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Bringing clarity to the clouded leopard Neofelis
diardi: first density estimates from Sumatra
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Abstract We use data from camera-trap surveys for tigers
Panthera tigris in combination with spatial capture–
recapture models to provide the first density estimates for
the Sunda clouded leopard Neofelis diardi on Sumatra.
Surveys took place during 2004–2007 in the Kerinci land-
scape. Densities were 0.385–1.278 per 100 km2. We found no
statistically significant differences in density among four
study sites or between primary and mixed forest. Because
the data sets are too small to account for differences
in detection parameters between sexes, density is probably
underestimated. Estimates are comparable to previous
estimates of 1–2 per 100 km2 from the lowlands of central
Sabah, on Borneo. Data limitations suggest that camera-trap
surveys for Sunda clouded leopards require traps spaced
more closely, to increase the chance of recaptures at differ-
ent traps. Nevertheless, these first density estimates for
clouded leopards on Sumatra provide a benchmark for
measuring future conservation impact on an island that is
undergoing rapid forest loss.
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The Sunda clouded leopard Neofelis diardi occurs on the
islands of Borneo and Sumatra, is categorized as

Vulnerable on the IUCN Red List (IUCN, 2013), and is one
of the least studied pantherine felids. Sunda clouded leopard
populations have been studied in some areas of Malaysian
Borneo (Brodie & Giordano, 2012; Wilting et al., 2012) but
no density estimates are available for Sumatra.

As the Sunda clouded leopard can be individually dis-
tinguished from its pelt markings, spatial capture–recapture

models based on camera-trap data can provide statistically
sound density estimates (Royle et al., 2014). When spatial
capture–recapture data from several surveys are available
they can be combined to estimate shared model parameters
to increase accuracy and precision (e.g. Wilting et al., 2012),
which is particularly useful for the typically sparse data sets
for elusive, rare species.

There are large amounts of incidental data for small
Asian felids from camera-trap surveys implemented to col-
lect data on the tiger Panthera tigris. These data can provide
insights into the ecology of little-known species (e.g. Linkie
et al., 2013). Because the spatial study design is generally
tailored to the focal species it remains to be tested whether
these surveys generate suitable data for estimating the
population of smaller felids.

We use such incidental camera-trapping data to provide
the first density estimates for the Sunda clouded leopard on
Sumatra, for which such information was not previously
available. Our analysis contributes to the scientific know-
ledge necessary for informed conservation, and provides a
benchmark against which future population estimates can
be evaluated. The study focuses on four camera-trap surveys
that were conducted in rainforests with varying levels
of disturbance. We explore possible differences in clouded
leopard density and movement between forest types, using a
spatial capture–recapture model that shares parameters
across study sites. We further consider how future survey
designs could increase detection of the clouded leopard by
camera-traps.

Camera-trap surveys were conducted during 2004–2007
in four areas in the Kerinci landscape of Sumatra, Indonesia
(Fig. 1): Renah Kayu Embun and Sipurak (primary forest
in Kerinci Seblat National Park), and Bungo and Ipuh
(primary/secondary forest predominantly within a former
logging concession).

Camera-traps were placed predominantly on trails and
spacing was 1.5–3.5 km (Table 1). We analysed the resulting
data for the Sunda clouded leopard, using spatial capture–
recapture models (Efford, 2004; Royle et al., 2014). Although
the data were collected in the previous decade, they com-
prise the most comprehensive data set for Sunda clouded
leopards on Sumatra, spanning several study areas and
ecological circumstances. Because data were too sparse to
estimate model parameters separately for each site, we con-
structed a combined spatial capture–recapture model with
shared parameters across sites. Assuming that ecological
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circumstances should be comparable in the two primary
forest and the two mixed forest areas, we estimate the
baseline trap encounter rate λ0 and the movement-related
parameter σ per forest type. Although gender can affect
detection parameters in felids (e.g. Sollmann et al., 2011),
modelling sex-specific detection parameters was not possi-
ble because of the low number of female recaptures.

Two surveys (at Bungo and Ipuh) lasted 8 and 7months,
respectively (Table 1). To approximate population closure
we subdivided these surveys and considered the data
sets for these shorter time intervals as independent. We
assumed, however, that, density remained constant
across these sub-surveys. This approach allows turnover in

individuals without introducing an additional density
parameter.

We implemented the model in a Bayesian framework
using JAGS (Plummer, 2003), accessed through R v. 3.0.1
(R Development Core Team, 2013). We report the posterior
mean, standard deviation, mode and 2.5 and 97.5 quantiles.
The quantiles comprise the 95% Bayesian credible interval
(BCI). We consider parameters significantly different from
each other if the 95% BCI of one does not include the mean
of the other. Details of the model and its implementation are
provided in Supplementary Material 1.

