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Abstract
Fragments and edges account for most remaining forest habitats globally.
Apex predators and megaherbivores often decline in these degraded habitats
while smaller generalist omnivores can persist or thrive in forest edges,
especially if they can utilize nonnative resources (“cross‐boundary food
subsidies”). Outcomes for small‐medium carnivores (mesopredators) remain
unclear or idiosyncratic. We tested responses of a widespread and common
forest mesopredator to edges and the composition of the adjacent nonforested
areas using 91 camera trapping surveys in Southeast Asia. Leopard cats
(Prionailurus bengalensis and Prionailurus javanensis) showed a hump‐shaped
relationship with forest cover and a positive association with oil palm
plantations, but they did not increase near other types of nonnative land
cover. Leopard cats' success in edges appears due to their hunting abundant
rodent prey inside oil palm plantations, providing natural pest management
for farmers. Abundant leopard cats also hunt and suppress native small
vertebrates, which may trigger negative ecological cascades and suppress
biodiversity in forest edges.
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INTRODUCTION

Land use change incurs direct effects (i.e., less habitat)
and indirect effects (i.e., fragmented and edge habitats) on
the wildlife in remaining natural habitats (Haddad et al.,
2015). For example, fragmentation is associated with
altered biodiversity, species interactions, and ecosystem
function at the local, regional, and global scale (Haddad
et al., 2015). Forest edges—defined here as native tree

cover that abuts nonforested and human‐disturbed areas
such as clearcuts or agriculture—abound where there is
fragmentation and even at the borders of large protected
areas. Wildlife communities in forest edges are influenced
by the altered biophysical habitat conditions and hunting
(Benit́ez‐López et al., 2017), but not always in consistent
or predictable ways. For example, forest megafauna
show a variety of responses to edges (Amir, Moore, et al.,
2022; Carr et al., 2023) while interior forest specialists
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consistently decline (Presley et al., 2019) and ecotone‐
specialists and generalists increase (Filgueiras et al., 2021;
Moore et al., 2022). Edge responses remain unknown for
the vast majority of wildlife species.

Wildlife can benefit from edges via favorable abiotic
conditions (e.g., microclimate) and biotic conditions (e.g.,
more open understory or different plant species composition)
that suit their ecology (Filgueiras et al., 2021; Luskin &
Potts, 2011). Forest edges can also improve foraging
conditions (e.g., availability of preferred natural foods or
hunting conditions; Honda et al., 2023) and edges near
humans and agriculture provide opportunities for crop
raiding, garbage scavenging, or other cross‐boundary food
subsidies (Luskin, Brashares, et al., 2017; Oro et al., 2013).
Finally, the loss of large herbivores and apex predators from
fragments and hunting of game species in forest edges could
also benefit smaller animals by reducing predation and
competition (e.g., the mesopredator release hypothesis;
Benit́ez‐López et al. 2017). However, wildlife that prolifer-
ates in forest edges can negatively impact more sensitive
plant and animal species. For example, mesopredators cause
heightened bird nest predation (Prugh et al., 2009), and
negative impacts on people such as zoonotic disease risks
(Gibb et al., 2020; Luskin et al., 2023) and livestock and crop
damage (Luskin et al., 2014; Taylor et al., 2016). Therefore, a
key question in contemporary applied ecology and conser-
vation is quantifying wildlife responses to edges (Moore
et al., 2022).

Many mesopredators are habitat generalists that tolerate
edge conditions and experience release from competition and
persecution where larger carnivores decline (Newsome et al.,
2015). Medium‐sized carnivorous mesopredators can be
further supported in edges where they access food subsidies
via depredating small domestic animals like goats and
chickens (Newsome et al., 2015). However, the responses of
smaller mesopredators to edges are often species‐ and
context‐dependent (Crooks, 2002). For example, in South
America, two small felids, the oncilla (Leopardus tigrinus)
and margay (L. wiedii), show increases in habitat use in some
disturbed habitats (de Oliveira et al., 2010) and declines in
others (Nagy‐Reis et al., 2017). Edge responses remain
unknown for most mesopredators, limiting inferences on
wildlife ecology and conservation and humans.

Southeast Asia suffers high rates of forest loss, edge
creation, and biodiversity declines (Brodie et al., 2023;
Wilcove et al., 2013). With over 70% of Southeast Asia's
remaining forest lying within 1 km of an edge (Haddad et al.,
2015), understanding how wildlife communities change in
edges is crucial in the region. Preliminary work suggests
dramatic shifts in wildlife community composition in Asian
forest edges, with a decline of apex predators (Luskin,
Albert, et al., 2017) and particularly high abundances of
crop‐raiding omnivores (e.g., pigs and macaques), which in
turn disturb plant communities (Luskin, Brashares, et al.,
2017; Luskin et al., 2019, 2021). High densities of other small
mammals have also been reported from forest edges in the
region (Moore et al., 2022), potentially providing an
abundant food source for adaptable carnivorous mesopre-
dators (Holzner et al., 2019). In comparison to larger
charismatic species and compared to other regions globally,
Southeast Asian mesopredators have received relatively little
research attention.

We assessed the responses of Southeast Asia's most
widespread mesopredator to forest edges, the leopard cat
(Prionailurus bengalensis and Prionailurus javanensis).
Leopard cats are common and broadly distributed, but
their ecology and behavior remain poorly understood,
primarily due to their cryptic nocturnal and semiarboreal
behavior. This challenge has been partially overcome
with advances in camera trap technology (Zainalabidin
et al., 2020). Leopard cats have been reported in
disturbed forests and edges (Chua et al., 2016; Mohamed
et al., 2013; Rajaratnam et al., 2007) and have been
observed in and around oil palm plantations and other
tree crops where they hunt rodents (Chua et al., 2016;
Rajaratnam et al., 2007; Wood & Liau, 1984). A key
question is whether leopard cats merely persist near
forest edges and oil palm plantations or if they increase
in these degraded areas (Hood et al., 2019). Leopard cat
responses to forest degradation and the availability of
nonforest resources could fundamentally differ across
spatial scales as they adjust their movements and home
range sizes (Hansen et al., 2020; Thornton et al., 2011).
For example, high total forest cover in the landscape can
support viable populations while movement and habitat
use within a landscape is driven by localized conditions
(e.g., specific sites most suitable for hunting, safely
resting, or breeding; Hood et al., 2019). Thus, we tested
our hypotheses using a multiscale approach, examining
the drivers of leopard cat relative abundance using
occurrence datasets and covariates that described
regional, landscape, and local conditions.

We synthesized camera trapping from across Southeast
Asia to examine leopard cat habitat associations. Leopard
cats generally require some intact forests to hunt, rest, or
breed (Ross et al., 2015) and thus our hypotheses and
sampling focus on conditions in forests while they may
occasionally utilize other non‐forest habitats for foraging or
dispersing. We tested four competing hypotheses about

Practitioner points

• The rise of native mesopredators in forest
edges provides pest control ecosystem services
by regulating rodent proliferation in cultivated
lands and natural forest edges, benefiting
people and conservation.

• Native mesopredators can be managed by
farmers (e.g., oil palm plantation managers)
through the retention of natural forest patches
and the selective cultivation of preferred
microhabitats (e.g., shade trees and understory
vegetation).

• Abundant mesopredators may impose
unnaturally high predation pressure on small
native vertebrate species and undermine con-
servation in forest edges.

