Population status, structure and distribution of the
greater one-horned rhinoceros Rhinoceros unicornis
in Nepal
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Abstract We assessed the abundance and distribution of
the greater one-horned or Indian rhinoceros Rhinoceros
unicornis in all its potential habitats in Nepal, using block
counts. In April 2011 5,497 km were searched in 3,548
elephant-hours over 23 days. The validity of the block count
was assessed by comparing it with counts obtained from
long-term monitoring using photographic identiﬁcation of
individual rhinoceroses (ID-based), and estimates obtained
by closed population sighting–mark–resighting in the
214 km2 of Chitwan National Park. A total of 534 rhinoceroses were found during the census, with 503 in Chitwan
National Park (density 1 km−2), 24 in Bardia National Park
(0.28 km−2) and seven in Suklaphanta Wildlife Reserve
(0.1 km−2). In Chitwan 66% were adults, 12% subadults and
22% calves, with a female : male ratio of 1.24. The population
estimate from sighting–mark–resighting was 72 (95% CI
71–78). The model with diﬀerent detection probabilities for
males and females had better support than the null model.
In the Sauraha area of Chitwan estimates of the population
obtained by block count (77) and ID-based monitoring (72)
were within the 95% conﬁdence interval of the estimate from
sighting–mark–resighting. We recommend a country-wide
block count for rhinoceroses every 3 years and annual IDbased monitoring in a sighting–mark–resighting framework
within selected subpopulations. The sighting–mark–resighting technique provides the statistical rigour required for
population estimates of the rhinoceros in Nepal and elsewhere.
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Introduction

M

egaherbivores are globally threatened as a result of
habitat conversion, fragmentation and poaching to
fulﬁl the illegal demand for their body parts. Populations of
such species are mostly conﬁned in small, isolated protected
areas (Owen-Smith, 1988; Sukumar, 1989). The populations
of the Indian or greater one-horned rhinoceros Rhinoceros
unicornis in Asia have thus been seriously compromised.
In the 15th century rhinoceroses were abundant throughout
the ﬂoodplains of the Ganges, Brahmaputra and Sindh
Rivers and their large tributaries between the Indo–Burmese
border in the east and Pakistan in the west (Blanford, 1891;
Laurie, 1978; Dinerstein, 2003). At present c. 2,800 rhinoceroses survive, in protected areas in India and Nepal
(Talukdar, 2009).
Rhinoceroses suﬀered a catastrophic decline in Nepal
during the 1960s, when the population was reduced to , 100
individuals and conﬁned to the Chitwan valley. The decline
was attributed to loss of habitat and poaching that resulted
from conversion of terai grasslands and forests to agriculture following malaria eradication and settlement programmes (Laurie, 1978). During the 1960s . 70% of the
forests were cleared in Chitwan valley alone (Caughley, 1969;
Laurie, 1978; Dinerstein, 2003). After the establishment of
Chitwan National Park in 1973 and strict law enforcement
the rhinoceros population gradually recovered to c. 612 in
2000 (DNPWC, 2000; Dinerstein, 2003). During this period
intensive protection and metapopulation management
resulted in the establishment of populations in Bardia
Karnali ﬂoodplain (c. 32 individuals), Bardia Babai valley
(c. 35), and Suklaphnata Wildlife Reserve (c. 5).
Subsequently, during the armed conﬂict of 1996–2005,
rhinoceros conservation in Nepal was compromised by
poaching, resulting in local extinction of the Babai population, reduction of the Bardia Karnali population to 22,
the Suklaphanta population to four and the Chitwan
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Rhinoceros in Chitwan National Park

FIG. 1 Protected areas that were surveyed
for estimating the population of the
greater one-horned rhinoceros Rhinoceros
unicornis in Nepal. These three sites are
the only known areas where rhinoceroses
occur in the country.

