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COURSE INTRODUCTION

This is the second Course of the Post-Graduate Diploma on Disaster Risk
Reduction and Management (PGDDRRM). It is titled ‘Ecology and
Environment’ (MPA-032). It has 4 Blocks and 14 Units. The broad objective
of the Course is to understand the nature of ecology and environment; their
interrelationship with each other and their interplay with the concepts of
ethics, social justice, law and policy. The Course tries to look at all these
issues within the framework of climate change and sustainable development.
The Units in the Course explain the concepts of ecology and environment;
their interrelationship, the historical trajectories of environmental
exploitation, and the ethical issues of justice, equity and law underlining
environmental strategies. The Course talks of the concepts of climate change
and sustainable development in detail. It attempts to examine these through
case studies in sustainable development and innovative policy initiatives in
environmental protection.
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BLOCK1 INTRODUCTION TO ECOLOGY AND
ENVIRONMENT

Block 1 titled ‘Introduction to Ecology and Environment’ has 4 Units that
discuss the concepts of ecology and environment by underlining their
interrelationship and historical trajectories. Unit 1 is on ‘Concept of
Ecology’. As we all know ecology plays a crucial role in our understanding
of the natural world. Ecology is the study of the environment and helps us
understand how organisms live with each other in unique physical
environments. It provides the scientific basis for the conservation and
sustainable use of natural resources, and also helps us predict the impact of
human activities on the environment. The Unit discusses the components and
types of ecology. It explains the importance of ecology and brings forth the
future directions in ecology. This Unit provides an insight into how we can
protect and conserve ecosystems for future generations.

Unit 2 is on ‘Concept of Environment’. The environment is paramount for
the survival and well-being of all living organisms, including humans. It
provides the basic resources for life and supports a diverse array of
ecosystems and biodiversity. However, human activities have a significant
impact on the environment, including a range of impacts on biophysical
environments, biodiversity, and other resources. Thus, it is imperative to
protect and preserve the environment from being devoured by a myriad of
human activities. This Unit provides a holistic meaning of the word
‘environment’. It describes the various components of environment,
underlines the significance of environment for life and surroundings; and
examines the impact of human activities on environment in context of India.

Unit 3 is titled ‘Relationship between Ecology and Environment’. We all
know that environment is a very dynamic entity. Similarly, any study of
relationship of any organism with the environment will by default be
dynamic. Ecology is also dynamic in character, which has to keep track of the
changes in the environment, which necessitates changes in the relationship of
organisms with the environment. This Unit explains the significance of
ecology and environment. The Unit examines the significance of human
agency in influencing the environment by underlining the concept of
‘Anthropocene’.

Unit 4 is on ‘Historical Trajectories of Environmental Exploitation’. It
looks into the complex nature of human-environment relationship keeping in
view the variety of human-environment interactions. These interactions are
often mediated by the level of technology, nature of social structure and
characteristics of economic set ups. Even political culture plays an important
role. This Unit points out that human interactions with environment have
been changing and thereby impacting the character and processes of nature. It
underlines the fact that agriculture is not a natural activity, rather it is a
human activity. It highlights that urban settlements modify the landscape and
survive on extraction of natural resources; and also the fact that the transition
to fossil fuel use has made qualitative changes in the nature of human-
environment relationship.
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UNIT 1 CONCEPT OF ECOLOGY

Structure
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1.9 References and Further Readings
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1.0 OBJECTIVES

After reading this Unit, you should be able to:

e Explain the meaning of the word ‘ecology’;
e Understand the various components and types of ecology;

e Underline the importance of ecology and why we need to study the
ecosystems; and

e Appreciate the future directions in ecology.

1.1 INTRODUCTION

Ecology plays a crucial role in our understanding of the natural world.
Ecology is the study of environment and helps us understand how organisms
live with each other in unique physical environments. It provides the
scientific basis for the conservation and sustainable use of natural resources
and also helps us predict the impact of human activities on the environment.

It involves studying the relationship between organisms and their
environment at various levels, including the individual, population,
community, ecosystem and biosphere levels. Ecology also focuses on
understanding the distribution, abundance and diversity of living organisms,
as well as the processes that affect their survival and reproduction, such as
predation, competition, and environmental factors like temperature, moisture
and nutrient availability.

Additionally, ecology encompasses the study of how humans impact the
natural world and the way management and conservation of natural resources

*Contributed by Dr. Anita Bhatt, Assistant Professor, Department of Political Science, Gargi
College, New Delhi.
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takes place. By studying ecology, we can understand the effects of climate
change, pollution, habitat destruction, and other threats to environment in a
better manner. This knowledge can then be used to develop strategies for
mitigating these threats and promoting the conservation of biodiversity. Thus,
ecologists can help us to understand the functioning of the natural world and
our role within it in a better way. This Unit provides an insight into how we
can protect and conserve ecosystems for future generations.

1.2 CONCEPT OF ECOLOGY

The term ecology was first coined, by the German biologist Ernst Haeckel in
1866. Haeckel combined the Greek words ‘oikos’, meaning "household" or
"home," and ‘logos’, meaning "study," to create the word "ecology." In doing
so, he sought to describe the study of the relationship between organisms and
their environment, which he believed could be viewed as a type of
"household" or "home" for each organism.

Ecology, in the most collective sense, signifies the dynamic interrelation of
the community with its total environment. It refers to the branch of science
that studies the interactions between organisms and their environment. Now,
the question arises as to what kind of interaction is this? The interactions
between organisms and their environment are complex and include many
factors, such as the physical and biological components of the environment,
and the interactions between different organisms. Understanding these
interactions is crucial to understanding how ecosystems function and how
they can be managed and conserved. The field of ecology includes many
different sub-disciplines, including population ecology, community ecology,
ecosystem ecology, and more. Each of these sub-disciplines focuses on
different aspects of the interactions between organisms and their
environment. It has broad implications for many areas of human activity,
including conservation biology, ecosystem management, agriculture, forestry,
fisheries, and the study of environmental change.

Some important definitions of ecology are as under:

"Ecology is the scientific study of interactions that determine the distribution
and abundance of organisms."- Eugene P. Odum

"Ecology is the study of the economy of nature."- G.E. Hutchinson

"Ecology is the study of the relationships between living organisms and their
environment."- Ernst Haeckel

"Ecology is the study of the inter-relationships between living organisms and
their environment."-A.G. Tansley

These definitions emphasize the study of the relationships and interactions
between living organisms and their environment, including the physical and
biological factors that influence these relationships. They also bring out the
interdisciplinary nature of ecology, drawing on concepts and tools from
biology, physics, chemistry, geology and other fields to understand the
complexities of ecosystems. Thus, understanding relationships between
organisms is critical for understanding the distribution and abundance of
those organisms in their environment. Overall, by studying these



relationships, we can better predict how changes in the environment, such as
climate change or habitat destruction, may affect these populations.

The history of ecology can be traced back to ancient civilizations that could
establish a deep understanding of the natural world. For example, the ancient
Greeks created a sophisticated system of classifying plants and animals.
Likewise, the Chinese developed an intricate system of agricultural
management that relied on an understanding of ecological principles.

The birth of modern ecology, however, is often attributed to the work of
Charles Darwin and Alfred Russel Wallace in the mid-19th century. Darwin's
theory of evolution by natural selection provided a mechanism for explaining
how species evolved over time, and Wallace's work on biogeography
provided insights into how species are distributed across the globe.

In the late 19th and early 20th centuries, ecology began to emerge as a
distinct scientific discipline. Ernst Haeckel was a contemporary supporter of
Charles Darwin, and he was influenced by Darwin's theory of evolution by
natural selection. However, his contributions to ecology were based on his
own observations and studies of the natural world and were not solely
derived from Darwin's work.

Around the same time, the Russian biologist Vladimir Vernadsky began
developing the concept of the biosphere, the thin layer of life that surrounds
the Earth. In the early 20th century, the British ecologist Arthur Tansley
introduced the concept of the ecosystem, which he defined as a system of
interacting organisms and their environment. Tansley's work laid the
foundation for modern ecological research and helped establish ecology as a
distinct scientific discipline.

In the mid-20th century, ecology became an increasingly important field of
study as humans began to have a greater impact on the natural world. The
work of ecologists such as Rachel Carson, who wrote the influential book
"Silent Spring," helped raise awareness about the environmental impacts of
human activities such as pesticide use. Today, ecology is a broad and
interdisciplinary field that encompasses many different areas of research,
from the study of individual organisms to the dynamics of entire ecosystems.
Ecologists work in a variety of settings, including academic institutions,
government agencies, and non-profit organisations, and their work has
become increasingly important as humans continue to have a major impact
on the natural world.

1.3 COMPONENTS OF ECOLOGY

Ecosystems are composed of living organisms (biotic components) and non-
living factors (abiotic components) that interact with each other. Biotic
components include all living organisms, such as plants, animals, and micro-
organisms. Abiotic components include physical and chemical factors, such
as temperature, light, water, nutrients and soil.

Concept of Ecology
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Biotic Components

Biotic components are the living organisms that make up an ecosystem.
These include plants, animals, and micro-organisms, and they play a crucial
role in maintaining the balance and functioning of eco-systems. In this
Section, we will explore the importance of biotic components in eco-systems,
their diversity, as well as how they interact with each other.

One of the most essential roles of biotic components is the production of food
and energy within eco-systems. Plants are the primary producers in most eco-
systems, and they use sunlight to create organic compounds through
photosynthesis. These compounds, in turn, provide food and energy for other
organisms in the eco-system, including herbivores, carnivores, and
omnivores. This process of energy that flows from producers to consumers is
known as the food chain or food web, and is an essential aspect of the
functioning of eco-system.

Another crucial role of biotic components is the recycling of nutrients within
eco-systems. Decomposers, such as bacteria and fungi, breakdown the dead
organisms and waste products, releasing nutrients back into the soil or water
for use by other living organisms. This nutrient cycling is essential for the
growth and survival of plants and other organisms in the ecosystem. Biotic
components are also essential for maintaining biodiversity within
ecosystems. Ecosystems with a greater variety of species are generally more
stable and resilient to environmental disturbances. Biodiversity also provides
a range of ecosystem services, including pollination, water purification, and
carbon sequestration.

The diversity of biotic components within ecosystems is vast and includes a
wide variety of plants, animals, and micro-organisms. Within each group,
there are often multiple species, each with unique characteristics and
adaptations that allow them to survive in their particular habitat. For
example, in the animal kingdom, there are numerous species of birds,
mammals, reptiles, and amphibians, each with different diets, behaviours, and
physical features that allow them to thrive in their respective environments.

The interactions between biotic components within eco-systems are complex
and dynamic. Competition for resources, predation, and mutualism are just a
few of the many types of interactions that occur between species. For
example, predators help to control the population of herbivores, preventing
overgrazing and promoting the growth of plants. In turn, plants provide food
and shelter for a range of other organisms, including insects, birds, and small
mammals.

Eventually, biotic components are essential for the functioning and stability
of ecosystems. They provide food and energy, recycle nutrients, promote
biodiversity, and interact in complex ways to create dynamic and resilient
ecosystems. The study of biotic components is a crucial aspect of ecology,
and it is essential for understanding how to manage and conserve mineral
deposits. Therefore, by protecting and preserving biotic components within
ecosystems, we can ensure that these complex and diverse communities
continue to provide essential services to humans and the natural world.



