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strictly employ individual identification based on distinct 
body features. 

In recent years noninvasive genetic approaches have 
emerged as an alternative to invasive capture-mark-recap
tu re methods, providing an opportunity to identify indivi
duals without the need to capture, harm or disturb them 
(Taberlet et al., 1996, 1999; Kohn et al., 1999; Smith et al., 
2006; Borthakur et al., 2013). There are a number of poten
tial benefits to genetic tagging compared with physical tag
ging (Taberlet et al., 1999), including an increase in the 
number of records (yielding more accurate estimates), re
duced stress and mortality, reduced capture bias caused by 
trap response, and a shorter sampling period to approxi
mate closure better (Miller et al., 2005). The estimation of 
population size by means of noninvasive genetic sampling 
and capture-mark-recapture models is a complex multi
step process, which involves an appropriate sampling design 
(Lindberg & Rexstad, 2002; Boulanger et al., 2004), effective 
field techniques, a reliable protocol of individual identifica
tion (Paetkau, 2003), and adequate capture-m ark-recapture 
modelling for population estimation (Mondol et al., 2009). 

We conducted a genetic-tagging-based census of greater 
one-horned rhinoceros in Gorumara National Park. Our 
objective was to optimize protocols for genetic identification 
from dung samples so that this approach, with development 
of a robust sampling strategy, could be used for genetic
based estimation of the population size of the species in 
the wild across India. 

Study area 

The c. 80 km2 Gorumara National Park lies in the flood
plains of the Murti and Raidak rivers, in the state of West 
Bengal (Fig. 1). This region is part of the Eastern 
Himalayan submontane Terai belt and the Indo-Malayan 
ecozone. Gorumara was chosen as the study site because 
of its known small population of rhinoceros (42 indivi
duals), with a male-to-female sex ratio of 3.5: 1 (according 
to the March 2012 census conducted by West Bengal 
Forest Department using the total count method). 

Methods 

Technical details of the genetic analysis are provided as 
Supplementary Material. 

Field survey and sample collection The field survey was 
undertaken during April 2011 by VB and PKD 
accompanied by the field staff of Gorumara Forest 
Department, to locate fresh samples of rhinoceros dung, 
preferably deposited no more than 24 hours prior to 
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FIG. 1 Sites where samples of greater one-horned rhinoceros 
Rhinoceros unicornis dung were collected in Gorumara National 
Park, West Bengal. 

collection. Elephants were used throughout the survey for 
transportation in areas that could not be accessed by 
vehicles. Circa 15-20 g of dung from each sample was 
collected in plastic vials containing DMSO-EDTA-Tris
salt saturated (DETs) buffer. The geographical coordinates 
of each sample were recorded using a global positioning 
system. We collected 60 samples of rhinoceros dung from 
Gorumara National Park during April 2011 (Fig. 1). We 
also extracted DNA from 10 reference tissue samples from 
dead rhinoceros, collected during 2008-2009 and 
preserved in 95% ethanol, for use in marker 
standardization. All samples were kept at a temperature of 
-20°C prior to DNA extraction. 

DNA extraction DNA was extracted from dung samples 
using the guanidine isothiocyanate-silica-based protocol 
(Boom et al., 1990), with modifications (see Supplementary 
Material for full details). All DNA extractions were 
performed in a room dedicated for low-quality DNA work. 
DNA extractions from reference tissues and samples were 
performed using the DNeasy Blood & Tissue kit (QIAGEN, 
Hilden, Germany), following standard kit protocols. 

Selection of polymorphic microsatellite markers and 
individual identification Seventeen microsatellite loci 
(Table 1), nine from greater one-horned rhinoceros 
(Zschokke et al., 2003) and eight from Sumatran 
rhinoceros Dicerorhinus sumatrensis (Scott et al., 2004), 
were first screened on 10 reference samples from greater 
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tiger dung samples stored in silica gel. The mean PCR amp
lification success was 82%, which is comparable to that re
ported for other species (e.g. 95% for elephants; Fernando 
et aI., 2003). Vidya & Sukumar (2005) also reported high 
overall micro satellite PCR amplification success (95.6%) 

with dung samples, with varied success across loci, as ob
served in our study. 

In 2012 the West Bengal Forest Department counted 42 

rhinoceros in Gorumara, with a male-to-female sex ratio of 
3.5 : 1 (Department of Environment, Government of West 
Bengal). Our results are similar (43 and 3.8 : 1, respectively). 
The genetic-based total count is practical and cost effective 
for small populations such as in Gorumara, where obtaining 
samples from every rhinoceros is possible. A comparative 
analysis of the costs involved in the genetic-based total 
count and traditional total count methods is not within 
the scope of this study, however, because data for the latter 
are unavailable. Generating individual genetic profiles for all 
rhinoceroses within a protected area provides scope for 
long-term population monitoring, yielding information on 
the dispersal of individuals and other parameters required 
to study the dynamics of a natural population. For large po
pulations, however, such as that of Assam's Kaziranga 
National Park (> 2,300 rhinoceroses according to a total 
count census conducted by Assam Forest Department in 
2013), sampling strategies need to be developed further to fa
cilitate the use of genetic tools for population monitoring. 

Genetic monitoring can provide information on various 
aspects of genetic diversity, but for regular monitoring pur
poses the traditional total count method is easier for forest 
departments to implement. This is primarily because of the 
need for technical expertise and laboratory facilities rather 
than because of the costs involved. We recommend a multi
disciplinary approach to monitoring populations of greater 
one-horned rhinoceros in India, based on a combination of 
traditional and advanced ecological and genetic monitoring 
techniques, to provide the necessary data for conservation 
management of the species in situ. 

UB conceived the study design, carried out the field work 
and data analysis, wrote the manuscript and provided guid
ance to PKD. PKD took part in the field work and carried 
out the laboratory work. AT participated in the collection of 
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