population to 372 (Thapa et al., 2013). The total population
in Nepal was c. 400 in 2005 (DNPWC, 2005).
Because of its late age at ﬁrst calving, long gestation
period, long inter-calving interval and single oﬀspring
the rhinoceros is a highly K-selected species and hence vulnerable to extinction by deterministic factors such as
poaching (Poudyal et al., 2009). Regular monitoring of
populations is therefore essential to guide protection eﬀorts
and management decisions.
White Ceratotherium simum and black Diceros bicornis
rhinoceroses in Africa have been monitored and their populations estimated using individual identiﬁcation based on
distinct identifying features (Conway & Goodman, 1989;
Kiwia, 1989; Walpole et al., 2001; Patton et al., 2007), radio
tagging (Galli & Flamand, 1996), spoor (Alibhai et al., 2008)
and camera traps (Stein et al., 2010). Aerial counts from
ﬁxed winged aircraft and helicopters using multiple observers (Brockett, 2002; Ngene et al., 2011), and counts at
water holes from photographs (Cilliers, 1989) have also been
used to monitor and estimate population sizes. The accuracy
and precision of various methods were tested with a known
population of black rhinoceroses in Etosha National Park
(Cilliers, 1989) and Kruger National Park (Ferreira et al.,
2011). Aerial surveys were found to consistently underestimate the population (Laurie, 1978; Brockett, 2002; Ngene
et al., 2011). Laurie (1978) and Dinerstein & Price (1991) used
photography to develop a catalogue of individual rhinoceroses, to estimate the minimal population size in Chitwan.
Since 2000 the population of rhinoceroses in Nepal has
been enumerated every 4–5 years by the total block count
method, by observers riding tame elephants Elephas maximus. These total counts are similar to the aerial block counts
in Africa (Brockett, 2002). The tall grass and closed canopy
forests of the terai make aerial surveys impractical.
Elephants are readily available in Nepal and are regularly
used for patrolling, and can negotiate the habitat and
provide vantage points for detecting and counting rhinoceroses (Laurie, 1978; Dinerstein & Price, 1991). Since 2008
in Bardia National Park, Suklaphanta Wildlife Reserve and

parts of Chitwan National Park all individuals have been
identiﬁed and monitored by regular patrols in a system
similar to that used for eastern black rhinoceroses in Kenya
(Amin et al., 2006).
Here, we report the status of the rhinoceros in Nepal
in 2011 using the total block count method across all
rhinoceros habitats. This method does not explicitly account
for imperfect detections but this may be a minor problem for
surveys of a large-bodied animal such as the rhinoceros.
However, we test this assumption within an intensive study
area where we compare the population estimate obtained by
block counts with estimates obtained from intensive longterm monitoring based on individual identity (ID-based)
and from closed population sighting–mark–resighting; the
latter explicitly accounts for imperfect detections.
Study area
The greater one-horned rhinoceros is a habitat specialist,
primarily restricted to tall grasslands of ﬂoodplains and
riverine forest, and rarely found in hills and sal Shorea
robusta forests (Laurie, 1978; Dinerstein, 2003). The study
covered the current distribution of the rhinoceros within
all potential rhinoceros habitats in Chitwan National Park,
Bardia National Park (including the narrow c. 13 km Khata
forest corridor along the Geruwa River that connects
Bardia with Katarniaghat Wildlife Sanctuary in India),
and Suklaphanta Wildlife Reserve (Fig. 1).
The 932 km2 Chitwan National Park (henceforth
Chitwan) lies in south central Nepal. The climate is subtropical monsoonal with three distinct seasons: monsoon
(June–October), cool-dry (October–February) and hot-dry
(February–June). Mean annual temperature range between
1980 and 2009 was a minimum 8 °C in January and a maximum 36 °C in April. Chitwan receives 2,036 ± SE 64 mm of
rainfall per year, . 80% of which falls in the monsoon
(Subedi, 2012). The Park harbours 68 species of mammals,
544 species of birds, 56 species of reptiles and amphibians,
and 126 species of ﬁsh (CNP, 2012). In addition to the
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FIG. 2 Rhinoceros distribution and density
(km−2) gradient in Chitwan National Park
(Fig. 1) in 2011, as determined by block
counts (blocks are numbered; see text for
further details). The inset shows the tracks
of the survey lines within part of Block 6.

