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Chapter-1

Introduction

1.1 Introduction

Two of the most serious challenges that we are confronted with in the present day are the
fragmentation of existing habitats and the loss of additional habitats. The bulk of these
problems are the result of human activity, such as the expansion of infrastructure, the growth
of metropolitan areas, and the practices of agricultural production. According to Sekhar
(2016),! The expansion of human populations results in a reduction in the number of natural
habitats, which in turn contributes to the deterioration and fragmentation of ecosystems.
Continued repetition of this cycle will continue until all natural habitats have been eradicated.
In consequence, this condition creates changes to the movement patterns of wildlife
populations, which in turn causes ecological problems. In addition, human-wildlife conflict
has develop into a major concern in a number of places across the country over the course of
the past several years. According to Atreya et al. (2015),2 There are a number of factors that
lead to the escalation of conflicts between humans and animals. These factors include
competition for resources, invasions into wildlife habitats, and retaliatory kills. Due to these
conflicts, there is an immediate threat to both the livelihoods of humans and the efforts that are
being made to preserve animals for future generations.

The deterioration of habitats, conflicts between humans and animals, illegal hunting, pollution,
and climate change are some of the fundamental environmental concerns that have an effect
on wildlife in India. Other factors that have an influence on wildlife include the destruction of
ecosystems. The scope of this research encompasses all of these issues. The purpose of this
study is to analyze the complex link that exists between socioeconomic factors, policy
frameworks, and ecological dynamics, all of which are responsible for the formation of the
conservation landscape in India. This is accomplished by conducting a complete assessment
of relevant literature and doing case studies. It is necessary to make a cohesive effort that
includes government agencies, non-governmental organizations, local communities, and other
stakeholders in order to address the environmental problems and threats that are faced by
wildlife in India. It is possible for us to work towards a future in which India’s abundant

biodiversity may flourish in peace with human society if we raise awareness, enhance

! Sekhar, N. U. (2016). Forty years of deforestation and biodiversity loss in India. Current Science, 111(6),
10311036.

2 Athreya, V., Odden, M., Linnell, J. D., Krishnaswamy, J., & Karanth, U. (2015). Big cats in our backyards:
persistence of large carnivores in a human dominated landscape in India. PloS one, 10(3), €0119071.
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conservation measures, and promote sustainable development practices.

1.2 Rationale of the Study

Changes in the environment have a direct impact on the kinds of species that exist in nature.
As a result of the significant and frequent changes in climate, animal sanctuaries are becoming
increasingly vulnerable, and as a result, their ability to shift and adapt to new habitats is
becoming increasingly important to their continued existence. Because there are not enough
strong environmental rules in place, developing countries are confronted with a multitude of
difficulties when it comes to addressing the issue of climate change. According to Kompas,
Pham, and Che (2018),2 this was the primary research problem that was addressed in the
dissertation. The frequent occurrence of climate change has a disastrous effect on the health of
animals, which is the primary factor in the loss of biodiversity. The effects of the severe climate
change have also had a negative impact on the economic performance of developing countries.
According to Rojas-Downing et al. (2017), developing countries do not have any policies in
place to protect the economy and the environment with protection measures. As a result, it is
possible to state that the problem of set research is still present in the work that is done in
environmental research. With regard to the Indian setting, the current dissertation places an
emphasis on determining the underlying causes of climate change and the influence that it has
on wild life and biodiversity. In addition, the research will include the identification of the
measures that have been implemented in order to alleviate the negative impact that enormous

climate changes have had on the environment.

1.3 Research Objectives and Methodology
The research study’s primary goal is to critically evaluate the long-term consequences of global
warming-related climate change on animal survival and how it affects India. In light of the

aforementioned, the following goals are explicitly stated in this study:

o To determine the causes of global warming in India
o To minutely scrutinize the hazardous effect of global warming on wild life in India
o To identify the legal and environmental policies that are applied by the Indian

government to protect animals from climate change and global warming.

Research Methodology

3 Kompas, T., Pham, V. H., & Che, T. N. (2018). The effects of climate change on GDP by country and the global
economic gains from complying with the Paris climate accord. Earth's Future, 6(8), 1153-1173.
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The present study has adopted doctrinal research method, wherein reference has been made of
various primary sources in the form of relevant Acts and Statutes, secondary sources in the
form of legal books, journal articles, governmental and private reports, newspaper articles etc
have been extensively explored to collect relevant data for this study. Many relevant case laws

were also analyzed and refereed in this study.
1.4 Research Questions

For systematically executing the research purpose, the research work has formed three precise

questions, which are:

o What are the causes of global warming especially in India?
o What is the hazardous effect of global warming on the survival of animals on the earth?
o What are the legal and environmental policies that are applied by India in protecting

animals from climate change?
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1.5 Significance of the Study

Numerous studies have been conducted in this area to determine how climate change affects
animal lives.* India is chosen as a developing nation in this instance. Additionally, the study
will show how India’s environmental and legal policies are used to safeguard wild life from
climate change brought on by global warming. As a result, one could argue that the research
project has a special goal for establishing a position in legal-enviro research.

1.6 Literature Review

Brambilla et al. (2018) state that everything on earth is connected to everything else in the solar
system, therefore, if there is a rapid change in anything, then everything else will also be
changed. In the same way that people require certain conditions in order to survive and thrive,
the flora and fauna of the planet also require certain conditions. As a result of global warming
and changes in temperature, the Intergovernmental Panel on temperature Change has
determined that the Polar Regions are the regions that are now experiencing the most impact.
Mammals such as whales and dolphins can be found in a variety of habitats across the planet.
Mammalian reactions are being altered all across the world as a result of the drastic climatic
change that is occurring as a direct result of global warming.®

According to Keeley, Beier, and Gagnon (2016), the number of reindeer and caribou is also
decreasing during this time period because these animals are dependent on the tundra regions
for the provision of forage. As a result of the movement of global warming and climate change
toward the north, many species are experiencing increased challenges in their efforts to find
food and raise their young.®

Ortega, Mencia, and Pérez-Mellado (2016) made the observation that invertebrates constitute
more than ninety percent of the total animal species species. Despite the fact that invertebrates
are very modest in size, they play a particularly significant function in the ecosystem. Insects
such as ants, bees, moths, and other invertebrates play a significant part in the transformation
of pollen, which is of critical significance for the development and production of a wide variety
of fruits and vegetables. Because of the effects of global warming, the budworms are now

reproducing in Alaska, which is located further north. In addition, it has been observed that

4Root, T., Price, J., Hall, K. et al. (2023). Fingerprints of global warming on wild animals and plants. Nature 421,
57-60

5> Brambilla, M., Resano-Mayor, J., Scridel, D., Anderle, M., Bogliani, G., Braunisch, V., ...&Sangalli, B. (2018).
Past and future impact of climate change on foraging habitat suitability in a high-alpine bird species: Management
options to buffer against global warming effects. Biological conservation, 221, 209-218.

b Keeley, A. T., Beier, P., & Gagnon, J. W. (2016). Estimating landscape resistance from habitat suitability: effects
of data source and nonlinearities. Landscape Ecology, 31(9), 2151-2162.
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invertebrates, which include organisms that cause illness and pests, are moving towards the
northern hemisphere and also to higher elevations.’

In accordance with Halofsky et al. (2018), the phenomena of global warming has directly
caused a shift in the distribution range of every single animal species. This shift has occurred
as a direct consequence of the increase in temperature. Additionally, the great increase in global
warming has a significant impact on birds, which leads in a considerable impact. This is a
result of substantial impact. The presence of birds is a significant factor that contributes to the
process of pollination and the dissemination of seeds.®

According to Alroy (2017), the majority of environmentalists have found that birds are
breeding earlier, while migratory species are reported to be modifying their habitats. This is a
discovery that has been recognized by environmentalists. There has been a significant amount
of observation of this occurrence. The movement of the trees is occurring in a direction that
is northerly, which is in conjunction with the phenomena of global warming. Consequently,
the number of birds that nest is also dramatically reducing as a direct consequence of this
condition.

As a further point of interest, Wiens (2016) has said that the tundra areas and the habitat of a
wide range of species are diminishing as a consequence of the rising sea level. A further
consequence of this is that the breeding of the birds is being disrupted, which ultimately results
in a decrease in the number of birds that are found in these regions.® Alroy (2017) states that
the majority of environmentalists have discovered that birds are nesting earlier, and that
migratory species are altering their habitats. This information is based on the findings of
environmentalists. This is a discovery that has been acknowledged by many who do
environmental activism. There has been a considerable amount of attention paid to the
observation of this phenomenon. The trees are moving in a direction that is northerly, which
is in combination with the phenomenon of global warming. This movement is occurring
concurrently with the phenomenon. This condition is directly responsible for the drastic
decrease in the number of birds that are nesting, which is a direct result of the condition.

As an additional point of interest, Wiens (2016) has said that the tundra regions and the habitat

" Ortega, Z., Mencia, A., & Pérez-Mellado, V. (2016). Behavioral buffering of global warming in a cold-adapted
lizard. Ecology and Evolution, 6(13), 4582-4590.

8 Halofsky, J. E., Peterson, D. L., Dante-Wood, S. K., Hoang, L., Ho, J. J., & Joyce, L. A. (2018). Climate change
vulnerability and adaptation in the Northern Rocky Mountains [Part 1]. Gen. Tech. Rep. RMRS-GTR-374. Fort
Collins, CO: US Department of Agriculture, Forest Service, Rocky Mountain Research Station. p. 1-273., 374, 1-
273.

% Wiens, J. J. (2016). Climate-related local extinctions are already widespread among plant and animal species.
PLoS biology, 14(12), e2001104.
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of a broad variety of species are disappearing as a result of the rising sea level. This is a subject
that is certainly worth considering. One other effect of this is that it is causing disruptions in
the breeding process of the birds, which ultimately leads to a reduction in the total number of
birds that can be found in these areas.°

According to the findings of Nagelkerken, Doney, and Munday (2019), the species of fish are
also experiencing negative consequences as a consequence of the gradual increase in global
warming. In addition to the many kinds of organisms that are being negatively affected, this is
also happening. In different parts of the world, there are a number of different species of fish
that are found in smaller proportions. There are a number of reasons that are having an effect
on the other aquatic resources as well. These include the increasing temperature of the water,
the increased lake levels, the change in seasonal flow, and the quality of the water. Because of
this, the entire aquatic environment is being affected by global warming, which is also having
a negative influence on the diversity of species, the productivity of the species, and the
dispersion of the species around the planet. This is something that is happening as a
consequence of this.!*

The researchers Sorte et al. (2019) have made the discovery that the higher temperatures that
are experienced throughout the winter months are causing a considerable decrease in the
survival rate of a large number of different kinds of fish. As a consequence of the enormous
changes that have taken place in the climate, the management of marine life has also become
more challenging. The phenomenon of global warming, which is among the factors that are
leading to the deterioration of the environment, is having a detrimental effect on marine life.
Marine environmentalists have observed that the rising in temperature of the water is
responsible for the harm that is being caused to some kinds of fish that are particularly
vulnerable. One example of this is the South American perjury, which can result in the
generation of more than 95% of males.*?

It has been said by Bradley et al. (2019) that a nation like India is home to a diverse range of
environments that are suitable for a diversity of animal species. This might be put in peril if
the natural resources are not examined in a timely manner and in accordance with the proper

criteria. The quantity and variety of the natural resources are of the highest significance to the

10 Rossati, A. (2017). Global warming and its health impact. The international journal of occupational and
environmental medicine, 8(1), 7.

11 Nagelkerken, 1., Doney, S. C., &Munday, P. L. (2019). H5 Consequences of Anthropogenic Changes in the
Sensory Landscape of Marine Animals. In Oceanography and Marine Biology. Taylor & Francis.

2 Bradley, B. A., Laginhas, B. B., Whitlock, R., Allen, J. M., Bates, A. E., Bernatchez, G., & Sorte, C. J. (2019).
Disentangling the abundance—impact relationship for invasive species. Proceedings of the National Academy of
Sciences, 116(20), 9919-9924.
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Indian culture. A healthy ecosystem for wildlife and animals is comprised of a number of
critical components, including the temperature, the availability of food and freshwater, and the
areas where animals may breed and nurse their young. The effects of climate change and global
warming not only have an effect on the aspects of habitat that animals inhabit, but they also
have an impact on the animals’ ability to survive, which puts the natural resources in jeopardy.
The research conducted by Bennett (2017) indicates that the increase in the temperature of the
ocean will lead to a decrease in the number of aquatic species that require cold water in order
to survive. The coral bleaching that has been occurring as a result of the higher warmth has
been causing the ecosystem to collapse. As an additional topic of concern, global warming is
a cause for concern since it will lead to a decrease in the level of water, an increase in the level
of erosion, and a degradation of the animals that live in the water. Other than that, the
availability of food for migratory animal species is being altered as a result of global warming,
which is causing them to hatch or bloom earlier than they would normally. As a consequence
of this, the quickening of the rate of increase in global warming has led to the extinction of a
significant number of species, as well as the threat of extinction for a huge number of other
species. Concerning this topic, the species that have been most at risk of extinction have been
those that do not migrate and are unable to shift to a different location.3

1.7 Historical Perspective on Wildlife Conservation in India

An exhaustive and extensive history that is firmly ingrained in the cultural and religious norms
of India is the relationship that the nation has with its diverse types of animals. This relationship
has been at the center of India's history. The relationship between these two parties has been
handed down from one generation to the next. Two examples of ancient Indian literature that
emphasize the relevance of wildlife and give suggestions for the preservation of diverse species
are the Vedas and the Arthashastra. Both of these texts were written several centuries ago.
Each of these compositions was composed in the country of India. Furthermore, the value of
animals is underlined in both of these pieces of writing because of their importance. Emperor
Ashoka was the individual who was responsible for authoring some of the earliest recorded
legislation addressing animal protection during the time that the Mauryan Empire existed,
which lasted from around 322 BCE to 185 BCE. This piece of legislation was passed into law
during the time that the Mauryan Empire was in power. As part of his Dhamma (righteousness)
agenda, he pushed for a number of different things, two of which were the preservation of

forests and the preservation of biodiversity. On the other hand, the colonial period was

13 Bennett, L. (2017). Deforestation and climate change. A publication of climate institute, 1400.
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distinguished by a significant shift that took place during the course of its term, which spanned
many centuries. A considerable amount of deforestation and a reduction in the number of
animal populations occurred as a direct consequence of the policies that were put into place by
the government of the United Kingdom. The exploitation of resources and the hunting of
wildlife were the primary focuses of these strategies. The extinction of a variety of various
kinds of flora and wildlife was one of the additional repercussions that occurred as a result of
this. Following the attainment of its independence, India became conscious of the importance
of putting into practice systematic conservation initiatives for the preservation of its
biodiversity. All of these efforts were made with the intention of protecting the country's
abundant biodiversity. A breakthrough piece of legislation known as the Wildlife Protection
Act of 1972 was enacted into law in 1972 with the purpose of establishing a legal framework
through which endangered animals and the surroundings in which they are situated may be
preserved. This legislation was approved into law in 1972. The establishment of a number of
national parks and wildlife sanctuaries around the country of India is intended to serve as a
demonstration of the government's commitment to the conservation of its natural heritage. The
Jim Corbett National Park and the Kaziranga National Park are two examples of these kind of
parks for example.

India’s Major Ecosystems and Biodiversity Hotspots

NATIONAL PARKS AND WIHLDLIFE SANCTURIES

A

India is differentiated by the several ecosystems that it boasts, each of which is home
to a different kind of plant and animal life. These ecosystems are what give India its unique
character. The country of India is home to a diverse range of ecosystems, each of which is
home to a unique collection of plant and animal species. Landscapes may be found all across

the country, ranging from the Himalayan Mountain range in the north to the coastal areas in
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the south, and from the arid deserts of Rajasthan to the lush rainforests of the Northeast. There
is a broad variety of landscapes that can be found around the nation. There is a wide range of
landscapes that may be found around the nation due to its geographical diversity. The
Himalayan Mountains are among the most distinctive elements of the country's scenery, and
they are also among the most prominent features.

There are three types of ecosystems that make up the Himalayan Ecosystem: glacier areas,
alpine meadows, and temperate woodlands. Each of these types of ecosystems will be
discussed in further depth in the following paragraphs. There are a wide variety of species that
make this location their home, including the snow leopard, the red panda, and the Himalayan
tahr, in that particular order.

The Gangetic Plains are distinguished by the presence of a substantial quantity of alluvial soils,
which is one of the most defining characteristics of these places. It is possible to participate in
a broad variety of agricultural activities on these soils because of the features that they possess.
These plains are home to a wide variety of species, including the Ganges River dolphin and a
significant number of birds that travel through the region. These are just two instances of the
many different kinds of creatures that exist in this region.

The United Nations Educational, Scientific, and Cultural Organization (UNESCO) has
designated the Western Ghats as a National Heritage Site. This designation was made due to
the fact that the Western Ghats are exceptional in terms of the endemism and biodiversity that
they contain. The Nilgiri tahr and the lion-tailed macaque are only two of the numerous species
that can be found there. In addition to the innumerable native plant and animal species that
may be found there, there are also a great number of species that may be discovered there.
throughout reality, there are hundreds of distinct species found throughout the world.

This is despite the fact that the Eastern Ghats have been exposed to a smaller amount of
research in contrast to its western counterpart. Despite this, the Eastern Ghats are home to a
significant quantity of biodiversity. One example of an animal that belongs to this category is
the Eastern Ghats gecko. Another example is the Jerdon's courser, which is a species that is
extremely uncommon.

Despite the fact that it is distinguished by its arid conditions, this ecosystem is home to a large
range of creatures that are not found anyplace else in the world. A variety of diverse reptiles,
as well as the Indian bustard and the desert fox, are examples of the species that fall into this
category. Because of the dryness of the settings, this unique place is marked by its
circumstances.

Because the Sundarbans are the biggest mangrove forest in the world, this location is of the
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utmost importance for the continued existence of a vast number of bird species. These include,
amongst other sorts of birds, the Bengal tiger and the estuary crocodile. In addition, the
Sundarbans are home to both of these species.

The Hoolock gibbon, the Indian rhinoceros, and a large range of orchids and other forms of
vegetation can all be found in this region, which is also a part of the Indo-Burma biodiversity
hotspot. In addition, this region is home to a broad variety of animals. There is a wide variety
of plant and animal species that may be found in the Northeastern region, which is home to
extensive rainforests.

1.7.1 Key Wildlife Species in India

Due to the fact that it is home to a large number of different species and has one of the most
diverse ecosystems in the world, India is considered to be one of the countries that has the
highest biodiversity in the whole globe. Additionally, India is one of the countries that leads
the globe in terms of the amount of biodiversity that it possesses. One of the possible habitats
for the Panthera tigris species is India, which is home to around seventy percent of the total
tiger population in the globe. It is more probable to come across tigers in protected areas such
as Ranthambore, Bandhavgarh, and the Sundarbans, in that order. All of these places are
located in India.