Abiotic Components

Abiotic components are the non-living factors that make up an ecosystem.
They include physical and chemical factors that influence the structure and
function of an ecosystem. These components are essential for the survival of
all living organisms and play a crucial role in maintaining the balance of
nature. In this Section, we will explore the importance of abiotic components
in an ecosystem and examine their impact on living organisms.

One of the most important abiotic components of an ecosystem is water. It is
essential for the survival of all living organisms, and without it, life would
not be possible. Water regulates the temperature of the ecosystem, and it also
helps in the process of photosynthesis. Water also plays a crucial role in the
food chain, as it is the primary source of energy for most organisms.

Another critical abiotic component is air, which is composed of various
gases, including oxygen, nitrogen, and carbon dioxide. These gases are
essential for the survival of living organisms, as they are involved in
respiration and photosynthesis. Air also plays a vital role in the regulation of
the temperature of the ecosystem, as it helps to distribute heat evenly. Soil is
another essential abiotic component of an ecosystem. Soil provides a habitat
for many organisms, including bacteria, fungi, and worms. These organisms
help in the decomposition of organic matter, which provides nutrients for
plants. Soil also helps to regulate the water balance of the ecosystem, as it
absorbs and stores water.

The sun is also an important abiotic component of an ecosystem. Sunlight is
necessary for the process of photosynthesis, which is the primary source of
energy for most organisms. Sunlight also regulates the temperature of the
ecosystem, and it influences the climate of the region. Other important
abiotic components of an ecosystem include rocks, minerals, and nutrients.
Rocks and minerals provide the foundation of the ecosystem, and they also
provide a habitat for many organisms. Nutrients, such as nitrogen and
phosphorus, are essential for the growth and development of plants and
animals.

Lastly, abiotic components are essential for the survival of living organisms
and play a crucial role in maintaining the balance of nature. Water, air, soil,
sunlight, rocks, minerals, and nutrients are all important abiotic components
of an ecosystem. Each of these components has a significant impact on living
organisms and the overall health of the ecosystem. As such, it is essential to
preserve and protect these abiotic components to ensure the sustainability of
our planet.

Check Your Progress 1

Note: 1) Use the space given below for your answer.

1) Check your answer with that given at the end of the Unit.

1) Discuss the components of ecosystem.

Concept of Ecology
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14 TYPES OF ECOLOGY

Ecology can be classified into different types based on the scope and focus of
the study. In this Section, we will discuss the different types of ecology:

Organismal Ecology

Organismal ecology focuses on the study of individual organisms and their
interactions with their environment. It is concerned with understanding the
adaptations that organisms possess to cope with environmental pressures,
such as changes in temperature, moisture, food availability, and other biotic
and abiotic factors. It includes the study of physiological, behavioural, and
morphological adaptations of organisms to their environment.

One of the key areas of study in organismal ecology is physiological
ecology, which is the study of how organisms function in their environment.
Physiological ecologists study how organisms regulate their internal
environments, such as body temperature, water balance, and energy
metabolism, in response to environmental stressors. For example, they might
study how desert animals adapt to conserve water or how cold-adapted
animals generate heat to maintain body temperature in freezing conditions.

Another area of study in organismal ecology is behavioural ecology, which
focuses on how organisms interact with each other and their environment
through their behaviour. Behavioural ecologists study how organisms use
their behaviour to cope with environmental stressors, such as finding food,
avoiding predators, or finding a mate. For example, they might study how
animals use different types of communication to signal territory, how
migratory birds navigate, or how predators hunt for prey.

Morphological Ecology

Morphological Ecology is another important area of study in organismal
ecology that focuses on the physical characteristics of organisms and how
they are adapted to their environment. Morphological ecologists study how
body shape, size, and structure of organisms are related to their functions and
how they have evolved to cope with environmental stressors. For example,
they might study how plant leaves are shaped to maximize photosynthesis or
how the shape of a bird's beak is adapted to its feeding habits.

Organismal ecology is essential because it enables us to better comprehend
how individual organisms interact with their environment, which is important
for the conservation and management of species and ecosystems. For
example, knowledge of the physiological and behavioural adaptations of
endangered species can help us plan effective conservation strategies to
ensure their survival. It can also help us understand how organisms respond
to environmental change. For example, climate change and environmental
stressors can affect ecosystems by altering temperature and precipitation
patterns, nutrient cycles, species’ distribution and interactions, phenology;
and increasing the frequency and intensity of extreme weather events. These
changes can have significant impact on structure and function of ecosystem,
biodiversity, and the provision of ecosystem services.



To sum up, organismal ecology is a critical area of study that focuses on the
interactions between individual organisms and their environment. By
understanding the physiological, behavioural, and morphological adaptations
of organisms to their environment, we can gain insights into how they
survive and thrive in their respective habitats.

Population Ecology

Population ecology is a subfield of ecology that focuses on the study of
populations of organisms and the factors that affect their growth, distribution,
and abundance. Population ecology seeks to understand the dynamics of
populations, including their size, age structure, density, and patterns of
distribution in space and time. This information is important for
understanding the functioning of ecosystems and for predicting how
populations will respond to environmental change.

One of the key concepts in population ecology is population growth.
Populations can increase or decrease in size depending on a variety of factors,
including birth rates, death rates, immigration, and emigration. Population
ecologists use mathematical models to study population growth and predict
how populations will change over time.

Population density is another important concept in population ecology. It
refers to the number of individuals of a species in a given area. Population
density can vary greatly depending on the species and its habitat. High
population densities can lead to competition for resources, while low
population densities can make it difficult for individuals to find mates.

Population ecology also considers the age structure of populations. Age
structure refers to the proportion of individuals in a population that are of
different ages or age classes. Understanding age structure is important
because it can provide insights into population growth and the potential for
future changes in population size. Environmental factors such as food
availability, predation, disease, and climate also play a role in population
ecology. These factors can influence birth rates, death rates, and the
movement of individuals within and between populations.

One important application of population ecology is in the management of
wildlife populations. By understanding the factors that influence population
growth, managers can make informed decisions about hunting quotas, habitat
restoration, and other conservation measures. Population ecology is also
important for understanding the spread of invasive species and the potential
impacts of climate change on population of plants and animals.

In brief, population ecology is a subfield of ecology that focuses on the study
of population of organisms and the factors that influence their growth,
distribution, and abundance. By understanding population dynamics, we can
gain insights into the functioning of ecosystems and the potential impacts of
environmental change on population of plants and animals. Population
ecology is a critical tool for managing wildlife population and conserving
biodiversity.

Concept of Ecology

13



Introduction to
Ecology and
Environment

14

Community Ecology

Community ecology is the scientific study of the interactions between
different species within an ecological community, as well as the interactions
between the community and its physical environment. It seeks to understand
how different species coexist and interact with one another, and how these
interactions affect the structure and dynamics of the community.

Community ecologists study a wide range of topics, including species’
diversity, species’ interactions (such as competition, predation, and
mutualism), trophic dynamics (the transfer of energy and nutrients between
different levels of the food web), and the effects of disturbances (such as
climate change, habitat fragmentation, and invasive species) on community
structure and function.

Some key concepts in community ecology include niche theory (which
explains how different species partake of resources and coexist), food web
dynamics (which describes the flow of energy and nutrients through the
community), and succession (which explains how communities change over
time in response to disturbances). Community ecologists use a range of
methods and tools, including field observations, experiments, mathematical
modeling, and molecular techniques, to study these and other topics.

Let us now discuss some more components of ecology:
Ecosystem Ecology

Ecosystem ecology is the scientific study of the interactions between living
organisms and their physical environment within an ecosystem. It examines
how nutrients, energy, and materials are cycled through ecosystems, and how
the various components of an ecosystem interact with one another.
Ecosystem ecologists study a wide range of topics, including primary
production (the process by which plants and other autotrophs produce organic
matter), nutrient cycling (the movement of nutrients through the ecosystem),
energy flow (the transfer of energy from one organism to another), and
biogeochemical cycles (the movement of elements through the ecosystem,
including carbon, nitrogen, and phosphorus).

One key concept in ecosystem ecology is the idea of ecosystem services,
which are the benefits that ecosystems provide to human society. These
include things like carbon sequestration, water purification, and nutrient
cycling, as well as cultural services like recreation and aesthetic enjoyment.
Ecosystem ecologists use a range of methods and tools, including field
observations, experiments, modeling, and remote sensing, to study these and
other topics. They often collaborate with other scientists, such as
biogeochemists, hydrologists, and atmospheric scientists, to gain a more
complete understanding of ecosystem’s processes and dynamics.

Landscape Ecology

Landscape ecology is the scientific study of how spatial patterns and
processes in the physical environment, such as land use, land cover, and
connectivity, influence the distribution, abundance, and interactions of living



organisms. Landscape ecology seeks to understand the connections between
ecological systems at multiple scales, from individual species to entire
ecosystem.

Landscape ecologists study a wide range of topics, including the effects of
human activities (such as urbanization and agriculture) on biodiversity,
ecosystem functions, and ecosystem services; the impact of climate change
on landscape patterns and processes; and the effects of disturbances, such as
wildfires or floods, on ecosystem resilience. One key concept in landscape
ecology is the idea of landscape structure, which refers to the physical
composition and spatial configuration of landscape elements. Landscape
structure can affect the movement of organisms, the distribution of resources,
and the spread of disturbances, among other things.

Landscape ecologists use a range of methods and tools, including remote
sensing, Geographic Information Systems (GIS), modelling, and field
observations, to study these and other topics. They often collaborate with
other scientists, such as conservation biologists, ecologists, and land
managers, to make approaches for managing and conserving landscapes and
ecosystems.

Global Ecology

Global ecology is the scientific study of the interactions between the Earth's
biotic and abiotic systems at the global scale. Global ecology seeks to
understand how the Earth's ecosystems, climate, and biogeochemical cycles
interact and change over time, and how human activities are affecting these
processes.

Global ecologists study a wide range of topics, including climate change and
its impacts on ecosystems and biodiversity, biogeochemical cycles (such as
the carbon and nitrogen cycles), the impacts of land use and land cover
change on the eco-system function and services, and the distribution and
movement of organisms across the planet. One key concept in global ecology
is the idea of the Earth as a system, composed of interconnected and
interdependent components. This includes the atmosphere, hydrosphere
(oceans and other bodies of water), biosphere (all living organisms), and
lithosphere (the Earth's crust and upper mantle).

Global ecologists use a range of methods and tools, including remote sensing,
modeling, and field observations, to study these and other topics. They often
collaborate with other scientists, such as climatologists, biogeochemists, and
conservation biologists, to gain a complete understanding of the Earth's
systems and the impacts of human activities on these systems.

In a nutshell, ecology can be classified into different types, based on the
scope and focus of the study. Organismal ecology, population ecology,
community ecology, ecosystem ecology, landscape ecology, and global
ecology are some of the major types of ecology. Each type of ecology has its
own unique perspective on the study of interactions between living organisms
and their environment.

