945 —1.86 0.063
“Hyenas are attacking livestock due to food shortage*” 0.793 0.29 2.731 0.006
Time of day participant leaves their home for food 0.157 0.092 1.712 0.086
Fears carnivores on child’s way to school* 0.68 0.288 2.358 0.018
Visited LNNP* 0.738 0.289 2.55 0.011
Primary occupation: farmer/herder —0.682 0.302 —2.255 0.024

*Y/N questions: “No” is the reference variable.

package in R to conduct model selection, and retained model
variables within 2 delta AIC of the top model for model averaging
(Burnham and Anderson, 2002). To test the robustness of the
top model, we bootstrapped a calculation of the area under
the receiver operating characteristics curve (AUC; Pearce and
Ferrier, 2000). We randomly split the data into 20% testing and
80% training data, and calculated AUC using the performance
function in the ROCR package. AUC values below 0.7 were
considered poor, values between 0.7 and 0.8 were considered
acceptable, and values >0.8 were considered good or excellent
(Hosmer and Lemeshow, 2000).

Finally, to assess underlying values and beliefs that may lead
to positive or negative attitudes toward carnivores, we conducted
descriptive statistics and pairwise analyses of responses to follow-
up questions in which we had asked people to describe why they
did or did not believe spotted hyena conservation was important
(see Appendix 1).

RESULTS

Spatial Patterns of Verified and Perceived

Carnivore Conflict

Overall Patterns and Correlates

Verified and perceived conflict reports exhibited marked
differences in spatial distribution and density. Kernel density
estimates revealed a maximum of 3.34 verified and 3.44 perceived
conflict reports per km? within the study area (Figures 2A,B).
The difference map (KDEperceived - KDEyerfiea) showed a
maximum of 3.02, and a minimum of —3.44, with a mean
difference of 0.044, meaning differences in the mapped reports
across the study area skewed slightly toward perceived conflict.
However, the minimum indicated a region on the map where
there were no perceived conflict reports at all (Figure 2C).

KDE analyses exhibited 198.88 km? of high divergence
(quantified as first [—3.44 to —0.444] and eighth [0.709-3.02]
quantiles of difference) between the two datasets: 87.02 km?
(~9.8% of the KDE study extent) skewing toward perceived
conflict, and 111.856 km? (~12.6% of the study area) skewing
toward verified conflict (Figure2A). Within these areas of
maximum divergence, mean NDVI for the lower quantile (i.e.,
areas skewed toward verified conflict) was 0.283 (o = 0.038),
while mean NDVI for areas skewed toward perceived conflict
was 0.316 (o = 0.015). NDVI was positively correlated with
perceived conflict kernel density (8 = 0.477, p < 0.01), and

negatively correlated with verified conflict kernel density (8 =
—0.413, p < 0.01). Mean road density within areas of maximum
divergence was 2.46 (0 = 1.113) for areas skewed toward
perceived conflict, and 2.23 (o = 0.341) for areas skewed toward
verified conflict. Road density was positively correlated with both
perceived (8 = 0.115, p < 0.001) and verified (8 = 0.103, p <
0.001) conflict density. Distance to protected area was strongly
negatively correlated with perceived (8 = —13.327, p < 0.001)
and verified (8 = —13.794, p < 0.001) conflict, while slope
showed a slight negative correlation with both perceived (8 =
—0.009, p < 0.05) and verified (8 = —0.016, p < 0.001) conflict.

Correlates of Local Clustering of Perceived Conflict
Those engaged in nighttime guarding of cattle did not differ from
others in their spatial perceptions of HCC hotspots (Figure 3A),
but geographically weighted logistic regression revealed local
clusters (Figures 3B,C). GWLR results indicated that perceived
carnivore-related threats to children and beliefs that wild prey
was scarce correlated with local clusters of perceived conflict that
were reported despite guarding behavior (Figures 3B,C).

Those who reported positive attitudes toward spotted hyenas
similarly did not exhibit marked clustering in their perceptions of
HCC hotspots. Similarly to the guarding behavior results, GWLR
revealed that park visitation, perceptions of carnivore-related
threats to children, and nighttime livestock guarding correlated
with varying local clusters of perceived conflict reports in relation
to attitudes (Figure 4).

