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Abstract: In western Uganda, the landscape surrounding Kibale National Park (KNP) contains households,

trading centers, roads, fields, and forest fragments. Themosaic arrangement of these landscape features is thought

to enhance human–primate interaction, leading to primate population declines and increased bi-directional

disease transmission. Using a social–ecological systems research framework that captures the complexity of

interaction among people, wildlife, and environment, we studied five forest fragments near KNP and conducted

intensive on-the-ground mapping to identify locations of human–primate spatial overlap. Primate locations and

human activities were distributedwithin, on the edges, and far beyond fragment borders. Analysis of shared spaces

indicated that 5.5% of human space overlapped with primate spaces, while 69.5% of primate spaces overlapped

with human spaces. Nearest neighbor analysis indicated that human activities were significantly spatially clustered

within and around individual fragments, as were primate locations. Getis–Ord statistics revealed statistically

significant ‘‘hotspots’’ of human activity and primate activity, but only one location where spatial overlap between

humans and primates was statistically significant. Human activities associated with collecting fuelwood and other

forest products were the primary drivers of human–primate overlap; however, primates also spent time outside of

forest fragments in agricultural spaces. These results demonstrate that fragmented landscapes are not uniform

with respect to human–primate overlap, and that the implications of human–primate interaction, such as primate

population declines and possible cross-species disease transmission, are spatially aggregated.

Keywords: Spatial analysis, human–primate interaction, Uganda, forest fragments, social-ecological systems,

one Health

INTRODUCTION

Social–ecological systems research aims to define research

approaches that are robust, flexible, and dynamic enough

to meet the challenges of coupled human and environ-

mental interaction in times of rapid ecological change

(Leslie et al. 2015). An evolution of classic systems theory,

social–ecological systems theory is defined by its engage-

ment with constructs such as complexity, resilience/vul-

nerability, emergence, and adaptability/transformability
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within an ecological challenge, such as declining fisheries or

environmental degradation (Ostrom 2009). In this context,

complexity refers to the phenomenon that multiple insti-

tutions and actors are unpredictably and co-constitutively

entangled, across space and scale (Vogt et al. 2015); resi-

lience and vulnerability refer to a system’s capacity to cope

with undesirable change through principles and actions of

local actors (Adger 2000; Leslie and McCabe 2013); emer-

gence refers to the occurrence of events at higher levels of

the system, which were set in motion by lower level com-

ponents (Leslie et al. 2015); and adaptability/transforma-

bility refers to a system’s ability to preserve features within

the system that need or should be preserved or to change

where preservation is not desirable or possible (Walker

et al. 2004).

Social–ecological systems research is characterized by

field-based, microscale, interdisciplinary study design

(Ostrom 2009; Poteete et al. 2010). This research project is

framed by a social–ecological systems approach, focusing

on three lower level components—conservation conflict,

forest fragmentation, and subsistence livelihoods. These

three components are interacting, complex, and tangible,

with the potential to drive cross-species disease transmis-

sion through human–wildlife overlap.

BACKGROUND

Wildlife conservation often conflicts with human subsis-

tence livelihoods. These conflicts are especially pronounced

in fragmented habitats (Murcia 1995; Wade et al. 2003;

Fischer and Lindenmayer 2007; Ryan et al. 2015). Habitat

fragmentation negatively impacts the wellbeing of wildlife

(Bennett and Saunders 2010), particularly for species at

higher trophic levels (Michalski and Peres 2005). Small

sizes and isolation of habitat fragments constrain wildlife

mobility and degrade community composition (Carlson

and Hartman 2001; Michalski and Peres 2005; Panzacchi

et al. 2009). Moreover, fragment edges are dynamic land-

scapes themselves. Indistinct boundary zones extend be-

yond the forest fragment itself (Didham 2010), and ‘‘edge

effects’’ penetrate far into fragment interiors (Murcia

1995). For animals, life in fragmented habitats is associated

with increased stress, immunocompromise, and exposure

to infectious agents of people and domestic livestock

(Salzer et al. 2007; Goldberg et al. 2008; Johnston et al.

2010; Chapman et al. 2013).

In the studies of human–wildlife interaction within a

fragmentmatrix, one prevailing assumption is that a forest or

habitat fragment is geographically homogeneous (Fahrig

2003; Didham 2010; Vaidyanathan et al. 2010). The ability to

evaluate landscape change through the use of remotely

sensed images over time has been a useful tool for measuring

the spatial characteristics of habitat fragments (e.g., the

FRAGSTATS computer program; (McGarical and Marks

1994). However, it is becoming increasingly clear that such

approaches fail to account for the complexities of habitats

within and outside of fragments (Vaidyanathan et al. 2010).