Elephas maximus, also known as Asian Elephants, is a species of elephant that can be found
in a number of different regions across India. These regions include the Western Ghats,
Northeast India, and the forests of Central India. Elephas maximus is also commonly referred
to as Asian Elephants. They play a significant role in the process of preserving ecological
equilibrium, which is achieved by their presence. This is a crucial aspect of the process.
Known by its scientific name, Rhinoceros unicornis, the Indian Rhinoceros is a species of
rhinoceros that is mostly discovered in Kaziranga National Park, which is located in the state
of Assam. The qualities that set this monster apart from others include a single horn and skin
that has the appearance of armor.

The Snow Leopard, also known as Panthera uncia, is a solitary and evasive animal that is
unique to the Himalayas and serves as a symbol of the environment that is present in the alpine
region. It is a large cat that is native to the Himalayas. Additionally, it is referred to by its
scientific name, which is Panthera uncia. In addition to being known as Panthera pardus fusca,
the Indian Leopard may be discovered in a diverse assortment of environments. Panthera
pardus fusca is the name given to it by naturalists. Examples of environments that are included
in this category are tropical woodlands and the fringes of metropolitan regions. Both of these

types of environments are natural. One of the most astonishing things about the Indian Leopard
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is how effectively it can adjust to its surroundings.

The country of India is home to more than 1,300 distinct species of birds, each of which boasts
a unique collection of characteristics that are unique to that particular species. The Great Indian
bustard, the Indian peafowl, which is the national bird of the country, and a number of
migratory species that frequent the subcontinent on a seasonal basis are some of the birds that
can be found in this region. Other birds that can be seen here include the Indian peafowl.
1.7.2 Environmental Issues Facing Wildlife in India

India, which is recognized for its plentiful and diverse wildlife, is currently facing a myriad of
environmental challenges that constitute a significant danger to its fauna. These challenges are
a result of the country's environmental problems. In addition to the consequences of climate
change, some of the most significant issues are the loss and fragmentation of habitats, conflicts
between people and animals, illegal wildlife trade and poaching, contamination and pollution
of natural ecosystems, and the negative impacts of climate change.

Both the loss of habitat and the fragmentation of habitat are two of the most major risk factors
for wildlife in India. Loss of habitat and fragmentation of habitat are two of the most significant
risk factors. The fast development of metropolitan areas, the extension of agricultural land, the
construction of infrastructure, and the removal of forests are all factors that have led to the
significant deterioration of natural ecosystems.** According to Karanth and Nichols (2000),
due to this new development, there has been an increase in the number of instances that have
been reported. The effect of this is that crops are constantly damaged, cattle are preyed upon,
and there are occasional cases of human casualties, which in turn leads to the murder of animals
as a kind of retaliation. Elephants and huge cats, such as leopards and tigers, are regularly
involved in these fights, as stated by Fernando et al. (2008). There are many other animals that
are involved. The fact that this is the case makes it far more difficult for conservationists to
address the issues that they are required to deal with.

Illegal hunting and poaching Poaching and illegal wildlife trade are two main causes that
represent considerable threats to India's biodiversity. Poaching as well as illegal wildlife trade
are also crucial. Despite the existence of stringent laws, illegal hunting for animal parts such
as fur, bones, skin, and other animal parts continues to occur because of the high market

demand that exists both locally and worldwide. This demand is the driving force behind the

14 Reddy, C. S., et al. (2018). Quantifying the extent of deforestation and forest fragmentation in India during
2001-2010. Environmental Monitoring and Assessment, 190(9), 552.

15 Karanth, K. U., & Nichols, J. D. (2000). Monitoring tigers and their prey: a manual for researchers, managers,
and conservationists in tropical Asia. Centre for Wildlife Studies.
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continuing of illegal hunting. The most often targeted animals include tigers, elephants, and
rhinoceroses, among others. Other species include rhinoceroses and elephants. According to
Rosen and Smith (2020), the illicit trade in rhino horns, tiger parts, and ivory not only
contributes to the extinction of populations but also works as a barrier to the effectiveness of
conservation measures. This is particularly true for rhino horns. It is imperative that anti-
poaching measures and improved enforcement be implemented in order to reduce the severity
of this danger.t®

Pollution and the Contamination of Natural Habitats Pollution, which includes such things as
industrial discharge, agricultural runoff, and waste plastic, has a significant impact on the
natural habitats that animals inhabit in India. Additionally, pollution is a crucial factor that
contributes to the contamination of natural environments around the world. According to
Sundar and Kittur (2023), water pollution caused by pesticides and heavy metals contaminates
rivers and wetlands, which has a negative influence on aquatic life as well as terrestrial
creatures that are dependent on these natural water sources.!’ As a result of marine life
swallowing plastic garbage or becoming entangled in it, plastic pollution poses substantial
threats to marine life. In addition, air pollution has an impact on forest ecosystems, which can
change the makeup of species and their overall health.*®

1.7.3 Climate Change Impacts on Wildlife

An increasing number of animals in India are being put in danger by the effects of climate
change. The life cycles of species and ecosystems are disrupted when there is a change in the
patterns of temperature and precipitation. For example, changes in monsoon patterns have an
effect on the availability of water and food sources, which in turn leads to changes in the
distribution and behavior of species (Chaturvedi et al., 2011). These results are the result of
the interaction between these two elements, which led to these consequences.

1.7.4 Specific Wildlife Species Face the Following Dangers

Tigers: There is a substantial population of tigers in India, the most majority of which may be
found in their natural habitats, which are protected regions and reserves. India is home to a
sizeable population of tigers. Despite all the attempts that have been made to solve these

concerns, India is a country that is facing habitat degradation, illegal hunting, and

16 Rosen, G. E., & Smith, K. F. (2010). Summarizing the evidence on the international trade in illegal wildlife.
Eco Health, 7(1), 2432.

17 Sundar, K. S. G., & Kittur, S. (2013). Can wetlands maintained for human use also help conserve biodiversity?
Biological Conservation, 168, 4956.

18 Gupta, A. K., Karar, K., & Srivastava, A. (2025). Chemical characterization of PM2.5 and PM10 in an urban
area of Kolkata, India. Atmospheric Research, 87(1), 6272.
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confrontations between humans and animals. These problems are occurring despite the
numerous efforts that have been made. There are a number of factors that pose a risk to tigers,
including the deterioration of their natural habitat, the unlawful killing of animals, and conflicts
between people and other animals themselves. India, along with a number of other nations, is
one of the countries that is suffering a decline in environmental conditions.'® In addition,
climate change causes changes in migratory patterns and breeding cycles, which poses a threat
to species that are dependent on certain climatic conditions, as stated by the conclusions of a
research about climate change.?

Marine Life - Pollution, Habitat Degradation, and Overfishing: Marine ecosystems in India are
facing significant challenges as a consequence of pollution, overfishing, and habitat
degradation. These factors are contributing to the destruction of habitat. Degradation of the
environment is another aspect that contributes to the problem. There are a number of factors
that have a substantial influence on marine biodiversity, including pollution caused by plastic,
the growth of coastal districts, and industrial discharge. One of the most significant
contributors to pollution is also plastic contamination. Both coral reefs and mangroves, in
addition to marine species, are affected by these elements. There is also an influence on marine
animals.?* The excessive harvesting of fish populations leads to the depletion of fish
populations, which in turn leads to disturbances in the marine food chain and poses a threat to
the lives of people who are dependent on fishing for their living. There are a number of factors
that contribute to the decline of marine species, one of which is the deterioration of ecosystems,
which includes the disappearance of coral reefs and mangroves. For the purposes of
reproduction and providing a safe haven, these environments are essential to the survival of

various species.??

Chapter-2
Climate Change and Wildlife Biodiversity

2.1 Introduction

19 Karanth, K. U., & Gopal, R. (2025). "An ecology based policy framework for humantiger coexistence in India."
Population Ecology, 47(3), 7989.

2 Sundar, K. S. G., & Subramanya, S. (2020). "Bird use of rice fields in the Indian subcontinent." Waterbirds,
33(spl), 4470.

2 Jayasiri, H. B., et al. (2023). "Quantitative analysis of plastic debris on recreational beaches in Mumbai, India."
Marine Pollution Bulletin, 77(12), 107112.

22 patil, V., et al. (2020). "Status and Conservation of Coral Reefs in India." In "Marine Pollution and Microbial
Remediation." Springer.
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According to Kahraman et al. (2012),2% The term "biodiversity" refers to the complete and total
diversity of life on all levels. This includes the diversity that occurs within species, the diversity
that is found between species, and the variety of environments that are present. During the
United Nations Conference the Environment and Development, which took place in Rio de
Janeiro on June 5, 1992, the concept of biodiversity that is most often recognized was adopted.
This term was developed during the conference. This term may be found in Article 2 of the
Convention on Biological Diversity. The convention states that “biological diversity means the
variability among living organisms from all sources, including, inter alia, terrestrial, marine,
and other aquatic ecosystems and the ecological complexes of which they are part; this includes
diversity within species, between species, and of ecosystems”.

The word “wildlife biodiversity” can be described as all of the conceivable variations in
wildlife species (flora and fauna), their ecosystems, and the intricate ecological processes and
linkages that exist between them. This definition is derived from the topic that was mentioned
above. The natural ecological process is significantly impacted by biodiversity, which
performs a necessary role.?* Since the beginning of the last several decades, biodiversity has
been diminishing at a startling rate, which is a growing cause for concern as the environmental
trends that are now occurring get more severe.?® The most significant contributors to the
decline of biodiversity are the following: over exploitation, the destruction of habitats,
urbanization, and, most importantly, climate change caused by human activity.

The alterations in the global climate, which are either direct or indirect outcomes of acts carried
out by people over the course of the previous few decades, are a significant contribution to the
loss in the biodiversity of species. These changes have occurred during the course of the
twenty-first century. According to the results of Dobson et al. (1989), experts are of the opinion
that climate change has the capacity to have a large influence on ecosystems across all latitudes
and may worsen the dangers that are currently present to the biodiversity of species. This
possibility is supported by the fact that climate change has the ability to take place. The author
claims that climate change manifests itself in a variety of ways that have an impact on the
biodiversity of the worldwide animal population. Changes in the distribution of species, shifts

in demographic rates, the resurgence and emergence of diseases, genetic loss as well as

23 Kahraman, A., Onder, M., Ceyhan, E., 2012. The importance of bio-conservation and biodiversity in Turkey.
International Journal of Bioscience, Biochemistry and Bioinformatics 2, 95. http://www.10.7763/JBBB.2012
V2.79

2 Alho, C.J.R., 2008. The value of biodiversity. Brazilian Journal of Biology 68,1115-1118.
http://www.10.1590/s-69842008000500018.

% Franklin, S. E., 2010. Remote sensing for biodiversity and wildlife management: Synthesis and applications.
McGraw-Hill Education. 1st edn, New York
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extinction, the loss of habitat, the loss of soil fertility, nutritional stress, an overall decrease in
population size, and the spread of invasive species are some of the effects that fall under this
category. “Changes in abiotic factors such as environmental temperature, precipitation, wind
patterns, and seasonality can result in an alteration of the structure and function of ecosystems,
resulting in changes in the distribution patterns of associated flora and fauna.”?®

It has been determined through an analysis of current environmental patterns and projections
for the future that climate change has the potential to dramatically impact the biodiversity of
wildlife, even if the changes that are projected appear to be relatively slight. According to
Kilpatrick (2006),%” there is evidence from the past that demonstrates that sudden changes in
climate have been the impetus for evolutionary adaptations for both plant and animal species.
As is the case with all evolutionary processes, some species may be able to adjust to new
climatic circumstances and thrive in them, while other species may undergo population

reductions or even risk extinction.

2 Markham, A., Malcolm, J., 1996. Biodiversity and Wildlife: Adaptation to climate change. In: Smith J.B et al.
(eds) Adapting to Climate Change. Springer, New York

27 Kilpatrick, A.M., 2006. Facilitating the evolution of resistance to avian malaria in Hawaiian birds. Biological
Conservation 128, 475-485

28 Hannah, L., Midgely, G.H., Bomhard, B., 2005. The view from the Cape: extinction risk, protected areas, and
climate change. BioScience 55, 231-242
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2.2 Importance of conserving wildlife biodiversity

Since the beginning of time, the human race has been reliant on the biodiversity of the animal
kingdom. There has been a significant decrease in the biodiversity of animals in recent years,
primarily as a result of unsustainable anthropogenic activity and the environmental
repercussions that are linked with it. This is despite the fact that there are several benefits and
advantages. In the initial step toward the preservation of the world’s wildlife biodiversity, the
ecologist Norman Myers identified places that were abundant in biodiversity.?° This was the
first step in global wildlife conservation. ‘Biodiversity Hotspots’ are places that are
characterized as areas that are rich in species, have high endemism, and are undergoing
substantial habitat degradation. These regions are referred to as “the biodiversity hotspots.”
These hotspots are very susceptible to anthropogenic disturbances, and a considerable fraction
of these ecosystems are now only present within protected areas.®® At the moment, there are
36 officially recognized wildlife biodiversity hotspots all over the world. These hotspots are
regarded to be the most ecologically rich yet most vulnerable locations on the planet. These
hotspots collectively comprise just around 2.5% of the entire terrestrial surface of the Earth,
despite the fact that they are extremely important from an ecological standpoint.

The improper management of biological resources by humans is the root cause of the
alarmingly rapid increase in the number of hazards to ecosystems and species. Every single
form of life is one of a kind and has the right to be maintained, regardless of how valuable they
are to human beings. The biodiversity of wildlife not only contributes to the provision of
ecological services, but it also offers utilitarian value in the form of biological resources and
enhances the aesthetic value of the natural environment.3

People find that the natural environment can provide them with a source of enjoyment in the
form of leisure activities such as bird watching, spot hunting, diving, mushroom picking, or
simply seeing nature in its natural state. Known as ecotourism, a large portion of tourism is
based around animals. This type of tourism is becoming increasingly popular. According to
the findings of a research that was carried out in 2006 by the United States Fish and Wildlife
Service’s National Survey of Fishing, Hunting, and Wildlife-linked Recreation, around 87

million people in the United States participated in some kind of recreational activity that was

2 Myers, N., Mittermeier, R.A., Mittermeier, C.G., Da Fonseca, G.A.B., Kent, J., 2000. Biodiversity hotspots
for conservation priorities. Nature 403, 153-158.

30 Mittermeier, R.A., Robles-Gil, P., Hoffmann, M., Pilgrim, J., Brooks, T., Mittermeier, C.G. et al., 2004.
Hotspots revisited. CEMEX, Mexico

31 Rawat, U., Agarwal, N., 2015. Biodiversity: Concept, threats and conservation. Environment Conservation
Journal 16, 19-28. http://www.10.36953/ECJ.2015.16303
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linked with wildlife. The feeding of dolphins in Australia, the observation of butterflies in
Mexico, the observation of birds in Thailand or the Galapagos Islands, and the observation of
monkeys in Singapore temples are all instances of these kind of activities. A key cause for
conservation is the natural or aesthetic value of wildlife biodiversity, which is important to
enrich human life and is a significant motivation for conservation.
The commercial value of ecosystem services, which ecosystem biodiversity also delivers, is
difficult to establish. Ecosystem services are indirect benefits that wildlife biodiversity gives.
A few examples of these advantages are the preservation of air and water quality, the fertility
of soil, the regulation of rainfall, the cycling of nutrients, the preservation of habitat, and the
regulation of climate.3? The conservation of wildlife biodiversity should be regarded as a top
priority because of the ecological and utilitarian worth it possesses. The survival of the human
race is dependent on the preservation of wildlife biodiversity.
2.3 Various factors affecting wildlife biodiversity
Several abiotic environmental elements, in addition to actions carried out by humans, have an
impact on the biodiversity of wildlife environments. When it comes to the quality, quantity,
and kind of wildlife biodiversity that thrives in a given place, the factors that determine it
include the soil fertility, the availability of water, the type of habitat, the altitude, the climate
conditions, the salinity, the wave patterns, the wind, the nutritional requirements, the predatory
species, and the threats that are caused by humans. We will now review the primary elements
that have an impact on the biodiversity of the world’s animals.
2.2.1 Climate

There is a connection between the environmental conditions that prevail in a particular
location and the kind of ecosystem that might be found there. There are a number of
characteristics that govern the kinds of plants and animals that may be found in a certain
location. These include the average temperature, the yearly rainfall, the humidity, and the
altitude. According to Magbool et al. (2021),%® A change in the climate can have a variety of
consequences, some of which include, but are not limited to, the following: cloudbursts, rising
sea levels, an increase in the temperature of the surrounding environment, dry spells, droughts,

thawed permafrost, salinization, and a rise in the frequency of wildlife fires. According to Diaz

%2 Alho, C.J.R., 2008. The value of biodiversity. Brazilian Journal of Biology 68,1115-1118.
http://www.10.1590/s-69842008000500018.

33 Magbool, M.E., Sattar, Q., Ehsan, R., Akhter, S., 2021. Review on climate change and its effect on wildlife and
ecosystem. Open Journal of Environmental Biology 6, 008
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et al. (2019),** climate change exerts an influence on both the habitats of individual species
and the species themselves, which in turn leads to changes in the structure and function of
ecosystems. In the past twenty years, an evaluation of the susceptibility of populations and
species to the effects of climate change has identified both direct and indirect effects on
particular species and populations.®® The responses of many species to these changes include
either continuing to exist, relocating to a different biological site that is more favorable for
them, or completely disappearing from the earth. Consequently, climate is a significant factor
in influencing the biodiversity of a region’s animal population.

2.2.2 Nutrition

The growth and reproduction of a wide range of species are directly dependent on the
consumption of sufficient nutrients, and the reproductive physiology and sexual behavior of
these species are extremely sensitive to the amount of nutrients they consume. The
maintenance of health, growth, and other functions cannot be accomplished just by the
consumption of calories from food. Both micronutrients and macronutrients are necessary for
the development of an individual, the maintenance of their normal functions, and the
accomplishment of reproduction. In marine ecosystems, seagrass, macroalgae, and
phytoplankton are vital sources of nourishment for marine animals, fish, and invertebrates.
Seagrass is also an important supply of calcium for marine life. They are critical determinants
of species richness, health, and resilience in the marine ecosystem, and the quality and
abundance of these nutritional supplies are essential factors in determining these things.
According to the Intergovernmental Panel on Climate Change (IPCC), the increased frequency
of heat waves and extreme sea temperatures is leading to a deterioration in the ecosystems of
seagrass and kelp. The biodiversity of maritime ecosystems will be affected as a consequence
of this, as a secondary consequence.

