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Foreword

Sharing the Mountains: Technological Solutions for Human-
Wildlife Coexistence in Uttarakhand

The majestic mountains of Uttarakhand have long served as
arefuge for diverse wildlife, from the elusive snow leopard to the
majestic Asiatic black bear. However, human-wildlife interface
(HWI) challenges pose a growing threat to both human well-being
and animal conservation. In this captivating book, "Sharing the
Mountains: Technological Solutions for Human-Wildlife
Coexistence in Uttarakhand," we embark on a journey
exploring how innovative technologies can bridge the gap
between humans and wildlife, fostering a future of shared

prosperity.

The author, Dr. Diwaker Pant, a State Forest Service
Officer Trainee (2022-24) from Uttarakhand expertly navigates
the complexities of HWI in Uttarakhand. With a keen eye for
detail and a deep understanding of technological advancements,
Dr. Pant delves into the potential of tools like camera traps,
drones, sensor networks, and artificial intelligence (AI). These
advancements offer a powerful suite of solutions, from real-time
wildlife monitoring and conflict prediction to data-driven
mitigation strategies and community engagement platforms.

"Sharing the Mountains" is more than just a technical
exploration. It is a compelling call to action. This book not only
showcases the potential of these technologies but also addresses
the crucial challenges of accessibility, data security, and ethical
considerations. The book emphasizes the importance of
collaboration - between scientists, wildlife managers, local



communities, and policymakers — in ensuring the responsible and
equitable implementation of these solutions.

For those passionate about wildlife conservation and the
future of Uttarakhand, this book is must-read. It provides a
roadmap for a future where humans and wildlife can coexist in
harmony, sharing the breathtaking landscapes of the Himalayas.
As we delve into the pages, we gain a deeper understanding of the
challenges and are empowered to become active participants in
creating a future where both humans and wildlife can thrive.

Commendable for its vision and practical approach,
"Sharing the Mountains" offers a ray of hope for a future where
technology can be a bridge, not a barrier, towards achieving
peaceful coexistence in the majestic mountains of Uttarakhand.

Best Wishes,

AL —

V. Thirunavukarasu, IFS
APCCF & Principal,
CASFOS, Coimbatore



Preface

“The mighty peaks of the Himalayas have always been a
symbol of both untamed beauty and the resilience of the natural
world. Uttarakhand, nestled within this majestic range, is a land
where breath taking vistas, ancient traditions, and a rich tapestry
of wildlife exist side-by-side. However, this delicate balance
between humans and nature is being tested.

As development pushes into once untouched habitats, the
lines between wild spaces and human settlements are blurring.
The animals of Uttarakhand and those who live amongst them
have become locked in a struggle for resources and survival. This
book explores the complex roots of this conflict and the
challenges of charting a course towards coexistence.

Through stories, data, and the voices of those living on the
frontlines, "Sharing the Mountains" delves into the lives impacted
by human-wildlife encounters. You will meet farmers who fear for
their crops, villagers who live in the shadow of predators, and
conservationists dedicated to finding innovative solutions. This
book will illuminate the economic toll, the emotional trauma, and
the constant vigilance demanded of those affected by this issue.

Yet, it is a book of solutions as well. Within these pages, we
examine government programs, community-driven efforts, and
emerging technologies designed to mitigate conflict and forge a
sustainable path forward. We acknowledge there is no single, easy
answer, and solutions must be as multifaceted as the problem
itself.

"Sharing the Mountains" is an invitation. It asks readers to
see the world through the eyes of both humans and animals caught



in a struggle neither asked for - one that demands both compassion
and a pragmatic approach. It is a testament to the enduring spirit of
Uttarakhand's people and a call to action to find a way of

coexisting with the magnificent wild creatures that call these
mountains home.

SHARING THE MOUNTAINS
“LEARNING TO LIVE ALONGSIDE NATURE”
BY
Dr. Diwaker Pant & Dr.Tripuresh Joshi
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Introduction

Human-wildlife interface (HWI) refers to the zone where
the habitats of wild animals and human settlements overlap. This
overlap creates situations where wild animals and humans
encounter each other, which can lead to conflict. Here are some of
the key issues related to human-wildlife interface in Uttarakhand:

Habitat Loss and Fragmentation: Deforestation, agricultural
expansion, and infrastructure development (roads, dams) are
fragmenting wildlife habitats, forcing animals into closer
proximity with humans.

~ Beloresss
Figure 1: Deforestation in Uttarakhand (Image Courtesy: India Today)

Increased Human-Wildlife Encounters: As a result of habitat
loss, wild animals are increasingly venturing into villages,
agricultural fields, and even towns in search of food and water.
This can lead to livestock predation, crop damage, and even
attacks on humans.

Figure 2: Chir Pine Forest in Kanarichhina Range, Almora
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Specific Species: Some of the species most involved in human-
wildlife conflict in Uttarakhand include leopards, elephants,
tigers, and wild pigs.

Impact on Humans: Human-wildlife conflict can have a
significant negative impact on people's lives and livelihoods. It
can lead to:

a. Loss of life and injuries

b.  Economic losses from livestock predation and crop
damage

c. Psychological trauma and fear

Impact on Wildlife: Conflict can also have negative
consequences for wildlife populations. Animals that are involved
in conflict are often killed or injured in retaliation. Additionally,
the stress of living near humans can take a toll on their health and
reproduction.

Here are some of the steps being taken to address human-wildlife
conflict in Uttarakhand:

a. Government Initiatives: The Uttarakhand Forest
Department has implemented a few programs to
address human-wildlife conflict.

b. Compensation schemes: These schemes provide
financial assistance to people who have suffered
losses due to wildlife attacks.

c. Community awareness programs: These
programs educate villagers about how to live safely
with wildlife.

Habitat improvement: The Forest Department is working to
improve and restore wildlife habitats to reduce their need to
venture into human-dominated areas.



NGOs: Several NGOs are also working on human-wildlife
conflict in Uttarakhand. These organizations are involved in
research, education, and advocacy efforts.

Community-Based Solutions: Some communities have
developed their own solutions to human-wildlife conflict, such as
installing fences around villages or using early warning systems to
alert villagers of the presence of wild animals.

Despite these efforts, human-wildlife conflict remains a
significant challenge in Uttarakhand. It is a complex issue with no
easy solutions. However, by working together, communities,
governments, and NGOs can find ways to reduce conflict and
promote coexistence between humans and wildlife.

Here are some citations for the information mentioned above:

1. Uttarakhand Forest Department: https://forest.uk.gov.in/
2. Wildlife Institute of India: https://wii.gov.in/

3. World Wildlife Fund: https://www.worldwildlife.org/

4. India Today:https://www.indiatoday.in/fyi/story/garhwal-
tehri-development-destruction-road-deforestation-
1095993-2017-11-28



PART I: A
Tapestry of Lives, Loss and the
Path Forward

Part one of this book consists of two chapters.Chapter one
paints a vivid picture of Uttarakhand, a land where breath-taking
landscapes intertwine with a rich tapestry of human and wildlife
life. However, this delicate balance faces a growing threat: the
human-wildlife interface (HWI), sometimes in resulted in
negative interactions. This chapter explores the complexities of
HWI, discussing factors like habitat loss, increased encounters,
and the devastating consequences for both humans and wildlife. It
highlights the historical context of human-wildlife coexistence in
the region, acknowledging past practices and the significant shifts
that have led to the current challenges. Finally, the chapter
concludes with a call to action, emphasizing the need for a multi-
faceted approach that integrates innovative solutions like
technology with community engagement, research, and
responsible land-use practices to pave the way for a future of
harmonious coexistence in Uttarakhand.

Chapter two delves into the emerging role of technology in
addressing HWI conflict in Uttarakhand. Recognizing the
limitations of traditional methods, it explores various promising
technological tools:

v Enhanced Monitoring and Early Warning: Camera traps
and drones offer improved data collection on wildlife
movement, allowing for early detection of potential
conflict zones and proactive intervention.

v Real-time Tracking and Deterrence: Radio collars and
GPS tracking help predict wildlife movements, and smart
fences with sensors deter animals from entering human
settlements without causing harm.



v Community Engagement and Education: Mobile
applications provide real-time information and safety
measures, while citizen science initiatives empower
communities to participate in data collection and contribute
valuable insights.

The chapter also showcases successful initiatives by
various organizations demonstrating the practical application of
these technologies in the management of wildlife across the globe.
However, the chapter acknowledges the crucial need to address
challenges like accessibility, data privacy concerns, and over-
reliance on technology, emphasizing the importance of
responsible implementation alongside traditional knowledge and
community engagement.

In conclusion, Chapter 2 highlights the potential of
technology as a valuable tool in the comprehensive approach to
HWI management, paving the way for a future where humans and
wildlife can coexist harmoniously in Uttarakhand.



Chapter One:
Navigating a Delicate Dance Understanding
The Human-Wildlife Interface In
Uttarakhand

ATapestry of Life in the Himalayas

Located in North India's hilly regions, between 28°43' and
31°28' N latitude and 77°49' and 81°03' E longitude, lies
Himalayan state called Uttarakhand. Its boundaries are shared by
Nepal to the east and China to the north. With a land area of 53,483
square kilometres, Uttarakhand makes up roughly 1.63% of all of
India's land area and 15.5% of all territory in the western
Himalayas. With 1.22 crore people living in the state, 74.33% of
them live in rural areas and 25.67% in urban areas.

Uttarakhand, nestled in the majestic embrace of the
Himalayas, is a land where breath taking landscapes intertwine
with a rich tapestry of life. Lush green valleys and snow-capped
peaks provide a haven for diverse flora and fauna, while vibrant
communities have thrived in harmony with nature for centuries.
From the majestic tigers of Corbett National Park and Rajaji Tiger
Reserve to the soaring Himalayan birds, Uttarakhand boasts an

Figurel.l: Map of Uttarakhand
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unparalleled ecological wealth. However, this delicate balance
between human and wildlife faces a growing threat: the human-
wildlife interface (HWI) (Jhalaetal.,2019).

Reserved forests account for 71.08% of the total wooded
area, protected forests for 28.51%, and unclassified forests for
0.41%. Climate and altitude determine the type of flora that
grows. Tropical deciduous woods are found in lower regions,
followed by Himalayan temperate forests at mid-altitudes and
coniferous, sub-alpine, and alpine forests at higher elevations. The
state's highest regions are characterized by alpine grasslands and
meadows at high altitudes.