greater one-horned rhinoceros, the large mammals include
tiger Panthera tigris, gaur Bos gaurus, Asian elephant
Elephas maximus, leopard Panthera pardus, sloth bear
Melursus ursinus, sambar Rusa unicolor and chital Axis axis.
The 968 km2 Bardia National Park (henceforth Bardia) is
the largest park in south-western lowland Nepal. The ﬂora,
fauna and climate is similar to Chitwan but Bardia receives
less rainfall. Eighty three rhinoceroses were reintroduced in
Bardia (13 in the Karnali ﬂoodplain and 70 in Babai valley)
from Chitwan between 1986 and 2003, to create a second
rhinoceros population in Nepal (Dinerstein, 2003; DNPWC,
2009). Details of the reintroduced rhinoceroses are provided
by Jnawali & Wegge (1993), Jnawali (1995) and Dinerstein
(2003).
The 305 km2 Suklaphanta Wildlife Reserve (henceforth
Suklaphanta) lies in the far west of the lowland terai and is
drier than Chitwan and Bardia, with 1,300–2,300 mm of
rainfall annually. It has 24 species of mammals, 350 species
of birds and 14 species of ﬁshes (DNPWC, 2009). The
rhinoceros population was supplemented in 2003 with the
translocation of four animals from Chitwan to add to one
resident rhinoceros that was ﬁrst sighted and reported in
1995, possibly a migrant from the reintroduced population
in Dudhwa National Park, India (DNPWC, 2009).

Methods
Block count method
We conducted the rhinoceros census during 5–23 April 2011,
when visibility was most suitable following the annual burning of the tall grasslands and leaf shedding by deciduous
trees (Dinerstein & Price, 1991). The survey covered
all potential rhinoceros habitats in Chitwan (503 km2)
including Barandabhar forest corridor and community
managed forests. In Bardia 86 km2 were covered, including

the Karnali ﬂoodplain, community-managed forests, and
the Khata forest corridor, which is contiguous with
Katerniaghat Wildlife Sanctuary in India. Suklaphanta was
not censused as the population of seven rhinoceroses was
individually known through a regular ID-based monitoring
programme.
We used a block count method in which parallel strip
transects were surveyed simultaneously from elephants
(DNPWC, 2009). Using a 1 : 25,000 topographic map and
reconnaissance surveys we divided all potential rhinoceros
habitats into blocks of 11–75 km2 based on physical features
that probably curtail short-term movements of rhinoceroses
and thus minimize movements between blocks on subsequent days (Figs 2 & 3). A block bounded by streams,
ridges and sal forest (Laurie, 1978; Dinerstein & Price, 1991)
was considered a sampling unit and was surveyed in a
single day.
We used 40 elephants in Chitwan and 15 elephants in
Bardia, to survey each block systematically. The total census
comprised 19 days in Chitwan and 5 days in Bardia, with a
search eﬀort of 3,548 elephant-hours. A total of 5,497 km
were surveyed, comprising 4,854 km in Chitwan and 643 km
in Bardia. Each elephant had a trained observer and a
mahout on the back. Elephants were lined up and moved
parallel along transects, at a spacing of 50 m in dense forests
and 100–200 m in open grasslands, to account for diﬀerential detectability in these habitats. Elephants were walked
at a mean speed of 1–2 km per hour. Each elephant team was
equipped with a camera, datasheets, global positioning
system (GPS) loaded with the day’s track, and a wireless
radio handset, for navigation and coordination.
To prevent double counting rhinoceroses were recorded
only after they had passed the line of elephants. All rhinoceros sightings were communicated by radio to conﬁrm
with observers on adjacent transects, and location, time of
sighting, habitat type, group size, direction of movement,
age and sex, with any distinguishing features, and
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FIG. 3 Rhinoceros distribution and
density (km−2) in Bardia National Park
(Fig. 1) in 2011, as determined by block
counts (blocks are numbered; see text for
further details).

photographs, were recorded for each individual. Age was
categorized as calf, subadult and adult (Laurie, 1978). Fiftyﬁve observers participated, all previously trained in survey
techniques for rhinoceroses and tested for consistency in
ageing and sexing. If age and sex could not be conﬁrmed
individuals were recorded as unsexed and unaged. Observers,
mahouts and coordinators were debriefed each evening and
any potential double counts corrected and data compiled
for the surveyed block, to obtain a total count. Encounter
rates of rhinoceroses were computed by dividing the total
number recorded by the search eﬀort in km. Density was
obtained by dividing the total number of rhinoceroses in a
block by the block area, computed with ArcGIS v. 9.3 (ESRI,
Redlands, USA).