• The trade‐offs associated with mesopredators
in forest edges can be elucidated through
mesopredator diet studies spanning different
habitats.
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leopard cat habitat associations and functional relationship
to forest edges:

1. Leopard cats have a nonsignificant relationship with
forest cover (“persistence hypothesis”)

2. Leopard cats have a negative relationship with forest
cover (“edge preference hypothesis”)

3. Leopard cats have a hump‐shaped relationship with
forest cover (“intermediate disturbance hypothesis”)

4. Leopard cats have a positive relationship with forest
edges only when there is also oil palm, since they are
known to hunt rodents in oil palm plantations
(“cross‐boundary food subsidy hypothesis”).

We evaluated our hypotheses at three spatial scales,
which allowed for three additional hypotheses about the
influence of scale in determining which factors shape
mesopredator populations:

5. Climate and biogeographic factors would be most
important for regional occurrence patterns (across all
Southeast Asia)

6. Forest cover would be the most important at the
landscape spatial scale (i.e., variation in detections
among landscapes)

7. Oil palm would be most important at the local spatial
scale (i.e., variation in abundance within a landscape).

To match the regional, landscape, and local spatial scale
of our hypotheses, we used three separate data sets and
corresponding analytical approaches. At the regional scale,
we assessed the covariates and mapped the probability of
presence using MaxEnt species distribution model (SDM)
with presence‐only data (n=451 occurrences). To contribute
to the species' IUCN Red List threat assessment, we also
update their “extent of occurrence” within remaining forest
cover and in protected areas. At the intermediate spatial
scale, we assessed variation among landscapes based on the
detection rates reported in published camera trapping (n=91
studies from 42 landscapes). At the local scale, we assessed
variation within landscapes based on predicted abundance
from hierarchical modeling (drawing on detection histories
from 20 camera trapping surveys at 10 landscapes).

METHODS

Study area and species description

We focused our study on tropical rainforests and mixed‐
evergreen forests, including most of Myanmar, Thailand,
Cambodia, Lao PDR, Peninsular Malaysia, and Indone-
sia (Sumatra, Borneo, and Java). Recent molecular
studies suggest leopard cats on the mainland
(P. bengalensis) and Sunda islands (P. javanensis) are
two distinct species (Kitchener et al., 2017). However, we
analyzed them together due to their similarities in
ecology and physical traits. Leopard cats weigh 1–5 kg
in Southeast Asia (Castelló, 2020; Sunquist & Sunquist,
2014) and are generally considered nocturnal or crepus-
cular (Azlan & Sharma, 2006; Chen et al., 2016;
Grassman, 2000; Mohamed et al., 2013; Smith et al.,

2010). Their diet mainly consists of rodents, especially in
the Muridae family, but also includes birds, insects, and
other small animals (Bashir et al., 2014; Chuang, 2012;
Kamler et al., 2020; Rajaratnam et al., 2007; Shehzad
et al., 2012; Sunquist & Sunquist, 2017).

Approach to multiscale habitat associations

We assessed habitat associations at three spatial scales
utilizing three different statistical approaches. For our
regional‐scale analysis, we used MaxEnt SDM with
presence‐only localities. We refer to SDM as regional
analysis since SDMs are ideal for establishing biogeographic
habitat associations. We included abiotic variables (elevation
and rainfall) and habitat covariates such as forest cover and
oil palm that specifically address our hypotheses. We built
SDMs and compared the importance of explanatory layers
using MaxEnt and the jacknife analysis (all at 1 km
resolution) (Chamberlain et al., 2022).

For our landscape‐scale analysis, we examined
among‐landscape variation in detections from published
camera surveys using generalized linear mixed models
(GLMMs). We included covariates describing the area
within a 20 km radius of the centroid of each of our focal
landscapes using zonal statistics (% of each landcover
type within a defined radius).

For our local‐scale analyses, we examined within‐
landscape relative abundance using detection histories from
new camera trapping, analyzed with a Royal–Nichols (RN)
hierarchical abundance model (Royle & Nichols, 2003). We
derived covariates describing the area within a 1 km radius
of each camera using zonal statistics.

We consider the effect of edges on leopard cats using an
index inversely proportional to the percentage of forest cover
(Haddad et al., 2015). We also used the Human Footprint
Index (Venter et al., 2016), which is a globally consistent GIS
layer incorporating human population and infrastructure
(scaled from 0 to 100) and the Forest Landscape Integrity
Index (Grantham et al., 2020; hereafter just “forest
integrity”), which is a globally consistent GIS layer that
scores forest condition based on both observed degradation
(e.g., logging) and inferred degradation (e.g., edges and
habitat connectivity; scaled from 0 to 10). Within occupied
landscapes, broad abiotic factors are less likely to drive
abundance so we did not include rainfall in our GLMMs or
RN models.

Presence‐only data collation for regional habitat
associations

We collated leopard cat presences from citizen scientists,
museum collections, and published literature. We first
searched the Global Biodiversity Information Facility
(GBIF) repository for presence‐only observations which
includes museum collections and citizen‐science data
(Chamberlain et al., 2022). We supplemented this with
the Borneo Carnivore Database (Rustam et al., 2016), a
collection of presence‐only observations of carnivores on
Borneo. We also include records from published and new
camera trapping (described below). We disregarded
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observations over 20 years old and those without
geo‐referenced information. There have been substantial
landcover changes in the past two decades and thus some
forest observations could now appear as located in
nonforest habitat in the more recently derived spatial
layers used in the MaxEnt analysis, and this would bias
results towards showing preferences for nonforest habitats.

MaxEnt SDM for regional habitat associations

We built a SDM using MaxEnt, a presence‐only machine
learning algorithm that is used to predict species occurrence
over broad areas (version 3.4.4). We included rainfall, forest
integrity, elevation, human footprint, forest cover, and oil
palm cover as predictors in the model. We evaluated model
performance using receiver operating characteristic (ROC)
analysis, setting aside 15% of the data. We report the
jackknife training gain test results to show the relative
contribution of each predictor variable to the model. Using
the model output, we mapped the predicted habitat
suitability across the leopard cat range.

Leopard cat breeding success and long‐term fitness
have generally been associated with forests (Ross et al.,
2015) and where nonforest habitats are present, appear
to only use these habitats to forage at night (Chen et al.,
2016; Choi et al., 2012; Grassman, 2000; Silmi et al.,
2021). We therefore also show the MaxEnt SDM output
clipped to within forested areas only. We extracted
leopard cats' Southeast Asian range using the 2015
IUCN Red List EOO shapefile and updated the regional
“extent of occurrence” (EOO) with the area of remaining
forest cover as of 2015 (Miettinen et al., 2016). We
calculated the protected area within leopard cats'
Southeast Asian range using the IUCN World Database
on Protected Areas (UNEP‐WCMC and IUCN, 2021).

Collating camera trap detections for landscape‐
level habitat associations

We compiled leopard cat counts from published camera
trap studies by searching Web of Science for: camera trap*
AND Asia* or Thai* or Malaysia* or Indonesia* or
Singapore* or Borneo* or Cambodia* or Vietnam* or
Lao* or Myanmar* or Burm* or Sumatra* or Borneo*.
We selected studies written in English and reporting
sampling effort (number of cameras, and deployment
length or total trap nights), and number of independent
detections (requiring a 30–60‐min interval between detec-
tions of the same species, referred to as “independence
period”). We examined the references listed in key papers
to identify and include further sources. We discarded
camera trapping studies that did not use the standard
approach in the region of unbaited cameras placed on
wildlife trails on trees 0.2–0.4m above the ground (Rovero
& Ahumada, 2017). This deployment approach maximizes
the detection of the majority of terrestrial and semi‐
terrestrial species over 1 kg (Rovero & Ahumada, 2017).
We recorded the location (landscape name and coordi-
nates), number of independent detections, and sampling
effort (trap nights) for each study. We did not have access

to camera‐level detection histories so each study was
grouped into one 1256 km2 sampling unit. We grouped
multiple studies from the same landscape per year by
summing detections and effort among the studies and
averaging the covariate values. We defined a landscape as
a national park or forest fragment such that the centroids
of independent landscapes were at least 40 km apart.