Trends in Verified Conflict Reports

There was an upward, but non-significant, pattern in overall
verified conflict reports over time (Figure5A). However,
carnivore species exhibited different trends over time: there was
a slight downward trend in proportion of conflicts attributed
to leopards (8 = —0.0399, p < 0.01), an upward trend in the
proportion of conflicts attributed to servals (8 = 0.0189, p
<0.01), as well as non-significant upward trends in proportion
of conflicts attributed to spotted hyena (8 = 0.0091, p =
0.428) and lion (B = 0.0119, p = 0.331) (Figure 5B). As far
as livestock attacked, verified conflict reports concerning sheep
(B = —0.0145, p < 0.05), and dogs (B = —0.0129, p <0.05)
decreased over time (Figure 5C). A higher number of verified
conflict reports were reported during the dry season, but this
result was non-significant (Supplementary Figure 1).
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TABLE 3 | Statistically significant results of pairwise analyses examining predictors of perceived conflict reports.

Perceived livestock attacks

Variable Mean p-value B Test
Gender
Male 1.725 0.001 Wilcoxon signed-rank
Female 1.13
Visited LNNP
Yes 1.41 0.001 Wilcoxon signed-rank
No 0.82
Education level 0.002 0.157 Im
Nighttime livestock guarding
1.289 0.064 One-way ANOVA
1.484

Predictors of Perceived Conflict/Risk and

Attitudes Toward Carnivores

Gender and national park visitation were the strongest predictors
of the number of conflict reports (Table 3). Pairwise analyses
showed that livestock owners who have more children were less
likely to indicate more perceived livestock attacks on the map (8
—0.101, p < 0.05). Livestock owners with a higher education
level were slightly more likely to report more conflict events on
the map (8 = 0.157, p < 0.01). On average, men reported higher
numbers (X = 1.725) of perceived livestock attacks than women
reported (x = 1.13, p = 0.001). Unexpectedly, participants who
had visited the national park were likely to report more perceived
livestock attacks (x = 1.41) than participants who had not visited
the park (x = 0.82, p = 0.001). If a participant guarded their
livestock at night, they reported slightly fewer livestock attacks (x
= 1.289 livestock attacks) than those who did not actively guard
their livestock at night (X = 1.484), though the result showed low
significance (p = 0.064).

When asked whether they feared risks to children from
carnivores on their children’s way to school, people who actively
guard their livestock at night (X? = 6.1274, p < 0.05) or whose
children walk to school [which is 86.2% of participants who had
children] (X? = 4.3355, p < 0.05) were more likely to perceive
risks to children. Carnivore species feared as risks to children
were spotted hyena (34.4% of participants), leopard (33.9%), lion
(27.5%), and black-backed jackal (20.1%).

Attitudes Toward Carnivore Conservation
Main Predictors of Attitudes

Education, national park visitation, and whether participants
guarded their livestock at night were the strongest predictors of
attitudes toward carnivore conservation (Table 4), with 70.8% of
participants believing that spotted hyenas should be conserved.
According to pairwise analyses on attitudes toward spotted
hyena conservation (as a proxy for carnivore conservation more
generally), if a participant had visited the national park, they
were more likely to have positive views of hyena conservation
than if they had not visited the park (Fisher test, two-sided, p
< 0.001; Figure 6A). Additionally, if a participant’s child had

visited the park, they were more likely to have positive views
of hyena conservation (Fisher test, two-sided, p = 0.001). This
was true despite 82 participants in the latter group (i.e., 44%
of the 186 participants with children who have visited the
national park) never having visited the national park themselves.
Attitudes toward hyena conservation were also more likely to be
positive with increasing education level (8 = 0.3241, p < 0.001;
Figure 6B), and for livestock-owning participants who actively
guard their livestock at night (Fisher test, two-sided, p < 0.01).

If a participant owned any species of livestock, they were less
likely to believe hyenas should be conserved (Fisher test, two
sided, p = 0.01). Participants who self-identified as farmers and
herders for their primary livelihood (Fisher test, two sided, p <
0.01), or said their children face risks from carnivores on the way
to school (Fisher test, two sided, p = 0.01), were also considerably
less likely to report positive attitudes toward hyena conservation.
Participants who owned at least one shoat in particular were
significantly less likely to believe hyenas should be conserved (8
—0.322, p < 0.01), and cattle owners followed the same pattern
—0.5011, p < 0.01).