Validating block counts
The block count method assumes a detection probability of
one, resulting in a total count. Because of its large size, way
of moving when approached and the intensive survey eﬀort,
this assumption was probably valid for the rhinoceros.
However, we checked this by comparing the population
estimate obtained by (1) long-term ID-based monitoring
of individual rhinoceroses in the 214 km2 Sauraha area of
Chitwan (Block 1–5, Fig. 2), and (2) closed population
sighting–mark–resighting population estimation conducted
immediately prior to the block count in Sauraha (see below).
Most rhinoceroses can be identiﬁed individually from
features such as horn shape, skin folds and body marks

(Laurie, 1982; Dinerstein & Price, 1991). We had been
monitoring rhinoceroses by individual identiﬁcation on a
weekly basis in the study areas for the past 3 years. Mahouts
and senior wildlife technicians from the National Trust
for Nature Conservation routinely search and record
individual rhinoceroses whose proﬁle includes full body
photographs highlighting distinguishing characteristics,
sex, age and information about locations and associated
rhinoceroses (Conway & Goodman, 1989; Walpole et al.,
2001; Amin et al., 2006). A few rhinoceroses, mostly
subadults, do not have any recognizable features but these
comprise only 2–5% of all sightings; such individuals were
distinguished from others by their location and range use,
and from associated identiﬁed rhinoceroses. This intensive
and extensive monitoring allowed us to determine the total
population in our study areas with reasonable certainty
(Walpole et al., 2001).
Two weeks prior to the total count we estimated the
subpopulation in Sauraha using sighting–mark–resighting
of individually identiﬁed rhinoceroses. We divided the
214 km2 area into a grid of 1 × 1 km cells, which were
intensively searched from the backs of 13 elephants, each
with two observers. The entire area was covered within a
period of 4 days, and this was done three times consecutively
over 12 days (726 elephant hours). We attempted to ensure
demographic and geographical closure by this short
sampling interval and the delineation of the area, which is
mostly bounded by non-rhinoceros habitat. Population
closure was also formally tested using the closure test (Otis
et al., 1978; Stanley & Burnham, 1999). On sighting of a
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TABLE 1 Population status and structure of the greater one-horned
rhinoceros Rhinoceros unicornis in three protected areas in Nepal
(Fig. 1) in April 2011.
Age group
(by protected area)

Female

Male

Unidentiﬁed

Total

Chitwan National Park
Adult
Subadult
Calf
Subtotal

157
14
12
183

126
9
10
145

49
37
89
175

332
60
111
503

Bardia National Park
Adult
Subadult
Subtotal

7
1
9

4
0
5

4
3
10

15
4
24

Suklaphanta Wildlife
Reserve
Adult
Subadult
Subtotal

2
0
2

2
0
2

0
2
3

4
2
7

194

152

188

534

Total

rhinoceros the observers either identiﬁed it based on a
catalogue of photographs that they carried and/or they
took photographs, which were later used to identify the
individual. The data over the three 4-day occasions were
then organized in an X capture matrix and analysed with
MARK (White & Burnham, 1999) using Huggins closed
capture models (Amstrup et al., 2005). As ranging patterns
of male and female rhinoceroses are known to diﬀer
(Dinerstein, 2003; Subedi, 2012) we expected a priori that
detections would diﬀer between genders. Because there was
a similar eﬀort on all three occasions we did not expect temporal variation in capture probabilities or a trap response to
our sampling. We therefore used Akaike information
criteria (AIC) based model selection in MARK to select
between the null model (constant capture probabilities) and
a model with heterogeneity as a result of gender. The
population sizes obtained by total block counts and from
ID-based monitoring were then compared with the 95%
conﬁdence interval of the estimate obtained by sighting–
mark–resighting.

Temple tiger; Table 2). This area of 48 km2 holds 46.5% of
the rhinoceroses in Chitwan. The density and encounter
rate were lowest in Blocks 1 and 2, in the east.
All of the rhinoceroses in Bardia were conﬁned to the
Karnali ﬂoodplain, of which two were outside the Park,
within Khata forest corridor (Fig. 3). No rhinoceroses or
their signs were found in the Babai valley. The seven rhinoceroses in Suklaphanta were found along the Chaudhar and
Mahakali river ﬂoodplains.