GLMMs for assessing landscape‐level habitat
associations

To test our hypotheses about how forest cover and oil palm
influence leopard cat relative abundance, we used GLMMs
to assess variation in leopard cat detections among camera
trap studies from different landscapes. Regressing the
continuous relative abundance index (RAI or photos per
100 trap nights) showed poor model fit due to minor levels
of zero inflation and overdispersion. Therefore, we used
independent counts as the response variable, which is
compatible with more accommodating distributions, and in
our case, the negative binomial outperformed zero‐inflated
Poisson (Dunn et al., 2022). We included a fixed continuous
term to control for study effort (measured in trap nights)—
instead of including effort as a linear offset—to use model
selection to assess the right functional relationship (e.g., to
include effort as linear, logged, or square root). We included
a random categorical term for the landscape because some
landscapes were surveyed in multiple years. We note that this
regression approach does not account for variation in
detection probability and does not reflect absolute or true
abundance (Sollmann et al., 2013). Therefore, in this
analysis, we are implicitly assuming that detection probabil-
ity among our rainforest camera traps does not vary and
acknowledge this may introduce measurement error. We
also acknowledge that there is unexplained variation in
detectability owing to slight differences in equipment,
deployment, and data curation methodologies. This mea-
surement error reduces the likelihood of detecting true
relationships should they exist (type II error or “false‐
negative”).

The landscape‐level analysis tests how the relative
proportion of forest and land use (e.g., oil palm) influence
leopard cat abundance in the landscape (detections summed
across all cameras used in a study), while the local‐scale
analysis focuses on the influence of edges with new cameras
specifically placed near and far from edges (described in the
following sections) on leopard cat habitat use. The
importance of landscape‐scale effects (e.g., forest area,
isolation) and the type of nonforest habitat of surrounding
natural areas have been shown for numerous mammals in
numerous settings (Prugh et al., 2008).

We included forest and disturbance covariates to test
our hypotheses, which we derived from GIS layers
covering the circular area within a 20 km radius
(1256 km2) around the centroid of each study landscape.
We used a 20‐km radius to accommodate large camera
trapping grids and low precision of locating the exact
centroid in some studies. Covariate distributions are
presented in the Supporting Information (Figure S1). We
tested for linear and nonlinear effects for covariable, the
latter by adding quadratic terms. We also constructed
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additive and interactive models for each uncorrelated
pair of variables (Pearson's coefficient < 0.50). We
implemented conditional Akaike information criteria
(cAIC) for model selection. We considered models within
two cAIC units of the top model as competing. We
inspected the estimated β coefficients from the top
model(s) and if the 95% CI for the β coefficient crossed
0, we did not consider the variable informative. We ran
our models using the package lme4 in R (version 4.0.4).

Detection histories for hierarchical models
(new camera trapping)

We conducted 20 new camera trapping sessions in 10
arrays in tropical forests in Thailand, Peninsular Malay-
sia, Sumatra, Borneo, and Singapore between December
2013 and June 2020. We deployed 18–78 passive infrared
Bushnell and Reconyx camera traps across sampling
areas ranging from 10 to 813 km² (Figure 2). We
standardized deployment methods across arrays (see
Supporting Information, Table S1 for forest character-
istics, description of study sites, camera deployments,
and data preparation). Cameras were spaced >500m
apart in large forests (>50 km²) and 100–500m apart in
smaller fragments, such as in Singapore. We attached
cameras to trees 0.3 m above ground along hiking trails
or natural wildlife trails and deployed cameras for 60–90
days. This short deployment period inhibited testing for
variation in detections within years (e.g., seasonality).
We considered detections of the same species indepen-
dent if they occurred at least 30 min apart.

Hierarchical abundance models to assess
local‐scale habitat associations

We assessed the effect of habitat variables on leopard cat
relative abundance at the local scale (within landscapes)
using single‐season, single‐species hierarchical abundance

models described by Royle and Nichols (RN; 2003)
implemented in unmarked (Fiske & Chandler, 2011;
Gilbert et al., 2021). The RN model relates occupancy
and detection probability to the number of individuals
available at each site, while accounting for imperfect
detection. RN models are particularly useful for describing
how the relative abundance or occurrence of a species
varies relative to environmental covariates (Gilbert et al.,
2021). To satisfy the requirement of spatial independence
of our camera traps, we resampled the data into 3.45 km2

hexagonal grid cells, defined as our sampling units, and
chosen to be larger than the leopard cat home range size of
1–3‐km2 in tropical forests and oil palm (Choi et al., 2012;
Grassman, 2000; Silmi et al., 2021). We averaged the
covariate values when multiple cameras fell within the
same grid cell, and included sampling unit effort as a
covariate in the detection formula. We used the first 90
days of captures from each grid cell and constructed a
detection matrix (0 = leopard cat not detected; 1 = leopard
cat detected; NA= inactive sampling unit or occasion). We
included survey ID as a fixed effect in all our models to
account for landscapes that were surveyed multiple times.
We used AIC weight to identify the best model and
considered models within 2 AIC units of the top model as
competing models. We inspected the estimated β coeffi-
cients of each variable of the top model: if the 95% credible
interval of the β coefficient crossed 0, we did not consider
the variable informative. We differentiated generic “dis-
tance from edges” from oil palm edges by including both
covariates in the model selection procedure.

RESULTS

Range and regional habitat associations

Leopard cats' IUCN Red List extent of occurrence
(EOO) in Southeast Asia was 3,202,661 km², of which
1,158,584 km² (36.2%) was forested and 9.9% falls within
protected and forested areas (Table 1).

TABLE 1 Leopard cat data sources and covariates.

Data type(s) Regional Landscape Local Source and/or description

GBIF presence‐only x Global Biodiversity Information Facility (Chamberlain et al., 2022)

BCD presence‐only x Borneo Carnivore Database (Ross et al., 2015)

Counts, presences, absences x x Published camera trapping (totals per landscape)

Detection histories + all others x x x New camera trapping arrays (local)

Habitat variables

Elevation x Continuous, SRTM Digital Elevation Model (Fick & Hijmans, 2017)

Rainfall x Continuous, mean annual rainfall (mm) (Takaku et al., 2018)

Forest cover x x x Continuous, percent forest cover (Miettinen et al., 2016)

Forest Integrity x x x Continuous (0–10), Forest Integrity Index (Grantham et al., 2020)

Oil palm x x x Continuous, % industrial plantations (Venter et al., 2016)

Human footprint x x x Continuous, Human Footprint Index (Venter et al., 2016)