Over the course of time, the deterioration of the environment that has happened as a result of
human activities has led to changes in both the quality and quantity of food that is available to
wild animals for eating. These changes have the potential to have a significant impact on the
survival of wild animals. A vast number of species have suffered serious consequences as a
consequence of this, including their health, their ability to reproduce, and their ability to

continue existing. Both natural and human-caused events have resulted in changes to the

3 Diaz, S., Settele, J., Brondizio, E., Ngo, H.T., Guéze, M.., Trinidad, J., et al., 2019. Pervasive human-driven
decline of life on Earth points to the need for transformative change. Science 366, eaax3100

% LeDee, O.E., Handler, S.D., Hoving, C.L., Swanston, C.W., Zuckerberg, B., 2021. Preparing wildlife for climate
change: How far have we come? Journal of Wildlife Management 85, 7-16
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composition of vegetation, which has led to the destruction of biomass as well as adjustments
in the structure and function of these ecosystems. These changes have been brought about as a
consequence of changing environmental conditions.®® The alterations that have taken place in
the vegetation can be considered a danger to the continued survival of a considerable number
of species.

2.2.3 Habitat

To put it another way, a habitat is a location in which a certain species happens to be alive.
According to Morrison et al. (2012),%” Animals are only able to exist in habitats that supply
them with vital resources such as food, water, and shelter. These ecosystems also need the
animals to have the capacity to adapt to climatic conditions, species that are predatory, and
competition between species. Degradation, fragmentation, and loss of habitat have all led to a
decline in the quality of the habitat that is now accessible. This decline has been brought about
by a combination of factors. In turn, this has led to a loss of ecosystem services, which has
resulted in a drop in the richness of species. Consequently, this has led to loss of biodiversity.
In accordance with the findings of the research conducted by Kumar and Kushwaha in the year
2020, forest fringe regions are the outermost parts of the forest that serve to safeguard the
central core of the forest. These areas are also subject to a significant level of extraction
pressure from the rural communities that reside inside them. According to Kumar and
Kushwaha (2018),%® the people have a significant degree of dependence on these lands for the
provision of feed, grazing spaces, and fuel wood. An increase in the amount of anthropogenic
pressure placed on the woods as a result of excessive exploitation and encroachment on the
boundary regions leads to the destruction of habitat. It is for this reason that habitat
conservation techniques are absolutely necessary for the preservation of the biodiversity of
wildlife and for the promotion of a sustainable future.

2.2.4 Human-wildlife conflict

Interactions between humans and animals that have a detrimental effect on humans, wildlife,
resources, and/or habitat are referred to as human-wildlife conflict. Human-wildlife conflict
can be ascribed to the spread of human activities into wildlife areas as well as the present

environmental trends. As a consequence of these tendencies, there is further rivalry for scarce

3 Pickett, S.T., Collins, S.L., Armesto, J.J., 1997. Models, 2014. World drought frequency, duration, and severity
for machineries, and pathways of succession. The Botanical 1951-2010. International Journal of Climatology
34, Review 53, 99-102.

37 Morrison, M.L., Marcot, B. and Mannan, W., 2012. Wildlife-habitat relationships: Concepts and applications.
3rd edn. Island Press, Washington.

38 Kumar, M.S., Kushwaha, S.P.S., 2018. Forest resource dependence and ecological assessment of forest fringes
in rainfed districts of India. Indian Forester 144, 211-220.
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and dwindling resources, which in turn leads to an increase in the amount of conflict that occurs
between humans and wildlife. One of the most significant factors that contributes to the decline
in animal populations is the conflict between humans and wild animals. The most severe
consequence of this conflict is the extinction of species. In particular, the decrease or extinction
of top predators causes ecological balance to be upset, which in turn leads to a loss in
biodiversity, which in turn has a detrimental affect on the functions and services given by
ecosystems. This is because top predators are responsible for the majority of the food that
ecosystems offer. These conflicts are becoming increasingly frequent and severe as human
populations continue to proliferate and the demand for natural resources continues to intensify.
As a result, they pose a significant threat to the biodiversity of wildlife around the world.3®
2.2.5 Importance of studying climate change on wildlife biodiversity

In order to keep ecosystems in a state of equilibrium, biodiversity in wildlife is of critical
importance. There are a number of extrinsic variables that are caused by human actions that
constitute a substantial threat to the biodiversity of wildlife around the world. These causes
include climate change, pollution, deforestation, hunting, and poaching. It is essential for the
survival of wildlife species to have an understanding of such aspects and to take measures to
mitigate the threats that are caused by humans. Climate change has a gradual but noticeable
impact on the behavior, morphology, phenology, and range shits of individuals, populations,
and species. This is true at all three levels: individual, population, and species. When seen from
the perspective of an ecosystem, it can be observed through shifts in production, interactions
between species, and extreme occurrences. As a result of climatic change, directional selection
and migration are occurring, which leads to a reduction in the genetic diversity of
populations.*

Biological diversity and functional ecosystems are responsible for providing a wide variety of
ecosystem services that are an essential component of human well-being. For example, the
formation of soil, hydrological cycles, the purification of water, the maintenance of
biochemical cycles, the breakdown of pollutants, and waste management are all essential
ecosystem services that are provided by biodiversity.*! In addition to the maintenance of the

natural climate on a global scale, biodiversity is responsible for the formation of essential

% Dirzo, R., Young, H.S., Galetti, M., Ceballos, G., Isaac, N.B.J., Collen, B., 2014. Defaunation in the
Anthropocene. Science 345, 401-06

40 Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W.,Courchamp, F., 2012. Impacts of climate change on the
future of biodiversity. Ecology Letters 15, 365-77.

41 Kahraman, A., Onder, M., Ceyhan, E., 2012. The importance of bio-conservation and biodiversity in Turkey.
International Journal of Bioscience, Biochemistry and Bioinformatics 2, 95
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ecosystem services. Therefore, the impact of climate change on ecosystems and the richness
of wildlife has the potential to have an effect on the supply and quality of some of the most
important ecosystem services.

The information and future forecasts about the reaction of biodiversity to climate change are
vital in the process of mapping conservation strategies, establishing legislation, and finding
creative means to have a life that is more sustainable. For the purpose of creating suitable
conservation and mitigation strategies, it is essential to have a comprehensive understanding
of the complex connections that exist between the biodiversity of animals and the
environmental stresses as climate change continues to progress. In the event that this
precaution is not taken, it may lead to the implementation of conservation strategies that are
ineffective and could potentially cause harm.

2.3 Impact of climate change on wildlife biodiversity

Climate change is anticipated to affect the population scope and structure of organisms,
community construction, and the structure and functioning of ecosystems. According to Gilg
et al. (2017), the change in the global climate has resulted in changes in the distribution of
plant species, animals, and invertebrates in their respective habitats, which include both aquatic
and terrestrial ecosystems.*2

It has been demonstrated that there is evidence of global climate change in a number of
ecosystems; however, these changes are insignificant at the ground level or the microclimate
level due to variations in local topography, vegetation structure, canopy design, and slope
orientation.*®> Through the buffering effect that they provide, these microclimates assist
organisms in adapting to rapidly shifting climatic conditions. As a result of the factors that
were discussed before, the average temperature at ground level is significantly lower than the
temperature of the atmosphere. The result is the formation of microclimate pockets, which are
areas in which some species are able to flourish despite changes in the macroclimate.
According to Hof et al. (2011),* As a result of anthropogenic activities that contribute to the
loss and fragmentation of habitats, there is a possibility that the number of microclimate
pockets will decrease. As a consequence of this, the likelihood that species will be able to

adequately endure the consequences of climate change would be reduced. In the research that

42 Gilg, O., Kovacs, K.M., Aars, J., Fort, J., Gauthier, G., Gremillet, D. et al., 2017. Climate change and the
ecology and evolution of Arctic vertebrates. Annals of the New York Academy of Sciences 1249, 166-190

43 De Frenne, P., Rodriguez-Sanchez, F., Coomes, D.A., Baeten, L.., Verstraeten, G., Vellend, M. et al., 2013.
Microclimate moderates plant responses to macroclimate warming. Proceedings of the National Academy of
Sciences 110, 18561-18565.

4 Hof, C., Levinsky, I., Araujo, M.B., Rahbek, C., 2011. Rethinking species' ability to cope with rapid climate
change. Global Change Biology 17, 2987-2990
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they conducted, Pfenning-Butterworth and her colleagues conducted an in-depth assessment
of the causal pathways that link the three global stresses of climate change, loss of biodiversity,
and infectious illnesses. (2024)* A description of the direct and indirect effects that climate

change has had on the biodiversity of wildlife is presented in Figure 1.

Fhenslaglenl
Allurmtion

Welhinvinurnl Marphalogient
Plastiolity - : 7 Adtpinthim

- )

Ietenm In
drought Lass of hablint
frogueney . ~ Wk ramge ahifie
~

Climate
Clhinnge on
Wildlife
Blodiversity

N Lo of breeding
Coromnile

Lo ol soll
Tertility

Figure: 1: The direct and indirect impacts of climate change on wildlife biodiversity.

2.3.1 Direct impacts of climate change on wildlife biodiversity

According to Wudu et al. (2023),% direct effects are the consequences that can be directly
attributed to climate change, global warming, changes in precipitation, and/or rising sea levels.
These include the ramifications that can be directly tied to these phenomena. It is the purpose
of this section to describe the direct consequences that climate change and global warming
have had on the evolution of a wide variety of animal species. These effects include the ability
of these species to adapt, their distribution, and their ability to speciate.

4 pfenning-Butterworth, A., Buckley, L.B., Drake, J.M., Farner, J.E., Farrel, M.J.,, Gehman, AM., et al.,
2024. Interconnecting global threats: Climate change, biodiversity loss, and infectious diseases. The Lancet
8, €270-e283. http://www.10.1016/S2542-5196(24)00021-4.
46 Wudu, K., Abegaz, A., Ayele, L., Ybabe, M., 2023. The impacts of climate change on biodiversity loss and its
remedial measures using nature-based conservation approach: A global perspective. Biodiversity Conservation
32, 3681-3701. http://doi.org/10.1007/s10531-023-02656-1
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Global warming and heat stress

Over the course of the last century, the temperature of the surface of the Earth has risen by 0.6
degrees Celsius. This rise in temperature may be attributed to the emission of greenhouse gases
by humans, which has been generated by the widespread burning of fossil fuels since the
beginning of the industrial revolution.*” Consequently, this demonstrates that human activity
is a key contributor to the phenomena of globally warming. There is a significant relationship
between the temperature of the atmosphere and the behavior, physiology, growth,
reproduction, and survival of species based on the temperature of the atmosphere. In a more
general sense, the temperature of the atmosphere is also a factor that influences the distribution
of species as well as the process of speciation.*®

An alteration in the behavior of animals in response to an increase in the temperature of the
atmosphere is provoked prior to changes in the distribution characteristics of the population.
A few examples of these behavioral responses are the urge to seek shade, shifts in the time of
day when eating or hunting takes place, and fluctuations in the circadian or circannual cycle.
An investigation that was carried out by Rabaiotti and Woodroffe (2019) on African wild dogs
(Lycaon pictus), who are animals that are crepuscular by nature, revealed that there was an
increase in the amount of nighttime hunting activity during times when the daytime
temperatures were high. According to Murray and Smith (2012), North American wood rats,
also known as Neotoma lepida, have been seen to change their behavior in Death Valley when
the nighttime ambient temperature drops below their physiological threshold for death, which
is 42 degrees Celsius. On the other hand, this behavioral change can make it more difficult for
the animal to engage in reproductive and foraging behaviors.*°

A change in body size is the maost prevalent morphological adaptation that occurs in response
to an increase in the temperature of the atmosphere. The body size of Norwegian red deer
(Cervus elaphus atlanticus) that were born following mild winters was much less than the body
size of those that were born after cold winters, according to research conducted by Post et al.
in 1997. As an example, the American lobster (Homarus americanus) has a significantly
smaller body size despite having a quicker growth rate in warmer climate settings. Ectotherms,

47 Walther, G.R., Post, E., Convey, P., Menzel, A., Parmesan, C., Beebee, J.M., et al., 2002. Ecological responses
to recent climate change. Nature 416, 389-395. http://www.10.1038/416389%

48 Elmore, R.D., Carroll, J.M., Tanner, E.P., Hovick, T.J., Grisham, B.A., Fuhlendorf, S.D., et al., 2017.
Implications of the thermal environment for terrestrial wildlife management. Wildlife Society Bulletin 41, 183—
193

49 Murray, I.W., Smith, F.A., 2012. Estimating the influence of the thermal environment on activity patterns of
the desert woodrat (Neotoma lepida) using temperature chronologies. Canadian Journal of Zoology 90,
1171-80.
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which have a metabolism that is sensitive to temperature, have a higher growth rate in warmer
climate conditions.

Alterations in 30honological characteristics as a result of climate change have been extensively
observed in a variety of species. According to Forrest (2016), the dates on which 18 different
species of butterflies first appeared in the spring have advanced by 2.8 to 3.2 days every decade
over the course of the past 23 years. According to Walther et al. (2002), traditional early-
breeding frogs were subjected to higher levels of predation as a result of the early introduction
of predatory newts into ponds. As a result of global warming, flowering and leafing have
advanced by an average of 1.4 to 3.1 days every decade, according to a study that was
conducted on European plant species.®

The effects of heat stress on the breeding and reproductive physiology of a variety of species
are significant. This is because global climate change has the capacity to affect such a large
number of species. For instance, frogs, reptiles, and fish that choose their gender based on
swings in temperature are examples of such organisms. The findings of Fuentes et al. (2009)
indicate that sea turtles are a particularly noteworthy illustration of this phenomenon. In this
regard, they are an outstanding demonstration. This occurrence is caused by a rise in the
temperature of the nest, which results in a greater number of females than males being
produced because of the increased warmth. In the event that the current trend of climate change
continues on a global scale, there is a possibility that this imbalance will grow much more
severe.

According to Pacifici et al. (2017),%! this phenomenon has occurred as a result of the increasing
temperatures. Furthermare, treelines on mountain slopes display an upward shift in elevational
distribution, and studies have established that some alpine species have showed an average
shift of between one and four meters every decade. This shift has been seen on mountain slopes
across the world.

Rising sea level

At the same time as global warming is responsible for the melting of glaciers and polar ice
sheets, it is also responsible for the thermal expansion of ocean waters, which has led to an
increase in the rate at which sea levels are rising. The Intergovernmental Panel on Climate

Change (IPCC) reports that the rate of sea level rise has accelerated from 1 to 2 millimeters

0 Walther, G.R., Post, E., Convey, P., Menzel, A., Parmesan, C., Beebee, J.M., et al., 2002. Ecological responses
to recent climate change. Nature 416, 389-395. http://www.10.1038/416389a

51 pacifici, M., Visconti, P., Butchart, S.H.M., Watson, J.E.M., Cassola, F.M., Rondinini, C., 2017. Species'
traits influenced their response to recent climate change. Nature Climate Change 7, 205-208.
http://www.10.1038/nclimate3223
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per year during the course of the previous century to 3 to 4 millimeters per year at the present
moment. This is a significant increase over the previous rate of 1 to 2 millimeters per year.
This increase in sea level, which is a consequence of global warming, has the potential to have
an effect on the biodiversity and habitats of species that are found in low-lying coastal areas.>
As a direct result of this, the likelihood of coastal flooding, the loss of coastal land, and the
salinization of freshwater wetland areas would all rise.

Coastal species are subject to a variety of adverse consequences as a result of rising sea levels.
These include the loss of breeding sites for shorebirds and sea turtles, the destruction of habitat,
the alteration of ranges, the flooding of freshwater, and an increase in the frequency of storms.
The findings of a study that was conducted in 2019 by Von Holle and colleagues indicate that
storm surges are the cause of the destruction of shorebird and seabird nests on a regular basis.
Birds that nest in low-lying coastal sites, such as the small Kingfisher (Alcedo pusilla pusilla)
in the Torres Strait, are at risk of being affected by floods and erosion as a result of rising sea
levels. This is because increasing sea levels cause sea levels to rise.>

The research that was conducted in 2019 by Von Holle and colleagues found that sea turtles
that are submerged in seawater are unable to produce hatchlings because the process of
embryonic development is entirely disrupted. A study that was conducted by Mukul et al.
(2019) in the Bangladesh Sundarbans revealed that there is a possibility of a significant loss of
habitat for the endangered Bengal tiger (Panthera tigris tigris). Furthermore, projections
indicate that by the year 2070, there may be a complete loss of habitats that are suitable for
Bengal tigers in the Sundarbans if the current trend continues.

Alteration of precipitation patterns

It is the activities that are produced by people that are contributing to the variables that are
driving climate change on a global scale. These factors are producing changes in the structure
and function of ecosystems, which in turn is generating climate change. One of the implications
of such a shift is an increase in the variability of precipitation, which is characterized by an
increase in the number of severe precipitation events and longer dry intervals, as stated by
Thomey et al. (2011). This is one of the repercussions of such a change. As a consequence of
changing precipitation patterns, which have been amplified by rising temperatures in the

atmosphere, the magnitude and frequency of severe events such as droughts, flooding, storms,

2 Mukul, S.A., Alamgir, M., Sohel, Md. S.1., Pert, L.P., Herbohn, J., Turton, S.M. et al., 2019. Combined effects
of climate change and sea-level rise project dramatic habitat loss of the globally endangered Bengal tiger in the
Bangladesh Sundarbans. Science of the Total Environment 663, 830

%3 Garnett, S.T., Crowley, G.M., 2021. The Action Plan for Australian Birds 2020. CSIRO Publishing, Melbourne.
https://www.publish.csiro.au/book/7905/
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and wildfires have risen. This is due to the fact that these patterns themselves have been
amplified.

The growing unpredictability of precipitation has led to a rise in both the frequency of droughts
and the severity of droughts throughout the whole world. This is a consequence of the droughts
that have occurred. The data on precipitation that was obtained from the Global Precipitation
Climatology Centre (GPCC) between the years 1951 and 2010 revealed that there were positive
trends in the frequency, intensity, and length of droughts in Western Africa, East Asia, the
Amazon, the Mediterranean, and Central America. Natural disasters, such as droughts, have
the effect of weakening the forest’s defenses, making it more vulnerable to a variety of
infections, invading species, and wildfires.

The variables that were outlined before are responsible for the significant decline in the
richness of wildlife and the viability of ecosystems around the world. It is possible that there
will be a significant decrease in the utilitarian value and ecosystem services if effective
mitigation measures are not implemented on a war footing. This would have severe
repercussions for the wellbeing of humans.

2.3.2 Indirect impacts of climate change on wildlife biodiversity

Various ecosystems are experiencing significant consequences as a result of the ongoing
effects of global climate change, which will, in turn, have a negative impact on the quality and
efficiency of the ecosystem services that are linked with these ecosystems. It is the changes in
the ecosystem and the services provided by the ecosystem that are responsible for these effects
of climate change, which are indirect impacts. An in-depth discussion of these effects may be
found outlined below.