B

Reasons for Positive and Negative Attitudes Toward
Hyena Conservation

Participants who said it was important for spotted hyenas to be
conserved believed this due to ecotourism (83.3%), ecological
reasons (43.2%), cultural reasons (15.2%), or other reasons
such as for children to view in the future (“For the next
generation”), or because hyenas were created by God (“They are
God’s creatures”). Participants who said it was not important for
spotted hyenas to be conserved largely believed this due to the
species’ role in livestock attacks (89%), attacks on people (38%),
or belief that hyenas are a bad omen (11%).

Of participants who supported hyena conservation, if the
participant was older (8 = —0.2003, p < 0.01), owned higher
numbers of cattle (8 = —0.3439, p < 0.05), or owned higher
numbers of shoats (f = —0.2372, p < 0.05), they were less likely
to say that ecotourism money was the reason to conserve spotted
hyenas. Women (X? = 4.1778,df = 1, p < 0.05), participants with
higher education levels (8 = 0.2279, p < 0.001), and participants

Frontiers in Conservation Science | www.frontiersin.org

12

July 2021 | Volume 2 | Article 681769


https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/conservation-science#articles

Wilkinson et al.

Verified and Perceived Conflict Divergences

TABLE 4 | Statistically significant results of pairwise analyses examining predictors of attitudes toward spotted hyena conservation.

Hyena conservation p-value B Statistical test

Visited LNNP Yes No Fisher test

Yes 127 (48.1%) 34 (31.2%) <0.001

No 137 (51.9%) 75 (68.8%)
Child visited LNNP Fisher test

Yes 140 (53%) 45 (41.3%) 0.002

No 103 (39%) 61 (56%)

No children 21 (8%) 3(2.7%)
Livestock ownership Fisher test

Yes 227 (86%) 98 (90%) 0.017

No 37 (14%) 11 (10%)
Shoat ownership Fisher test

Yes 210 (79.5%) 90 (82.6%) 0.01

No 54 (20.5%) 19 (17.4%)
Education level <0.0001 0.324 Logistic regression
Nighttime guarding Fisher test

Yes 111 (42%) 44 (40.4%) 0.007

No 115 (43.6%) 54 (49.5%)

No livestock 38 (14.4%) 11 (10.1%)
Fear risks from carnivores on child’s way to school Fisher test

Yes 145 (54.9%) 47 (43.1%) 0.011

No 45 (17%) 26 (23.9%)

No children in school 74 (28%) 36 (33%)
Fear lions on child’s way to school Fisher test

Yes 83 (31.4%) 21 (19.3%) 0.034

No 107 (40.5%) 52 (47.7%)

No children in school 74 (28%) 36 (33%)
Primary occupation: Farmer/herder Fisher test

Yes 144 (54.5%) 77 (70.6%) 0.007

No 120 (45.5%) 32 (29.4%)
Livestock owners
# of shoats owned 0.004 —0.501 Logistic regression
# of cattle owned 0.003 —-0.322 Logistic regression
# of donkeys owned 0.012 -0.725 Logistic regression

whose children had visited the national park (X? = 7.9898, df =
2, p < 0.05) were more likely to report ecotourism money as a
reason to conserve spotted hyenas.

Meanwhile, participants who had visited the national park
were more likely to report ecological reasons to justify why it
was important to conserve spotted hyenas (X? = 4.637, df = 1,
p < 0.05), as were participants with higher education levels (8 =
0.1351, p < 0.05).

DISCUSSION

This study used a uniquely interdisciplinary dataset to advance
our understanding of the social and ecological drivers of human-
wildlife conflict. Our analyses provided three main conclusions:
(1) verified and perceived conflict exhibit quantifiably different
spatial patterns, (2) information from verified conflict reports

may be tied to anthropogenic ecosystem changes, and (3) park
visitation, education level, and gender may be strong predictors
of risk perceptions and attitudes toward carnivores, and can thus
serve as conservation targets or mechanisms for managers in
conjunction with spatial information.

Mismatch in Perceived and Verified
Conflict

There were clear spatial differences between the perceived and
verified conflict datasets. Areas of mismatch between verified
and perceived conflict density comprised ~20% of the conflict
study area, with clear local regions where conflict skewed toward
perceived or skewed toward verified. Though the effect was
slim, NDVI was positively correlated with perceived conflict
and negatively with verified conflict. This could be due to
overinflation of perceived conflict in highly vegetated regions that

Frontiers in Conservation Science | www.frontiersin.org

13

July 2021 | Volume 2 | Article 681769


https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/conservation-science#articles

Wilkinson et al.