Satellite images lack the refinement to identify, describe, or

understand the role of the habitat fragment as a dynamic

space in which human–wildlife interactions occur. Conse-

quently, recent scholarship has been informed by data col-

lected in the field to more fully investigate how, where, and

ultimately why, people and wildlife interact (Chapman and

Lambert 2000; Carter et al. 2012; Locatelli and Peeters 2012).

Fragmentation matters for disease transmission, as

human-induced landscape change is a core driver for

zoonoses, reverse zoonoses, and complex epidemiological

processes of pathogen spread commonly referred to as

‘‘emergence’’ (Smolinski et al. 2003; Allan et al. 2003; Patz

et al. 2004; Aguirre and Tabor 2008; McCord et al. 2014).

Increased human accessibility to wildlife habitat appears

to simultaneously drive human–wildlife contact and

habitat fragmentation (Patz et al. 2008; Lambin et al.

2010; Murray and Daszak 2013; Gottdenker et al. 2014).

Thus, landscape processes operate through human and

animal behavior, modified by host factors (e.g., nutrition,

stress, immunity), to precipitate changes in transmission

dynamics.

Given these discrepancies between spatial approaches

that consider habitat fragmentation to be a primary factor

in cross-species disease transmission, and ecological ap-

proaches that emphasize human and animal behavior, we

sought to understand the role of the ‘fragment’ in the

context of infectious disease in a place highly relevant to the

emergence of novel zoonotic diseases [e.g., filovirus out-

breaks in bordering districts in 2008 (Mbonye et al. 2012)].

Specifically, we conducted an intensive, microscale spatial

study of five forest fragments in Western Uganda, with the

overall goal of characterizing human and animal fragment

ecologies in the context of cross-species disease risk using

an interdisciplinary research framework (Wood et al.

2012). We first sought to describe the spatial distribution of

humans and non-human primates (hereafter ‘‘primates’’)
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across a fragment matrix and to define specific areas of

human–primate overlap. We then used this information to

identify how, where, and why humans and primates exist in

space, how that may impact cross-species disease exchange,

and how that may be averted. The co-occurrence of forest

fragmentation and emerging infectious diseases in this re-

gion provides an ideal scenario for which to examine these

critical interactions.

METHODS

Research was undertaken with approval from the Univer-

sity of Washington’s Human Subjects Division (#32300),

the University of Illinois-Urbana Champaign’s Animal Use

Protocol and Institutional Review Board, the Uganda

Wildlife Authority, the Uganda National Council for Sci-

ence and Technology (NS #221), and Local Leaders. Oral

consent was obtained for all adults in the study at the time

of enrollment and recorded using signed notation by field

assistants approved to conduct human subjects research.

Parents provided assent on behalf of children under 14

years old.

Study Sites

We targeted five forest fragments near the boundary of

Kibale National Park (KNP), in western Uganda, that were

also habitats for primates (Figure 1). Sites were defined as

remnant forests (without the protected status that KNP

holds) in use by both primates and humans (Table 1). In

this region, forest fragments provide important human

livelihood resources such as building materials, traditional

medicine, water, and fuelwood (Naughton-Treves et al.

2007; Naughton-Treves et al. 2011; Goldberg et al. 2012;

Ryan et al. 2015). However, for primates that reside within

the KNP landscape matrix, fragmentation has deleterious

effects including reduced health, enhanced cross-species

microbial transmission, and local extirpations of primate

populations (Goldberg et al. 2008).

Sample Selection

Primates included red colobus (Piliocolobus rufomitratus

tephrosceles), black and white colobus (Colobus guereza),

and red-tailed guenon (Cercopithecus ascanius). These

species were selected due to their persistence in forest

fragments, relevance to primate conservation, variable

sensitivity to environmental change, and/or adaptability to

modified habitats (Onderdonk and Chapman 2000;

Chapman et al 2005; Goldberg et al. 2008; Goldberg, et al

2012). Vervet monkeys (Cercopithecus aethiops) were also

present in these fragments but were not included due to

their transient nature.

All households within 500 meters of each fragment

were mapped and censused. Households were then ran-

domly selected through spatial stratification by geo-

graphic quadrant for each fragment. For example, we

assigned households into one of four locations according

to their position relative to the forest fragment. The

quadrants were northwest, northeast, southwest, and

southeast. One household at a time was then selected

from each quadrant by random draws of paper until we

reached a total of 80 individuals. After consent was se-

cured, all household members were enrolled in the study.