Distance to edge x Continuous, distance to forest edge

Note: Regional analyses used MaxEnt SDM with presence‐only data. Landscape‐level analyses used GLMMs with independent detections as the response variable.
Local‐scale variation in relative abundance was estimated with RN hierarchical modeling using camera‐level detection histories.
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We gathered 451 geo‐referenced occurrence records with
380 from GBIF, 127 from the Borneo Carnivore database,
71 from published studies (excluding 20 studies without
detections), and 19 from new camera trapping sessions.
There was good coverage across the tropical rainforest areas
except for Myanmar, northern Lao PDR and Vietnam
(Figure 1a). The MaxEnt SDM performance was effective at
explaining the probability of occurrences (AUC for the ROC
curve on test data= 0.79; Peterson et al., 2011). The variables
containing the highest amount of information when used in
isolation were rainfall, elevation, and forest integrity
(Figure 1b). The relationships between the probability of
presence and these top covariates were a positive hump‐
shaped effect of rainfall (peak presence at 2000mm), a
negative effect of elevation, and a positive hump‐shaped
effect from forest cover (Figure 2). There was an appearance
of high probability of presence across the region when
considering areas outside of forests where leopard cats
forage at night, reflecting temporary nonforest habitat
suitability for the species (Chen et al., 2016; Choi et al.,
2012; Grassman, 2000; Silmi et al., 2021; Figure 1). Our
interest here is in leopard cat ecology in natural forests where
they act as mesopredators and are a part of the food web,
and most research suggests their long‐term fitness and
breeding success is dependent on forests (Ross et al., 2015).
Therefore, we also present results after applying a forest
cover mask (Figure 1d) to refine the MaxEnt probability of

presence in remaining forests. This map shows relatively few
“highly suitable” habitats centered on the lowlands in
eastern Borneo, central Peninsular Malaysia, and Cambodia
(Figure 1e). Readers interested in leopard cats outside of
forested areas may prefer Figure 4c showing all terrestrial
areas. The MaxEnt SDMs can also help fill gaps in
published information available on the species such as in
Myanmar.

Landscape‐level habitat associations

We collated 91 camera trapping studies from 42 land-
scapes conducted at sites with predominantly tropical
rainforest and where the leopard cat is known to occur.
This represented a total effort of 507,114 trap nights,
with leopard cat detections at 31 (73.8%) landscapes and
in 71 (76.5%) studies. The best landscape‐level glmm
included a nonlinear hump‐shaped relationship with
forest cover and a positive relationship with oil palm
cover (Table 2 and Figure 2e,f).

Local‐scale habitat associations

We obtained 286 independent captures from the 20
new camera trap arrays in 10 landscapes (1218

FIGURE 1 Leopard cat range and probability of presence in Southeast Asia, updated with contemporary occurrence records and forest
cover data. (a) Extent of Occurrence “EOO” (shaded area) and the location of occurrence records, colored by data source (red points are
observations out of the species range). (b) Jackknife graph of variable performance in the MaxEnt SDM using the regularized training gain.
(c) Probability of presence throughout Southeast Asia, including non‐forested areas. (d) Forest cover within the species range as of 2015. (e)
Predicted probability of presence within remaining forests.
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cameras and 58,608 trap nights). Khao Yai National
Park in Thailand had the highest capture rates (1.238
captures per 100 trap nights), the highest naïve
occupancy, and detection‐corrected RN relative
abundance among new camera trapping sessions
(detected at 48% of all cameras; Supporting Informa-
tion, Table S2). Leopard cats were rarely captured in
rainforest interiors >2 km from a forest edge or in
Singapore despite other disturbance‐tolerant species
recovering (Lamperty et al., 2023; Nursamsi et al.,
2023). The RN model selection showed little
support for the generic “distance to edge” covariate
and strong support that leopard cats are more
abundant near oil palm (Table 2). The best RN
hierarchical abundance model included a positive
effect from both forest cover and oil palm, with an
interaction between forest cover and oil palm sug-
gesting contingency (Table 2). Namely, detection‐
corrected leopard cat abundance increased with
increasing oil palm cover in areas with low forest
cover but was largely unaffected by oil palm in areas
with high forest cover (Figure 2f).

DISCUSSION

Our results indicate that (i) abundances of a wide-
spread forest‐dwelling mesopredator were dependent
on the adjacent nonforested landcover, (ii) there was a
synergistic effect between habitat and food subsidies
supporting a rise in mesopredators in forest edges,
and (iii) mesopredator habitat associations were
scale‐dependent. Specifically, we found evidence that
leopard cats are edge specialists in Southeast Asia and
that their abundances are influenced by both forest
cover and oil palm, the latter providing foraging
subsidies because they eat rodents in plantations.
First, leopard cat relative abundance showed a hump‐
shaped relationship with increasing forest cover
suggesting they thrive where there is a mix of forest
and nonforest cover, and we note their near‐complete
absence from interior forests (e.g., rarely detected
where there was more than 80% forest cover within
the 3.45 km2 area around cameras; Figure 2g). They
also showed a positive association with oil palm at the
landscape and local scale. At the local scale (within

FIGURE 2 Habitat associations of leopard cats, assessed at different scales. (a–c) MaxEnt SDM relationships between habitat variables and the
probability of occurrence in Southeast Asian tropical rainforests. The variables are ordered by declining importance from the Jackknife test (from
left to right). (d, e) Variation in leopard cat detections in 91 camera trap studies, scaled to captures per 3000 trap nights. The covariates were
calculated as the percentage area within a 20 km radius of the study. (e–f) Results from the top models based on the AICc model selection included
forest and oil palm as additive effects (Table 2). The trends for each variable are shown while holding the other variable constant at its median value.
All shaded areas show 95% CI. (f) Predicting local variation (within landscapes) in detection‐corrected leopard cat abundance (per 3.45 km2 grid cell)
using RN hierarchical abundance models.
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landscapes), there was an interaction between forest
cover and oil palm wherein oil palm has a stronger
positive effect where there are more edges (e.g., when
there was <20% forest cover). The synergistic effect of
oil palm and forest edges on leopard cats is important
because these conditions co‐occur throughout much
of the region. For example, Malaysia has approxi-
mately 150,000 km2 of forest edge and 70,000 km2 of
oil palm (Cheng et al., 2019). Taken together, leopard

cats are a common and widespread mesopredator that
thrives in forest edges, especially in forest‐oil palm
habitat mosaics.

In terms of our hypotheses, leopard cats' hump‐
shaped relationship of relative abundance with forest
cover supported the intermediate disturbance hypothesis
(H3) over the persistence hypothesis (H1) or the edge
preference hypothesis (H2). Leopard cats also had a
positive relationship with oil palm where they are known
to hunt rodents in oil palm plantations, supporting the
cross‐boundary food subsidy hypothesis (H4). For our
spatial scales hypotheses, there was support for climate
(rainfall) and biogeographic factors (elevation) being
the most important factors explaining regional occur-
rence patterns (H5), while forest cover and oil palm were
the most important at the landscape and local scales
(H6 and H7).

These results contribute to understanding population
trends through time and how their habitat associations
differ across environmental gradients. For example, the
regional results suggest leopard cats likely benefited from
drier climates in the Holocene that created mixed forest‐
grassland mosaics in Southeast Asia (Amir, Moore, et al.,
2022). Leopard cats likely became much rarer during the
last few millennia, as wetter conditions prevailed,
through until the 19th century. Then during the 20th
and 21st centuries, leopard cats likely increased again
with the combined effect of logging and oil palm
expansion. In terms of modern environmental gradients,
the habitat associations we describe are limited to
areas with predominantly tropical rainforests where the
preponderance of our sampling occurred. However, in
predominantly dry evergreen and deciduous forests
in northern Thailand and evergreen‐deciduous mosaics
in Cambodia, Petersen et al. (2019) and Pin et al. (2022)
found that leopard cats had higher densities in intact
than regenerating forests and in more evergreen than
deciduous forests, respectively. When considering prior
work in context with our MaxEnt SDMs, landscape‐ and
local‐scale analyses, leopard cats appear to show a
regional preference for drier lowland habitats, including
interior forests, while in rainforests they shift to being
comparatively edge and disturbance specialists.