Concept of Ecology
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1.5 IMPORTANCE OF ECOLOGY

The study of ecology has become increasingly important in recent years due
to the growing concern about the impact of human activities on the natural
world. In this Section, we will discuss the importance of ecology and why it
is essential for our survival. Ecology is indispensable for understanding the
delicate balance of nature. Every living organism is dependent on its
environment, and any disruption in this balance can have severe
consequences. For example, the destruction of forests and other natural
habitats can lead to extinction of species and loss of biodiversity. The study
of ecology helps us understand the interconnectedness of different species
and their impact on each other. It also helps us identify the factors that
contribute to the decline of ecosystems and formulate designs to restore them.

Ecology is necessary for conservation biology, the scientific study of the
preservation and management of biodiversity. By understanding how species
interact with each other and their environment, we can identify the threats to
their survival and develop strategies to protect them. Conservation biology
also aids in our comprehension of the importance of biodiversity for the
functioning of ecosystem and the services they provide, such as clean air,
drinkable water, pollination, and soil fertility.

Ecology is critical for sustainable development, which aims to meet the needs
of the present without compromising the ability of future generations to meet
their own needs. Understanding the relationships between human activities
and the environment allows us to adopt sustainable practices that balance
economic, social and environmental concerns. The study of ecology is also
significant for predicting and mitigating the effects of climate change.
Climate change is one of the biggest threats facing our planet, and it is caused
by human activities such as burning fossil fuels, deforestation, and
industrialization. The study of ecology facilitates our comprehension of the
complex interactions between the atmosphere, oceans, and land, and how
they are affected by human activities. This understanding allows us to create
effective plans for reducing greenhouse gas emissions and adapting to the
impacts of climate change.

Ecology is also imperative for human health. The health of our environment
has a direct impact on our well-being. For example, air, water, and food
quality are critical for our health, and any contamination or pollution can
have severe consequences. The study of ecology helps us understand the
factors that contribute to environmental pollution and implement systems to
mitigate them. Moreover, it enhances our understanding of the impact of
environmental factors on human health, such as the spread of diseases and
the effects of climate change.

In conclusion, the study of ecology is essential for our survival.Ecology is
important for understanding the complex relationships between living
organisms and their environment, and for proposing methods to safeguard
and regulate ecosystems. It is critical for conservation biology, climate
change, human health, and sustainable development. In addition, it
contributes to our understanding of the delicate balance of nature, predicts



and mitigates the effects of climate change, and protects human health. As we
face increasing challenges from human activities and climate change, the
importance of ecology has become more critical than ever. By investing in
research on ecology, we can gain a better understanding of the natural world
and create a plan to conserve it for the benefit of the future generations.

1.6 FUTURE DIRECTIONS IN ECOLOGY

Ecology is a rapidly evolving field of science that aims to understand the
interactions between organisms and their environment. As the world's
ecosystems face increasing threats from human activities such as climate
change, habitat destruction, and pollution, the need for research in ecology
has become more urgent than ever before. Here are some potential directions
that the field of ecology may take in the future:

Climate Change is one of the most pressing environmental challenges facing
the world today. Ecologists will need to continue studying the impacts of
climate change on ecosystems, species, and biogeochemical cycles. They will
also need to devise methods to mitigate and adapt to the effects of climate
change. For example, ecologists may study the impacts of climate change on
migration patterns, the timing of seasonal events, and the distribution of
species.

Advances in Technology will play an important role in the future of
ecology. Remote sensing technologies, such as satellites and drones, could
allow ecologists to study ecosystems from above, providing a bird's eye view
of the landscape. DNA or deoxyribonucleic acid sequencing and other
molecular techniques could also revolutionize the study of biodiversity by
allowing ecologists to identify species and genetic diversity more quickly and
accurately. Machine learning and other computational techniques may also be
useful for analysing large datasets and identifying patterns in ecological data.

Ecologists are increasingly recognizing the importance of understanding the
interactions between humans and ecosystems, known as social-ecological
systems. These systems are complex and require an interdisciplinary
approach that incorporates social, economic, and political factors. Ecologists
may work with other disciplines, such as anthropology, economics, and
political science, to better understand the interactions between human
societies and ecosystems.

Restoration ecology is a field that focuses on restoring degraded ecosystems.
Ecologists will continue to expand and refine techniques for restoring
ecosystems and increasing biodiversity, including the use of native species,
invasive species management, and ecosystem engineering. They may also
study the long-term impacts of restoration efforts and develop strategies for
monitoring the success of restoration projects.

Ecological Ethics is an emerging field that explores ecology's moral and
philosophical dimensions. Ecologists may focus on establishing ethical
frameworks for understanding the value of biodiversity and the relationship
between humans and the environment. They may also work with
policymakers and engage stakeholders to promote policies that reflect
ecological values.
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Overall, the future of ecology is likely to be shaped by advances in
technology, a growing understanding of the complexity of social-ecological
systems, and a continued focus on biodiversity conservation and restoration.
Ecologists will need to take a broad, interdisciplinary approach to address the
complex environmental challenges facing the world today. By working
together with other disciplines and utilizing new technologies, ecologists can
help to ensure a sustainable future for our planet's ecosystems.

Check Your Progress 2
Note: 1) Use the space given below for your answers.

i1) Check your answers with those given at the end of the Unit.

1) Describe the different types of ecology.

1.7 CONCLUSION

In conclusion, we can say that ecology is the study of the relationships
between living organisms and their environment, including both the physical
and biological components of the environment. This entails understanding
how organisms interact with their surroundings, how they obtain and use
energy and nutrients, and how they are impacted by factors such as climate,
geology, and human activities. Ecology is an interdisciplinary field that
draws on concepts and methods from biology, geology, physics, chemistry,
and other related fields to understand these complex interactions. The
ultimate goal of ecology is to understand how living systems and non-living
systems on Earth function together as a complex and interconnected system,
and how we can work to protect and sustain this system for future
generations. This Unit highlighted these factors and concerns related to
ecology.

1.8 GLOSSARY

Carbon Sequestration : A process of capturing and storing atmospheric
carbon dioxide.

Geographic : It is a computer-based system to analyse and
Information Systems display geographically referenced information



and data.

Habitat : As per Wikipedia, it means emergence of

Fragmentation discontinuities in an organism’s preferred habitat
causing population fragmentation and ecosystem
decay.

Invasive Species : It is the species that is not native to the area in

which it exists. Such species can really harm the
environment, for instance Lionfish is native to
India Pacific but is spreading throughout the
coast.

Remote Sensing : It is a process of detecting and monitoring the
physical characteristics of an area by measuring
its reflected and emitted radiation of a distance.

Sustainable : The Brundtland Report in 1987 defined

Development sustainable development as ‘development that
meets the needs of the present generation
without compromising the ability of future
generations to meet their own needs’.
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1.10  ANSWERS TO CHECK YOUR PROGRESS
EXERCISES

Check Your Progress 1

1.  Your answer should include the following points:

e Biotic components
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e Abiotic components

1. Your answer should include the following points:
e Population ecology
e Organismal ecology
e Eco-system ecology
e Landscape ecology
e  Morphological ecology
e  Community ecology
2.  Your answer should include the following points:
e Balance of nature
e Conservation biology
e Sustainable development
¢  Human health

e Interaction between living organisms and environment
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UNIT 2 CONCEPT OF ENVIRONMENT"

Structure

2.0 Objectives

2.1 Introduction

2.2 Concept of Environment

2.3 Components of Environment

2.4 Significance of Environment

2.5 Human-Environment Relationship
2.6 Conclusion

2.7 Glossary

2.8 References and Further Readings

2.9 Answers to Check Your Progress Exercises

2.0 OBJECTIVES

After reading this Unit, you should be able to:

e Appreciate the holistic meaning of the word ‘environment’;

e Understand the classification of environment;

e Recognise the various components of environment;

e Underline the significance of environment for life and surroundings; and

e Fathom the impact of human activities on environment in context of
India.

2.1 INTRODUCTION

Environment is paramount for the survival and well-being of all living
organisms, including humans. It provides the basic resources for life, such as
food, water and air, and supports a diverse array of ecosystems and
biodiversity. But unfortunately, human activities have a significant impact on
the environment, including a range of impacts on biophysical environments,
biodiversity, and other resources namely through pollution, habitat
destruction, and climate change. However, it is imperative to protect and
preserve the environment from being devoured by a myriad of human
activities. Nonetheless, by working together and taking action, we can help to
create a more sustainable and resilient world. In other words, culture, society,
and environment are closely interrelated and influence each other in various
ways. As a group of academic disciplines, many social sciences examine
human behaviour, relationships, and interactions with the environment.

Thus, environment is discussed with other human-centred disciplines such as
anthropology, economics, geography, sociology and political science. These

*Contributed by Dr. Anita Bhatt, Assistant Professor, Department of Political Science, Gargi
College, New Delhi.
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disciplines help us to wunderstand the complex relationships and
interconnections between humans and their environment. This understanding
is critical for developing sustainable policies that promote the welfare of both
humans and the environment. All this shows the growing importance of the
environment and also the fact that the life is bound to environment.

2.2 CONCEPT OF ENVIRONMENT

The study of environment has increasingly crossed traditional disciplinary
boundaries that were primarily studied by biologists, geologists, and
ecologists. It requires a multidisciplinary approach to understand and address
complex environmental problems. This is because the environment is a
multifaceted system that is influenced by many factors, including human
behaviour, economics, policy, and culture. As a result, researchers from
various fields, such as geography, sociology, economics, anthropology, and
political science have become increasingly involved in studying the
environment to develop sustainable solutions. This interdisciplinary approach
allows researchers to study the interactions between human society and the
natural world, and to develop more holistic and effective approaches to
address the environmental challenges.

In addition, the study of environment has also led to the development of
better design, planning, management, and execution of policies that prioritize
the protection and enhancement of ecological systems and human
communities. This includes the development of sustainable urban planning,
green infrastructure, and conservation ideas that balance human needs with
the protection of the natural environment. This is because understanding the
environment and its challenges is incumbent for developing sustainable
solutions that balance the needs of both humans and nature. Overall,every
society in the world is committed because the study of the environment is
crucial for promoting a sustainable society and improving the relationship
between humans and their environment. It requires collaboration and
cooperation among various stakeholders such as governments, NGOs and
individuals to address multifarious environmental problems and create a
healthier and more sustainable planet for succeeding generations.

Meaning

The term "environment" is derived from the French word "environmer",
which means "surroundings" or "encirclement". The word first appeared in
English in the mid-19th century and has since become widely used to
describe the natural and built surroundings in which humans and other
organisms exist.This includes the air we breathe, the water we use for our
needs, the soil we cultivate, the plants and animals we interact with, and even
the cultural and social factors that shape our daily lives. Broadly, it
encompasses all the physical, biological, and social or cultural factors that
affect the growth, development and subsistence of an organism or system.