Comparison of methods for population estimation
The total rhinoceros population estimated by the block
count method in the Sauraha area of Chitwan was 77 (Blocks
1–5, Table 2). Long-term ID-based monitoring in this area
has resulted in a database of 67 individually identiﬁed rhinoceroses and photographs of ﬁve subadults that do not have
clear identifying features. We considered these subadults to
be unique individuals based on their temporal and spatial
separation and simultaneous sighting of 2–3 individuals in
one group. There were also three individually identiﬁable
adult rhinoceroses that occasionally used the area. These
72–75 individuals were known to occupy Sauraha at any one
time.
During sighting–mark–resighting in Sauraha we obtained 168 sightings of 66 unique individuals and ﬁve
unidentiﬁed individuals. Closure tests indicated that the assumptions of a closed population was not violated (closure
test: χ2 5 0.85, P 5 0.35, Stanley & Burnham, 1999; z 5 2.88,
P 5 0.99, Otis et al., 1978). The model incorporating a
gender-based group eﬀect was selected by MARK over the
null model, with a Δ AIC 5 2.9 and a capture probability for
female rhinoceroses of p̂ 5 0.74 ± SE 0.05 and for males of
p̂ 5 0.88 ± SE 0.04. With an estimated 37 (95% CI 36–41)
females and 30 (95% CI 30–32) males, the population in
Sauraha was estimated to be 67 (95% CI 66–73). As the
number of unidentiﬁed rhinoceroses in the area was known
to be ﬁve the 95% CI was adjusted to be 71–78. The total
number of rhinoceroses from both the block counting and
the ID-based monitoring were within the 95% conﬁdence
intervals of the sighting–mark–resighting estimate.

Results
Population structure
Abundance and distribution
The 2011 survey recorded a total of 503 rhinoceroses in
Chitwan, 24 rhinoceroses in Bardia, and seven rhinoceroses
in Suklaphanta, giving a total rhinoceros population of 534
animals for Nepal (Table 1). In Chitwan 48 animals (9.54%)
were recorded outside the park in community forests and
Barandabhar forest corridor (Fig. 2). The highest concentration of rhinoceroses was in Blocks 8 and 9 (Sukhibar to

Of the 503 rhinoceroses recorded in Chitwan 66% were
adults, 12% subadults and 22% calves (Table 1). Thirty ﬁve
percent of the adult animals could not be sexed. Of those
that were sexed the adult female : male ratio was 1.24 in
Chitwan (n 5 283) and 1.75 (n 5 17) in Bardia. Sixty and 55%
of the adult females had calves in Chitwan and Bardia,
respectively. Of the 24 rhinoceroses in the Bardia population
62% were adults, 21% subadults and 17% calves.
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TABLE 2 Block size, number of rhinoceroses, density and encounter rate in the 19 census blocks in Chitwan National Park (Fig. 1)
in April 2011.
Block
number*

Block name

No. of
rhinoceroses

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

Sunachuri, Harda
Harda, Amrite, Kuchkuche
Amrite, Marchauli, Icharny
Barandabhar corridor
Marchauli, Dumaria
Dumaria, Kasara
Kasara, Kamaltal
Sukibhar, Rapti-Reu junction
Reu-Khoraimuhan,
Khoria, Temple tiger
Gharial island, Lamichur, Kawasoti
Gharial island, Bhorsaghat
Bhagedi, Seri, Tamsapur
Main island of Bandarjhula
Bhorsaghat, Kujauli
Mardighol, Gajapur
Kujauli, Sikrauli
Madi, Thori
Seri, Tribeni

1
4
19
7
46
34
17
164
70
43
26
10
3
13
12
8
11
4
11

Total

503

Block size
(km2)
46.3
34.9
33.5
24.9
74.7
31.6
38.7
29.3
17.9
12.0
38.5
11.7
15.1
20.0
10.5
4.9
11.6
27.7
19.2
503

Search eﬀort
(km)
318.0
310.8
392.4
517.5
235.2
265.6
273.0
510.7
197.7
195.0
238.1
183.5
246.2
222.2
132.7
126.1
258.0
119.5
75.0

Density
(km−2)

Encounter
rate km−1

0.02
0.11
0.57
0.28
0.62
1.07
0.44
5.60
3.90
3.58
0.67
0.86
0.20
0.65
1.12
1.63
0.95
0.14
0.57

,0.01
0.01
0.05
0.01
0.20
0.13
0.06
0.32
0.35
0.22
0.11
0.05
0.01
0.06
0.09
0.06
0.04
0.03
0.15

4,817

*See Fig. 2 for location of blocks.