Mesopredators persisting in and around agriculture
can provide pest control ecosystem services, such as
leopard cats preying upon rodents in oil palm planta-
tions (Chua et al., 2016; Hood et al., 2019; Silmi et al.,
2021). Leopard cats thus join a group of other native
generalist omnivores and mesopredators that directly or
indirectly benefit from oil palm including macaques,
wild pigs, and common palm civets in Asia (Dehaudt
et al., 2022; Holzner et al., 2019; Luskin & Ke, 2017;
Luskin, Brashares, et al., 2017) and crab‐eating foxes
(Cerdocyon thous) in South America (Pardo et al.,
2021). Rodents reduce yields (Hood et al., 2019) and
trigger declines in biodiversity (Moore et al., 2022), so
leopard cat predation may provide comparable eco-
system services to rodent‐eating macaques (Holzner
et al., 2019). This rise in native mesopredators thus
moderates rodent proliferation in anthropogenically
disturbed areas and forest edges. At the same time,
abundant mesopredators in forest edges can also impose

TABLE 2 Model selection results for linear mixed models
(GLMMs, top section) and Royal–Nichols (RN, bottom section)
hierarchical abundance models assessing variation in leopard cat
independent abundance at a landscape and local scale, respectively.

Model df cAIC ΔAIC ω

GLMMs (variation among
landscapes)

Oil palm + Forest cover2 7 507.56 0 0.33

Oil palm + Forest integrity2 7 509.40 0.96 0.20

Forest integrity2 6 509.76 1.83 0.13

Forest cover2 6 509.81 2.20 0.11

Oil palm ∗Forest cover2 8 509.91 2.34 0.10

Oil palm ∗Forest integrity2 8 510.54 2.97 0.07

Oil palm + Forest integrity 6 513.84 6.27 0.01

Forest integrity 5 515.17 7.61 0.01

Human footprint 6 515.46 7.89 0.01

Oil palm 5 516.76 7.92 0.01

Oil palm +Human footprint 6 516.89 8.58 0

Oil palm2 6 517.12 9.19 0

Oil palm + Human footprint2 7 518.55 9.32 0

Reduced_null 4 522.00 11.80 0

RN models (local variation within landscapes)

Oil palm ∗Forest cover 24 2918.02 0 1

Forest cover2 23 2934.75 16.72 0

Forest cover 22 2935.27 17.24 0

Oil palm + Forest cover 23 2936.1 18.08 0

Human footprint + Forest cover 23 2936.53 18.5 0

Human footprint ∗Forest cover 24 2937.98 19.96 0

Oil palm 22 2938.42 20.4 0

Oil palm ∗Forest integrity 24 2938.81 20.79 0

Human footprint + Oil palm 23 2939.14 21.12 0

Oil palm +Distance to edge 23 2940.2 22.18 0

Oil palm + Forest integrity 23 2940.38 22.36 0

Nonlinear distance to edge 23 2941.24 23.22 0

Reduced_null 21 2941.25 23.23 0

Note: For RN models, the df column shows the number of parameters. The
reduced_null models include an effort covariate and random effects to account
for spatial pseudoreplication where there were multiple surveys at the same
landscape. Elevation and other variables that performed worse than the null
models are not shown. Quadratic relationships are denoted with superscripts, for
example, Forest cover2.
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abnormally high predation on native species and
undermine conservation (Prugh et al., 2009; Ritchie &
Johnson, 2009). For example, Rajaratnam et al. (2007)
recorded a diversity of native forest mammals con-
sumed by leopard cats in oil palm and forest bounda-
ries, including rodents that may not benefit from oil
palm presence, and the Whitehead's spiny rat (Maxomys
whiteheadi), which is Vulnerable to extinction. Hence,
there may be a trade‐off for oil palm managers and
green certification schemes in terms of balancing the
beneficial pest control from leopard cats versus the
negative impact from leopard cat increased predation
pressure on native vertebrates (Cazzolla Gatti et al.,
2019; Laurance et al., 2010). These trade‐offs can be
partially navigated for leopard cats because their
activity in oil palm is linked to plantation vegetation
management (Hood et al., 2019; Jennings et al., 2015;
Silmi et al., 2021). Resolving mesopredator diets in
forests nearby oil palm plantations will aid our under-
standing of their benefits for pest control versus their
deleterious effects from high predation on native
biodiversity, which may explain low bird diversity in
forest fragments (Edwards et al., 2010).

Our findings support the IUCN Red List listing of
“Least Concern” for leopard cats because we con-
firmed they are widespread in human‐modified land-
scapes and they are not acutely threatened by
poaching and roadkill (Bashir et al., 2014; Castelló,
2020; Choi et al., 2012; Kim et al., 2019; Lau et al.,
2010; Ross et al., 2015). However, leopard cats still
rely mostly on forests to rest during the day, and for
breeding success and long‐term fitness, so the high
rate of forest loss may eventually threaten the species
(Miettinen et al., 2016). Leopard cats carry zoonotic
diseases that affect humans (toxoplasmosis) and there
is potential zoonotic disease transmission (carnivore
protoparvovirus (CPPV‐1), feline immunodeficiency
virus (FIV) and feline leukemia virus) between feral
and domestic cats with whom they can hybridize
(Beatty et al., 2014; Chen et al., 2019; Gibb et al.,
2020; Saka et al., 2018).

Future research directions

Research gaps on leopard cat ecology and conserva-
tion include their response to different oil palm ages
and management over the 20–30 year oil palm
plantation lifecycle since semiarboreal species require
a closed canopy, which only older palm trees can offer
(Hendry et al., 2023; Luskin & Potts, 2011). Second,
leopard cats' impacts on forest‐dwelling small verte-
brates in forest edges abutting oil palm and interac-
tions with domestic cats may be key issues. Third,
there are opportunities to use camera trap data to
estimate densities and movement with mark‐recapture
analyses since leopard cats can be uniquely identified
based on their coat patterns. Finally, there is little
known about the role of apex predators in mediating
smaller felid habitat associations and the mesopre-
dator release in the region but the camera trap
datasets collated for this study could be used with

coabundance modeling to address this question
(Amir, Sovie, et al., 2022; Decœur et al., 2023;
Luskin, Albert, et al., 2017).
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Benit́ez‐López, A., Alkemade, R., Schipper, A.M., Ingram, D.J.,
Verweij, P.A., Eikelboom, J.A.J. et al. (2017) The impact of hunting
on tropical mammal and bird populations. Science, 356(6334),
180–183.

Brodie, J.F., Mohd‐Azlan, J., Chen, C., Wearn, O.R., Deith, M.C.M.,
Ball, J.G.C. et al. (2023) Landscape‐scale benefits of protected
areas for tropical biodiversity. Nature, 620(7975), 807–812. https://
doi.org/10.1038/s41586-023-06410-z

Carr, E., Amir, Z., Moore, J.M., Nursamsi, I. & Luskin, M.S. (2023) The
highs and lows of serow (Capricornis sumatraensis): multi‐scale habitat
associations inform large mammal conservation strategies in the face
of synergistic threats of deforestation, hunting, and climate change.
The Raffles Bulletin of Zoology, 71, 400–416.

Castelló, J.R. (Ed.) (2020) Leopard cat lineage. Felids and Hyenas of the
World. Princeton University Press, pp. 134–155.

Cazzolla Gatti, R., Liang, J., Velichevskaya, A. & Zhou, M. (2019)
Sustainable palm oil may not be so sustainable. Science of the
Total Environment, 652, 48–51.

Chamberlain, S., Oldoni, D. & Waller, J. (2022) rgbif: interface to the
global biodiversity information facility API. R package ver-
sion 3.6.0.

Chen, C.‐C., Chang, A.‐M., Wada, T., Chen, M.‐T. & Tu, Y.‐S. (2019)
Distribution of carnivore protoparvovirus 1 in free‐living leopard
cats (Prionailurus bengalensis chinensis) and its association with
domestic carnivores in Taiwan. PLoS One, 14, e0221990.