Some important definitions of the environment are as under:
“Environment is an external force which influences us.”’- J.S. Ross

“Environment is anything immediately surrounding an object and exerting a
direct influence on it. ”-P. Gisburet
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“The environment is everything that affects the individual except his genes.”’-
Anne Anastasi

“A person’s environment consists of the sum total of the stimulation which he
receives from his conception until his death. ”- Boring, Langfeld and Weld

‘The term environment is used to describe, in the aggregate, all the external
forces, influences and conditions, which affect the life, nature, behaviour and

the growth, development and maturity of living organisms.’- Douglas and
Holland

“Environment covers all the outside factors that have acted on the individual
since he began life. ’- R.S. Woodworth and D.G. Marques

Functions of the Environment

Environment plays an essential role in sustaining life on Earth, and it serves
several pivotal functions. Here are some of the most salient functions of the
environment:

One of the primary functions of the environment is to provide a habitat for
living organisms. The environment provides a home for a diverse range of
organisms, including plants, animals, and microbes. These organisms depend
on the environment for food, shelter, and water. For example, plants rely on
the soil and sunlight to produce food, while animals depend on plants and
other animals for food and shelter.

The Environment also marks a decisive role in regulating climate and
weather patterns. The earth's atmosphere helps to regulate the amount of heat
that is absorbed from the sun, which in turn affects temperature and weather
patterns. The oceans, which cover more than 70 per cent of the earth's
surface, also play a critical role in regulating climate patterns. They absorb
and store heat, transport warm and cold water around the globe, and provide
moisture for rainfall.

Another vital function of the environment is to produce oxygen. Oxygen is
the most important element for the survival of most living organisms, as it is
used in cellular respiration to produce energy. Plants produce oxygen through
the process of photosynthesis, where they use sunlight, water, and carbon
dioxide to produce oxygen and glucose. This oxygen is then released into the
atmosphere, where it is used by animals and humans.

The environment also provides natural resources that are necessary for
human survival. These resources include water, air, soil, minerals, and
energy. Water, for example, is cardinal for human health and is used for
drinking, cooking, and washing. All living things require air to breathe, and
soil provides nutrients for the growth of crops and other plants. Minerals and
energy resources such as oil, coal, and natural gas are used to power homes,
businesses, and transportation.

Lastly, in addition to these functions, the environment also provides
recreational and aesthetic benefits. Natural environments such as parks,
beaches, and forests offer opportunities for outdoor recreation, which is the
basis for physical and mental health. However, it is to be noted that the
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environment can only perform these functions without interruption, as long
as the demand for these functions is within the carrying capacity of it.
‘Carrying capacity’ refers to the maximum number of individuals or
organisms that an ecosystem can support without degrading its natural
resources and functions. If the demand on the environment exceeds its
carrying capacity, the environment may become degraded, and its ability to
perform its functions may be compromised. For example, if there are too
many people living in a particular area, the demand for natural resources such
as water and land may exceed the carrying capacity of the environment,
leading to environmental degradation. This could result in a shortage of clean
water, deforestation, soil erosion, and other environmental problems.

When this is not so, it is unfortunately, true that the environment is currently
facing an environmental crisis all over the world, which is a result of the
failure of the environment to perform its vital function of sustaining life.
There are two main reasons behind the current environmental crisis: a) The
increasing population in developing countries; and b) the high consumption
and production standards of the developed world have resulted in exquisite
stress on the environment.

Accordingly, as the population of developing countries continues to grow, the
demand for natural resources such as water, land and food increases. The
consumption of these resources is unsustainable in many cases, leading to the
depletion of natural resources and environmental degradation. For instance,
deforestation, overfishing, and soil degradation are examples of the
environmental impacts caused by the increasing demand for natural
resources.

On the other hand, the developed world has high consumption and production
standards, leading to the overuse of natural resources and the generation of
large amounts of waste. The production of consumer goods, the use of fossil
fuels, and the production of plastics contribute to pollution, carbon emissions,
and climate change. The affluent lifestyles in developed countries have a high
environmental impact, leading to resource depletion and environmental
degradation. Thus, these stresses affect the two functions of environment: a)
growth of natural resources; and b) regulating natural processes. The growth
of natural resources include food, water, and energy, whereas regulating
natural processes cover climate, nutrient cycling, and waste disposal.

Hence, in future, the growing population of developing countries and the
affluent consumption and production standards of the developed world have
placed remarkable pressure on the environment, affecting its ability to
provide and regulate natural resources and processes. The stress on the
environment resulting from these factors has landmark implications for
global sustainability and human wellness. Moreover, overuse of natural
resources and unsustainable consumption and production patterns have led to
the depletion of many resources and generated waste that exceeds the
absorptive capacity of the environment. ‘Absorptive capacity’ refers to the
environment's ability to absorb and mitigate the impact of pollution and
degradation. For instance, many resources such as forests, fisheries, and
freshwater reserves have become extinct or severely depleted due to



overexploitation and unsustainable practices. The high demand for these
resources, combined with inadequate management usage, has resulted in their
depletion beyond the environment's capacity to recover.

Additionally, the generation of waste, including plastics, chemicals, and
greenhouse gas emissions, has exceeded the environment's ability to absorb
and mitigate their impacts. The waste that is generated contributes to
pollution, climate change, and other environmental problems that have severe
economic, social, and environmental consequences. The result of these
pressures is that we are at the threshold of an environmental menace. The
depletion of natural resources and environmental degradation lead to water
scarcity, loss of biodiversity, and increased vulnerability to natural disasters
such as floods and droughts. The impacts of climate change, which are
exacerbated by unsustainable production and consumption patterns, can also
have severe economic and social consequences.

To address this challenge, embracing sustainable practices is fundamental to
promoting economic, social, and environmental sustainability and ensuring
that we live within the carrying capacity as well as absorptive capacity of the
environment. As such, it is imperative that we take steps to protect the
environment and ensure its continued functioning for future generations. This
requires collective action by governments, businesses, and individuals to
reduce our reliance on non-renewable resources, promote renewable energy,
improve resource efficiency, and invest in clean technologies. By doing so,
we can help to preserve the natural environment and ensure that future
generations can enjoy a high quality of life in a sustainable world.

Classification of Environment

Environment consists of various interacting elements.In general, environment
can be classified into three broad types on the basis of the physical,
biological, and social elements:

e Physical Environment

The physical environment denotes the abiotic (non-living) elements of the
environment such as space, temperature, rain, landforms, water bodies,
climate, soils, rocks, minerals and other abiotic factors that affect living
organisms. These elements represent a precarious role in shaping the
environment in which humans live and provide numerous resources for
human habitation, such as fertile soils for agriculture, water bodies for
fishing, and minerals for industrial production.

However, physical elements can also pose pervasive limitations and
challenges to human habitation. For example, harsh climates, rocky terrain,
and poor soil quality can make it difficult to establish sustainable human
settlements. Similarly, natural disasters such as floods, droughts, and
earthquakes can create grave risks and hazards for human populations.

Therefore, understanding and managing the physical elements of the
environment is inevitable for creating liveable, sustainable and resilient
human habitats. It also helps us develop a blueprint to manage and conserve
natural resources and reduce the impacts of human activities on the
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environment. This requires careful planning and management to ensure that
humans can flourish in the face of changing environmental conditions. The
study of the physical environment is exigent to several fields of study,
including geography, geology, ecology, and environmental science, as it
provides an intuitive knowledge of the natural processes and systems that
govern the earth's environment.

It is noteworthy that the physical environment is affected by a wide range of
factors, including human activity, which can have far-reaching impacts on the
physical environment, both directly and indirectly. For example, human
activities such as mining, drilling, and construction can alter the landscape
and affect the natural rock formations and soil composition. Similarly, human
activity can alter the temperature, humidity, and other weather conditions in a
given area through the release of greenhouse gases and other pollutants.

e Biological Environment

The biological environment, or biosphere, as you have read in Unit 1
already, refers to all the biotic (living) organisms and their interactions
with each other and the non-living components of their environment. It
includes plants, animals, fungi, bacteria and other micro-organisms that
make up ecosystems. Additionally, it encompasses all parts of the Earth,
where life exists, from the highest mountains to the deepest oceans.

Thus, the physical and biological environments are not separate entities,
but rather interconnected components of the Earth's system. Changes in
the biological environment can have substantive impacts on the physical
environment, and vice versa. For example, the carbon cycle is a major
process involving the exchange of carbon between the atmosphere,
oceans, and land, and performs a critical role in regulating global climate
patterns. Plants and other photosynthetic organisms mark out a key role
in this cycle by taking up carbon dioxide from the atmosphere and
converting it into organic matter through photosynthesis. This process
helps to regulate atmospheric carbon dioxide levels, which can affect
climate patterns.

Conversely, changes in the physical environment, such as temperature or
rainfall patterns, can also have impact on the distribution, abundance,
and behaviour of different plant and animal species. This, in turn, can
affect the functioning of ecosystems and the services they provide, such
as pollination, nutrient cycling, and carbon storage.Recognizing the
interconnectedness of the physical and biological environments is crucial
for the effective management and conservation of natural resources. This
requires an inclusive approach that considers both the biological and
physical components of the environment, as well as the intricate
interactions between them.

e Social Environment

Social conditions or cultural environment is a focal component of the
human environment, as it can have a considerable impact on the quality
of life and well-being of individuals. Factors such as cultural practices,



religion, socio-economic status, access to healthcare, education, and
other resources, as well as political and legal systems, can all influence
human health and environmental sustainability. For instance, people
living in poverty may have limited access to basic resources like clean
water and nutritious food, which can lead to malnutrition and increased
susceptibility to diseases. So, it is important to consider the social,
economic, and political dimensions of the environment in addition to its
physical and biological aspects.

Check Your Progress 1

Note: i) Use the space given below for your answers.
i1) Check your answer with those given at the end of the Unit.

1) Discuss the meaning and functions of environment.

23 COMPONENTS OF ENVIRONMENT

From the definition and classification of environment, you must have
understood that the environment is not a single entity. In fact, the
environment is made up of various components that interact with each other
and affect the ecosystems and organisms within them. Broadly, the
environment consists of four components, namely:

1) Lithosphere
i1) Hydrosphere
iil) Atmosphere

iv) Biosphere
Lithosphere

The lithosphere is the solid outer layer of the Earth, which contains the land,
rocks, and soil. It is the outermost shell of the Earth and is composed of
rocks, minerals, and soils. The common elements found in the earth's crust
and their percentage are given in Table 2.1:
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Table 2.1: Common Elements Found in the Earth Crust

.No. Element Percentage
l. Oxygen 46.1%
2. Silicon 28.2%
3. Aluminium 8.23%
4. Iron 5.63%
5. Calcium 4.15%
6. Sodium 2.36%
7. Magnesium 2.33%
8. Potassium 2.09%
9. Titanium 0.565%
10. Hydrogen 0.140%

Source: https.//'www.worldatlas.com/

The lithosphere is constantly changing due to processes such as weathering,
erosion, and tectonic activity. Here are some key features of the lithosphere:

Composition: The lithosphere is composed of the Earth's crust and the
uppermost part of the mantle. The crust is divided into two types: a)
continental crust, and b) oceanic crust. The continental crust is generally
thicker and less dense than the oceanic crust. These differences in
thickness and density are due to differences in composition. The
continental crust is made up of lighter, less dense rocks such as granite,
while the oceanic crust is composed of denser basaltic rocks.