This sampling scheme resulted in a random selection of

spatially stratified households with a nested sample of

participants.

Figure 1. Map of study region.
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Data Collection Through Mapping Human

Activities and Primate Locations

From October 2008 through May 2009, local field assistants

administered surveys to participants in the local language.

The survey generated data on livelihood activities over the

preceding four weeks for each household member. Liveli-

hood activities included: tending livestock (goats, sheep,

cows, pigs); working in fields; collecting firewood; col-

lecting forest products; fetching water; guarding crops;

making charcoal; brewing; maize daubing; and clearing the

forest.

Survey data were then used to guide an activity space

mapping exercise. Participants led field assistants on a

guided tour indicating up to three locations where each

livelihood activity previously mentioned had occurred.

Field assistants recorded coordinates at each location and

input codes that corresponded with each activity. Data

were collected using a hand-held Global Positioning Sys-

tem unit (Magellan Explorist 500, Santa Clara, CA; accu-

rate to 3 m).

Primate location data were collected using three

methods. The first was a census of primates during which

field assistants conducted exhaustive searches of each

fragment and enumerated primate social groups and

individuals, including their age, sex, and location. These

census searches lasted at least 6 days. The field assistants

began by searching independently for individuals or groups

of primates and recording relevant demographic data. At

the end of the day, the four field assistants compared data

and resolved any inconsistencies. Subsequent interviews

with local villagers (especially those self-identified as

knowledgeable about local wildlife) were then used to

determine whether primates could also be found outside of

the fragment and where. These interviews informed a

subsequent two days of searching for primates outside the

forest fragment, which finalized the census.

The second method used to determine primate loca-

tions was collection of spatial data in support of on-going

primate fecal sample collection (Salyer et al. 2012; McCord

et al. 2014). Primates were followed and geographic coor-

dinates were recorded when samples were collected. Fi-

nally, GPS waypoints were collected during primate

behavioral observations, in which coordinates were re-

corded throughout the day, whenever primates were not

moving. The resulting spatial data therefore do not rep-

resent primate home ranges, but rather the locations of
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primates during the day and when it was possible to ob-

serve them confidently.

Data for primates and humans were collected simul-

taneously. Two field assistants were assigned to follow

primates, and three field assistants plus the project man-

ager, collected data from people.

Statistical Analysis

Based on georeferenced data on households and forest

boundaries, the geometry of each fragment study site was

recreated and basic parameters (e.g., area, perimeter) were

calculated (ArcGIS, Redlands, CA). Each human activity

space was assigned a location descriptor to indicate its place

in the landscape. The descriptors were ‘inside’, ‘outside’, or

on the ‘edge’ of fragment. ‘Edge’ was defined as 5 m inside

and 5 m outside of the boundary of the fragment, while

‘inside’ was the fragment itself less the 5 m included in

‘edge.’ The ‘outside’ area was calculated by creating a

minimum convex polygon for each fragment containing all

activity points for that fragment, excluding the ‘edge’ and

‘inside’ areas.

We conducted a G-test for goodness-of-fit to evaluate

the statistical significance of human activities within, on the

edge, or outside of the fragment using R 2.10 (Vienna,

Austria) and the gstat package. The G-test, like a chi-square

test, compares observed versus expected values, but speci-

fies the distribution of expected values to be based on a

factor that might affect raw counts (McDonald 2014). In

this case, the factor considered was relative area of the

different locations for each fragment (‘inside’, ‘edge’, and

‘outside’). The relative areas of inside/outside/edge were

converted into percentages of the total area, which were

then used to inform the expected distribution. We sought

to examine whether certain activities occurred dispropor-

tionately inside, outside, or on the edge of the fragment.

Expected values for activities that occurred within

fragment ‘edges’ were often quite small relative to ‘outside’

or ‘inside’ the fragment because the area of a fragment’s

edge was proportionally much smaller than that inside or

outside the fragment. As a consequence, all expected values

for the edge area were less than five, which approaches the

minimum recommended sample size for G-tests (Sokal and

Rolf 2011; McDonald 2014). Therefore, we invalidated re-

sults if the total expected frequencies (inside and outside as

well as edge) for a given activity in a given fragment were

less than five.