Discussion
The female : male ratio of the greater one-horned rhinoceroses in Chitwan was 1.58 in 1988 (Dinerstein & Price,
1991) compared to 1.24 in our study in 2011. In 1975 there
were 52.2% adults, 21.2% subadults and 26.6% calves (Laurie,
1982), and the population structure was similar in 1988 and
1994 (Dinerstein & Price, 1991; Yonzon, 1994). The
maximum proportion of adults was recorded (68.75%) in
2005, and it was 66% in our study. The high percentage of
adults in the rhinoceros population in Chitwan during 2005
was probably because of the poaching of breeding females
in 2002 and 2003. The increase in the percentage of males in
Chitwan may also be attributed to male-biased births in
rhinoceroses (Lang et al., 1977) and removal of females for
reintroductions and captive breeding. A total of 103 individuals were removed from Chitwan for conservation breeding
and reintroduction after 1984, of which . 70% were females
(NTNC, unpubl. data). However, the population structure
in 1975 and 2011 was not signiﬁcantly diﬀerent (χ2 5 16.3,
df 5 12, P 5 0.18).
Of the 503 rhinoceroses recorded in Chitwan 9.5% were
located outside the Park, in Barandabhar forest corridor and
community forests in the buﬀer zone. Dispersal of rhinoceroses outside the Park is a challenge for security but is also
an opportunity for partnership with local communities in
rhinoceros conservation. The community forests can be
used for nature-based tourism (Bookbinder et al., 1998).

Because of strong community engagement in rhinoceros
conservation in the buﬀer zone and the corridor, poaching
has been sharply reduced in these areas. However, the
security of these rhinoceroses and human–rhinoceros
conﬂict is a constant challenge for Park management.
The temporal and spatial distribution of rhinoceroses has
changed in Chitwan. There has been a continuous decline
of the Sauraha subpopulation. From 252 rhinoceroses in
1988 (Dinerstein & Price, 1991) the population declined by
49% to 128 in 2011. However, the rhinoceros population in
Chitwan west of Kasara is gradually increasing. Reasons for
the decline in Sauraha could be: (1) The removal of 65
rhinoceroses during 1984–2003 for reintroduction and
captive breeding (DNPWC, 2009; NTNC, unpubl. data).
(2) Of the 171 rhinoceroses poached during 1998–2010, 48%
were from this small area; about 60% of the poachers
arrested in the Chitwan valley were from villages c. 20 km
north of Sauraha (NTNC, unpubl. data) and therefore we
suspect there was an even higher pressure from poaching in
this area than recoded, especially during the period of armed
conﬂict. (3) Annual monsoon ﬂoods are responsible for
maintaining prime grazing habitat and high population
densities in Chitwan (Laurie, 1978; Dinerstein & Price, 1991),
and rivers ﬂowing through the terai are laden with silt from
the mountains, and often change course, forming alluvial
grasslands and oxbow lakes that are prime rhinoceros
habitat; the establishment of a 9 km long dyke along the
northern bank of the Rapti River between Kumrose and
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Lothar during the 1990s channelled river ﬂow in place of a
meandering, silt depositing ﬂow, thereby possibly lowering
the carrying capacity of this area for rhinoceroses.
The decline of the Sauraha subpopulation could be
reversed by translocation of individuals from the western
subpopulation in Chitwan but only after a study of the
causes of decline, to ensure that these factors are controlled
by habitat management and antipoaching activities. The
small population in Suklaphanta necessitates supplementation of individuals. For Bardia, studies on habitat
availability, demography and security threats are needed
to guide further supplementation of rhinoceroses. In the
Babai valley of Bardia 70 rhinoceroses were released during
1991–2003 and all were poached during armed conﬂict
(DNPWC, 2009). Some of the rhinoceroses from Bardia
have dispersed to India, to Katerniaghat Wildlife Sanctuary
(Jnawali, 1995; DNPWC, 2009), through the Khata forest
corridor, which still serves as a corridor for movement of
rhinoceroses, elephants and tigers between Nepal and India,
connecting the transboundary Terai Arc Landscape
(Jhala et al., 2011). Some 4–6 individuals were reported in
Katerniaghat Wildlife Sanctuary in April 2011 (R. Thapa,
pers. comm.).
During 2011–2012 poaching of rhinoceroses has been
substantially reduced, from a mean of 12 per year to c. 2 per
year (Subedi, 2012). The current integrated antipoaching
strategy (intensive strategic patrolling, monitoring in core
areas, an eﬀective intelligence network and arrests by
the Wildlife Crime Control Bureau through coordination
among all security agencies), seems to be eﬀective. More
than 150 poachers were arrested, and imprisoned, across
Nepal during 2010–2011 (DNPWC, 2011). However, poaching can escalate at any time, especially during periods
of political instability. In addition, habitat degradation by
Mikania micrantha, which has invaded . 15% of prime
rhinoceros habitat, and the succession of tall grasslands
to woodlands, have the potential to reduce carrying
capacity for the rhinoceros and to retard population growth
(Murphy et al., 2013; Subedi, 2012). However, 60% of females
of breeding age have calves in Chitwan; this is a good
indicator of a healthy population, especially for highly Kselected species such as the rhinoceros.
The Sauraha area is large (214 km2) and is a separate
subpopulation of rhinoceroses within Chitwan National
Park as it is bounded by non-rhinoceros habitat to the east,
north, and south but remains connected with the other
Chitwan rhinoceros subpopulation, to the west. Telemetry
data for eight rhinoceroses (Subedi, 2012) and long term
ID-based monitoring suggests that movement between
the Sauraha subpopulation and rhinoceroses elsewhere in
Chitwan is rare. We therefore believe that the population in
Sauraha was geographically closed during our 12-day
sighting–mark–resighting survey, as also suggested by the
closure test. A priori we expected heterogeneity in capture