Loss of habitat, soil fertility, and vegetation

Every species is able to flourish in a specific ecological niche, with some species being better
able to adjust to different climatic circumstances than others. As a result of improper utilization
of biological resources, poor land use practices, and climate change on a global scale, there has
been a concerning decline in the quality of wildlife habitats. These habitats are areas that
provide essential services such as shelter and forage for the sustainability of wildlife
populations.>*

In addition to being essential homes for over two-thirds of all terrestrial species, tropical forests

cover around 12 percent of the ice-free surface of the Earth. Furthermore, tropical forests play

% Kija, H.K., Ogutu, J.0., Mangewa L.J, Bukombe, J., Verones, F., Graae, B.J. et al., 2020. Spatio-temporal
changes in wildlife habitat quality in the greater Serengeti ecosystem. Sustainability 12, 2440.
http://www.10.3390/ su12062440
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an essential role in the ecosystem, primary production, and climate regulation of the globe. The
combination of anthropogenic disturbances and the progression of climate change has led to
an increase in the frequency of extreme climatic events such as floods, hurricanes, droughts,
and wildfires. This has led to a reduction in the growth of plants, the shift of species, a decrease
in primary production, and a decrease in the overall resilience and stability of ecosystems.*®
In spite of the fact that they only cover 0.1% of the ocean’s surface, coral reefs are the marine
ecosystems that contain the greatest number of species and offer coastal protection against
natural disasters. As a consequence of climate change, ocean temperatures have increased,
which has led to widespread coral bleaching. These elevated temperatures are also a major
contribution to the rising mortality rates of corals and the destruction of coral reef ecosystems
around the world. According to Pratchett et al. (2018), the eventual demise of bleached coral
reefs results in a decrease in the quantity of fishes that are obligately feeding on corals. This is
because there are fewer fishes available to feed on corals.

The Arctic Circle is experiencing the consequences of anthropogenic climate change at a rate
that is twice as fast as the rest of the globe. This is creating a noticeable decrease in sea ice as
a result of global warming caused by climate change. During the past four decades, the
thickness of the Arctic sea ice has decreased by around forty to sixty percent,®® resulting in
severe repercussions for the various kinds of wildlife that inhabit the Arctic. The sea ice has
decreased by approximately fourteen percent. Polar bears (Ursus maritimus) and ringed seals
(Pusa hispida) are dependent on sea ice for a variety of reasons, including travel, foraging,
hunting, resting, and breeding sites. In order to protect themselves from potential predators,
bowhead whales make use of packed ice as both nurseries and feeding grounds. Ice floes also
serve as barriers. Consequently, the decrease in sea ice results in the loss of habitat that is
essential for a great number of marine mammals.

According to Al-Tawaha et al. (2021),°" There is a detrimental influence on the functioning of
soils as a result of the consequences of global warming as well as the changing of global and
local patterns of precipitation. The fact that these elements have an impact on the carbon cycle,

the nitrogen cycle, and the hydrological cycle is the reason why this is the situation that exists.

% Franga, F.M., Benkwitt, C.E., Peralta, G., Robinson, J.P., Graham, N.A., Tylianakis, J.M. et al., 2020. Climatic
and local stressor interactions threaten tropical forests and coral reefs". Philosophical Transactions of the Royal
Society London B: Biological Sciences 375, 20190116

%6 Chen, J., 2022. Impacts of sea ice loss on Polar bear diet, Prey availability, foraging behaviours, and human-
bear interactions in the Arctic. https://repository.usfca.edu /capstone/1350

5 Al-Tawaha, A.R.M., Giinal, H., Kie¢ek, J., Zamfir, R H.C., Patel, K.K., Vyas, R.V., et al., 2021. Soil fertility
decline Under Climate Change. In: Sustainable Soil and Land Management and Climate Change. 1st ed.
127-145. CRC Press, Florida.
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The most significant elements that are anticipated to have an effect on the fertility of soil as a
result of climate change are an increase in the temperature of the soil, variations in the amount
of moisture present in the soil, and oscillations in the amounts of carbon dioxide. There is a
reasonable expectation that these factors will have an effect on the fertility of the soil.
According to the prediction, these are the factors that are anticipated to have an effect on the
situation. Climate change has a variety of detrimental consequences on soil fertility, including
decreased retention of water, salinization of soil, diminished availability of nutrients, and
altered carbon and nitrogen dynamics. These affects are only some of the negative
consequences that climate change has. These are only some of the terrible repercussions that
might occur. The biodiversity of the soil is eventually diminished as a consequence of these
impact factors.

When it comes to defining the geographical distribution of plant species and the amount of
vegetation cover, the temperature is an essential factor that plays a role in both of these aspects.
It has been suggested by Sykes et al. (2009) that rapid climate change may lead to significant
shifts in the distribution of plant species. These movements have the potential to affect the
structure and composition of vegetation, as well as habitats and the biomes that are uniquely
associated with them. In the Mediterranean woods, it is probable that there will be a migration
uphill toward higher altitudes, as well as an expansion of semi-arid forests and a decline in
broadleaf forests. Additionally, there is a possibility that higher heights will be reached. On
the other hand, cold gymnosperm woods may see a significant reduction in their expansion
range.>®

Reduced food availability and water restriction

Because of the interactions that occur at different trophic levels, the effects of climate change
on the nutrition of animal species are complicated and, for the most part, unknown. According
to Birney-Gauvin et al. (2017), the performance of animals is expected to be affected, either
directly or indirectly, by the changing climate. These effects are expected to be caused by
changes in the availability and composition of food. According to Loladze et al. (2002),
increased levels of carbon dioxide are linked to an increase in the amount of tissue carbon that
is present in plants, which in turn leads to a decrease in the amount of other nutrients as well.
Insects that consumed these plants exhibited decreased development rates but increased

consumption rates, which indicated a decrease in the nutritional quality of the plants.

%8 Sykes, M.T., 2009. Climate change impacts: Vegetation. eLS online library.
https://doi.org/10.1002
/9780470015902.a0021227
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Since the 1970s, there has been a noticeable decrease of around 80 percent in the number of
krill that are found in the Antarctic. Due to the fact that krill is an essential source of nutrition,
the extinction of animals that rely on krill as part of their diet, such as whales, narwhals, seals,
and penguins, poses a threat to their continued existence. Krill populations have decreased as
a result of global warming, which has led to the melting of sea ice, which provides krill with a
source of food and a habitat for feeding.

As the weather patterns around the world continue to change, a lack of water is becoming an
increasingly important problem, particularly in regions that are prone to drought or have
unpredictable patterns of rainfall. In ecosystems that are characterized by a lack of natural
water, the lack of availability of water is becoming an increasing problem and is regarded as a
factor that restricts the range of animals, particularly large herbivores.>® Due to the severe
droughts that have occurred in Southern Africa, there is a lack of water for wildlife species. As
aresult, it is required to provide artificial game water in the form of drilled boreholes. Artificial
game water supply helps minimize summer mortality in wildlife species, attracts animals for
watching, and prevents the concentration of large herbivores like elephants and rhinos around
permanent water bodies. These benefits are all attributed to the provision of artificial game
water supply.®°

The movement of aquatic species, their ability to reproduce, and their capacity to orient
themselves for effective navigation are all negatively impacted when there is a drought because
it alters the flow of water in rivers and streams. The availability of mineral nutrition to trees is
also impacted by water scarcity, which alters the mineral composition of the soil and the
physiological mechanisms for nutrient uptake by the roots. This has a negative impact on the
trees’ physiological performance, reproduction, and ability to compete with other trees.5!
Emergence and re-emergence of diseases

Morse (2001) defines emerging infectious illnesses as diseases that have increased in
prevalence in a population or geographic range, caused by a newly developed pathogen,
affected a new host population, or is novel diseases that have just been found. Emerging
infectious diseases are also characterized as diseases that have afflicted a new host

%9 Chakuya J., Mandisodza-Chikerema, R., Ngorima, P., Malunga, A., 2021. Water sources during drought period
in a Savanna wildlife ecosystem, northern Zimbabwe. Geology, Ecology, and Landscapes 7, 323-328.
http://www.10.1080/24749508.2021.1971413

80 Chakuya J., Mandisodza-Chikerema, R., Ngorima, P., Malunga, A., 2021. Water sources during drought period
in a Savanna wildlife ecosystem, northern Zimbabwe. Geology, Ecology, and Landscapes 7, 323-328.
http://www.10.1080/24749508.2021.1971413

61 Kreuzwieser, J., Gessler, A., 2010. Global climate change and tree nutrition: influence of water availability.
Tree Physiology 30, 1221-1234. http://www.10.1093/treephys
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population.®? The current changes in disease epidemiology that are a result of global climate
change are primarily caused by changes in ecological processes, population susceptibility, and
increasing contact with pathogenic agents. It is possible for wild species to be impacted by
severe diseases or to operate as reservoirs for pathogens without generating any obvious
illness.

Changing ecosystems as a result of human activity creates conditions that are conducive to the
development and spread of diseases. A prominent example is the outbreak of the Duck Plague
at Lake Andes in the United States of America in 1973. This outbreak was caused by the duck
plague virus, which is a herpes virus. It resulted in a significant number of deaths among ducks
and geese.® It was discovered that the installation of artificial waterholes in Etosha National
Park, Namibia, led to an increase in the number of cases of anthrax among large wild mammals.
This was another incident that was comparable to the one that occurred in Namibia. The
expansion of viruses’ host range and the ability to overcome species barriers can be made
possible by climate change and shifting environmental conditions. This can result in illnesses
occurring in populations that had not been exposed to the pathogens before. There is an
increased risk of disease transmission in both directions in regions where cattle and wildlife
contact, particularly along the margins of protected ecosystems. This is especially true in
locations where this interaction occurs. One example that is particularly noteworthy is the
Rinderpest outbreak that occurred in Africa in the 1980s. This outbreak was characterized by
the virus spreading into wild ungulate populations, which resulted in a considerable amount of
death.%

Because of the interactions that occur at different trophic levels, the effects of climate change
on the nutrition of animal species are complicated and, for the most part, unknown. The
performance of animals is expected to be affected, either directly or indirectly, by the changing
climate. These effects are expected to be caused by changes in the availability and composition
of food. Increased levels of carbon dioxide are linked to an increase in the amount of tissue
carbon that is present in plants, which in turn leads to a decrease in the amount of other
nutrients as well. Insects that consumed these plants exhibited decreased development rates

but increased consumption rates, which indicated a decrease in the nutritional quality of the

52 Morse, S.S., 2001. Factors in the emergence of infectious diseases. Plagues and politics. 8-26.
http://www.10.1057 /9780230524248 _2.

8 Wobeser, G.A., 1997. Duck Plague. In: Diseases of Wild Waterfowl. Springer, Boston, MA.
https://doi.org/10.1007/978-1-4615-5951-1 2

8 Morens, D.M., Holmes, E.C., Davis, A.S., Taubenberger, J.K., 2011. Global Rinderpest Eradication: Lessons
learned and why humans should celebrate too. Journal of Infectious Diseases 204, 502-505
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plants.

Since the 1970s, there has been a noticeable decrease of around 80 percent in the number of
krill that are found in the Antarctic. Due to the fact that krill is an essential source of nutrition,
the extinction of animals that rely on krill as part of their diet, such as whales, narwhals, seals,
and penguins, poses a threat to their continued existence.% Krill populations have decreased
as a result of global warming, which has led to the melting of sea ice, which provides krill with
a source of food and a habitat for feeding.®®

As the weather patterns around the world continue to change, a lack of water is becoming an
increasingly important problem, particularly in regions that are prone to drought or have
unpredictable patterns of rainfall. In ecosystems that are characterized by a lack of natural
water, the lack of availability of water is becoming an increasing problem and is regarded as a
factor that restricts the range of animals, particularly large herbivores. Due to the severe
droughts that have occurred in Southern Africa, there is a lack of water for wildlife species. As
aresult, itis required to provide artificial game water in the form of drilled boreholes. Artificial
game water supply helps minimize summer mortality in wildlife species, attracts animals for
watching, and prevents the concentration of large herbivores like elephants and rhinos around
permanent water bodies. These benefits are all attributed to the provision of artificial game
water supply.

The movement of aquatic species, their ability to reproduce, and their capacity to orient
themselves for effective navigation are all negatively impacted when there is a drought because
it alters the flow of water in rivers and streams. The availability of mineral nutrition to trees is
also impacted by water scarcity, which alters the mineral composition of the soil and the
physiological mechanisms for nutrient uptake by the roots. This has a negative impact on the
trees’ physiological performance, reproduction, and ability to compete with other trees.
Alteration of migratory patterns

Migration can be characterized as a behavioral approach that assists in the acquisition of
acceptable resources during periods of unavailability through seasonal movement.
Additionally, migration is used to avoid predation or adverse climatic circumstances.®’

Because of the ways in which they interact with their surroundings, species that migrate are

% Mohammad, A., 2019. Antarctica Climate Change and how it is affecting the species living there, especially
penguins. Journal of University Studies for Inclusive Research 2, 355-366

% Sidder, A., 2016. Antarctica could lose most of its penguins to climate change". National Geographic.
https://www.nationalgeographic.com/animals/article/adelie-penguins-antarctica-climate-change-population-
decline-refugia

57 Mikle, N.L., Graves, T.A., Olexa, E.M., 2019. To forage or flee: lessons from an elk migration near a protected
area. Ecosphere. 10, e02693. http://www.10.1002/ecs2.2693
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particularly vulnerable to the consequences of climate change on their environment. Habitats,
the availability of resources, and the phenology of species are all altered as a result of climate
change, which in turn is responsible for altering the migration patterns of a variety of species
and may even cause certain species to stop migrating altogether. Alterations in phenological
characteristics have a negative impact on species that migrate. The oak-Winter moth-Great Tit
system is a well-known illustration of this phenomenon. In this system, if the caterpillars of
the Winter moth (Operophtera brumata) hatch too early, there is a dearth of young leaves, but
if they hatch too late, there is an abundance of tannins in the leaves. In a similar vein, the
hatching of Great Tits (Parus major) must coincide with the peak population of Winter moth
caterpillars in order to ensure that there is sufficient food for the individuals that have been
hatched.

Marine species such as baleen whales, which migrate between tropical and polar waters, are
experiencing longer travels and fewer opportunities to feed as a result of the warming of the
oceans, which is causing favorable bioclimatic zones to shift poleward in aquatic ecosystems.®
In certain species, migration stops altogether. For example, the Canada geese (Branta
canadensis) in the United States and the White stork (Ciconia ciconia) in Spain are two
examples of species that have experienced this phenomenon. According to Moore (2011),
several distinct species have established themselves as permanent residents in regions that were
formerly used as stopping places. As a result of the cascading impacts that climate change has
on the variety of the world’s species and the ecosystems in which they live, it is imperative

that various strategies be put into place immediately in order to mitigate these effects.

8 |_earmonth, J. A., MacLeod, C.D., Santos, M.B., Pierce, G.J., Crick, H.Q.P., Robinson, R.A., 2006. Potential
effects of climate change on marine mammals. Oceanography and Marine Biology 44, 431-464
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Chapter-3

India’s Legal Framework and Perspective towards Climate

Change and Biodiversity Policies

3.1 Introduction

It is estimated that India accounts for 7.8 percent of the world’s recorded species, which
includes 45,500 plant species and 91,200 animal species,®® although only covering 70 percent
of the total area that was examined. India comprises approximately 2.5 percent of the world’s
land area. Because of the existence of tropical rain forests, which are normally the most
abundant habitats for the species, India is one of the 17 countries that are considered to be
megadivers.” It is also home to the two diversity hotspots in the world, which are the eastern
Himalaya and the western ghats. Additionally, India is recognized as a center for abundant
crop diversity and is considered to be a location for 167 significant cultivated plant species in
addition to 320 wild species.”* There have been 5,650 different species of microorganisms
described in India. It is extremely rich in biodiversity, with over 6,500 different types of
medicinal plants, and around 90 percent of the therapeutic plants are taken from their natural
habitat. There are 23.68 percent of India’s total geographical area that is covered by forests,
and these forests offer the best possible circumstances for the survival, propagation, and
conservation of the entire genetic and biological variety.”? The organisms that make up the
ecosystem are related to one another in a web-like fashion. One of the most significant dangers
to such locations that are rich in biodiversity is the excessive loss of the trees. Climate change
has a severe impact on forests, including the biodiversity of those forests; it may also lead to
the extinction of species that are not yet known to science. At the same time, it may also
enhance the greenhouse gas impacts caused by human activity by releasing free carbon that is
stored in those forests.” The classification of forests has undergone a significant change as a
result of changes brought about by climate change on forest ecosystems. It is anticipated that

between 68 and 77 percent of the forests in India would experience a sea shift by the year 2085.

% India’s 4th National Report to CBD, vol.I, p.1 (2009) MoEF.

70 Concept of biodiversity hotspot was originated by Norman Myers in 1988.
"1 Annual Report of National Biodiversity Authority, 2007-08, p. 7.

72 State of Forest Report, India, 2003.

73 Kiss Shelton, International Environmental Law 302 (2000).
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The changes that are anticipated to occur in those forests are mostly the result of temperatures
that have experienced a rise of between two and four degrees Celsius in the southern region
and possibly reaching four degrees Celsius in the northern region.”® There will be a general
decrease in the amount of rainfall, but the intensity of the rain will increase. In addition, climate
change has an impact on sea level, which is projected to increase by between 0.09 and 0.88
meters by the year 2100.” First steps are being taken in India to investigate the effects of
climate change on the country’s flora. India is home to 413 species of flora and wildlife that
are threatened on a global scale, which accounts for 4.9% of the total number of species that

are considered to be terminal.

Achieving a balance and harmony between conservation and development is one of the goals
of the National Environment Policy, which was implemented in September of 2006. In order
to ensure that environmental issues are taken into account in all aspects of development, the
policy was developed. However, the most secure basis for conservation is to ensure that people
who are dependent on particular resources obtain better livelihoods from the fact that
conservation is taking place, rather than from the degradation of the resources themselves, and
biodiversity is one of the resources that falls under this category. The policy asserts that the
preservation of environmental resources is essential in order to guarantee the health and safety
of all citizens and to guarantee that they will have a stable means of subsistence. This is the
underlying subject of the policy. As stated in the National Environmental Policy (NEP), human
beings are the major focus of concerns for sustainable development. Furthermore, human
beings have the right to enjoy a life that is joyful, productive, and in harmony with the

environment.