Spatial Analysis (Visualization and Pattern

Detection)

To investigate spatial clustering of humans and primates

across each fragment, we conducted spatial autocorrelation

and hotspot detection analyses. Using the Nearest Neighbor

statistic, we calculated the distribution of clustering and

dispersal (i.e., spatial autocorrelation) for human activity

spaces and again for primate locations. Hotspots of human

or primate activities were calculated through the Getis–Ord

statistic. Both of the above calculations were run through

the toolbox features in ArcGIS 10.1 (ESRI, Redlands, CA).

Where human hotspots and primate hotspots overlapped,

the human activity that occurred within the cluster was

identified as a possible driver for overlap.

RESULTS

Study Sites and Populations

Of the five study sites (Figure 1), four were situated along

the northwest border of KNP (Bugembe, Rurama, Kya-

mazima, and Kitojo); the fifth (Byara) was on the north-

eastern side. The largest fragment was Bugembe (0.216

km2) and the smallest was Kyamazima (0.015 km2). The

fragments were all in low-lying areas, on steep slopes, and/

or in valley bottoms with persistent water (Table 1). These

areas are non-arable, explaining the persistence of forest.

A total of 635 waypoints were collected to identify

locations for approximately 124 primates across the five

fragments. The average number of primates per fragment

was 25 ± 3.25. Kitojo supported the largest number of

primates with 32 red-tailed guenons. The fewest primates

were found in Kyamazima (six red-tailed guenons, five

black and white colobus, and three red colobus) (Table 1).

Across all five study sites, a total of 105 households

were enumerated; of those, 61 households were enrolled.

The largest number of participants lived in Rurama (26.5%,

n = 97), while the smallest number lived in Kitojo (13.6%,

n = 50). The average number of participants per fragment

was 73 (Table 1). Across all sites, the majority of partici-

pants identified as members of the Mutooro cultural group

(73.2%, n = 267) and as students (34.1% n = 124) or

subsistence farmers (31.5%, n = 115). The median age was

15 years and the age range was 0.25–90 years. Participants

were 50% (n = 184) female and 50% (n = 181) male. Data

on a total of 2351 human activity spaces were collected for

367 participants.
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Distribution of Human Activities Across

the Fragments

The most frequent human activities (Table 2) were tending

livestock (38.3%), working in fields (28.4%), collecting

firewood (15.3%), and collecting water (13.8%). Results of

the G-test showed that tending livestock, working in fields,

collecting firewood, and fetching water were significantly

spatially clustered either ‘outside’, ‘inside’, or along the

‘edge’ of the fragment (Table 3).

Visualizing the Spatial Configuration of Human

Activities Across the Landscape

By mapping human activity spaces, we were able to infer

spatial patterns of activity for people in the fragmented

landscape. Our results indicate that activities occur in

spatial configurations that differed among study sites. For

example, human activity spaces were recorded inside, along

the edge, and outside four fragments (Byara, Kitojo, Kya-

mazima, and Rurama). However, in Bugembe, no human

activity spaces were recorded inside the fragment (Fig-

ures 2a–e).

Spatial Clusters of Human Activity Spaces and of

Primate Locations

Nearest Neighbor Index showed that both human activity

spaces and primate locations were significantly clustered for

all fragments. Table 4 shows Bugembe displayed the highest

amount of human activity space clustering. Kitojo displayed

the highest amount of primate clustering and Kyamazima

the least. All clustering was statistically significant (Table 4).

Table 2. Frequency of Human Activity Spaces for Each Fragment.

Activities Bugembe n (%) Byara n (%) Kitojo n (%) Kyamazima n (%) Rurama n (%) Total n (%)

Tend livestock 147 (35.8%) 171 (38.3%) 117 (35.3%) 270 (48.2%) 196 (33.7%) 901 (38.3%)

Work in fields 114 (27.7%) 138 (30.9%) 95 (28.6%) 137 (24.5%) 184 (31.7%) 668 (28.4%)

Collect firewood 56 (13.6%) 67 (15.0%) 36 (10.8%) 77 (13.8%) 123 (20.5%) 359 (15.3%)

Collect water 80 (19.4%) 51 (11.4%) 57 (17.2%) 63 (11.2%) 74 (12.3%) 325 (13.8%)

Collect forest products 10 (2.4%) 2 (0.4%) 2 (0.6%) 12 (2.1%) 7 (1.2%) 33 (1.4%)

Guard crops 1 (0.2%) 2 (0.4%) 22 (6.6%) 0 10 (1.7%) 35 (1.5%)

Make charcoal 0 16 (3.6%) 0 0 1 (0.2%) 17 (0.7%)

Clear forest 3 (0.7%) 0 0 0 2 (0.3%) 5 (0.2%)

Brew beer 0 0 3 (0.9%) 1 (0.2%) 3 (0.5%) 7 (0.3%)

Maize daubing 1 (0.2%) 0 0 0 0 1 (0.04%)

Total activity spaces 412 447 332 560 600 2351

Table 3. Results of G Tests Analyzing Locations of Human Livelihood Activities with Respect to the Forest Fragment. Location Refers to

the Position Within the Fragment (Inside/Outside/Edge) Where the Activity Occured Significantly More than Expected1,2.