probability between males and females, and selection in
MARK of the model with gender eﬀect over the null model
supports this hypothesis. As our marking technique was
based on photography and sighting of individually known
rhinoceroses we did not expect capture and recapture
probabilities to diﬀer, and as we used the same elephants,
mahouts and observers and invested similar eﬀort to locate
rhinoceroses on all three occasions we did not expect capture probabilities to vary over time. The population
estimates obtained by sighting–mark–resighting were
reasonably precise, with a coeﬃcient of variation of 4.5%.
By designing appropriate surveys in a mark-recapture
framework, robust population estimates are possible for this
species of rhinoceros. The tall grasslands and dense riverine
forests of the terai makes aerial and transect counts, as used
for rhinoceroses in Africa, inaccurate in Nepal (Laurie,
1978). Our comparison of the total block and intensive
ID-based counts with the statistically robust sighting–
mark–resighting method suggests that these methods are
comparable. When the population is . 300 ID-based monitoring requires a relatively long time (. 1 year) for the
preparation of proﬁles of individual rhinoceroses but the
method can be eﬀective for populations of , 100 within
c. 2 months. The total block count method is relatively
quick but demands greater resources and precautions and
planning to avoid double or under-counts. Sighting–mark–
resighting is dependent on having a catalogue of individually identiﬁed rhinoceroses and therefore ID-based monitoring is a prerequisite. As most protected area guard posts
have captive elephants for patrolling and wildlife monitoring in Nepal, ID-based monitoring of rhinoceroses is
feasible. This form of monitoring can deter poaching
(Thapa et al., 2013), and has the potential to provide robust
population estimates as well as life history information if
executed systematically (Amin et al., 2006).
We propose that the countrywide status of the greater
one-horned rhinoceros is monitored by a combination of all
three methods, with a countrywide block count for rhinoceroses every 3 years and annual ID-based monitoring in a
sighting–mark–resighting framework within selected subpopulations. Sighting–mark–resighting provides statistical
rigour for estimating rhinoceros populations, and can be
readily adapted to estimate other rhinoceros populations in
Asia and Africa for which ID-based proﬁles are available.
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