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 MODULE INTRODUCTION  

Course has four MODULEs. Under this theme we have covered the 

following topics: 

MODULE 1 WILDLIFE MANAGEMENT AND CONSERVATION 

MODULE 2 REMOTE SENSING AND ITS APPLICATIONS 

MODULE 3 POPULATION GENETICS AND CONSERVATION 

MODULE 4 ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

 

 

The book will explore the delicate balance between nature and human 

activities, focusing on sustainable strategies for wildlife conservation and 

management. It will emphasize the importance of biodiversity, the role of 

ecosystems, and human responsibilities in protecting wildlife. This book is 

designed to help you think about the topic of the particular MODULE. 

We suggest you do all the activities in the MODULEs, even those which you 

find relatively easy. This will reinforce your earlier learning. 
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MODULE 01 

WILDLIFE MANAGEMENT AND CONSERVATION 

Objective  

• Students will be able to define key terms related to wildlife 

management, such as ecological balance, carrying capacity, and 

conservation schemes. 

• Students will be able to explain the ecological basis of wildlife 

management, including predator–prey relationships and habitat 

requirements. 

• Students will be able to describe different conservation schemes 

and their role in biodiversity protection. 

• Students will be able to apply the concept of carrying capacity to 

analyze wildlife population management in a given habitat case 

study. 

• Students will be able to differentiate between various 

conservation approaches (in-situ vs. ex-situ) and evaluate their 

effectiveness for endangered species. 

• Students will be able to analyze the ecological, social, and 

economic challenges in implementing wildlife management 

policies. 

 

UNIT 1.1 

Ecological Basis of Wildlife Management 

1.1 Introduction 

Wildlife management is the scientific process of managing wild animal 

populations and their habitats to ensure ecological balance and 

sustainability. The ecological basis of wildlife management rests on the 

principles of ecology, which study the interactions between organisms and 

their environment. Understanding these ecological principles helps in 

conserving biodiversity, maintaining food chains, and ensuring that natural 

resources are used sustainably. 

Core concepts 

• Wildlife conservation: The practice of protecting wild species and 

their habitats from threats like poaching, habitat destruction, and 

climate change. It is focused on preserving biodiversity and 

maintaining the stability of ecosystems. 
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• Wildlife management: An interdisciplinary field that deals with 

influencing the interactions among and between wildlife, their 

habitats, and people to achieve specific conservation goals. It uses 

ecological principles to manage populations, control pests, and 

protect endangered species. 

• Biodiversity: The variety of life on Earth at all levels, from genetic 

to ecosystem diversity. Conserving biodiversity is a key objective 

of wildlife management, as a more diverse ecosystem is generally 

more stable and resilient. 

• Carrying capacity: The maximum number of individuals of a 

particular species that a given environment can support 

sustainably. Wildlife managers consider this principle to maintain 

a healthy population size that does not degrade its habitat. 

Definition: 

The science and art of manipulating wildlife populations and their habitats 

to achieve specific goals, often focusing on sustainability and coexistence 

with humans.  

1.1.1 Principles of Ecology Relevant to Wildlife Management 

 Habitat 

• Habitat refers to the natural home or environment of an organism. 

• Every species requires food, water, shelter, and space in 

appropriate amounts to survive. 

• Habitat quality and size are crucial in determining the population 

of wildlife in an area. 

• For example: Tigers require large forest habitats with sufficient 

prey like deer and wild boar. 
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Fig1.1: Different types of habitats 

Niche 

• The ecological niche is the functional role of a species in its 

ecosystem. 

• Two species cannot occupy exactly the same niche (Gause’s 

principle of competitive exclusion). 

• Understanding the niche of a species helps managers decide 

conservation strategies. 

 

Fig1.2: concept of niche 

 Food Chains and Food Webs 

A food chain is a single, linear sequence of energy flow, while a food web 

is a more complex, interconnected network of multiple food chains within 



 

4 
                                      MATS Centre for Distance & Online Education, MATS University 

 

WILDLIFE 

CONSERVATION 

AND 

MANAGEMENT 

an ecosystem. Both concepts describe the feeding relationships between 

different organisms 

• Energy flows from producers (plants) to consumers (herbivores, 

carnivores) and decomposers. 

• Wildlife populations are regulated by the availability of food at 

different trophic levels. 

• Example: A decline in deer population directly affects tiger 

survival. 

Food web 

A food web offers a more realistic view of an ecosystem by 

showing interconnected food chains. It illustrates that organisms 

often have varied diets and are part of multiple energy transfer 

pathways. 

 

 

Fig1.3: Food web 

 Predator Prey Relationships 

Predator-prey relationship is an ecological interaction in which one 

organism, the predator, hunts and feeds on another organism, the prey. This 
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dynamic relationship is fundamental to the flow of energy in an ecosystem, 

influencing population sizes and driving the evolution of both species. 

• Predators regulate herbivore populations and maintain ecological 

balance. 

• Removal of predators can cause overgrazing and habitat 

destruction. 

• Example: Wolves controlling deer populations in Yellowstone 

National Park. 

Population Dynamics 

Population dynamics is the study of how and why populations change in 

size and composition over time. It analyzes the factors that influence 

population growth, stability, or decline, including birth rates, death rates, 

and migration 

Factors determine population changes: 

• Natality (Birth Rate): The number of births over a given time 

period adds individuals to a population, causing it to grow. 

• Mortality (Death Rate): The number of deaths in a population over 

a given period removes individuals, causing it to shrink. 

• Immigration: The movement of individuals into a population from 

other areas increases its size and density. 

• Emigration: The movement of individuals out of a population 

decreases its size and density. 

Wildlife populations grow, decline, and stabilize depending on birth rates, 

death rates, immigration, and emigration. 

Carrying capacity is the maximum number of individuals of a species that 

a habitat can support sustainably. 

If populations exceed carrying capacity, it results in habitat degradation. 
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Fig1.4: Factors determining population change 

 Factors Affecting Wildlife Ecology 

 

 

 

 

 

Fig 1.5: Factors affecting wildlife ecology 
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Biotic Factors 

• Food availability, predators, parasites, and diseases. 

• Interspecific competition (between species) and intraspecific 

competition (within a species). 

Abiotic Factors 

• Climate (temperature, rainfall, humidity). 

• Soil type and water availability. 

• Natural disturbances (fires, floods, storms). 

Human Influence 

• Deforestation, poaching, habitat fragmentation. 

• Pollution and introduction of invasive species. 

• Overexploitation of natural resources. 

Ecological Concepts Applied in Wildlife Management 

The management and conservation of wildlife rely heavily on ecological 

concepts to be effective. These foundational principles help managers 

understand how species interact with their environment and each other, 

guiding decisions to protect habitats and maintain healthy, balanced 

ecosystems. Population ecology Population ecology is the study of how 

and why the size, age structure, and genetic makeup of populations change 

over time.  

Carrying capacity (K): The maximum number of individuals of a species 

that a given environment can support indefinitely.  

Population viability analysis (PVA): A method that uses demographic data 

and environmental factors to predict the long-term probability of a 

population's persistence. 

Population dynamics: The study of how birth rates, death rates, and 

migration influence changes in a population's size.  
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Conversely, managers can use habitat improvements to boost a declining 

population's birth rate.  

Succession and Habitat Management 

• Ecological succession is the gradual change in species composition 

of an area over time. 

• Wildlife managers may allow natural succession or intervene to 

create conditions favorable for certain species. 

• Example: Grasslands are maintained by controlled burning to 

provide grazing areas for herbivores. 

 Carrying Capacity and Population Regulation 

• Overpopulation beyond carrying capacity leads to starvation and 

habitat loss. 

• Wildlife managers regulate populations through translocation, 

habitat improvement, or reintroduction of predators. 

Species 

• A keystone species has a disproportionately large effect on its 

ecosystem. 

• Example: Elephants modify forests and grasslands, creating 

habitats for many other species. 

• Conservation of keystone species ensures overall ecosystem 

health. 

Edge Effect 

• Where two habitats meet (forest–grassland, river–forest), 

biodiversity is usually higher. 

• Wildlife management often maintains such “ecotones” to increase 

species diversity. 
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1.1.1 Importance of Ecological Basis in Wildlife Conservation 

1. Maintaining Biodiversity – Ensures survival of multiple species 

and genetic diversity. 

2. Sustainable Resource Use – Helps in balancing human needs with 

wildlife conservation. 

3. Preventing Extinction – Identifies species at risk and protects them. 

4. Ecosystem Services – Conserved ecosystems provide oxygen, 

pollination, climate regulation, and water purification. 

5. Cultural and Ethical Values – Many species hold cultural, 

religious, or aesthetic significance. 

Types of wildlife management 

•  Directly regulates a wildlife population. This can involve: 

 

Threats to wildlife 

The need for management and conservation stems from significant threats 

to wildlife and their ecosystems.  

• Habitat loss and fragmentation: The destruction and division of 

natural habitats due to deforestation, urbanization, and agricultural 

expansion. This is the leading cause of species endangerment. 

• Illegal wildlife trade (Poaching): The unlawful and unsustainable 

hunting of animals for valuable products like ivory, horns, and 

pelts. 

Wildlife 
Management

Harvesting or 
hunting: Regulating 

the number of animals 
taken to control 
population size.

Altering food 
supply: Manipulating 

vegetation to increase or 
decrease the food 

available for a species.

Predator 
control: Managing the 
density of predators to 
protect a target species.
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• Pollution: The contamination of air, water, and soil by industrial 

emissions, chemicals, and plastics, which can poison wildlife and 

destroy habitats. 

• Climate change: The long-term shifts in temperature and weather 

patterns that cause habitat destruction, alter food sources, and 

disrupt ecosystems. 

• Invasive species: The introduction of non-native species that can 

outcompete native wildlife and disrupt ecological balance.  

Conservation methods and strategies 

• In-situ conservation: Protecting and managing species within their 

natural habitats. 

o Protected areas: Establishing and maintaining national 

parks, wildlife sanctuaries, and biosphere reserves. 

o Habitat restoration: Repairing damaged or degraded 

habitats, such as restoring wetlands or reforesting an area. 

• Ex-situ conservation: Protecting species outside their natural 

habitats. 

o Captive breeding: Breeding endangered animals in 

controlled environments like zoos to increase their 

population and reintroduce them to the wild. 

o Gene banks: Storing genetic material from endangered 

species to preserve genetic diversity. 

• Government policies and laws: Enacting and enforcing legislation, 

such as the Wildlife Protection Act, to restrict hunting, regulate 

trade, and establish protected areas. 

• International cooperation: Establishing treaties and agreements 

like the Convention on International Trade in Endangered Species 

of Wild Fauna and Flora (CITES) to control the cross-border trade 

of endangered species. 
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• Public education and participation: Raising public awareness 

about the importance of wildlife conservation and involving local 

communities in management efforts. This helps build a culture of 

environmental stewardship. 

• Research and monitoring: Continuously studying wildlife 

populations and habitats to inform effective management 

decisions.  

 Importance of wildlife conservation 

• Ecological balance: Each species plays a role in the ecosystem, and 

their conservation maintains the intricate web of life, including 

essential processes like pollination and nutrient cycling. 

• Economic value: Wildlife supports industries like ecotourism and 

provides valuable products, such as timber, medicines, and food. 

• Scientific and investigatory value: Wildlife offers opportunities for 

scientific research that can lead to discoveries benefiting human 

health and technology. 

• Cultural and aesthetic value: Wildlife is a source of beauty and 

inspiration, and it holds deep cultural and spiritual significance for 

many societies. 

 Conservation methods and strategies 

• In-situ conservation: Protecting and managing species within their 

natural habitats. 

o Protected areas: Establishing and maintaining national 

parks, wildlife sanctuaries, and biosphere reserves. 

o Habitat restoration: Repairing damaged or degraded 

habitats, such as restoring wetlands or reforesting an area. 

• Ex-situ conservation: Protecting species outside their natural 

habitats. 
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o Captive breeding: Breeding endangered animals in 

controlled environments like zoos to increase their 

population and reintroduce them to the wild. 

o Gene banks: Storing genetic material from endangered 

species to preserve genetic diversity. 

• Government policies and laws: Enacting and enforcing legislation, 

such as the Wildlife Protection Act, to restrict hunting, regulate 

trade, and establish protected areas. 

• International cooperation: Establishing treaties and agreements 

like the Convention on International Trade in Endangered Species 

of Wild Fauna and Flora (CITES) to control the cross-border trade 

of endangered species. 

• Public education and participation: Raising public awareness 

about the importance of wildlife conservation and involving local 

communities in management efforts. This helps build a culture of 

environmental stewardship. 

• Research and monitoring: Continuously studying wildlife 

populations and habitats to inform effective management 

decisions.  

SUMMARY 

The ecological basis of wildlife management highlights the close 

relationship between organisms and their environment. Concepts like 

habitat, niche, carrying capacity, predator–prey dynamics, and ecological 

succession are central to managing wildlife populations sustainably. By 

applying ecological knowledge, wildlife managers can design 

conservation programs that protect biodiversity while ensuring that 

ecosystems remain balanced and resilient. 
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A.Multiple Choice Questions 

Q1. The natural home or environment of an organism is called: 

a) Niche 

b) Habitat 

c) Ecosystem 

d) Community 

Q2. According to Gause’s principle of competitive exclusion: 

a) Two species can share the same habitat. 

b) Two species cannot occupy exactly the same niche. 

c) Only predators can survive in competition. 

d) Competition benefits all species equally. 

Q3. Which of the following is a keystone species? 

a) Peacock 

b) Elephant 

c) Rabbit 

d) Cow 

Q4. Which factor is abiotic in nature? 

a) Predation 

b) Competition 

c) Climate 

d) Food availability 

Q5. What does the term carrying capacity refer to? 

a) Maximum speed of animal migration 

b) Maximum population an ecosystem can support sustainably 

c) Minimum number of individuals needed for survival 

d) Number of prey killed by predators 

Q6. The meeting zone of two different ecosystems (like forest and 

grassland) is called: 

a) Niche 

b) Edge effect 

c) Succession 

d) Food web 

Q7. Which one of the following is an example of in-situ conservation? 

a) Zoo 

b) Botanical garden 

c) National Park 

d) Gene bank 
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Q8. Which ecological concept is directly applied in maintaining 

grasslands for herbivores by controlled burning? 

a) Succession 

b) Edge effect 

c) Keystone species 

d) Carrying capacity 

Q9. In Yellowstone National Park, the reintroduction of wolves 

helped restore balance because: 

a) Wolves increased the deer population. 

b) Wolves reduced deer numbers, allowing vegetation to recover. 

c) Wolves eliminated all predators. 

d) Wolves became herbivores. 

Q10. Which of the following is NOT an ecological factor affecting 

wildlife? 

a) Food availability 

b) Poaching 

c) Climate 

d) Predator–prey relationship 

Answer Key 

1. b) Habitat 

2. b) Two species cannot occupy exactly the same niche. 

3. b) Elephant 

4. c) Climate 

5. b) Maximum population an ecosystem can support sustainably 

6. b) Edge effect 

7. c) National Park 

8. a) Succession 

9. b) Wolves reduced deer numbers, allowing vegetation to recover. 

10. b) Poaching 
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B.Short Answer Questions: 

Q1. Define habitat and ecological niche. How are they different from 

each other? 

Q2. Explain the role of predator–prey relationships in maintaining 

ecological balance with suitable examples. 

Q3. What is carrying capacity? Discuss its importance in wildlife 

population management. 

Q4. Describe the ecological significance of keystone species with an 

example. 

Q5. What is the edge effect? Explain how it increases biodiversity in 

wildlife management. 
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UNIT 1.2 

CONCEPT OF CARRYING CAPACITY 

1.2. Introduction 

The concept of carrying capacity lies at the heart of ecology, population 

biology, and wildlife management. It refers to the maximum population 

size of a biological species that an environment can sustain indefinitely 

without causing long-term environmental degradation. Every habitat, 

whether it is a grassland, forest, desert, river, or ocean, has a finite supply 

of resources such as food, water, shelter, and space. When a population 

remains within this threshold, it lives in balance with its environment. 

However, when the population exceeds this threshold, it puts strain on the 

ecosystem, often leading to habitat degradation, food shortages, and 

population crashes. For students of ecology and wildlife management, 

carrying capacity provides a framework for understanding how species 

interact with their environment and how human intervention can either 

support or destabilize this balance. 

 Defining Carrying Capacity 

Carrying capacity, often symbolized as K, is not a fixed number but a 

dynamic measure that changes with ecological conditions. It can be 

described as the equilibrium point where a population’s demand for 

resources is matched by the supply available in its environment. This 

concept plays a vital role in understanding the balance between biotic 

potential (the maximum reproductive capacity of a species under ideal 

conditions) and environmental resistance (the combination of limiting 

factors that restrict population growth). While biotic potential pushes a 

population toward growth, environmental resistance pulls it back, creating 
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a dynamic tension that stabilizes populations around the carrying capacity. 

 

Fig1.6: Carrying capacity 

 

1.2.1 Limiting Factors and Environmental Resistance 

The carrying capacity of a habitat is determined by various limiting 

factors. These factors prevent a population from growing indefinitely and 

ensure that resources are not exhausted beyond repair. 

 

Density-dependent factors are 

those whose effects intensify as 

population density increases. They 

include food availability, water 

scarcity, competition, predation, 

shelter limitations, diseases, and 

Density-independent factors, on 

the other hand, act regardless of 

population size. These include 

natural disasters such as floods, 

wildfires, storms, or droughts, as 

well as human-induced pressures 
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parasitism. For example, as deer 

populations increase in a forest, 

food shortages arise, and 

individuals begin to starve, 

thereby reducing reproduction and 

survival rates. Similarly, 

overcrowded conditions may 

spread disease faster, keeping the 

population in check. 

such as pollution and habitat 

destruction. A cyclone, for 

instance, may wipe out 

populations of both large and 

small species without being 

influenced by population density. 

 

Together, these density-dependent and density-independent variables 

form environmental resistance—the collective force that counteracts 

biotic potential. It ensures that populations stabilize near the carrying 

capacity and do not grow infinitely. 

Logistic Growth and Carrying Capacity 

Population growth follows predictable patterns that can be studied 

mathematically and visually. When a small group of organisms colonizes 

a new habitat with abundant resources, their population initially grows 

slowly (lag phase), then accelerates rapidly (exponential phase), as birth 

rates exceed death rates. However, as the population expands and 

resources become limited, growth slows down. Eventually, the growth rate 

approaches zero as the population levels off near the carrying capacity. 

This pattern of growth is depicted by an S-shaped curve, also called the 

logistic growth curve. 

