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Abstract

We conducted the first systematic survey on Sumatran rhinoceros following a robust patch occupancy framework
in 3,500 km? of Bukit Barisan Selatan National Park (BBSNP), Sumatra, Indonesia. We surveyed 55 grids (72.25
km?) between November 2007 and July 2008 to generate a reliable estimate of the proportion of area occupied
(occupancy) by the Sumatran rhinoceros. Rhinoceros signs, e.g. footprints, dung, tree twists and wallows, were
recorded along 833 km of transect routes, and 1-km sampling interval was used to develop detection/non-
detection history for each grid. Rhinoceros signs were detected on 11 grids producing a naive occupancy of 0.2.
Occupancy modelling was used to control for imperfect detection probability (P). Based on the Royle/Nichols
Heterogeneity model we concluded that Sumatran rhinoceros occupied approximately 32% of the BBSNP area
(SE = 0.09). Occupancy can serve as a robust surrogate for an index of abundance in a population-monitoring
framework. Further analysis using the multi-season models of the technique on time series data and season/
survey-specific covariates can provide management authorities with accurate information about changes in
rhinoceros populations and assist in prioritizing conservation actions for the Sumatran rhinoceros in the region.

Résumé

Nous avons mené une premicre enquéte systématique sur les rhinocéros de Sumatra en suivant un cadre
robuste d’occupation du territoire sur une superficie de 3500 km? du Parc national de Bukit Barisan Selatan
(PNBBS a Sumatra en Indonésie. Nous avons étudié 55 grilles (72,25 km?) entre novembre 2007 et juillet 2008
pour produire une estimation fiable de la proportion de la superficie occupée (occupation) par le rhinocéros
de Sumatra. On a enregistré des signes de rhinocéros (par exemple, des empreintes, des crottes, des torsions
d’arbres et des vautrements) le long de 833 km des transects et on a utilisé ’intervalle d’échantillonnage de
1 km afin de développer une histoire de détection/non-détection pour chaque grille. On a détecté des signes
de rhinocéros dans 11 grilles produisant une occupation naive de 0,2. Une modélisation de I’occupation a été
utilisée pour contrdler la probabilité de détection imparfaite (P). En se basant sur le modéle d’hétérogénéité
de Royle/Nichols, nous avons conclu que le rhinocéros de Sumatra occupait environ 32% de la superficie du
PNBB (SE =0,09). L’occupation peut servir comme un substitut robuste pour un indice d’abondance dans un
cadre de surveillance de la population. Une analyse plus approfondie utilisant les modéles multi-saisonniers
de la technique sur les données de séries chronologiques et des covariables spécifiques saisonniéres/par études
peuvent fournir aux autorités de gestion des informations précises sur 1I’évolution des populations de rhinocéros
et aider a prioriser les mesures de conservation pour le rhinocéros de Sumatra dans la région.

Introduction onslaught as the rhinoceros has (Rabinowitz 1995).

With their horn valued higher than gold (Gwin 2012)
No other group of animals has been so highly prized  and much of their range converted to plantation, it
for so long yet also managed to survive human is amazing that rhinoceros have survived into this
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century. There are five extant species of rhinoceros
in the world: two in Africa—white rhinoceros
Ceratotherium simum and black rhinoceros Diceros
bicornis—and three in Asia—Indian rhinoceros
Rhinoceros unicornis, Javan rthinoceros Rhinoceros
sondaicus and Sumatran rhinoceros Dicerorhinus
sumatrensis. The Sumatran rhinoceros is the smallest
and most primitive of all extant rhinoceros species
(Dinerstein 2003). Once distributed throughout South
and Southeast Asia (Foose and van Strien 1997), they
are now confined to isolated parts of Indonesia and
Malaysia: D.s. sumatrensis occurs in Sumatra and
Peninsular Malaysia and D.s. harrissoni is endemic
to Borneo (Ahmad Zafir et al. 2011). The failure of the
Sumatran Rhino Trust in the late 1980s (Doherty 1992;
Hutchins 1995; Lessee 1995) has become the source
of the ‘parks or arks’ debate on Sumatran rhinoceros
conservation. Rabinowitz (1995) cautioned that
money and effort spent on the capture and breeding
programme would not solve the problem nor remove
the causal factors of rhinoceros decline in the wild.
He summarized by asking rhetorically, ‘After all these
years, do we know how many Sumatran rhinoceros we
are dealing with?’ Surprisingly, 18 years have passed
and the answer is still no.