Chen, M.‐T., Liang, Y.‐J., Kuo, C.‐C. & Pei, K.J.‐C. (2016) Home ranges,
movements and activity patterns of leopard cats (Prionailurus
bengalensis) and threats to them in Taiwan. Mammal Study, 41,
77–86.

Cheng, Y., Yu, L., Xu, Y., Lu, H., Cracknell, A.P., Kanniah, K. et al.
(2019) Mapping oil palm plantation expansion in Malaysia over
the past decade (2007–2016) using ALOS‐1/2 PALSAR‐1/2 data.
International Journal of Remote Sensing, 40(19), 7389–7408.
https://doi.org/10.1080/01431161.2019.1580824

Choi, T.‐Y., Kwon, H.‐S., Woo, D.‐G. & Park, C.‐H. (2012) Habitat
selection and management of the leopard cat (Prionailurus
bengalensis) in a rural area of Korea. Korean Journal of
Environment and Ecology, 26, 322–332.

Chua, M.A.H., Sivasothi, N. & Meier, R. (2016) Population density,
spatiotemporal use and diet of the leopard cat (Prionailurus
bengalensis) in a human‐modified succession forest landscape of
Singapore. Mammal Research, 61, 99–108.

Chuang, W. (2012) Food habits of leopard cats (Prionailurus bengalensis
chinensis) and domestic cats (Felis catus) in Tongxiao, Miaoli.
National Pingtung University of Science and Technology.
(Chinese with English Abstract).

Crooks, K.R. (2002) Relative sensitivities of mammalian carnivores to
habitat fragmentation. Conservation Biology, 16, 488–502.

Decœur, H., Amir, Z., Mendes, C.P., Moore, J.H. & Luskin, M.S.
(2023) Mid‐sized felids threatened by habitat degradation in
Southeast Asia. Biological Conservation, 283, 110103.

Dehaudt, B., Amir, Z., Decoeur, H., Gibson, L., Mendes, C.,
Moore, J.H. et al. (2022) Common palm civets Paradoxurus
hermaphroditus are positively associated with humans and forest
degradation with implications for seed dispersal and zoonotic
diseases. Journal of Animal Ecology, 91, 794–804.

Dunn, A., Amir, Z., Decoeur, H., Dehaudt, B., Nursamsi, I.,
Mendes, C. et al. (2022) The ecology of the banded civet
(Hemigalus derbyanus) in Southeast Asia with implications for
mesopredator release, zoonotic diseases, and conservation.
Ecology and Evolution, 12(5). https://doi.org/10.1002/ece3.8852

Edwards, D.P., Hodgson, J.A., Wilcove, D.S. et al. (2010) Wildlife‐
friendly oil palm plantations fail to protect biodiversity effective-
ly.pdf. Conservation Letters, 11, 1–7.

Fick, S.E. & Hijmans, R.J. (2017) WorldClim 2: new 1‐km spatial
resolution climate surfaces for global land areas. International
Journal of Climatology, 37(12), 4302–4315.

Filgueiras, B.K., Peres, C.A., Melo, F.P., Leal, I.R. & Tabarelli, M.
(2021) Winner–loser species replacements in human‐modified
landscapes. Trends in Ecology & Evolution, 36, 545–555.

Fiske, I. & Chandler, R. (2011) Unmarked: an R package for fitting
hierarchical models of wildlife occurrence and abundance. Journal
of Statistical Software, 43, 1–23.

Gibb, R., Redding, D.W., Chin, K.Q., Donnelly, C.A., Blackburn, T.M.,
Newbold, T. et al. (2020) Zoonotic host diversity increases in human‐
dominated ecosystems. Nature, 584, 398–402.

Gilbert, N.A., Clare, J.D.J., Stenglein, J.L. & Zuckerberg, B. (2021)
Abundance estimation of unmarked animals based on camera‐
trap data. Conservation Biology, 35, 88–100.

Grantham, H.S., Duncan, A., Evans, T.D., Jones, K.R., Beyer, H.L.,
Schuster, R. et al. (2020) Anthropogenic modification of forests
means only 40% of remaining forests have high ecosystem
integrity. Nature Communications, 11, 5978.

Grassman, L.I. (2000) Movements and diet of the leopard cat
Prionailurus bengalensis in a seasonal evergreen forest in south‐
central Thailand. Acta Theriologica, 45, 421–426.

Haddad, N.M., Brudvig, L.A., Clobert, J., Davies, K.F.,
Gonzalez, A., Holt, R.D. et al. (2015) Habitat fragmentation
and its lasting impact on Earth's ecosystems. Science
Advances, 1, e1500052.

Hansen, M.F., Ellegaard, S., Moeller, M.M., van Beest, F.M., Fuentes, A.,
Nawangsari, V.A. et al. (2020) Comparative home range size and
habitat selection in provisioned and non‐provisioned long‐tailed
macaques (Macaca fascicularis) in Baluran National Park, East Java,
Indonesia. Contributions to Zoology, 89, 393–411.

10 | LUSKIN ET AL.

 28325869, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/w

ll2.12023 by U
niversity of Q

ueensland L
ibrary, W

iley O
nline L

ibrary on [16/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://orcid.org/0000-0002-5236-7096
http://orcid.org/0000-0002-5236-7096
http://orcid.org/0009-0007-3018-7223
http://orcid.org/0000-0002-4253-2465
http://orcid.org/0000-0002-8398-2059
http://orcid.org/0000-0002-0229-5127
http://orcid.org/0000-0002-0229-5127
https://orcid.org/0000-0001-8032-6198
https://orcid.org/0000-0001-8032-6198
http://orcid.org/0000-0001-7236-6683
http://orcid.org/0000-0001-7265-5231
http://orcid.org/0000-0001-7265-5231
http://orcid.org/0000-0003-1323-3287
http://orcid.org/0000-0003-1323-3287
https://doi.org/10.1038/s41586-023-06410-z
https://doi.org/10.1038/s41586-023-06410-z
https://doi.org/10.1080/01431161.2019.1580824
https://doi.org/10.1002/ece3.8852


Hendry, A., Amir, Z., Decoeur, H., Mendes, C.P., Moore, J.H.,
Sovie, A. et al. (2023) Marbled cats in Southeast Asia: are diurnal
and semi‐arboreal felids at greater risk from human disturbances?
Ecosphere, 14, e4338.

Holzner, A., Ruppert, N., Swat, F., Schmidt, M., Weiß, B.M., Villa, G.
et al. (2019) Macaques can contribute to greener practices in oil
palm plantations when used as biological pest control. Current
Biology, 29, R1066–R1067.

Honda, A., Amir, Z., Mendes, C.P., Moore, J.H. & Luskin, M.S.
(2023) Binturong ecology and conservation in pristine, fragmen-
ted and degraded tropical forests. Oryx, 1–10. https://doi.org/10.
1017/s0030605322001491

Hood, A.S.C., Aryawan, A.A.K., Advento, A.D., Purnomo, D.,
Wahyuningsih, R., Luke, S.H. et al. (2019) Understory vegetation in
oil palm plantations promotes leopard cat activity, but does not affect
rats or rat damage. Frontiers in Forests and Global Change, 2, 51.

Jennings, A.P., Naim, M., Advento, A.D., Aryawan, A.A.K., Ps, S.,
Caliman, J.‐P. et al. (2015) Diversity and occupancy of small
carnivores within oil palm plantations in central Sumatra,
Indonesia. Mammal Research, 60, 181–188.

Kamler, J.F., Inthapanya, X., Rasphone, A., Bousa, A.,
Vongkhamheng, C., Johnson, A. et al. (2020) Diet, prey
selection, and activity of Asian golden cats and leopard cats in
Northern laos. Journal of Mammalogy, 101, 1267–1278.