Activities Byara Kitojo Kyamazima Rurama

G test P value Location G test P value Location G test P value Location G test P value Location

Collecting firewood 108.408<0.01 Edge/Inside 10.8575<0.01 Edge/Inside 13.5381<0.01 Edge/Inside 116.332<0.01 Inside

Tending cattle 33.2129<0.01 Edge/Inside 17.1699<0.01 Edge 10.3951<0.01 Outside 18.1258<0.01 Outside

Tending goats 68.3383<0.01 Edge/Outside 30.451 <0.01 Edge/Outside 11.5395<0.01 Edge/Outside 47.1445<0.01 Outside

Tending pigs 4.7949 0.09095Not significant 7.0805 0.02901Outside 7.0538 0.0294 Outside 23.5722<0.01 Outside

Guarding crops … … 8.1985 0.01659Outside … … … …
Working in fields 94.5273<0.01 Outside 35.4026<0.01 Outside 10.0238<0.01 Outside 41.2892<0.01 Outside

Collecting water 69.3349<0.01 Edge/Outside 21.2416<0.01 Outside 7.7963 <0.01 Outside 34.8869<0.01 Outside

1Empty cells indicate tests that were dropped due to invalid sample size
2No G tests were run on Bugembe fragment because all of the livelihood activities occurred outside of the fragment
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Figures 3a–e show hotspot maps for human activity

spaces and primate locations, calculated using Getis–Ord

statistic. Human activity space hotspots were located pri-

marily outside of fragments. Byara was the only community

with significant clustering of human livelihood activities

inside of the fragment. In Kitojo, although clusters of hu-

Figure 2. aHuman activity spaces around Bugembe. bHuman activity spaces around Byara. cHuman activity spaces around Kitojo. dHuman

activity spaces around Kyamazima. e Human activity spaces around Rurama.
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man activity were observed, none were statistically signifi-

cant.

Primate hotspots were found exclusively inside or on

the edge of the fragment in Bugembe and Byara. In Kya-

mazima, eight primate location hotspots were identified,

and half of those were located outside of the fragment.

Primate hotspots were found exclusively outside of the

forest fragments of Rurama and Kitojo, but with a z-score

close to zero, implying lack of statistical power.

The only location where primate and human hotspot

clusters definitively overlapped was on the edge of the

Byara fragment. The human activity that most strongly

contributed to this finding was firewood collection. The

rarity of overlapping clusters may indicate avoidance of

areas of high human use by primates.

Conversion of Points into Polygons to Estimate

Spatial Overlap

Spatial locations of primates and humans for each fragment

were converted into minimum convex polygons. Overlap of

the human and primate polygons for each fragment were

then quantified, and primate polygon area was expressed as

a percentage of the total area of human usage and vice versa

(Table 4). Kitojo had the highest proportion of human

space overlapping with primates at 16.66%. Bugembe had

the lowest proportion of human spaces overlapping with

primates at 1.19%.

For all fragments, the proportion of primate spaces

that overlapped with humans was much higher than the

proportion of human spaces that overlapped with primate

space. In fact, for Byara and Kyamazima, primate spaces

overlapped 100% with human spaces.

DISCUSSION

We conducted a fine-grained analysis of human–primate

overlap in and around five forest fragments in Western

Uganda. Our maps of human activity spaces revealed

that livelihood activities are distributed across the

landscape matrix. Our G-test and Nearest Neighbor

analyses showed that human activity was spatially

aggregated, and that subsistence livelihood activities,

such as firewood collection and gardening, were the

major determinants of human presence. Hotspot analysis

using Getis–Ord statistic showed that both human

activity spaces and primate locations were spatially

clustered regardless of the absolute frequency with which

people and primates were recorded. Thus, when certain

locations were revisited frequently by multiple individ-

uals, those locations were close together. In other parts

of the landscape, few individuals and infrequent visits to

those locations occurred, making them ‘‘not spots,’’ or

areas of disproportionately low activity and overlap.