The fundamental goal of the National Forest Policy, which was formed in 1988, is to ensure
the stability of the environment and the preservation of ecological balance, which includes the
equilibrium of the atmosphere. This is the basic purpose of the policy. Maintaining this
equilibrium is critical to the continued existence of all forms of life, including but not limited
to people, animals, and plants. The attainment of direct economic profit must be subjugated to
this primary objective in order to be successful.41% First and foremost, it is of utmost

importance to protect the natural legacy of the nation by maintaining the natural forests that

" N.H. Ravindranath, et al., “Impact of Climate Change on Forests in India”, Current Science 16 (Feb., 2006).
75 India’s Initial National Communication to UNFCCC 15 (2004).
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are still in existence. These forests include a wide range of flora and fauna, which are
representative of the extraordinary biological diversity and genetic resources that the nation
possesses. Therefore, in order to guarantee the stability of the delicate ecosystem, the national
objective is to have 33 percent of the total land area of the country covered by forests or trees
by the year 2027 in order to achieve this aim. Forest land or land that is covered by trees should
not be regarded as merely a resource that is readily available to be utilized for a variety of
projects and programs; rather, it should be regarded as a national asset that needs to be properly
protected in order to provide long-term benefits to the entire community. When forest land is
diverted for any purpose other than forest management, it ought to be subjected to the most
thorough scrutiny. The construction of dams and reservoirs, mining, the development of
industrial facilities, and the extension of agricultural farming should all be in accordance with
the requirements for the preservation of trees and forests. It is absolutely necessary for projects
that involve such diversion to include monies for afforestation in their investment budgets at

the very least.”

India is a country that holds the natural world and its resources in high regard, and as a result,
the vast majority of its citizens are committed to the idea that the natural environment should
be protected and preserved. In the Constitution of India,”” the Indian ethos is institutionalized
in the form of constitutional obligations for the state and basic duties for the citizens, both of
which allude to the protection of the natural environment. It is a constitutional purpose of the
country to protect the environment, and more specifically to protect forests, as this would
contribute to the containment of climate change and the preservation of biodiversity. On the
other hand, a coexisting duty has also been placed on the residents of the country to adhere to
sustainable behavior that is geared toward the protection and improvement of the environment
and the woods, as well as to have compassion for living beings. These constitutional provisions
do, in fact, express the concern of the state as well as the goal of the citizens to safeguard the
environment. They also mandate that both the actors make positive efforts and prevent the
activities and interventions that induce and cause negative consequences on climate and the
biotic diversity. A call of this alarming nature was issued to the nation approximately sixteen
years prior to the topic being taken up by the international community for the entirety of the

world. The highest court in India has been referring to these provisions in almost all of the

6 National Forest Policy 3 (1988).
"7 First Constitution in the world providing for environmental protection. Constitutional amendment was brought
in the year 1976, inserting arts. 48A and 51A(g).
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cases that have been brought before it since 1985. These cases have been about the protection
of the environment and the preservation of forests. As a result, the court has brought attention
to the significance of these provisions in the planning of the state in relation to development

and the individual’s perspective on the environment.

3.2 Legislative and administrative measures in India

India has been proactive in the formulation of policy into binding rules of conduct as well as
the constitution of various authorities to execute and achieve the goal of reducing greenhouse
gas emissions and protecting endangered species in the country. This is in accordance with the
constitutional trend and in accordance with the various declarations, conventions, and
instruments that have been adopted by the international community. A review of the
environmental laws that have been passed by Parliament reveals that it is concerned about and
has a positive stance on the issue of climate change as well as the preservation of biodiversity.
In order to provide evidence for the point, the following outline of such legislations will be

provided.

Concerning the Protection of Wild Animals, Birds, and Plants Act 1972, this Act is the first
of its kind, and it was introduced and enforced at a period when there was no discussion on
climate change and conservation of biodiversity drawing worldwide concern until 1992, its
purpose is to provide protection for wild animals, birds, and plants. The hunting of wild
animals that are included in schedules is forbidden,’® unless the animal has become a threat to
human life, is so disabled or diseased that it cannot be recovered, or is required for educational
or research purposes with the exception of the aforementioned circumstances. Furthermore,
the Act makes it illegal to pluck, uproot, damage, acquire, or gather any particular plant’® from
any forest land, unless the responsible authority gives permission for the activity for certain
specific reasons. For the aim of preserving, propagating, or developing wild life or its
environment, the central government and the state governments have the authority to declare
any place as a sanctuary or park48 by the use of a notification. This is the case if the area
possesses sufficient ecological, faunal, floral, gegomorphological, or natural significance. Both
in-situ and ex-situ conservation are specified in the Act as being potential methods of

conservation.

8 Protection of Wild Animals, Birds, and Plants Act 1972, s. 9
7 Protection of Wild Animals, Birds, and Plants Act 1972, s. 17A
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Concerning the Prevention and Control of Pollution in the Air Act 1981, the Act includes
provisions for the prevention, control, and reduction of air pollution, as well as a more
comprehensive strategy for the preservation of the earth’s natural resources. This strategy
includes the preservation of the quality of air and the establishment of air pollution control
boards to carry out the objectives. For the purposes of this definition, “emission” refers to any
substance, whether it be solid, liquid, or gaseous, that is discharged from any chimney, duct,
flue, or other outlet. It is within the purview of the boards to establish guidelines for the release
of air pollutants into the atmosphere from industrial plants, automobiles, or any other source
that is not a ship or an aircraft. Both the boards and the individuals who are in violation of the
law have the authority to issue directions to those individuals and to file complaints against

those individuals in a court of law.

The Environment (Protection) Act 1986, following the special legislations, such as the Air
Act of 1981 and the Water Act of 1974, which dealt with the respective pollution problems, it
was discovered that there were still areas that were left out of their contours. Furthermore, the
environment could not be protected due to activities that were not directly connected to water
and air pollution. Furthermore, there were no provisions that demanded some affirmative
actions to improve the quality of the environment. The Act of 1986 is a comprehensive piece
of legislation that gives the central government the authority to take actions to protect and
improve the condition of the environment. This is accomplished by establishing authority or
authorities,® which was not possible under the legislations that came before it. This aspect of
the Act sets it apart from other laws. In addition, the Act gives the central government the
authority to formulate regulations that would oversee the implementation of the Act’s
objectives. Through the utilization of these rules, the central government has established a
number of authorities,®! each of which has a distinct term of reference, with the purpose of
reducing the amount of pollution and also recommending viable ways to circumvent the effects
of limits that have been placed in order to safeguard and enhance the environment. One of
these authorities is the central empowered committee, which was established in 2002 with the
purpose of recommending the approval of large projects that involve the exploitation of natural

resources such as forests and mining. A status of umbrella law has been bestowed upon the

80 The Environment (Protection) Act 1986, s. 3(3)
81 The Environment Pollution (Prevention and Control) Authority, Loss of Ecology (Prevention and Payment of
Compensation) Authority, Environment Impact Assessment Authority, etc.
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Act as a result of the central government’s ability to make rules and regulations, which include
concerns regarding biological variety. Because of this, the Act is of utmost importance in terms

of preventing and controlling climate change effects.

The Forest (Conservation) Act, 1980, forests have been identified as the richest source
among the natural resources, and they have been exploited for the purpose of economic gain
as well as for the building of infrastructure by the colonial authorities. Within the context of
this process, the vision for the maintenance of the natural environment did not find any place,
which led to a loss that occurred at a rate that was greater than the capacity to regenerate. The
Forest Act of 1865 was enacted by the British government in order to establish a monopoly on
the control of forests. This act granted the British the right to ownership of forests while
denying others the ability to protect them. Because the local people were not the ones who
would benefit from the protectionist strategy, they lost interest in taking care of the forests,
which led to the failure of the method. The practice was carried on by the post-colonial
government until 1980, when it was finally realized that legislation, in the form of the Forest
(Conservation) Act, was in place to ensure the preservation of forests. In addition to protecting
and conserving the green cover that is necessary for the capture of carbon dioxide, the primary
goal of the law is to place restrictions on the use of forest land for purposes that are not related

to forestation.

India is one of the few countries that have established such a piece of legislation,® and it is
known as the Biological Diversity Act 2002. In 1999, the Union Ministry of Environment and
Forests (MoEF), which is the nodal body for implementing the provisions of the CBD, devised
a strategy for the conservation of biodiversity at the macro-level. In 2002, the Biological
Diversity Act was enacted. The Act protects biodiversity among species, between species,
ecosystems, and traditional knowledge. This Act implements the CBD's provisions on
biological diversity, environmentally responsible exploitation of its constituents, and equitable
and fair allocation of genetic resource benefits. The main goal of this Act is to apply these
concepts. This Act also restricts access to biological resources and their associated traditional
knowledge. The law establishes national, state, and local regulatory entities to enforce the law.
The central government must adopt national policies, plans, and programs to conserve,

promote, and preserve biological variety, another crucial provision of the Act. These programs

82 National Biodiversity Action Plan, MoEF, 2008, p. 5.
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and strategies must include measures for identifying and monitoring areas that are abundant in
biological resources. It discusses the encouragement of both in situ and ex situ conservation of
biological resources, as well as the implementation of incentives for research, training, and
public education in order to raise knowledge about the importance of biodiversity. Under
Section 37, the state government has the authority to register areas of biodiversity importance
as biodiversity heritage sites. This notification must be made in consultation with the local
bodies. In addition, the Act gives the central government the authority to notify any species
that is on the verge of extinction or likely to become extinct in the near future as a threatened
species. This notification authorizes the central government to restrict or control the species’
collection for any reason and to restore and safeguard it.%3 The legislation pertaining to
biodiversity has a wide range of applications and functions, including the regulation of
activities in areas that are rich in biodiversity and the imposition of duties on the government

to incorporate measures that would preserve the diversity of living species.

The Scheduled Tribe and other Traditional Forest Dwellers (Recognition of Forest
Rights) Act, 2006, the Forest Rights Act has compelled some improvements on this front
because it expressly defines community-based conservation as a genuine right. This has
resulted in certain modifications being made. Additionally, the Act has particular provisions
for empowering persons who have forest rights, as well as for preventing acts that are harmful
to the forest and biodiversity.®* Considering the symbiotic relationship that exists between the
tribal people and forests, the primary responsibility of all agencies that are responsible for
forest management should be to closely involve the tribal people in the process of protecting,
regenerating, and developing forests. This is because the forest people and the forest have
inseparable links. It is also important to pay particular attention to alternate sources of home
energy that are offered at subsidized rates in order to alleviate the pressure that is being placed
on the current forest areas. The holders of customary rights and concessions in forests are
motivated to associate themselves with the protection, conservation, and development of
forests because it is from these forests that they receive their livelihood and benefit, and in

exchange, they are required to maintain the integrity of the biodiversity.

8 National Solar Mission, National Mission for Enhanced Energy Efficiency, National Mission on Sustainable
Habitat, National Water Mission, National Mission for Sustaining the Himalayan Ecosystem, National Mission
for Green India, National Mission for Sustainable Agriculture and National Mission for Strategic Knowledge for
Climate Change.

8 The Scheduled Tribe and other Traditional Forest Dwellers (Recognition of Forest Rights) Act, 2006, s. 5
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In addition to the legislative measures, the government has also developed a number of
administrative actions in order to address the critical matter in a manner that is more adaptable,
time-bound, and responsive. The National Action Plan on Climate Change, 2008, which was
prepared in accordance with article 6(a) of the CBD and section 36(1) and (3) of the Biological
Diversity Act, 2002, is a significant development in this regard. India has adopted, among other
things, the principle of deploying appropriate technologies for both adaptation and mitigation
of greenhouse gas emissions with a significant amount of emphasis on the fact that the
population is heavily dependent on natural resources. In July 2007, the Prime Minister’s
Council made a decision regarding climate change, and the national action plan for climate
change in response to that decision was developed. The measures that are identified are those
that not only contribute to the development goals, but also produce co-benefits that are
beneficial to the effective management of climate change. The document provides a list of
particular options that might concurrently progress India’s development and climate-related
goals, including adaptation and greenhouse gas (GHG) abatement. Consequently, in the name
of an action plan, eight point national missions have been established. These missions reflect
multi-pronged and integrated strategies for the purpose of achieving major goals in relation to
climate change.®® Evidence suggests India is concerned about actively engaging in the
conservation of biodiversity is the national biodiversity action plan that has been established.
The proposal suggests that actions should be designed based on an evaluation of the present
and future requirements for conservation and sustainable utilization activities. Specifically, the
measures are centered on the integration of all three goals of the CBD, which are the
preservation of biodiversity, the sustainable utilization of bio-resources, and the equitable

distribution of the potential benefits.

As a result of India’s adoption of the idea of sustainable development in a broader context, the
actions that are made about climate change in relation to the preservation of biodiversity are
carried out with coordination among and between the assessment, adaptation, and mitigation
of climate change. Certain energy-based projects, such as solar light, boiling water choolha,
biogas, and the distribution of compact fluorescent lamps, have been implemented by the

government as low-cost devices with the goal of lowering the consumption of fossil fuels. For

8 National Solar Mission, National Mission for Enhanced Energy Efficiency, National Mission on Sustainable
Habitat, National Water Mission, National Mission for Sustaining the Himalayan Ecosystem, National Mission
for Green India, National Mission for Sustainable Agriculture and National Mission for Strategic Knowledge for
Climate Change.
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the purpose of developing a road map for India to achieve low carbon emission, an expert
group on low carbon strategy has been established. This group is comprised of many relevant
stakeholders. A number of industries, including power, transportation, industry, oil and gas,
buildings, and forestry, will become the focus of its recommendations for prioritized actions.
On the 24th of June in 2010, the cabinet of India gave its approval to the National Mission on
Enhanced Energy Efficiency or NMEEE. The Mission includes a number of new initiatives,
the most significant of which is to Perform, Achieve, and Trade (PAT) mechanism. This
mechanism will serve to cover facilities that are responsible for more than fifty percent of the
fossil fuel that is used in India, and it will also contribute to the reduction of carbon dioxide
emissions by twenty-five million tons annually.®® An additional announcement has been made
regarding a levy, sometimes known as a clean energy cess that would be imposed on coal at a
rate of Rs. 50 per ton.®” This charge will be applicable to both domestically produced coal and
imported coal, and the funds collected will be deposited into a National Clean Energy Fund.
Over the course of the next ten years, the Green India Mission intends to expand the scope of
afforestation and eco-restoration to encompass a total area that is greater than twenty million
hectares. In 10 million hectares of forests and ecosystems, this would result in an increase in
the amount of biomass that is found above and below ground, which would lead to an increase

in carbon sequestration of 43 million tons of carbon dioxide each year.

3.3 Global Conventions and Policies

In the preamble to the United Nations Framework Convention on Climate Change (FCCC), it
is acknowledged that the change in the climate of the earth and the negative repercussions of
this change are a concern shared by all of humanity. Concern has been expressed regarding the
fact that human activities have been significantly increasing the concentrations of greenhouse
gases in the atmosphere. These increases add to the natural greenhouse effect, which will
ultimately lead to additional warming of the earth’s surface and atmosphere, which will have
negative effects on both the natural ecosystem and on humankind. A rise in the average
temperature of the earth that is greater than 1.5 to 2.5 degrees Celsius is expected to put
approximately 20-30 percent of the plants and animals that have been evaluated up to this point
in danger of going extinct.28 The impact of climate change is multiple and long term process

like sea level rise, temperature increase, forcing the changes in biodiversity and the basic

% India: Taking on Climate Change Post-Copenhagen Domestic Actions, MoEF, p. 2 (2020).
8 Ibid
8 Hoffert; Climate Sensitivity, Climate Feedbacks and Policy Implication 35 (1998).
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capabilities of the future generation. It is a complicated web of alterations that are occurring

before the world.

There is a degree of complexity that can be attributed to the fact that the effects of climate
change will be distributed unevenly throughout the ecosystems that are susceptible to climate
change.® It has an impact on the physical state of the environment as well as on representatives
of the ecosystem in a variety of forms and contents. “Adverse effects of climate change” is
defined as changes in the physical environment or biota that are the result of climate changes
and have significant deleterious effects on the composition, resilience, or productivity of
natural and managed ecosystems, as well as on the operation of socio-economic systems, or on
human health and welfare, according to Article 1.1 of the United Nations Framework
Convention on Climate Change. The biological variety that is a component of the natural
ecosystem is also threatened by climate change. This is one of the components of the natural
ecosystem. Biodiversity refers to the variety of life forms that can be found within a particular
ecosystem. The health of the environment can be measured using this parameter. The result of
nearly 3.5 billion years of evolutionary development that was modified by natural forces, it is
the product of human evolution.®® An increase in biodiversity is associated with improved
health.

There is a correlation between climate and biodiversity. This is due to the fact that tropical
regions and terrestrial habitats are abundant in species, but polar locations provide very little
evidence of biodiversity. The majority of living and genetic resources are located in regions of
the world that are also the most susceptible to the effects of climate change and where it is
anticipated that the effects will be the most catastrophic. These regions include the tropical
regions of South Africa, Latin America, and Asia.®® As a result of the significance of
biodiversity and the concern regarding its potential extinction, the United Nations decided to
designate the year before to the current one as the international year of biodiversity. The
extinction of a species is always the result of rapid changes in the environment. The demise of
an organism is referred to as extinction. It is generally agreed upon that the moment of
extinction is believed to be the moment that the final organism passes away. A species is

considered to have reached the point of extinction when there is no longer any individual that

% Ibid
% Edward A. Page, Climate Change, Justice and Future Generations 37 (2006).
%1 National Biodiversity Action Plan Report 1 (2008).
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is capable of reproducing and giving rise to a new generation. Changes in the climate are also
responsible for causing this effect. It is estimated that between 15 and 37 percent of land
species would be “committed to extinction” by the middle of this century thanks to the effects
of climate change.?? On the other hand, in contrast to previous connections, the relationship
between climate change and biodiversity is reciprocal. While climate change poses a threat to
biodiversity, conservation and sustainable use of biodiversity have the potential to mitigate the
effects of climate change. The study of climate change therefore places a very major emphasis
on the preservation of the world’s diverse biological variety. One of the most significant
aspects of adapting to climate change is guaranteeing the preservation of biodiversity and the
services connected with ecosystems.”®® Loss of biodiversity and its potential damage is inter
alia one impact of climate change.’* The following are six international treaties that are
connected to the international concern and efforts to solve the difficulties that are associated

with biodiversity.

3.3.1 Convention on Biodiversity, 1992

To a large extent, the Convention on Biodiversity (CBD) is concerned with the rights and
duties of states at the national level. India has ratified it on 18.02.1994. In accordance with
Article 8 of the Convention, the “Contracting Parties shall, to the extent that it is possible and
appropriate,” take national action in order to put an end to the destruction of ecosystems,
habitats, and species. In accordance with Article 7, states are obligated to “identify processes
and categories of activities that have or are likely to have significant impacts on the
conservation or sustainable use of biological diversity.” In accordance with the provisions of
Article 8(1), “where a significant adverse effect on biological diversity has been determined,
Parties shall regulate and manage the relevant processes and categories of activities” This wide
commitment also applies to practices that cause anthropogenic climate change, which includes
all processes that release greenhouse gases, as well as any land-use change or forestry activities
that impair the ability of the terrestrial biosphere to store carbon. In addition, the Convention
offers a level of protection for all actions that have the potential to do harm to biodiversity by
restating the no harm rule, which is a principle that is based on international customary law.