Kim, K., Serret, H., Clauzel, C., Andersen, D. & Jang, Y. (2019)
Spatio‐temporal characteristics and predictions of the endangered
leopard cat Prionailirus bengalensis euptilura road‐kills in the
Republic of Korea. Global Ecology and Conservation, 19, e00673.

Kitchener, A.C., Breitenmoser‐Würsten, C., Eizirik, E., Gentry, A.,
Werdelin, L. & Wilting, A. et al. (2017) A revised taxonomy of the
felidae: the final report of the Cat Classification Task Force of the
IUCN Cat Specialist Group. Cat News.

Lamperty, T., Chiok, W.X., Khoo, M.D.Y., Amir, Z., Baker, N.,
Chua, M.A.H. et al. (2023) Rewilding in Southeast Asia:
Singapore as a case study. Conservation Science and Practice,
5(3). https://doi.org/10.1111/csp2.12899

Lau, M.W.N., Fellowes, J.R. & Chan, B.P.L. (2010) Carnivores
(Mammalia: Carnivora) in South China: a status review with
notes on the commercial trade: carnivores in South China.
Mammal Review, 40, 247–292.

Laurance, W.F., Koh, L.P., Butler, R., Sodhi, N.S., Bradshaw, C.J.A.,
Neidel, J.D. et al. (2010) Improving the performance of the
roundtable on sustainable palm oil for nature conservation.
Conservation Biology, 24, 377–381.

Luskin, M.S., Albert, W.R. & Tobler, M.W. (2017) Sumatran tiger
survival threatened by deforestation despite increasing densities in
parks. Nature Communications, 8, 1–9.

Luskin, M.S., Brashares, J.S., Ickes, K., Sun, I.F., Fletcher, C.,
Wright, S.J. et al. (2017) Cross‐boundary subsidy cascades from
oil palm degrade distant tropical forests. Nature Communications,
8, 1–7.

Luskin, M.S., Christina, E.D., Kelley, L.C. & Potts, M.D. (2014)
Modern hunting practices and wild meat trade in the oil palm
plantation‐dominated landscapes of sumatra, Indonesia. Human
Ecology, 42, 35–45.

Luskin, M.S., Ickes, K., Yao, T.L. & Davies, S.J. (2019) Wildlife
differentially affect tree and liana regeneration in a tropical forest:
an 18‐year study of experimental terrestrial defaunation versus
artificially abundant herbivores. Journal of Applied Ecology, 56,
1379–1388.

Luskin, M.S., Johnson, D.J., Ickes, K., Yao, T.L. & Davies, S.J. (2021)
Wildlife disturbances as a source of conspecific negative density‐
dependent mortality in tropical trees. Proceedings of the Royal
Society B: Biological Sciences, 288, 20210001.

Luskin, M.S. & Ke, A. (2017) Bearded pig Sus barbatus (Müller, 1838).
In: Melletti, M. & Meijaard, E. (Eds.) Ecology, Conservation and
Management of Wild Pigs and Peccaries. Cambridge: Cambridge
University Press. pp. 175–183.

Luskin, M.S., Moore, J.H., Mendes, C.P., Nasardin, M.B., Onuma, M.
& Davies, S.J. (2023) The mass mortality of Asia's native pigs
induced by African swine fever. Wildlife Letters, 1(1), 8–14.
https://doi.org/10.1002/wll2.12009

Luskin, M.S. & Potts, M.D. (2011) Microclimate and habitat
heterogeneity through the oil palm lifecycle. Basic and Applied
Ecology, 12, 540–551.

Miettinen, J., Shi, C. & Liew, S.C. (2016) 2015 land cover map of
Southeast Asia at 250 m spatial resolution. Remote Sensing
Letters, 7, 701–710.

Mohamed, A., Sollmann, R., Bernard, H., Ambu, L.N., Lagan, P.,
Mannan, S. et al. (2013) Density and habitat use of the leopard cat
(Prionailurus bengalensis) in three commercial forest reserves in
Sabah, Malaysian Borneo. Journal of Mammalogy, 94, 82–89.

Moore, J.H., Palmeirim, A.F., Peres, C.A., Ngoprasert, D. &
Gibson, L. (2022) Invasive rat drives complete collapse of native
small mammal communities in insular forest fragments. Current
Biology, 32(13), 2997–3004.e2.

Nagy‐Reis, M.B., Nichols, J.D., Chiarello, A.G., Ribeiro, M.C. &
Setz, E.Z.F. (2017) Landscape use and co‐occurrence patterns of
neotropical spotted cats. PLoS One, 12, e0168441.

Newsome, T.M., Dellinger, J.A., Pavey, C.R., Ripple, W.J.,
Shores, C.R., Wirsing, A.J. et al. (2015) The ecological effects of
providing resource subsidies to predators. Global Ecology and
Biogeography, 24, 1–11.

Nursamsi, I., Amir, Z., Decoeur, H., Moore, J.H. & Luskin, M.S.
(2023) Sunda pangolins show inconsistent responses to distur-
bances across multiple scales. Wildlife Letters, 1(2), 59–70. https://
doi.org/10.1002/wll2.12010

de Oliveira, T.G., Tortato, M.A., Silveira, L., Kasper, C.B.,
Mazim, F.D., Lucherini, M. et al. (2010) Ocelot ecology and its
effect on the small‐felid guild in the lowland neotropics. In:
Macdonald, D.W. & Loveridge, A.J. (Eds.) Biology and conserva-
tion of wild felids. Canada: Vancouver, pp. 559–580.

Oro, D., Genovart, M., Tavecchia, G., Fowler, M.S. & Martínez‐
Abraín, A. (2013) Ecological and evolutionary implications of
food subsidies from humans. Ecology Letters, 16, 1501–1514.

Pardo, L.E., Edwards, W., Campbell, M.J., Gómez‐Valencia, B.,
Clements, G.R. & Laurance, W.F. (2021) Effects of oil palm and
human presence on activity patterns of terrestrial mammals in the
Colombian Llanos. Mammalian Biology, 101, 775–789.

Petersen, W.J., Savini, T., Steinmetz, R. & Ngoprasert, D. (2019)
Periodic resource scarcity and potential for interspecific competi-
tion influences distribution of small carnivores in a seasonally dry
tropical forest fragment. Mammalian Biology, 95, 112–122.

Peterson, A., Soberón, J., Pearson, R., Anderson, R., Martinez‐Meyer,
E., Nakamura, M. et al. (2011) Evaluating model performance and
significance. Ecological Niches and Geographic Distributions.
Princeton, NJ: Princeton University Press.

Pin, C., Phan, C., Kamler, J.F., Rostro‐García, S., Penjor, U., In, V. et al.
(2022) Density and occupancy of leopard cats across different forest
types in Cambodia. Mammal Research, 67, 287–298.

Presley, S.J., Cisneros, L.M., Klingbeil, B.T. & Willig, M.R. (2019)
Landscape ecology of mammals. Journal of Mammalogy, 100,
1044–1068.

Prugh, L.R., Hodges, K.E., Sinclair, A.R.E. & Brashares, J.S.
(2008) Effect of habitat area and isolation on fragmented
animal populations. Proceedings of the National Academy of
Sciences, 105(52), 20770–20775. https://doi.org/10.1073/pnas.
0806080105

Prugh, L.R., Stoner, C.J., Epps, C.W., Bean, W.T., Ripple, W.J.,
Laliberte, A.S. et al. (2009) The rise of the mesopredator.
BioScience, 59, 779–791.