Tectonic activity: The lithosphere is characterized by tectonic activity,
which refers to the movement of the earth's plates. This movement is
responsible for the formation of mountains, volcanoes, and earthquakes.
Tectonic activity is also responsible for the creation of new land masses
and the breakup of old ones.

Minerals: The lithosphere contains a wide variety of minerals, including
metals such as iron, copper and gold. These minerals are important for
human activities such as mining and construction.

Soil: The lithosphere is also home to the soil, which is the uppermost
layer of the Earth's crust. Soil is not only prime for supporting plant
growth but also a key component of any successful agriculture operation.

Erosion: The lithosphere is constantly changing due to processes such as
erosion, which refers to the wearing away of the Earth surface by wind,
water, and other forces. Erosion can create features such as valleys,
canyons, and deltas.

Weathering: Weathering is another process that affects the lithosphere.
It refers to the breakdown of rocks and minerals due to exposure to the
atmosphere, water and other elements. Weathering can create new
minerals and soil, and can also contribute to erosion.




In short, the lithosphere is a fundamental component of the Earth's system,
and its features and processes are closely linked to the existence of the
environment and human societies. By understanding the lithosphere, we can
make informed decisions about how to manage natural resources, protect the
environment, and reduce the risks of natural disasters.

Hydrosphere

The hydrosphere is part of the Earth that includes all of the water on the
planet, whether it is in liquid or solid form. This consists of oceans, rivers,
lakes, groundwater, and other forms of water that are present on or beneath
the Earth's surface. It makes up about 71per cent of the Earth's surface, with
the remaining 29 per cent being land. The hydrosphere is a key part of the
Earth's life support module, as it provides water for human activities and for
supporting aquatic ecosystems. In addition, the hydrosphere carries out other
important roles in the Earth's environment. For example, air purifiers,
temperature moderators and waste assimilators. Thereto, the excellent solvent
nature of water is also a main contribution of the hydrosphere to the
sustenance of life on Earth. The worldwide distribution of water is given in
Table 2.2 below:

Table 2.2: Worldwide Distribution of Water

Water Source Percentage of Total Water
Oceans, Seas & Bays 6.5
Ice Caps, Glaciers & Permanent Snow 1.74
Groundwater 1.7
Fresh 0.76
Saline 0.94
Soil Moisture 0.001
Ground Ice & Permafrost 0.022
Lakes 0.013
Fresh 0.007
Saline 0.006
Atmosphere 0.001
Swamp Water 0.0008
Rivers 0.0002
Biological Water 0.0001
Total 100

Source: Gleick, P. H., 1996: Water Resources. In Encyclopedia of Climate and Weather, Ed.
by S. H. Schneider, Oxford University Press, New York, Vol. 2, pp.817-823.

Here are some key features of the Hydrosphere:

e Oceans: Oceans are vast and essential components of the Earth's
hydrosphere. It contains approximately 97 per cent of the Earth's water.
They are important for regulating the Earth's climate, supporting aquatic
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ecosystems, and providing resources such as fish and oil.

o Rivers and Lakes: Rivers and lakes are bodies of freshwater that are
embedded to support freshwater ecosystems and provide water for
human activities such as drinking, irrigation, and industry.

e  Glaciers: Glaciers are large bodies of ice that are found in Polar Regions
and at high altitudes. In fact, about three-quarters of Earth's freshwater is
stored in glaciers.

e  Groundwater: Groundwater refers to water that is stored underground
in aquifers. It is a prominent source of freshwater for human activities
such as drinking, irrigation, and industry.

e Water Cycle: The hydrosphere is characterized by the water cycle,
which refers to the continuous movement of water between the Earth's
surface and the atmosphere. The water cycle is driven by processes such
as evaporation, precipitation, and transpiration that are quintessential for
maintaining the Earth's natural systems.

e  Water Pollution: The hydrosphere is also impacted by human activities
such as pollution, which can come from sources such as industry,
agriculture, and urbanization. Water pollution can have serious impacts
on aquatic ecosystems and human health.

However, there are two main sources of water that are used by humans: a)
groundwater, and b) surface water. Both of these sources of water are highest
for human use, but they can be affected by natural processes and human
activities that can impact their quality and availability.

Overall, it is important to understand the sources and quality of water in order
to manage and protect this vital resource. Appropriate management
techniques, such as reducing pollution and promoting sustainable use of
water, can help to ensure that water remains available and is of high quality
for human use and for supporting healthy ecosystems.

Atmosphere

The atmosphere is a layer of gases that surrounds a planet and is held in place
by the planet's gravity. The Earth's atmosphere is composed mainly of
nitrogen (about 78%) and oxygen (about 21%) with small amounts of other
gases such as carbon dioxide, water vapour, and neon.

It extends up to about 6,200 miles (10,000 kilometres) from the Earth's
surface.Based on temperature patterns, vertically earth's atmosphere can be
roughly divided into five major zones: the troposphere, stratosphere,
mesosphere, thermosphere, and exosphere. Each layer has unique
characteristics and functions that influence Earth's climate and weather
patterns.

The Earth's atmosphere performs a variety of important functions. As
mentioned above the atmosphere is made up of different gases, but oxygen
and carbon dioxide are two major components of the atmosphere. Oxygen is
necessary for the respiration of most living organisms, including humans,
while carbon dioxide plays a requisite role in photosynthesis, which is the



process by which plants convert sunlight into energy.

In addition to supporting life, the atmosphere also enacts a crucial role in
regulating the Earth's temperature. The atmosphere helps to trap heat from
the sun, preventing the planet from becoming too cold, while also allowing
some of the heat to escape, preventing the planet from becoming too hot.
This process is known as the greenhouse effect, and it is paramount for
maintaining a stable climate on Earth.

Likewise, the atmosphere plays a critical role in the water cycle. This helps
to distribute water vapour around the planet and facilitates the formation of
clouds and precipitation.

Furthermore, the atmosphere provides protection against harmful radiation
from the sun, including ultraviolet (UV) radiation, which can cause skin
cancer and other health problems in humans. The ozone layer, located in the
upper atmosphere, helps to absorb much of this harmful radiation, shielding
life on Earth from its harmful effects.

Fig. 2.3: Major zones as depicted

e Troposphere: The troposphere is the lowest layer of the Earth's
atmosphere, extending from the Earth's surface up to about 10-15
kilometers (6-10 miles) in height, depending on the location and season.
It is the layer where most of the Earth's weather occurs, including clouds,
precipitation, thunderstorms, and hurricanes. The temperature in the
troposphere decreases with altitude at a rate of about 6.5°C per kilometer
on an average, which is known as the lapse rate. The troposphere
contains about 80% of the total mass of the Earth's atmosphere and is
composed mostly of nitrogen (78%) and oxygen (21%), with small
amounts of other gases such as argon, carbon dioxide, and water vapor. It
is the layer where humans and most land animals live and where
aeroplanes fly.

e Stratosphere: The layer above the troposphere is called the stratosphere,
which extends up to about 50 kilometers (31 miles) above the Earth's
surface. The stratosphere is characterized by a stable layer of air that
does not mix much with the lower layers, and it contains the ozone layer,
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which is located in the lower stratosphere between 10-50 kilometers
above the Earth's surface. The ozone layer is a thin layer of ozone gas
(O3) that absorbs and filters out most of the sun's harmful ultraviolet
(UV) radiation, preventing it from reaching the Earth's surface. Without
the ozone layer, life on Earth would be exposed to harmful levels of UV
radiation, which can cause skin cancer, cataracts, and other health
problems. The temperature in the stratosphere increases with altitude,
due to the absorption of UV radiation by the ozone layer, and it is much
colder than the troposphere, with an average temperature of about -60°C
(-76°F) at the bottom of the layer and around 0°C (32°F) at the top.

Mesosphere: The mesosphere is the layer above the stratosphere,
extending up to about 85 kilometers (53 miles) above the Earth's surface.
It is the third layer of the Earth's atmosphere, after the troposphere and
the stratosphere. The mesosphere is characterized by a decrease in
temperature with altitude, with an average temperature of about -90°C (-
130°F) at the top of the layer. This makes the mesosphere the coldest
layer of the Earth's atmosphere. The mesosphere is also a very thin layer
of the atmosphere, and the air pressure is extremely low compared to the
lower layers.

The mesosphere is an important layer of the atmosphere because it is
where most meteoroids (small particles of rock and dust from space)
burn up when they enter the Earth's atmosphere. This creates the bright
streaks of light that we see in the night sky, known as meteors or
shooting stars. The mesosphere also plays a role in the propagation of
radio waves, and it is where noctilucent clouds, which are rare and
beautiful clouds that glow at night, form.

Thermosphere: The thermosphere is the layer above the mesosphere,
extending from about 85 kilometers (53 miles) up to about 600
kilometers (372 miles) above the Earth's surface. It is the fourth layer of
the Earth's atmosphere, after the troposphere, stratosphere, and
mesosphere. The thermosphere is characterized by the enormous increase
in temperature with altitude, due to the absorption of high-energy solar
radiation by oxygen and nitrogen atoms in the layer. Despite its high
temperature, the thermosphere is not very dense, and the air pressure is
extremely low compared to the lower layers.

The thermosphere contains a high concentration of ionized particles,
such as oxygen ions and nitrogen ions, which are produced by the
absorption of high-energy solar radiation. These ionized particles affect
the propagation of radio waves and can cause interference with
communication systems. The thermosphere is also where the auroras
occur. Auroras are colourful displays of light that occur in the polar
regions of the Earth. These are caused by the interaction of solar wind
particles with the Earth's magnetic field, which produces a stream of
charged particles that collide with the atoms and molecules in the
thermosphere, producing the characteristic colours of the auroras.

Exosphere: The exosphere is the outermost layer of the Earth's
atmosphere, extending from the top of the thermosphere up to about



10,000 kilometers (6,200 miles) above the Earth's surface. It is the fifth
and final layer of the Earth's atmosphere, after the troposphere,
stratosphere, mesosphere, and thermosphere. The exosphere is
characterized by a very low density of particles, and the air pressure is
almost negligible compared to the lower layers. The exosphere is mostly
composed of hydrogen and helium gas, which are the lightest elements in
the periodic table, and it also contains small amounts of other gases such
as oxygen and nitrogen.

The exosphere is where most of the Earth's satellites orbit, as the low
density of particles allows them to travel freely without being slowed
down by air resistance. The International Space Station (ISS) orbits the
Earth in the upper reaches of the exosphere, at an altitude of about 408
kilometers (253 miles). The exosphere also plays a role in the escape of
gases from the Earth's atmosphere into space, particularly hydrogen and
helium, which can escape the Earth's gravitational pull due to their low
molecular weight. Overall, the exosphere is a fascinating and unique
layer of the Earth's atmosphere, which draws an important role in space
exploration and understanding the behaviour of gases in extreme
conditions. All the layers of the atmosphere are of vital importance to the
environment because together they form the total blanket of air in the
biosphere.

Biosphere

The biosphere is a part of the Earth's system that includes all living
organisms, their communities, and the ecosystems in which they exist. It
encompasses all areas of the Earth where life is found, including the surface
of the Earth, the oceans, and parts of the atmosphere.