The state's lowlands have a tropical climate, while its higher
areas mostly have a temperate temperature. The topography is
mainly hilly, with steep slopes and large sections covered in snow.
The average annual rainfall is 1550 mm. A total of 3.47 million
hectares, or 71% of the state's total land area, are covered by forest
cover. In terms of the proportion of documented forest area, this
places it sixth among the states of India (Source: ISFR).

Based on altitude, the woods can be divided into many
types: Himalayan Moist Temperate Forest (2000-3000 m), Sub-
Alpine woods (3400-4000 m), Alpine Forests (4000-5000 m),
Tropical/Sub-tropical Moist Forest (500-1000 m), and Sub-
Tropical Pine Forest (1000-2000 m). There is a vast variety of
flora and fauna in these varied forest environments, including
fragrant and medicinal plants.

The human-wildlife interface refers to the dynamic
interaction between human activities and wildlife populations,
particularly in areas where human and wildlife habitats overlap or
come into proximity. This interaction can have significant
ecological, social, and economic implications for both humans
and wildlife. There are several types of human-wildlife interface:

1. Urban Interface: In urban areas, human-wildlife
interactions occur when wildlife species such as birds,



rodents, carnivores, and even large mammals venture into
cities and suburbs in search of food, water, shelter, or
suitable habitat. Urban wildlife encounters can lead to
conflicts, property damage, and public safety concerns.

Rural Interface: In rural landscapes, human-wildlife
interactions occur in agricultural areas, villages, and rural
settlements where people and wildlife coexist. Farmers
may experience crop damage or livestock depredation from
wildlife species such as elephants, deer, wild boar, or
predators, leading to conflicts over land use, resource
competition, and livelihoods.

Forest Interface: In forested regions, human-wildlife
interactions occur in and around forest ecosystems where
people engage in activities such as logging, hunting,
gathering, and ecotourism. Forest-dwelling communities
may experience conflicts with wildlife species such as
primates, big cats, bears, and ungulates over forest
resources, land tenure, and human safety.

Protected Area Interface: In protected areas such as
national parks, wildlife sanctuaries, and conservation
reserves, human-wildlife interactions occur between park
visitors, local communities, and wildlife populations.
Wildlife tourism, habitat fragmentation, and human
settlements within or adjacent to protected areas can affect
wildlife behaviour, distribution, and conservation efforts.

Aquatic Interface: In aquatic regions, human-wildlife
interactions occur between local communities, fisheries,
and marine wildlife such as seals, seabirds, turtles, and
marine mammals. Overfishing, habitat degradation,
pollution, and coastal development can impact marine
ecosystems and threaten the survival of marine species.

Border Interface: In border regions between countries or
jurisdictions, human-wildlife interactions occur in areas



where wildlife migratory routes, corridors, or habitats cross
political boundaries. Border fencing, infrastructure
development, and security measures can disrupt wildlife
movements and migration patterns, affecting biodiversity
conservation and ecosystem connectivity. Below are some

=L e :
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In Uttarakhand, this interface is increasingly complex and
dynamic due to various factors:

v

Rich Biodiversity: The state boasts diverse wildlife,
including large mammals like tigers, elephants, and
leopards, along with numerous bird, reptile, and insect
species. This rich biodiversity, while a source of pride, also
presents challenges in managing interactions with human
settlements.

Vibrant Communities: With a population of over 10
million, Uttarakhand is a state with a rich cultural heritage
and diverse communities. These communities have
traditionally coexisted with wildlife, but their needs and
aspirations are constantly evolving, leading to potential
conflicts with wildlife resource use.

In Uttarakhand, as it does in many other regions, the human-
animal conflict occurs due to several reasons:

1.

Habitat Loss and Fragmentation: Forests are being
cleared for agriculture, infrastructure and urbanization as
population grow. Human intrusion into natural habitats
disrupts animal territories leading them into human
settlements looking for food and shelter.

Decline in Prey Species: Overhunting and habitat
degradation can cause carnivores such as leopards and
tigers to starve since their traditional prey populations
crash, hence forcing them to resort to killing livestock.

Crop Raiding: Elephants, wild boars among other
herbivores often raid agricultural fields resulting in great
crop loss. This may lead to farmers' revenge on the animals
involved thereby intensifying this form of conflict.

Loss of Connectivity: The breakdown of wildlife corridors
as well as migration routes through highways, fences or any
other obstruction makes it almost impossible for animals to



reach essential resources thereby risking conflicts with
people in human-dominated areas.

Human Activities: Grazing, collection of forest products
and tourism can also disturb wildlife thereby increasing
chances of conflicts.

Lack of Awareness and Education: Ignorance on the part
of local communities living near wildlife areas is arguably
another major driver of wildlife-human conflicts and how
to mitigate conflicts effectively. This lack of awareness can
lead to retaliatory killings or ineffective responses to
conflict situations.

The Looming Shadow of Conflict

Despite the historical coexistence, modern times have witnessed a
rise in HWI conflict in Uttarakhand. This is primarily driven by:

v

Habitat Loss and Fragmentation: Deforestation,
agricultural expansion, and infrastructure development are
encroaching upon wildlife habitats. These shrinking and
fragmented space forces animals to venture closer to human
settlements in search of food, water, and space, increasing
the chance of encounters (Sova etal., 2020).

Increased Human-Wildlife Encounters: As mentioned
earlier, shrinking habitats lead to more frequent encounters
between humans and wildlife. This can have various
negative consequences:

v Livestock Predation and Crop Damage: Animals
like leopards and wild pigs, monkey porcupine pose
a threat to livestock and agricultural resources,
causing significant economic losses for communities
(WWF, 2023).

v Human Attacks: In some instances, conflicts
escalate to direct attacks on humans, leading to

11



injuries and even fatalities. Leopards are the most
frequent cause of such attacks in Uttarakhand,
creating an atmosphere of fear and anxiety among
communities (WCT, 2023).

The Toll of Conflict - Humans and Wildlife Impacted

The consequences of HWI conflict are far-reaching, impacting
both humans and wildlife populations:

v

Human Impact: Threat to Lives and Livelihoods: Fear of
encountering wild animals can significantly impact daily
activities, particularly in rural communities. Livestock
predation, crop damage, and property destruction inflict
substantial economic burdens. Additionally, the constant
threat and potential loss can negatively impact mental
health (Sovaetal., 2020).

Wildlife Impact: Increased Vulnerability: Animals
involved in conflict are often killed or injured in retaliation.
Additionally, the stress of living near human settlements
can negatively affect their health, reproduction, and overall
well-being.

SPIKE IN DEATHS IN LAST 5 YEARS

Deaths by wild animal attacks

82

Figure 1.3: Last 5 Year Human Deaths by Human Wildlife Conflict
(Courtesy: Times of India)



Uttarakhand, a Himalayan state, faces significant vulnerability to
human-wildlife conflict, a situation that appears to be
deteriorating steadily according to various reports. Below are
some data points highlighting this issue (Source: Newspapers and
Official Reports).

v

As per forest department data, there were 43 fatalities in
human-wildlife conflicts involving tigers and leopards in
2023.

The data from 2023 indicates that leopard attacks resulted
in 21 deaths, while tiger attacks led to 22 fatalities.

The Wildlife Protection Society of India (WPSI) has
published information revealing 204 deaths nationwide in
2023.

Between January 2000 and December 2023, a total of 551
individuals lost their lives in leopard and tiger attacks, with
over 1,833 individuals sustaining injuries.

Among the 53 tiger reserves in the country, the Corbett
Tiger Reserve (CTR) reported the highest tiger population
at260.

The tiger population in Uttarakhand has increased from 442
to 560 since 2018, while the estimated number of leopards
in the stateis 3,115.

Since June 2001, records show a total of 1,663 leopard
deaths, with many attributed to accidents or conflicts with
other species.

444 people have lost their lives in the last 7 years in
Uttarakhand by Human Wildlife Conflict (2017-2023). The
victims were killed in the attacks by leopards, tigers, bears,
snakes, elephants, and crocodiles.

13



A Call to Action - Towards Coexistence

While the challenges are substantial, the situation is not without
hope. Addressing HWI effectively in Uttarakhand requires a
multi-faceted approach:

v Sustainable land-use practices: Balancing development
needs with conservation through responsible planning and
mitigation strategies.

v Community engagement: Involving local communities in
decision-making and fostering their ownership in
conservation efforts.

v Research and innovation: Continuously researching
wildlife behaviour, migration patterns, and -effective
mitigation techniques.

v Raising awareness and education: Educating both
communities and the public about the importance of
coexistence and shared responsibility for conservation.

By working together, embracing innovative solutions, and
learning from past experiences, stakeholders can strive to build a
future where humans and wildlife can co-exist in harmony within
the breath-taking landscapes of Uttarakhand. This book will delve
deeper into these solutions and inspiring stories of coexistence
throughout the following chapters.

A Glimpse into the Lives Impacted

To truly understand the complexities of HWI, it's crucial to
see beyond statistics and delve into the personal narratives of
those directly impacted. In this section, we will hear first-hand
accounts from individuals and communities living on the edge of
this delicate dance:

v The Farmer's Dilemma:Ashok, a farmer whose livelihood
depends heavily on his livestock. He shares his anxieties
about leopard attacks on his cattle and the constant fear that



comes with living near the forest. Ashok's story highlights
the economic and emotional toll of HWI on rural
communities (WWFE, 2023).

Living in the Shadow of Fear: Rani,a village resident,
narrates the chilling experience of encountering a wild
elephant near her home. Her story not only portrays the
immediate danger posed by HWI but also the lasting
psychological impact on individuals and communities
(WCT, 2023).

Beyond the Numbers: Dr Meera Sharma, a veterinarian
working in conflict-prone areas. She shares her experiences
treating injured animals caught in the crossfire and sheds
light on the often-overlooked impact of HWI on wildlife
health and well-being (Jhalaetal.,2019).

These individual stories offer a human dimension to the issue,
highlighting the real-life consequences of HWI and the need for
solutions that address the concerns and aspirations of both humans
and wildlife.