As stated in Article 3, “States have, in accordance with the Charter of the United Nations and

92 C.D. Thomas et. al, “Extinction Risks from Climate Change” 427 Nature Journal 147-48 (2004); Shaoni
Bhattacharya, “Global Warming Threatens Millions of Species”: http://www.newscientist.com.

% Ahmed Djoghlaf, Executive Secretary, CBD, http://www.iisd.ca/climate-I/bulletin

% Conference of the Parties (10th Meeting) to CBD, Nagoya, Japan, 18 29 Oct 2010
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the principles of international law, the sovereign right to exploit their own resources in
accordance with their own environmental policies, and the responsibility to ensure that
activities within their jurisdiction or control do not cause damage to the environment of other
States or of areas beyond the limits of national jurisdiction.” This provision was included in
the United Nations Charter. In contrast to the Framework Convention on Climate Change,
which only includes the rule in the preamble, the rule is included in the operational treaty
provisions of the Convention. The requirement of the state parties to prevent damage to
biodiversity as a result of climate change is comparable to the obligation of the climate regime
to reduce greenhouse gas emissions. The idea of common but differentiated responsibility
applies to the obligation, which is subject to its parameters. The Conference of Parties (COP)
to the Convention, which took place not too long ago, has extended an invitation to the Parties
and other governments to evaluate and lessen the effects of climate change on biodiversity,

taking into account the specifics of their own countries and the priorities they hold.*®

3.3.2 Bonn Convention on Conservation of Migratory Species of Wild Animals, 1979

It is applicable to migratory species, which are defined as species that move through the
national boundaries in a predictable and cyclical manner. States are required to make efforts to
preserve the species listed in appendix | and their habitats, as well as “to the extent feasible
and appropriate, to prevent, reduce, or control factors” that are likely to put these species in
danger, according to Article I11.4 of the Convention on the International Trade in Substances.
The State Parties have acknowledged that the effects of climate change potentially pose a
significant threat to the protected status of such species. As a result, they have tasked the
Scientific Council to conduct research and other actions related to this topic.*® The Convention
establishes obligations, and the states are required to comply with them by either taking actions
to reduce the effects of climate change or by supporting actions that would assure the
preservation of the range habitat of the species regardless of the effects of climate change. The

convention was first ratified by India on November 1st.83.

3.3.3 Washington Convention on International Trade in Endangered Species of Wild
Flora and Fauna, 1973
Through the classification of endangered species into three distinct categories and the

% Conference of the Parties (10th Meeting) to CBD, Nagoya, Japan, 18 29 Oct 2010
% Report of the 10th Meeting of the Scientific Council, p. 20 (2001).
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imposition of trade prohibitions, rules, and punishments, the Convention seeks to achieve its
goal of protecting endangered species. In Appendix I, there is a list of species that are in danger
of becoming extinct, in Appendix Il, there is a list of species that are likely to go extinct if
protection measures are not adopted, and in Appendix Ill, there is a list of species that are
subject to national legislation for the aim of restricting exploitation. The Convention is
significant because it reflects the global concern about the protection of the most threatened
species, not only because of climate change, but also because it may provide some guidelines
for specifying what could constitute dangerous interference with the climate change system in
accordance with Article 2 of the Framework Convention on Climate Change, in the year 1976,

on July 16th, India had approved it.

3.3.4 The UNESCO Convention, 1972 - Convention Concerning the Protection of the
World Cultural and Natural Heritage

The convention calls for the protection of singular, one-of-a-kind natural sites or artifacts that
are of “outstanding universal value from the aesthetic or scientific point of view,” as specified
in Article 2 of the convention. For the purposes of this Convention, the following items are to

be deemed to be “natural heritage,” as stated in Article 2:

(i) Natural features that are composed of physical and biological formations or groupings of
such formations, and which are of exceptional universal value by virtue of their artistic or
scientific significance;

(ii) Geological and physiographical formations, as well as precisely delineated areas, that
constitute the habitat of endangered species of animals and plants that have outstanding
universal value from the perspective of science or conservation;

(iii) Natural sites or precisely delineated natural areas that can be considered to have

outstanding universal value from the perspective of science, conservation, or natural beauty.

In addition to the preservation of their natural habitats, the Convention addresses the protection
of endangered plant and animal species, as well as other biological formations that are of
exceptional universal importance. Changes in the climate pose an extra threat, and they make
the already precarious future even more precarious. In order to fulfill this requirement, each
party is required to provide, to the greatest extent possible, an inventory of the property that
falls under the category of natural or cultural assets and would ultimately be included in the

World assets Committee. The obligation to ensure the identification, protection, and
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conservation of the natural and cultural heritage is imposed on contracting states by Article 4
of the Convention on the Rights of the Child. Climate change is expressly referred to as one of
the two examples of “Environmental Pressures.”®” Countries should take into consideration
climate change when submitting a site for inclusion in the world heritage list. For example, the
Sunderbans, which is a world heritage site, is already at risk due to sea level rise and salt
intrusion. The UNESCO Convention does not work to protect ecosystems or habitats from the

effects of climate change.

As stated by the World Heritage Centre, “Natural World Heritage Sites are under major threat
due to reductions in biodiversity, species extinction, and desertification.” This is an explicit
revelation of the danger that is posed to sites as a result of climate change. Both in the near
term and over the long term, these challenges will be significantly exacerbated by climate
change. It is of the utmost importance that an exhaustive evaluation of the magnitude of the
danger that climate change poses to each and every location be carried out immediately. In
accordance with the provisions of Article 6.3 of the Convention, “each State Party undertakes
not to take any deliberate measures that might damage directly or indirectly the listed heritage
situated on the territory of other States Parties to this Convention,” This Article, both in its
word and in its spirit, emphasizes the Convention’s opinion that the state need to impose a
prohibition on unrestricted operations or the processes that involve the generation of
greenhouse gases. If a State considers a world heritage site is in danger from the impacts of
climate change, it may submit the site to the danger list and file a request under Article 13.1
for financial assistance with the World Heritage Committee. Threats to sites posed by the
effects of climate change are sufficient to warrant their inclusion on the list, and as a result, it
serves as a signal of how to decrease emissions of greenhouse gases, in the year 1977, on

November 4th, India had ratified the Heritage Convention.

3.3.5 The Ramsar Convention, 1971

The Ramsar Convention of 1971, which India ratified on February 11, 1982, is based on the
recognition that wetland ecosystems are among the most productive ecosystems in the world.
Wetlands serve as habitats for birds and other species, they are an effective means of flood
control, and they represent enormous economic, cultural, and recreational value. It is the role

of wetland ecosystems to act as sponges, to act as buffers against storms, to act as sources of

9 World Heritage Newsletter, Aug.-Oct., 2002.
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fresh water and food. The destruction of these wetland areas, on the other hand, would amplify
the effects of climate change and will have a catastrophic effect on our safety and our ability
to obtain water. Wetland areas are characterized as both coastal lands along with inland regions
that are related to ground water and other fresh water systems, as specified in Article 1 of the
Convention. Such a definition encompasses both coastal and inland regions. The term "wetland
areas™ can also be used to refer to wetland regions. Wetland environments are home to a wide
variety of marine animals, all of which obtain their nourishment and reproduction from these
habitats. These habitats are crucial to the survival of various marine species. After conducting
an examination of the effects that climate change has on the environment, the
Intergovernmental Panel on Climate Change came to this conclusion.®® Article 3 of the Ramsar
Convention indicates that the aim of the organization is to “stop the loss of wetlands and to
promote the conservation and wise use of usable wetlands.” This mission is stated in the
Ramsar Convention. It safeguards the ecological status quo by preserving certain locations in
their current state. However, it does not impose any specific prohibitions against the effects of
climate change, nor does it compel states to take general protection measures in order to lessen
the likelihood of climate change-related harms. However, it is beyond reasonable doubt that
the systems that are safeguarded by the Convention are unquestionably under danger as a result
of the impact of climate change, and climate change may be able to undermine the fundamental
objective of the Ramsar Convention. It’s Scientific and Technical Review Panel has set up a
working group on climate change. The Ramsar list of wetland areas has the potential to serve
as a significant foundation for the parties to the FCCC in understanding the “dangerous” level

that is outlined in Article 2.

3.3.6 The Antarctic Treaty, 1959

At the South Pole is where you’ll find the Antarctic region, which is comprised of frozen land
that is surrounded by water. Due to the fact that the region itself is comprised of a complicated
network of arrangements, a treaty is drafted with the intention of regulating the relationships
that exist between the states that are located in the Antarctic. Over the course of the
International Geophysical Year that took place in 1957-1958, the twelve countries that were
active in the Antarctic were the original parties to the Treaty. On December 1, 1959, the Treaty
was signed in Washington, and on June 23, 1961, it became legally binding against all parties
involved. By acceding to the Treaty and establishing their interest in Antarctica by carrying

% World Heritage Newsletter, Aug.-Oct., 2002.
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out serious scientific research there, other states have become Consultative Parties to the
instrument. On September 8, 1993, India became a party to the pact. “in the interests of all
mankind that Antarctica shall continue forever to be used exclusively for peaceful purposes
and shall not become the scene or object of international discord,” is the principal objective of
the Antarctic Treaty, which was established in order to guarantee that Antarctica cannot
become a source of international discord. In order to achieve this goal, it restricts military
activity, with the exception of activities that are in favor of scientific study; it outlaws nuclear
explosions and the disposal of radioactive waste; it encourages scientific research and the
interchange of data; and it suspends all territorial claims. According to the Protocol to the
Antarctica Treaty on Environmental Protection, which was signed in 1991, Antarctica was
designated as a natural reserve. This designation is extremely pertinent in light of the
anticipated effects of climate change on polar species. It is anticipated that the arctic region
will experience climate change that is among the most significant and rapid of any region on
the planet. This shift will have significant effects on the physical environment, the
environment’s ecosystems, society, and the economy.® The Treaty and the Protocol, on the
other hand, do not include fundamental rules that are targeted at preventing damages caused
by climate change; nonetheless, it does identify the environment of Antarctica as having
absolute protection status. In Article 2 of the FCCC,'® it will unquestionably establish
limitations on the threshold of dangerous interference. These limits should serve as a reference
for the kind of measures that should be taken to stabilize greenhouse gas concentrations.

3.4 India’s response to the UNFCC and Conference of Parties

India is a country that is rapidly developing, and it is currently confronted with the problem of
combating the global threat of climate change while also maintaining its rapid economic
expansion. The development path that India is on is founded on the country’s exceptional
resource endowments. There is a significant majority of people who are dependent on the
abundance of natural resources. The expansion of the industrial sector is generally regarded as
an indication of progress in the socioeconomic position of the population. The cumulative
greenhouse gas emissions in the atmosphere, which are anthropogenically generated by long-
term and intensive industrial growth, are the source of the threat to the climate and their
influence on the biodiversity of the planet. The maintenance of a high growth rate is essential

9 IPCC, Third Assessment Report, 2001, WG I, para, 5.7.
100 Framework Convention on Climate Change
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for the purpose of increasing living standards and meeting the demands of more than one
billion people. On the other hand, reducing their vulnerability to the effects of climate change
and saving biodiversity from the projected threat that will result from it is a task that requires

serious attention.

The goal of the United Nations Framework Convention on Climate Change (UNFCCC) is to
achieve a level of greenhouse gas (GHG) stability that would preclude harmful anthropogenic
interference with climate and ecosystems. For the purpose of mitigating the potential
consequences, countries are necessary to implement policies and actions. As it became clear
that the industrialized nations would not be able to fulfill the voluntary stabilization objective
by the year 2000, the Parties to the Convention gathered in Kyoto and agreed a Protocol known
as Kyoto Protocol (COP) 3, 1997.1%" The purpose of this Protocol was to impose legally
obligatory limitations or reductions in greenhouse gas emissions. In this round of negotiations,
the Parties came to the conclusion that the only nations that would be subject to constraints
would be those that are considered developed. These reductions were mostly accomplished
through the combustion of fossil fuels. The stipulation that the developed countries listed in
annex | of the FCCC1 must achieve a collective emissions reduction objective of 5.2 percent
below their levels in 1990, using as a basis their emissions average in the period between 2008
and 2012 of greenhouse gases, was an item that was considered to be an essential component
of the Protocol. There is only one connection between the Kyoto Protocol and developing
countries, and that is the Clean Development Mechanism (CDM), which is a result of Kyoto.1%?
Parties are subject to a penalty in the form of a requirement to make contributions to the Clean
Development Fund (CDF) if they do not comply with the emissions commitments that have
been set to them during a specific budget period. The monies that are amassed in the Country
Development Fund (CDF) are subsequently employed by developing nations in order to
support sustainable development with the goal of achieving sustainable development. The
amount of money that would be used to support adaptation efforts in the countries that are most
susceptible to the effects of climate change would not exceed ten percent of the total revenues.

Representatives from more than 190 countries were present in the thirteenth Conference of
Parties (COP-13), which took place in Bali in December of 2007. The meeting was held with

101 India ratified in 2002.
102 Agus P. Sari and Stephen Meyers, “Clean Development Mechanism: Perspective from Developing Countries”
: http://ies.lbl.gov/iesp
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the intention of focusing on the measures that would be implemented in order to reduce
emissions of greenhouse gases once the Kyoto Protocol is no longer in effect beginning in
2012. Measureable, reportable, and verifiable emission limits and reductions are required to be
implemented in industrialized nations in accordance with the Bali Action Plan (BAP), which
stipulates that these measures must be implemented. However, developing nations are allowed
to focus a greater emphasis on mitigation rather than emission reduction. This is because
mitigation is a more sustainable approach. In light of the fact that it is the nation that is
responsible for the greatest amount of greenhouse gas emissions and is a skeptic of the Kyoto
Protocol, the United States of America felt constrained to back the Bali Plan. As a result of the
implementation of the Bali Action Plan, China and India were given the opportunity to lessen
their collective carbon footprints and make a contribution to the mitigation of the effects of
climate change. It was possible to achieve this without jeopardizing their continuing economic
expansion.

The establishment of a working group on the topic of Reduction of Emissions Caused by
Deforestation and Degradation in Developing Countries (REDD) was another significant
achievement that took place during the Bali Conference. This group was formed in order to
address the issue of these emissions. It was the intention of this committee to devise a method
that would make it feasible to address the problem of lowering the rate of deforestation while
still adhering to the ideals that are established in the Kyoto Protocol. However, forests are
being chopped down at a rate that is around thirteen million hectares per year on average,
despite the fact that they have the ability to hold nearly fifty percent more than the atmosphere
does at the present time.*® Deforestation may be responsible for creating between twenty and
25 percent of the greenhouse gas emissions that occur all over the world. This is a possibility
that cannot be ruled out. The agreement that was reached to assist in the maintenance and
expansion of forests included both the supply of access to ecologically friendly technologies
as well as the allocation of specific monies. Both of these elements were included in the

agreement.

At the fifteenth conference of the Conference of Parties (COP 15), which took place in
Copenhagen in December 2009, it was necessary to establish a legal and policy framework
that will enable the world to make climate-resilient global growth. In light of this, it was
anticipated that the meeting in Copenhagen would result in the establishment of a

103 The Hindu, Dec. 6. 2007.
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comprehensive and legally binding worldwide accord to address the issue of climate change.
The summit in Copenhagen, on the other hand, was an unsuccessful attempt by countries like
India to reach a consensus on how to approach the issue together. The United Nations has
requested that India reduce the emissions intensity of its gross domestic product by 20-25
percent by the year 2020 in comparison to the level in 2005 through the implementation of
domestic mitigation efforts. Every single unit of industrial production was reduced on a
voluntary basis, but there was no reduction in overall emissions. Through a reduction in
emissions by the year 2050, the industrialized nations came to an agreement to limit global
warming to two degrees Celsius. In contrast to the poor countries, which insisted on a
commitment to cut emissions along the lines of the Kyoto Protocol, the industrialized nations
were resistant to the establishment of a new legal accord that would address their own
greenhouse gas emissions. The summit’s negotiations consisted of a wide variety of outcomes,
from a failure to a disaster.%* The most recent Conference of the Parties (COP 16), which took
place in Cancun in December of 2010, appears to have resulted in a comprehensive agreement
between developing nations and wealthy nations over the protective measures to be taken
against climate change. With the goal of protecting developing countries from the effects of
climate change and assisting them in developing low-carbon infrastructure, the Green Climate
Fund will be established. When developing countries’ emission-control measures are
sponsored by western money, only then will they be subjected to international verification
through the process of international verification.%

At the global level, there are 194 countries that are concerned about climate change and the
potential threat to the ecosystem. However, when it comes to the issue of emission reduction,
the developed nations prioritize their interests over the issue of global warming and insist that
the developing or poor nations also reduce their emissions. This is because the developing or
poor nations have to address the compelling needs of their citizens.

Comparison of India’s per capita GHGs emissions with some other countries:%

Country Per-Capita Carbon-dioxide (metric tone)
emissions (metric tons)

USA 20.01

EU 9.40

104 The Economic and Political Weekly, vol. xlv, no. 1, p. 5. (Jan. 2, 2010).
105 Available at: http://www.bbc.co/news/science-environment
106 National Action Plan on Climate Change 13 (2024).
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Japan 9.87
China 3.60
Russia 11.71
India 1.02
World Average 4.25

India’s position is vindicated because it is hot committed to any legal obligation but rather

volunteers to reciprocate as a responsible nation and member of all the international

conventions adopted to cope up with the situations. Additionally, the table above reveals that

India is still less than a fourth of the world average per capita carbon dioxide emission, which

is significantly lower than the per capita level of emission in developed nations. This is despite

the fact that India is a rapidly growing economy in the world.
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Chapter-4
Judicial Approach

The Supreme Court of India has further expanded the various principles that govern
environmental law. Some of these principles include the following: in the case of Indian
Council for Enviro-Legal Action v. Union of India,'%" the highest court in India ruled that
“Enforcement agencies are under an obligation to strictly enforce environmental laws.”
‘Polluter pays’ is a principle that is a part of the fundamental environmental law of the nation.
This principle stipulates that a polluter is responsible for paying the costs of remediation or
cleanup, in addition to the amount that is owed to compensate those who have been affected
by pollution. Contumacious defaulters and individuals who engage in industrial or
development activity for the purpose of profit without respect to the subject matter of the

legislation should be subjected to stringent action.

As a result of the decision that was made in the case of Subhash Kumar v. State of Bihar,% it
was determined that “Every person enjoys the right to a wholesome environment, which is a

facet of the right to life guaranteed under Article 21 of the Constitution of India.”

In the case of Dr. B. L. Wadehra v. Union of India,'% it was decided that government agencies
cannot use the excuse of a lack of cash, insufficient manpower, or any other insufficiency to

justify their failure to fulfill their commitments under environmental legislation.