Verified and Perceived Conflict Divergences

A
Yes
No
I [ I [ I [
Guarding Visited. LNNP Hyena.cons.
B 100% A
75%
_g Hyena conservation
S 50%- | [ no
o
o Yes
25%
0%

d&f\é’w”
éob

&
e &@’&o’

&5 &
q‘\é‘

ff
gf f &

Education

important to conserve the spotted hyena?”.
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National Park, and (3) Do you think it is important to conserve the spotted hyena? Livestock guarding (o < 0.01) and park visitation (p < 0.001) were two of the most
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carnivores could be more likely to use as habitat (e.g., Kolowksi
and Holekamp, 2006; Thorn et al., 2012; Broekhuis et al., 2017).

Road density, meanwhile, was positively correlated with both
verified and perceived conflict. This could be because where there
are people, there are more roads, and in this region human
population density is increasing due to a boom in immigration
(Were et al., 2013). Because wildlife in this densely developed
area are likely more nocturnal (Gaynor et al., 2018), people
are likely experiencing carnivore conflicts at night near their
homes (Ugarte et al., 2019), rather than during the day while
animals are out to pasture in open or less road-dense areas.
However, there is also broader literature showing that isolation
of people from nocturnal animal activity may reduce conflict
(e.g., Carter et al., 2012b), so further research is needed in
this area. As we consider carnivore management in increasingly
human-dominated landscapes, it is important to take into
account how human activity and infrastructure is correlated
with concentrations of conflict risk (e.g., Said et al., 2016), and
translate these findings into thoughtful conservation-friendly
infrastructure development.

While many people in our study reported using tools for
nighttime livestock protection, livestock guarding was not a
significant predictor of spatial patterns of perceived conflict. This
aligns with our understanding that many HCC interventions are
implemented without evidence of their effectiveness (Moreira-
Arce et al., 2018). However, people’s beliefs about two factors—
-wild prey availability and carnivore-related threats to children—
-correlated with spatial patterns of perceived conflict that was
reported despite guarding efforts. Similarly, spatial trends of
perceived conflict and their correlates were evident for regions
where people still perceived livestock depredations despite their
positive attitudes toward carnivores. These analyses can help
us to understand not only what might compel people to over-
report conflict, but also which regions to target for locally-specific
drivers of conflict.

Trends in Verified Conflict

Verified human-carnivore conflict reports in Nakuru County
exhibited several trends that ran counter to our predictions and
may be a result of anthropogenic ecosystem change. For instance,
seasonality was not a strong predictor of verified conflict, though
the verified reports skewed slightly toward the dry season. This
runs counter to a common belief that wildlife are able to
disperse more widely during the rainy season in arid ecosystems
(Koziarski et al.,, 2016), but correlates with reports of wildlife
leaving fenced protected areas more frequently in the dry season
(Kesch et al., 2015; Wilkinson et al., 2021).

Despite being one of the most abundant carnivore species in
the region, black-backed jackals were not reported in the verified
dataset. This result matched with the perceived data regarding
participants’ fears of carnivore-related threats to children on
their way to school; jackals were the species least likely to be
feared by participants. However, jackals are known to prey on
vulnerable young livestock (Kamler et al., 2012), and have been
seen doing so in this particular study area (author observation).
Additionally, verified reports attributed to serval increased while
leopard reports decreased. Because of the rapid development
and deforestation in the region over the past decade (Mubea

and Menz, 2012), it is possible that this trend is evidence of
mesopredator release following declines in leopard populations
(Prugh et al., 2009). While reporting bias and understaffing may
have resulted in a limited verified conflict dataset from which to
draw conclusions, the dataset’s length of time and consistency of
collection likely overcame these biases when assessing these basic
trends. Future research on HCC should look more deeply into
ecological and social drivers of observed trends in verified reports
to better inform conflict management and to provide insight into
broader ecological trends in conflict-prone regions.