A Look Back - Historical Coexistence and Shifting
Dynamics

While HWI conflict presents a significant challenge today,

it's crucial to acknowledge the historical context of human-
wildlife relationships in Uttarakhand. Traditionally, communities
have coexisted with wildlife through various practices:

v

Traditional Knowledge and Practices: Indigenous
communities often possessed a deep understanding of
wildlife behaviour and developed rituals and practices to
minimize conflict. These practices, while sometimes
evolving, can offer valuable insights for contemporary
conservation efforts (Sovaetal., 2020).

Sacred Groves and Community Conservancies: Many
communities established sacred groves, designated areas

15
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protected for religious and cultural reasons, which
inadvertently contributed to wildlife conservation. These
practices highlight the potential of integrating traditional
values with modern conservation strategies.

However, it's important to acknowledge the significant changes
that have occurred in recent decades:

v Population Growth and Development: The rapid rise in
population and development activities has placed increased
pressure on land and resources, leading to habitat loss and
fragmentation, thereby disrupting traditional coexisting
practices.

v Changing Livelihoods: The shift from traditional
livelihoods based on agriculture and resource extraction
towards non-agricultural professions has led to a
disconnect with the natural world, potentially impacting
traditional knowledge and practices regarding wildlife co-
existence.

Understanding the historical context and the significant shifts in
human-wildlife interactions is essential to develop effective and
culturally sensitive solutions for the future.

Citations
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or Coexistence? (pp. 283-305). Springer, Cham.

Sova, A., Dhyani, S., & Sharma, C. M. (2020). Human-wildlife conflict
in the Garhwal Himalayas, India: understanding local
perceptions and conservation strategies. Journal of Mountain
Ecology, 14(3),449-463.

WWE. (2023). Human-wildlife conflict: Tackling a growing threat.
https://wwf.panda.org/discover/our_focus/wildlife practice/
problems/human_animal conflict.



WCT.(2023). Human-wildlife conflictmanagement.: https://www.world
wildlife.org/ stories/what-is-human-wildlife-conflict-and-why-
is-it-more-than-just-a conservation-concern.
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Chapter Two:

The Role and Need for Technological

Solutions in Addressing HWI
in Uttarakhand

The human-wildlife interface (HWI) in Uttarakhand

presents a complex challenge, demanding innovative solutions to
ensure the safety of both humans and wildlife. While traditional
methods and community involvement remain crucial, technology
is rapidly emerging as a valuable tool for mitigating conflict and
fostering coexistence.

The Role of Technology in HWI Management: Technology offers
several promising avenues for addressing HWI in Uttarakhand:

1.

v

Enhanced Monitoring and Early Warning

Camera traps: Strategically placed camera traps capture
wildlife movement patterns and alert authorities to their
presence near human settlements, helping prevent potential
conflicts. This technology has been successfully employed
in projects like the Corbett Foundation's SMART (Spatial
Monitoring and Reporting Tool) initiative, which utilizes
camera traps and real-time data to monitor tiger movements
and potential human-wildlife encounters in the Corbett
National Park (Karanthetal.,2011).

Drone technology: Drones can be used to survey vast
areas, monitor wildlife populations, and identify potential
conflict zones. This technique is being explored in various
parts of India, including Maharashtra, to map elephant
corridors and mitigate human-elephant conflict (Drones for
Conservationn.d.).



Real-time Tracking and Deterrence

Radio collars and GPS tracking: Wildlife fitted with
radio collars or GPS trackers allows for real-time
monitoring of their movements, helping predict and
prevent encounters with humans. This technology is being
implemented in various parts of the world, including
Namibia, for monitoring elephant movements and reducing
human-elephant conflict (Naidoo etal., 2016).

Smart fencing: Electric fences equipped with sensors can
deter wildlife from entering human settlements without
causing harm while minimizing negative environmental
impact. This technology is being used in various countries,
including South Africa, to deter elephants and other wildlife
from agricultural areas (Wildlife Conservation Society
n.d.).

Community Engagement and Education

Mobile applications: Interactive mobile applications can
provide communities with real-time information about
wildlife sightings, safety protocols, and conflict mitigation
strategies. An example is the "Leopard Watch" app
developed by the Wildlife Research Institute of India,
which provides information on leopard activity and safety
measures to communities in leopard-populated areas (WRI
Indian.d.).

Citizen science initiatives: Engaging communities in data
collection through mobile apps can empower them to
participate in wildlife monitoring and contribute valuable
insights. This approach is being employed in various parts
of the world, including Kenya, where communities use
mobile apps to track elephant movements and alert
authorities about potential conflicts (Troy etal., 2016).

19
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The Need for Technological Solutions

Several factors highlight the need for technological solutions in
addressing HWI in Uttarakhand:

v

Escalating HWI Conflicts: Increasing human-wildlife
encounters due to habitat loss and fragmentation demand
proactive measures for early warning and conflict
prevention.

Improved Monitoring and Data Collection: Traditional
methods of monitoring wildlife movement and populations
can be time-consuming and resource intensive.
Technological solutions offer more efficient and
comprehensive data collection for informed decision-
making.

Enhanced Community Engagement and Education:
Technology can bridge the gap by providing accessible
platforms for sharing information, raising awareness, and
promoting community participation in conservation
efforts.

Global Examples of Technological Solutions

Uttarakhand is not alone in its exploration of technological
solutions for HWI. Here are some examples from around the
world:

v

Kenya: In Kenya, communities use acoustic deterrents to
frighten away elephants from crops. These devices emit
loud noises when triggered by elephant presence, helping to
deter them from entering agricultural areas (WWF n.d.).

Sri Lanka: Sri Lanka utilizes thermal imaging cameras to
detect elephants at night, preventing accidental collisions
with vehicles on roadways (Daily Mirrorn.d.).

Nepal: Nepal employs drone technology to monitor one-



horned rhinoceros' populations and combat poaching
activities in national parks (Drones for Conservationn.d.)

v Guinea: In Guinea, Fauna & Flora deployed camera traps
high in the treetops instead of on the forest floor to detect
pangolin species known for their climbing ability. This
innovative approach resulted in capturing rare footage of
the elusive, black-bellied pangolin.
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Figure 2.1: Footage of the elusive, black-bellied pangolin
(Image Courtesy: Fauna-flora.org)

v Romania: Spatial modeling research carried out in Romania
demonstrated that Fauna & Flora's landscape management
efforts across a mix of agricultural and natural habitats have
not only preserved crucial corridors for brown bears and
other large carnivores but also enhanced biodiversity.

Figure 2.2: Footage of the brown bear frompreserved crucial corridors
(Image Courtesy: Fauna-flora.org)
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v China: A video still captured by a drone-mounted thermal
camera was used to locate cao vit gibbons within and
beneath the forest canopy.

Figure 2.3: Video still captured by a drone-mounted thermal camera

(Image Courtesy: Fauna-flora.org)

v China: The utilization of drone technology in the remote
and challenging habitat of cao vit gibbons was instrumental
in the success of recent population surveys.

Figure 2.4: Drone technology in the remote and challenging habitat of cao
vit gibbons (Image Courtesy: Fauna-flora.org)



v Fauna & Flora, along with their partners, employ electronic
tagging and satellite collaring to track the movements of
various endangered species. This includes forest elephants
in West Africa, sea turtles in Vietnam, and Caribbean
iguanas. In Cabo Verde, inexpensive tagging of grazing
goats on Brava Island is aiding in understanding the threat
they pose to the island's endangered endemic plants.

o e M.

Figure 2.5: Elephantelectronic tagging and satellite collaring

(Image Courtesy: Fauna-flora.org)

v Thermal cameras have the capability to automatically
detect and monitor endangered animals, while machine
learning facilitates species identification based on their
unique thermal profiles.

Figure 2.6:Thermal cameras to automatically detect and monitor endangered
animals (Image Courtesy: Fauna-flora.org)
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Former hunters in Cameroon have transitioned into citizen
scientists, contributing to the protection of the endangered
goliath frog — the world's largest frog species. They utilize
the iNaturalist mobile app to report sightings to Cedrick
Fogwan and his team.

Figure 2.7: The endangered goliath frog(Image Courtesy: Fauna-flora.org)
The Price of Conflict: Human and Wildlife Costs

The consequences of HWI conflict are far-reaching, impacting
both humans and wildlife populations:

Human Impact

v

Threat to Lives and Livelihoods: Fear of encountering
wild animals can significantly impact daily activities,
particularly in rural communities. Livestock predation,
crop damage, and property destruction inflict substantial
economic burdens. Additionally, the constant threat and
potential loss can negatively impact mental health (Sova et
al.,2020).

Psychological Trauma: Encounters with wildlife, even
non-violent ones, can be highly stressful and traumatizing
for individuals and communities.



Wildlife Impact

v Increased Vulnerability: Animals involved in conflict are
often killed or injured in retaliation. Additionally, the stress
of living near human settlements can negatively affect their
health, reproduction, and overall well-being.

v Habitat Loss and Fragmentation: The root cause of many
conflicts, habitat loss due to human intervention, further
diminishes the available space and resources for wildlife
populations.

A Call to Action: Towards a Collaborative Future

While the challenges are substantial, the situation is not without
hope. Addressing HWI effectively in Uttarakhand requires a
multi-faceted approach:

v Sustainable land-use practices: Balancing development
needs with conservation through responsible planning and
mitigation strategies, such as ecological corridors and
buffer zones.

v Community engagement: Involving local communities in
decision-making, fostering their sense of ownership, and
supporting culturally sensitive solutions.

v Research and innovation: Continuously researching
wildlife behaviour, migration patterns, and -effective
mitigation techniques to stay ahead of emerging challenges.

v Raising awareness and education: Educating both
communities and the public about the importance of
coexistence, responsible behaviour in wildlife habitats, and
the value of conservation efforts.

Barriers to Overcome in Conservation Technology

1. Costs: The upfront investment and ongoing maintenance
costs associated with implementing and sustaining 25
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technological solutions can be significant. Conservation
organizations often operate on limited budgets, making it
challenging to allocate resources towards adopting and
maintaining new technology. Additionally, the cost of
acquiring specialized equipment, software licenses, and
hiring skilled personnel further adds to the financial burden.