The biosphere is composed of multiple webs of living organisms that interact
with each other and with their environment. These interactions can be biotic
(involving other living organisms) or abiotic (involving non-living
organisms). The biosphere is not a static system but rather is constantly
changing and adapting to new conditions. For example, the biosphere has
evolved over billions of years in response to changes in the Earth's climate,
geology, and other factors.

Nevertheless, it is important to mention here that human activities such as
deforestation, pollution, and climate change have vehemently altered the
biosphere and its ability to support life. It causes the changes or destruction
of natural habitats. For example, the destruction of forests and other natural
habitats for agriculture or urbanization has led to the loss of biodiversity and
ecosystem services such as carbon sequestration and water filtration. This has
disrupted the balance of the biosphere and impacted the ability of the Earth's
systems to regulate climate and provide life-supporting services. Ultimately,
protecting and preserving the biosphere is essential for the long-term
sustainability of the planet and the well-being of all its inhabitants, both
present and future.
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2.4 SIGNIFICANCE OF ENVIRONMENT

In this Section, we will discuss some of the major ways in which the
environment is significant for life. The environment characterises a
favourable role in supporting life on Earth, as it provides necessary resources
for the survival of all living organisms, including air, water, food, and shelter.

One of the most tangible contributions of the environment to life is the
provision of clean air. Plants, algae, and other photosynthetic organisms
release oxygen into the atmosphere, which is integral for the respiration of
animals and humans. The atmosphere also protects life on Earth from
harmful radiation and maintains a stable temperature through the greenhouse
effect.

Water is another vital resource provided by the environment. All living
organisms require water for survival. Water is indeed essential for the growth
of plants, which serve as sources of food for humans and other living
organisms. The environment provides access to freshwater sources such as
lakes, rivers, and oceans, which are necessary for drinking, agriculture, and
hygiene. The environment also provides food and shelter for living
organisms. Plants and other photosynthetic organisms form the basis of the
food chain, providing nutrients for other animals. Different habitats within
the environment, such as forests, oceans, and grasslands, provide a range of
habitats and resources for different species to thrive.

The environment regulates climate. The environment has an impact on
regulating climate through the absorption of carbon dioxide, the release of
oxygen, and the maintenance of the water cycle. Climate change, caused by
human activities such as burning fossil fuels, is having a significant impact
on the environment and is causing severe weather events, rising sea levels,
and the extinction of species.

Lastly, the environment supports ecosystem services. Ecosystem services are
the benefits that humans derive from the environment, such as pollination,
nutrient cycling, and soil formation. However, human activities have caused
enormous damage to the environment, including air and water pollution,
deforestation, overfishing, and climate change. These activities have put
many species at risk of extinction, threatened ecosystems, and created
imbalances in the natural systems that support life on Earth.

Thus, the environment is significant for life as it provides the necessary
conditions and resources for living organisms to survive, reproduce and
interact with each other. Subsequently, it is indisputable that we take action
to protect the environment and ensure its continued existence for future
generations.

2.5 HUMAN-ENVIRONMENT RELATIONSHIP

Throughout history, the human relationship with nature has been dynamic.
Without it, humans wouldn't exist. However, many ancient cultures had a
deep reverence for the natural world, viewing it as sacred and imbued with
spiritual significance. They recognized the interconnectedness of all living



things and the power of natural forces such as the sun, moon, and stars.

However, with the rise of modern civilization, humans began to see
themselves as separate from nature and in control of the environment. This
worldview, combined with industrialization, economic growth and
technological progress drew focus on exploiting natural resources for profit
and a disregard for the environmental consequences of human activity.
Furthermore, as human populations have grown, there has been a voluminous
demand for natural resources. Consequently, leading to environmental
degradation and biodiversity loss.

In consequence, in recent years, there has been a growing recognition of the
importance of protecting the environment and promoting sustainable
development. This shift in perspective has been driven by a number of
factors, including scientific research, environmental activism, and the
realization that human wholesomeness is intimately connected to the health
of the natural world. Today, many individuals, organizations, and
governments are working to find ways to reduce the negative impact of
human activity on the environment, while still meeting the needs of a
growing global population. This involves a range of strategies, including
conservation and restoration of natural ecosystems, development of clean
technologies, and adoption of sustainable land use practices. Ultimately, the
goal is to create a more harmonious and sustainable relationship between
humans and the natural world.

Human activities have had a profound impact on environment, with
consequences that range from minor disturbances to devastating destruction
of natural resources. The industrial revolution marked the beginning of
human intervention in the environment, and since then, the extent of human
impact has only grown. The impact of human activities on the environment is
evident in various forms such as climate change, deforestation, pollution and
habitat destruction. The impact of human activities on the environment is far-
reaching and often causes irreversible damage.

One of the most profound impacts of human activities on the environment is
pollution. Human activities such as transportation, industry, and agriculture
release vast amounts of pollutants into the atmosphere, water bodies, and soil.
These pollutants include greenhouse gases, toxic chemicals, and waste
materials that can harm human health and damage the environment. Air
pollution, for instance, can cause respiratory problems, while water pollution
can harm aquatic life and disrupt ecosystems.

Another impact of human activities on the environment is climate change,
which refers to the long-term alteration of temperature, precipitation, and
other climatic conditions due to human activities. The burning of fossil fuels,
deforestation, and industrial processes are among the primary human
activities that contribute to climate change. The effects of climate change are
numerous and range from melting glaciers and rising sea levels to extreme
weather events such as hurricanes, floods, and droughts.

Deforestation is yet another impact of human activities on the environment.
Deforestation is the removal of trees from forests, either for timber or to clear
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land for agriculture, mining, or urban settlements. Deforestation results in a
loss of habitat for wildlife, soil erosion, and a reduction in the amount of
oxygen produced by plants. The loss of forests also contributes to climate
change by reducing the amount of carbon dioxide absorbed from the
atmosphere.

Finally, human activities have led to the loss of biodiversity. Biodiversity
refers to the variety of living organisms, including plants, animals, and
microorganisms, that inhabit a particular area. Human activities such as
deforestation, pollution, and hunting have led to the extinction of many
species of plants and animals. The loss of biodiversity not only diminishes
the beauty of the natural world, but also has practical implications, as it can
reduce the availability of important resources and disrupt ecosystems. In
conclusion, to mitigate these impacts, it is essential to espouse sustainable
practices that promote environmental conservation and reduce our
dependence on non-renewable resources.

India is a country with a rich natural heritage, but unfortunately, human
activities have taken a toll on its environment. The population growth and
rapid urbanization in India have led to environmental degradation and
resource depletion. India, a country with a population of over 1.3 billion
people, is facing various environmental challenges. The state of India's
environment is a matter of concern, and it has become an urgent priority to
address the issues at hand. The country is experiencing high levels of
pollution, deforestation, climate change, and loss of biodiversity. We will
now discuss the state of India's environment, its causes, and the steps taken to
address the issues.

Following are some of the ways human activities in India affect the
environment:

e Air pollution is one of the most pressing environmental issues in India.
The country is home to some of the world's most polluted cities,
including Delhi, which is infamous for its high levels of air pollution.
The primary sources of air pollution in India are industrial emissions,
vehicular emissions, and the burning of agricultural waste. Pollution is
leading to various health problems, such as respiratory illnesses and lung
cancer.

e  Water pollution is another huge environmental challenge in India. The
country is home to many rivers, including the Ganges, which is
considered sacred. However, these rivers are being polluted by industrial
waste, sewage, and agricultural runoff. The pollution is not only harming
the environment, but is also affecting the health of people who rely on
water for drinking and other daily activities.

o Deforestation is also a significant environmental issue in India. The
country has lost a sizable portion of its forest cover over the years due to
agriculture, urbanization, and industrialization. Deforestation has led to
soil erosion, loss of biodiversity, and a decrease in the availability of
clean water.

e Climate change is another major environmental issue in India. The



country is vulnerable to the effects of climate change, including rising
sea levels, extreme weather events, and loss of agricultural productivity.
The primary cause of climate change is the emission of greenhouse
gases, primarily from burning fossil fuels.

The Government of India has taken various steps to address the
environmental issues facing the country. For instance, the government has
launched the Swachh Bharat Abhiyan, which is aimed at improving
sanitation and hygiene in the country. The government has also launched
various initiatives to promote renewable energy, such as the National Solar
Mission.

However, much more needs to be done to address the environmental
challenges facing India. The government needs to take more aggressive
measures to reduce pollution, protect forests and biodiversity, and lessen the
effects of climate change. There is also a need for more public awareness
campaigns to educate people on the importance of protecting the
environment.

In conclusion, human activities have had a massive impact on the
environment in India. The state of India's environment is a matter of concern,
and urgent action is needed to address the issues at hand. Pollution,
deforestation, climate change, and loss of biodiversity are leading challenges
facing the country. The Government of India needs to take more aggressive
measures to address these challenges and ensure that the country's
environment is protected for future generations. This requires a
comprehensive approach that involves reducing pollution, promoting
renewable energy, conserving natural resources, and integrating sustainable
agricultural practices. With collective action, it is possible to mitigate the
negative impacts of human activities on the environment in India and ensure
a healthy and sustainable future for all.

Check Your Progress 1

Note: 1) Use the space given below for your answers.

i1) Check your answers with those given at the end of the Unit.

1) Mention the major components of atmosphere.
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3) Write a note on state of India’s environment.

2.6 CONCLUSION

In this Unit, we have gained a comprehensive understanding of the
environment, including its definition, types and significance. We have
explored the various segments of the environment, including the lithosphere,
hydrosphere, atmosphere and biosphere, and gained an appreciation of the
unique roles each of these segments play in the overall functioning of the
environment. We learned about human activities that have had a significant
impact on the environment, causing a range of problems that can have serious
consequences for both human health and the health of the planet. We also
read about the related environmental issues to the larger context of the nature
of environmental challenges facing India.

2.7  GLOSSARY

Biodiversity : It is also called biological diversity, it means the
variety and variability of living organisms. The
diversity of life on earth. This diversity can be
genetic, species-related and eco-system related.

Clean : Product, service or process that reduces the negative

Technologies impact of environment. Involves environmental
protection, sustainable use of resources and energy
efficient processes.

Climate Change : It means natural and human-made shifts in weather
patterns on long-term basis. It occurs due to the
trapping of greenhouse gas, which forms a blanket
around earth.

Environmental : Deterioration of environment through depletion of
Degradation resources such as quality of air, water and soil,
destruction of ecosystem and pollution.

Microbes : Small organisms that can be seen only through
microscope for instance, bacteria, archaea etc.

Nutrient Cycling : Movement and exchange of inorganic and organic
matter back into the production of matter. The
movement of mineral nutrients is cyclic.



Pollution : It refers to the introduction of harmful materials or
pollutants into environment. Pollutants damage the
quality of air and water.

Tectonic : Tectonic activity occurs around plate boundaries.