Predictors of Perceived Conflict, Perceived
Risk, and Attitudes

Visitation to Lake Nakuru National Park was one of the strongest
predictors of lower perceived conflict, less perceived risk, and
positive attitudes toward carnivores. This held true even if
the participant themselves hadn’t visited but their child had.
Educational efforts regarding conservation are known for being
frequently touted, but rarely evaluated (Tomicevic et al., 2010).
Our results could be an important data point regarding the
effectiveness of environmental education in communities dealing
with conflict. This result is especially surprising given the intense
immigration into the region; it is possible that visitation to
the national park can drive formation of a “sense of place”—
or connection to the environment in this region—and thus
a stronger connection to wildlife. Sense of place (Hausmann
et al,, 2016) is solidified when people are young, which could be
influencing the strength of the effect of children’s national park
visitation. Importantly, domestic tourism is not only important
for connecting people with their protected areas, but is also
one of many ways to address sub-Saharan Africa’s over-reliance
on international tourism which is subject to collapse during
stochastic events such as COVID-19 (Lindsey et al., 2020). Kenya
and other countries with similar reliance on tourism revenue
could take these results as another benefit to enhancing their
domestic tourism infrastructure to make protected areas more
accessible to its citizens and particularly the local communities
living near conservation areas (Sindiga, 1996; Okello et al., 2012).

While national park visitation could be influencing people’s
wildlife-related knowledge, formal education level was arguably
the strongest predictor in our perceived conflict and attitude
models. Our results show that having any amount of primary
school education made a participant more likely to have positive
views toward carnivores, and less likely to report perceived risk of
livestock conflict. This aligns with other studies that have found
education levels to be linked with positive attitudes and reduced
risk perceptions regarding carnivores (Holmern et al,, 2007;
Dressel et al., 2014; Knopft et al., 2016; Koziarski et al., 2016).
However, nearly 15% of our participants reported having received
no schooling, which could be due to the lack of compulsory
education during the schooling years of older participants
(whereas now basic education in Kenya is compulsory and free),
or in part due to school accessibility and transportation. In
this region, some primary and secondary students are known
to walk long distances to attend school (author observation).
Education is an avenue for learning about the environment
and perhaps changing attitudes toward wildlife (Tomicevic
et al, 2010). The strong link we see between education and
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perceptions of carnivores and conflict may be an additional
compelling argument for increasing access to basic education
and conservation awareness programs where communities are
sharing landscapes with carnivores.

Lastly, across education levels and park visitation rates,
gender played an important role in predicting the nature of
perceptions and attitudes. For instance, women were more likely
to voice that money from ecotourism was an important reason
to conserve spotted hyenas. This could be because in many
parts of sub-Saharan Africa, women serve as crucial links from
the community to the national parks and reserves through
selling handmade crafts and food to tourists (Twining-Ward
et al,, 2018). In fact, women participants in this study often
enthusiastically reported they would “benefit from wildlife if we
were able to sell our [goods] to tourists,” even if they hadn’t yet
had the opportunity to do so. Notably, women also reported
fewer perceived conflicts than men (i.e., less likely to over-
report, and/or differences in daily experiences; Gore and Kahler,
2012), which could further reflect their importance as a specific
demographic to target for co-created conflict solutions.

CONCLUSION

Human-carnivore conflict is a global challenge that is influenced
by synergistic ecological and social dynamics. This study
quantified differences in verified and perceived conflict and
identified predictors of those differences. Despite the high levels
of perceived conflict reported by interviewees, participants had
largely positive attitudes toward carnivore conservation, even
though there has been increased immigration into the region
and a considerable subset of our interviewees were not long-term
residents. Previous research has shown that the longer a person
resides in the area, the more positively they feel toward certain
species of large carnivores (Mkonyi et al., 2017), but our findings
demonstrate more nuance in this than originally thought.

We were able to explore complexity in patterns of conflict
using spatial analyses to understand where verified and conflict
datasets diverge, what socioecological factors might predict
spatial patterning in conflict reports, and which correlates
of perceived conflict are more important in particular local
regions. Our results provide empirical evidence to reinforce
the understanding that working with communities to explore
these mismatches can promote socially just and sustainable
management of human-carnivore conflicts (Redpath et al,
2013). Additionally, our findings highlight the fact that land
subdivision, fragmentation, and fencing within the landscape
should be addressed through inclusive spatial planning to avoid
exacerbating conflicts while supporting conservation measures
and local community livelihoods (Said et al., 2016). Future
research on human-carnivore conflict in developing landscapes
should recognize that incorporating participatory methods and
social science with ecological data is critical for inclusivity in
addressing longstanding conservation conflicts and preventing
the emergence of new ones (Weldemichel and Lein, 2019).
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