The four camera-trap surveys accumulated 9,370 trap
nights and collected 47 records of 22 Sunda clouded
leopards (Table 1). Of these individuals, one could not
be sexed; of the remaining, 81% were male. Density at the
four study sites was 0.385–1.278 individuals per 100 km2. The
95% BCI for all density estimates largely overlapped and
there was no apparent difference in density between primary
(Renah Kayu Embun and Sipurak) and mixed forest
sites (Bungo and Ipuh). The movement parameter σ was
significantly larger in primary than in mixed forests
(4.481 ± SD 1.561 km and 2.594 ± SD 0.527 km, respectively).
Baseline encounter rate λ0 was lower in primary than
in mixed forest (0.062 ± SD 0.027 and 0.101 ± SD 0.044,
respectively) but 95% BCIs overlapped (Table 2).

At c. 0.5–2.0 per 100 km2, our estimates of Sunda clouded
leopard density on Sumatra are comparable to previous
estimates from spatial capture–recapture models of 1–2 per
100 km2 for the lowlands of central Sabah, Borneo (Brodie &
Giordano, 2012; Wilting et al., 2012). This does not support
the hypothesis that, compared to Borneo, clouded leopard
densities on Sumatra may be limited by interspecific com-
petition from the larger tiger (e.g. Palomares & Caro, 1999),
which occurs at densities of 1.5–3.3 per 100 km2 in the
Kerinci landscape (Linkie et al., 2006).

We found no statistical evidence for differences in
density across the four study areas, nor between primary
and mixed primary/secondary forest. We did, however,
estimate significantly larger movement parameters in
primary forest, indicating that clouded leopards have larger
home ranges there. Populations of top predators are regu-
lated by prey abundance, and certain prey species attain

TABLE 1 Records of the Sunda clouded leopard Neofelis diardi from camera-trap surveys carried out during 2004–2007 in the Kerinci
landscape, Sumatra (Fig. 1).

Area
No. of
cameras

Area covered
(km2)

Mean spacing
(km)

Total duration
(days)

No. of camera-
trap nights

No. of
photos

No. of individuals
(M/F/?)

Renah Kayu Embun 23 121 1.5 130 2,063 16 7 (6/1/0)
Sipurak 20 94 1.9 91 1,258 6 2 (2/0/0)
Bungo* 34 322 2.0 238 2,486 8 6 (5/1/0)
Ipuh* 38 706 3.5 222 3,563 17 7 (4/2/1)
Total 115 681 9,370 47 22 (17/4/1)

*Sub-divided into two surveys for analysis
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FIG. 1 The locations of camera-trap surveys for the tiger
Panthera tigris during 2004–2007 in four areas (Table 1) in the
Kerinci landscape (rectangle on the inset) on Sumatra,
Indonesia.
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higher densities in disturbed forests (Ross et al., 2013). It is
conceivable that the mixed primary/secondary forests pro-
vide a similar prey base for clouded leopards as primary
forests. We estimated a slightly higher baseline detection
rate for mixed forest (Table 2). Impassable canopy gaps in
these disturbed forests may cause this semi-arboreal species
to descend, which in turn could increase its detection
probability. Alternatively, the denser undergrowth typical
of secondary forest might have focused Sunda clouded
leopard movements along the roads where camera-traps
were placed.

Female clouded leopards were camera-trapped less
frequently than males, and no female was ever recorded at
more than one trap.Without spatial recaptures it is impossi-
ble to estimate σ separately for males and females (Sollmann
et al., 2012), although the home range of females is probably
smaller than that of males, as is the case for many felids.
Attempts to estimate separate baseline detection rates for
the two sexes failed because of the sparse data. These factors
probably result in an underestimate of overall density.

Our analysis shows that incidental photographic data
from surveys designed to study tiger populations can be
used to estimate density of the much smaller Sunda clouded
leopard. The sparseness of the present data sets, however,
indicates that a camera-trap survey designed for the tiger is
not ideal for the Sunda clouded leopard. The application of
spatial capture–recapture models requires spatially spread
out recaptures and that sufficient individuals are exposed to
the trapping array. Therefore, for a rare and wide ranging,
partially arboreal species, a camera-trap array has to both
cover a large area and consist of a denser network of
cameras. If this is logistically infeasible, spreading clusters of
camera-traps throughout the study area can provide a more
efficient alternative (Efford & Fewster, 2013). Choice of
camera-trap location should focus on natural breaks in the
forest canopy, where the animals are more likely to descend
from the trees.

Our study provides insights into Sunda clouded leopard
populations in forests experiencing varying levels of anthro-
pogenic pressure but also highlights a knowledge gap: the
high rates of forest loss and degradation on Sumatra occur
disproportionately at lower elevations (Uryu et al., 2010) and
further research on the status of the Sunda clouded leopard
across this gradient of habitat degradation is needed.
Nevertheless, these first density estimates for the species
on Sumatra provide a benchmark to assess its population
status, and underscore the rarity of this restricted-range
felid.
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