By learning from the black rhinoceros captive
breeding effort (Balmford et al. 1995), one can see
that in situ conservation provides a greater benefit
for species and ecosystem. The captive breeding
programme for black rhinoceros costs three times more
than protecting them in the wild, while recruitment was
also higher in protected wild populations than with
the captive one (Balmford et al. 1995). Establishing
rhinoceros protection units (RPU) in Sumatra in 1995
became a crucial step in securing this species in the
wild in three national parks: Kerinci Seblat and Bukit
Barisan Selatan, and later in Way Kambas in 1998.
After 17 years, Sumatra is now the only place where
awild population of Sumatran rhinoceros still persists.
In contrast, rhinoceros have been ecologically extinct
from habitats where no RPUs were operated, including
Peninsular Malaysia (Clements et al. 2010; Ahmad
Zafiretal.2011) and Borneo (Payne and Ahmad 2012;
Nichols 2012).

To be successful, managers need effective tools to
evaluate and measure the outcome of their conservation
interventions (Buckland et al. 2005). So far, the success
of Sumatran rhinoceros protection has been evaluated
by the number of illegal activities encountered (traps
destroyed and poachers apprehended) (Isnan et al.

2007). However, the relationship between the rate of
illegal activities and rhinoceros population parameters
is unknown. In 1998, a univariate multiple comparison
procedure was performed on rhinoceros footprint
morphometrics, resulting in an estimate of 30-43
rhinoceros throughout the surveyed area (Wibisono
1998). A further attempt to estimate population status
was a trend of abundance indices between 2002 and
2005 (Pusparini 2006). This study suggested that
density estimation of Sumatran rhinoceros using
photographic identification was not feasible due to lack
of unique physical characteristics and extremely low
capture rate. The most recent estimate of rhinoceros
number in Bukit Barisan Selatan National Park
(BBSNP) was 6070 individuals, based on an educated
guess (Rubianto and Suratman 2008; Talukdar et al.
2010).

Individual identification from rhinoceros foot-
prints has proven to be reliable (van Strien 1985)
and widely used on African rhinoceros (Alibhai et
al. 2008). However, this technique usually deals with
the problem of the low number of footprints being
distinguished (van Strien 1986; Alibhai et al. 2008).
Therefore, practical factors restrict the application of
this method over a vast landscape. Population estimate
using faecal DNA has been tested on Javan rhinoceros
(Foead 1997; Fernando et al. 2006), Indian rhinoceros
(Borthakur 2009), white rhinoceros (Steyn and
Stalmans 2004), and black rhinoceros (Cunningham
etal. 2001; de Groot et al. 2011). Nevertheless, the cost
and time spent in analysing genetic materials make its
application for large-scale monitoring not feasible.

Many population assessments do not consider
two important sources of variability: spatial variation
and detectability, resulting in uncertain relationship
between the count statistic and the true population
(MacKenzie and Kendall 2002; MacKenzie 2003;
MacKenzie and Nichols 2004; O’Connell et al. 2006).
The underlying questions of biological monitoring
are how is biodiversity changing over time and at
what rate? Without addressing such questions, there
is little prospect of implementing effective action
to prevent population decrease (Buckland et al.
2005). Occupancy approach (MacKenzie et al. 2002;
MacKenzie and Nichols 2004; MacKenzie et al. 2005;
MacKenzie and Royle 2005; MacKenzie et al. 2006)
is considered superior over other methods commonly
used for large mammals in terms of robustness, time,
cost effectiveness and area coverage. It is especially
appropriate for low-density, wide-ranging cryptic
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mammals such as the Sumatran rhinoceros. The
occupancy method has been proven successful in
investigating wildlife population status ranging through
salamanders (Bailey et al. 2004), tigers (Linkie et al.
2006; Wibisono et al. 2011) and African rhinoceros
(Tosh et al. 2004). Therefore, we consider it as the
most feasible and appropriate approach, especially to
assess the distribution pattern of Sumatran rhinoceros
over a large landscape (Karanth and Nichols 2010).