Rajaratnam, R., Sunquist, M., Rajaratnam, L. & Ambu, L. (2007) Diet
and habitat selection of the leopard cat (Prionailurus bengalensis
borneoensis) in an agricultural landscape in Sabah, Malaysian
Borneo. Journal of Tropical Ecology, 23, 209–217.

Ritchie, E.G. & Johnson, C.N. (2009) Predator interactions, mesopredator
release and biodiversity conservation. Ecology Letters, 12, 982–998.

Ross, J., Brodie, J., Cheyne, S., Hearn, A., Izawa, M., Loken, B. et al.
(2015). Prionailurus bengalensis. The IUCN Red List of Threa-
tened Species 2015.

Rovero, F. & Ahumada, J. (2017) The tropical ecology, assessment and
monitoring (TEAM) network: an early warning system for
tropical rain forests. Science of the Total Environment, 574,
914–923.

WILDLIFE LETTERS | 11

 28325869, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/w

ll2.12023 by U
niversity of Q

ueensland L
ibrary, W

iley O
nline L

ibrary on [16/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1017/s0030605322001491
https://doi.org/10.1017/s0030605322001491
https://doi.org/10.1111/csp2.12899
https://doi.org/10.1002/wll2.12009
https://doi.org/10.1002/wll2.12010
https://doi.org/10.1002/wll2.12010
https://doi.org/10.1073/pnas.0806080105
https://doi.org/10.1073/pnas.0806080105


Royle, J.A. & Nichols, J.D. (2003) Estimating abundance from
repeated presence‐absence data or point counts. Ecology, 84,
777–790.

Rustam, R., Hearn, A., Ross, J., Alfred, R., Samejima, H., Heydon, M.
et al. (2016) Predicted distribution of the marbled cat Pardofelis
marmorata (Mammalia: Carnivora: Felidae) on Borneo. The
Raffles bulletin of zoology, 33, 157–164.

Saka, T., Nishita, Y. & Masuda, R. (2018) Low genetic variation in the
MHC class II DRB gene and MHC‐linked microsatellites in
endangered island populations of the leopard cat (Prionailurus
bengalensis) in Japan. Immunogenetics, 70, 115–124.

Shehzad, W., Riaz, T., Nawaz, M.A., Miquel, C., Poillot, C., Shah, S.A.
et al. (2012) Carnivore diet analysis based on next‐generation
sequencing: application to the leopard cat (Prionailurus bengalensis)
in Pakistan. Molecular Ecology, 21, 1951–1965.

Silmi, M., Putra, K., Amran, A., Huda, M., Fanani, A.F.,
Galdikas, B.M. et al. (2021) Activity and ranging behavior of
leopard cats (Prionailurus bengalensis) in an oil palm landscape.
Frontiers in Environmental Science, 9, 1–10.

Smith, A.T., Xie, Y., Hoffmann, R.S., Lunde, D., MacKinnon, J. &
Wilson, D.E. et al. (2010) A guide to the mammals of China.
Princeton, NJ: Princeton University Press.

Sollmann, R., Mohamed, A., Samejima, H. & Wilting, A. (2013) Risky
business or simple solution—relative abundance indices from
camera‐trapping. Biological Conservation, 159, 405–412.

Sunquist, F. & Sunquist, M. (2014) The Wild Cat Book: everything you
ever wanted to know about cats. Chicago, IL: University of
Chicago Press.

Sunquist, M. & Sunquist, F. (2017) Wild cats of the world. Chicago, IL:
University of Chicago Press.

Takaku, J., Tadono, T., Tsutsui, K. & Ichikawa, M. (2018). Quality
improvements of “AW3D” global DSM derived from ALOS
PRISM. International Geoscience and Remote Sensing Sym-
posium (IGARSS). https://doi.org/10.1109/IGARSS.2018.
8518360

Taylor, R.A., Ryan, S.J., Brashares, J.S. & Johnson, L.R. (2016)
Hunting, food subsidies, and mesopredator release: the dynamics
of crop‐raiding baboons in a managed landscape. Ecology, 97,
951–960.

Thornton, D.H., Branch, L.C. & Sunquist, M.E. (2011) The influence
of landscape, patch, and within‐patch factors on species presence
and abundance: a review of focal patch studies. Landscape
Ecology, 26, 7–18.

UNEP‐WCMC and IUCN (2021) Protected Planet: The World
Database on Protected Areas (WDPA). Cambridge: UNEP‐
WCMC and IUCN.

Venter, O., Sanderson, E.W., Magrach, A., Allan, J.R., Beher, J.,
Jones, K.R. et al. (2016) Sixteen years of change in the global
terrestrial human footprint and implications for biodiversity
conservation. Nature Communications, 7, 12558.

Wilcove, D.S., Giam, X., Edwards, D.P., Fisher, B. & Koh, L.P.
(2013) Navjot's nightmare revisited: logging, agriculture, and
biodiversity in Southeast Asia. Trends in Ecology & Evolution,
28, 531–540.

Wood, B.J. & Liau, S.S. (1984) A Long‐Term study of Rattus
tiomanicus populations in an oil palm plantation in johore,
Malaysia: II. Recovery from control and economic aspects. The
Journal of Applied Ecology, 21, 465–472.

Zainalabidin, D.N.U.A.P., Miard, P. & Grafe, T.U. (2020) Distribu-
tion of arboreal nocturnal mammals in Northern Borneo. Scientia
Bruneiana, 19, 78–86.

AUTHOR BIOGRAPHIES

Dr. Matthew Scott Luskin heads
the Ecological Cascades Lab (www.
ecologicalcascades.com) at the Univer-
sity of Queensland and is the Director of
the Wildlife Observatory of Australia at
the Terrestrial Ecosystem Research Net-

work (www.tern.org.au/wildobs). Our lab develops
quantitative ecology approaches for food web ecology
and builds research networks and databases for
improved wildlife monitoring.

Lindsey Arnold holds a Bachelor of
Science with a major in Ecology and
Conservation and is passionate about
ecology and animal behavior. She is
currently pursuing postgraduate studies
in science writing, editing, and publish-

ing with aspirations to produce accessible and
engaging articles on scientific topics.

Dr. Adia Sovie is a quantitative ecologist
and Postdoctoral Research Associate at
Michigan State University. She obtained
her PhD in Wildlife Ecology and Con-
servation from the University of Florida
and her research interests in wildlife

response to global change.

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Luskin, M.S., Arnold, L.,
Sovie, A., Amir, Z., Chua, M.A.H., Dehaudt, B.
et al. (2023) Mesopredators in forest edges.
Wildlife Letters, 1–12.
https://doi.org/10.1002/wll2.12023

12 | LUSKIN ET AL.

 28325869, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/w

ll2.12023 by U
niversity of Q

ueensland L
ibrary, W

iley O
nline L

ibrary on [16/10/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1109/IGARSS.2018.8518360
https://doi.org/10.1109/IGARSS.2018.8518360
http://www.ecologicalcascades.com
http://www.ecologicalcascades.com
http://www.tern.org.au/wildobs
https://doi.org/10.1002/wll2.12023

	Mesopredators in forest edges
	INTRODUCTION
	METHODS
	Study area and species description
	Approach to multiscale habitat associations
	Presence-only data collation for regional habitat associations
	MaxEnt SDM for regional habitat associations
	Collating camera trap detections for landscape-level habitat associations
	GLMMs for assessing landscape-level habitat associations
	Detection histories for hierarchical models (new camera trapping)
	Hierarchical abundance models to assess local-scale habitat associations

	RESULTS
	Range and regional habitat associations
	Landscape-level habitat associations
	Local-scale habitat associations

	DISCUSSION
	Future research directions

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION




