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Nepal has an exceptionally varied environment and, despite its small size, possesses a disproportionately large diversity of wild
flora and fauna at genetic, species, and ecosystems levels. The Government of Nepal (GON) is a signatory to several international
environmental conventions, including the Convention on Biological Diversity and Convention on International Trade in Endangered
Species of Wild Flora and Fauna. It has established 20 national parks and conservation areas that cover 23 percent of the country’s
landmass. The GON has applied a successful model of decentralized forest governance by devolving over 1.7 million hectares
of forest area to over 18,000 formally registered community forest user groups for conservation, sustainable management, and
productive use. Over 40% Nepali households are members of these forest user groups. Moreover, the GON has also demonstrated
leadership on biodiversity conservation in the region by establishing a secretariat for the South Asia Wildlife Enforcement Network.
Despite these positive trends, Nepal continues to face serious environmental threats to its biodiversity, including ecosystem and
species loss, environmental degradation due to over-exploitation, and high dependency of poor and vulnerable people on forest
resources such as timber, firewood and other non-timber forest products. Nepal is also considered to be a source and transit point
of poaching and illegal trade of wildlife parts and products.
USAID/Nepal has been a long-standing development partner in assisting Nepal to conserve its unique biodiversity. As emphasized
by the US President in his Executive Order on Combating Wildlife Trafficking: “…The survival of protected wildlife species such as
elephants, rhinos, great apes, tigers, sharks, tuna, and turtles has beneficial economic, social, and environmental impacts that are
important to all nations… United States shall seek to assist those governments in anti-wildlife trafficking activities when requested
by foreign nations experiencing trafficking of protected wildlife…” The conservation of Bengal tigers, a highly endangered species,
is a top priority of the GON and its neighbors. USAID/Nepal joined the quest of the GON to more than double its Bengal tiger
population from a low of 121 to 250 by 2022 through conservation program(s), including the Nepal Tiger Genome Project (NTGP)
and the Hariyo Ban Program. One of the greatest challenges in conserving tigers is the scarcity of solid scientific data to inform
conservation decisions. NTGP was a two year research project designed to address that gap. It has been successful in developing
non-invasive genetics tools and approaches to address challenges of obtaining information on Bengal tigers.
USAID/Nepal has been very happy to support such a successful state-of-art genetics research in Nepal where the GON’s
Department of National Parks and Wildlife Conservation, the Center for Molecular Dynamics - Nepal, University of Idaho and
Virginia Tech, WWF, NTNC and other conservation organizations worked in close collaboration to successfully materialize the
difficult project goals. The key NTGP findings and recommendations, particularly the genetics baseline database and geo-spatial
maps of tigers have special value for conservation. Further analysis, safe handling, and strategic application of this information
have potential to play a crucial role in the global fight against wildlife crime.
USAID/Nepal hopes that the findings and recommendations presented in this “Project Completion Report” will be widely
disseminated and the Nepali capacity built under this project has, and will continue to have, long lasting impact on conservation
genetics in general and tiger conservation in particular. USAID/Nepal believes that findings of this innovative scientific research
project will help to facilitate a better understanding among the conservation professionals, policy makers and development partners
on the genetic diversity and population of Bengal tiger to design and implement effective conservation policies, plans and strategies
at local, national, and international levels.
USAID looks forward to assisting similarly successful conservation programs in the days to come.

Netra Sharma (Sapkota)
USAID Agreement Officer’s Representative for Nepal Tiger Genome Project
USAID/Nepal, Kathmandu
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January 20, 2014

It has been a great pleasure to work with the Center for Molecular Dynamics – Nepal and all collaborators on the USAID funded
Nepal Tiger Genome Project (NTGP). During the last two year of our project, I hosted three Nepalese researchers for training
in my conservation genetics laboratory at the University of Idaho and traveled to Nepal twice to visit the laboratory and field
sites and to conduct additional training. Together we have learned much and accomplished many things. One of the greatest
challenges of conserving Bengal tigers in Nepal, and across their range, is the lack of scientific data to inform conservation and
management decisions. Our collaborative NTGP was designed to address this gap by developing non-invasive genetic tools and
local capacity to obtain information on the population size and genetic structure of Bengal tigers.

Jan 14, 2014

Our effort has been very successful and will benefit the conservation and management of Nepal’s unique biodiversity in multiple
ways for many years to come. For example, many new collaborations have been established within Nepal and between
international researchers and Nepalese scientists. The local capacity to conduct research in conservation genetics and molecular
ecology has been greatly increased. And, we have gained additional insight into the population size, genetic diversity and
genetic structure of Bengal tigers in Nepal. I hope that the findings and recommendations presented in this “Project Completion
Report” will help the Nepalese government plus local and international partners design and implement effective conservation
policies and plans for the long-term conservation of the unique Bengal tiger.
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The collaboration between Virginia Tech (VT) and the Center for Molecular Dynamics Nepal (CMDN), and all other collaborators on the
USAID funded Nepal Tiger Genome Project (NTGP), has been a fruitful experience with exceptional results. Kanchan Thapa was already
my graduate student working on his PhD on tigers in the Terai Arc Landscape, when I met Dibesh Karmacharya in Bhutan in 2010. Shortly
thereafter, I came to Nepal to see Kanchan’s field sites and to visit with Dibesh. At that point we became aware of the possibilities of linking
our work at VT with CMDN and University of Idaho, to create something truly unique. This project has not only increased our knowledge of
tiger ecology and demography, it has pushed the envelope in terms of new ways to survey for tigers and new ways to analyze data. Not
only can we survey tigers with remotely-triggered camera traps to determine population sizes across many reserves, we have developed
new methodologies for surveying tigers via non-invasive genetic techniques, which can also give us information on genetic diversity,
connectivity, and movement across a fragmented landscape. In addition, this has allowed us to build collaborations with other researchers in
India, in order to compare genetic diversity and examine trans-boundary tiger connectivity. This has been a truly exceptional collaboration.
Additionally, this project has built local capacity in terms of training for PhD student, Kanchan Thapa, not only in genetic
techniques, but also in state of the art, data analysis and advanced population modeling techniques he has learned at VT.
Kanchan is already emerging as a leader in this field and his skills will be highly sought after once he completes his PhD and
returns to Nepal. This will have long-term benefits for tiger conservation and for future collaborations among all the partners.
I anticipate that this is only the beginning of the collaboration among our organizations and I look forward to future
work together as we strive to gain more scientific information relevant to conserving the majestic Bengal tiger in Nepal.
Sincerely,

Dr. Marcella J. Kelly, Associate Professor
Dept. of Fish & Wildlife Conservation
Virginia Tech; 146 Cheatham Hall
Blacksburg, VA 24061-0321; USA
540-231-1734 PH: 540-231-7580 FAX
makelly2@vt.edu; www.mjkelly.info
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From the beginning, Nepal Tiger Genome Project (NTGP) was conceived and implemented in a collaborative way. We are grateful to
Dr. Kevin Rushing, former Mission Director of USAID/Nepal, for believing and supporting our initiative. We worked very closely with the
Department of National Parks and Wildlife Conservation (DNPWC) and the Ministry of Forests and Soil Conservation (MoFSC) to put
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crucial role in providing that help to us. We are very grateful to Mr. Sharma for actively participating and guiding us as an Agreement
Officer to the project.
NTGP was an innovative project with cutting edge technology as its backbone. This meant we had to work with institutions and experts
that are among the best in the world in the field of conservation genetics and population dynamics. Dr. Marcella Kelly from Virginia Tech
and Dr. Lisette Waits from University of Idaho played an important role in helping us design, train and implement the project. We are
really proud to have them in our team. NTGP has paved a nice road for us to work together in the future conservation projects of high
importance.
Field work, where we set out to collect samples from an area more than 24,000 Km2, was probably the hardest part of our project.
Without help from field staffs from DNPWC, National Trust for Nature Conservation (NTNC) and World Wildlife Fund (WWF), we would
not have accomplished collecting more than 1200 samples in two seasons. We would like to show our appreciation to Chief WardensDr Jhamak Karki (Chitwan), Baburam Yadav (Parsa), Tikaram Adhikari (Bardia), Ubaraj Regmi (Suklaphata), for their involvement and
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Barrett and Mr. John Stamm of USAID/Nepal for their continued encouragement and support for the project. USAID/Nepal team has
been exceptionally supportive of our initiative and we will be forever grateful to them for believing in our effort of building local capacity
to help conservation efforts in Nepal.
NTGP believes in cross organization and cross country consultation and collaboration to share information and exchange ideas. We
would like to thank Dr. S P Goyal of the Wildlife Institute of India for his input in designing the project and sharing technical information.
We are hopeful that our collaboration will continue in the future.
We would like to thank Mr. Gaston Blanchet and Mr. Kerrin Sheldon for making NTGP a global story by covering our work by making a
short documentary. We would also like to thank all the media outlets for helping spread our conservation effort through NTGP.
Finally we would like to express our deepest gratitude to our Center for Molecular Dynamics Nepal (CMDN) and Intrepid Nepal Pvt. Ltd.
(INPL) team members for working very hard in producing world class result and making NTGP a great success story. We would like
to thank Ms. Manisha Bista, project coordinator of NTGP, for making sure all logistics were taken care of in the most efficient manner.
We would also like to thank Mr. Samir Pradhan of Nytapol Technologies for helping us with the Wildlife Software design and production.
Sincerely,

Dibesh Karmacharya
Principal Investigator

Kanchan Thapa
Co-Principal Investigator
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1. Executive Summary
Nepal Tiger Genome Project (NTGP) is a two year (June 2011- 2013) research project which built
Nepal’s first genetic database of wild Bengal tigers. NTGP is a collaborative effort between Center for
Molecular Dynamics Nepal (CMDN), Nepal Government’s Ministry of Forest and Soil Conservation,
Department of National Parks and Wildlife Conservation, University of Idaho (UI) and Virginia Tech.
(VT) was made possible by the generous funding support from the American people through USAID/
Nepal under Fixed Obligation Grant (FOG) no. AID-367-G-11-00001.
Conservation of Bengal tiger in Nepal is a top priority due to its dwindling number. It is important to
have a comprehensive understanding of tiger conservation from a landscape perspective. In order to
develop effective policies and strategies for conservation of Bengal tigers, effective census tools need
to be developed and deployed. Conventional tools for conservation are often inadequate and ineffective.
NTGP introduced the latest in non-invasive genetic technology to address many challenges of tiger
conservation in Nepal. Due to its high specificity and sensitivity, information obtained through genetic
study is often more detailed than conventionally gathered data. This information can also be applied to
understand landscape genetics of the species, which has great utility in developing overall conservation
policies and strategies on a landscape level. NTGP also enhanced existing laboratory capacity and
fostered an environment of conservation research collaboration nationally and internationally.
NTGP has lasting impact in the field of conservation genetics in Nepal. The project has trained 75 local
experts, created 43 jobs, brought in experts from 4 countries, and aided five other similar research
projects in Nepal.
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2. Project Narrative
NTGP addressed a number of international and national priorities in tiger conservation. In a United
States Fish and Wildlife Service (USFWS) funded project report, “Setting Priorities for the Conservation
and Recovery of Wild Tigers (2005-2015)”, authors emphasized the need for management of tigers
at a landscape level in order to facilitate long-term tiger recovery (Sanderson et al. 2006). One of the
areas where this is currently underway is in the Terai Arc Landscape (TAL) in India and lowland Nepal,
which is also a groundwork for effective landscape level management (Map 1). With one of the highest
densities of wild tigers on earth, this region has become a global priority for conservation of wild tigers
(Barlow et al. 2009, Sanderson et al. 2006).

Map 1: Location showing the Protected Areas and Corridors in Terai Arc Landscape (TAL) in India and Nepal
(Source: WWF Nepal)
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The government of Nepal has also recognized TAL’s important role in global recovery of wild tigers.
In its 2008-2012 tiger conservation action plan, Nepal government has stated its first goal to establish
a sound scientific information-base for management of tigers and prey (Bajimaya et al. 2007). One
of the primary problems outlined in the national plan is lack of technical capacity and skills to obtain
information regarding demographic patterns and population dynamics necessary for effective planning
and management of tiger populations.
Some of the solutions presented by the government include establishing constructive relationships
with academic and conservation institutions, consolidating and centralizing existing knowledge,
development and proliferation of sound science for accurate measurement of demographic parameters,
and developing technical capacity, physical infrastructure, and expertise to facilitate conservation
management. This increased scientific capacity will help in management practices in maintaining
landscape level connectivity and monitoring.
Nepal seeks to manage long term genetic integrity of tigers through habitat connectivity across six
high priority zones. While significant achievements have been made, there is currently very little
information about source-sink dynamics in these areas, making it difficult to quantify the effectiveness
of conservation investments (Gurung 2002). The government’s plan also emphasizes the need for a
new approach to prevent poaching and illegal trade in tiger parts. The Nepal government has asserted
that volume of seized tiger parts is high, with Nepal acting as both a source and as a conduit for
trafficking into China/Tibet and other areas (Bajimaya et al. 2007). Current high levels of poaching
act severely undermines protection efforts. Moreover, anti-poaching is highly localized and in need of
landscape-level coordination. The government of Nepal has proposed establishing a system to better
track records of poaching incidences and confiscation and enforcement of CITES by increasing capacity
for identifying animal parts and their derivatives, by using effictive and modern forensic procedures.

3
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The Terai Arc is a tiger inhabited landscape on the southern slope of the Himalayas, with highly productive
alluvial grasslands and riverine forests capable of supporting some of the highest tiger densities across
the range. In this human-dominated landscape, the Government of Nepal and partners have set an
ambitious goal of sustaining 550 tigers. Demographically, core tiger populations are currently limited
to three sub-populations in four protected areas across the landscape: Chitwan population (Parsa
Wildlife Reserve & Chitwan National Park), Bardia population (Bardia National Park) and Suklaphanta
population (Suklaphanta Wildlife Reserve) with an estimated total of 125 adult tigers across these areas
[Table 1, (DNPWC 2010)].
Protected Areas

Estimated Population

Estimated Density

95%CI

D̂ ( N̂ per 100 sq km)

4–4

0.72

SEˆ ( D)
3.23

Parsa Wildlife Reserve

4

SEˆ ( Nˆ )
0.22

Chitwan National Park

91

17.79

71 – 147

8.08

0.06

Bardia National Park

18

2.5

17 – 29

1.76

0.26

Suklaphanta Wildlife Reserve

8

1.41

8 -14

3.23

0.60

168

4.5
(SE0.4)

N̂

Total

121

Chitwan National Park #

125

100-191
21.9

83-168

* Based on spatially explicit capture recapture(SCER) - Baysian Approach
#

Based on Karki et al (2013)
Table 1: Estimated Population and Density of Tigers in Four Protected Area in Terai Arc in 2009
Source (DNPWC 2010)

Poaching remains a great threat to tiger survival in the landscape. Dwindling tiger numbers in some
protected areas call into question current protection strategy. Tiger populations in western part of the
Terai Arc may already have reached a dangerously low tipping-point, and further threat may push
population towards local extinction, as has occurred for rhino populations across Babai River floodplain
in Bardia National Park (Thapa 2006)
In reviewing success of investments in tiger conservation, best practices in anti-poaching projects have
been those that incorporated scientifically sound wildlife monitoring; and projects which have been
unsuccessful had failed to effectively disseminate data to management and other conservation institutions
(Gratwicke et al. 2007). The process of incorporating scientific information on tigers into practice is a
crucial one, though it is occurring at slow rate to effectively address species recovery (Karanth et al.
2003); thus, there is a significant need for studies and projects related to tiger conservation to make
reliable information readily available to decision-makers and other stakeholders. Without accurate
information on populations it is impossible to determine if the large investments currently being made
have been effective.
One of the most significant uses of science in the management of tigers is using methods of population
estimation, which lies at the heart of efforts to recover the species (Karanth et al. 2003). Since it
4

Nepal Tiger Genome Project Final Report 2011-2013

is difficult to enumerate populations of wide-ranging, elusive species that occur at low density, like
tigers, non-invasive methods of detecting tigers have been frequently employed to estimate number of
individuals in a certain area (Schipper et al., 2008). Non-invasive methods have also been favored for
eliminating need for direct interactions that could potentially have adverse effects on animal welfare
(Lukacs and Burnham 2005; Kelly et al. 2012).
For tigers, use of pugmarks as a means to identify individuals and generate population estimates
has long been used by the Indian government; however, the method’s high susceptibility to errors
generates limited confidence in results (Karanth et al. 2003, Narain et al. 2005). A recent alternative
has been to use remote cameras to photograph (camera trapping) animals under the assumption that
individuals can be identified based on certain physical characteristics such as stripes or other markings.
Rates of appearance (detection histories) of individuals over a survey period can be combined with
capture-mark-recapture (CMR) methods to generate robust estimates of population size (Karanth et
al. 2006, Mondol et al. 2009). CMR methods and analyses have a long history and thorough vetting in
wildlife management, but only recently have newer data collection techniques such as camera trapping
been combined with well-established CMR population estimation to obtain better, more defensible and
robust estimates of population size. There are however, a number of potential disadvantages using
camera traps, including poor performance in areas of difficult terrain or adverse weather, susceptibility
to theft or vandalism, low detection and demanding field logistical support and possible violation of
population closure assumptions in mark-recapture (Mondol et al. 2006, Harihar et al. 2009). Moreover,
due to limitations of its use in areas of low population density, it may not be feasible in marginal
habitats, reducing extent to which it can be applied in studying landscape-level population dynamics
(Bhagavatula and Singh 2006). The use of camera traps is also inherently restricted to animals which
can be identified down to the individual, due to their distinctly different coat patterns with a high degree
of confidence through photographs (Mondol et al. 2009). Finally, threat of vandalism, potentially makes
it infeasible to use camera traps in areas outside of protected areas, such as in corridors surrounded
by villages with high human use.
A research tool yet to be fully utilized for tigers is genetics sampling in combination with CMR statistical
techniques; this constitutes use of molecular techniques to derive unique genetic profiles for individuals
based on collection of samples that harbor DNA such as blood, tissue, hair, bones and scats (Waits and
Paetkau 2005, Wetton at al. 2004, Ruttledge et al 2009, Gillett et al 2010, Wilson et al, 2009).
Enthusiasm has increased as studies have documented potential use of genetic sampling in applications
such as non-invasive population estimation and wildlife forensics (Mills et al. 2000; Kelly et al 2012).
This is of particular interest in tiger conservation, providing new opportunities for understanding not
only population size through genetic identification of individuals, but it also gives information on
landscape level population dynamics (Holdregger and Wagner 2008, Sharma et al. 2009); and is useful
for enforcing anti-poaching laws (Singh et al. 2004, Wetton et al. 2004). Use of genetic sampling holds
significant promise in execution of landscape-level management plans as it may allow managers to
measure genetic health and even gene flow with greater certainty. Habitat connectivity and degree
of movement from one habitat patch to another can be inferred through understanding of species
behavior, but genetic data can give us landscape level information by directly identifying patterns of
distinctiveness, endemism and degree to which gene flow exists between subpopulations (Cracraft
5
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et al. 1998, Holdregger and Wagner 2008). Genetic tools can also provide opportunities to discern
geographic origin of confiscated wildlife parts and their derivatives (Ogden et al. 2009, Palsboll et al.
2006), information which can inform management of areas which require greater investments in antipoaching.
Non-invasive genetics has number of advantages in population studies using CMR techniques,
including increasing number of observations (i.e. scats collected) relative to camera trapping (photos
collected). This increases reliability and precision in estimates and allows for a shorter sampling period,
constituting a greater adherence to population closure assumption in capture-recapture (Mondol et al.
2009). Non-invasive genetic technique has a particular advantage over the camera-trap method as it
can be employed in areas where use of cameras may be deemed infeasible. In addition, it can identify
unique individuals from other species which cannot be discerned from photographs of animals without
distinct coat patterns. However, though this method has a number of advantages over other methods,
the most effective use of DNA identification in population studies may be in circumstances where it is
used to compliment other methods, significantly increasing reliability in estimations (Bhagavatula and
Singh 2006).
Non-invasive genetic studies on populations, such as those that use scat samples, have increased
in recent years, and have been used to estimate population size in coyotes, red wolves, elephants,
European badger, Brown bears and Scandinavian wolverines (Miller et al. 2005) and in documenting
dispersal of individuals in a population (Forbes and Boyd 1997, Janecka et al. 2008b, Onorato et al.
2009). Use of scat samples to estimate population size of tigers, however, has been virtually nonexistent despite its potential feasibility, and what work has been done is in its infancy, occurring almost
exclusively in India (Bhagavatula and Singh 2006, Narain et al. 2005). Applications of DNA profiling in
wildlife forensics remain rare, though use has been successful in investigations in Canada with mule
deer, white-tailed deer, moose, caribou and black bear (Ogden et al. 2009) and in Italy in one particular
poaching case of a wild boar (Lorenzini 2005) and six Italian wolves (Caniglia et al. (2009). Use of this
method in tiger conservation has been rare, though one study demonstrated feasibility in a tiger bone
smuggling case in China (Xu et al. 2005) and in the illegal sale of tiger meat from a circus tiger (Wan
and Fang 2003). In Nepal, genetics in both population studies and forensics have not yet been explored
for tigers, nor does the technical capacity currently exist (Bajimaya et al. 2007).
As promising as genetic methods are in their potential application to study tigers and other species
in Nepal, steps must first be taken to demonstrate feasibility and develop the necessary capacity for
utilization (Taberlet and Luikart 1999). Difficulties can arise because DNA in fecal samples is highly
degraded and occurs in small amounts, which can lead to misidentification of species and individuals.
Amplification of DNA from fecal samples is fraught with difficulties and requires unique experties
and specialized training. Estimating probability of identity (individuals with identical genotypes) in a
population by analyzing DNA could show identical characteristics for two different individuals leading to
under-estimation of a population. This is particularly important for populations with low genetic variability
such as tigers (Sharma et al. 2009) since they will have a higher number of individuals with identical
genotypes (Taberlet and Luikart 1999). Therefore, it is important to conduct detailed methodological
inquiry before committing to large scale studies. Increasing the number of loci amplified (especially
highly variable loci) can address this problem. If methods are developed carefully, results can have a
6
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high degree of certainty and utility across species (Bhagavatula and Singh 2006, Janecka et al. 2008a,
Mondol et al. 2009).
There is also an opportunity to develop a localized, geo-referenced DNA database using references
of previous sample data to streamline process of inter- and intra- species identification and provide
information to determine origins of confiscated wildlife products. Similar databases have been developed
and used for a number of species (Ogden et al. 2009, Palsboll et al. 2006), though they have not
yet been developed for tigers and many other endangered species (Palsboll et al. 2006). If training,
education and involvement of local stakeholders are aligned with development of these tools, it is likely
that local capacity to effectively administer them will be greatly increased, reducing dependence on
outside sources.
The development of capacity in Nepal to use genetics on tigers represents a valuable opportunity to
address some of the highest national and global concerns in tiger conservation including:



Proliferation of reliable science, especially related to tiger population size estimation and
connectivity to inform conservation decision-making



Development of constructive partnerships with various institutions to increase technical
capacity and effective use of new technologies



Addressing knowledge gaps in landscape-level wildlife management and poaching trends



Better documentation of wildlife crime and trafficking

NTGP was a collaborative project between experts from the Department of National Parks and Wildlife
Conservation (Ministry of Forests and Soil Conservation), Virginia Tech, University of Idaho and the
Center for Molecular Dynamics Nepal (CMDN). The project took advantage of many years of experience
of field biologists and wildlife geneticists for conservation and management of wildlife and its application
in anti-poaching activities.

7
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3. Project Goals and Objectives
The long term goal of NTGP was to develop capacity in Nepal for utilization of genetic methods as
means of conservation tool on endangered species such as tigers.
Overall Objectives:
 To develop capacity within Nepal to apply molecular tools for conservation of tigers and provide
DNA forensic evidence for enforcement of wildlife statutes.


To provide training and education on the use of molecular data to stakeholders and managers
through workshops and short courses.



Customize the spatial genetic data-base “Wildlife Tracker” to tigers in Nepal.



Transfer DNA isolation and low template amplification technology for scat to Nepal.

Specific Objectives:
 To determine impact of habitat fragmentation on genetic structure and degree of genetic
connectivity between sub-populations of tigers across the Terai Arc Landscape – (Nepal) using
non-invasive molecular scat analysis.


To estimate genetic diversity within each subpopulation and determine population structure
across the three sub-populations of tigers (Chitwan population-Parsa Wildlife Reserve, Chitwan
National Park, Bardia population- Bardia National Park and Sukla population- Suklaphanta
Wildlife Reserve).



To estimate population size of tigers in high density areas in Chitwan National Park using
molecular scatology under the framework of Capture and Recapture Models.

The Center for Molecular Dynamics Nepal (CMDN) received letter of collaboration and cooperation
from the Department of National Parks and Wildlife Conservation (DPWNC), Ministry of Forest & Soil
Conservation, to work on tiger genetic study in Nepal.

8
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4. Major Project Activities
This project was implemented in the following phases:
 Infrastructure development and upgrade for already established laboratory facility for wildlife
molecular forensic work by adding microsatellite based analysis capability to already existing
molecular biology laboratory of CMDN in Nepal. This entailed acquiring and installing a DNA
Sequencer (ABI 310). The lab already had full PCR capability. CMDN also installed Geo-spatial
database within DNPWC for secure data sharing and map visualization.
 Organizing seminar and workshop for exchange of ideas amongst government agencies and
participating stakeholders. Gather information on current practices and brainstorm on possible
way forward. Also educate concerned biologists and policy makers about application of molecular
forensics in wildlife conservation.
 One day seminar and workshop on application of molecular forensic in wildlife conservation was
held in Kathmandu, prior to the start of study design and sample collection. About 20 experts and
policy makers that are involved in tiger conservation in Nepal were invited to attend the seminar and
workshop. This included Government agencies, Non-Governmental Organizations-NGO (local) and
International Non-Governmental Organizations-INGO and other pertaining agencies. The seminar/
workshop covered the following:


Current challenges in tiger conservation in Nepal-population census, anti-poaching strategies



Application of molecular forensics in wildlife conservation efforts.



Strategies to utilize information gained from molecular forensics in the current context.



Future plans including development of tools that will aid in the conservation of wildlife in
Nepal-such as spatial mapping of endangered species.

 Conducted the first genetic study on tigers in Nepal using newest techniques in non-invasive genetic
monitoring (molecular scatology)
 Compared genetic population estimation techniques to remote camera trap estimation techniques.
 Built Nepal’s first comprehensive baseline genetic database of endangered Bengal tigers.
 Created Standard Operating Protocol (SOP) for utilization and application of molecular forensics
in Nepal.
 Dissemination of post study information
Information gathered from this study was disseminated to all wildlife conservation stakeholders of
Nepal. Study information will also be shared with experts worldwide through scientific papers and
presentations, so that if molecular forensic tools are found to be effective in species identification,
similar work can be carried out on other endangered species.
9
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5. Capacity Building
5.1 Infrastructure development and Capacity enhancement
5.1.1 Bio-metric system
A bio-metric system has been installed for security of the lab. This system also monitors secure
sample storage built for safe and secure handling of all the wildlife samples.
5.1.2 Sample archiving and bar-coding
Sample security is a top priority for NTGP. For this reason, a standard bar coding and archiving
system was developed to secure samples.
As samples arrived in the lab, information was entered into the database, then an internal code was
generated and samples were barcoded. Finally, geo-spatial maps were also generated for each
sample according to its corresponding GPS data. Barcode system was used for sample and data
identification in the laboratory.

Barcoded scat samples, insert: extracted DNA vials
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5.1.3 Bioinformatics Suite
A bioinformatics suite was set up within
CMDN facility for central data entry,
archiving and analysis. Central server is
linked with a computer terminal installed
at the DNPWC to share genetic database.
The information and geo-spatial maps of
tiger sample collection and findings are
automatically shared with DNPWC. NTGP’s
highly secured database allows users to
enter the data and modify in a systematic
manner with layers of authorization for data
accuracy and security.
5.1.4 Genetic Analyzer
NTGP acquired ABI 310 Genetic Analyzer
as part of enhancing laboratory capacity of
CMDN to perform comprehensive genetic
analysis of tiger scat sample.

ABI 310 sequencer at CMDN

5.1.5 Power Back Up System
NTGP has set up an online uninterrupted
Power Supply (UPS) system to provide
total electricity need of the laboratory. This
has been integrated into the lab’s already
existing environmentally friendly Photo
Voltaic (PV) solar energy backup system.
5.1.6 Data Sharing with DNPWC-Linked
Information Terminal
NTGP’s data sharing and information
access for DNPWC is done by setting up
a secure information sharing terminal,
installed within DNPWC facility. Latest
Information and maps can be accessed
by authorized personnel with proper user
identification and approved password.
DNPWC staffs were trained on computer
operation; and database access and
operational manual was provided.

UPS Power backup system
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5.2 Human Resource Development
As part of NTGP’s primary objective, series of trainings were held in Nepal- facilitated by its affiliated
technical advisors from the Virginia Tech (VT), University of Idaho (UI) and other collaborators.
5.2.1 CMDN Laboratory Research Associates Training at the University of Idaho
Two senior laboratory associates from CMDN visited Dr. Lisette Waits’ laboratory and research group,
Laboratory for Ecological, Evolutionary and Conservation Genetics (LEECG) at UI from September 1827 September, 2011 to obtain research training on wildlife conservation genetics.

Training at University of Idaho laboratory
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5.2.2 Conservation Genetics Training and Workshop
NTGP organized conservation genetics training at CMDN from 14-15 October, 2011.The training was
facilitated by Dr. Lisette Waits, Professor at (LEECG), USA and NTGP collaborator. The two-day
training was attended by 18 participants who were invited from various academic and conservation
fields. There were participants from the Ministry of Forest and Soil Conservation (MoFSC), WWF Nepal,
KEEP Nepal, academicians from Tribhuvan University, Kathmandu University, International participants
from the Netherlands, Virginia Tech and the Wildlife Institute of India (WII) along with experts from
CMDN and Intrepid Nepal.
The training included presentations and discussions on various topics pertaining to conservation
genetics.

Wildlife genetics training at CMDN
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5.2.3 Field Biology Training
Field Biology Training was organized at the Chitwan National Park (CNP). Dr. Marcella J Kelly (Associate
Professor, Virginia Tech, USA) and Mr. Kanchan Thapa (PhD Candidate, Virginia Tech) gave training to
19 field survey participants from Chitwan National Park, Bardia National Park (BNP) and Suklaphanta
Wildlife Reserve (SWR). 36 field biologists were trained on non- invasive sample collection and data
collection.

CMDN team with NTGP field survey participants

The training covered the following topics:
 Field sample identification


Field sample
storage

handling



Sample shipping logistics

and

A half-day workshop at CMDN lead by Dr.
Marcella Kelly provided training on Mark
recapture techniques and use of genetic
data in a CMR framework.
Training on non-invasive wildlife sampling at CNP
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5.2.4 Bioinformatics and Database Management Training
NTGP organized a workshop and training program on bioinformatics and database handling to build
data management capacity among stakeholders, government staffs and collaborators.

NTGP team with Bioinformatics & Database management training participants

The program focused on informing the participants about of bioinformatics tool and its application in
genetic data analysis. Training covered NTGP updates on field and laboratory progress, bioinformatics
and its application in conservation, importance of database for data management and analysis.
Government officials from DNPWC took part on database handling to access secure information from
the tiger genetic database built by NTGP.
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6. Organizing Seminar and Workshop
6.1 International stakeholders workshop [October 21, 2011]
A one-day workshop was organized by NTGP to bring national, regional and international stakeholders
and collaborators together to share ideas. This was organized to introduce the project as well as the
technology to Nepal. Mr. John Stamm addressed the workshop on behalf of USAID and appreciated
such collaborative efforts in the field of conservation. Participating Organizations: MoFSC, DNPWC,
WWF Nepal, NTNC, WII, Aaranyak-India, Virginia Tech, and University of Idaho presented their work
on wildlife conservation. Participants from Nepal, India, USA and the Netherlands took part in the
event.
The workshop facilitated various discussions on non-invasive sampling, information and idea sharing
among the international scientific community about current and potential tools that are being used for
genetic analysis and population dynamics of the wildlife.

NTGP international
stakeholders workshop
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7. Creating Baseline Genetic Database
7.1 Methodology
Following are the major activities of the project based on stated goals and objectives:


Field methods for collection and preservation of scats



Genetic analysis- Species, Sex and Individual identification



Statistical analyses-use of analytical tools for data analysis



Building Geo-Spatial database for the collected scats

7.2 Field Method for Collection of Scats
The basic conceptual framework was to apply grids across TAL and systematically search for tiger
scats. The surveyed landscape was divided into grids-each of size 15by15 km. This sampling unit of
225 km2 corresponds to home range size of a male tiger (DNPWC 2008); giving a total of 108 grids
across the landscape (Map 3). National parks have network of fire lines, trails, elephant routes,
and game-trails, well distributed spatially, providing potential sites for detecting scats. Within each
grid, spatially distributed routes were identified by searching on foot, which ensured a high detection
probability of tiger scat. To remain consistent with previous survey, previous (2009) occupancy survey
was taken as reference.

Map 2: Spatial coverage of NTGP for tiger scat sampling
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Map 3: Total of 108 grids across Terai Arc. Each grid covering an
area of 225 sq km (Source: WWF Nepal)

Map 4 :Tiger occupancy (Psi Ψ) across Terai Arc Landscape.
(Source:WWF Nepal)

7.2.1 Phase I
Scats were collected from three sub-populations (Chitwan National Park – Parsa Wildlife Reserve,
Bardia National Park, and Suklaphanta Wildlife Reserve) where likelihood of encountering tiger scats
was fairly high. To maximize time and resource efficiency, high detection probability and occupancy
(Psi) value grids from the previous survey (Map 4, DNPWC 2009) were searched first. Phase I sample
collection was done in Year 1 of the project.
Table 2: Total sample collected in phase I

Protected Areas

No. of samples

Parsa Wildlife Reserve

222

Chitwan National Park

420

Bardia National Park

232

Suklaphanta Wildlife Reserve

156

Total

1019

Total 1019 samples were collected in year 1 from protected areas of TAL.

7.2.2 Phase II
Scats were collected from grids across six critical sites identified in the landscape. Critical sites included
functional corridors (Khata, Basanta, Laljhad) and dispersal bottlenecks (Mahadevpuri, Lamahi and
Dovan). Phase II and III sample collection were done in Year 2 of the project.

7.2.3 Phase III
Grids with 50% or above probability of detecting tiger signs were selected for sampling. These areas
included grids in following districts: Dang, Kailali, Kanchanpur, Nawalparasi, Rupendhi and Bardia.
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Table 3: Total sample collected in phase II/III

PHASE II- Corridors & Bottleneck
Mahadevpuri

19

Khata

22

Basanta

18

Brahmadev

25

Total

84

Phase III- High Probability Areas

146

TOTAL

230

During second and last phase, we mobilized village rangers (Bhagheralu) as local field assistants
they have good skills in identifying tiger scat and know wild animals movements in and round forests.
(Gurung 2002).

7.3 Field Protocol for Population Estimation
Chitwan National Park was chosen as a site to carry out population estimation of tigers from scat
samples using capture mark recapture method because it holds the largest population of tigers among
all the national parks (Karanth and Nichols 2002, Mondolet al 2009a to Mandole et al 2009). We selected
18-20 routes (each measuring 10-20 km) spatially distributed across the park to ensure that scats of
each individual tiger within the sampling area had a non-zero probability of being detected. Distance
between two search routes was not more than 3-5 km in width. Search routes were superimposed on
the 2010 camera trap locations (Karki et al. 2009) to ensure that there were no gaps in the sampling
areas in which individual resident tigers had zero or near zero probability of capture. For statistical
reason, sampled tiger population has to be demographically and geographically closed in terms of
no immigration, emigration, births and deaths. Based on previous work on tiger population sampling
(Karki et al. 2009 to karki et al 2013) population closure period of 90 days is estimated sufficient to
meet assumptions of population closure. Three teams (2 individuals in each team) conducted six
sampling occasions on each roule. All samples were collected in 90 days, which included a day nonsampling between each of sampling occasion.
With both sample collection strategies (opportunistic searches and capture and recapture sampling
approach) we collected a total of 1249 samples from the Terai arc of Nepal; due to our pre-determined
sample collection target and limited resources, we selected, 770 sampels for genetic analysis based
on scat age and conditionthey were found.
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Figure 1: Density of samples collected in phase I/II/III

7.4 Field Methods for Preservation of Scats
Each collected scat was categorized by age based on color, moisture, odor strength, and presence and
absence of mold (Wasser et al. 1994). Vegetation measurements, weather and temperature at each site
were recorded. Additionally, time and location were also recorded on handheld GPS unit.
Identified scrapings from around scat collection site were also recorded (Mondol et al. 2009a). Collected
scat samples were stored in a 2-ml vials containing 1:4 DET buffer (Frantzen et al. 1998; Wultsch
2009). DET buffer contains 20% Di-methyl sulfoxide (DMSO), 0.25 Methylenediamene tetra-acetic acid
(EDTA), 100 mMTris, pH 7.5 and saturated with NaCl. Some of remaining whole scats were kept for
diet content analysis.

7.5 Field Safety
Standard Operating Protocol (SOP) was developed incorporating all safety training for field personnel.
Training was provided to the field personnel prior to their deployment on sample identification, sample
collection & storage, field safety and other environmental considerations.

7.6 Minimizing Environmental Impacts from the Research
The project was based on non-invasive sample collection (only fecal matter); we did not disturb or
harm any animals. We took special precaution to minimize possible disturbance to wildlife habitat by
mobilizing our field team carefully.
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7.7 Field Implementation Modality
A central implementing team with representation from CMDN, WWF and NTNC were formed and lead
by DNPWC. Field team was lead by the Chief Wardens of respective protected areas; teams were
composed of:
1.
2.
3.
4.
5.

Chief Warden
Nominated supervisor from the respective protected areas
Representative from NTNC field office
Representative from TAL field office
NTGP Field biologist

NTNC
CMDN

DNPWC
WWF

Protected Area Chief Warden
TAL PA/BZ Field office
NTNC Field Office
Representative in
respective PAs

Nominated Warden or Ranger
in field monitoring

Field Biologist/ NTGP

Sample Collection Field Team- Gamescout/ Senior
Gamescout/ NTNC technician/ Volunteers/Student /
Field Biologist (NTGP)
Figure 2: Field Sample Collection working mechanism

For field sampling logistic arrangements and implementation, NTGP finalized a field plan and put
together a field survey team in consulation with DNPWC. WWF/Nepal and NTNC were also engaged
on this intitial planning. NTNC staff members (n=3) were a part of field work in the Chitwan field
survey. Fieldwork started in the second week of November 2011.
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7.8 Monitoring and Evaluation
In order to assure high quality data collection, the developed SOP was strictly followed. There were
several visits to the sample collection sites by PI and Co-PI in all four national parks under Year 1,
Phase 1 plan. Laboratory assay development and optimization was also monitored and evaluated by
PI and laboratory advisor from the University of Idaho.

Field monitoring at CNP

Laboratory data monitoring
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8. Genetic Analysis

Genetic analysis for species and sex identification of tiger scat was adapted from earlier work by
Bhagavatula and Singh (2006) (Genotyping faecal samples of Bengal tiger Panthera tigris tigris for
population estimation: A pilot study. BMC Genetics. 2006).
8.1 Sample Processing and DNA Extraction From Scat
DNA from selected 770 scat samples were extracted using QIAamp DNA Stool kit. A pea sized sample
was scraped from outer surface of scat with sterile tweezers and scissors in a weigh boat with 2ml of
buffer, and DNA was extracted using company recommended protocol.
Table 4: Selected samples from study sites for laboratory analysis

S. No.

Protected Area

1

Chitwan National Park

420

2

Parsa Wildlife Reserve

85

3

Bardia National Park

116

4

Suklaphanta Wildlife Reserve

79

5

Corridor/ high priority areas

70

TOTAL

No. of samples

770
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Scat Sample
DNA Extraction

DNA
Extraction

Gel Electrophoresis
(1.5% Agarose) for DNA
Quantification

Scat DNA
Carnivore Specific PCR
Gel Electrophoresis (2 % Agarose)

Carnivore
Specific PCR

Does the
scat
belong to
a
carnivore
species

no

Rule Out the sample

yes

Tiger Specific PCR
Gel Electrophoresis (2 % Agarose)

Tiger Specific
PCR
Does the
scat
belong to
a Tiger
species

no

Rule Out the sample

yes

Sex Identification PCR

Microsatellite Specific PCR

Gel Electrophoresis (2 % Agarose)

PCR product

Male/Female

Microsatellite Genotyping for
individual Tiger Identification
Identify individual Tiger

Figure 3: Schematic diagram of laboratory workflow

8.2 Species Identification
Bengal tiger species identification was done by tiger
specific target amplification on Cytochrome b gene in
mitochondrial DNA. Two unique tiger-specific bases,
guanine at position 636 and thymine at position 759,
were amplified by PCR to get 162bp PCR product which
was visualized with gel electrophoresis.

Target region
for both Species
specific and
Carnivore specific
PCR
Panthera tigris
mitochondrion
16990 bp

Following PCR primer sets were used for species id
PCR:
TIF: 5’-ATAAAAAATCAGGAATGGTG-3’
TIR: 5’-TGGCGGGGATGTAGTTATCA-3’
24
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Confirmation of tiger specific species identification was done by running these samples in carnivore
specific PCR followed by PCR amplicon sequencing and running “unknown” to “known” identifcation
using BLAST search in NCBI database.
Primers used for carnivore specific target :CYTB-SCT-F: 5’ AAACTGCAGCCCCTCAGAATGATATTTGTCCTCA 3’
CYTB-SCT-R: 5’ TATTCTTTATCTGCCTATACATRCACG 3’
All tiger species PCR positive samples were expected to be positive on carnivore PCR.
8.3 Other Carnivore Species Identification
All samples that were not tiger were analyzed to find species of origin. Carnivore specific PCR primer
set (CYTB-SCT F and CYTB-SCT R), which amplified 148 bp region of mtDNA cytochrome b gene,
was used for identification of general carnivores. The carnivore positive PCR amplicons were then
sequenced by using forward primer on Genetic Analyzer and obtained sequences were BLAST searched
in the NCBI database to identify unknown carnivore species.
Findings
There were 418 identified Bengal tiger samples out of 770 screened, indicating 60% field identification
accuracy.
Following results show sympatric species distribution in the Chitwan National Park, corridors and high
probability areas.
Table 5: Species distribution in CNP samples

Result of Year I CNP Lab analysis
CHITWAN NATIONAL PARK
Bengal Tiger
Male tigers
Female tigers
Other species identified:
Common Leopard (Panthera pardus)
Jungle Cat (Felis chaus )
Fox (Vulpes sp.)
Leopard Cat (Prionailurus bengalensis)

No. of samples
420
262
185
54
90
74
1
5
10

Table 6: Species distribution in corridor and high probability areas

S. No.

Protected Area

1
2
3
4

Parsa Wildlife Reserve
Bardia National Park
Suklaphanta Wildlife Reserve
Corridors

No. of samples

Confirmed Tiger Samples

85
116
79
70

8
83
59
6
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Gel picture showing PCR based species identification for P. tigris tigris
No. represent sample ID

TOTAL

350

156

8.4 Sex Identification
Sex determination of tiger samples was
done by amplifying Amelogenin area on
sex chromosome based on sequence
data available for domestic cat (GenBank
accession AF114709, AF197967). In domestic
cat, the Y chromosome copy (AMELY) has
a 20 bp deletion when compared to the X
chromosome gene (AMELX).
PCR primers used for sex identification PCR:
AMEL-F 5’-CGAGGTAATTTTTCTGTTTACT-3’
AMEL-R 5’-GAAACTGAGTCAGAGAGGC-3’

Double band represents male,
with amplification of both X and
Y chromosome segments. Single
band represents female with
only X segment amplified.
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Out of total 418 Bengal tiger species positive samples, 255 are confirmed tiger male samples and 98
samples are confirmed female samples. Some of the unidentified samples had poor quality of nuclear
DNA that could not be amplified by PCR assay.

Figure 5: Sex identification on tiger samples
Table7: Male and female distribution in species positive samples

S. No.

Protected Area

Species Positive

Male

Female

Undetermined

1

CNP

262

185

54

23

2

PWR

8

4

2

2

3

BNP

83

46

20

17

4

SWR

59

19

20

20

5

Corridors

6

1

2

3

TOTAL

418

255

98

65

8.5 Individual Identification
Tiger species samples were further processed for individual identification; 10 microsatellite loci were
used for genotyping tiger samples.
Table 8: Microsatellite loci used for individual identification

Locus
1
2
3
4
5

Primer

Sequence

FCA205 F CCTGCTCTCAAGGAGCTCC

Locus
6

FCA205 R CCCATTTCTCCACCAGTTCC
FCA391 F GCCTTCTAACTTCCTTGCAGA

7

FCA391 R TTTAGGTAGCCCATTTTCATCA
PttD5 F

GTGTCTGCACCTGTCAGCACAA

PttD5 R

GTTGTGGTCGTGGTGATTCCAT

FCA232 F ATGACCATCTCAAACTTCATGG

8
9

FCA232 R AGCTGAGTTTGCGTTTATCATG
FCA304 F TCATTGGCTACCACAAAGTAGG
FCA304 R CTGCATGCCATTGGGTAAC

10

Primer

Sequence

F85 F

TCTGGTCCTCACGTTTTCCT

F85R

ATGTCTGTATGAAGATGCGGT

FCA441 F

TCTGGTCCTCACGTTTTCCT

FCA441 R

ATGTCTGTATGAGATGCGGT

PttA2 F

GGGTCCAAATTAGGTTGACTT

PttA2 R

GGAATTATGCTATACGTTGGG

FCA043 F

GAGCCACCCTAGCACATATACC

FCAO43 R

AGACGGGATTGCATGAAAAG

F53 F

GTTGGGAGTAGAGATCACCT

F53 R

GAAAAAGACTCCTGCTTGCA
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Table 9: Total no. of sample processed and total No. of individuals identified from procesed samples

Site

Total
No. Of
Samples
Collected

Tiger
Positives

Total no.
genotyped
samples

Genotype
success Rate
%

No. of identified
individuals * (not
population in the
area)

Male

Female

CNP

420

240

146

61

72

52

20

BNP

116

83

54

65

32

17

15

SWR

79

59

34

58

19

8

11

PWR

85

8

1

13

1

1

Corridor

70

6

0

0

N/A

-

-

Total

770

396

235

125

77

46

Electropherogram of microsatellite analysis for Individual identification
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9. Statistical Analyses
GENEMAPPER software was used to determine microsatellite fragment sizes, allelic richness, and
expected and observed heterozygosities.
For estimating population size, capture histories were developed based on individual tiger identification
from the samples. The genotyping procedure was repeated three times for accurate results. Data was
analyzed with program CAPWIRE for estimating population size of tigers in Chitwan National Park
through capture and recapture framework. Other techniques such as Program CAPTURE and Density
were used to compare genetic results to those obtained through remote camera trapping.
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10.

Bengal Tiger Population Survey in the Major
National Parks of Nepal Using Non-Invasive

Genetics

Sampling under Nepal Tiger Genome Project was based on the approved tiger monitoring protocol
developed by the Department of National Parks and Wildlife Conservation in 2009. This provided
consistency in sample collection with previous camera trap surveys from protected areas (4 major
national parks) as well as areas outside the protected areas (corridors and bottlenecks) across the Terai
Arc. This is the first time estimation of tiger population employing noninvasive sampling techniques
(using tiger feces) and data analysis using genetic capture and recapture data was done in Nepal.
We used Capture, Mark, Recapture (CMR) framework in the Chitwan National Park. Chitwan National
Park was selected for CMR as it harbors one of the largest tiger populations in Terai Arc. This was
also designed to compare data sets obtained from genetics and photographic captures. We collected
a total of 420 putative tiger samples from 7 spatial routes measuring 2700 km2 from 12 grids (each grid
measures 225 sq. km) in the Chitwan National Park to estimate population.
In total, we surveyed 108 grids and spatially located a total of 1249 samples. Preliminary data analysis
revealed a total of 125 individual tigers (77M; 46F) identified from 770 samples. In addition, tiger
population estimation for Bardia National Park and Suklaphanta Wildlife Reserve was also assessed
using program CAPWIRE. Parsa Wildlife Reserve and Corridors did not have enough captures for
estimating population size.
Population estimation was based on preliminary genotyping data.
10.1 Estimated Tiger Population in the Chitwan National Park
Of 10 genetic markers (loci) that were considered for genotyping, one (FCA205) did not produce
consistent results in all samples and another (PttA2) had no allelic variation in the Chitwan samples.
However 8 selected markers gave significant probability of Identity (PI) and probability of siblings (PIsib)
for individual identification (Table 10). Based on genotype data, 72 individuals were identified (52 M; 20
F). Only 62 individuals were considered for population estimation as others (n=10) were geo-located in
the outlier region.
Table 10: Individual Identification in CNP tiger population, and probability of identity (PID) between
individuals and within siblings

Loci Used

Individual
identified

Number of Captures

PID

PIsib

8

62

76

1.5E-05

6.7E-03
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Under the CMR sampling framework, detection history, spread over six sampling occasions in 42 days
sampling period were consider to assess 62 identified individuals. Each sampling occasion was done
in six day period. We also assumed a closed population. All analyses were carried out in Program
CAPTURE. The general overview of detection history with the CNP genetic datasets is given in the
table below:
Table 11: Summary of the recapture history in CNP

Sampling Occasion

1

2

3

4

5

6

Animals caught

20

12

9

16

7

12

Newly caught

20

9

9

13

2

9

In addition to Program CAPTURE, population estimation was also calculated using Program CAPWIRE
for comparison. Using Program CAPWIRE, all detection history was dissolved into single sampling
occasion. CAPWIRE is commonly used with genetic data, but few attempts have been made to
compare CAPWIRE with other traditional CMR techniques. We present comparison here but note that
data collection techniques for the genetic analysis were more consistent with modeling framework of
program CAPTURE, therfore, was used in the final findings.
We used Jacknife (Mh) model estimator in program CAPTURE, to analyze heterogeneity on each tiger
population. Using Mh Model in program CAPTURE, the estimate of tiger population in the Chitwan
National Park is 169 individuals with detection probability of 0.075. [N=169; SE(N)=21.69; p=0.075;
UCL=135; LCL=220]. Using TIRM model with program CAPWIRE, estimated population of tigers in the
Chitwan National Park is 140 individuals.

Table 12: Population estimation of tigers in CNP using mark capture – recapture modeling and single round sample
collection using CAPTURE and CAPWIRWE
Closure Test
CAPTURE
CAPWIRE
Loci M(t+1)

Total
Captures

P(ID)

PIsib

Z

p

Mo

N̂ (SE)
8

62

76

Mh
p

UCL LCL

1.5E-05 6.7E-03 1.057 0.85471 152(32.83) 0.0835 107

N̂ (SE)

P

TIRM#
UCL LCL N̂

LCI

UCI

241 169(21.69) 0.075 135 220 140 133 209

M(t+1) : Individual identified; P(id): Probability of Identity; PIsibs: Probability of Identity (Siblings); N̂ : Estimated Population Size; SE:
Standard error of Mean; p: Detection probability; UCL: Upper confidence limit; LCL: Lower confidence limit; TIRM: Two-Innate
Rates Model
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10.1.1 Comparison Between Camera Trap and Genetic Sampling Under Mh (Jackknife Estimator) in CNP
The genetic based population estimation was also compared with previous round of camera trap survey
(CT2010# Camera Trap Study after Karki 2012).which was conducted across core areas of the Chitwan
National Park in 2010. With aim to compare population size with photographic capture data, NTGP
carried out non-invasive sampling techniques (using tiger fecal samples) in core areas of the national
park thus providing the same coverage as that from camera trap survey.
Table 13: Comparsion of population estimation using mark capture-recapture approach implenent in program CAPWIRE and
single season capture event implement in program CAPWIRE from genetic data and photographic capture recapture results
from karki et. al 2013
Closure Test
Loci

M(t+1)

Total
P
Captures (ID)

PIsib

Z

p

Mo

N̂ (SE)
8

62

76

CT2010

62

N/A

CAPWIRE

CAPTURE

TIRM

Mh
p

UCL LCL

N̂ (SE)

p

UCL LCL N

LCI UCI

1.5E6.7E-03 1.057 0.85471 152(32.83) 0.0835 107 241 169(21.69) 0.075 135 220 140 133 209
05
70(3.3)

66

79

125(21.8)

NA

83 168

M(t+1) : Individual identified; P(iD): Probability of Identity; PIsib: Probability of Identity (Siblings); N̂ : Estimated Population Size; SE:
Standard error of Mean; p: detection probability; UCL: Upper confidence limit; LCL: Lower confidence limit; TIRM: Two-Innate

Estimated Population ( N̂ )

Rates Model

Point Estimate
Analysis Platfrom
Figure 6: Single season capture event using CAPWIRE
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10.2 Tiger Population Estimation in Bardia (BNP) and Suklaphanta (SWR)
The sampling approach for population estimation in BNP and SWR was not as rigorous as in CNP. Core
areas of the protected areas covering total of 13 grids were surveyed, thus providing high sampling
coverage. Analytical features in Program CAPWIRE provided opportunity to estimate the population
based on a single sampling occasion even if capture history lacks repeated sampling. All sampling days
were dissolved into single capture framework and analyzed with R statistical platform using package
CAPWIRE to estimate the population from these two sites.
Table 14: Population estimation using single round capture event using CAPWIRE in BNP and SWR

Protected
Area

No. of genetic loci used

Individual Identified
(Mt+1)

Estimated Population
( N̂ )

Confidence
limit (CL)

BNP

9

28

59

46-95

SWR

9

15

25

18-40
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11.

Genetic Analysis

The identified tiger population was analyzed for various genetic points of interest. The expected
heterozygosity (Ho) values of tiger population of CNP, BNP and SWR are 0.47, 0.489 and 0.460
respectively.

Table 15: Genetic diversity within tiger population in CNP, BNP and SWR.

Protected Areas

N

Na

Ne

Ho

He

CNP

62

4.4

2.41

0.47

0.52

BNP

28

4.2

2.25

0.4

0.49

SWR

15

3.1

2.26

0.460

0.51

N: no. of individuals; Na:no. of alleles; Ne:no. of effective alleles; Ho:Observed heterozygosity;
He:Expected heterozygosity.
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We identified population structure in our genotype data sets (n=81, loci=9) using Bayesian clustering
approach as processed through program STRUCTURE 2.3.4. We tested most likely number of clusters
(K) assuming values between one and four, using 1,000,000 iteration and a burnin of 100,000 assuming
correlated allele frequency and analysis was repeated 5 independent times and finally optimal value
of K was calculated using STRUCTURE HARVESTER. The STRUCTURE analysis indicates presence
of three distinct genetic clusters (K =3, based on five independent runs) in this landscape i) ChitwanParsa Complex Population, ii) Bardia Population and iii) Suklaphanta Population across the Terai Arc
(Figure 7).
This clustering is consistent with the spatial distribution of tiger core habitat in this region and the
clustering into three genetic groups indicates a restriction in gene flow between major protected
areas. High level of genetic diversity in the population resulted in identification of distinct genetic
structure as it does not form the monomorphic groups (K~1). Pair wise comparison between the cluster
populations shows high Fst (level of genetic differentiation) between Suklaphanta and Chitwan and
Bardia population; while low Fst between Bardia and Chitwan National Park. Few of the individuals
(possibly migrants) in the Suklaphanta population show high affinity of their assignment to Chitwan
Population; while one individual (possibly migrant) in Chitwan Population has high affinity towards the
Suklaphanta Population. The pattern shows the possibility of recent gene flow with admixture tiger
population migrating in between the core population.

Fig 7: Population structure in the Terai Arc Landscape-Nepal.
STRUCTURE plot showing the distribution of genetic variation (at K = 3).

		

Suklaphanta			

Bardia

Chitwan
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13.

GIS Based Analysis on Identified
Tiger Samples

All the identified tiger samples were geo-spatially mapped using Google Earth and ArcGIS software.
Two sets of maps were created. An interactive map using Google Earth was constructed which has
per point data display capability. Additionally, GIS layered maps were also produced incorporating
ecological data, man-made and natural barriers, and other pertaining information.

Identified Tiger Samples in Chitwan Nationl Park

13.1 Some Major Findings of GIS Analysis:
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Spatial location of scat samples
in Parsa Wildlife Reserve

Spatial location of scat samples
in SukhlaPhata Wildlife Reserve
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13.1.1 Sympatric Biodiversity Information on Species Diversity:
The geo-spatial map also had information on non-tiger samples that were later identified for species in
CNP (Table 5); this provided additional information on sympatric species in the area.

12.1.2 Spatial Distribution of Tigers
Identified sympatric species at CNP

By creating GIS based map with species presence points on surrounding human settlement areas,
NTGP was able to measure proximities of wildlife presence (tigers and common leopards) to human
settlement areas. Some of these animals were as close as 1 Km from human settlements raising risk
of human-wildlife conflicts around those areas.
13.1.3 Tiger Activity and Home Range
Human wildlife conflict areas
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NTGP has identified multiple scat samples at different locations originating from same individuals. This
gives an opportunity to measure its spatial and temporal movement by measuring distances in between
these scat locations. This information relates to an individual behavior and cumulative locations on
individual tiger from non-invasive samples could reflect its behaviors within its home range.

Spatial location of identified individual tiger from the scat samples and spatial segregation betweem them

13.1.4 Evidence of Impact of Habitat Restoration
One interesting finding was evidence of tiger presence in an area that previously had human settlement.
The Tharu village located across the old padampur inside the CNP was relocated to outside of the
national park in 1995, NTGP has identified scats collected from that area to be of tigers, thereby,
providing evidence of grassland restoration and habitat which is being used by tigers.

Effect of human settelment relocation on tiger habitat in CNP
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14. Geo-Spatial Tiger Genome Database
All collected sample information has been stored in a secured database at the CMDN’s facility. These
samples are geo-tagged; we created geo-spatial Google map of tiger distribution in the Terai arc of
Nepal, thereby, giving a landscape view of the species and its numbers in various national parks,
corridors and potential habitats.
NTGP database is supported by dedicated server, and is searchable; any unknown sample whether it
is collected opportunistically in the field or being seized can be searched and matched in this database
to find out source location. This database is designed to be highly secure and will support all kinds of
wildlife research; it can be used for research, forensics, and other wildlife based information sharing.
Bengal tiger genetic data base created by NTGP
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15.

Geospatial Mapping

NTGP has generated highly informative and interactive maps from geo-data collected in field. Each
sample is represented on a map with detailed field information such as scat condition, age, canopy
cover, vegetation, location etc. Laboratory information on extraction, species, sex and individual
identification is also included.

Map 5: Spatial location of the identified tiger positive samples in CNP

Geo-Spatial maps generated by NTGP can be used for:


Understanding field distribution of tiger population.



Tiger home range, mobility and phylo-geographic characteristics.



Detail information on the surroundings such as boundaries, habitat type, human settlement,
wildlife conflict areas.
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Map 6: Mobility and home range of an Individual tiger

Map 7: Distribution of Male and Female samples
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16. Safeguarding Information
All information collected, including genetic data, is securely stored in a dedicated database with interand intra- net networking capability. The geo-spatial information on tiger locations is accessible to
selected members of DNPWC and CMDN members only. DNPWC will be responsible for sharing this
information, when needed and appropriate, with concerning agencies.
General information valuable for research purposes, such as population trends, gene flow, etc., will be
shared with concerned stakeholders. We strongly believe that accessibility of information is vital to
develop proper conservation strategies and to comprehend tiger ecology. However, we also believe
that information such as geo-spatial mapping may be subject to misuse, hence it should be protected.

• Viewing Sample Points of
the database require
authorized access.

• Login credentials can be
mailed to the concerned
authority of the institution

NTGP data base security system
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17.

Finding Dissemination and Information
Sharing

NTGP showcases effective public-private partnership. The project was lead by the Department of
National Parks and Wildlife Conservation, a Nepali government agency, with technical support from the
Center for Molecular Dynamics Nepal, a private institution. The project was successful in bringing in
other national and international conservation stakeholders.
17.1 Initial Stakeholders Meeting
NTGP organized an interaction program for national collaborators and stakeholders to share information
regarding the project and seek opportunities for partnership. The meeting at DNPWC was attended by
representatives from NTNC, WWF Nepal and MoFSC. All the participants showed enthusiasm in new
technology and showed support by participating in trainings, field work and interactive programs.
17.2 Project Launch
NTGP was officially launched on October 19, 2011 at the Chitwan National Park in the presence of
experts and officials from various conservation organizations and media person.
The program was launched in the presence of representatives from various government agencies,
international and national NGOs and officers and field staffs from four major national parks of Nepal.
Secretary at the Ministry of Forest and soil Conservation Dr. K.C Poudel inaugurated the project by
lighting the lamp. Representatives from USAID, Government of Nepal, NTNC, WWF Nepal and various
conservation agencies addressed the event and offered full support for the initiative.

NTGP Project Launch
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17.3 Year I Finding Dissemination
NTGP disseminated the first year findings to collaborators, stakeholders and donor organization.
Representatives from WWF Nepal, NTNC, DNPWC, MoFSC and USAID Nepal attended the event and
discussed utilizing similar technology on other wildlife species of Nepal.

NTGP Dissemination Program

17.4 Year II Chitwan Finding Dissemination
NTGP organized CNP finding dissemination program. Full update on the project was provided on field
and laboratory logistics to showcase the potential it has developed in wildlife conservation and database
capability. Geo-spatial maps and laboratory results were shared and the NTGP genetic database was
demonstrated. National collaborators, stakeholders, donor agency, US Embassy representatives and
wildlife conservation enthusiasts attended the event.

NTGP Dissemination Program
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18.

Key Staffs

The Center for Molecular Dynamics-Nepal (CMDN) engaged government agencies and other relevant
stakeholders that are involved in tiger conservation to carry out this pilot study. The Ministry of Forests
and Soil Conservation awarded endorsement to this project through the Department of National Parks
and Wildlife Conservation. CMDN worked very closely with all the planning and policy making bodies,
including agencies that are implementing conservation programs for the tiger conservation and came
up with comprehensive strategy to carry out this pilot study.

Table 16: Nepal Tiger Genome Project Team

S.No.

Team members

Title

1

Dibesh B Karmacharya, CMDN

Principal Investigator

2

Kanchan Thapa, Virginia Tech., USA

Co- Principal Investigator

3

Dr. Lisette Waits, Univ. of Idaho, USA

Scientific Advisor-Wildlife Genetics

4

Dr. Marcella J Kelly, Virginia Tech., USA

Scientific Advisor – Field Biology

5

Manisha Bista, CMDN

Project Coordinator

6

Sulochana Manandhar, CMDN

Laboratory Manager

7

Jivan Shakya, CMDN

Sr. Laboratory Associate

8

Govind Sah, CMDN

Laboratory Associate

9

Rajesh Rajbhandari, CMDN

Operations Manager

10

Priya Joshi, CMDN

Wildlife Project Manager

11

Dr. Maheshwar Dhakal, DNPWC

Collaborator and Policy Advisor

12

Netra Shrama, USAID/Nepal

AOTR, NTGP

13

Dr. Sameer Dixit, CMDN

Country Director

14

Prachanda Sakya, INPL

CEO

15

Shanti Maharjan, CMDN

Accounting Officer

16

Arunima Shrestha, CMDN

Finance Officer

17

Upama Koju, CMDN

GIS specialist

18

Samir Pradhan, CMDN (Nyatapol)

Database and Software specialist
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Principal Investigator
Dibesh Karmacharya, PhDc, International Director- Center for Molecular Dynamics-Nepal
(CMDN).
Mr. Karmacharya is one of the founding members of CMDN and Intrepid Nepal Pvt. Ltd. -a leading
biotechnology company in Nepal that focuses on molecular diagnostics and immunology. He has lead
several operational researches in public health in Nepal. He is also PI of the recently completed pilot
study of snow leopard genetics in collaboration with WWF/Nepal. He helped design and build Nepal’s
first bio-safety level II molecular laboratory. Mr. Karmacharya managed overall Nepal Tiger Genome
Project in close collaboration with field biologists, wildlife genetics experts and governmental and nongovernment Organizations.

Co-Investigator-Field Biology and Genetics

Mr. Kanchan Thapa, PhD Candidate Virginia Tech coordinated and managed field logistics for
collection of samples, assisted in DNA extraction and genetic lab analysis. He was also involved in
genetic data analysis. He will also be involved in the scientific publication in peer reviewed journals
together with all the stakeholders.

Scientific Advisor-Field Biology

Dr. Marcella Kelly, Associate Professor, Virginia Tech, Department of Fisheries and Wildlife
Science, Laboratory for Wildlife Habitat and Population Analysis.
Dr. Kelly functioned as scientific advisor in capture-mark-recapture population size estimation, study
design, field scat collection, and remote camera techniques. Dr. Kelly is advisor to PhD candidate,
Mr. Kanchan Thapa, Dr. Kelly participated through presentation and scientific advice in stakeholder
meetings and workshops.

Scientific Advisor-Wildlife Genetics

Dr. Lisette Waits, Professor, University of Idaho, Department of Fish and Wildlife Resources,
University of Idaho, Laboratory for Ecological, Evolutionary and Conservation Genetics(LEECG).
Dr. Waits focuses on carnivore genetics and currently has projects studying landscape genetics of bears
in the US and jaguars in Belize, hybridization in red wolves, and gene flow in cougars and wolverines.
Dr. Waits was involved as scientific advisor to the project, she helped in providing genetics workshops
in Nepal at the CMDN and supported CMDM technician at the (LEECG) laboratory in Idaho. She also
supervised in all genetic analysis of data obtained from NTGP.
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Collaborator-Department of National Parks and Wildlife Conservation

Dr. Maheshwar Dhakal, Department of National Parks and Wildlife Conservation (DNPWC),
Ministry of Forest & Soil Conservation Government of Nepal, is the chief ecologist at DNPWC and he
played a crucial role in designing the Nepal Tiger Genome Project (NTGP). He was involved in setting
up tiger genetic terminal at DNPWC in close collaboration with CMDN and other stakeholders.

Project Coordinator

Ms. Manisha Bista made significant contributions in coordinating all the activities of NTGP, both
within CMDN and outside. She assisted in organizing all the workshops and seminars for the project.
She also helped in monitoring and evaluation of field and lab work. Ms. Bista also coordinated with the
software group in putting together NTGP’s wildlife database.

Laboratory Personnel

Ms. Sulochana Manandhar, Laboratory Manager CMDN/INPL, was involved in laboratory
capacity building of NTGP. She received laboratory management training at the University of Idaho.
She coordinated laboratory and field logistics.
Mr. Jivan Shakya, senior laboratory research associate for CMDN/INPL, was involved in conducting
and coordinating laboratory processing of NTGP samples for species, sex and individual identification.
Under his leadership, NTGP processed more than 700 samples within project time period.

USAID Agreement Officer’s Representative

Mr. Netra N. Sharma, NRM and GCC Programs Specialist at USAID/Nepal, served as the USAID
Agreement Officer’s Representative (USAID Project Manager) during the entire life of the Nepal Tiger
Genome Project. Mr. Sharma has over 13 years experience on design, implementation, monitoring
and reporting of USAID funded governance, forestry/biodiversity, and climate change projects in Nepal.
His effective orientation, friendly guidance and timely support, particularly on networking, liaison with
host-country government and local conservation organizations, technical report/paper preparation, and
meeting USAID reporting and compliance requirements were very instrumental for the success of the
project.

Following are Outputs from this study:
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19. Benefits and Outputs


Established-Molecular Scatology and Forensic Capability in Nepal.

Majority of the work, including DNA extraction and processing and downstream assays such as
microsatellite analysis and DNA sequencing was performed on all the collected scat samples in
the Molecular Laboratory of the Center for Molecular Dynamics-Nepal (CMDN). The samples were
preserved and archived in the laboratory of CMDN in Nepal for long term accessibility as deemed
necessary for use by CMDN or any authorized government agency of Nepal.

Information and knowledge sharing from reputed North American Institutions to local experts in
Nepal about applications of molecular forensics in wildlife conservation.

The following are some of the major applications:

Species identification- Using DNA markers, which are conserved within a species, but variable
between species. This will enable the identification of the species from animal parts taken from poachers,
seized at borders or for sale commercially.

Sex Identification- Obtained from animal parts by examining DNA from parts of the X and Y
chromosome.

Population identification- Important in determining the origin of animals that have been poached.
For example, identifying the origin of a tiger skin that originated from western Terai of Nepal claimed as
of unknown source. This allows better assessment of the impact of poaching in different regions.

Individual identification- Performed using specific DNA profiles similar to those developed for
human criminal data-bases. Microsatellite DNA profiling has shown that tissue samples from various
organs and parts of an animal show identical patterns. These patterns however have been shown
to vary between different animals of the same species. For example, a DNA profile can be used to
compare a sample taken from a poached rhino site (gut pile) to a rhino horn sample seized from
poachers. In addition the analysis can determine the number of different animals involved in a fish or
wildlife infraction. The profiles can also be used to estimate the number of different animals in an area
by establishing DNA profiles from feces obtained in the field.

Comparison of genetic and remote camera mark recapture for the purpose of implementing the
most cost effective and robust method of monitoring tiger populations.


Parentage analysis - Using individual specific DNA profiles to determine if captive bred animals
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are the legal offspring of registered breeding pairs or if animals have been illegally obtained from wild
stocks.

Landscape genomic data-bases - Holding all of the DNA profiling and biological data for
individuals in a species or populations, allowing it to be displayed on maps so managers can query
the data with respect to locations of poached animals, numbers of different animals in a region and
dispersal of young.

Broader application of the molecular tool to aid in conservation efforts of all endangered species
of the region:
Subject to feasibility, this pilot study has the potential to generate similar opportunities for the utilization
of methods in the management of other nationally important species in Nepal. This is particularly
relevant for snow leopards. The government of Nepal has highlighted management priorities for snow
leopards similar to that of tigers including landscape-level management plans (DNPWC 2004), which
could be greatly served by the capacity building associated with this project. The government has
underscored the severe limitations of developing effective planning for snow leopards based on the
scarce knowledge that exists. Only a handful of population studies have been conducted in its range,
leading to a critical lack of understanding of abundance, distribution and the extent to which investments
have been effective (Jackson et al. 2006).
Current methods used in estimating snow leopard populations are subject to significant errors. Though field
signs are central to snow leopard population estimations, one genomic study found that in one area, 54% of
scats identified by morphology as being snow leopards had originated from red foxes; such misidentification
precludes confidence in abundance estimations (Janecka et al. 2008a). Camera-trap studies have
encountered difficulties with identifying individuals from photographs, low sample sizes due to low densities,
and high costs associated with maintaining traps (Jackson et al. 2006). Though cited as being viable method
for species like tigers, camera-traps can lack statistical rigor for snow leopards even in ideal conditions,
reducing confidence in estimations (Jackson et al. 2006, Mondol et al. 2009).
Tools developed in this successful pilot project for tigers in Nepal could be easily transferable for use in
scat collection for snow leopards and other species with local technical expertise and resources already
established at the CMDN. Nepal’s endangered one-horned rhinoceros could also be a beneficiary.
The government of Nepal has emphasized the importance of maintaining a strong scientific foundation
for long-term monitoring of rhino populations and strengthening anti-poaching efforts (Bajimaya et al.
2006). Non-invasive scat analysis in wild populations has been used in studies in other parts of its
range (Fernando et al. 2006) and forensic applications have been shown to discern geographic origins
of confiscated rhino horn (Coghlan 2003). Given demonstrated reliability, these tools could act as a
boon for more informed management not only for tigers, but for many wildlife species of high national
and international priority.
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Local national park staff trained on non - invasive sample collection, CNP


Building local human resources and experts for a long term sustainability of molecular based
wildlife conservation tools in Nepal

Throughout the duration of the project, workshops and training sessions were held with representatives
from government, non-governmental organizations, and academic institutions. A total of three reports
were generated from the study, with two review documents completed after the pre-study workshop
and study design period and a final document to disseminate the results of the project to stakeholders
at the end of the funding period.
The education, training, and involvement of local stakeholders represent an important part of the
pilot study. Involving these individuals in various aspects of the project constitutes an investment in
local capacity which, through skill-set development and education, may serve to extend the life of the
project beyond that of the funding period. Building mutually beneficial relationships with conservation
institutions while conducting the study also has the potential to embed landscape genomics in the
minds of those involved, perpetuating its salience as an accessible tool and inviting future opportunities
for expansion, as demonstrated by feasibility of this project. Should sufficient capacity be developed,
it may be possible in the future to render the tools as a service to generate revenue.
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20.

Sustainability and Limitation

Sustainability
We will continue to build on this study for other species, including snow leopard, common leopard
and Red Panda. Various national and international funding sources will be identified and pursued.
We will continue to collaborate with various organizations to take full advantage of our initial work on
developing non-invasive method of conducting genetic detection of species.
Based on this effort and infrastructure development, greater landscape genomics of Bengal Tigers in
Nepal will be carried out. Such a project will be particularly valuable for the identification of Bengal
Tiger landscape corridors, thereby giving information for further expansion of conservation efforts
among National parks. This project will also open up opportunities for South Asian regional researchers
to share information on the latest technology in conservation. By collaborating with researchers and
Institutions in developed countries, developing countries like Nepal will benefit tremendously and NorthSouth Collaboration will be enhanced.

Limitation
NTGP adapted rigorous standard operating procedures for both field and laboratory analysis. Genetic
work was done for the first time and every assay was repeated multiple times for accuracy. However,
this is an ongoing effort, and in the future, based on additional work, we might have slightly varying
finding.
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21. Major Recommendations


Successful completion of the NTGP, with all pre-determined milestones achieved, has demonstrated
that innovative technology based projects are feasible in Nepal. Nepal has now gained full
independence in conducting conservation genetics work. NTGP also has brought together
conservation stakeholders and experts and policy makers in an effort to save Bengal tigers from
extinction by gathering much needed information about the ecology and demographics of species.
NTGP has ignited the field of conservation genetics in particular, and wildlife conservation in
general. Momentum brought about by NTGP must be continued.



NTGP has also created a Bengal tiger baseline genetic database which can be used as a tool to
combat poaching and trafficking activities. Due to NTGP, Nepal is on the forefront of molecular
forensic technology. Regional tiger home range countries need to be engaged to develop a network
of labs and coordinating mechanism so that such technology can be utilized in all regions.



It has also been realized, through the early optimization effort of marker selection to perform DNA
fingerprinting, that there needs to be a greater collaboration and cooperation between institutions
involved in this kind of effort to develop standardization in protocols and marker selection, without
which, cross institutional data comparison and analysis becomes virtually impossible.



NTGP was a 2 year research project, its main objective was to build conservation genetics
capability in Nepal and create a baseline genetic database of Bengal tigers. Although it engaged
all the stakeholders, both governmental and non-governmental, further engagement is necessary
to understand the information that was uncovered by NTGP and to further build capacity in Nepal.
Without effective application of information obtained by NTGP into conservation policy making and
program implementation, NTGP’s achievements will not be fully realized.

 Initial international workshop held under NTGP was very successful in bringing regional experts and
stakeholders together with international experts; such interaction is effective in sharing experiences
and fostering collaboration. Hence, in the future organizing such event before, after and during
research project is highly recommended.
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22.

Future Publications

Nepal Tiger Genome Project has been uncovering interesting and valuable findings on Bengal tigers
and their surroundings. In the near future, the project’s findings will be periodically made public through
scientific publication in coordination with DNPWC.
We have identified the following topics that NTGP will be working on for future publications:
1. Population estimation of Bengal tiger population in the major national parks of Nepal.
2. Incidental discovery of overlapping species while conducting sample collection under Nepal
Tiger Genome Project.
3. Developing molecular forensic capability for Bengal tiger conservation in Nepal.
4. Genetic Structure and Gene flow of tigers between sub population of tigers in Terai Arc, Nepal
5. Density Estimates of Tiger Population in the Chitwan National Park in Nepal.
6. Genetic Assessment of Tiger population in Nepal (here we are looking at the genetic diversity)
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