Study area

This study was carried out between November 2007
and July 2008 in BBSNP (3,650 km?), the third
largest national park in Sumatra. The park stretches
along 150 km of the Bukit Barisan Mountains from
Lampung Province (82% of the area) to Bengkulu and
contains the largest lowland tropical evergreen forest
in Sumatra (Gaveau et al. 2006). This part of Sumatra
has been experiencing a dramatic human population
increase since the 1930s and losing its forests faster
than any other Sumatran region (Benoit and Indonesia
Departement ORSTOM 1989). The long and narrow
shape of the park results in a 700-km boundary and
extensive development activity, especially small-
scale agriculture and logging within and along the
boundary of the park (O’Brien and Kinnaird 1996).
As a consequence, 661 km? (18%) of forest cover
disappeared from the park between 1985 and 1999
(Kinnaird et al. 2003), mainly due to agricultural
encroachment (Gaveau et al. 2006).

Methods

The basic design of the survey followed the landscape-
wide patch occupancy protocol (Karanth and Nichols
2010). A grid of 72.25 km? was used as a sampling
unit to reflect the largest home range of the Sumatran
rhinoceros, measuring 60 km? (van Strien 1986).
A total of 55 imaginary grids was overlaid over
the BBSNP. Four teams of four technicians were
employed to search along paths having the highest
probability to find rhinoceros signs. To provide an
element of randomness, a smaller cell of 18 km? was
randomly chosen in each grid for the survey team to
traverse. Presence of rhinoceros signs was recorded
along 833 km of irregular transects, resulting in an
average of 15.15 km/grid (min. 1 km, max. 56 km).
Next, 1-km replicates were used to develop a detection

matrix of ‘1’ and ‘0’, each representing detected and
not detected. Further, not all sampling units had the
same proportion of unsuitable area (e.g. sea or human
settlement), resulting in different transect lengths
among grids. In the detection matrix, detection history
of a grid with the longest transect represents a full
trial. Therefore, missing values were assigned onto
the detection histories of grids with shorter transects,
which contribute nothing as they are treated as 0 by
the log-likelihood function (Royle and Dorazio 2008).
To estimate the probability that a grid was occupied
by rhinoceros and its presence was detected, we
used a multinomial maximum likelihood procedure
(MacKenzie et al. 2006).

We performed a single season constant model and
the Royle/Nichols Heterogeneity model to estimate
the proportion of area occupied by rhinoceros across
the park. The single-season constant model estimates a
proportion of area occupied (psi) by animals assuming
the detection probability (P) to be constant across sites.
The Royle/Nichols Heterogeneity model estimates a
proportion of area occupied by animals as a function
of some heterogeneity in the detection probability
across sites (Royle and Nichols 2003). Data analysis
was performed using PRESENCE var. 4.5 (Hines
2006). Kernel density estimator in ArcGis 10.1 was
performed on rhinoceros localities to generate a
predictive map of rhinoceros distribution in BBSNP.
Kernel density calculates the density of point features
by fitting a smoothed surface curve over each point.
A searching radius of 5 km was used to represent the
size of the sampling unit. The surface value is highest
at the point of thinoceros occurrence and reaches zero
at the end of the circle.

Results

Rhinoceros signs were detected in 11 out of 55
grids, giving a naive occupancy of 0.2. The detection
probability of the single-season constant model was
higher than with the Royle/Nichols Heterogeneity
model with 0.15 + 0.04 and 0.10 & 0.023 respectively.
This resulted in a lower proportion of area occupied
for the single season constant model with 0.30 (0.08)
than with the Royle/Nichols Heterogeneity model with
0.32 (0.09). The Royle/Nichols Heterogeneity model
estimated an abundance of 21 (£ 7.1) rhinoceros living
in the park. The kernel density map showed that most
rhinoceros were distributed in the middle part of the
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park and segregated into three groups
in the Sukaraja, Way Ngaras and Kubu o~
Perahu areas (Figure 1). f‘
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Figure 1. Kernel density estimation of rhinoceros signs. Inset, the

Sumatran rhinoceros numbers have study area in Indonesia.

continued to decline at a rapid rate with

a loss of 50% or more of the population

between 1985 and 1995 (Foose and van Strien 1997).
The total number of Sumatran rhinoceros was
estimated to be between 250 and 390 in 1993, which
had dwindled to 147-220 in 2007 (MoF 2007). Many
of these estimates, however, were simply educated
guesses and hence must be treated with caution.
Attempts to conserve rhinoceros might be hindered
by insufficient information to document the species’
population status. Despite the obvious reasons for
monitoring rhinoceros populations, no comprehensive
population survey has been implemented in Sumatra
due to lack of resources and expertise.