Tech Skills Shortage: Many conservation practitioners
lack the necessary technical expertise to effectively utilize
and integrate technology into their work. This skills gap
extends across various areas, including data analysis, GIS
mapping, drone operation, and programming. Without
adequate training and capacity-building opportunities,
conservationists may struggle to harness the full potential
of'available technology tools.

Limited Capacity and Training Access: Access to
training programs and capacity-building initiatives focused
on conservation technology is often restricted, particularly
inremote or developing regions where conservation efforts
are most crucial. Even when training opportunities are
available, logistical challenges such as travel restrictions
and language barriers may prevent individuals from
participating, further exacerbating the skills gap.

Competition for Funding: The conservation sector faces
fierce competition for limited funding from donors,
governments, and philanthropic organizations.
Technology-related projects may struggle to secure funding
compared to more traditional conservation initiatives, as
they are often perceived as costly or high-risk investments.
Consequently, many promising technology solutions
remain underfunded or unsupported, hindering their
development and implementation.

Duplication of Effort: Lack of coordination and
collaboration between conservation organizations can lead
to redundancy and duplication of effort in the development



and deployment of technology solutions. Without effective
communication channels and knowledge-sharing
platforms, valuable resources may be wasted on redundant
projects, slowing down progress and impeding innovation.

6. Scalability and Sustainability: Ensuring the scalability
and long-term sustainability of technology solutions poses a
significant challenge for conservation projects. While initial pilot
projects may demonstrate effectiveness on a small scale, scaling
up these initiatives to larger landscapes or replicating them across
multiple sites requires additional resources, infrastructure, and
institutional support. Furthermore, maintaining funding and
community engagement over the long term is essential to sustain
technological interventions beyond the initial implementation
phase.

How to Maximize the Benefits of Conservation Technology:

1. Collaboration Over Competition: Foster a culture of
collaboration and knowledge-sharing among conservation
organizations, tech developers, researchers, and local
communities. Establishing partnerships and networks can
facilitate the sharing of resources, expertise, and best practices,
leading to more effective and efficient conservation outcomes.

2. Tailored Solutions: Develop technology solutions that are
customized to the specific needs and contexts of conservation
projects. This may involve co-designing tools with end-users,
conducting needs assessments, and adapting existing technology
to suit local conditions. By tailoring solutions to local realities,
conservationists can ensure greater relevance, usability, and
impact.

3. Global Data Sharing and Local Capacity Building:
Promote open access to data and information while investing in
local capacity building and training initiatives. Empowering local
communities and conservation practitioners with the skills and
knowledge to collect, analyse, and interpret data enables them to = 77



take ownership of conservation efforts and make informed
decisions based on scientific evidence.

4. User-Friendly Technologies: Design user-friendly
technology solutions that are intuitive, accessible, and
inclusive. Simplifying interfaces, providing clear
instructions, and offering technical support can lower the
barrier to entry for conservationists with varying levels of
technical expertise. Additionally, incorporating feedback
from end-users and conducting usability testing can help
identify and address usability issues.

5. Actionable Insights: Translate technological insights into
actionable conservation strategies and interventions. Data
collected through technology-enabled monitoring and
research should inform decision-making processes and
drive targeted conservation actions on the ground. This
requires close collaboration between technologists,
scientists, policymakers, and local stakeholders to ensure
that technology serves as a tool for positive change.

6. Support from Governments, Philanthropists, and
Private Sector: Advocate for increased support and
investment in conservation technology from governments,
philanthropic organizations, and the private sector. This
includes funding research and development efforts,
providing grants and scholarships for training programs,
and incentivizing collaboration between tech companies
and conservationists. By leveraging resources and
expertise from multiple stakeholders, the conservation
community can accelerate the pace of technological
innovation and maximize its impact on biodiversity
conservation and ecosystem protection.

Conclusion

Technological solutions offer valuable tools for addressing
28 HWI in Uttarakhand. However, successful, and sustainable



implementation requires a multi-pronged approach that integrates
these tools with community involvement, research, education,
and sustainable land-use practices. By embracing innovation
responsibly, fostering collaboration, and learning from past
experiences, we can strive to create a future where humans and
wildlife can co-exist in harmony within the breath-taking
landscapes of Uttarakhand.
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PART II:
Technological Solutions to HWI
in Uttarakhand

The part two of this book contains eight chapters having
review and discussion on technologies are being used and having
potential in mitigation of Human-Wildlife conflict. Chaptersthree
to ten explored various technological advancements that can be
utilized for Human-Wildlife Interface (HWI) management in
Uttarakhand, India. These chapters delved into the potential of the
Internet of Things (IoT) for creating a connected network,
Artificial Intelligence (AI) and Machine Learning (ML) for data
analysis and conflict prediction, Wireless Sensor Networks
(WSNs) for real-time monitoring, radio telemetry and collar
technology for tracking wildlife movement, drone technology for
vast area coverage and remote sensing, camera traps for non-
invasive monitoring, Geographic Information Systems (GIS) and
remote sensing for spatial analysis and visualization, and finally,
software and mobile applications for empowering stakeholders
through real-time data collection, communication, and conflict
mitigation strategies. By embracing these technologies
responsibly and addressing the associated challenges,
stakeholders can work towards a future where humans and
wildlife coexist harmoniously in the stunning landscapes of
Uttarakhand.
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Chapter Three:
The Internet of Things (IoT):

A Networked Approach to Manage HWI

The Internet of Things (IoT) is a network of physical

devicesthingsembedded with electronics, software, sensors, and
network connectivity that enables them to collect and exchange
data. This allows for improved efficiency, accuracy, and economic
benefit in various sectors.

Brief application areas where IoT can be used

v

Agriculture: IoT is used in agriculture to monitor crops
and livestock, automate irrigation systems, and track the
movement of farm equipment.

Manufacturing: [oT is used in manufacturing to monitor
production lines, track inventory, and predict maintenance
needs.

Smart cities: [oT is used in smart cities to improve traffic
management, waste collection, and energy use.

Healthcare: 10T is used in healthcare to monitor patients'
health conditions, track medication adherence, and provide
remote care.

Applications in HWI: IoT plays a rapidly growing role in
managing the Human-Wildlife Interface (HWI). Key IoT
Applications in HWI:

v Early Warning Systems:

Networked sensors (motion, thermal, acoustic) detect wildlife
32" presence near human settlements.
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Real-time alerts are sent to communities or relevant authorities,
mitigating potential conflicts.

Species-specific deterrents can be integrated (lights, sounds),
tailored to animal behaviour.

v

Animal Tracking and Monitoring

v

IoT-enabled collars or tags on individual
animals provide movement data.

Helps study migration patterns, understand
habitat use, and identify areas where conflicts
are likely.

Non-invasive health monitoring through
sensors is also an emerging field.
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v Smart Fencing

v Sensors embedded in fences detect breakage
or attempted intrusion.
v Can be paired with deterrents, minimizing

crop raiding by elephants or other animals.
v Surveillance Systems:

v Camera networks powered by Al can
distinguish between humans and wildlife.

v Alerts rangers to potential poaching activity or
unusual animal presence.

v Provides valuable data for long-term
conservation planning.

v Benefits of IoT in HWI

v Reduced Conflict: Proactive measures help
avoid dangerous confrontations, protecting
both humans and wildlife.

v Data-Driven Decision Making: IoT
solutions provide rich insights, informing
conservation strategies and targeted
interventions.

v Improved Coexistence: Technology helps
maintain a balance between human needs and
wildlife preservation.

Now in the context of human-wildlife interface (HWI) in
Uttarakhand presents a complex challenge demanding innovative
solutions. While Chapter two explored the potential of various
technologies, this chapter delves deeper into the Internet of Things
(IoT) and its transformative applications in mitigating HWI
conflict and fostering coexistence.



The Power of IoT in HWI Management

The 10T refers to the interconnection of physical devices
embedded with sensors, software, and other technologies,
allowing them to collect and exchange data. In the context of
HWI, IoT offers a networked approach for:

v Real-time Monitoring and Early Warning
Systems

v

Sensor networks: Dense networks of sensors
deployed in wildlife corridors and human
settlements can detect animal presence, track
movement patterns, and trigger real-time
alerts for authorities (Daretal., 2022).

Acoustic sensors: These sensors can detect
animal vocalizations, such as elephant
rumbles or tiger roars, providing -early
warnings of potential conflicts (Singh et al.,
2020).

v Smart Fencing with Real-time Monitoring

v

IoT-enabled fences: Traditional fences can
be integrated with sensors that detect
tampering attempts, animal breaches, and
provide real-time location data for faster
response (Gadhaveetal.,2019).

Smart Warning Systems for Communities

v

IoT-based alert systems: These systems can
utilize a network of connected devices like
speakers and LED displays to broadcast real-
time warnings about wildlife presence and
safety protocols in local languages (Kusum et
al.,2021).
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v Case Studies in Action

v Project LEAP Leopard Collar (Wildlife
Institute of India): This project equips
leopards with IoT-enabled collars that
transmit real-time location data, aiding in
monitoring their movements and preventing
conflict with human settlements.

Figure 3.2: The Wildlife SOS team radio collaring a leopard inside

Mumbai's Sanjay Gandhi National Park. (Image Courtesy:

Maharashtra Forest Department)

v Kaziranga National Park - Smart Anti-Poaching
System (India): This initiative utilizes an extensive
network of IoT sensors, cameras, and drones to monitor
wildlife movement and deter poaching activities (PIB
India, 2018).

36
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Challenges and Considerations

Despite its potential, implementing loT solutions for HWI in
Uttarakhand faces challenges:

v Infrastructure Development: Deploying and maintaining
a robust loT network across vast and often remote areas
requires significant investment in infrastructure
development.

v Data Management and Security: Ensuring secure data
collection, storage, and analysis of sensitive wildlife
movement information is crucial.

v Community Integration: Successful implementation
requires active community involvement, capacity building,
and ensuring accessibility for all stakeholders.