Activity Plate boundaries are areas on Earth where two crustal
plates meet each other.In a way that relates to the
structure of the surface of the earth and the way it is
formed, changed, and moved by forces inside it. The
clash of tectonic plates make an area vulnerable to
earthquakes.
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2.9 ANSWERS TO CHECK YOUR PROGRESS
EXERCISES

Check Your Progress 1
1. Your answer should include the following points:

e The term ‘environment’ is derived from the French word
‘environmer’.

e Environment encompasses physical, social, biological and cultural
factors.

e Environment impacts the regulation of climate and weather patterns.
e [t produces oxygen used for the survival of living organisms.

e [t provides recreational and aesthetic benefits.
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2. Your answer should include the following points:

¢ Biological

e Social
Check Your Progress 2
1. Your answer should include the following points:

e Lithosphere
e Hydrosphere
e Atmosphere

e Troposphere
2. Your answer should include the following points:

e Deforestation
¢ Climate Change

e Loss of Bio-diversity
3. Your answer should include the following points:

e Air pollution
e Water pollution
e Deforestation

e Climate Change
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UNIT 3 RELATIONSHIP BETWEEN
ECOLOGY AND ENVIRONMENT"

Structure

3.0 Objectives

3.1 Introduction

3.2 Understanding Ecology and Environment

3.3 Human Ecology: Relationship between Ecology and Environment
3.4 Conclusion

3.5 Glossary

3.6 References and Further Readings

3.7 Answers to Check Your Progress Exercises

3.0 OBJECTIVES

After reading this Unit, you should be able to:

e Explain the significance of ecology and environment;
e Understand the relationship between ecology and environment;

e Appreciate the complex interdependence between ecology and
environment; and

e Discuss the significance of human agency in influencing the environment
by underlining the concept of ‘Anthropocene’.

3.1 INTRODUCTION

Ecology is the study of environment and helps to understand how organisms
live with each other in unique physical environments. Unit 1 of this Course
dealt in detail with the nature and significance of ecology. Since environment
is a very dynamic entity which is neither static nor stationary, any study of
relationships of any organism with the environment will by default be
dynamic. Therefore, it will not be inappropriate to suggest that ecology is
also an ever-changing study, which has to keep track of the changes in the
environment, which necessitates changes in the relationships of organisms
with the environment.

Environment encompasses living as well as non-living components along
with climatic phenomena (Biotic and abiotic components, as mentioned in
Unit 1. There is a very complex relationship among living organisms and at
the same time between the living and non-living components. As ecology
covers the way humans impact the natural world, it also studies the
management and conservation of environmental resources.

"Contributed by: Dr. Mayank Kumar, Associate Professor, Faculty of History, School of
Social Sciences, Indira Gandhi National Open University, New Delhi.

Disclaimer: This Unit heavily borrows from the Contributor’s earlier works or works under
publication.
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A study in ecology offers us a comprehensive and nuanced understanding of
the effects of climate change, habitat destruction and other associated impacts
on the environment. This knowledge can then be used to develop strategies
for mitigating these threats and promoting the conservation of biodiversity.
For a better understanding of any ecosystem, though at the cost of some
repetition of what we have already covered in Units 1 and 2, we will in this
Unit, briefly discuss the concepts of ecology and environment and bring out
the dynamic complexity of relationship between ecology and environment.

3.2 UNDERSTANDING ECOLOGY AND
ENVIRONMENT

Ecology studies the relationship between living organisms and environment
or nature in a scientific manner. Environment is difficult to define simply
because of its enormity. The following Buddhist parable mentioned in the
text Tittha Suta, Udana 6.4, Khuddaka Niyaka dated approximately 500 BCE
captures the attempts to define the environment:

The parable of the blind men and an elephant is a story of a group of blind
men who have never come across an elephant before and who learn and
imagine what the elephant is like by touching it. Each blind man feels a
different part of the elephant's body, but only one part, such as the side or the
tusk. They then describe the elephant based on their limited experience and
their descriptions of the elephant are different from each other. This means
that we all try to look at reality from our respective worldviews, which could
be true but further away from whole truth.

Thus, the vastness of the environment defies very neat characterization. The
word environment is widely used to describe the natural and built
surroundings in which humans and other organisms exist. This includes the
air we breathe, the water we use for our needs, the soil we cultivate, the
plants and animals we interact with, and even the cultural and social factors
that shape our daily lives. Broadly, it encompasses all the physical,
biological, social and cultural factors that affect the growth, development
and subsistence of an organism or system.

Ecology is the study of the environment and helps us understand how
organisms live with each other in unique physical environments. It provides
the scientific basis for the conservation and sustainable use of natural
resources, and helps us predict the impacts of human activities on the
environment.

However, it must be remembered that not too long-ago environment was not
understood as it is today. Ann Grodzin Gold, an anthropologist, while
conducting research in the Sarwar area, near Ajmer, Rajasthan in the 1980s
realized that people did not have the comprehensive visualization of the
environment. When asked to explain, what do they understand by
environment, for most of the interviewees it was mostly the place where they
live, or which provides them their sustenance. It was their agriculture land,
cattle, rains, forest, etc. Imagining environment as an all-encompassing entity
did not occur to them. Phenomenal growth in popular understanding of the



term environment as understood today by most of us can be attributed to the
growing concern for pollution and climate change.

J.S. Ross has observed, “Environment is an external force which influences
us.” P. Gisburet, extends this definition by going beyond the humans and say
“Environment is anything immediately surrounding an object and exerting a
direct influence on it.” Douglas and Holland reiterate the same and say, “The
term environment is used to describe, in the aggregate, all the external forces,
influences and conditions, which affect the life, nature, behaviour and the
growth, development and maturity of living organisms.” Given the vastness
of environment, it is important to highlight that understanding environment is
a multidisciplinary task.

Check your Progress 1

Note: i) Use the space given below for your answer.

i1) Check your answer with that given at the end of the Unit.

1. Define the terms Ecology and Environment.

3.3 HUMAN ECOLOGY: RELATIONSHIP
BETWEEN ECOLOGY AND
ENVIRONMENT

It is important to reiterate that relationship between ecology and environment
is multifaceted and an ever-evolving process. The relationship between
humans and environment is broadly studied as part of human ecology.
Human ecology is a branch of the study of ecology, where we focus on the
multidimensional study of relationship of humans with the larger
environment. It is important to mention that when we say ‘relationship of
humans with its environment’, we should not confine merely to a defined
cultural area. With the growing awareness about the planetary boundaries, it
is becoming clear day by day that we need to understand the functioning of
environment at the level of planet.

It is difficult to segregate or isolate any area. Although being in discussion
since past couple of decades, the concept of ‘anthropocene’ is now gradually
being accepted by the Geologists also. Anthropocene is the time during
which humans have had a substantial impact on planet earth. Humankind has
caused mass extinctions of plant and animal species, polluted oceans and
impacted the atmosphere adversely. ‘Anthropo’ means man and ‘cene’ comes
from the Greek word kainos meaning recent. In other words, it means an age
of planet earth where changes have been caused by human activities,
particularly the impact of introduction of fossil fuels, especially petroleum as
source of energy.
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The relationship, between humans and environment are visible through
cultural practices, which include the way society approaches environment or
natural resources. The history of the ways humans have used/appropriated or
exploited natural resources has been discussed in the next Unit. It is pertinent
to point out that as Lucien Febvre says that a river can be seen by a
community as a barrier, whereas another community will see it as an avenue
of transportation and yet another community may see it as a provider of food
in the form of fish or water for their agriculture. Therefore, it will be
appropriate to suggest that there are multiple ways in which humans
negotiate with the environment. There is diversity in social responses to
similar environmental factors, which we can broadly categorize in the
following couple of formulations: a) Environmental determinism, and b)
Environmental possibilism.

Environmental Determinism

Given the vastness and the planetary level functioning of environmental
features, there is limit to which humans can modify/control or even intervene.
Even today with developments in science and technology, it is not always
possible to alter the environmental processes. If monsoon fails or is disrupted
in any manner, Indian economy faces consequences. With all the modern
gadgetry and technology, we are still not able to even predict the outset and
nature of earthquakes, not to talk about controlling earthquakes.

Apparently, humans have very little control over the functioning of
environment. Does that mean that human society is governed and determined
by the given environmental context? Environmental determinism, therefore,
means that the character of human society and culture is determined by the
environmental context. Be it agrarian expansion in the Indo-Gangetic plains
and along the river basins or prevalence of pastoral activities in the arid parts
of the country, all to a very great extent, is determined by the environmental
context. The same applies on the food habits of a region. Most of the
societies living close to oceans and water bodies are fish eating communities.

‘Determinism theory was used from the vantage point of Europeans or the
West representing their superiority over the people of tropical climate such as
Africa, Asia, etc. Another instance includes the effect of the environment on
skin colour. Accordingly, scholars have opined that the skin colour
black/white/brown), physique (short/long; thin/fat), and dietary habits
(Vegetarianism/Non-Veg) of different communities were linked to
environmental factors such as climate, altitude, soil, food items, etc. The
black skin colour in the African population results from hot climatic
conditions, while genetic factors do not play a role in it (refer to Ibn
Khaldun’s book ‘Mugaddimah’ that explains the sociology and philosophy of
human cultural history).

A new approach to understanding the environment called neo-environmental
determinism has developed, focusing on how environmental factors influence
economic and political institutions, including the state formation of human
societies rather than directly focussing on culture and cultural behaviour
only. Such ideas of looking beyond the shaping of culture originated from the
instances of availability of different cultures under similar environmental



conditions. It allows inquiring about the cultural variation present in similar
environmental settings (BANC 106 Human Ecology: Biological and Cultural
Dimensions, Unit-9: Understanding Theories of Human-Environment
Relationship, Bachelor of Science (Honours) Anthropology Programme
(BSCANH), SOSS).

Environmental Possibilism

Recognising the diversity of human responses to environment, it is but
natural to appreciate the ingenuity of humans. It is important to restate the
observation of Lucien Febvre who says that a river may be seen differently
by different communities or different individuals or cultures. As we have
been discussing, the human-nature relationships are very fluid and dynamic
and get continuously defined and redefined due to several factors. Level of
technology being one of the factors and perhaps the most important factor
(Details have been discussed in the next Unit).

Nonetheless, the diversity of human negotiations with environment is the
manifestation of human eagerness to see possibilities in each environment.
Most of the times, it is a combination of adaptation to the environment and
modifications to the environment to the extent possible, given the level of
technology. The most dominant form of modification of environment is
clearing of forest and spread of agriculture. Neeladri Bhattacharya has
recently very appropriately captured gradual expansion of agriculture at the
cost of other forms of adaptation, especially pastoral activities in India. His
book The Great Agrarian Conquest very lucidly demonstrates the gradual
transition from pastoral form of environment appropriation to almost absolute
domination of agriculture.

The ever-developing capability and capacity of humans to negotiate
environment has been manifested in multiple measures. Agriculture being a
seasonal activity and longer shelf life of cereals resulted in liberation of
humans from daily search of sustenance. A sequence of developments
followed where human society very quickly moved from simple to complex
society with division of labour and specialisation of craft. Not to forget the
beginning of first urbanisation across different continents; from Egypt in
Africa to Mesopotamia, Indus and Shang in Asia. It is pertinent to highlight
that all these ancient civilisations emerged in the river valleys, where
inundation agriculture (Irrigation) was possible. Expansion of colonisation in
the thickly forested area was made possible with the onset of Iron age.