Clearly, people and primates use their habitats deliber-

ately, and this sometimes leads to use of shared space

and sometimes to avoidance, depending on the partic-

ular characteristics of the landscape. This observation

reinforces the notion that considering habitat fragments

to be uniform spaces is an oversimplification (Anderson

et al. 2007; Didham 2010).

Our analysis also revealed locations where people and

primates overlapped in space. In most locations, hotspots

for humans and primates were far apart. However, on the

southern edge of Byara (Figure 3b), primate and human

hotspots overlapped significantly. Collecting forest prod-

ucts, such as firewood and herbal medicines, is the driver

Table 4. Spatial Clustering of Human Activity Spaces and Primate Locations1.

Fragment Human clustering % Human area overlapping

primate area

Primate clustering % Primate area overlapping

human area
O/E NNR z-score O/E NNR z-score

Bugembe 0.32/54.28 0.006 -41.97* 1.19 2.53/22.34 0.114 -17.04* 37.9

Byara 1.06/22.04 0.048 -42.05* 14.91 1.38/14.25 0.097 -24.38* 100

Kitojo 0.55/16.96 0.033 -37.35* 16.66 0.75/28.03 0.027 -13.43* 59

Kyamazima 1.39/19.29 0.072 -45.36* 6.47 1.34/9.99 0.134 -19.60* 100

Rurama 0.72/17.08 0.042 -49.22* 10.55 2.16/18.24 0.118 -20.10* 63.2

1Observed/Expected distance refers to distance (in meters) between waypoints. Smaller nearest neighbor ratios (NNR) indicate higher clustering, and smaller

z-scores indicate greater confidence in that result.

* P < 0.05.
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for intensive and frequent use of this space by people. Thus,

specific human activities can be considered hotspot drivers

of overlap.

Through a social–ecological systems research frame-

work, this study responds directly to calls for increased

attention to the structures and interactions that underpin

Figure 3. a Human and primate hotspots around Bugembe. b Human and primate hotspots around Byara. c Human and primate hotspots

around Kitojo. d Human and primate hotspots around Kyamazima. e Human and primate hotspots around Rurama.
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human–animal–ecological change in the context of zoo-

notic diseases. We have described scenarios where the risk

of cross-species disease transmission is predicated upon the

complexity of seemingly mundane, often invisible, social–

ecological interfaces. Such approaches improve capacity to

devise effective policy and practice recommendations that

are informed by the realities of the lives that are targeted for

intervention (King 2011; Leach and Scoones 2013; Brown

and Kelly 2014). The multiple spatial methods used herein

reveal spaces of potential risk for both human health and

conservation.

Past research in this area has shown that fragmentation

increases microbial transmission risk, as assessed using

molecular epidemiological methods (Salzer et al. 2007;

Johnston et al. 2010; Salyer et al. 2012; Ghai et al. 2014).

Subsequent research has found that risk of human and

primate contact is highest for people living in the fragment

matrix compared to those who live alongside Kibale Na-

tional Park itself, despite the fact that KNP is unsurpassed

for its primate density and diversity (Paige et al. 2014).

Our study contributes to this growing literature by

drawing upon social–ecological systems theory and con-

cepts, which enables the consideration of phenomena on a

finer scale. Our results show a remarkable degree of non-

uniformity with respect to the distribution of people and

primates within and among forest fragments. They also

demonstrate that primates frequent areas beyond the

fragment, as has been shown in other systems (Anderson

et al. 2007). Given that forest fragments are increasingly

common habitats for primates and other wildlife world-

wide (Marsh 2003), understanding such fine-scale interac-

tions will become increasingly important for both

conservation and public health.

CONCLUSION

This study examines human–primate overlap in a mosaic

landscape of forest fragments. People and primates overlap

extensively in their use of space, but this varies considerably

among forest fragments and as a result of different human

behaviors. To the extent that habitat overlap informs dis-

ease transmission risk, interventions that target risky hu-

man–wildlife context may not be generalizable among

locations. This conclusion emphasizes that decisions about

outbreak mitigation must be place-specific and informed

by local data (Holmes 2008; Lloyd-Smith et al. 2009;

Rabinowitz et al. 2013; Rock and Degeling 2015). Groun-

ded, micro-scale investigations, as represented by social–

ecological systems research approaches, should continue to

inform studies of social and ecological context to describe,

and possibly, predict the context of human–primate spatial

overlap, interaction, and thus the possibility of cross-spe-

cies disease transmission.
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