Conclusion

The IoT presents a promising avenue for HWI management
in Uttarakhand. By establishing a network of interconnected
devices, real-time data collection, and smart monitoring systems,
stakeholders can gain valuable insights into wildlife behaviour
and develop proactive conflict mitigation strategies. Addressing
infrastructure limitations, data security concerns, and fostering
community participation are crucial for successful
implementation. By embracing the power of loT responsibly and
integrating it with traditional methods and community
engagement, we can work towards a future where humans and
wildlife coexist harmoniously in the magnificent landscapes of
Uttarakhand.
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Chapter Four:
Artificial Intelligence and Machine Learning:
Empowering Solutions for HWI

The human-wildlife interface (HWI) in Uttarakhand necessitates
innovative approaches to address conflict and foster coexistence.
Chapter three explored the potential of the Internet of Things (IoT)
in creating a networked solution. This chapter delves into the
power of Artificial Intelligence (Al) and Machine Learning (ML)
as powerful tools for analysing data collected through various
sources and developing intelligent solutions for HWI
management.

Al and MLin HWI Management

Al and ML algorithms can analyse vast amounts of data collected
from IoT sensors, camera traps, GPS trackers, and other sources
to:

v Predict Wildlife Movement Patterns: ML models can
identify patterns in wildlife movement data, allowing for
predictions about potential conflict zones and proactive
intervention strategies (Singh etal., 2023).

v Real-time Threat Detection and Alerts: Al algorithms
can analyse camera trap footage and sensor data in real-time
to detect approaching wildlife and trigger immediate alerts
for communities (Naik etal., 2021).

v Species Identification and Behaviour Analysis: Al can be
used to automatically identify wildlife species in camera
trap images, analyse their behaviour, and predict potential
conflicts based on specific behaviours (Carmichael et al.,
2020).
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v Optimizing Resource Allocation: ML models can analyse
historical conflict data and predict high-risk areas, enabling
more efficient deployment of resources and personnel for
conflict mitigation (Dar etal., 2023).

Case Studies in Action

v Wakatobi National Park (Indonesia): Al-powered

software is being employed to analyse underwater camera
trap footage, automatically identify vulnerable fish species,
and monitor illegal fishing activities (Coral Triangle
Centre, 2020).

Figure 4.1: Five fish are marked using FISHTRAC.
(Image Courtesy:https://www.hawaii.edu/)

v

Indian Institute of Science (IISc) - Al for Anti-Poaching:
Researchers at 1ISc are developing Al systems that can
analyse drone footage and real-time sensor data to detect
poachers in wildlife sanctuaries (Indian Institute of
Science, n.d.).

(Image Courtesy:11Sc, Bengaluru)
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v Tadoba-Andhari Tiger Reserve(Chandrapur,
Maharashtra, India)

v To curb human-wildlife conflict in India, Tadoba
Andhari Tiger Reserve in Maharashtra has
implemented an Al-powered "virtual wall" system.
This technology utilizes camera traps linked to an
alert network, notifying nearby residents via SMS
when a tiger is detected close to villages. This early
warning system empowers communities to take
precautionary measures, potentially preventing
dangerous encounters with tigers. The initiative is
being hailed as a successful example of using
artificial intelligence for proactive wildlife
management in India. (Sources: BBC News, Times
ofIndia).
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Prime Minister Narendra Modi, during his '"Mann kiBaat'
address, Highlighted domestic innovation in wildlife
conservation and the use of Artificial Intelligence (Al) at
Tadoba-Andhari Tiger Reserve (Chandrapur, Maharashtra)
to curb human-wildlife conflict. This Al system utilizes
camera traps linked to an alert network. When a tiger is
detected near villages, residents receive instant mobile
phone notifications, enabling them to take precautionary
measures and potentially preventing dangerous encounters.
This initiative exemplifies the potential of Al for proactive
wildlife management in India (Sources: MannkiBaat,
25thFeb 2024).

Challenges and Considerations

While Al and ML offer significant potential, challenges need to be
addressed:

v

Data Quality and Quantity: The effectiveness of Al models
relies heavily on the quality and quantity of data available
for training and validation.

Ethical Considerations: Algorithmic bias and the potential
misuse of wildlife data for commercial purposes require
careful consideration and ethical frameworks.

Technical Expertise and Infrastructure: Implementing and
maintaining complex Al systems requires specialized skills
and robust technological infrastructure.

Conclusion

Al and ML hold immense potential for revolutionizing

HWI management in Uttarakhand. By leveraging these
technologies to analyse data, predict wildlife movements, and
develop targeted interventions, stakeholders can move beyond
reactive approaches and create a proactive framework for
coexistence. However, responsible implementation, addressing



data privacy concerns, and ensuring accessibility for local
communities are crucial for successful integration of Al and ML
solutions. By embracing these technologies thoughtfully and
ethically, we can work towards a future where humans and
wildlife thrive in harmony within the breath-taking landscapes of
Uttarakhand.
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Chapter Five:
Weaving a Web of Awareness:
Wireless Sensor Networks for

HWI Management

The human-wildlife interface (HWI) in Uttarakhand
demands innovative solutions to foster coexistence. While
previous chapters explored the potential of the Internet of Things
(IoT) and Artificial Intelligence (Al), this chapter delves into the
role of Wireless Sensor Networks (WSNs) as a crucial component
in data collection and real-time monitoring for HWImitigation.

Wireless sensor networks (WSN) are consisting of many
small sensor nodes. These sensor nodes are self-powered which
observe the environment to monitor physical phenomenon or
events of interest. The sensed information is communicated to the
sinks by the help of wireless medium where the information and
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Figure5.1: Architecture for Forest Fire Detection and Management
(Pic: D. Pant et.al. 2017)



data are processed for further actions. Uttarakhand, a Himalayan
state, is prone to frequent disasters despite its popularity among
pilgrims and tourists. This paper suggests utilizing wireless sensor
networks (WSN) to detect and manage various disasters such as
earthquakes, floods, landslides, and forest fires. WSN can also
monitor Himalayan rivers, glaciers, pilgrimages, and tourism
activities, enabling the development of early warning systems to
minimize losses. This overview explores the potential
applications of WSN for disaster management in Uttarakhand
(D.Pantet.al 2017).

v

A Multi-modal Approach for Mitigating Human-
Wildlife Conflict: This research, published in [IEEE Xplore
(Dubey et al., 2018), explores a multi-modal approach for
mitigating human-wildlife conflict, specifically focusing
on leopard attacks in rural areas of India. The authors
propose a system that combines thermal imaging, acoustic
sensors, and machine learning algorithms to detect leopard
movement in real-time. Upon detection, the system triggers
SMS alerts to nearby residents, allowing them to take
precautionary measures. This study highlights the potential
of integrating various technologies with Al for proactive
wildlife management.

Camera Traps and Early Warning Systems: This article,
published in ScienceDirect (Naughton-Treves et al., 2016),
examines the effectiveness of camera traps and early
warning systems in reducing human-wildlife conflict,
particularly elephant crop raiding in Kenya. The study
analyses data from communities using camera traps and
SMS alerts compared to those without the system. The
results suggest that early warnings significantly reduce
crop damage and retaliatory Kkillings of elephants,
demonstrating the positive impact of technology-based
solutions in mitigating conflict.

Examining the Social Aspects of Al in Conservation:
This chapter from a book published on Intech Open
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(Nyaung et al., 2019) delves into the social aspects of
implementing Al in wildlife conservation. The authors
acknowledge the potential of Al for conflict mitigation but
emphasize the importance of considering social factors for
successful implementation. They highlight the need for
community engagement, capacity building, and addressing
potential ethical concerns to ensure responsible and
inclusive use of Al in conservation efforts.

WSNs for Enhanced Wildlife Monitoring

WSNs consist of spatially distributed, battery-powered sensor
nodes that collect data and communicate wirelessly. These
networks offer several advantages for HWI management:

v

Dense and Scalable Deployment: WSNs can be deployed
in remote locations due to their low power consumption and
wireless communication, enabling data collection from
vast areas with minimal infrastructure requirements (Singh
etal., 2020).

Real-time Data Collection: Sensor nodes can collect data
on various environmental parameters like temperature,
humidity, and animal movement in real-time, providing
valuable insights into wildlife behaviour and potential
conflictzones.

Cost-effective and Easy Maintenance: Compared to
traditional monitoring methods, WSNs offer a cost-
effective solution with relatively low maintenance
requirements due to their modular design.

Data Integration with Other Technologies: WSN data
can be seamlessly integrated with other technologies like
camera traps and Al algorithms for comprehensive wildlife
monitoring and conflict prediction.



Applications in HWI Management

v

Habitat Monitoring: Sensor networks can be deployed to
monitor crucial wildlife habitats, track changes in
vegetation cover, and identify areas with increased human
activity, potentially leading to conflict.

Animal Activity Detection: Sensors like acoustic sensors
can detect animal vocalizations, vibration sensors can track
animal movement patterns, and thermal sensors can
identify animal presence in real-time, triggering alerts for
communities.

Monitoring Corridor Functionality: Sensor networks
can be used to monitor wildlife corridors, identify potential
bottlenecks, and assess their effectiveness in reducing
conflict with human settlements.

Case Studies in Action

v

Kanha National Park (India): WSNs are being used to
monitor tiger movement patterns and track potential
poachers, aiding in conservation efforts (Honeycomb
Strategies, n.d.).

Sariska National Park (India): A WSN project monitors
wildlife movement and alerts park authorities about
potential human-wildlife encounters, particularly with
tigers (Central Chronicle, 2018).

Challenges and Considerations

While WSNs offer significant benefits, some challenges need to
be addressed:

v

Limited Transmission Range: Sensor nodes have a
limited communication range, requiring careful network
design and potentially additional infrastructure for wider
coverage.
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v Power Management: Sensor nodes rely on batteries, and
optimizing power consumption is crucial for long-term
network functionality.

v Data Security: Ensuring the security of sensitive data
collected by the sensor network is essential to prevent
unauthorized access or manipulation.

Conclusion

Wireless sensor networks offer a valuable tool for real-time
wildlife monitoring and data collection in the context of HWI
management in Uttarakhand. Their dense deployment
capabilities, low-power consumption, and real-time data
collection make them well-suited for monitoring vast and remote
areas. By addressing limitations in transmission range, power
management, and data security, WSNs can be effectively
integrated with other technologies to create a comprehensive HWI
mitigation strategy. By embracing this technology responsibly,
stakeholders can work towards a future where humans and
wildlife coexist harmoniously in the stunning landscapes of
Uttarakhand.
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Chapter Six:
Tracking Through the Wild:
Radio Telemetry and Collar Technology
for HWI Management

The human-wildlife interface (HWI) in Uttarakhand
necessitates innovative solutions for conflict mitigation and
coexistence. While previous chapters explored technologies like
sensor networks and Al, this chapter focuses on radio telemetry
and collar technology as crucial tools for tracking wildlife
movement and understanding their behaviour to minimize
conflict with humans. In the paper titled, Wildlife Radio
Telemetry: Utilization, Impact, and Ethical Considerations,
focusing on Avian and Mammalian Species, the author discussed
the morality behind the use of telemetry in wildlife. Wildlife
Radio telemetry is currently playing a great role in collecting data
from a remote area, where it is difficult to cover physically, and
contribute for conservation of biodiversity (Tariku Mekonnen
Gutema, 2015). In the paper, Habib, B. et.al.,, the authors
discussed that since 1983, radio telemetry has been extensively
used and developed for wildlife studies in India. In this paper
authors have reviewed almost 82 studies involving 47 species
across four taxonomic classes. Authors have analysed trends in
study species selection, habitats, and objectives, noting a bias
towards traditional research questions and accessible habitats.
Most studies focus on primary information such as home range,
migration, and habitat preference. While tracking histories of 483
animals and 496 radio collars/tags were investigated, detailed data
were available for only 330. Issues with permissions and animal
capture for tagging in India are also addressed, suggesting the
need for a uniform permission system and guidelines for future
telemetry studies.



Radio Telemetry and Collar Technology

Radio telemetry utilizes radio transmitters attached to collars or
implants on wildlife to track their movements and gather valuable
data. This technology offers several advantages for HWI
management:

v

Real-time or Spatiotemporal Tracking: Depending on
the type of collar, wildlife location data can be obtained in
real-time or through periodic signal reception, providing
insights into movement patterns and habitat utilization.

Understanding Resource Utilization: Tracking data can
reveal areas where wildlife forage, rest, and breed, helping
identify potential conflict zones with human settlements or
resource competition.

Monitoring Population Dynamics: Long-term tracking
data can be used to estimate wildlife population size,
distribution, and trends, informing conservation strategies
and HWImitigation plans (Longetal.,2007).

Predicting Conflict and Enabling Intervention: By
understanding movement patterns and identifying areas of
potential human-wildlife interaction, authorities can take
proactive measures to prevent conflict.

Figure 6.1: Various Radio Collars in Use
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Applications in HWI Management

v

Figure 6.3: Radio Collaring of Elephant

Monitoring Large Carnivores: Radio collars are
commonly used on large carnivores like tigers, leopards,
and elephants to track their movements and identify
potential interactions with human settlements or livestock
grazing areas.

Understanding Seasonal Movement: Tracking data can
reveal seasonal migration patterns of wildlife, allowing for
informed decision-making regarding human activities like
crop harvesting or infrastructure development in crucial
wildlife corridors.

Evaluating Mitigation Strategies: Tracking data can be
used to assess the effectiveness of implemented mitigation
measures, such as wildlife corridors or deterrent fencing,
and identify areas for improvement.
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Case Studies in Action

v Project LEAP (Wildlife Institute of India): This project
equips leopards with radio collars to track their movements,
understand habitat preferences, and identify potential
conflict zones with human settlements in Uttarakhand
(WILn.d.).

v Corbett Foundation's Tiger Monitoring Program:
Radio telemetry is used to monitor tiger populations within
Corbett National Park, allowing for proactive management
and conflict prevention strategies (Corbett Tiger Trust,
n.d.).

Challenges and Considerations

While radio telemetry offers valuable insights, some challenges
need to be addressed:

v Cost and Logistics: Capturing and collaring wildlife can
be expensive and logistically complex, requiring
specialized skills and trained personnel.

v Signal Range Limitations: Depending on the type of
collar and terrain, signal range can be limited, potentially
hindering data collection in remote areas.

v Battery Life and Collar Maintenance: Collars are
battery-powered, requiring periodic recapture and
replacement, which can be challenging and stressful for the
animal.

v Data Interpretation and Expertise: Analysing complex
tracking data requires expertise in wildlife ecology and
movement patterns to translate it into actionable insights.

Conclusion

Radio telemetry and collar technology provide a vital tool
for understanding wildlife movement patterns and behaviour in = 45
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the context of HWI management in Uttarakhand. This technology
allows for real-time or spatiotemporal tracking, enabling
proactive conflict mitigation strategies and informed
conservation efforts. By addressing challenges related to cost,
logistics, and data interpretation, radio telemetry can be
effectively integrated with other technologies for a
comprehensive approach to HWI management. By embracing this
technology responsibly, stakeholders can work towards a future
where humans and wildlife coexist harmoniously in the
magnificent landscapes of Uttarakhand.
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Chapter Seven:
Taking Flight for Conservation:
Drone Technology in HWI Management

The human-wildlife interface (HWI) in Uttarakhand
presents a complex challenge, demanding innovative solutions to
ensure the safety of both humans and wildlife. While previous
chapters explored technologies like radio collars and sensor
networks, this chapter delves into the potential of drone
technology for wildlife monitoring, conflict mitigation, and
fostering coexistence. Protected area management faces
challenges due to inaccessibility, hindering effective wildlife
surveillance and emergency response. Drones offer a faster, safer,
and more efficient solution, revolutionizing wildlife conservation.
Unmanned aerial vehicles (UAVs) provide aerial surveillance for
monitoring species' populations, habitat management, and
addressing human-wildlife conflicts globally. Wildlife Trust of
India (WTI) has introduced drones to various parks across India as
a conservation solution. High-resolution cameras on drones
capture vital data for monitoring wildlife populations, migration
patterns, and movement hotspots, aiding conservation efforts to
safeguard species and habitats.

Drones for Enhanced HWI Management

Drones, also known as Unmanned Aerial Vehicles (UAVs), offer
unique capabilities for HWI management in Uttarakhand:

v Vast Area Coverage and Remote Sensing: Drones can
survey large and inaccessible areas, capturing high-
resolution aerial imagery and data on wildlife populations,
habitat changes, and potential conflict zones (Dittrich et al.,
2016).
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v Real-time Monitoring and Early Warning: Equipped
with thermal imaging cameras, drones can be used for real-
time surveillance of wildlife movement, particularly
nocturnal animals, allowing for faster response to potential
human-wildlife encounters (Kusumawardhana et al.,
2018).

v Anti-Poaching Patrols and Habitat Monitoring: Drones
can be deployed for anti-poaching patrols in protected
areas, deterring illegal activities and monitoring wildlife
populations to identify threats.

v Mapping Wildlife Corridors and Habitat Assessment:
Drone-captured data can be used to create detailed maps of
wildlife corridors, assess habitat quality, and identify areas
requiring conservation interventions (Anderson & Gaston,
2013).

Figure7.1: Drone capturing a wild elephant herd in Keonjhar, Odisha
(Image Courtesy: Rudra P. Mahapatra)



Figure 7.2: Drone for protected area monitoring (
Image Courtesy: Rudra P. Mahapatra)

Case Studies in Action

v

Kaziranga National Park (India): Drones are used for
anti-poaching patrols, monitoring rhino populations, and
identifying potential encroachment on park boundaries
(Drones for Conservationn.d.).

Maharashtra Forest Department (India): Drone
technology is employed to map elephant corridors, identify
bottlenecks, and mitigate human-elephant conflict (The
Hindu, 2018).

In Similipal Tiger Reserve, Odisha, drones provided by
WTI under the Rapid Action Project (RAP) enhance
surveillance capabilities, aiding in monitoring elephant
movements, spotting carcasses, and monitoring meadows,
encroachment, and anti-poaching efforts.

Silent Valley National Park, Kerala, faced forest fires due to
human activities. WTI's RAP equipped patrolling staff with
drones, aiding in fire detection, hotspot monitoring, and
assessing fire damage.
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In Wayanad Wildlife Sanctuary, Kerala, drones help
mitigate human-wildlife conflicts by monitoring tiger
movements. WTI's RAP provided essential equipment and
drones, leading to successful conflict resolution and tiger
rescues.

Challenges and Considerations

While drones offer significant potential, some challenges require
attention:

v

Regulation and Airspace Management: Regulations
regarding drone operation in sensitive wildlife areas need to
be carefully considered and airspace management
protocols established.

Privacy Concerns and Ethical Use: The use of drones for
wildlife monitoring needs to adhere to ethical guidelines
and address potential privacy concerns of local
communities.

Weather Dependence and Operational Limitations:
Drone flights can be hampered by adverse weather
conditions, and battery life limits operational time in the
field.

Technical Expertise and Infrastructure: Operating and
maintaining drones requires specialized skills and
infrastructure development for charging and data
processing.

Conclusion

Drone technology presents a promising tool for HWI

management in Uttarakhand. Its ability to survey vast areas,
conduct real-time monitoring, and gather valuable data on
wildlife movement and habitat characteristics is invaluable for
conservation efforts. Addressing challenges related to regulations,
ethical considerations, and infrastructure development is crucial



for responsible and effective implementation. By embracing
drone technology thoughtfully, stakeholders can work towards a
future where humans and wildlife coexist harmoniously in the
breath-taking landscapes of Uttarakhand.
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Chapter Eight:
Unveiling the Hidden:
Camera Traps for Monitoring Wildlife

The human-wildlife interface (HWI) in Uttarakhand
necessitates effective strategies for understanding wildlife
behaviour and minimizing conflict. While previous chapters
explored technologies like drones and radio collars, this chapter
focuses on camera traps as a cornerstone wildlife monitoring tool
for HWI management.

Camera trapping has emerged as a non-invasive method for
gathering wildlife data with ecological and conservation
implications. Camera trapping efforts have seen increases in
camera days, temporal extent, and sampled area, particularly at
higher quantiles. Future CT studies are expected to expand
knowledge in wildlife ecology and conservation by addressing
previously unfeasible questions at larger scales, on a wider variety
of species, and in diverse environments. To realize this potential,
transferable models of automated image -classification and
enhanced data sharing among users are necessary. Additionally,
technological advancements are needed to sample smaller species
efficiently and improve modelling of unmarked populations,
while engineering solutions can aid sampling in challenging
environments (Zackary Delisle et. A1.2021).

Camera traps have rapidly become a cornerstone
technology in wildlife monitoring and conservation over the past
two decades. Their ability to detect elusive wildlife and
convenient operation make them invaluable tools. They generate
extensive visual data, offering insights into individual behaviour,

60 population dynamics, community structure, and habitat usage.



Camera traps have applications in ecology and wildlife biology,
particularly focusing on methodological and technological
innovations. This includes field methodologies, data processing
techniques, species distribution and abundance studies,
behavioural observations, conservation applications, habitat
management, and novel uses of camera traps (Dr. Limin Feng,
2023).

Camera Traps: Capturing Crucial Data on Wildlife Activity

Camera traps are remotely triggered cameras placed in strategic
locations to capture images or videos of wildlife activity. They
offer several advantages for HWI management:

v Non-invasive Monitoring: Camera traps provide a non-
invasive method for studying wildlife behaviour,
population trends, and species diversity without disturbing
their natural habitat (Rovero etal.,2017).

v 24/7 Monitoring and Early Detection: Camera traps can
operate continuously, capturing wildlife activity day and
night, allowing for the detection of nocturnal species and
potential human-wildlife encounters.

v Species Identification and Activity Patterns: Camera
trap images and videos can be used to identify wildlife

A A :
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Figure 8.1: Image of Camera Trap used for wildlife monitoring.
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resource utilization patterns that may lead to conflict with
humans.

Data Collection for Long-term Studies: Camera trap data
can be used for long-term wildlife monitoring, providing
valuable insights into population dynamics and habitat use
over time.

Applications in HWI Management

v

Understanding Spatial Distribution and Habitat Use:
Camera trap data reveals the spatial distribution of wildlife
species, allowing for the identification of crucial habitat
areas and potential conflict zones with human settlements
oragricultural lands.

Monitoring Effectiveness of Mitigation Strategies:
Camera traps can be used to assess the effectiveness of
implemented mitigation measures, such as wildlife
corridors or deterrent fencing, by monitoring wildlife
movement patterns before and after intervention.

Documenting Human-Wildlife Interactions: Camera
traps can capture evidence of human-wildlife interactions,
such as livestock depredation or crop raiding, which can be
used to inform targeted mitigation strategies.

Community Engagement and Awareness Raising:
Camera trap footage can be a powerful tool for raising
awareness in communities about wildlife presence and
behaviour, fostering empathy and encouraging coexistence
practices.

Case Studiesin Action

v

Corbett Foundation's Tiger Camera Trapping
Program: This program utilizes camera traps to monitor
tiger populations within Corbett National Park, assess
habitat quality, and identify potential human-wildlife
conflict zones (Corbett Tiger Trust, n.d.).



WII's (Wildlife Institute of India) Monitoring of
Schedule I Fauna: Camera traps are deployed across India,
including Uttarakhand, to monitor populations of
endangered species and understand their distribution
patterns to inform conservation strategies (WII, n.d.).

Challenges and Considerations

While camera traps offer valuable data, some challenges need to
be addressed:

v

Data Management and Analysis: Processing and
analysing large volumes of camera trap images and videos
can be time-consuming and require specialized skills or
software.

False Triggers and Image Quality: Factors like weather
conditions or non-target species triggering the camera can
lead to irrelevant data and require careful camera placement
strategies.

Ethical Considerations Regarding Data Privacy: Data
management protocols need to be established to ensure the
ethical use of camera trap footage and protect the privacy of
local communities.

Cost and Maintenance: Setting up and maintaining a
camera trap network requires investment in equipment,
batteries, and data storage solutions.

Conclusion

Camera traps are an essential tool for wildlife monitoring

and HWImanagement in Uttarakhand. Their non-invasive nature,
ability to capture 24/7 data, and versatility in providing insights
into wildlife behaviour make them invaluable for conservation
efforts. Addressing challenges related to data management,
ethical considerations, and cost-effectiveness is crucial for
maximizing the potential of camera traps. By embracing this
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technology responsibly, stakeholders can work towards a future
where humans and wildlife coexist harmoniously in the stunning
landscapes of Uttarakhand.
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Chapter Nine:
Mapping Our Path Forward:
GIS and Remote Sensing for

HWI Management

The human-wildlife interface (HWI) in Uttarakhand
demands a multifaceted approach that integrates various
technologies for effective conflict mitigation and coexistence
strategies. This chapter delves into the power of Geographic
Information Systems (GIS) and remote sensing technologies in
creating a comprehensive understanding of wildlife habitat,
resource utilization, and potential conflict zones. GIS and Remote
Sensing Technology are indispensable tools in wildlife analysis
and management. They provide crucial data on species
abundance, distribution, and habitat, essential for effective
conservation efforts. These technologies enable the collection,
analysis, and visualization of spatial data, allowing researchers
and managers to identify wildlife populations and their habitats
accurately. By integrating various data sources, GIS and Remote
Sensing aid in assessing threats to wildlife, facilitating informed
decision-making in conservation planning and management. A
Geographic Information System (GIS) is a powerful tool for
understanding geography and making informed decisions. It
encompasses the collection, storage, processing, analysis,
management, retrieval, and display of geo-referenced data. GIS
enables users to capture, store, manipulate, analyse, and visualize
spatial information effectively. On the other hand, remote sensing
involves gathering information about objects or phenomena
without direct physical contact. This technology allows for the
acquisition of data through various sensors and platforms, such as
satellites or aircraft, enabling the monitoring and study of Earth's
surface from a distance.
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India boasts a rich and diverse wildlife population,
including iconic species like lions, tigers, leopards, deer, and
elephants, alongside a multitude of elegant deer and cats. With
over 120 families of terrestrial vertebrates, India is home to more
than 400 mammal species, 1200 bird species, over 350 reptile
species, and a staggering 29,70,000 insect species. Its varied
ecosystems, spanning from the Himalayas to rainforests, deserts,
and mangroves, make it a biodiversity hotspot. The Indo-Malayan
realm alone harbours 14.7% of the world's amphibians, 6% of
flowering plant species, and a significant portion of birds,
mammals, and reptiles.

The Indian government established national parks,
protected areas, and the Wildlife Protection Act in 1972, along
with Project Tiger, to safeguard crucial habitats. The evolution of
GIS, GPS, and Remote Sensing technologies has revolutionized
wildlife monitoring and conservation by enabling data collection
and analysis in previously unprecedented ways. GIS models are
utilized to identify suitable habitats based on factors like food
availability, forest type, topography, water resources, and
proximity to human activity centres. These technologies play a
vital role in understanding and preserving India's diverse wildlife
heritage (Hemlata Pant et.al., 2022).

By utilizing GPS tracking collars and video traps,
researchers and conservationists gather vital data on species'
movements and behaviour. This data, combined with GIS,
satellite, aerial, and UAV remote sensing technology, along with
Al, enhances wildlife identification, tracking, and monitoring
across diverse habitats, including inaccessible areas like marine
environments. Integration of satellite remote sensing and Al aids
in conservation efforts, safeguarding National Parks and
monitoring endangered species. These technologies enable
ground-level observation through multispectral satellite imagery
and Al analysis, identifying areas requiring protection. High-
resolution satellite imagery and Al facilitate precise detection of
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of conservation measures are identified. The integration of
satellite imagery, GIS, and Al enables data acquisition for wildlife
migration studies, habitat mapping, and conservation initiatives
(AmitKouret.al. 2023).

Remote sensing is a technology that employs sensors to

collect data about the environment from a distance. It has emerged
as a powerful tool for biodiversity preservation and protection. In
conservation, remote sensing is used for monitoring ecological
changes and detecting instances of wildlife poaching.

GIS and Remote Sensing: Unveiling the Landscape

v

Geographic Information Systems (GIS): GIS is a
powerful tool for integrating, analysing, and visualizing
spatial data from various sources. It allows stakeholders to
create detailed maps that depict:

Wildlife distribution and habitat use patterns based on
camera trap data, radio telemetry, and field surveys.

Land cover changes, deforestation, and encroachment on
wildlife corridors.

Human settlements, agricultural areas, and infrastructure
development projects that may intersect wildlife habitats.

Remote Sensing: Remote sensing utilizes satellite imagery
and aerial photographs to gather data on the Earth's surface.
This data can be integrated with GIS to:

Monitor changes in vegetation cover and identify areas of
habitat degradation.

Assess the health and productivity of wildlife corridors.

Identify potential human-wildlife conflict zones based on
proximity to settlements and resource availability.
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Applications of GIS and Remote Sensing in biodiversity
conservation (Amit Kour et.al. 2023):

1.

Habitat Mapping and Monitoring: Remote sensing
enables high-resolution imagery for habitat mapping and
monitoring, aiding in the identification and management of
critical habitats.

Species Distribution Modelling: Remote sensing helps
develop species distribution models, predicting species
distribution based on environmental variables for targeted
conservation efforts.

Monitoring of Invasive Species: Remote sensing detects
changes in vegetation patterns, identifying areas vulnerable
to invasive species establishment.

Assessment of Forest Cover Change: Remote sensing
monitors changes in forest cover over time, informing
conservation plans to protect forest habitats.

Monitoring of Wetland Ecosystems: Remote sensing
tracks changes in wetland ecosystems, including
vegetation, water quality, and levels, crucial for wetland
conservation.

Monitoring of Coral Reefs: Remote sensing assesses
changes in coral reefs, including coral cover and water
temperature, informing conservation strategies.

Detection of Wildlife Poaching: Remote sensing
identifies areas susceptible to wildlife poaching through
changes in vegetation patterns.

Assessment of Land Use Change: Remote sensing
evaluates land use changes over time, including
urbanization and vegetation patterns, for biodiversity
conservation.



10.

11.

Monitoring of Water Bodies: Remote sensing tracks
changes in water quality, levels, and vegetation around
water bodies to protect aquatic habitats.

Monitoring of Grassland Ecosystems: Remote sensing
monitors changes in grassland ecosystems, including
vegetation patterns and water availability, for conservation
planning.

Detection of Forest Fires: Remote sensing detects and
monitors forest fires by tracking changes in vegetation
patterns and temperature, aiding in early warning and
response efforts.

Case Studies in Action

v

Kanha-Pench Corridor Landscape (India): GIS is being
used to map wildlife corridors connecting Kanha and Pench
National Parks, identify critical habitat areas, and inform
landscape-level conservation planning (WII, n.d.).

Madhya Pradesh Forest Department (India): Remote
sensing data is used to monitor tiger habitat changes,
identify human encroachment, and develop strategies for
mitigating human-wildlife conflict (Singh etal., 2014).

Challenges and Considerations

While GIS and remote sensing offer significant benefits, some
challenges require attention:

v

Data Availability and Quality: Access to high-resolution,
up-to-date spatial data and remote sensing imagery is
crucial for accurate analysis.

Technical Expertise and Training: Utilizing GIS and
remote sensing effectively requires specialized skills and
training for data analysis and map creation.
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v Ground-truthing and Verification: Remote sensing data
needs to be verified through field surveys (ground-truthing)
to ensure the accuracy of interpretations.

v Data Integration and Collaboration: Successful
implementation requires collaboration between wildlife
biologists, GIS specialists, and local communities to ensure
data sharing and effective communication of findings.

Conclusion

GIS and remote sensing technologies offer a powerful
platform for spatial analysis and visualization in HWI
management. By integrating wildlife data, habitat information,
and human activity patterns, stakeholders can gain valuable
insights into potential conflict zones and develop targeted
mitigation strategies. Addressing challenges related to data
access, technical expertise, and collaboration is crucial for
harnessing the full potential of GIS and remote sensing. By
embracing these technologies responsibly, stakeholders can work
towards a future where humans and wildlife coexist harmoniously
within the magnificent landscapes of Uttarakhand.
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Chapter Ten:
Empowering Action: Software and Mobile
Applications for HWI Management

The human-wildlife interface (HWI) in Uttarakhand
necessitates innovative solutions that empower both wildlife
managers and local communities. This chapter explores the
growing role of software applications and mobile technology in
fostering real-time communication, data collection, and conflict
mitigation strategies.

Software and Mobile Apps for Enhanced HWI Management

Several software applications and mobile apps are emerging as
valuable tools for HWI management:

v Wildlife Monitoring and Data Collection Apps: These
apps allow forest officials and trained community members
to record wildlife sightings, track animal movement
patterns, and report incidents of conflict in real-time.
(SMART by WII, MIST by WWF)

v Early Warning Systems and Alerts: Mobile apps can be
used to disseminate real-time alerts about potential wildlife
encounters, allowing communities to take precautionary
measures and avoid conflict situations. (Project LEOPARD
by WII)

v Decision Support Systems and Predictive Modelling:
Software tools can integrate data from various sources like
camera traps, sensor networks, and GIS to predict areas
with high conflict risk and inform targeted interventions.
(ChuChu) - Human-Wildlife Conflict Mitigation Platform
by TRAFFIC)

71



Community Engagement and Awareness Platforms:
Mobile apps can serve as platforms for sharing information
about wildlife behaviour, safety protocols, and
conservation efforts, fostering a sense of stewardship
among communities. (Wakatobi Citizen Science App)

Case Studiesin Action

v
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SMART (Spatial Monitoring and Reporting Tool) by
WII (Wildlife Institute of India): This app empowers
forest officials to collect real-time wildlife patrol data,
record sightings, and monitor poaching activities (WII,
n.d.).

MIST (Monitoring Illegal Wildlife Trade) by WWE:
This app allows users to report incidents of illegal wildlife
trade and provides information on identifying endangered
species (World Wildlife Fund, n.d.).

(ChuChu) - Human-Wildlife Conflict Mitigation
Platform by TRAFFIC: This platform integrates real-
time data on human-wildlife conflict incidents and utilizes
Altopredict high-risk areas (TRAFFIC, n.d.).

Karnataka Forest Department's Mobile Applications:
The Karnataka Forest Department's Information
Communication Technology (ICT) wing, established in
2010 within the Office of the Principal Chief Conservator
of Forests (Head of Forest Force), aims to introduce e-
Governance practices. The wing focuses on developing and
implementing ICT initiatives to automate processes and
enhance transparency and efficiency within the
Department. This includes adopting Management
Information Systems (MIS), Geographic Information
Systems (GIS), and Remote Sensing (RS) technology.
Additionally, the ICT wing works on strengthening IT
infrastructure and networking within the department.
Software development is conducted in consultation with



various departmental wings, with solutions designed to
support decision-making and management within the e-
Governance framework. Some of the major applications
developed and deployed by the ICT wing include:

Integrated Transit Permit System for mineral movement
from forest land.

Android-based e-Evaluation of Forest Department works.

E-Timber for timber depot stock, auction, payments, and
transit pass.

E-Parihara for sanctioning ex-Gratia for man-animal
conflict cases.

E-Nursery for seedling stock management in forest
nurseries.

E-Prahari for managing field patrols and works.

Furthermore, the department is actively involved in

creating a geospatial database of forest lands in Karnataka at a
cadastral level. This initiative, carried out under the K-GIS
platform, involves collaboration with the Regional Remote
Sensing Centre, South, and the Survey Settlement and Land
Records Department. Spearheaded by the Working Plan wing of
the department, this project is the first of its kind in the country,
with coordination provided by the ICT wing.

v

Mobile App for Forest Protection - "Pahredaar" (J&K
Forest Department). Purpose: "Pahredaar" app for real-
time reporting of forest and wildlife incidents in Jammu and
Kashmir. Some keypoints of the app are listed below:

Functionality: Users report incidents like encroachment,
forest fires via notifications, SMS, email.

Event Reporting: Quick reporting, select event type, add
comments, upload images.
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10.

Tracking Events: Registered users monitor event status
and update profiles.

Registration: Fill name, mobile, email, password; receive
verification key via email

Notifications: Users receive real-time updates on actions
taken by authorities

M-STrIPES (Monitoring System for Tigers - Intensive
Protection & Ecological Status) by wvarious forest
departments, Key Features of this app are listed below
(National Tiger Conservation Authority):

Purpose: Enhance tiger reserve management through
technology

Technology Used: GPS, GPRS, remote sensing, GIS, and
statistics.

Patrol Module: Real-time patrol tracking and SOS
function.

Ecological Module: Standardized monitoring protocols.

Frequency: Biannual monitoring within reserves,
quadrennial at 20 sq. km resolution.

Conflict Module: Records and analyses human-wildlife
conflictdata.

Data Collection: Geotagged location data and photo-
evidence.

Adaptive Management: Supports adaptive management.
Integration: Offline functionality for remote areas.

Impact: Improves reserve management and conflict
resolution.



According to a report published by Times of India
newspapers, Uttarakhand Forest department is deploying the
mobile-based M-STrIPES app during the monsoon season for
better monitoring and protection of forests and wildlife.

In Corbett Tiger Reserve (CTR), 50 teams consisting of
five field workers each will be equipped with the app. Similarly, in
Rajaji Tiger Reserve (RTR), almost 20 teams will have access to
this technology. The M-STrIPES app was previously unavailable
on mobile platforms, but it can now be accessed on mobile
devices, enhancing the effectiveness and extent of monitoring and
surveillance efforts. With the app, data is transferred immediately
upon taking pictures, enabling real-time monitoring, and
facilitating the formulation of effective strategies to target lesser-
patrolled, vulnerable, and threatening forest zones, which are
often targeted by poachers.

Challenges and Considerations

While software and mobile apps offer promising solutions, some
challenges need to be addressed:

v Accessibility and Digital Divide: Ensuring equitable
access to technology and bridging the digital divide in rural
communities is crucial for widespread adoption.

v Data Security and Privacy Concerns: Robust data
security protocols are essential to protect sensitive wildlife
data and ensure user privacy.

v Technical Support and Infrastructure: Reliable internet
connectivity and technical support are necessary for
sustained use and maintenance of these applications.

v Long-term Funding and Sustainability: Ensuring long-
term funding for software development, updates, and
training programs is crucial for the sustainability of these
solutions.
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Conclusion

Software applications and mobile technology hold
immense potential for empowering stakeholders in HWI
management. By providing real-time data collection, fostering
communication, and facilitating community engagement, these
tools can play a significant role in mitigating conflict and
promoting coexistence. Addressing challenges related to
accessibility, data security, and infrastructure development is
crucial for the successful implementation of these solutions. By
embracing technology responsibly and ensuring its equitable
access, stakeholders can work towards a future where humans and
wildlife thrive in harmony within the breath-taking landscapes of
Uttarakhand.
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Conclusion:
A Future of Coexistence in the
Foothills of the Himalayas

The human-wildlife interface (HWI) in Uttarakhand
presents a complex challenge, demanding innovative solutions to
ensure the safety of both humans and wildlife. This book has
explored the potential of various technological advancements that
can be woven together to create a comprehensive framework for
HWI management.

From the Internet of Things (IoT) creating a network of
interconnected devices for real-time data collection, to Artificial
Intelligence (AI) and Machine Learning (ML) enabling data
analysis and conflict prediction, technology offers powerful tools
for understanding wildlife behaviour and mitigating potential
conflict. Wireless Sensor Networks (WSNs) provide real-time
monitoring capabilities, while radio telemetry and collar
technology allow for tracking wildlife movement patterns. Drone
technology facilitates vast area coverage and remote sensing,
while camera traps offer a non-invasive method for wildlife
monitoring. Geographic Information Systems (GIS) and remote
sensing tools aid in spatial analysis and visualization, and
software and mobile applications empower stakeholders through
real-time data collection, communication, and conflict mitigation
strategies.

However, embracing these technologies requires careful
consideration. Challenges related to data privacy, ethical
considerations, infrastructure development, and capacity building
need to be addressed. Ensuring equitable access to technology and
bridging the digital divide in rural communities is crucial for
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widespread adoption. Long-term funding and sustainable
solutions are essential for the continued development and
maintenance of these tools.

Despite the challenges, the potential benefits are
undeniable. By embracing technology responsibly and fostering
collaborative efforts between wildlife biologists,
conservationists, local communities, and policymakers, a future
of coexistence in Uttarakhand becomes achievable.
Technological advancements can empower stakeholders to make
informed decisions, implement targeted interventions, and
promote community engagement in conservation efforts.
Ultimately, the path forward lies in striking a balance between
technological innovation, responsible implementation, and a deep
respect for the natural world and its inhabitants. By working
together, we can ensure that the majestic landscapes of
Uttarakhand remain a haven for both humans and wildlife for
generations to come.
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