In the case of Vellore Citizens Welfare Forum v. Union of India,*'° the Supreme Court of India
developed the “precautionary principle,” which mandates that government authorities make
efforts to predict, prevent, and combat the factors that contribute to environmental degradation.
Furthermore, according to this principle, the burden of proof lies with the developer or
industrialist, who must demonstrate that the action they are taking is not harmful to the

environment.

In the case of State of Himachal Pradesh v. Ganesh Wood Products,'! directives were issued

107 (1996) 5 SCC 281

108 AIR (1991) 1 SCC 598.
109 AIR1996SC2969.

110 A|R1996SC2715

111 A|R1996SC149
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to the government development agencies that are responsible for making decisions. These
directives stated that the agencies should give due consideration to ecological factors, which
include: (a) the environmental policy of both the Central and state governments; (b) the
sustainable development and utilization of natural resources. And (c) the responsibility that the
current generation has to protect natural resources and ensure that the environment that this
generation inherits from the generation that came before us is preserved in the same state that

it was in when we were born.

In the case of Bangalore Medical Trust v. B.S. Muddappa,*? the court reached the conclusion
that the authority granted by an environmental statute can only be used to further
environmental protection, and not for any purpose that would be in direct opposition to the aim
of the law.

The state is the custodian of all natural resources, which are by their very nature intended for
the use and enjoyment of the general public, as stated in the case of M.C. Mehta v. Kamal
Nath.!*® A considerable portion of the general population is the recipient of the benefits that
the seashore, running streams, air, woods, and environmentally fragile regions provide. It is

not possible to acquire private ownership of these resources.

In the process of assessing whether or not certain circumstances are encompassed by climate
change, Peel and Lin, in addition to Lavanya Rajamani, are called upon for consultation.t*
The influence of climate change to bring the attention of the judicial system to actions that are
harmful to the environment. The High Court of Delhi, Allahabad, and the National Green
Tribunal are currently deliberating on the most important matters that have arisen.

The petitioners in the case Manushi Sangathan v. Government of Delhil®® challenged a
prohibition against cycle rickshaws by utilizing the fourth assessment report of the
Intergovernmental Panel on Climate Change (IPCC), which recommended policies that
promoted the use of vehicles that were more fuel-efficient when it came to transportation. The

High Court came to the conclusion that the restriction placed on the operation of cycle

112 AIR1991SC1902

113 19971SCC388

114 Jacqueline Peel and Jolene Lin, ‘Transnational Climate Litigation: The Contribution of the Global South’
(2019) 113 American Journal of International Law 679

15 W.P. (C) 4572 (2007).
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rickshaws was unreasonable and infringed upon the right of cycle rickshaw drivers to establish

a means of subsistence.

In the case of We the People v. Union of India,'!® the petitioners contested the practice of
cutting down trees in Uttar Pradesh in order to make room for the growth of roadways, which
was a contributor to increases in world temperature. Furthermore, they suggested that as a
means of compensating for the loss of these trees, trees were not being planted in replacement
locations. It was decided by the Allahabad High Court that extra trees needed to be planted in

order to make up for the trees that had been chopped down.

A complaint was filed with the National Green Tribunal in the year 2017 by Ridhima Pandey,
a little girl from Uttarakhand who was nine years old at the time. The complaint was filed with
the intention of “challenging government inaction” on the matter of climate change. In order
to justify the filing of the case, the following justifications have been cited: In addition to the
inter-generational equality concept and the Public Trust Doctrine, the applicant is relying on
the principle of sustainable development and the precautionary principle, all of which are
outlined in Section 20 of the National Green Tribunal Act, which was passed in 2010. The
application also brings up the issue of the non-implementation of a number of environmental
laws, in particular the non-implementation of the Forest (Conservation) Act of 1980, the Air
(Prevention and Control of Pollution) Act of 1981, the Environment (Protection) Act of 1986,
and the Environmental Impact Assessment Notification of 2006, which has resulted in the

adverse effects of climate change spread throughout the country.!’

Beginning in the 1970s, there were just a handful of specialized courts and tribunals that had
been established all over the world. The number of Environmental Courts and Tribunals had
expanded prior to the year 2016, when the year officially began. At a time when the possibility
of establishing green courts that have environmental jurisdiction that is distinct from that of
the common judicial system was being considered all over the world, the National Green
Tribunal Act of 2010 (NGT Act) was passed by the Indian parliament.

The National Green Tribunal was founded “for the effective and expeditious disposal of cases

116 Order of the Allahabad High Court in Misc. Bench, 16 June 2010, No. 5750 of 2010
17 “pandey v. India’, Sabin Centre for Climate Change Law, <http:/climatecasechart.com/non-us-case/pandey-
v-india/>.
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relating to environmental protection and conservation of forests and other natural resources.”
With this mission in mind, the tribunal was established. Not only are there judges on the
benches of the green tribunal, but there are also members who are experts in their fields who
are able to contribute legal and scientific insight to the matters that are brought before it. Within
the realm of the judicial and legal community, the green tribunal has been able to successfully
bring environmental concerns of Indian citizens to the forefront and center during the course
of the past decade that it has been operating, notwithstanding the fact that it faces difficulties
in terms of its restricted jurisdiction, powers of execution, and legislative limitation. By
delivering great environmental jurisprudence and frequently drawing from and expanding
upon the principles of international environmental law, the green tribunal has been successful
in eliminating the procedural complexity that are associated with legal issues that are related

to the environment.

When it comes to the progression of climate change lawsuits, India stands out as an intriguing
case. On the one hand, the nation is replete with examples of significant advancements in the
development of environmental jurisprudence, which, as a result of the doctrine of precedents,
eventually becomes the law of the land. The specific and most prominent instance of youth-
led climate litigation, on the other hand, was faced with a failed mandate in the court, as will

be detailed further down in this article.

It has been observed that India does not own any legislation that is specifically pertaining to
climate change. There is no comprehensive legislation on climate change in India, despite the
fact that a number of statutes cover various areas of climate change causes and effects, and
hence present potential bases for climate litigation. In addition to India’s Intended Nationally
Determined Commitments (INDC), which were presented to the United Nations Framework
Convention on Climate Change (UNFCCC) on October 2, 2015, it does have a National Action
Plan on Climate Change (NAPCC), which was established on June 30, 2008. To a large extent,
the NAPCC is concerned with domestic issues. In the run-up to the Paris Climate Change
meeting that took place in December of the same year, the International Non-Governmental
Organization (INDC) issued a declaration of purpose about climate change action.

In the case of Gaurav Kumar Bansal v. Union of India and Others, '8 the petitioner sought for
the implementation of the National Action Plan on Climate Change, as well as for the state

governments to finalize and implement their respective State Action Plans, and for them to be

118 No. 237 (THC)/2013 (CWPIL No.15 of 2010).
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prohibited from breaking these plans. For the purpose of addressing the issues that are posed
by the causes and effects of climate change, the “judiciary is compelled to innovate dicta that
falls within the legal provisions of environmental law.” Despite the fact that the green tribunal
did not expressly rule on its jurisdiction over the execution of the NAPCC in its final order, it
did hold that in the future, particular cases concerning violations of the NAPCC, its impact, or
repercussions could be submitted before it, which further added to the confusion. Furthermore,
the tribunal instructed states that had not yet drafted their state action plans in compliance with
the NAPCC to proceed with the preparation of these plans and to obtain approval from the
Ministry of Environment, Forest, and Climate Change as quickly as possible.

In the case of Court on Its Own Motion v. State of Himachal Pradesh and Others,''® the Green
Tribunal was confronted with the challenge of dealing with the impacts of climate change on
the glacier of Rohtang Pass in the Himalayas. The glacier was experiencing serious pollution
issues and, with the passage of time, it was deteriorating in terms of its environmental,
ecological, and aesthetic qualities. The fact that there is no law in India that governs “climate
change” or the adaptation and mitigation of its effects is a challenge. In response to this
difficulty, the green tribunal came up with a novel strategy to address the problems of glacier
pollution and recession. This strategy involved utilizing a variety of air pollution regulations
that were, in fact, within the scope of the green tribunal’s jurisdiction for access to climate
change. As the Tribunal has pointed out, the following:

“...Due to the emission of high carbon content, black carbon, nitrogen oxide (NOx), and
suspended particulate matter (SPM), the repercussions of vehicular pollution would have a
significant impact on the quality of the air that is present in the surrounding environment or
environment. The pure and healthy air in that region is being polluted by all of these other
things. In addition, the glacier is negatively impacted by pollution from vehicles, the results of
which can be seen in the melting of the glacier, the blackening of the snow, and other biological
disturbances that occur within the glacier. The diesel, commercial and transport vehicles,
which are over-loaded and even other vehicles—public and private—including two-wheelers
which go to the glacier or pass through the glacier route to further destinations, are damaging

the glacier...”

In the case of Tanaji Balasaheb Gambhire v. Union of India,'? the Supreme Court of India

119 NGT, Sher Singh v. State of Himachal Pradesh, No. 237 (THC)/2013 (CWPIL No.15 of 2010) (India).
120 2016 SCC Online 4213
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heard arguments regarding the fundamental principles of climate change.
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Chapter-5

Conclusion & Suggestions

5.1 Conclusion

There are a variety of direct and indirect effects that climate change has on biological diversity.
These effects compound the effects of threats that already exist on wildlife biodiversity as a
result of anthropogenic activity that is unregulated and exploitative. The fluctuating climatic
circumstances have an impact on the spatial distribution of a variety of species, as well as
population trends, behavior, reproduction, genetic variability, and the ability of species to
survive, which can, in some instances, result in the extinction of species. It is difficult to
forecast what the future potential value of biodiversity will be, but it will undoubtedly be higher
than the value that is currently predicted. In light of this, it is of the utmost importance that it
be safeguarded from the damage that is brought about by both climate change and the stresses
that are caused by human activity.

The delicate equilibrium that occurs between ecological functions and essential ecosystem
services is disrupted when there is a loss of biodiversity in wildlife populations. Both of these
functions and services are necessary for the continuing survival of human society. The
consequences of climate change on the distribution of species, the behavior of animal species,
the range of habitats, migration patterns, and the prevalence of epidemics are not well
understood, despite the fact that there is a shortage of knowledge regarding these topics. For
the purpose of planning and putting into action initiatives and strategies for the protection of
wildlife and for reducing the consequences of climate change, this knowledge is absolutely
necessary. For this reason, it is absolutely necessary to carry out additional research on the
effects of climate change on the biodiversity of wildlife, as well as to develop novel approaches
to mitigating the effects of climate change, and to raise awareness at the grassroots level, in
order to ensure that the biodiversity of wildlife all over the world is preserved.
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5.2 Suggestions

5.2.1 Mitigation strategies for the conservation of wildlife biodiversity

The loss of biodiversity on a global scale and climate change are two problems that are tightly
interwoven and represent considerable dangers to the stability of the ecosystem as well as the
health of both humans and wildlife. These two issues are connected and contribute to the loss
of biodiversity. Both of these crises, which result in the disruption of ecosystem operations and
impair the ecological processes that are needed for a functional and balanced environment, are
intertwined and contribute to the loss of biodiversity, according to Shin et al. (2022), these
activities are receiving financial incentives. 1. Reforestation in specific regions that are ideal
for the preservation of forest habitat continuity and a reduction in the rate of deforestation are
two strategies that have the potential to be beneficial in mitigating the effects of climate change
on the biodiversity of the entire planet.

According to Wudu et al. (2023), some of the most essential methods for mitigating the effects
of climate change and restoring biodiversity are nature-based solutions. These solutions
include the preservation of ecosystems that are in their natural state, the management of
agricultural lands, and the restoration of native cover. As a result of changes in land use and
other activities that are caused by humans, coastal marine ecosystems have been subjected to
severe degradation, which has resulted in the loss of habitat and a decrease in the provision of
valuable ecosystem services.

Ecological restoration and the rebuilding of coastal ecosystems are very important in order to
bring about a reduction in the quantity of species that is being lost. According to Goreau and
Hilbertz (2005), the techniques that are executed in order to improve the health of the marine
environment encompass a variety of measures such as cutting down the amount of overfishing,
safeguarding against the introduction of invasive species, introducing native vegetation,
preventing the overexploitation of coastal services, and minimizing the amount of chemical
pollutants. These are just some of the techniques that are implemented. To provide an example,
it was found that the restoration of coral reefs and seagrasses was among the most expensive
restoration projects. On the other hand, it was found that the restoration of mangroves was the
least expensive of all the restoration projects. According to Bayraktarov et al. (2016), the
outcome that was achieved was that the success of restoration was dependent on the
environment, site selection, and techniques that were used. This was the conclusion that was
reached. The conclusion that was reached was as stated above. Furthermore, it was determined

that long-term monitoring of these initiatives is required in order to appreciate the potential of
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restoration projects as a tool for minimizing the consequences of climate change. This was
reached after it was confirmed that such monitoring is necessary.

According to Yang et al. (2010), permafrost makes up around twenty-five percent of the total
land surface in the northern hemisphere. This information was formulated by the researchers.
This particular type of terrain is extremely susceptible to changes in temperature and
precipitation on a regular basis. “This perennially frozen ground is a reserve of carbon,
possessing twice as much carbon as the atmosphere, and the degradation of this layer results
in the release of large quantities of carbon stored in the arctic soil, biogenic carbon dioxide,
and methane emissions (Bruhweiler et al., 2021; Shin et al., 2022). According to Blok et al.
(2010), ecosystem-based management, which includes the growth of shrub cover in the Arctic
area, has the ability to reduce the summer permafrost melt and, as a consequence, partially
offset the deterioration of permafrost.” This is as a result of the fact that it involves the growth
of shrub cover. According to Minayeva et al. (2018), the stability of the permafrost and the
prevention of its deterioration may be achieved through the repair of peat lands and the
preservation of peat lands that have not been damaged. This may be accomplished by putting
a cap on the amount of methane that is released into the atmosphere and reducing the rate at
which the world is warming. When permafrost melts, it may cause considerable quantities of
methane, a potent greenhouse gas, to be released into the atmosphere. This can have a negative
impact on efforts to mitigate climate change. The reason for this is that permafrost is capable
of storing vast quantities of organic carbon. As a result of the decrease of these emissions, there
is a link between the prevention or delay of permafrost degradation and the reduction of these
emissions, which in turn contributes to the stabilization of the climate and the protection of
ecosystems and species that are sensitive to rapid climatic changes.

With the current state of affairs, the loss of biodiversity on a global scale is an issue that the
entire world is dealing with. It is of the highest importance to support research and development
of novel technologies in order to lessen the impact of this decline in biodiversity. Probiotics
and microbiome transplants are two examples of microbiome-targeted therapeutics that have
the potential to be effective in decreasing the loss of biodiversity and boosting the resilience
of ecosystems and species (Peixoto et al., 2022). It is possible that these therapies might be
beneficial in reducing the loss of biodiversity. The intention of Kideghesho’s (2009) research
was to evaluate the potential for promoting traditional African cultural practices in Tanzania
with the objective of reducing the overexploitation of wildlife resources and the destruction of
habitat. Through his research, he came to the realization that the exploitation of cultural

traditions and the absorption of local communities into conservation initiatives are both
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effective ways to reduce the loss of animals on a worldwide scale.
When it comes to determining the efficacy of mitigation programs, two of the most significant
aspects that are taken into consideration are the extent of the harm that has been done to the
environment and the selection of methods that are acceptable. In order for mitigation methods
to be effective, they need to be prioritized, inclusive of the community, and based on incentives
within the community. For the purpose of achieving the maximum possible level of efficacy
in mitigation initiatives, it is essential to have a comprehensive understanding of the natural
processes and to customize the strategies to the diverse ecosystems. The alarming rate at which
the biodiversity of animals is declining as a result of climate change is a cause for concern. It
is vital for governments and other local groups to apply these mitigation strategies in order to
avoid more damage from occurring.
5.2.2 Conservation strategies for preventing wildlife biodiversity loss

Despite “the fact that wildlife biodiversity is an essential component of all ecosystems
and is necessary for a number of ecological processes, there is a serious lack of information
regarding the impact that the loss of wildlife biodiversity has. According to Noss et al. (2015),
climate change and excessive extraction of natural resources have contributed to a significant
reduction in the earth’s biodiversity over the course of several decades.
It has been stated by Wang et al. (2024) that the preservation of biodiversity is confronted with
a multitude of obstacles, and there is an immediate requirement to establish management
systems that are both adaptable and robust in the context of the intensifying climate change. It
was brought to light by Sutherland et al. (2025) that there are fifteen concerns about the
preservation of global biodiversity that need to be addressed in order to get a more favorable
outcome regarding biological variety. Putting conservation strategies into action is absolutely
necessary in order to ensure that future generations will have access to the present biodiversity
as well as the ecological services that are connected with it.
5.3 Future Perspectives
As the progression of global climate change continues, the key concern of scientists,
environmentalists, and politicians is the deployment of mitigation techniques to slow down the
rate of biodiversity loss and effectively conserve the ecologically diverse places that are
already in existence. It is vital to have a better understanding of the link between species and
their ecosystem, as well as the response of species to changing climatic conditions, in order to
accomplish this goal. Both conservation and sustainable use initiatives need to be selected and

put into place in the appropriate manner. Additionally, the success of these actions in
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preserving the biodiversity of wildlife needs to be consistently evaluated. When it comes to
charting mitigation methods that are specifically adapted to different places, the construction
of regional climate models and the utilization of reliable climate change scenarios can be
beneficial in predicting the susceptibility of the ecosystem and the biodiversity that is linked
with it. In order to slow down the pace at which biodiversity will be lost, it is necessary to have
a full understanding of the impacts that climate change will have on the biodiversity of animals.
Additionally, “it is necessary to apply a range of mitigation methods in order to slow down the
rate at which biodiversity will be lost. It is essential to identify the knowledge and assessment
gaps that exist regarding the consequences of climate change on wildlife biodiversity and the
implications of biodiversity on climate change.” This is one of the most important things to do
when it comes to the establishment of monitoring systems, mitigation methods, conservation

and sustainable use activities, and policy making.

Page | 69


http://www.whiteblacklegal.co.in/

www.whiteblacklegal.co.in

Volume 3 Issue 6 | April 2026 ISSN: 2581-8503

Bibliography

Primary Sources

Acts & Statutes

Protection of Wild Animals, Birds, and Plants Act 1972, s. 17A

Protection of Wild Animals, Birds, and Plants Act 1972, s. 9

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

The Scheduled Tribe and other Traditional Forest Dwellers (Recognition of Forest
Rights) Act, 2006, s. 5

Secondary Sources

Books, Journals, Reports

Agus P. Sari and Stephen Meyers, “Clean Development Mechanism: Perspective from
Developing Countries” : http://ies.lbl.gov/iesp

Ahmed Djoghlaf, Executive Secretary, CBD, http://www.iisd.ca/climate-I/bulletin
Alho, C.J.R., 2008. The value of biodiversity. Brazilian Journal of Biology
68,1115-1118. http://www.10.1590/s-69842008000500018.