In this study we conducted the first systematic
survey for Sumatran rhinoceros in BBSNP and
provided a robust population parameter estimate. The
parameter was estimated using a patch occupancy
framework, directly dealing with two sources of
variations commonly found on a sampling design:
space and detectability (MacKenzie et al. 2002).
In terms of space, many designs seek to provide
inferences about an area by sampling only a portion
of it because the area is too large to be completely
surveyed. The selection of representative small areas
permits inference to the entire area of interest. In
contrast, an occupancy survey allows for a large-scale

monitoring programme by estimating the proportion
of sampled area occupied by a species, which is easier
and less expensive than the method used for abundance
estimation (MacKenzie et al. 2002). The occupancy
of 0.32 implies that only 32% (1,000 km?) of suitable
habitat in the park was occupied by rhinoceros during
2007-2008. For BBSNP, the Indonesian Rhinoceros
Action Plan (MoF 2007) indicated that, to be viable
in the long term, the Sumatran rhinoceros requires a
minimum of 1,000 km?. Our result suggests that the
rhino population in the park occupied a minimum size
of suitable habitat required to be viable for the long run.
However, this study also shows that this rhinoceros
population was fragmented into three sub-populations.
Thus, unless proper actions are immediately put in
place, the wild rhinoceros population in BBSNP will
certainly disappear in the near future.

This study provides sound baseline data needed for
a long-term biological monitoring scheme in BBSNP,
a park with potentially the highest population of
Sumatran rhinoceros in the world (Indonesia 2007).
Repeating the survey using the robust multi-seasons
occupancy framework (MacKenzie et al. 2005)
would provide the park management with a robust
evaluation capacity for conservation management and
intervention. Other than the proportion of occupancy
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and detection probability, the multi-seasons patch
occupancy approach provides an estimate of local
extinction and colonization between seasons. In
general, occupancy may be a function of site-specific
covariates that are constant throughout the season (e.g.
habitat type), while detection probabilities may also
be a function of covariates that change through season
(e.g. weather conditions) (MacKenzie et al. 2005).
A number of covariates measured at each site can
be incorporated into the model to find the best fitted
model that describes the data using a logistic model
(MacKengzie et al. 2002; MacKenzie et al. 2003).

The Indonesian Rhinoceros Action Plan plans
to expand the wild rhinoceros population in Bukit
Barisan Selatan, Gunung Leuser and Way Kambas
National Parks by at least 30% (MoF 2007). The
kernel density shows that the rhinoceros were largely
distributed in the central part of the park (Figure 1).
In 2006, the development of an asphalt road crossing
the Sukaraja area (Sanggi to Bengkunat) appeared
to have a negative effect on several wildlife species,
including the rhinoceros. The detrimental effect of a
road inside a protected area has been demonstrated
in many other studies (Bennett and Robinson 2000;
Kerley et al. 2002; Linkie et al. 2006). Infrastructure
development right in the centre of rhinoceros
distribution would be disastrous for the population
in the long term. Therefore, we urge the management
authority to implement a ‘rhinoceros friendly’ road
system. This may be done by developing underpasses
that facilitate rhinoceros movement, controlling road
uses, conducting routine patrols, and establishing
active road block enforcements to control illegal
activities facilitated by the road. The national park
and partners also urgently need to implement a new
adaptive protection scheme (Stokes 2010).

There are many examples where critically
endangered species became extinct locally due to
inadequate knowledge of their population status,
including tigers in Sariska, India (Karanth 2011) and
in the Seima Protection Forest, Cambodia (O’Kelly et
al. 2012), and Sumatran rhinoceros in Kerinci Seblat
NP (Isnan 2006). Therefore, a monitoring scheme
based on a robust scientific approach is crucial as an
evaluation tool for conservation interventions. Our
study highlighted one of the main weaknesses of
rhinoceros conservation approaches in the park: the
absence of robust biological monitoring practices.
While the proposed technique does not provide a

point of estimate of rhinoceros numbers, our finding
strongly indicated that the rhinoceros population in
BBSNP may not have been as healthy as what we
have believed so far with 60—70 individuals (Talukdar
et al. 2010). Thus, we recommend: 1) the method of
population monitoring based on occupancy approach
be integrated in Sumatran rhinoceros conservation,
2) the adaptive protection scheme be implemented,
and 3) the green infrastructure be implemented to
all existing and future developments inside the park.
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