The logistic growth model is central to population ecology because it 

incorporates the concept of carrying capacity. It highlights how 

populations cannot grow indefinitely but instead are regulated by 

environmental constraints. Overshooting the carrying capacity may occur 

when populations expand too quickly before feedback mechanisms (like 

food shortage or predation) stabilize them. Overshoot often leads to 

resource depletion, starvation, disease outbreaks, and population crashes. 
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For example, if too many herbivores graze on a grassland, they may strip 

it of vegetation, leading to mass starvation and eventual decline of the 

population. 

Biotic and Abiotic Factors Influencing Carrying Capacity 

Carrying capacity is shaped by both biotic (living) and abiotic (non-living) 

factors. 

 

Biotic factors include competition, 

predation, disease, and herbivory. 

Interspecific competition 

(between species) and 

intraspecific competition (within a 

species) both reduce the number of 

individuals an environment can 

support. Predation helps regulate 

prey populations, preventing them 

from overshooting their carrying 

capacity. Diseases and parasites, 

especially in dense populations, 

spread rapidly and act as natural 

regulators. Herbivory also plays a 

key role: if herbivore numbers 

grow beyond the plant 

regeneration rate, both herbivores 

and dependent species suffer. 

Abiotic factors such as resource 

availability, climate, and natural 

events also affect carrying 

capacity. Availability of water, 

food, shelter, and nesting sites are 

primary determinants. Climatic 

conditions such as rainfall, 

temperature, and sunlight 

influence vegetation growth and 

breeding cycles, indirectly shaping 

how many individuals can survive 

in a habitat. Natural disasters like 

wildfires, earthquakes, and 

droughts can temporarily reduce 

the carrying capacity by 

destroying resources. Importantly, 

abiotic influences can fluctuate 

seasonally and annually, making 
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 carrying capacity a flexible rather 

than fixed concept. 

 Carrying Capacity in Wildlife Management 

In practical wildlife management, understanding carrying capacity is 

indispensable. It is applied in several ways to conserve biodiversity, 

manage populations, and reduce human–wildlife conflict. 

One major application is in setting harvest quotas for game species. 

Hunting, fishing, and other forms of resource extraction must be based on 

estimates of carrying capacity to ensure sustainability. By calculating the 

maximum population size an environment can sustain, managers set 

quotas that prevent overharvesting while also controlling overpopulation. 

Another important application is in managing endangered species. For 

threatened populations, managers must ensure that the habitat can support 

a minimum viable population (MVP). This requires restoration of 

degraded habitats, creation of protected areas, and enrichment measures 

such as prey base management, artificial waterholes, or afforestation to 

increase the carrying capacity. 

Carrying capacity also plays a role in preventing overpopulation. When 

wildlife populations exceed the carrying capacity, they may destroy their 

own habitat, leading to long-term decline. Wildlife managers use 

strategies such as reintroducing predators, controlled culling, 

translocation, and habitat modification to regulate numbers. For example, 

in African savannas, elephant overpopulation can lead to deforestation, so 

managers may relocate or control populations to maintain ecological 

balance. 

Finally, carrying capacity is critical in reducing human–wildlife conflict. 

When wild populations outgrow their habitats, they often encroach into 

agricultural fields, villages, or urban areas, leading to crop damage, 

livestock predation, and sometimes human casualties. By monitoring 
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carrying capacity and managing wildlife accordingly, such conflicts can 

be minimized. 

 Human Dimensions of Carrying Capacity 

The concept of carrying capacity extends beyond wildlife and applies 

equally to human populations. The Earth itself has a carrying capacity for 

humans, determined by finite supplies of food, fresh water, energy, and 

other resources. Rapid human population growth, industrialization, and 

overconsumption are placing immense pressure on global ecosystems. 

Concepts such as the ecological footprint measure human demands 

relative to the planet’s carrying capacity. When humanity exceeds the 

planet’s biocapacity, it results in deforestation, climate change, 

biodiversity loss, and depletion of natural resources. Thus, the principle of 

carrying capacity underscores the importance of sustainable development 

for both wildlife conservation and human survival. 

 

SUMMARY 

The concept of carrying capacity provides a scientific framework for 

understanding how populations interact with their environment. It 

emphasizes that resources are limited and that unchecked population 

growth leads to ecological imbalance and collapse. By integrating 

principles of carrying capacity into wildlife management, fisheries, 

forestry, agriculture, and human society, sustainable coexistence can be 

achieved. For students of ecology, this concept not only illustrates the 

dynamics of population growth but also demonstrates the delicate balance 

that sustains life on Earth. Ultimately, carrying capacity is both a natural 

law and a management tool that reminds us of the need to respect 

ecological limits while striving for conservation and sustainability. 
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A.Multiple Choice Questions 

Q1. Carrying capacity refers to: 

a) The maximum reproductive potential of a species 

b) The maximum population size an environment can sustain indefinitely 

c) The total number of species in an ecosystem 

d) The growth rate of a population at birth 

Q2. Which symbol is commonly used to denote carrying capacity in 

population ecology? 

a) r 

b) K 

c) N 

d) P 

Q3. The balance between biotic potential and environmental 

resistance results in: 

a) Exponential growth 

b) Overshoot 

c) Carrying capacity 

d) Extinction 

Q4. Which of the following is a density-dependent limiting factor? 

a) Drought 

b) Flood 

c) Food shortage 

d) Wildfire 

Q5. Which type of population growth curve represents carrying 

capacity? 

a) J-shaped curve 

b) S-shaped logistic curve 

c) Linear curve 

d) Cyclic curve 

Q6. Overshooting the carrying capacity of an ecosystem usually 

leads to: 

a) Unlimited population growth 

b) Stabilization without any damage 

c) Resource depletion and population crash 

d) Elimination of predators only 

Q7. Which of the following is an abiotic factor influencing carrying 

capacity? 
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a) Predation 

b) Competition 

c) Disease 

d) Climate 

Q8. In wildlife management, carrying capacity is used to: 

a) Set sustainable harvest quotas 

b) Eliminate endangered species 

c) Increase human population 

d) Stop natural disasters 

Q9. The term minimum viable population (MVP) is associated with: 

a) Logistic growth curve 

b) Endangered species management 

c) Predator–prey dynamics 

d) Competition among species 

Q10. Which human-related concept is closely linked to Earth’s 

carrying capacity? 

a) Evolution 

b) Ecological footprint 

c) Symbiosis 

d) Biotic potential 

Answer Key 

1. b) The maximum population size an environment can sustain 

indefinitely 

2. b) K 

3. c) Carrying capacity 

4. c) Food shortage 

5. b) S-shaped logistic curve 

6. c) Resource depletion and population crash 

7. d) Climate 

8. a) Set sustainable harvest quotas 

9. b) Endangered species management 

10. b) Ecological footprint 

B.Short Answer Questions  

Q1. Define carrying capacity and explain how it regulates population 

growth in an ecosystem. 
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Q2. Differentiate between density-dependent and density-independent 

limiting factors, giving suitable examples. 

Q3. Describe the logistic growth curve. How does it explain the role of 

carrying capacity in population stabilization? 

Q4. Explain how carrying capacity is applied in wildlife management, 

with reference to harvest quotas and endangered species. 

Q5. Discuss the relationship between ecological footprint and the Earth’s 

carrying capacity in the context of human populations. 
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UNIT 1.3 

CONSERVATION SCHEMES 

Introduction 

Conservation of biodiversity has become one of the most significant 

priorities in the 21st century due to the alarming rate of species extinction 

and the degradation of natural habitats. Governments, non-governmental 

organizations, and international bodies across the world have launched a 

wide range of schemes and programs to address the threats to wildlife and 

ecosystems. These conservation schemes vary in scope, from single-

species protection projects to broad ecosystem management programs, and 

from national-level initiatives to large-scale international cooperation 

agreements. The ultimate goal of these efforts is to ensure the sustainable 

survival of species while maintaining ecological balance and supporting 

human livelihoods that depend on healthy ecosystems. 

1.3International Conservation Schemes 

International cooperation has always played a vital role in the field of 

biodiversity conservation. Wildlife conservation challenges often 

transcend political boundaries, making it necessary for countries to 

collaborate. To achieve this, several global organizations, treaties, and 

agreements have been established to set standards, enforce regulations, 

and foster mutual support among nations. 

Scheme 

Organization 

Year 

Established 

Focus Area Functions 

Convention 

on 

International 

Trade in 

Endangered 

Species of 

Wild Fauna 

and Flora 

(CITES) 

1973 

(came into 

force 1975) 

Regulating 

trade in wild 

plants and 

animals 

- Legally binding 

agreement. - Prevents 

over-exploitation 

through trade. - Species 

listed under three 

Appendices with varying 

levels of protection. - 

Secretariat managed by 

UNEP; works with 

INTERPOL & World 
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Bank to curb wildlife 

trafficking. 

International 

Union for 

Conservation 

of Nature 

(IUCN) 

1948 Global 

biodiversity 

and nature 

conservation 

- Membership includes 

governments & NGOs. - 

Maintains the IUCN Red 

List of Threatened 

Species. - Provides 

scientific data & 

guidelines for 

conservation. - Nature 

2030 program: targets 

biodiversity, restoration, 

and climate adaptation. 

International 

Big Cat 

Alliance 

(IBCA) 

2023 

(launched 

by India) 

Conservation 

of big cats 

(tiger, lion, 

leopard, 

snow 

leopard, 

cheetah, 

jaguar, 

puma) 

- First intergovernmental 

alliance focusing 

exclusively on big cat 

conservation. - Promotes 

research, collaboration, 

and financial support for 

member nations. 

United 

Nations 

Environment 

Programme 

(UNEP) 

1972 Environment 

& 

conservation 

projects 

worldwide 

- Coordinates UN’s 

environmental activities. 

- Supports global and 

regional conservation 

projects. - Works closely 

with CITES, IUCN, and 

other agencies. 

UNESCO 

(United 

Nations 

Educational, 

Scientific and 

Cultural 

Organization) 

1945 Cultural and 

natural 

heritage 

- Manages World 

Heritage Sites (both 

cultural and natural). - 

Promotes conservation 

of ecosystems, 

landscapes, and species 

through international 

cooperation. 

Other UN 

Initiatives 

Ongoing Broad 

conservation 

and 

sustainability 

- Includes Sustainable 

Development Goals 

(SDGs). - Focus on 

biodiversity (SDG 15: 

Life on Land). - Funding, 

monitoring, and 



 

27 
                                      MATS Centre for Distance & Online Education, MATS University 

 

WILDLIFE 

CONSERVATION 

AND 

MANAGEMENT 

technical support for 

global conservation 

projects. 

 

One of the most prominent international agreements is the Convention on 

International Trade in Endangered Species of Wild Fauna and Flora 

(CITES). It is a legally binding treaty that regulates the trade of plant and 

animal species across the globe to prevent their over-exploitation. CITES 

places species into three appendices, each providing a different level of 

protection depending on the degree of threat faced by the species. The 

agreement is enforced through cooperation with international bodies like 

the United Nations Environment Programme (UNEP), INTERPOL, and 

the World Bank to combat illegal wildlife trade and trafficking, which is 

one of the greatest threats to global biodiversity. 

Another significant body is the International Union for Conservation of 

Nature (IUCN), a global membership-based organization composed of 

government agencies, non-governmental organizations, and scientific 

experts. The IUCN is well known for publishing the IUCN Red List of 

Threatened Species, which provides the most comprehensive and 

authoritative inventory of the global conservation status of plant and 

animal species. The Red List not only identifies threatened species but also 

guides conservation actions and policy frameworks for biodiversity 

protection. Alongside this, IUCN has launched Nature 2030, a program 

that highlights targets for biodiversity conservation, ecosystem 

restoration, and climate change adaptation at a global level. 

Recently, India launched the International Big Cat Alliance (IBCA) in 

2023, reflecting global interest in protecting charismatic megafauna. This 

intergovernmental organization focuses on the conservation of seven 

major big cat species, namely the tiger, lion, leopard, snow leopard, 

cheetah, jaguar, and puma. Its aim is to promote research, habitat 

protection, and global collaboration to secure these species, many of which 

face habitat loss and poaching threats. 
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Other United Nations initiatives, such as those by the United Nations 

Environment Programme (UNEP) and the United Nations Educational, 

Scientific and Cultural Organization (UNESCO), support conservation 

through international funding, monitoring, and policy guidance. These 

initiatives emphasize ecosystem-level conservation, recognizing the 

interconnectedness of species survival, habitat health, and human well-

being. 

1.3.1Indian Conservation Schemes 

India, one of the world’s biodiversity hotspots, has developed an extensive 

framework of conservation schemes aimed at protecting its rich and 

unique flora and fauna. These schemes, administered at national and state 

levels, target individual species as well as broader ecosystems. 

Scheme / 

Project 

Year 

Launched 

Target 

Species / 

Focus 

Key Features / 

Objectives 

Integrated 

Development 

of Wildlife 

Habitats 

(IDWH) 

2008 National 

parks, 

sanctuaries, 

critically 

endangered 

species 

Provides financial & 

technical support for 

habitat improvement, 

anti-poaching, eco-

development, and 

recovery of 

endangered species. 

Project Tiger 1973 Bengal Tiger 

(Panthera 

tigris tigris) 

India’s flagship 

conservation 

program; Core-

Buffer strategy; 

Managed by NTCA; 

Establishment of 53+ 

tiger reserves. 

Project 

Elephant 

1992 Asian 

Elephant 

(Elephas 

maximus) 

Focus on habitat 

protection, elephant 

corridors, addressing 

human-elephant 

conflict, and 

veterinary care. 
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Project Lion 2020 Asiatic Lion 

(Panthera leo 

persica) 

Habitat improvement 

in Gir forest and 

beyond, addressing 

human-lion conflict, 

advanced wildlife 

management. 

Project Snow 

Leopard 

2009 Snow Leopard 

(Panthera 

uncia) 

Community-based 

conservation in high-

altitude Himalayan 

regions; habitat 

protection & 

research. 

Project 

Cheetah 

2022 African 

Cheetah 

(Acinonyx 

jubatus), 

reintroduced 

to India 

First intercontinental 

carnivore 

translocation project; 

reintroduction in 

Kuno National Park, 

Madhya Pradesh. 

Project Hangul 1970s Kashmir Stag 

(Cervus 

hanglu 

hanglu) 

Launched by J&K 

Government; 

Protects Hangul 

population in 

Dachigam National 

Park. 

Project 

Crocodile 

1975 Crocodiles 

(Mugger, 

Gharial, 

Saltwater 

Crocodile) 

Crocodile breeding, 

reintroduction 

programs, and habitat 

conservation. 

Indian Rhino 

Vision 2020 

(IRV 2020) 

2005 One-horned 

Rhino 

(Rhinoceros 

unicornis) 

Goal to reach 3,000 

rhinos in Assam by 

translocation & 

strengthening 

populations in 

multiple protected 

areas. 

Project 

Dolphin 

2020 Riverine 

(Ganges River 

Dolphin) & 

Oceanic 

Dolphins 

Protects India’s 

national aquatic 

animal, habitat 

improvement, 

awareness, pollution 

control. 
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Project Great 

Indian Bustard 

2013 Great Indian 

Bustard 

(Ardeotis 

nigriceps) 

Protects critically 

endangered bustard 

through habitat 

management, captive 

breeding, and 

reducing threats from 

powerlines. 

Vulture 

Conservation 

Programme 

2006 

(major 

expansion) 

Critically 

endangered 

vultures 

Focus on banning 

Diclofenac, 

establishing breeding 

centres, and safe 

zones. 

The Integrated Development of Wildlife Habitats (IDWH) is one of the 

major centrally sponsored schemes administered by the Ministry of 

Environment, Forest and Climate Change (MoEFCC). It provides 

financial and technical support for the management of national parks, 

wildlife sanctuaries, and biosphere reserves. Importantly, IDWH also 

supports recovery programs for critically endangered species by ensuring 

scientific research, habitat management, and community involvement. 

Project Tiger, launched in 1973, is perhaps India’s most famous 

conservation scheme. It was established to address the alarming decline of 

Bengal tigers due to poaching and habitat destruction. The program 

created a network of tiger reserves across India, managed through a “core-

buffer” strategy. Core areas are strictly protected for wildlife, while buffer 

zones allow sustainable human activity, ensuring coexistence. Today, 

Project Tiger is managed by the National Tiger Conservation Authority 

(NTCA) and has been instrumental in increasing tiger populations in India, 

making it one of the most successful conservation models in the world. 

Similarly, Project Elephant was initiated in 1992 to ensure the protection 

of elephant populations, their migratory corridors, and habitats. It also 

works to reduce human-elephant conflicts, which have become 

increasingly severe due to habitat fragmentation. 

For other species, the Indian government has launched targeted programs 

such as Project Lion (2020), which focuses on the Asiatic lion, primarily 

in the Gir Forest of Gujarat. This project emphasizes habitat improvement, 
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scientific monitoring, and the mitigation of human-lion conflicts. The 

Project Snow Leopard (2009) protects the endangered snow leopard in the 

Himalayas, with a unique model of involving local communities in 

conservation. Project Cheetah (2022) marked a historic milestone as the 

world’s first intercontinental carnivore translocation project, reintroducing 

cheetahs from Africa into India after they had gone extinct in the country. 

Several state-sponsored and species-specific initiatives have also been 

launched. These include Project Hangul in Jammu and Kashmir to protect 

the critically endangered Kashmir stag, Project Crocodile (1975) for 

conserving crocodilian species through captive breeding and awareness 

campaigns, and the Indian Rhino Vision 2020 (IRV 2020), which aimed to 

restore the population of the one-horned rhinoceros in Assam. The 

government also launched Project Dolphin (2020) to conserve India’s river 

and marine dolphin species, particularly the Gangetic river dolphin, which 

is the national aquatic animal. Other initiatives include Project Great 

Indian Bustard (2013) and Vulture Conservation Programs, the latter 

primarily addressing population crashes caused by the veterinary drug 

diclofenac. 

1.3.2Non-Governmental Conservation Schemes 

In addition to government initiatives, numerous non-governmental 

organizations (NGOs) and international non-profits have played a pivotal 

role in conservation. NGOs bring innovation, community participation, 

and grassroots involvement to conservation strategies, complementing 

government schemes. 

The World Wide Fund for Nature (WWF) is one of the largest and most 

influential conservation NGOs in India and globally. WWF-India runs the 

Conservation Catalyst Programme (CCP), which provides grants, 

mentorship, and resources to grassroots conservationists working on less-

studied species and habitats. Additionally, WWF spearheads the Terai Arc 

Landscape Conservation Project, which focuses on maintaining wildlife 

corridors and reducing human-wildlife conflict across the Terai Arc 

landscape shared by India and Nepal. 
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The Nature Conservancy works globally to conserve land and water 

resources critical for biodiversity and human survival. Its India branch 

emphasizes freshwater management, climate resilience, and biodiversity 

protection. Similarly, the Wildlife Conservation Network supports 

conservation entrepreneurs across the globe, funding projects for 

endangered species protection and sustainable habitat use. 

SUMMARY 

Conservation schemes, whether global, national, or local, represent 

humanity’s collective response to the unprecedented crisis of biodiversity 

loss. International agreements like CITES and IUCN provide a framework 

for cooperation and standard-setting, while India’s robust national 

programs such as Project Tiger and Project Elephant demonstrate the 

effectiveness of species-specific conservation. Meanwhile, non-

governmental organizations complement these efforts by supporting 

grassroots initiatives and fostering community participation. 

A.Multiple Choice Questions 

Q1. Which is India’s flagship conservation program launched in 1973 

to protect Bengal Tigers? 

a) Project Elephant 

b) Project Lion 

c) Project Tiger 

d) Integrated Development of Wildlife Habitats 

Q2. The Project Elephant was launched in: 

a) 1992 

b) 1982 

c) 1973 

d) 2001 

Q3. Which centrally sponsored scheme focuses on the recovery of 

critically endangered species along with protection of wildlife habitats? 

a) Project Snow Leopard 

b) Project Crocodile 



 

33 
                                      MATS Centre for Distance & Online Education, MATS University 

 

WILDLIFE 

CONSERVATION 

AND 

MANAGEMENT 

c) Integrated Development of Wildlife Habitats (IDWH) 

d) Project Cheetah 

Q4. The Asiatic Lion conservation initiative launched in 2020 is 

known as: 

a) Project Snow Leopard 

b) Project Lion 

c) Project Hangul 

d) Project Great Indian Bustard 

Q5. Which species was reintroduced to India in 2022 through the world’s 

first intercontinental carnivore translocation project? 

a) Snow Leopard 

b) Cheetah 

c) Crocodile 

d) Hangul 

Q6. The Indian Rhino Vision 2020 (IRV 2020) aimed to increase the 

wild population of one-horned rhinoceros in which Indian state? 

a) Gujarat 

b) Assam 

c) Madhya Pradesh 

d) Uttarakhand 

Q7. The Project Crocodile, launched in 1975, focused mainly on: 

a) Marine turtles 

b) Crocodile species conservation and breeding 

c) River dolphins 

d) Migratory birds 

Q8. Which project is aimed at protecting the national aquatic animal of 

India? 

a) Project Dolphin 

b) Project Elephant 

c) Project Lion 

d) Project Hangul 
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Q9. The critically endangered Great Indian Bustard has been the 

focus of a project launched in: 

a) 2009 

b) 2013 

c) 2020 

d) 1975 

Q10. The major threat addressed by the Vulture Conservation 

Programme in India is: 

a) Loss of habitat 

b) Hunting and poaching 

c) Veterinary drug Diclofenac poisoning 

d) Climate change 

Answer Key 

1. c) Project Tiger 

2. a) 1992 

3. c) Integrated Development of Wildlife Habitats (IDWH) 

4. b) Project Lion 

5. b) Cheetah 

6. b) Assam 

7. b) Crocodile species conservation and breeding 

8. a) Project Dolphin 

9. b) 2013 

10. c) Veterinary drug Diclofenac poisoning 

B. Short Answer Questions 

Q1. Explain the objectives and strategies of Project Tiger (1973). How 

has it contributed to the conservation of Bengal tigers in India? 

Q2. Discuss the significance of Project Elephant (1992) in addressing 

both habitat protection and human-elephant conflict. 
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Q3. Describe the aims and outcomes of Indian Rhino Vision 2020 (IRV 

2020). Why was Assam chosen as the focus state? 

Q4. What is the importance of Project Dolphin (2020) in protecting 

India’s aquatic biodiversity? Mention the major threats faced by Gangetic 

river dolphins. 

Q5. Evaluate the role of Vulture Conservation initiatives in India. How 

did banning Diclofenac help in the recovery of vulture populations? 

Summary: 

Wildlife management is the science and art of maintaining wild species 

and their habitats in a way that ensures ecological balance and 

sustainability. It involves regulating animal populations, conserving 

habitats, preventing poaching, and ensuring human–wildlife coexistence. 

A key concept is carrying capacity, which refers to the maximum number 

of individuals of a species that an environment can support without 

degrading the habitat. Exceeding carrying capacity leads to habitat 

destruction, starvation, and decline in population health. 

Conservation schemes play a vital role in protecting biodiversity. These 

include in-situ conservation (e.g., National Parks, Wildlife Sanctuaries, 

Biosphere Reserves) and ex-situ conservation (e.g., zoos, gene banks, 

botanical gardens). Government initiatives such as Project Tiger, Project 

Elephant, and the establishment of the Wildlife Protection Act (1972) 

aim to safeguard threatened species. International efforts like CITES and 

IUCN Red List also support wildlife conservation globally. 

Overall, wildlife management ensures the sustainable survival of species 

while balancing ecological, social, and economic needs. 
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A.Multiple Choice Questions (MCQs) 

1. The concept of carrying capacity refers to: 

a) The maximum migration of species 

b) The maximum number of individuals an environment can 

support sustainably 

c) The total biomass of an ecosystem 

d) The number of endangered species in a region 

Answer: b 

2. Which of the following is an example of in-situ conservation? 

a) Seed banks 

b) Zoos 

c) National Parks 

d) Botanical gardens 

Answer: c 

3. Project Tiger was launched in which year? 

a) 1962 

b) 1973 

c) 1985 

d) 1995 

Answer: b 

4. The Wildlife Protection Act in India was enforced in: 

a) 1972 

b) 1982 

c) 1992 

d) 2002 

Answer: a 

5. Which of the following is an international treaty for wildlife trade 

regulation? 

a) Ramsar Convention 

b) Montreal Protocol 

c) CITES 
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d) Kyoto Protocol 

Answer: c 

6. Biosphere Reserves conserve: 

a) Only flora 

b) Only fauna 

c) Both flora, fauna, and cultural heritage 

d) Only aquatic organisms 

Answer: c 

7. Which is an example of ex-situ conservation? 

a) Tiger Reserve 

b) Gene Bank 

c) Wildlife Sanctuary 

d) Sacred Groves 

Answer: b 

8. The largest tiger reserve in India is: 

a) Jim Corbett 

b) Nagarjunsagar-Srisailam 

c) Bandhavgarh 

d) Kanha 

Answer: b 

9. Which of the following plays a role in population regulation in 

wildlife management? 

a) Predation 

b) Food availability 

c) Disease 

d) All of the above 

Answer: d 

10. IUCN Red List categorizes species based on: 

a) Population density 

b) Habitat type 

c) Risk of extinction 

d) Reproductive biology 

Answer: c 
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B.Short Answer Questions 

1. Define wildlife management. 

2. What is the concept of carrying capacity? 

3. Differentiate between in-situ and ex-situ conservation. 

4. State two objectives of Project Tiger. 

5. Write short notes on Biosphere Reserves. 

6. What is the role of IUCN in wildlife conservation? 

7. Mention any two causes of decline in wildlife populations. 

8. Give examples of endangered species in India. 

9. Explain the importance of ecological balance in wildlife 

management. 

10. What is the significance of Wildlife Protection Act (1972)? 

 

C.Long Answer Questions 

1. Discuss the concept of carrying capacity and its importance in 

wildlife management. 

2. Explain various wildlife conservation schemes in India with 

suitable examples. 

3. Describe the difference between in-situ and ex-situ conservation 

with case studies. 

4. Evaluate the role of government initiatives such as Project Tiger 

and Project Elephant. 

5. Discuss threats to wildlife and strategies for sustainable 

management. 
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MODULE 02 

REMOTE SENSING AND ITS APPLICATIONS 

Objective  

• Understand the Concept: Students will be able to define 

remote sensing and explain the basic principles of how it 

works. 

• Identify Components: Students will recognize the key 

components of a remote sensing system (sensor, platform, 

data acquisition, and processing). 

• Differentiate Types: Students will differentiate between 

various types of remote sensing (active vs. passive; 

optical, thermal, microwave). 

• Analyze Applications: Students will examine major 

applications of remote sensing in fields such as 

agriculture, forestry, disaster management, urban 

planning, and environmental monitoring. 

• Interpret Data: Students will develop skills to interpret 

satellite images and remote sensing data for real-world 

problem-solving. 

UNIT 2.1 

Introduction to Remote Sensing 

2.1 INTRODUCTION 

Wildlife conservation and management have traditionally relied on field-

based surveys, camera traps, and direct observation methods. While 

effective in certain contexts, these approaches are often limited by scale, 

cost, accessibility, and time constraints. The advent of remote sensing 

technologies, including satellite imagery, aerial photography, drones, and 

Light Detection and Ranging (LiDAR), has revolutionized conservation 

science. By collecting data from a distance, remote sensing provides 

comprehensive, accurate, and timely information on both species and 

habitats over vast and often inaccessible landscapes. 
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Fig 2.1: Remote sensing 

Applications of Remote Sensing in Wildlife Conservation 

2.1.1. Habitat Mapping and Monitoring 

One of the primary uses of remote sensing is the mapping and monitoring 

of wildlife habitats, which provides critical information for planning 

conservation actions. 

• Identify Critical Habitats: 

Satellite imagery allows scientists to map vegetation types, water 

bodies, wetlands, and land cover features, thereby identifying 

biodiversity hotspots and ecologically sensitive zones. These 

maps are essential for prioritizing areas for protection, 

establishing new reserves, and planning ecological corridors. 

• Assess Habitat Changes: 

Time-series satellite images make it possible to detect changes in 

habitats, such as deforestation, forest degradation, wetland loss, 

or urban encroachment. This monitoring helps in quantifying 

habitat fragmentation and the impacts of agriculture, logging, and 

infrastructure development. 
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• LiDAR for 3D Mapping: 

LiDAR technology generates high-resolution 3D maps of forest 

canopies and vegetation structures. This is vital for assessing 

habitat suitability for arboreal mammals (e.g., primates, red 

pandas) and forest-dwelling birds, where canopy density and 

vertical complexity determine habitat quality. 

• Monitoring Restoration Efforts: 

Remote sensing provides objective, repeatable data to track the 

success of reforestation, afforestation, and wetland restoration 

projects, allowing adaptive management. 

2.1.2. Species Tracking and Population Assessment 

It could be three types 

 

 

• Track Animal Movements: 

Satellite-linked GPS collars and bio-logging tags provide real-

time data on animal movement, migration routes, and home 

ranges. For instance, elephants, tigers, and wolves have been 

tracked to understand seasonal migrations, corridor use, and 

human interface zones. 

• Estimate Population Sizes: 

Advances in high-resolution satellite imagery and AI algorithms 

enable scientists to count large animals (e.g., African elephants, 

walruses, seals) without disturbing them. Drones complement 

these efforts by offering close-range population assessments. 

Species Tracking 

Track Animal 
Movements

Estimate Population 
Sizes

Study Species 
Distribution
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• Study Species Distribution: 

By combining tracking data with habitat maps, scientists create 

models of species distribution. These models help identify 

ecological preferences, predict potential habitats, and assess 

threats. 

 Combating Wildlife Crime 

Wildlife poaching and illegal trade present major threats to biodiversity. 

Remote sensing has emerged as a modern surveillance tool. 

 

Satellite and drone surveillance 

can detect unusual vehicle 

movements, human 

encampments, and logging 

activity in protected areas. This 

enables proactive enforcement. 

GIS helps map illegal supply 

chains, tracing confiscated 

wildlife products (e.g., ivory, 

pangolin scales) back to their 

origin, and assists in law 

enforcement and policy 

intervention. 

 

 

Mitigation of Human-Wildlife Conflict (HWC) 

Human-wildlife conflict is a major conservation challenge, especially in 

biodiversity-rich countries like India. 

 

Wildlife Crime

Identify Poaching Activities Monitor Illegal Trade Routes

Mitigation of Human-Wildlife 
Conflict 

Analyze Conflict 
Hotspots

Early Warning 
Systems

Design Mitigation 
Strategies
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• Analyze Conflict Hotspots: 

By overlaying wildlife movement data and human activity layers 

in GIS, researchers can identify areas of frequent conflict, such as 

crop-raiding zones or livestock predation sites. 

• Early Warning Systems: 

AI-powered systems integrated with real-time drone surveillance 

and camera traps can detect wildlife movement near human 

settlements and issue alerts to communities. 

• Design Mitigation Strategies: 

Remote sensing data assists in planning wildlife corridors, buffer 

zones, fencing, and deterrent systems, thereby reducing conflict 

while ensuring safe passage for animals. 

Climate Change Impact Assessment 

Wildlife and ecosystems are highly vulnerable to climate change, and 

remote sensing provides vital insights into these dynamics. 

• Monitor Habitat Changes: 

Long-term datasets help assess changes such as glacier retreat, 

sea-level rise, desertification, and increasing wildfire frequency, 

which directly affect species survival. 

• Predict Future Impacts: 

GIS-based modeling integrates climate data with habitat and 

species distribution maps, predicting future shifts in ecosystems. 

For example, models predict shrinking habitats for snow leopards 

and polar bears due to warming trends. 

SUMMARY 

Remote sensing has emerged as a transformative tool in modern wildlife 

conservation and management. Its ability to provide comprehensive, 

accurate, and timely data has enhanced our capacity to understand 

ecosystems, monitor wildlife populations, combat illegal activities, and 

address climate change impacts. While challenges of cost, expertise, and 



 

45 
                                      MATS Centre for Distance & Online Education, MATS University 

 

WILDLIFE 

CONSERVATION 

AND 

MANAGEMENT 

ethical considerations remain, technological advancements and greater 

accessibility of data are rapidly overcoming these barriers. 

 

A.Multiple Choice Questions 

Q1. What does remote sensing primarily involve in wildlife 

conservation? 

a) Direct field surveys 

b) Collection of data from a distance using satellites, drones, or aerial 

photography 

c) Manual tagging of animals in forests 

d) Use of microscopes to study species 

Q2. Which technology provides 3D maps of forest structure for habitat 

quality assessment? 

a) GPS 

b) RADAR 

c) LiDAR 

d) Sonar 

Q3. How can conservationists detect illegal poaching activities using 

remote sensing? 

a) By tracking species DNA 

b) By detecting unusual vehicle movements and encampments through 

satellite/drone surveillance 

c) By manually observing poachers in the field 

d) By analyzing animal diets 

Q4. Which of the following species has been successfully counted using 

high-resolution satellite imagery and AI? 

a) Butterflies 

b) African elephants 

c) Frogs 

d) Honey bees 
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Q5. What is one major advantage of using drones in wildlife 

conservation? 

a) They eliminate the need for satellites 

b) They provide real-time, high-resolution data with minimal disturbance 

to wildlife 

c) They do not require skilled operators 

d) They can replace all ground surveys completely 

Q6. How does remote sensing help mitigate Human-Wildlife Conflict 

(HWC)? 

a) By analyzing conflict hotspots and creating early warning systems 

b) By removing wild animals from forests 

c) By reducing human population density 

d) By fencing all protected areas 

Q7. Which global issue is monitored using remote sensing to study its 

impact on ecosystems? 

a) Cybercrime 

b) Climate change 

c) Urban planning 

d) Genetic engineering 

Q8. What is one of the main challenges of remote sensing in 

conservation? 

a) It is always inaccurate 

b) Cloud cover and weather conditions affect data quality 

c) It completely eliminates the need for fieldwork 

d) It cannot be used in mountainous areas 

Q9. Why is remote sensing considered cost-effective in the long term? 

a) It eliminates the need for satellites 

b) It reduces human labor for extensive field surveys over large areas 

c) It requires no maintenance of equipment 

d) It is free to use worldwide 
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Q10. Which combination provides the most powerful tool for analysis 

and modeling in wildlife conservation? 

a) Remote sensing + Microscopes 

b) Remote sensing + GIS 

c) Remote sensing + DNA sequencing 

d) Remote sensing + Traditional hunting records 

 

Answer Key 

1. b) Collection of data from a distance using satellites, drones, or 

aerial photography 

2. c) LiDAR 

3. b) By detecting unusual vehicle movements and encampments 

through satellite/drone surveillance 

4. b) African elephants 

5. b) They provide real-time, high-resolution data with minimal 

disturbance to wildlife 

6. a) By analyzing conflict hotspots and creating early warning 

systems 

7. b) Climate change 

8. b) Cloud cover and weather conditions affect data quality 

9. b) It reduces human labor for extensive field surveys over large 

areas 

10. b) Remote sensing + GIS 

B.Short Answer Questions 

Q1. Explain the role of remote sensing in wildlife conservation and 

management. How does it improve efficiency compared to traditional 

field surveys? 
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Q2. Discuss the application of remote sensing in habitat mapping and 

monitoring. Highlight the role of LiDAR and satellite imagery in this 

process. 

Q3. Describe how remote sensing technologies are used for species 

tracking, population assessment, and distribution modeling. Provide 

suitable examples. 

Q4. Evaluate the importance of remote sensing in mitigating human-

wildlife conflict (HWC). How can GIS and AI-based systems help in 

reducing conflicts? 

Q5. Climate change is one of the major threats to wildlife and 

ecosystems. Explain how remote sensing and GIS are used to study the 

impacts of climate change on biodiversity. 
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UNIT 2.2 

Electromagnetic Spectrum 

2.2 INTRODUCTION 

The electromagnetic (EM) spectrum is one of the most powerful tools 

available to modern science for the observation, monitoring, and 

management of wildlife and their habitats. The spectrum includes a wide 

range of electromagnetic waves, from short-wavelength gamma rays to 

long-wavelength radio waves. For wildlife conservation, certain parts of 

this spectrum—such as visible light, infrared, thermal radiation, ultraviolet 

light, microwaves, and radio waves—are particularly important because 

they provide non-invasive, efficient, and wide-scale methods for data 

collection. At the same time, however, human-made electromagnetic 

radiation has emerged as an environmental stressor, with potentially 

harmful impacts on biodiversity. Thus, the EM spectrum plays a dual role 

in conservation: as a powerful observational tool and as a potential 

ecological stress factor. 

2.2.1 The Electromagnetic Spectrum as a Tool for Conservation 

The electromagnetic spectrum is widely used to gather information about 

habitats, species distribution, and ecological changes. Different regions of 

the spectrum provide unique insights, enabling scientists to detect, map, 

and analyze variables that cannot be observed directly with the naked eye. 

Visible and Infrared Light 

The most commonly used sections of the EM spectrum in wildlife research 

are visible and near-infrared (NIR) light. These regions are accessible 

through satellite-based and aerial imaging systems. Programs such as 

Landsat and Sentinel satellites provide long-term, high-resolution imagery 

that has become invaluable for monitoring ecosystems at regional and 

global scales. 

One of the key applications is habitat mapping. Changes in land use and 

cover, such as deforestation, urbanization, or desertification, can be 
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tracked using combinations of visible and infrared bands. By applying 

indices such as the Normalized Difference Vegetation Index (NDVI), 

scientists can assess the health of vegetation, which is directly linked to 

habitat quality for wildlife. Healthy vegetation reflects near-infrared light 

strongly while absorbing red light, and NDVI calculations exploit this 

difference to provide a reliable estimate of plant condition. Such tools are 

central to monitoring critical habitats like forests, wetlands, and 

grasslands. 

Another vital application of infrared radiation is in thermal imaging. 

Cameras sensitive to thermal infrared wavelengths can detect the body 

heat of animals, even in complete darkness or under dense canopy cover. 

Mounted on drones or ground-based systems, thermal sensors enable 

researchers to monitor nocturnal animals, estimate population sizes, and 

conduct surveys of elusive species. This technology has been particularly 

useful for monitoring endangered mammals such as elephants, rhinos, and 

big cats, whose movements are often concealed by vegetation. 

Radio Waves 

The radio frequency region of the spectrum has revolutionized the study 

of animal behavior and movement. Radio telemetry, one of the earliest 

tracking methods, involves attaching a small transmitter that emits a signal 

at a specific frequency. Using receivers and antennas, researchers can 

locate animals and map their ranges. This technique remains fundamental 

in wildlife biology, especially for medium- and large-sized animals. 

Building on radio telemetry, modern GPS collars have become standard 

tools in wildlife tracking. These devices use radio frequencies to 

communicate with satellites, recording animal positions with remarkable 

accuracy. Data can either be stored in the collar for later retrieval or 

transmitted in real time to researchers. Such systems have been critical in 

studying migration patterns, predator-prey interactions, and habitat use. 

Beyond terrestrial tracking, Synthetic Aperture Radar (SAR) systems, 

which operate in the microwave/radio region, allow monitoring of 
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landscapes regardless of weather or lighting conditions. Unlike optical 

sensors, radar can penetrate cloud cover and collect data at night, making 

it invaluable for continuous monitoring. SAR imagery has been applied in 

mapping forest canopy cover, tracking wetland dynamics, and analyzing 

sea ice—an essential habitat for polar species such as seals and polar bears. 

Ultraviolet Light 

While less commonly employed, ultraviolet (UV) radiation also has 

specialized conservation applications. One practical use is in wildlife 

marking. Animals can be marked with UV-reflective paints that remain 

invisible to the human eye but are easily detected under UV light, 

providing a non-invasive method for identification and population studies. 

UV light is also important in understanding animal behavior and 

communication. Many species, including birds, insects, and reptiles, are 

able to perceive ultraviolet wavelengths, which influence mating displays, 

foraging, and predator avoidance. Studying these patterns through UV-

sensitive equipment can provide valuable insights into species’ ecological 

interactions. 

2.2.2 Anthropogenic Electromagnetic Radiation as an Environmental 

Threat 

Although the EM spectrum provides powerful conservation tools, the 

increasing prevalence of human-made electromagnetic radiation—often 

called “electrosmog”—poses a new ecological challenge. Sources such as 

mobile phone towers, power lines, radar systems, and satellite networks 

produce artificial electromagnetic fields (EMFs) that can interfere with 

natural biological processes. 

Disruption of Navigation and Orientation 

Many species rely on the Earth’s magnetic field and natural 

electromagnetic cues for orientation. Migratory birds, insects, and aquatic 

species use these signals during long-distance movements. Artificial 

EMFs can disrupt this natural magnetoreception. 
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For example, migratory birds exposed to electromagnetic noise from 

mobile phone towers and power lines exhibit disoriented flight paths, 

reducing their survival chances. Similarly, bees—which depend on 

magnetic cues for navigation and foraging—show impaired memory and 

altered behaviors when exposed to radiofrequency fields. Aquatic species 

such as sharks and rays also rely on electromagnetic fields for navigation 

and prey detection, and underwater cables generating EMFs can interfere 

with these abilities. 

Impacts on Physiology and Behavior 

Chronic exposure to EMFs has been linked to physiological stress and 

behavioral abnormalities in wildlife. Experimental studies suggest that 

long-term exposure may reduce reproductive success, alter 

communication signals, and disrupt social dynamics in animal 

populations. Both aquatic and terrestrial species show evidence of 

increased stress levels under prolonged EMF exposure. 

There is also concern over potential genetic effects. Some research 

indicates that radiofrequency radiation may cause genotoxic changes in 

non-human species, raising questions about biodiversity loss in heavily 

EMF-polluted regions. 

Inadequate Regulations and Emerging Challenges 

A major difficulty in addressing these impacts is the lack of wildlife-

specific EMF guidelines. Current international standards, such as those 

from the International Commission for Non-Ionizing Radiation Protection 

(ICNIRP), are designed only for human health and ignore the sensitivities 

of other organisms. 

The rapid expansion of new technologies, particularly 5G and emerging 

6G networks, intensifies the problem. Higher-frequency radiation 

associated with these systems may be absorbed more efficiently by small-

bodied species like insects. Studies suggest that this could severely impact 

pollinators, with cascading consequences for ecosystems and food webs. 
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The table below summarizes the main uses of different EM spectrum 

regions in conservation and management: 

Spectrum Part Applications Examples 

Visible light 
Visual observation, 

habitat analysis 

Satellite imagery 

(Landsat), camera traps 

Near-infrared (NIR) 
Vegetation health, 

habitat mapping 

NDVI for forest cover 

monitoring 

Thermal infrared 
Animal detection, 

population counts 

Drone-mounted thermal 

cameras, night surveys 

Radiofrequency 

(VHF, UHF, GPS) 

Animal tracking, 

migration studies 

Radio collars, GPS 

telemetry 

Microwave (SAR) 
Habitat monitoring 

under clouds/night 

Radar imaging for forests, 

wetlands, and sea ice 

Ultraviolet 
Wildlife marking, 

behavior studies 

UV paint marking, animal 

vision studies 

Anthropogenic EMF 
Environmental 

stressor 

Interference with 

navigation, stress, 

reproductive effects 

 

 

Fig2.2: Electromagnetic spectrum 
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SUMMARY 

The electromagnetic spectrum plays a dual and complex role in wildlife 

conservation and management. On one hand, it offers unmatched tools for 

monitoring ecosystems, tracking species, and evaluating habitat changes. 

Technologies based on visible, infrared, thermal, and radio wavelengths 

have transformed conservation biology into a data-rich discipline. On the 

other hand, the proliferation of anthropogenic electromagnetic radiation 

poses a growing environmental threat. Disruptions to navigation, 

physiological stress, and potential genetic effects highlight the urgent need 

for wildlife-centered EMF guidelines. 

In the coming decades, balancing the benefits of electromagnetic 

technologies with their ecological risks will be a critical task for 

conservationists. Integrating advanced sensing systems while developing 

regulatory frameworks for EMF pollution may hold the key to protecting 

biodiversity in an increasingly technological world. 

 

A.Multiple Choice Questions 

Q1. Which part of the electromagnetic spectrum is most commonly used 

for habitat mapping and vegetation monitoring in wildlife conservation? 

a) Radio waves 

b) Visible and Infrared light 

c) Ultraviolet light 

d) Gamma rays 

Answer: b) Visible and Infrared light 

 

Q2. What does the Normalized Difference Vegetation Index (NDVI) 

primarily measure? 

a) Animal migration routes 

b) Differences between radio and microwave signals 
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c) Vegetation health using near-infrared and red reflectance 

d) UV reflectivity in birds 

Answer: c) Vegetation health using near-infrared and red reflectance 

 

Q3. Which remote sensing technique uses radio waves to penetrate 

clouds and provide data even at night? 

a) GPS tracking 

b) Synthetic Aperture Radar (SAR) 

c) Thermal infrared imaging 

d) Ultraviolet wildlife marking 

Answer: b) Synthetic Aperture Radar (SAR) 

 

Q4. Anthropogenic electromagnetic fields (EMFs) are known to disrupt 

the navigation of which group of species? 

a) Amphibians 

b) Migratory birds and insects 

c) Reptiles 

d) Large mammals 

Answer: b) Migratory birds and insects 

 

Q5. Why are the current EMF exposure standards inadequate for wildlife 

protection? 

a) They are based on outdated technology 

b) They are designed primarily for human health, not animal sensitivities 

c) They only regulate UV radiation 

d) They ignore the effects of visible light 

Answer: b) They are designed primarily for human health, not animal 

sensitivities 
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B.Short Answer Questions 

Q1. Explain how visible and infrared parts of the electromagnetic 

spectrum are used in wildlife conservation. Give suitable examples of 

their applications. 

Q2. Describe the role of radio waves in animal tracking. How do radio 

telemetry and GPS collars differ in their applications? 

Q3. Discuss the potential negative impacts of anthropogenic 

electromagnetic radiation (EMF) on wildlife. Provide at least three 

examples from different groups of organisms. 

Q4. What is Synthetic Aperture Radar (SAR)? Explain its significance in 

habitat monitoring and why it is useful under certain environmental 

conditions. 

Q5. Critically evaluate why existing EMF exposure guidelines are 

inadequate for wildlife protection. How could future regulations address 

these challenges? 
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UNIT 2.3 

RADIATION LAWS 

2.3 INTRODUCTION 

Radiation, both ionizing (e.g., radioactive waste) and non-ionizing (e.g., 

electromagnetic fields from mobile towers and wireless technologies), 

poses emerging threats to biodiversity. Traditionally, regulatory 

frameworks around radiation were developed with a human-centric 

approach, focusing on minimizing risks to human health. However, 

growing scientific evidence highlights that wildlife—including birds, 

insects, mammals, amphibians, and aquatic organisms—can also be 

negatively impacted. 

2.3.1 International Legal and Regulatory Frameworks 

Several international organizations and treaties provide frameworks and 

guidance concerning radiation management. While most were originally 

designed for human health and industrial safety, many now acknowledge 

the importance of non-human species protection. 

 International Commission on Radiological Protection (ICRP) 

• Historically focused on human health, assuming that protecting 

humans would automatically protect ecosystems. 

• In recent years, ICRP has developed a framework for assessing 

environmental harm, recognizing that wildlife requires distinct 

protection. 

• Emphasis on reference animals and plants (RAPs) to study and 

monitor ecological impact. 

International Atomic Energy Agency (IAEA) 

• Provides guidance to member states regarding nuclear safety and 

radioactive waste disposal. 
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• Recognizes that the traditional assumption—protecting humans 

means protecting wildlife—is not always valid. 

• Works toward ecosystem-based radiation protection. 

Basel Convention 

• Controls transboundary movement of hazardous and radioactive 

waste. 

• While not wildlife-specific, it plays a crucial role in preventing 

radioactive contamination of ecosystems. 

International Commission on Non-Ionizing Radiation Protection 

(ICNIRP) 

• Issues exposure guidelines for non-ionizing radiation (e.g., 

electromagnetic waves from telecom towers, Wi-Fi, and radar). 

• Focus remains human-centered, with little attention to sensitive 

wildlife species like bees, migratory birds, and amphibians. 

• Research indicates that these guidelines are inadequate for 

biodiversity protection. 

Indian Legal Framework for Radiation and Wildlife Protection 

India has a comprehensive but fragmented framework, addressing 

radiation safety, environmental protection, and wildlife conservation 

under different legislations. 

Atomic Energy Act, 1962 

• Governs nuclear facilities and radioactive sources. 

• Implemented by the Atomic Energy Regulatory Board (AERB). 

• Ensures that radiation use does not pose “undue risk to health & 

environment.” 

Atomic Energy (Radiation Protection) Rules, 2004 

• Issued under the 1962 Act. 



 

59 
                                      MATS Centre for Distance & Online Education, MATS University 

 

WILDLIFE 

CONSERVATION 

AND 

MANAGEMENT 

• Provides environmental protection measures around nuclear 

installations. 

• Includes monitoring, radiation shielding, and safety procedures. 

Environment (Protection) Act, 1986 

• Umbrella legislation for pollution control in India. 

• Though not explicitly focused on radiation, it allows regulation of 

radioactive and hazardous pollutants. 

• Can be invoked to prevent habitat contamination from radiation 

leaks or waste. 

Wildlife (Protection) Act, 1972 

• The cornerstone legislation for protecting India’s flora and fauna. 

• Prohibits hunting, protects species, and safeguards habitats. 

• While it does not explicitly address radiation, it can be applied 

when pollutants—including radiation—impact endangered species 

or ecosystems. 

National Environmental Policy, 2006 

• Recognizes the need to combat different forms of pollution, habitat 

degradation, and ecological imbalance. 

• Provides a framework for integrating biodiversity protection with 

pollution control. 

2.3.2 Regulatory Gaps and Challenges 

Despite having a multi-layered legal system, several gaps hinder effective 

wildlife protection from radiation in India and globally. 

Lack of Explicit Wildlife Protection from Radiation 

• Most laws focus on human safety standards. 

• No defined thresholds for birds, insects, amphibians, or aquatic 

species. 
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• Example: mobile phone towers are regulated for human safety, but 

not for their impact on migratory bird routes or pollinator decline. 

Cumulative Impact of Multiple Sources 

• Regulations usually deal with single radiation sources (e.g., 

nuclear plants, telecom towers). 

• Real ecosystems are exposed to multiple overlapping radiation 

sources simultaneously, creating synergistic effects. 

Enforcement Challenges 

• Proving direct harm to wildlife from chronic low-level radiation is 

scientifically and legally difficult. 

• Monitoring systems and baseline ecological data are often missing. 

Limited Research in India 

• Insufficient long-term studies on the ecological effects of 

radiation. 

• Scarce field data on species most vulnerable to radiation, 

especially pollinators, amphibians, and aquatic organisms. 

Emerging Concerns: Non-Ionizing Radiation 

 Mobile Towers and Birds 

• Studies link high-frequency EMFs with navigation disturbances in 

migratory birds. 

• EMFs may disrupt circadian rhythms and breeding patterns. 

Insects and Pollinators 

• Bees and butterflies, which are critical pollinators, show sensitivity 

to EMFs. 

• Possible effects include reduced foraging efficiency and colony 

collapse. 

Amphibians and Aquatic Species 
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• Amphibians, already vulnerable to habitat degradation, may suffer 

from developmental disruptions due to radiation. 

• Aquatic species near nuclear effluents are particularly at risk from 

ionizing radiation exposure. 

SUMMARY 

Radiation regulation, both ionizing and non-ionizing, is undergoing a 

significant shift from being human-centered to a broader ecosystem-based 

approach. While India has several strong legislations—the Atomic Energy 

Act, Environmental Protection Act, and Wildlife Protection Act—they are 

not explicitly designed for wildlife radiation safety. 

A.Multiple Choice Questions  

Q1. Which international body is primarily responsible for providing 

guidance on radiological protection, traditionally focused on humans but 

now shifting towards including environmental protection? 

a) International Atomic Energy Agency (IAEA) 

b) Basel Convention 

c) International Commission on Radiological Protection (ICRP) 

d) International Commission on Non-Ionizing Radiation Protection 

(ICNIRP) 

Q2. The Atomic Energy Act, 1962 in India primarily deals with: 

a) Wildlife hunting regulations 

b) Nuclear facilities and radioactive sources 

c) Non-ionizing radiation from mobile towers 

d) Control of deforestation and habitat loss 

 

Q3. Which Indian legislation provides a broad legal framework for 

environmental protection, including radioactive and other forms of 

pollution? 

a) The Wildlife (Protection) Act, 1972 

b) The Environment (Protection) Act, 1986 
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c) The Atomic Energy (Radiation Protection) Rules, 2004 

d) National Environmental Policy, 2006 

Q4. The Basel Convention is related to: 

a) Guidelines for non-ionizing radiation exposure 

b) Controlling transboundary movements of hazardous and radioactive 

waste 

c) Protecting migratory birds from electromagnetic radiation 

d) Establishing limits for EMFs affecting wildlife 

 

Q5. Which of the following is considered a regulatory gap in current 

wildlife radiation laws? 

a) Strong enforcement mechanisms 

b) Protection of non-human species from radiation 

c) Control of single-source pollution 

d) Adequate long-term research on radiation impacts 

Answer Key 

1. c) International Commission on Radiological Protection (ICRP) 

2. b) Nuclear facilities and radioactive sources 

3. b) The Environment (Protection) Act, 1986 

4. b) Controlling transboundary movements of hazardous and 

radioactive waste 

5. b) Protection of non-human species from radiation 

B.Short Answer Questions 

Q1. Discuss the role of international organizations such as ICRP, IAEA, 

ICNIRP, and the Basel Convention in addressing radiation hazards. How 

do their frameworks contribute (or fail) to wildlife protection? 

Q2. Explain the key provisions of Indian radiation-related laws, such as 

the Atomic Energy Act, 1962, Atomic Energy (Radiation Protection) 
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Rules, 2004, and the Environment (Protection) Act, 1986, in relation to 

wildlife conservation. 

Q3. Critically analyze the Wildlife (Protection) Act, 1972 in the context 

of radiation threats. How can this law be indirectly applied to protect 

wildlife from ionizing and non-ionizing radiation? 

Q4. Identify and discuss the major regulatory gaps and enforcement 

challenges in current radiation and wildlife protection laws, both 

internationally and in India. Provide suitable examples. 

Q5. Evaluate the need for new, scientifically-backed regulations on non-

ionizing electromagnetic radiation (EMR/EMFs) in India. What research 

and policy steps should be prioritized to safeguard vulnerable wildlife 

species? 
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UNIT 2.4 

Types of Remote Sensors 

2.4Introduction 

Wildlife conservation in the 21st century requires innovative tools and 

technologies to address complex ecological challenges such as habitat 

loss, climate change, poaching, and species extinction. Among these tools, 

remote sensing technologies have emerged as highly effective in 

monitoring and managing wildlife populations and ecosystems. Remote 

sensing refers to the collection of information about objects or areas from 

a distance, typically using sensors mounted on satellites, aircraft, drones, 

or ground-based platforms. 

By capturing data across various parts of the electromagnetic spectrum, 

remote sensing helps researchers map habitats, track animal movements, 

detect environmental changes, and develop conservation strategies. 

Remote sensors can be broadly categorized into three main types based on 

their platforms: satellite-based sensors, aerial sensors, and ground-based 

sensors. Each type plays a distinct role and provides unique advantages 

for wildlife monitoring and management. 

2.4.1 Types of remote sensors 

Satellite-Based Sensors 

Overview 

Satellite remote sensing provides the ability to monitor large-scale, long-

term, and remote areas, making it essential for studying wildlife habitats 

and ecosystems at regional and global scales. Different types of satellite-

based sensors are used depending on the ecological question being 

addressed. 

Multispectral and Hyperspectral Sensors 

• Nature: Passive sensors that measure reflected solar radiation in 

multiple wavelengths of the electromagnetic spectrum. 
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• Application: 

o Distinguishing between land cover types (forest, grassland, 

water, etc.). 

o Vegetation mapping using indices such as NDVI 

(Normalized Difference Vegetation Index). 

o Detecting deforestation, habitat fragmentation, and 

wetland changes. 

These sensors are crucial for studying vegetation health, which directly 

impacts the survival of herbivores and higher trophic levels. 

Synthetic Aperture Radar (SAR) 

• Nature: Active sensor that emits microwaves and measures 

backscattered signals. 

• Application: 

o Monitoring habitats in all weather conditions, even at 

night. 

o Tracking forest canopy dynamics, coastal habitat 

degradation, and floodplain changes. 

Since microwaves can penetrate clouds, SAR is particularly useful in 

tropical regions with frequent cloud cover. 

Thermal Sensors 

• Nature: Passive sensors that detect heat emitted by objects. 

• Application: 

o Detecting large-bodied animals (e.g., elephants, rhinos) 

from space. 

o Monitoring wildfires, which pose a major threat to wildlife 

habitats. 
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Thermal sensing contributes significantly to both species monitoring and 

disaster management in conservation areas. 

GPS and Argos Tracking Systems 

• Nature: Active, satellite-based systems integrated into animal 

collars or tags. 

• Application: 

o Tracking animal migrations, home ranges, and daily 

movements. 

o Studying transboundary species such as tigers, snow 

leopards, and migratory birds. 

This technology allows for precise monitoring of endangered species and 

supports wildlife corridor management. 

Aerial Sensors (Manned Aircraft and Drones) 

 Overview 

Aerial sensors offer higher-resolution data compared to satellites and 

provide greater flexibility in monitoring localized areas. With the advent 

of Unmanned Aerial Vehicles (UAVs) or drones, aerial sensing has 

become cost-effective and widely applicable in wildlife studies. 

 High-Resolution Optical Cameras 

• Nature: Standard RGB cameras mounted on drones or aircraft. 

• Application: 

o Counting populations of large mammals in open habitats. 

o Surveying inaccessible or dangerous areas where ground 

surveys are not possible. 

Thermal Cameras 

• Nature: Thermal infrared sensors that detect heat signatures. 

• Application: 
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o Tracking nocturnal species. 

o Locating animals concealed by dense vegetation. 

This technology is particularly valuable for anti-poaching patrols and 

night surveys. 

LiDAR (Light Detection and Ranging) 

• Nature: Active sensor that uses laser pulses to generate 3D maps. 

• Application: 

o Mapping forest canopy structure, tree density, and height. 

o Assessing habitat quality for arboreal species such as 

primates and birds. 

LiDAR helps in modeling biodiversity hotspots and predicting the impacts 

of deforestation. 

Multispectral and Hyperspectral Sensors on UAVs 

• Nature: Compact versions of satellite sensors adapted for aerial 

platforms. 

• Application: 

o Fine-scale vegetation monitoring. 

o Identifying changes in food resources for herbivores and 

nesting habitats for birds. 

Radio Telemetry Receivers 

• Nature: Drones equipped with VHF (Very High Frequency) 

receivers. 

• Application: 

o Locating animals tagged with radio collars across large 

areas. 
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o Increasing efficiency of tracking compared to ground 

surveys. 

 Ground-Based Sensors 

Overview 

Ground-based remote sensors provide localized, detailed, and long-term 

data. They complement satellite and aerial technologies by giving fine-

scale insights into wildlife behavior and habitat conditions. 

Camera Traps 

• Nature: Motion-activated, weatherproof cameras. 

• Application: 

o Estimating population densities. 

o Studying animal interactions and behaviors. 

o Identifying individuals using AI and pattern recognition. 

Camera traps have revolutionized wildlife research by providing non-

invasive data collection. 

Acoustic Sensors 

• Nature: Audio recorders capturing environmental sounds. 

• Application: 

o Monitoring species that are easier to detect by sound, such 

as birds, amphibians, and bats. 

o Studying biodiversity in dense forests where visibility is 

limited. 

Acoustic data contributes to long-term biodiversity assessments. 

Radio Telemetry (Ground Receivers) 

• Nature: Handheld antennas and receivers for tracking VHF-tagged 

animals. 
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• Application: 

o Detailed tracking of animal movement and habitat use. 

o Locating individuals for rescue or health interventions. 

Environmental Sensors 

• Nature: Stationary sensors measuring environmental variables 

such as temperature, humidity, and soil moisture. 

• Application: 

o Monitoring climate conditions of habitats. 

o Linking environmental changes with wildlife population 

trends. 

2.4.2Applications of Remote Sensing in Wildlife Conservation 

• Habitat Mapping: Identifying critical habitats, corridors, and 

nesting grounds. 

• Species Monitoring: Estimating population size, density, and 

migration patterns. 

• Biodiversity Assessment: Using multispectral and acoustic data to 

evaluate species richness. 

• Combating Wildlife Crime: Drones and thermal cameras assist in 

detecting illegal activities such as poaching and logging. 

• Disaster Response: Remote sensors help track forest fires, floods, 

and drought impacts on ecosystems. 

Challenges and Future Directions 

Despite the remarkable benefits, challenges remain: 

• High costs of satellite data and advanced drones. 

• Technical expertise required for processing large datasets. 

• Legal and ethical concerns regarding drone use in protected areas. 
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• Limited integration of different sensor types into a unified 

monitoring framework. 

Future research must focus on developing affordable, automated, and AI-

driven sensor technologies. Integration of multi-platform data (satellite, 

aerial, and ground-based) will enable comprehensive monitoring of 

ecosystems and wildlife populations. 

SUMMARY 

Remote sensing technologies are revolutionizing the field of wildlife 

conservation and management. From global satellite monitoring to 

localized ground sensors, these tools provide unparalleled insights into 

species distribution, habitat quality, and ecosystem health. By combining 

satellite, aerial, and ground-based platforms, conservationists can design 

more effective strategies to protect biodiversity. As technological 

innovations continue, the use of remote sensors will play an increasingly 

vital role in addressing global challenges such as habitat loss, poaching, 

and climate change. 

 

A.Multiple Choice Questions (MCQs) 

Q1. Which type of remote sensing is most useful for monitoring 

large-scale, long-term changes in wildlife habitats? 

a) Ground-based sensors 

b) Aerial drones 

c) Satellite-based sensors 

d) Camera traps 

Answer: c) Satellite-based sensors 

 

Q2. Synthetic Aperture Radar (SAR) is particularly useful in 

wildlife conservation because: 

a) It can detect animal sounds 

b) It works in all weather conditions, day or night 
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c) It is only effective in deserts 

d) It requires no energy source 

Answer: b) It works in all weather conditions, day or night 

Q3. Which aerial sensor is most commonly used for night-time 

wildlife monitoring? 

a) RGB Cameras 

b) LiDAR 

c) Thermal Cameras 

d) Multispectral Sensors 

Answer: c) Thermal Cameras 

Q4. What is the primary application of camera traps in wildlife 

conservation? 

a) Tracking migration over large distances 

b) Estimating population density and studying animal behavior 

c) Mapping vegetation health 

d) Measuring temperature and humidity 

Answer: b) Estimating population density and studying animal behavior 

Q5. LiDAR technology in wildlife management is mainly used for: 

a) Detecting heat signatures of animals 

b) Creating 3D maps of forest structure 

c) Capturing animal vocalizations 

d) Transmitting GPS signals 

Answer: b) Creating 3D maps of forest structure 

 

 

B.Short Answer Questions: 

Q1. Explain the role of satellite-based remote sensing in wildlife 

conservation. Discuss the different types of satellite sensors and their 

applications with suitable examples. 
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Q2. Describe the advantages and limitations of aerial sensors (manned 

aircraft and drones) in wildlife monitoring. How do thermal cameras, 

LiDAR, and radio telemetry enhance data collection? 

Q3. What are the major applications of ground-based sensors such as 

camera traps, acoustic sensors, and environmental sensors in studying 

wildlife populations and habitats? 

Q4. Compare and contrast the effectiveness of 

multispectral/hyperspectral sensors in satellites and drones for habitat 

mapping and vegetation health analysis. 

Q5. Discuss how the integration of GPS/Argos tracking systems with 

remote sensors contributes to wildlife research. Provide examples of 

how such technology helps in understanding animal movement and 

migration patterns. 

Summary 

Remote sensing is the science of obtaining information about objects, 

areas, or phenomena on the Earth’s surface without direct physical 

contact, usually through satellite- or aircraft-based sensors. It relies on 

the interaction between electromagnetic (EM) radiation and matter. The 

electromagnetic spectrum encompasses all wavelengths of EM 

radiation, from gamma rays to radio waves, but remote sensing primarily 

utilizes visible, infrared, and microwave regions. 

Fundamental radiation laws such as Planck’s Law (spectral distribution 

of radiation), Stefan–Boltzmann Law (total emitted radiation 

proportional to fourth power of temperature), and Wien’s Displacement 

Law (inverse relation between peak wavelength and temperature) are 

crucial in interpreting remote sensing data. 

Remote sensors are broadly categorized into active (which emit their 

own radiation, e.g., RADAR, LiDAR) and passive (which detect natural 

radiation, mainly from the Sun or Earth’s thermal emission). Sensors are 

further classified as imaging/non-imaging, optical/microwave, and across 

spatial, spectral, temporal, and radiometric resolutions. These principles 
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underpin applications in agriculture, forestry, urban studies, 

meteorology, oceanography, and environmental monitoring. 

 

A.Multiple Choice Questions 

1. Remote sensing is best defined as: 

a) Direct measurement of objects 

b) Collection of data without physical contact 

c) Use of GPS only 

d) Only satellite photography 

Answer: b 

2. The electromagnetic spectrum used in remote sensing mainly 

includes: 

a) Gamma rays and X-rays 

b) Visible, infrared, and microwave regions 

c) Only ultraviolet 

d) Sound waves 

Answer: b 

3. The law that states “the total energy emitted by a blackbody is 

proportional to the fourth power of its absolute temperature” is: 

a) Wien’s Law 

b) Planck’s Law 

c) Stefan–Boltzmann Law 

d) Snell’s Law 

Answer: c 

4. Peak wavelength of emission shifts inversely with 

temperature according to: 

a) Kirchhoff’s Law 

b) Planck’s Law 

c) Wien’s Displacement Law 

d) Lambert’s Cosine Law 

Answer: c 
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5. Passive sensors rely on: 

a) Artificially emitted radiation 

b) Natural radiation (solar or terrestrial) 

c) Magnetic fields 

d) Subsurface probing 

Answer: b 

6. An example of an active remote sensing system is: 

a) Landsat TM 

b) MODIS 

c) RADAR 

d) IRS LISS 

Answer: c 

7. In the visible spectrum, vegetation appears green because: 

a) It reflects green and absorbs red and blue 

b) It absorbs all wavelengths 

c) It emits green radiation 

d) It is transparent in green region 

Answer: a 

8. The region of spectrum with least atmospheric absorption 

(transparent windows) is: 

a) Infrared and microwave 

b) Gamma rays 

c) Ultraviolet 

d) X-rays 

Answer: a 

9. LiDAR is based on: 

a) Radio detection 

b) Laser pulses 

c) Microwave scattering 

d) Infrared thermal imaging 

Answer: b 
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10. Radiometric resolution refers to: 

a) Number of bands recorded 

b) Area on the ground covered by one pixel 

c) Frequency of data acquisition 

d) Sensor’s ability to detect differences in energy levels 

Answer: d 

 

B. Short Answer Questions 

1. Define remote sensing and explain its significance. 

2. List the main regions of the electromagnetic spectrum useful in 

remote sensing. 

3. Differentiate between active and passive remote sensing with one 

example each. 

4. State Stefan–Boltzmann Law and its remote sensing relevance. 

5. What is Wien’s Displacement Law? Give one practical 

application in remote sensing. 

6. What is meant by spectral resolution in sensors? 

7. Name two satellite sensors used in Earth observation. 

8. Explain why atmospheric windows are important for remote 

sensing. 

9. What is the difference between imaging and non-imaging 

sensors? 

10. Give two applications of microwave remote sensing. 

C.Long Answer Questions  

1. Explain the principle and scope of remote sensing in natural 

resource management. 
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2. Discuss the electromagnetic spectrum and highlight the regions 

most useful in Earth observation. 

3. Write short notes on: (a) Planck’s Law, (b) Stefan–Boltzmann 

Law, and (c) Wien’s Displacement Law. 

4. Compare and contrast active and passive remote sensors with 

examples. 

5. Describe different types of remote sensors based on spatial, 

spectral, radiometric, and temporal resolutions. 

6. Explain how vegetation, soil, and water interact differently with 

electromagnetic radiation. 

7. Discuss the advantages and limitations of microwave remote 

sensing. 

8. Explain LiDAR technology and its applications in forestry and 

urban planning. 

9. Describe the role of atmospheric windows in satellite remote 

sensing. 

10. Discuss major applications of remote sensing in agriculture, 

forestry, and environmental monitoring. 
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MODULE 03: 

POPULATION GENETICS AND CONSERVATION 

 

UNIT 3.1 

Population Genetics and Conservation 

3.1 Introduction 

Population genetics is the branch of biology that examines the genetic 

composition of populations and how it changes over time under the 

influence of evolutionary forces such as mutation, natural selection, 

genetic drift, and gene flow. In the context of wildlife conservation, 

population genetics provides the foundation for understanding how 

species adapt, survive, and recover from threats. Conservationists use 

genetic data to design strategies that preserve biodiversity, maintain viable 

populations, and safeguard species facing extinction. 

Modern genomic tools now allow researchers to explore genetic variation 

at unprecedented detail, providing insights not only into basic diversity 

levels but also into evolutionary processes and management solutions. 

This integration of genetics into conservation biology is essential for 

protecting endangered species and ensuring ecosystem resilience in the 

face of climate change, habitat loss, and human-induced pressures. 

Key Genetic Concepts in Conservation 

Genetic Diversity 

Genetic diversity refers to the total number of genetic characteristics or 

variations within and among individuals of a species. It is the “raw 

material” upon which natural selection acts and is critical for long-term 

survival. 

• Significance: 



 

78 
                                      MATS Centre for Distance & Online Education, MATS University 

 

WILDLIFE 

CONSERVATION 

AND 

MANAGEMENT 

o Populations with high genetic diversity are more adaptable 

to changing environments. 

o It enhances disease resistance, reproductive success, and 

resilience to ecological stressors such as climate change or 

invasive species. 

• Measurement: 

o Traditional methods included analyzing morphological 

traits, but modern genomic tools (e.g., sequencing and 

genotyping) provide more precise measures. 

o Metrics such as heterozygosity (proportion of 

heterozygous loci in individuals) and allelic richness are 

widely used to estimate genetic health. 

Threats in Small Populations 

Small and isolated populations are especially vulnerable to genetic 

challenges that accelerate their decline. 

1. Inbreeding Depression 

o Mating between closely related individuals increases the 

probability of harmful recessive genes being expressed. 

o Consequences include reduced fertility, higher juvenile 

mortality, lowered disease resistance, and overall reduced 

fitness. 

o Example: The cheetah (Acinonyx jubatus) has extremely 

low genetic diversity, making it highly susceptible to 

disease outbreaks. 

2. Genetic Drift 

o In small populations, random changes in allele frequencies 

can cause rare alleles to disappear. 
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o Over time, this reduces genetic variation and adaptive 

potential. 

o Drift can also lead to the fixation of harmful alleles. 

3. Population Bottlenecks 

o Sudden reductions in population size (e.g., due to disease, 

natural disaster, or hunting) drastically reduce genetic 

diversity. 

o Even if the population recovers numerically, genetic 

diversity may remain low. 

o Example: The northern elephant seal (Mirounga 

angustirostris) went through a severe bottleneck in the 19th 

century due to hunting. 

4. Founder Effect 

o When a new population is established by a small number 

of individuals, it inherits only a fraction of the genetic 

variation of the source population. 

o Such populations often face limited adaptability and higher 

risks of inbreeding. 

Gene Flow and Connectivity 

Gene flow is the transfer of genetic material between populations. It is a 

critical process in conservation as it restores genetic variation and reduces 

the risks of inbreeding. 

• Metapopulation Management 

o In fragmented landscapes, populations exist in patches and 

are connected by occasional migration. 

o Managers treat these patches as a metapopulation and 

sometimes translocate individuals to maintain connectivity. 

• Wildlife Corridors 
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o Corridors are protected strips of habitat that link 

fragmented populations, allowing animal movement and 

genetic exchange. 

o Examples include elephant corridors in India and jaguar 

corridors in Central America. 

3.1.2Applications of Population Genetics in Wildlife Conservation 

Conservation Units 

Identifying distinct populations for management is crucial. Genetics helps 

define conservation units: 

1. Evolutionarily Significant Units (ESUs) 

o Populations with unique evolutionary lineages and 

significant genetic divergence. 

o ESUs preserve long-term evolutionary potential. 

2. Management Units (MUs) 

o Populations with distinct allele frequencies requiring 

separate management strategies. 

o Focuses on short-term conservation goals and local 

adaptations. 

Captive Breeding and Reintroduction 

Captive breeding programs often serve as a last resort for critically 

endangered species. Genetics plays a central role in their success. 

• Studbook Management 

o Careful pedigree records minimize inbreeding and 

maximize genetic diversity in offspring. 

o Example: The recovery of the Arabian oryx (Oryx 

leucoryx) through global captive breeding programs. 

• Reintroduction Planning 
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o Genetic information ensures that reintroduced individuals 

are genetically compatible with the wild population. 

o It prevents outbreeding depression, where crossing 

genetically distant populations leads to maladapted 

offspring. 

Genetic Rescue 

In severely inbred populations, introducing individuals from other 

populations can restore genetic variation. 

• Case Study: Florida Panther 

o By the 1990s, the Florida panther (Puma concolor coryi) 

population suffered from kinked tails, heart defects, and 

low fertility due to inbreeding. 

o Introduction of Texas cougars in 1995 increased genetic 

diversity and tripled population size, serving as a model for 

genetic rescue worldwide. 

Molecular Markers in Conservation Genetics 

Advancements in molecular biology provide tools to assess and monitor 

genetic variation. 

1. Microsatellites 

o Short, repetitive DNA sequences that are highly variable. 

o Useful for studying relatedness, gene flow, and population 

structure. 

2. Single Nucleotide Polymorphisms (SNPs) 

o Single base pair changes in DNA sequences. 

o Provide high-resolution data for genome-wide analyses. 

3. Environmental DNA (eDNA) 
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o Genetic material shed by organisms into their environment 

(e.g., skin, hair, feces, scales). 

o eDNA allows for species detection in water or soil samples 

without direct observation. 

o Widely used for detecting invasive species and monitoring 

aquatic biodiversity. 

Population Viability Analysis (PVA) 

PVA is a predictive modeling tool that estimates the probability of 

extinction of a population over time. 

• Inputs from Genetics 

o Effective population size, genetic variation, and inbreeding 

levels. 

• Applications 

o Helps prioritize conservation actions. 

o Provides scenarios for management interventions such as 

habitat restoration, population translocation, or genetic 

rescue. 

SUMMARY: 

Population genetics provides a powerful framework for understanding 

how wildlife population’s function, adapt, and persist in the face of 

environmental and human-induced pressures. By applying genetic 

principles, conservationists can: 

• Identify distinct population units for targeted management. 

• Maintain and restore genetic diversity in wild and captive 

populations. 

• Design wildlife corridors and metapopulation strategies for 

fragmented landscapes. 
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• Apply molecular tools for monitoring, management, and recovery 

of endangered species. 

In the era of genomics, the integration of genetic insights with ecology, 

behavior, and conservation policy will play a vital role in ensuring the 

survival of biodiversity. As threats such as climate change and habitat 

fragmentation intensify, population genetics remains an essential science 

for shaping the future of wildlife conservation and management. 

A.Multiple Choice Questions (MCQs) 

Q1. What is the primary importance of genetic diversity in wildlife 

populations? 

a) It increases population density 

b) It ensures identical genetic makeup of species 

c) It provides raw material for adaptation to changing environments 

d) It prevents migration of individuals 

Q2. Which phenomenon occurs when a small number of individuals 

establish a new population, resulting in reduced genetic diversity? 

a) Genetic drift 

b) Inbreeding depression 

c) Founder effect 

d) Gene flow 

Q3. The Florida panther population recovered through which 

conservation strategy? 

a) Captive breeding 

b) Genetic rescue 

c) Population bottleneck management 

d) Environmental DNA monitoring 

Q4. Which molecular marker provides the highest resolution data 

for studying population genetics? 

a) Microsatellites 

b) Single Nucleotide Polymorphisms (SNPs) 
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c) Environmental DNA (eDNA) 

d) Studbook records 

Q5. What is the main purpose of Population Viability Analysis (PVA) 

in conservation? 

a) To measure body size variations in species 

b) To predict extinction probability of a population over time 

c) To count population density in the field 

d) To map the geographic range of endangered species 

Answer Key 

• Q1 → c) It provides raw material for adaptation to changing 

environments 

• Q2 → c) Founder effect 

• Q3 → b) Genetic rescue 

• Q4 → b) Single Nucleotide Polymorphisms (SNPs) 

• Q5 → b) To predict extinction probability of a population over time 

B.Short Answer Questions 

Q1. Define genetic diversity. Explain its significance in wildlife 

conservation with suitable examples. 

Q2. Discuss the major genetic threats faced by small populations, 

including inbreeding depression, genetic drift, population bottleneck, and 

founder effect. 

Q3. Explain the role of gene flow and metapopulation management in 

maintaining genetic diversity in fragmented wildlife habitats. 

Q4. What is genetic rescue? Describe the case study of the Florida panther 

as an example of its application in conservation. 

Q5. Describe the use of molecular markers such as microsatellites, SNPs, 

and eDNA in modern wildlife conservation genetics. 
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UNIT 3.2 

Importance of Genetic Diversity 

3.2 Introduction 

Genetic diversity, defined as the total variation in genes within a 

population or species, is the foundation of life’s resilience and adaptability. 

It determines the ability of a species to survive environmental changes, 

resist diseases, and secure long-term survival. In wildlife conservation and 

management, preserving genetic diversity is a central goal because once 

genetic variation is lost, it is difficult, if not impossible, to restore. 

Declining genetic diversity threatens the survival of species, particularly 

small and isolated populations that already face the risks of habitat 

destruction, climate change, and human exploitation. Therefore, the 

conservation of genetic diversity is essential not only for maintaining the 

health of individual species but also for safeguarding ecosystem stability 

and functioning. 

Why It Is Necessary to Conserve Genetic Diversity 

The conservation of genetic diversity is necessary because it acts as the 

raw material for adaptation and evolution. A genetically diverse 

population contains individuals with a wide range of traits, some of which 

may provide an advantage under new environmental conditions. Without 

this reservoir of genetic variation, species cannot adapt, leaving them 

vulnerable to extinction. 

Developing effective monitoring programs for genetic diversity is also 

crucial. By tracking changes in allele frequencies, levels of heterozygosity, 

and genetic structure over time, conservationists can detect early warning 

signs of genetic decline. This allows timely interventions, such as 

translocations, genetic rescue, or habitat restoration, before a species 

reaches the point of no return. 

Thus, the conservation of genetic diversity serves as both a preventative 

measure and an adaptive strategy for modern wildlife management. 
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3.2.1 Key Roles of Genetic Diversity in Adaptation and Survival 

Enhanced Adaptability to Environmental Change 

One of the most significant roles of genetic diversity lies in enabling 

populations to respond to changing environmental conditions. For 

example, as climate change alters temperature and rainfall patterns, 

populations with high genetic variation are more likely to contain 

individuals with traits suited for survival in new conditions. Over time, 

these traits may spread through natural selection, allowing the population 

to adapt and persist rather than perish. 

Similarly, genetic variation enables some individuals to withstand 

pollutants or toxins in the environment. This capacity ensures that at least 

a portion of the population survives even under environmental stress, 

maintaining the continuity of the species. 

Resistance to Disease and Pathogens 

Another crucial role of genetic diversity is providing resistance against 

diseases. A diverse gene pool increases the chances that some individuals 

will possess strong immune responses or natural immunity to pathogens. 

This diversity helps prevent the rapid spread of infections that could 

otherwise wipe out genetically uniform populations. 

Historic examples highlight the dangers of low genetic diversity. The Irish 

potato famine, caused by the genetic uniformity of potato crops, 

demonstrates how a lack of variation can result in catastrophic losses when 

a single disease or pathogen emerges. In wildlife, a genetically 

homogeneous population could be equally vulnerable to pandemics, 

making genetic diversity a buffer against mass mortality events. 

Mitigation of Genetic Threats in Small Populations 

Small and fragmented populations are particularly prone to genetic threats. 

These include inbreeding depression, genetic drift, and population 

bottlenecks, all of which erode genetic diversity and reduce adaptive 

potential. 
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Inbreeding Depression 

Inbreeding occurs when closely related individuals mate, which is more 

likely in small populations. This increases the probability that harmful 

recessive genes are expressed, leading to reduced fertility, higher 

mortality, lower disease resistance, and overall reduced fitness. Over time, 

inbreeding depression can push small populations closer to extinction. 

Genetic Drift 

Genetic drift refers to random changes in allele frequencies that occur in 

small populations. Unlike natural selection, which is based on adaptive 

advantage, genetic drift is a chance process that can result in the permanent 

loss of important alleles. This loss reduces the evolutionary potential of 

the population, limiting its ability to respond to future challenges. 

Population Bottlenecks 

A population bottleneck occurs when a species undergoes a sudden and 

drastic reduction in size, often due to natural disasters, disease outbreaks, 

or human activities. Although the population may recover numerically, the 

genetic variation lost during the bottleneck is often permanent. This 

reduced diversity makes the population more vulnerable to future 

environmental stressors. 

3.2.2Applications of Genetic Diversity in Conservation Management 

Informing Captive Breeding and Reintroduction 

Genetic diversity plays a central role in captive breeding and 

reintroduction programs for endangered species. By managing studbooks 

and using genetic data, conservationists can minimize inbreeding and 

maximize genetic variation in captive populations. Carefully selected 

breeding pairs ensure that offspring retain as much of the species’ genetic 

diversity as possible. 

One advanced strategy is genetic rescue, where individuals from a larger 

or healthier population are introduced into a struggling one. For example, 

the introduction of Texas cougars into the small Florida panther population 
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increased genetic diversity, reduced inbreeding depression, and tripled the 

population size. Such interventions highlight the practical importance of 

genetic diversity in preventing extinction. 

Supporting Habitat Connectivity 

Wildlife corridors and habitat connectivity are also essential strategies for 

maintaining gene flow between populations. Fragmented habitats isolate 

populations, leading to reduced diversity and inbreeding. Corridors 

provide safe passages for movement, allowing the exchange of genes and 

enhancing the overall health of the metapopulation. 

Genetic Monitoring 

With the advancement of molecular technologies, conservationists can 

now monitor the genetic health of populations more effectively. Tools such 

as microsatellites, Single Nucleotide Polymorphisms (SNPs), and 

environmental DNA (eDNA) provide valuable insights into genetic 

diversity, population structure, and gene flow. These data are critical for 

guiding management decisions, such as prioritizing habitats for restoration 

or determining when to translocate individuals. 

Consequences of Declining Genetic Diversity 

The decline of genetic diversity has serious consequences for both species 

survival and ecosystem stability. 

Increased Risk of Extinction 

Populations with low genetic diversity lack the flexibility to adapt to new 

threats such as climate change, invasive species, or emerging diseases. 

This increases their probability of extinction in the long term. 

Reduced Ecosystem Resilience 

The extinction or decline of genetically uniform populations, particularly 

keystone species, can destabilize entire ecosystems. Since ecosystems rely 

on complex interactions among species, the loss of diversity in one species 
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can trigger cascading effects, weakening the resilience of the whole 

system. 

Vulnerability to New Threats 

Genetically uniform populations are ill-equipped to cope with new and 

unexpected challenges. Without genetic variation to draw upon, such 

populations may collapse rapidly when exposed to novel diseases, 

predators, or environmental changes. 

SUMMARY: 

Genetic diversity forms the foundation of wildlife survival, adaptation, 

and long-term viability. Its conservation is not merely an option but a 

necessity for effective wildlife management. By mitigating threats in small 

populations, supporting habitat connectivity, and applying advanced 

genetic monitoring tools, conservationists can preserve the evolutionary 

potential of species. The lessons of history, such as the Irish potato famine 

and the Florida panther’s recovery, underline the profound consequences 

of genetic uniformity and the transformative power of genetic diversity. 

A.Multiple Choice Questions: 

Q1. What is genetic diversity? 

a) The number of individuals in a population 

b) The total variation in genes within a population or species 

c) The number of ecosystems in a region 

d) The number of endangered species in an area 

Q2. Which of the following is a historic example of the danger of genetic 

uniformity? 

a) The extinction of dodo birds 

b) The Irish potato famine 

c) The industrial revolution 

d) The Dust Bowl in the USA 

Q3. What is the purpose of wildlife corridors in conservation? 

a) To separate species from each other 
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b) To increase the population size artificially 

c) To connect fragmented habitats and promote gene flow 

d) To reduce food competition among animals 

Q4. What is inbreeding depression? 

a) A sudden increase in genetic diversity 

b) Random loss of alleles due to chance 

c) Negative effects of mating between closely related individuals 

d) The process of introducing new genes into a population 

Q5. Which conservation strategy was applied to the Florida panther to 

restore genetic diversity? 

a) Captive breeding only 

b) Studbook management 

c) Genetic rescue by introducing cougars from Texas 

d) Population bottleneck 

Answer Key 

• Q1. b) The total variation in genes within a population or species 

• Q2. b) The Irish potato famine 

• Q3. c) To connect fragmented habitats and promote gene flow 

• Q4. c) Negative effects of mating between closely related 

individuals 

• Q5. c) Genetic rescue by introducing cougars from Texas 

B.Short Answer Questions: 

1. What is genetic diversity? 

2. Why is genetic diversity considered essential for the survival of 

species? 

3. How does genetic diversity contribute to adaptation in changing 

environments? 
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UNIT 3.3 

Genetic Drift, Gene Flow and the Structuring of Populations 

 

3.3 Introduction 

Wildlife populations are not static; they are dynamic entities shaped 

continuously by evolutionary forces. Among the most important of these 

forces are genetic drift and gene flow, which interact to determine the 

genetic structure of populations. The balance between these two processes 

plays a critical role in shaping biodiversity, influencing adaptation, and 

determining long-term survival prospects. 

In conservation biology, understanding these mechanisms is essential 

because wildlife populations are increasingly affected by habitat 

fragmentation, climate change, poaching, and human development, which 

alter patterns of drift and flow. This chapter explains how genetic drift and 

gene flow operate, their impacts on genetic diversity, and their broader 

implications for wildlife conservation and management. 

3.3.1 Genetic Drift 

 Definition and Process 

Genetic drift refers to random changes in allele frequencies from one 

generation to the next, occurring due to chance events during reproduction. 

Unlike natural selection, which is directional, drift is non-selective and 

unpredictable. 

For example, if a small population of deer loses a few individuals in a 

flood, the alleles carried by those individuals may be permanently lost 

from the gene pool, regardless of their fitness value. 

 Impact on Genetic Diversity 

• Loss of variation: Drift reduces genetic diversity over time, 

particularly in small populations. 
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• Increased homozygosity: As diversity declines, harmful recessive 

alleles can become exposed, leading to inbreeding depression. 

• Fixation of alleles: Certain alleles, even if neutral or harmful, may 

become fixed in the population by chance alone. 

Population Bottlenecks and Founder Effects 

• Bottleneck Effect: When a population is drastically reduced (e.g., 

due to natural disaster or overhunting), the surviving population 

often represents only a fraction of the original genetic variation. 

• Founder Effect: When a few individuals colonize a new area, they 

carry only a subset of the original gene pool. This reduced genetic 

base can limit adaptability. 

 

Fig 3.1: (A)Bottleneck effect (B) Founder Effect 
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Conservation Implications of Genetic Drift 

• Reduced adaptability to climate change, diseases, and invasive 

species. 

• Increased vulnerability to extinction due to lower genetic health. 

• Need for genetic rescue strategies to counter loss of diversity. 

3.3.2 Gene Flow 

Definition and Mechanisms 

Gene flow is the movement of genes between populations, usually through 

the migration of individuals or the dispersal of gametes (such as pollen or 

fish larvae). It increases the exchange of genetic material across 

populations. 

 

Fig3.2:Gene Flow 
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Mechanisms include: 

• Active migration: Movement of animals like wolves or birds 

between habitats. 

• Passive dispersal: Pollen carried by wind or insects, seeds carried 

by water. 

 

Effects on Genetic Diversity 

• Increases genetic variation by introducing new alleles. 

• Reduces genetic differences between populations, making them 

more genetically similar. 

• Helps maintain the adaptive potential of small populations. 

Conservation Benefits 

• Prevents inbreeding depression by introducing new genetic 

material. 

• Maintains healthy population structures by enhancing genetic 

exchange. 

• Helps populations adapt to changing climates and emerging 

diseases. 

Risks of Gene Flow 

• Outbreeding depression: Excessive mixing of genetically distant 

populations can disrupt locally adapted traits. 

• Erosion of local adaptations: Populations may lose unique 

adaptations if maladaptive alleles are introduced. 

3.3.3Population Structuring 

Definition 

Population structuring refers to how genetic variation is distributed within 

and among populations. The interplay between drift and flow determines 
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whether populations remain connected or diverge into distinct genetic 

lineages. 

 Differentiation vs. Homogenization 

• Differentiation: When gene flow is limited, populations diverge 

due to drift and natural selection, leading to genetic distinctness. 

• Homogenization: When gene flow is high, populations become 

more genetically uniform. 

Implications for Conservation 

• Defining Conservation Units: Genetic structure helps define 

Evolutionarily Significant Units (ESUs) or Management Units 

(MUs) for targeted protection. 

• Assessing Connectivity: Identifying barriers like highways, 

fences, or dams that restrict gene flow. 

• Guiding Translocations: Ensuring individuals moved between 

populations are genetically compatible to avoid outbreeding 

depression. 

 Role in Wildlife Conservation and Management 

Population Viability Analysis (PVA) 

Genetic data on drift and flow are integrated into PVA models to estimate 

extinction probabilities. Populations with high drift and low flow are more 

at risk and may require active management interventions. 

-  Habitat Management 

• Designing reserves and wildlife corridors to promote gene flow. 

• Preventing fragmentation that accelerates genetic drift. 

- Managed Gene Flow 

Conservationists sometimes implement assisted gene flow, where 

individuals from genetically healthy populations are introduced into 
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isolated ones. This technique has been used successfully in species like the 

Florida panther, which was genetically rescued by introducing cougars 

from Texas. 

-  Genetic Tools in Conservation 

• Molecular markers and DNA sequencing help monitor drift and 

flow in wildlife. 

• Genetic techniques also assist in wildlife forensics, identifying the 

geographic origin of confiscated wildlife products and combating 

illegal trade. 

Case Examples 

• Florida Panther (Puma concolor coryi): Population suffered from 

inbreeding depression due to drift. Gene flow was restored through 

introduction of Texas cougars, improving genetic health. 

• Cheetahs (Acinonyx jubatus): Extremely low genetic diversity due 

to historical bottlenecks; conservation focuses on maintaining 

what little variation remains. 

• Gray Wolves in North America: Gene flow between packs across 

wide ranges helps sustain adaptability and prevents genetic 

decline. 

Consequences of Neglecting Genetic Forces 

If conservation managers ignore the roles of drift and flow, populations 

may suffer from: 

• Loss of evolutionary potential and adaptive capacity. 

• Higher risk of extinction due to environmental stressors. 

• Ecosystem instability, as keystone species decline. 

SUMMARY: 

Genetic drift and gene flow are central to understanding how wildlife 

populations evolve, survive, and adapt. Drift tends to erode genetic 
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diversity, while gene flow replenishes it and fosters connectivity. The 

balance between these forces defines population structure, shaping how 

species respond to environmental changes and conservation actions. 

For effective wildlife conservation and management, it is essential to: 

1. Monitor genetic variation continuously. 

2. Maintain habitat connectivity to ensure natural gene flow. 

3. Implement genetic rescue or managed gene flow when necessary. 

4. Use genetic insights to define conservation units and guide policy. 

By integrating these principles, conservationists can safeguard 

biodiversity and ensure the long-term viability of wildlife populations in a 

changing world. 

A.Multiple Choice Questions  

Q1. Genetic drift has the most significant effect in which type of 

population? 

a) Large populations 

b) Small populations 

c) Migratory populations 

d) Highly connected populations 

Q2. Which of the following is an example of a population bottleneck? 

a) Migration of birds across continents 

b) Introduction of new alleles by pollen dispersal 

c) A natural disaster drastically reducing a population’s size 

d) Translocation of animals for conservation 

Q3. Gene flow generally results in: 

a) Increased genetic differences between populations 

b) Reduced genetic diversity within populations 

c) Homogenization of populations 

d) Elimination of beneficial alleles 
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Q4. Which of the following is a potential negative consequence of gene 

flow? 

a) Outbreeding depression 

b) Genetic drift 

c) Bottleneck effect 

d) Founder effect 

Q5. Why is understanding genetic structure important for conservation 

management? 

a) It helps define conservation units and assess connectivity 

b) It eliminates the need for captive breeding programs 

c) It reduces the importance of gene flow 

d) It ensures that genetic drift does not occur 

Answer Key 

1. b) Small populations.  

2. c) A natural disaster drastically reducing a population’s size. 

3. c) Homogenization of populations. 

4. a) Outbreeding depression. 

5. a) It helps define conservation units and assess connectivity. 

B.Short Answer Questions 

1. Explain the process of genetic drift and discuss its consequences 

on the genetic diversity of small wildlife populations. 

2. Differentiate between the population bottleneck effect and founder 

effect with suitable examples. 

3. Describe the role of gene flow in maintaining genetic diversity and 

reducing inbreeding in wildlife populations. 

4. Discuss how the interplay of genetic drift and gene flow 

contributes to the structuring of wildlife populations. 
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5. How can the understanding of genetic drift and gene flow be 

applied in designing effective wildlife conservation and 

management strategies? 

Summary 

Population genetics is the branch of biology that studies the 

distribution and changes of allele frequencies within populations under 

the influence of evolutionary forces such as natural selection, 

mutation, genetic drift, and gene flow. Populations represent 

interbreeding groups of organisms of the same species, and the genetic 

variation within them is essential for adaptation and survival. 

• Importance of Genetic Diversity: 

Genetic diversity is the total variety of genes within a population. 

It provides raw material for evolution and adaptation to changing 

environments, increases population resilience against diseases, and 

reduces the risk of extinction. Populations with low genetic 

diversity may face inbreeding depression and decreased 

adaptability. 

• Genetic Drift: 

Genetic drift is the random change in allele frequencies from one 

generation to another due to chance events. It is more pronounced 

in small populations, leading to loss of genetic variation and 

fixation of alleles. Examples include the bottleneck effect (sharp 

reduction in population size) and founder effect (small group 

establishing a new population). 

• Gene Flow: 

Gene flow is the transfer of genetic material between populations 

through migration or interbreeding. It introduces new alleles into 

populations, increases genetic variation, and reduces genetic 

differentiation among populations. Limited gene flow can lead to 

population structuring and speciation. 
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• Structuring of Populations: 

Population structuring occurs when populations are divided into 

subpopulations with limited gene flow between them. This leads 

to genetic differentiation, often measured by statistics like FST. 

Structured populations are influenced by factors such as 

geographical barriers, habitat fragmentation, and social behavior 

of species. Understanding population structure is critical in 

conservation genetics and management of endangered species. 

 

A.Multiple Choice Questions (MCQs) 

1. Which of the following is NOT a factor influencing 

population genetics? 

a) Mutation 

b) Gene flow 

c) Photosynthesis 

d) Genetic drift 

Answer: c) Photosynthesis 

2. Genetic drift has a greater effect in: 

a) Large populations 

b) Small populations 

c) Stable populations 

d) None of the above 

Answer: b) Small populations 

3. The bottleneck effect refers to: 

a) Gene flow between populations 

b) Random increase in alleles 

c) Reduction in population size causing loss of variation 

d) Formation of new species 

Answer: c) Reduction in population size causing loss of variation 

4. Movement of alleles between populations is called: 

a) Natural selection 
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b) Gene flow 

c) Genetic drift 

d) Mutation 

Answer: b) Gene flow 

5. Which parameter measures population differentiation? 

a) pH 

b) FST 

c) Km 

d) ATP 

Answer: b) FST 

6. Founder effect occurs when: 

a) New alleles arise by mutation 

b) A small group colonizes a new habitat 

c) Populations exchange genes freely 

d) Populations merge after isolation 

Answer: b) A small group colonizes a new habitat 

7. Genetic diversity ensures: 

a) Uniformity in traits 

b) Adaptability to changing environments 

c) Fixation of harmful alleles 

d) Elimination of all variation 

Answer: b) Adaptability to changing environments 

8. Population structuring is often caused by: 

a) Geographic isolation 

b) Gene flow 

c) High mutation rates 

d) Panmixia (random mating) 

Answer: a) Geographic isolation 

9. Random loss of alleles is a characteristic of: 

a) Genetic drift 

b) Mutation 
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c) Natural selection 

d) Artificial selection 

Answer: a) Genetic drift 

10. Inbreeding depression is most likely in: 

a) Populations with high genetic diversity 

b) Populations with low genetic diversity 

c) Populations with continuous gene flow 

d) Large panmictic populations 

Answer: b) Populations with low genetic diversity 

 

B.Short Answer Questions 

1. Define population genetics and its scope. 

2. What is the significance of genetic diversity in populations? 

3. Differentiate between bottleneck effect and founder effect. 

4. How does gene flow prevent speciation? 

5. Explain the role of genetic drift in small populations. 

6. What are the consequences of low genetic diversity? 

7. Write a note on inbreeding depression. 

8. Define FST and its importance in studying population structure. 

9. Give an example of genetic drift from natural populations. 

10. Explain the importance of population structuring in conservation 

biology. 

 

C.Long Answer Questions 

1. Discuss the importance of genetic diversity in maintaining healthy 

populations. 

2. Explain genetic drift with suitable examples. 
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3. Describe gene flow and its evolutionary significance. 

4. How does population structuring occur? Explain with reference to 

geographical and ecological factors. 

5. Discuss the bottleneck effect and founder effect as outcomes of 

genetic drift. 

6. Explain how population genetics integrates with conservation 

strategies. 

7. Describe the mechanisms that maintain genetic diversity in 

populations. 

8. How do mutation, gene flow, and genetic drift interact to shape 

population genetics? 

9. Discuss the role of population genetics in understanding 

speciation. 

10. Explain how molecular markers are used to study population 

structure. 
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MODULE 04 

ENVIRONMENTAL IMPACT ASSESSMENT (EIA) 

Objectives 

• To explain the meaning, scope, and importance of Environmental 

Impact Assessment in sustainable development. 

• To recognize EIA as a decision-making tool for environmental 

protection and resource management. 

• To study the key stages of EIA such as screening, scoping, baseline 

data collection, impact prediction, mitigation, public participation, 

reporting, and monitoring. 

• To evaluate the strengths and limitations of each stage. 

 

 

UNIT 4.1 

Environmental Impact Assessment (EIA) 

4.1Introduction 

Environmental Impact Assessment (EIA) is a vital tool in modern 

wildlife conservation and management. It provides a systematic 

framework to predict, evaluate, and mitigate the environmental 

consequences of development projects before their execution. As human 

infrastructure expands—through roads, industries, dams, and 

urbanization—the need to ensure minimal disruption to wildlife habitats 

and ecosystems becomes increasingly urgent. EIA acts as a preventive 

approach, helping policymakers, conservationists, and project developers 

balance development needs with ecological sustainability. 

Wildlife populations are often the most vulnerable to anthropogenic 

pressures. Habitat destruction, fragmentation, pollution, and resource 

depletion can lead to severe ecological imbalance. The EIA process, 
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therefore, emphasizes not only the prediction of adverse impacts but also 

the identification of beneficial effects, thus ensuring that biodiversity 

conservation is incorporated into decision-making at the earliest stages. 

4.1.1 Steps of the EIA Process and Relevance to Wildlife 

The EIA process involves a series of carefully designed steps, each of 

which has special relevance to wildlife conservation and management. 

1. Screening 

Screening is the initial step that determines whether a project requires a 

detailed EIA. For example, a proposed factory near a protected wetland, 

a mining site near a forest reserve, or a highway planned across an 

elephant migration corridor would automatically necessitate a full-scale 

EIA. Screening ensures that projects with potentially significant 

ecological consequences are subjected to comprehensive evaluation 

before approval. 

2. Scoping 

Scoping defines the boundaries of the assessment by identifying critical 

wildlife issues that must be studied. This involves consultations with 

ecologists, forest officials, local communities, and other stakeholders. 

Key concerns include the impact on threatened species, migratory routes, 

breeding grounds, and ecologically sensitive habitats. Proper scoping 

helps in focusing the EIA on significant wildlife concerns rather than 

diluting efforts on less critical aspects. 

3. Baseline Data Collection 

Accurate baseline data is essential to understand the pre-project 

ecological conditions. This stage involves ecological surveys, satellite 

imagery, remote sensing, and ground-level monitoring. Baseline data 

collection provides insights into wildlife abundance, species diversity, 

habitat quality, and ecosystem functioning. For example, mapping the 

presence of tiger prey species in a proposed mining zone can reveal 

potential threats to the predator-prey balance if the project proceeds. 
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4. Impact Prediction and Assessment 

This stage predicts how the proposed project may affect wildlife 

populations. Impacts can be direct (such as habitat loss from 

deforestation), indirect (noise pollution altering animal behavior), or 

cumulative (combined impacts of multiple projects in the same 

landscape). For instance, construction of wind turbines might directly 

lead to bird collisions, indirectly disturb migratory pathways, and 

cumulatively add to habitat degradation caused by other infrastructure. 

5. Mitigation Measures 

EIA incorporates the mitigation hierarchy to reduce harm to wildlife: 

• Avoidance: Modifying project location or design to prevent 

adverse effects (e.g., rerouting a highway away from a tiger 

corridor). 

• Minimization: Introducing measures to reduce unavoidable 

impacts, such as noise barriers or reduced night-time operations. 

• Restoration: Rehabilitation of degraded habitats, such as 

replanting vegetation after pipeline installation. 

• Compensation: Creation of new habitats or biodiversity offsets, 

such as artificial wetlands to replace lost ecosystems. 

6. Reporting and Environmental Impact Statement (EIS) 

The findings are compiled in an EIS document, which includes an 

Environmental Management Plan (EMP). The EMP lays out mitigation 

strategies, monitoring protocols, and compliance requirements to ensure 

ecological safeguards. 

7. Decision-making and Public Hearing 

Decision-making is a transparent stage where the EIA results are 

presented to authorities and the public. Public hearings allow local 

communities, environmental groups, and conservation experts to voice 



 

107 
                                      MATS Centre for Distance & Online Education, MATS University 

 

WILDLIFE 

CONSERVATION 

AND 

MANAGEMENT 

concerns. This participatory approach enhances accountability and 

ensures that wildlife concerns are not overlooked in the approval process. 

8. Monitoring and Compliance 

Once a project is approved, long-term monitoring ensures that mitigation 

measures are implemented and that actual impacts do not exceed 

predictions. Monitoring wildlife populations, migratory pathways, or 

water quality provides feedback for adaptive management. For example, 

post-construction monitoring of underpasses built for elephants along 

highways can determine their effectiveness in maintaining connectivity. 

Applications of EIA in Wildlife Conservation 

EIA has direct applications in managing human-wildlife interactions in 

different types of projects. 

1. Infrastructure Projects 

Highways, railways, and dams often cut across forests and protected 

areas, causing habitat fragmentation. EIAs in such cases assess the 

degree of disruption to wildlife corridors and suggest mitigation like 

overpasses, underpasses, or viaducts to ensure safe animal movement. 

2. Marine and Coastal Development 

Offshore wind farms, ports, and oil drilling operations can affect marine 

ecosystems. EIAs here evaluate impacts of underwater noise on 

cetaceans, migratory bird patterns, and electromagnetic disturbances 

affecting marine species. 

3. Mining and Industrial Expansion 

Mining activities often threaten riverine ecosystems and forest habitats. 

For instance, industrial effluents may degrade water quality, impacting 

fish populations. EIA recommends measures like effluent treatment 

plants, buffer zones of vegetation, and safe waste disposal to mitigate 

risks. 

4. Habitat Management and Long-Term Monitoring 
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EIAs not only assess immediate risks but also track long-term wildlife 

responses. For example, monitoring moose populations near oil sands or 

elephants near mining zones has revealed ecological changes that short-

term studies fail to detect. Such long-term monitoring strengthens 

adaptive management and improves conservation outcomes. 

Limitations and Challenges of EIA in Wildlife Conservation 

Despite its importance, EIA faces several challenges when applied to 

wildlife conservation: 

1. Lack of Expertise: EIA teams often consist of engineers and 

planners with limited training in ecology or wildlife biology, 

leading to oversimplified assessments. 

2. Insufficient Baseline Data: Poor data on species distribution, 

population dynamics, or ecosystem functions often results in 

inaccurate predictions. 

3. Cumulative Impacts Ignored: EIAs generally evaluate single 

projects, but fail to capture cumulative impacts of multiple 

developments within a landscape. 

4. Proponent Bias: Since the project developer funds the EIA, 

reports may lack objectivity and downplay negative impacts. 

5. Poor Enforcement: Weak monitoring and inadequate enforcement 

mechanisms often allow developers to bypass mitigation 

measures. 

6. Regulatory Weakness: In certain regions, amendments to EIA 

laws (e.g., India 2020 draft EIA notification) have sparked 

controversy for reducing public participation and potentially 

diluting environmental safeguards. 



 

109 
                                      MATS Centre for Distance & Online Education, MATS University 

 

WILDLIFE 

CONSERVATION 

AND 

MANAGEMENT 

 

Fig 4.1: Steps in EIA 

 

 

SUMMARY: 

Environmental Impact Assessment (EIA) remains an indispensable tool 

for balancing development with wildlife conservation. Its structured 

approach—from screening to monitoring—ensures that ecological 

considerations are integrated into project planning and execution. 

However, for EIA to be truly effective in safeguarding biodiversity, it must 

overcome challenges of expertise gaps, inadequate data, proponent bias, 

and weak enforcement. Strengthening regulatory frameworks, involving 

independent ecological experts, and ensuring transparent public 

participation are crucial steps toward more effective conservation 

outcomes. 

By integrating wildlife-focused considerations into EIA, conservationists 

and policymakers can ensure that development does not come at the cost 

of ecological integrity. In this way, EIA serves as both a preventive shield 
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against biodiversity loss and a guiding tool for sustainable coexistence 

between humans and wildlife. 

A.Multiple Choice Questions (MCQs) 

Q1. Which of the following is the first step in the Environmental 

Impact Assessment (EIA) process? 

a) Baseline data collection 

b) Screening 

c) Scoping 

d) Impact prediction 

Q2. The "mitigation hierarchy" in EIA follows which correct order? 

a) Compensation → Restoration → Minimization → Avoidance 

b) Avoidance → Minimization → Restoration → Compensation 

c) Minimization → Compensation → Avoidance → Restoration 

d) Restoration → Avoidance → Minimization → Compensation 

Q3. What is the primary purpose of baseline data collection in EIA 

for wildlife? 

a) To approve or reject the project 

b) To monitor community participation 

c) To understand existing wildlife populations and habitat conditions 

d) To calculate project costs 

Q4. Which of the following is a limitation of the EIA process in 

wildlife conservation? 

a) Helps in reducing habitat fragmentation 

b) Ensures public hearing in decision-making 

c) Often lacks expertise in ecology and wildlife biology 

d) Provides mitigation measures for adverse impacts 

Q5. Which of the following is an example of a mitigation measure in 

EIA for wildlife conservation? 

a) Ignoring habitat destruction 

b) Constructing wildlife overpasses or underpasses along highways 
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c) Approving all projects without assessment 

d) Reducing public participation in hearings 

Answer Key 

• Q1. b) Screening 

• Q2. b) Avoidance → Minimization → Restoration → 

Compensation 

• Q3. c) To understand existing wildlife populations and habitat 

conditions 

• Q4. c) Often lacks expertise in ecology and wildlife biology 

• Q5. b) Constructing wildlife overpasses or underpasses along 

highways 

 

B.Short Answer Questions 

Q1. Explain the role of Environmental Impact Assessment (EIA) in 

wildlife conservation and management. How does it help in balancing 

development and biodiversity protection? 

Q2. Describe the major steps of the EIA process with special reference to 

wildlife and their habitats. Provide examples for each step. 

Q3. Discuss the importance of mitigation measures in EIA. How does the 

mitigation hierarchy (avoidance, minimization, restoration, 

compensation) ensure better wildlife conservation? 

Q4. What are the limitations and challenges of using EIA in wildlife 

conservation? Suggest possible solutions to overcome these limitations. 

Q5. Using suitable examples, explain how EIA has been applied in 

different types of projects (infrastructure, marine development, mining, 

habitat management) for the protection of wildlife. 
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UNIT 4.2 

Prediction of Changes and Impacts 

4.2. Introduction 

Wildlife conservation and management require a forward-looking 

approach in today’s rapidly changing world. Traditional conservation 

strategies often relied on reactive methods, responding only after 

environmental degradation had occurred. However, with global change 

accelerating due to climate change, urban expansion, deforestation, and 

industrial growth, conservation must shift from reactive to proactive 

planning. 

The prediction of future changes and impacts has therefore become a 

central tool for wildlife managers. By using advanced models, simulations, 

and integrated technologies, it is possible to forecast changes in species 

distribution, identify biodiversity threats, and plan adaptive management 

strategies. Predictive conservation not only protects species but also 

ensures the sustainability of ecosystems amidst uncertainty. 

 

4.2.1Predictive Modelling for Conservation 

Predictive models simulate different scenarios to anticipate how wildlife 

and ecosystems may respond to environmental change. These models use 

scientific data and computational techniques to provide insights into future 

challenges and opportunities for conservation. 

Climate Envelope Modeling 

Climate envelope models project how species distributions may shift 

under different climate scenarios. By defining the range of climate 

conditions a species can tolerate (temperature, rainfall, humidity), these 

models identify potential new habitats and climate refugia. 

• Example: Predicting shifts in polar bear habitats as Arctic ice 

melts, allowing policymakers to plan new protected zones. 
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 Species Distribution Models (SDMs) 

SDMs combine species occurrence records with environmental variables 

(soil type, vegetation, climate data) to predict suitable habitats. When 

coupled with climate and land-use projections, SDMs can forecast range 

shifts, fragmentation, or even extinction risks. 

• Example: SDMs are used to study tiger corridors in India to 

maintain landscape connectivity. 

Population Viability Analysis (PVA) 

PVA evaluates the likelihood of a population going extinct over time. By 

including demographic data (birth rates, death rates, migration) along with 

climate and habitat change projections, managers can identify vulnerable 

populations that need urgent action. 

• Example: PVA for giant pandas helps predict future survival under 

habitat loss scenarios. 

 Landscape Change Modeling 

Methods like Cellular Automata (CA) simulate urbanization, 

deforestation, and land-use changes. Such models help predict how future 

landscapes may fragment wildlife habitats and what connectivity solutions 

(like corridors or overpasses) can reduce impacts. 

Ecological Risk Assessment Models 

These models analyze risks posed by pollutants, toxins, or other 

environmental stressors. By linking molecular or cellular changes in 

organisms to population-level impacts, they serve as early-warning 

systems for wildlife health. 

Simulation Models of Animal Movement (SAMMs) 

SAMMs replicate animal migration patterns under different 

environmental scenarios. They predict how climate change or land-use 

shifts may alter migration routes and timing. 
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• Example: Predicting the impact of wind farms on migratory birds’ 

flight paths. 

 Integrated Technologies for Prediction 

Modern wildlife conservation relies heavily on technology to improve 

accuracy and efficiency in prediction. The integration of multiple tools 

provides a holistic view of ecosystems. 

4.2.2 Geographic Information Systems (GIS) 

GIS integrates spatial data to visualize and analyze habitat conditions. It 

helps overlay species distribution maps with climate, vegetation, and 

human activity data, guiding protected area planning. 

Remote Sensing 

Satellites and drones provide real-time data on deforestation, vegetation 

health, and land-cover changes. This large-scale monitoring is essential for 

feeding predictive models with up-to-date inputs. 

Artificial Intelligence (AI) and Machine Learning (ML) 

AI and ML can handle massive ecological datasets from satellites, sensors, 

and camera traps. They uncover patterns in species behavior, habitat use, 

and threats that human analysis may miss. 

• AI for Poaching Prediction: Historical poaching data can be 

analyzed to predict future poaching hotspots, enabling smarter 

law enforcement deployment. 

• Automated Camera Trap Analysis: AI speeds up processing of 

wildlife images, allowing near real-time monitoring of species 

populations. 

 

Challenges and Limitations in Prediction 

Despite technological progress, prediction in wildlife conservation faces 

numerous hurdles. 
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Uncertainty in Ecological Systems 

Ecosystems are complex, with natural variability and incomplete data. 

Unexpected interactions or emergent properties reduce predictive 

accuracy. 

Nonstationary Dynamics 

Ecological systems are not static. Climate change, invasive species, and 

habitat degradation constantly shift ecosystem baselines, making 

predictions based on past data less reliable. 

Socio-Political Context 

Conservation outcomes depend on human actions, including policy 

enforcement, funding availability, and public support. Even accurate 

predictions may fail without political will. 

Limited Field Data 

Long-term ecological data remains scarce, especially in developing 

countries. Models often rely on short-term datasets, which may not fully 

capture long-term trends. 

Future Directions for Predictive Wildlife Conservation 

To improve prediction and conservation planning, the following strategies 

are essential: 

• Strengthening ecological databases through long-term 

monitoring programs. 

• Integrating socio-economic factors into predictive models to 

reflect real-world complexities. 

• Promoting global collaboration for data sharing and technology 

access. 

• Enhancing adaptive management, where predictions are 

continuously updated as new data emerges. 
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SUMMARY 

Prediction of changes and impacts is no longer optional—it is the 

foundation of effective wildlife conservation and management in the 21st 

century. By employing advanced models, technologies, and data-driven 

approaches, conservationists can anticipate threats and implement 

strategies before irreversible damage occurs. While challenges like 

uncertainty and limited data remain, predictive tools provide an invaluable 

roadmap for safeguarding biodiversity against the twin crises of climate 

change and human development. 

Thus, predictive conservation transforms wildlife management from 

reactive protection into proactive resilience-building, ensuring that 

future generations inherit thriving ecosystems. 

A.Multiple Choice Questions:  

Q1. Which predictive model is used to estimate the probability of a 

wildlife population going extinct within a certain time frame? 

a) Climate envelope modeling 

b) Species distribution model (SDM) 

c) Population viability analysis (PVA) 

d) Ecological risk assessment 

Q2. Remote sensing contributes to wildlife conservation prediction 

by: 

a) Providing demographic data on species 

b) Analyzing historical poaching records 

c) Offering large-scale and long-term data on land cover and vegetation 

health 

d) Simulating animal movements 

Q3. Which technology helps predict poaching hotspots through 

analysis of past poaching data? 

a) GIS 

b) Artificial Intelligence (AI) 
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c) Remote sensing 

d) Landscape change modeling 

Q4. Simulation models of animal movement (SAMMs) are primarily 

used to: 

a) Predict future extinction probability 

b) Forecast land-use changes like deforestation 

c) Understand migration routes and timing under environmental changes 

d) Assess ecological risks from pollutants 

Q5. Which of the following is a major challenge in predictive 

modeling for conservation? 

a) Abundance of long-term ecological field data 

b) Nonstationary dynamics caused by climate change and invasive 

species 

c) Accurate knowledge of all ecological system interactions 

d) Absence of technological tools like GIS and AI 

Answer Key 

• Q1. c) Population viability analysis (PVA) 

• Q2. c) Offering large-scale and long-term data on land cover and 

vegetation health 

• Q3. b) Artificial Intelligence (AI) 

• Q4. c) Understand migration routes and timing under 

environmental changes 

• Q5. b) Nonstationary dynamics caused by climate change and 

invasive species 

 

 

 

 



 

118 
                                      MATS Centre for Distance & Online Education, MATS University 

 

WILDLIFE 

CONSERVATION 

AND 

MANAGEMENT 

B.Short Answer Questions 

1. Explain the role of climate envelope modeling in predicting 

future species distribution. How does it help in identifying 

climate refugia? 

2. Describe the significance of Population Viability Analysis (PVA) 

in wildlife conservation. What types of data are required for an 

accurate PVA? 

3. Discuss how Remote Sensing and GIS are integrated into 

predictive models for wildlife management. Provide suitable 

examples. 

4. What are the major challenges and limitations faced in predicting 

ecological changes and their impacts? Explain with reference to 

uncertainty, nonstationary dynamics, and socio-political 

influences. 

5. How can Artificial Intelligence (AI) and Machine Learning (ML) 

contribute to proactive wildlife conservation and management 

strategies? Give examples of their applications. 
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UNIT 4.3 

EIA in India 

4.3 Introduction  

Environmental Impact Assessment (EIA) is a crucial tool in balancing the 

twin goals of economic development and environmental conservation. In 

India, EIA is a mandatory legal process governed under the Environment 

(Protection) Act, 1986, and subsequent notifications issued by the Ministry 

of Environment, Forest and Climate Change (MoEFCC). Its primary 

objective is to evaluate the potential environmental, social, and health 

impacts of proposed development projects before they are implemented. 

When it comes to wildlife conservation, EIA plays a vital role in ensuring 

that large-scale industrial and infrastructural projects do not cause 

irreversible harm to biodiversity. By integrating scientific assessment and 

public participation, the EIA framework seeks to identify, predict, and 

mitigate potential negative effects on wildlife and their habitats. 

4.3.1 Purpose and Scope of EIA in Wildlife Conservation 

The main purpose of EIA in wildlife conservation is to ensure that 

development activities are undertaken responsibly, with due regard to 

biodiversity and ecosystem integrity. 

• Linking development with safeguards: EIA integrates ecological 

considerations into project planning, ensuring that infrastructure, 

mining, or industrial projects do not cause unmanageable threats 

to species or ecosystems. 

• Predicting impacts: EIA aims to predict possible environmental 

consequences at an early stage, thereby allowing decision-makers 

to redesign or modify projects. 

• Mitigation and conservation: The process also emphasizes the 

development of mitigation measures to offset or minimize 

biodiversity losses. 
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In essence, EIA provides a scientific and participatory decision-making 

framework that ensures long-term sustainability. 

Projects Requiring EIA and Wildlife Clearance 

Several categories of development projects are required to undergo an EIA 

process due to their potential impacts on wildlife habitats. These include: 

• Mining projects (coal, iron ore, bauxite, etc.), which often result in 

large-scale deforestation and habitat fragmentation. 

• River valley projects, such as dams, canals, and hydroelectric 

plants, which can submerge forests and alter aquatic ecosystems. 

• Ports and coastal development, leading to the loss of mangroves 

and marine biodiversity. 

• Highways and linear infrastructure, which fragment habitats and 

create barriers to animal movement. 

• Industrial estates and urban expansion, which encroach upon 

wildlife habitats. 

A special provision exists for projects located within Protected Areas 

(PAs) such as National Parks, Wildlife Sanctuaries, Tiger Reserves, and 

Eco-Sensitive Zones, or those within a 10 km radius of their boundary. In 

such cases, specific wildlife clearance is mandatory before the project can 

proceed. 

Core Components of EIA for Wildlife 

When assessing a project’s impact on biodiversity, the EIA process 

incorporates several key components: 

Baseline Biodiversity Survey 

A detailed survey is conducted to map the existing flora, fauna, and 

ecosystem characteristics of the project area. This establishes a reference 

point against which future impacts can be measured. 

Environmental Management Plan (EMP) 
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The EIA report includes a mandatory EMP, which outlines concrete 

strategies for: 

• Avoiding impacts where possible. 

• Minimizing unavoidable impacts. 

• Compensating through habitat restoration, afforestation, or 

relocation. 

Wildlife Conservation Plans 

For projects affecting protected areas, specific Wildlife Conservation 

Plans are designed. These plans may include: 

• Creation of safe passages (overpasses, underpasses, or corridors) 

for animal movement in areas intersected by roads or railways. 

• Habitat restoration projects, such as reforestation and wetland 

recovery, to offset habitat loss. 

• Rescue and relocation measures for sensitive species, if absolutely 

necessary. 

Public Consultation 

A unique aspect of the Indian EIA system is the requirement of public 

hearings for many projects. These hearings allow local communities, 

environmental groups, and scientists to raise objections, ensuring that 

conservation concerns are addressed. 

The Wildlife Clearance Procedure in India 

The wildlife clearance procedure is closely integrated with the broader 

environmental clearance system, but it has its own distinct steps. 

Online Application 

Project proponents are required to submit applications online via the 

PARIVESH portal, ensuring transparency and standardization. 
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Field-Level Scrutiny 

The Divisional Forest Officer (DFO) or Wildlife Warden reviews the 

project on the ground through site inspections and prepares an initial 

report. 

State-Level Review 

The proposal is examined by the Chief Wildlife Warden (CWW), who 

forwards recommendations to the State Board for Wildlife (SBWL). 

National-Level Appraisal 

For projects inside or near National Parks, Sanctuaries, Tiger Reserves, or 

Eco-Sensitive Zones, clearance requires approval from the Standing 

Committee of the National Board for Wildlife (NBWL). 

Decision and Monitoring 

The final decision rests with the MoEFCC, based on the EIA findings and 

expert recommendations. Once clearance is granted, regular monitoring 

and compliance checks are mandatory to ensure mitigation measures are 

effectively implemented. 

Challenges in EIA for Wildlife Conservation 

Despite its comprehensive legal framework, the EIA process in India faces 

several challenges: 

• Implementation Gaps: Although mitigation measures are 

proposed, their enforcement and monitoring often remain weak. 

• Uncertainty in Data: Many regions lack long-term ecological data, 

reducing the accuracy of biodiversity predictions. 

• Socio-Political Influences: Decision-making is often shaped by 

political or economic pressures, sometimes at the cost of ecological 

priorities. 
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• Cumulative Impacts: EIAs are usually project-specific and fail to 

consider the combined impact of multiple projects in the same 

landscape. 

4.3.2 Recent Developments and Future Directions 

Draft EIA Notification 2020 

The proposed amendments to EIA laws in 2020 sparked significant debate. 

Critics argued that relaxation of clearance norms and reduced scope for 

public participation could weaken environmental safeguards. 

Emphasis on Proactive Conservation 

There is a growing call for EIA to go beyond mitigating damage and 

instead actively promote ecological balance through measures like large-

scale habitat restoration and conservation financing. 

Integrated Approaches 

Future EIAs must adopt landscape-level planning, incorporating 

ecological connectivity, wildlife corridors, and advanced ecological 

modelling. Integration of Geographic Information Systems (GIS), remote 

sensing, and Artificial Intelligence (AI) will further enhance predictive 

power. 

Stakeholder Engagement 

Ensuring active participation of local communities, NGOs, and scientific 

institutions is essential for strengthening the credibility and effectiveness 

of EIAs. 

SUMMARY 

The EIA process in India is a powerful instrument for wildlife 

conservation and management, acting as a bridge between development 

and ecological safeguards. By ensuring that biodiversity considerations 

are integrated into project planning, EIA helps prevent irreversible 

ecological damage. However, its success depends on rigorous 

implementation, robust data, and participatory governance. Moving 
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forward, the EIA framework must evolve from a reactive system to a 

proactive conservation tool, ensuring that India’s remarkable wildlife and 

ecosystems are safeguarded for future generations. 

 

A.Multiple Choice Questions 

Q1. Environmental Impact Assessment (EIA) in India is legally 

mandated under which Act? 

a) Wildlife Protection Act, 1972 

b) Environment (Protection) Act, 1986 

c) Forest Conservation Act, 1980 

d) Biological Diversity Act, 2002 

Q2. Wildlife clearance is specifically required for projects located: 

a) Within 20 km of any river 

b) Within 10 km of a protected area boundary 

c) Within 5 km of agricultural land 

d) Inside urban industrial zones 

Q3. Which of the following bodies gives final approval for projects 

affecting National Parks and Wildlife Sanctuaries? 

a) State Board for Wildlife (SBWL) 

b) National Green Tribunal (NGT) 

c) Standing Committee of the National Board for Wildlife (NBWL) 

d) Divisional Forest Officer (DFO) 

Q4. What does the Environmental Management Plan (EMP) under 

EIA primarily include? 

a) Guidelines for industrial production 

b) Mitigation and management measures for environmental impacts 

c) Financial compensation to project developers 

d) Public-private partnership models 

Q5. Which of the following is an example of a mitigation measure for 

wildlife in EIA? 
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a) Granting tax incentives to industries 

b) Constructing safe animal passages along highways 

c) Relocation of local human settlements without planning 

d) Promoting only urban development projects 

Answer Key 

• Q1. b) Environment (Protection) Act, 1986 

• Q2. b) Within 10 km of a protected area boundary 

• Q3. c) Standing Committee of the National Board for Wildlife 

(NBWL) 

• Q4. b) Mitigation and management measures for environmental 

impacts 

• Q5. b) Constructing safe animal passages along highways 

B.Short Answer Questions 

1. Explain the importance of Environmental Impact Assessment 

(EIA) in wildlife conservation and management in India. 

2. Describe the step-by-step process of obtaining wildlife clearance 

for projects that affect protected areas. 

3. What role does the Environmental Management Plan (EMP) play 

in mitigating the negative impacts of development projects on 

wildlife? Provide suitable examples. 

4. Discuss the challenges faced in implementing EIA effectively for 

wildlife conservation in India. 

5. How can EIA be improved to not only mitigate environmental 

impacts but also promote long-term ecological balance and 

wildlife conservation? 
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Summary 

Environmental Impact Assessment (EIA) is a systematic process used to 

identify, predict, and evaluate the environmental consequences of 

proposed projects, plans, or policies before they are implemented. Its 

primary goal is to ensure sustainable development by integrating 

environmental considerations into decision-making. 

• Prediction of Changes and Impacts: 

EIA involves predicting potential impacts on air, water, soil, 

biodiversity, and human health. This includes direct, indirect, 

cumulative, short-term, and long-term impacts. Methods for 

prediction include modeling (e.g., air dispersion, noise), checklists, 

matrices, and expert judgment. Effective prediction helps in 

developing mitigation measures, monitoring programs, and 

alternatives to minimize negative impacts. 

• EIA in India: 

In India, EIA became mandatory under the Environmental 

Protection Act, 1986. The Ministry of Environment, Forest and 

Climate Change (MoEFCC) oversees the EIA process. The EIA 

Notification of 1994 was a milestone, later superseded by the 2006 

Notification, which introduced a more structured approach, 

including screening, scoping, public consultation, and appraisal. 

Projects are categorized into Category A (appraised at central 

level) and Category B (appraised at state level). Public hearings 

and stakeholder participation are integral parts of the process, 

ensuring transparency and accountability. 

 

A.Multiple Choice Questions (MCQs) 

1. The main objective of EIA is: 

a) Increase industrialization 

b) Assess environmental impacts before project implementation 

c) Maximize resource extraction 
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d) Enhance GDP growth 

Answer: b) Assess environmental impacts before project 

implementation 

2. Which Act made EIA mandatory in India? 

a) Wildlife Protection Act, 1972 

b) Water Act, 1974 

c) Environmental Protection Act, 1986 

d) Forest Conservation Act, 1980 

Answer: c) Environmental Protection Act, 1986 

3. Which year was the first EIA Notification issued in India? 

a) 1986 

b) 1991 

c) 1994 

d) 2006 

Answer: c) 1994 

4. Projects under Category A in EIA (India) are: 

a) Cleared by State Authorities 

b) Cleared by Central Government (MoEFCC) 

c) Exempted from clearance 

d) Cleared by local bodies 

Answer: b) Cleared by Central Government (MoEFCC) 

5. Which of the following is NOT a method of impact prediction? 

a) Checklist method 

b) Overlay mapping 

c) Dispersion modeling 

d) Photosynthesis analysis 

Answer: d) Photosynthesis analysis 

6. Public consultation in EIA includes: 

a) Only project proponents 

b) Only government agencies 

c) Stakeholders and local communities 
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d) International bodies only 

Answer: c) Stakeholders and local communities 

7. Cumulative impact refers to: 

a) Single activity impact 

b) Combined effect of multiple activities over time 

c) Short-term impacts only 

d) Impacts that occur naturally without human interference 

Answer: b) Combined effect of multiple activities over time 

8. The scoping stage in EIA involves: 

a) Implementing mitigation measures 

b) Identifying key issues and impacts for study 

c) Conducting final project appraisal 

d) Issuing environmental clearance 

Answer: b) Identifying key issues and impacts for study 

9. In India, Category B projects are appraised at: 

a) National Green Tribunal 

b) State Environmental Impact Assessment Authority (SEIAA) 

c) Ministry of Finance 

d) Central Pollution Control Board 

Answer: b) State Environmental Impact Assessment Authority 

(SEIAA) 

10. The EIA Notification 2006 emphasizes: 

a) Ignoring public opinion 

b) Faster clearance without assessment 

c) Screening, scoping, public consultation, appraisal 

d) Industrial expansion without limits 

Answer: c) Screening, scoping, public consultation, appraisal 

 

B.Short Answer Questions 

1. Define Environmental Impact Assessment (EIA). 
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2. What are the key objectives of EIA? 

3. Mention any two methods used in impact prediction. 

4. Differentiate between direct and indirect impacts. 

5. Write a short note on cumulative impacts. 

6. What is the importance of public consultation in EIA? 

7. State two differences between the EIA Notification of 1994 and 

2006. 

8. What is the role of SEIAA in India’s EIA process? 

9. Explain why EIA is important for sustainable development. 

10. Name two projects that typically require mandatory EIA in India. 

 

C.Long Answer Questions 

1. Discuss the process and importance of Environmental Impact 

Assessment. 

2. Explain the different types of environmental impacts predicted in 

EIA. 

3. Describe the methods used for impact prediction and their 

applications. 

4. Outline the steps of the EIA process as per the 2006 Notification. 

5. Discuss the role of public participation in EIA. 

6. Compare the 1994 and 2006 EIA Notifications in India. 

7. Evaluate the effectiveness of EIA as a tool for sustainable 

development. 

8. Describe the institutional framework of EIA in India. 

9. Discuss challenges in implementing EIA in India. 
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10. Suggest strategies to strengthen the EIA process in India. 
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