Alroy, J. (2017). Effects of habitat disturbance on tropical forest biodiversity.
Proceedings of the National Academy of Sciences, 114(23), 6056-6061.

Al-Tawaha, A.R.M., Giinal, H., K¥ecek, J., Zamfir, R.H.C., Patel, K.K., Vyas, R.V., et
al., 2021. Soil fertility decline Under Climate Change. In: Sustainable Soil and
Land Management and Climate Change. 1st ed. 127-145. CRC Press, Florida.
Annual Report of National Biodiversity Authority, 2007-08, p. 7.

Athreya, V., Odden, M., Linnell, J. D., Krishnaswamy, J., & Karanth, U. (2015). Big
cats in our backyards: persistence of large carnivores in a human dominated landscape
in India. PloS one, 10(3), e0119071.

Bavinck, M., et al. (2023). “Conflicts over Natural Resources in the Global South:
Conceptual Approaches.” CRC Press.

Bellard, C., Bertelsmeier, C., Leadley, P., Thuiller, W.,Courchamp, F., 2012. Impacts
of climate change on the future of biodiversity. Ecology Letters 15, 365-77.

Bennett, L. (2017). Deforestation and climate change. A publication of climate
institute, 1400.

Biggs, D., et al. (2023). “Legal trade of Africa’s rhino horns.” Science, 339(6123),
10381039.

Page | 70


http://www.whiteblacklegal.co.in/

www.whiteblacklegal.co.in
Volume 3 Issue 6 | April 2026 ISSN: 2581-8503

e Birdlife International. (2020). “State of India’s Birds 2020: Range, trends, and
conservation status.”

e Bradley, B. A., Laginhas, B. B., Whitlock, R., Allen, J. M., Bates, A. E., Bernatchez,
G., & Sorte, C. J. (2019). Disentangling the abundance—impact relationship for invasive
species. Proceedings of the National Academy of Sciences, 116(20), 9919-9924.

e Brambilla, M., Resano-Mayor, J., Scridel, D., Anderle, M., Bogliani, G., Braunisch,
V., ...&Sangalli, B. (2018). Past and future impact of climate change on foraging habitat
suitability in a high-alpine bird species: Management options to buffer against global
warming effects. Biological conservation, 221, 209-218.

e C.D. Thomas et. al, “Extinction Risks from Climate Change” 427 Nature Journal 147-
48 (2004); Shaoni Bhattacharya, “Global Warming Threatens Millions of Species”:
http://www.newscientist.com.

e Chakuya J., Mandisodza-Chikerema, R., Ngorima, P., Malunga, A., 2021. Water
sources during drought period in a Savanna wildlife ecosystem, northern Zimbabwe.
Geology, Ecology, and Landscapes 7, 323-328.
http://www.10.1080/24749508.2021.1971413

e Chen, J., 2022. Impacts of sea ice loss on Polar bear diet, Prey availability, foraging
behaviours, and human-bear interactions in the Arctic. https://repository.usfca.edu
/capstone/1350

e Conference of the Parties (10th Meeting) to CBD, Nagoya, Japan, 18 29 Oct 2010

e De Frenne, P., Rodriguez-Sanchez, F., Coomes, D.A., Baeten, L.., Verstraeten, G.,
Vellend, M. et al., 2013. Microclimate moderates plant responses to macroclimate
warming. Proceedings of the National Academy of Sciences 110, 18561-18565.

e Diaz, S,, Settele, J., Brondizio, E., Ngo, H.T., Guéze, M.., Trinidad, J., et al., 2019.
Pervasive human-driven decline of life on Earth points to the need for transformative
change. Science 366, eaax3100

e Dinerstein, E. (2013). “The Return of the Unicorns: The Natural History and
Conservation of the Greater One Horned Rhinoceros.” Columbia University Press.

e Dirzo, R., Young, H.S., Galetti, M., Ceballos, G., Isaac, N.B.J., Collen, B., 2014.
Defaunation in the Anthropocene. Science 345, 401-06

e Edward A. Page, Climate Change, Justice and Future Generations 37 (2006).

Page | 71


http://www.whiteblacklegal.co.in/

www.whiteblacklegal.co.in

Volume 3 Issue 6 | April 2026 ISSN: 2581-8503

Elmore, R.D., Carroll, J.M., Tanner, E.P., Hovick, T.J., Grisham, B.A., Fuhlendorf,
S.D., et al., 2017. Implications of the thermal environment for terrestrial wildlife
management. Wildlife Society Bulletin 41, 183-193

Franca, F.M., Benkwitt, C.E., Peralta, G., Robinson, J.P., Graham, N.A., Tylianakis,
J.M. et al., 2020. Climatic and local stressor interactions threaten tropical forests and
coral reefs”. Philosophical Transactions of the Royal Society London B: Biological
Sciences 375, 20190116

Franklin, S. E., 2010. Remote sensing for biodiversity and wildlife management:
Synthesis and applications. McGraw-Hill Education. 1st edn, New York

Garnett, S.T., Crowley, G.M., 2021. The Action Plan for Australian Birds 2020. CSIRO
Publishing, Melbourne. https://www.publish.csiro.au/book/7905/

Gilg, O., Kovacs, K.M., Aars, J., Fort, J., Gauthier, G., Gremillet, D. et al., 2017.
Climate change and the ecology and evolution of Arctic vertebrates. Annals of the New
York Academy of Sciences 1249, 166-190

Gupta, A. K., Karar, K., & Srivastava, A. (2025). Chemical characterization of PM2.5
and PM10 in an urban area of Kolkata, India. Atmospheric Research, 87(1), 6272.
Halofsky, J. E., Peterson, D. L., Dante-Wood, S. K., Hoang, L., Ho, J. J., & Joyce, L.
A. (2018). Climate change vulnerability and adaptation in the Northern Rocky
Mountains [Part 1]. Gen. Tech. Rep. RMRS-GTR-374. Fort Collins, CO: US
Department of Agriculture, Forest Service, Rocky Mountain Research Station. p. 1-
273., 374, 1-273.

Hannah, L., Midgely, G.H., Bomhard, B., 2005. The view from the Cape: extinction
risk, protected areas, and climate change. BioScience 55, 231-242

Hof, C., Levinsky, I., Araujo, M.B., Rahbek, C., 2011. Rethinking species’ ability to
cope with rapid climate change. Global Change Biology 17, 2987-2990

Hoffert; Climate Sensitivity, Climate Feedbacks and Policy Implication 35 (1998).
India: Taking on Climate Change Post-Copenhagen Domestic Actions, MoEF, p. 2
(2020).

India’s 4th National Report to CBD, vol.l, p.1 (2009) MoEF.

India’s Initial National Communication to UNFCCC 15 (2004).

IPCC, Third Assessment Report, 2001, WG II, para, 5.7.

Jacqueline Peel and Jolene Lin, ‘Transnational Climate Litigation: The Contribution of
the Global South’ (2019) 113 American Journal of International Law 679

Page | 72


http://www.whiteblacklegal.co.in/

www.whiteblacklegal.co.in

Volume 3 Issue 6 | April 2026 ISSN: 2581-8503

Jayasiri, H. B., et al. (2023). “Quantitative analysis of plastic debris on recreational
beaches in Mumbai, India.” Marine Pollution Bulletin, 77(12), 107112.

Kahraman, A., Onder, M., Ceyhan, E., 2012. The importance of bio-conservation and
biodiversity in Turkey. International Journal of Bioscience, Biochemistry and
Bioinformatics 2, 95. http://www.10.7763/JBBB.2012 .VV2.79

Karanth, K. U., & Gopal, R. (2025). “An ecology based policy framework for
humantiger coexistence in India.” Population Ecology, 47(3), 7989.

Karanth, K. U., & Nichols, J. D. (2000). Monitoring tigers and their prey: a manual for
researchers, managers, and conservationists in tropical Asia. Centre for Wildlife
Studies.

Keeley, A. T., Beier, P., & Gagnon, J. W. (2016). Estimating landscape resistance from
habitat suitability: effects of data source and nonlinearities. Landscape Ecology, 31(9),
2151-2162.

Kija, H.K., Ogutu, J.O., Mangewa L.J, Bukombe, J., Verones, F., Graae, B.J. et al.,
2020. Spatio-temporal changes in wildlife habitat quality in the greater Serengeti
ecosystem. Sustainability 12, 2440. http://www.10.3390/ su12062440

Kilpatrick, A.M., 2006. Facilitating the evolution of resistance to avian malaria in
Hawaiian birds. Biological Conservation 128, 475-485

Kiss Shelton, International Environmental Law 302 (2000).

Kompas, T., Pham, V. H., & Che, T. N. (2018). The effects of climate change on GDP
by country and the global economic gains from complying with the Paris climate
accord. Earth’s Future, 6(8), 1153-1173.

Kreuzwieser, J., Gessler, A., 2010. Global climate change and tree nutrition: influence
of water availability. Tree Physiology 30, 1221-1234. http://www.10.1093/treephys
Kumar, M.S., Kushwaha, S.P.S., 2018. Forest resource dependence and ecological
assessment of forest fringes in rainfed districts of India. Indian Forester 144, 211-220.
Learmonth, J. A., MacLeod, C.D., Santos, M.B., Pierce, G.J., Crick, H.Q.P., Robinson,
R.A., 2006. Potential effects of climate change on marine mammals. Oceanography
and Marine Biology 44, 431-464

LeDee, O.E., Handler, S.D., Hoving, C.L., Swanston, C.W., Zuckerberg, B., 2021.
Preparing wildlife for climate change: How far have we come? Journal of Wildlife
Management 85, 7-16

Page | 73


http://www.whiteblacklegal.co.in/

www.whiteblacklegal.co.in

Volume 3 Issue 6 | April 2026 ISSN: 2581-8503

Magbool, M.E., Sattar, Q., Ehsan, R., Akhter, S., 2021. Review on climate change and
its effect on wildlife and ecosystem. Open Journal of Environmental Biology 6, 008
Markham, A., Malcolm, J., 1996. Biodiversity and Wildlife: Adaptation to climate
change. In: Smith J.B et al. (eds) Adapting to Climate Change. Springer, New York
Mawadsley, J.R., O’Malley, R.O., Ojima, D.S., 2009. A review of climate-change
adaptation strategies for wildlife management and biodiversity conservation.
Conservation Biology. 23, 1080-1089

Menon, V., & Kumar, A. (2019). “Signed and Sealed: The Fate of the Asian Elephant.”
Asian Elephant Research and Conservation Centre.

Mikle, N.L., Graves, T.A., Olexa, E.M., 2019. To forage or flee: lessons from an elk
migration near a protected area. Ecosphere. 10, €02693. http://www.10.1002/ecs2.2693
Mittermeier, R.A., Robles-Gil, P., Hoffmann, M., Pilgrim, J., Brooks, T., Mittermeier,
C.G. et al., 2004. Hotspots revisited. CEMEX, Mexico

Mohammad, A., 2019. Antarctica Climate Change and how it is affecting the species
living there, especially penguins. Journal of University Studies for Inclusive Research
2, 355-366

Mondol, S., et al. (2019). “Genetic structure and diversity in recent, historically
fragmented populations of the endangered Bengal tiger (Panthera tigris tigris).”
Molecular Ecology, 18(5), 808818.

Morens, D.M., Holmes, E.C., Davis, A.S., Taubenberger, J.K., 2011. Global
Rinderpest Eradication: Lessons learned and why humans should celebrate too. Journal
of Infectious Diseases 204, 502—-505

Morrison, M.L., Marcot, B. and Mannan, W., 2012. Wildlife-habitat relationships:
Concepts and applications. 3rd edn. Island Press, Washington.

Morse, S.S., 2001. Factors in the emergence of infectious diseases. Plagues and politics.
8-26. http://www.10.1057 /9780230524248 2.

Mukul, S.A., Alamgir, M., Sohel, Md. S.1., Pert, L.P., Herbohn, J., Turton, S.M. et al.,
2019. Combined effects of climate change and sea-level rise project dramatic habitat
loss of the globally endangered Bengal tiger in the Bangladesh Sundarbans. Science of
the Total Environment 663, 830

Murray, I.W., Smith, F.A., 2012. Estimating the influence of the thermal environment
on activity patterns of the desert woodrat (Neotoma lepida) using temperature

chronologies. Canadian Journal of Zoology 90, 1171-80.

Page | 74


http://www.whiteblacklegal.co.in/

www.whiteblacklegal.co.in

Volume 3 Issue 6 | April 2026 ISSN: 2581-8503
e Myers, N., Mittermeier, R.A., Mittermeier, C.G., Da Fonseca, G.A.B., Kent, J.,
2000. Biodiversity hotspots for conservation priorities. Nature 403, 153-

158.

e N.H. Ravindranath, et al., “Impact of Climate Change on Forests in India”, Current
Science 16 (Feb., 2006).

e Nagelkerken, 1., Doney, S. C., &Munday, P. L. (2019). H5 Consequences of
Anthropogenic Changes in the Sensory Landscape of Marine Animals. In
Oceanography and Marine Biology. Taylor & Francis.

e National Action Plan on Climate Change 13 (2024).

e National Biodiversity Action Plan Report 1 (2008).

e National Biodiversity Action Plan, MoEF, 2008, p. 5.

e National Forest Policy 3 (1988).

e Ortega, Z., Mencia, A., & Pérez-Mellado, V. (2016). Behavioral buffering of global
warming in a cold-adapted lizard. Ecology and Evolution, 6(13), 4582-4590.

e Pacifici, M., Visconti, P., Butchart, S.H.M., Watson, J.E.M., Cassola, F.M., Rondinini,
C., 2017. Species’ traits influenced their response to recent climate change. Nature
Climate Change 7, 205-208. http://www.10.1038/nclimate3223

e Patil, V., et al. (2020). “Status and Conservation of Coral Reefs in India.” In “Marine
Pollution and Microbial Remediation.” Springer.

e Pfenning-Butterworth, A., Buckley, L.B., Drake, J.M., Farner, J.E., Farrel, M.J.,
Gehman, AM., et al., 2024. Interconnecting global threats: Climate change,
biodiversity loss, and infectious diseases. The Lancet 8, €270-e283.
http://www.10.1016/S2542-5196(24)00021-4.

e Pickett, S.T., Collins, S.L., Armesto, J.J., 1997. Models, 2014. World drought
frequency, duration, and severity for machineries, and pathways of succession. The
Botanical 1951-2010. International Journal of Climatology 34, Review 53, 99-102.

e Prakash, S., & Srivastava, S. (2019). Impact of Climate Change on Biodiversity: An
Overview.

e Rawat, U., Agarwal, N., 2015. Biodiversity: Concept, threats and conservation.
Environment Conservation Journal 16, 19-28. http://www.10.36953/ECJ.2015.16303

e Raza, R, et al. (2022). “Poaching of tigers in India: a national perspective.” Tropical
Conservation Science, 5(1), 7587.

Page | 75


http://www.whiteblacklegal.co.in/

www.whiteblacklegal.co.in

Volume 3 Issue 6 | April 2026 ISSN: 2581-8503

Reddy, C. S., et al. (2018). Quantifying the extent of deforestation and forest

fragmentation in India during 2001-2010. Environmental Monitoring and Assessment,

190(9), 552.

Report of the 10th Meeting of the Scientific Council, p. 20 (2001).

Root, T., Price, J., Hall, K. et al. (2023). Fingerprints of global warming on wild

animals and plants. Nature 421, 57-60

Rosen, G. E., & Smith, K. F. (2010). Summarizing the evidence on the international

trade in illegal wildlife. Eco Health, 7(1), 2432.

Rossati, A. (2017). Global warming and its health impact. The international journal of

occupational and environmental medicine, 8(1), 7.

Schmitz, O. J., Wilmers, C. C., Leroux, S. J., Doughty, C. E., Atwood, T. B., Galetti,

M., ... & Goetz, S. J. (2018). Animals and the zoogeochemistry of the carbon cycle.

Science, 362(6419).

Sekhar, N. U. (2016). Forty years of deforestation and biodiversity loss in India.

Current Science, 111(6), 10311036.

Sidder, A., 2016. Antarctica could lose most of its penguins to climate change”.

National Geographic. https://www.nationalgeographic.com/animals/article/adelie-

penguins-antarctica-climate-change-population-decline-refugia

State of Forest Report, India, 2003.

Sukumar, R. (2025). “A brief review of the status, distribution, and biology of wild

Asian elephants Elephas maximus.” International Zoo Yearbook, 40(1), 18.

Sukumar, R. (2025). “A brief review of the status, distribution, and biology of wild

Asian elephants Elephas maximus.” International Zoo Yearbook, 40(1), 18.

Sundar, K. S. G., & Kittur, S. (2013). Can wetlands maintained for human use also help

conserve biodiversity? Biological Conservation, 168, 4956.

Sundar, K. S. G., & Subramanya, S. (2020). “Bird use of rice fields in the Indian

subcontinent.” Waterbirds, 33(spl), 4470.

Sykes, M.T., 2009. Climate change impacts: Vegetation. eLS online library.
https://doi.org/10.1002

The Economic and Political Weekly, vol. xlv, no. 1, p. 5. (Jan. 2, 2010).

The Environment Pollution (Prevention and Control) Authority, Loss of Ecology

(Prevention and Payment of Compensation) Authority, Environment Impact

Assessment Authority, etc.

Page | 76


http://www.whiteblacklegal.co.in/

www.whiteblacklegal.co.in

Volume 3 Issue 6 | April 2026 ISSN: 2581-8503

The Hindu, Dec. 6. 2007.

Vijayan, V. S., & Chellam, R. (2015). Wildlife forensics in India: A case study of tiger
poaching. In Wildlife Forensics: Methods and Applications (pp. 5770). John Wiley &
Sons.

Walther, G.R., Post, E., Convey, P., Menzel, A., Parmesan, C., Beebee, J.M., et al.,
2002. Ecological responses to recent climate change. Nature 416, 389-395.
http://www.10.1038/416389a

Walther, G.R., Post, E., Convey, P., Menzel, A., Parmesan, C., Beebee, J.M., et al.,
2002. Ecological responses to recent climate change. Nature 416, 389-395.
http://www.10.1038/416389a

Wiens, J. J. (2016). Climate-related local extinctions are already widespread among
plant and animal species. PLoS biology, 14(12), e2001104.

Wobeser, G.A., 1997. Duck Plague. In: Diseases of Wild Waterfowl. Springer, Boston,
MA. https://doi.org/10.1007/978-1-4615-5951-1 2

World Heritage Newsletter, Aug.-Oct., 2002.

World Heritage Newsletter, Aug.-Oct., 2002.

Wudu, K., Abegaz, A., Ayele, L., Ybabe, M., 2023. The impacts of climate change on
biodiversity loss and its remedial measures using nature-based conservation approach:
A global  perspective.  Biodiversity  Conservation 32,  3681-3701.
http://doi.org/10.1007/s10531-023-02656-1

Page | 77


http://www.whiteblacklegal.co.in/