As the geographical discoveries of fifteenth and sixteenth centuries emerged,
different crops from distant lands were exchanged and new dietary patterns
became possible. ‘Columbian exchange’, as has been argued by Alfred
Crosby and Richard Grove, was largely made possible and also restricted due
to environmental factors; in other words, it was a manifestation of
environmental possibilism. Crops from Americas were successfully adapted
and grown in the tropical regions of Asia, however same cannot be said about
the flora of tropical Asia, when it was introduced, especially in North
America.
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The stories of environmental possibilism are innumerable; making use of
wind energy to channelisation of water to run the water mill to making sense
of stars and navigating across vast oceans to cross fertilisation of crops to get
the desired results and so on and so forth. Nevertheless, it is important to note
that if environmental possibilism in the Holocene era has, on the one hand,
provided tremendous possibilities for humans, it has also resulted in crossing
of planetary thresholds.

Age of the Anthropocene

It is not easy to define Anthropocene, nonetheless, to begin with it can be
suggested that, it is an era, where humans have developed capabilities to
substantially affect the trajectory of planetary processes. Scientists have
identified nine important and interconnected planetary boundaries and have
been arguing that human survival, to a very large extent, is contingent upon
the adherence to these planetary boundaries. Some experts (Angus, Facing
the Anthropocene) are of the opinion that the beginning of Anthropocene can
be traced to the beginning of agriculture, which unleashed a very different
kind of human-environment relationship. Some scholars are of the view that
the onset of fossil fuel driven industrial revolution marks the onset of
Anthropocene. Some scholars have termed availability of fossil fuels as free
lunch (John Urry, Societies Beyond Qil: Oil Dregs and Social Futures).

With the availability of very high-density source of energy, humans were
liberated from the several restraints on the energy use. First and foremost,
with the ever-greater mechanization, human dependence on human energy
reduced to a great extent. Human energy is not only very cost-intensive, but
has several restrictions, especially in terms of continuous deployment. Like
any other animals, humans also get tired if forced to work continuously and
will need to get sleep for optimum potential. It has been calculated that,
‘human beings, for instance, are about 18 per cent efficient: for every 100
calories eaten as food (chemical energy), only about 18 are converted into
mechanical energy; the rest are lost for practical purposes, mostly as heat.
The efficiency of horses is only about 10 per cent. The steam engines by
1800 allowed efficiency of about 5 per cent and a capacity of 20 kilowatts of
power in a single engine, the equivalent of 200 men. By 1900, engineers had
learned how to handle high-pressure steam, and engines became 30 times as
powerful as those of 1800 (McNeill, 2001).

The potential of fossil fuel has continuously improved, to the extent that now
humans can overcome the gravitational force and launch satellite into the
space with the help of rockets. Humans are now in the process of
colonization of the Antarctica to harness the natural reservoirs of minerals
lying buried there. The difficult terrain and almost hazardous climatic
conditions have been overcome by scientific and technological development.
In this process of ever-multiplying use of fossil fuel, numerous gases and
materials are being released in the atmosphere leading to the ozone layer
depletion and acid rains. Resultant global warming has several very severe
consequences with the capacity to cross the threshold of planetary
boundaries. As such the impact of the violation of planetary boundaries will
affect everyone, but unfortunately the initial and most lethal impact will be



borne by the marginal sections of the society(For more information on this,
please refer to our IGNOU, SoSS, Faculty of History Course titled MHI-
108:Environmental Histories of the Indian Subcontinent).

Check your Progress 2

Note: 1) Use the space given below for your answers.
i1) Check your answers with those given at the end of the Unit.

1) What do you understand by environmental determinism?

3) How did the age of Anthropocene affect the relationship between
humans and environment?

3.4 CONCLUSION

Relationship between ecology and environment is very complex and has been
evolving over time. It will be erroneous to suggest that the pattern of
relationships between ecology and environment across regions and cultures
have been the same. As soon as agriculture liberated humans from the daily
grind of search for food, we witness sea change in the relationships, as has
been elaborated in this Unit. With the development in technology, the
relationships also usually changed. Humans used variety of energy resources;
natural, biotic, human, animal, flora for a very long time. However, the
discovery of fossil fuel, especially petroleum ensured tremendous
development in the capacity of humans to alter the character of landscape
along with climatic factors. Insatiable appetite of humans has resulted in the
onset of Anthropocene, and it is the necessity of time to redefine the
relationships between ecology and environment. This Unit addressed these
concerns.

3.5 GLOSSARY

Holocene : It is the current geological epoch. The word Holocene
is taken from Greek words ‘Holos’ meaning whole and
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‘kainos’ meaning new; connoting entirely new epoch.
The Holocene corresponds with the rapid proliferation,
growth and impact of human species worldwide,
including written history, technological revolutions,
development of major civilizations and overall
significant transition towards urban living in the
present. Holocene seems to have started 0.012 million
years ago. Its dominant peculiarities are the global
changes caused by human activity.

Planetary : Nine planetary boundaries were first proposed by

Boundaries Former Director of Stockholm Resilience Centre, Johan
Rock Strom and a group of 28 internationally renowned
scientists in 2009.These boundaries are:

1) Climate change

2) Change in biosphere integrity
3) Stratospheric ozone depletion
4) Ocean acidification

5) Biochemical flows

6) Land-system change

7) Fresh water use

8) Atmospheric aerosol loading

9) Introduction of novel entities

As per the recent survey, six of the nine boundaries
have been transgressed. Crossing of boundaries
increases the risk of generating large-scale irreversible
environmental changes.
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3.7 ANSWERS TO CHECK YOUR PROGRESS
EXERCISES

Check Your Progress 1
1. Your answer should include the following points:

e Relationship between ecology and environment is multifaceted and
ever-changing.

e [t is important to understand how society sees its natural resources.

e There are multiple ways through which humans negotiate with
environment.

Check Your Progress2
1.  Your answer should include the following points:

e Limits and boundaries that prevent humans from interfering with the
environment.

e Character of human society is determined by environment context.

e Environment impacts the social, economic and cultural contexts of
formation of human society.

2.  Your answer should include the following points:
e Human-nature relationships have been fluid and dynamic.

e Most dominant form of modification of environment is deforestation
and growth of agriculture.

e The ever-developing capability of humans to impact environment is
manifested in multiple ways.

3.  Your answer should include the following points:

e Humans can impact the trajectory of planetary processes as per some
scholars.

e With agriculture began the era of Anthropocene, as humans started
modifying the landscape.

e As per other scholars, industrial age fossil fuel era was the period of
Anthropocene, as human interventions impacted the environment.

e Now with growing capitalism and privatization, the use of fossil fuel
has increased manifold leading to breaching of planetary boundaries.
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UNIT 4 HISTORICAL TRAJECTORIES OF
ENVIRONMENTAL EXPLOITATION
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4.4 An Era of Insatiable Appetite
4.5 The Great Acceleration
4.6 Conclusion
4.7 Glossary
4.8 References and Further Readings

4.9 Answers to Check Your Progress Exercises

4.0 OBJECTIVES

After reading this Unit, you should be able to:
e  Appreciate that there are varieties of human-environment interactions;

e Recognize the fact that the diversity of human-environment interactions
is a product of two dynamic entities; human society and nature;

e Realize that the human-environment interactions are often mediated by
the level of technology, nature of social structure and characteristics of
economic set ups. Even political culture plays an important role;

e Take cognizance of the fact that agriculture is not a natural activity,
rather it is a human activity;

e Understand that urban settlements modify the landscape and exploit
environment; and

e Fathom that the transition to fossil fuel use has made qualitative changes
in the nature of human-environment relationship.

4.1 INTRODUCTION

Human-environment relationship has evolved over a long period of time,
beginning from the hunting-gathering stage to the present-day Industrial Age.
Over the period, the approach of humans towards environment has seen a sea
change. Most of the times, these changes cannot be termed as natural, rather
these changes are social in character. For example, as we read in the previous
Unit, Lucien Febvre observes that a river can be seen by a community as

*Contributed by Dr. Mayank Kumar, Associate Professor, Faculty of History, School of
Social Sciences, Indira Gandhi National Open University, New Delhi

Disclaimer: This Unit heavily borrows from the Contributor’s earlier works or works under
publication.



barrier, whereas another community will see it as an avenue of transportation
and third community may see it as a provider of food in the form of fish or
water for their agriculture.

Therefore, social norms and ethos play a very important role in defining the
character of human-environment relationship. Along with social ethos, it is
pertinent to understand the significant role played by the technological
developments. As we move from pre-agriculture to agrarian society
interspersed with invention of wheel and fire, we witness human
interventions in modification of landscape. Similarly, as soon as the humans
developed technology to appropriate the latent potential of the fossil fuels,
the global scenario of human-environment interactions changed drastically.

The following example captures the inherent dynamics in humans and
environment relations. Modern day Jharkhand region in India is one of the
most mineral rich areas of India. However, Abul Fazl towards the end of the
16" century described this region as Jharkhand, a region full of bushes and at
the margins of political consideration with almost negligible economic
potential for the Mughal Empire. Therefore, it can be convincingly suggested
that the relations of humans with nature keeps changing in character and
therefore it is necessary to map the historical trajectories of exploitation of
environment.

For the convenience of reading and understanding, this Unit is divided into a
few Sections to make you aware of the historical trajectories. However, it is
very pertinent to mention that these are illustrative trajectories only, and it is
possible that different societies may have witnessed different trajectories.
There is no one single trajectory applicable across the societies and
communities. For example, there is an intense debate on ‘Why Europe could
grow, and others could not’, especially since early modern times.
Contemporary debate and deliberations over climate change often gets
entangled in the diverse trajectories witnessed by different nations. And
accordingly, they argue the issue of historical liability of their region in the
growth of carbon emissions, especially over the past couple of centuries. The
impact of ‘colonialism’ on the colonist country is also a very important
consideration. Though the exploitation of environment took place in the
colony, it was primarily for the benefit of the colonial power. Thus, it is very
important to understand that historical trajectories of the capacity of different
societies to exploit the nature is very diverse and thus needs careful
investigations.

An Inconvenient Truth is an important documentary
on the environmental exploitation. Watch it
especially to understand the global interconnectivity
of the natural processes.

https://watch.how/movie/an-inconvenient-
truth/25010?utm_source=Google&utm_medium=Sea
rch&t source=64&utm_campaign=4188&gclid=EAI
alQobChMI3pPZ-

4Tx9WIVhINmAh21Lw{rEAAY AiAAEgipufD Bw
E
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Ecology and 4.2 NATURE OF HUMAN-ENVIRONMENT
Environment RELATIONSHIP

Not very long ago, humans used to believe that they were the original
inhabitants of planet earth or in other words they believed that the history of
the earth was co-terminus with the history of the humans. However, it is not
so, rather humans have been in existence only for a very tiny part of the
earth’s history. ‘This planet and its innumerable species are part of an
amazingly long, complex and continuing drama of evolution, in which human
beings made a very late entry, and have so far played a very minor role.’
(Upinder Singh, 2008: 60). The formation of earth is now traced back to
4,600 million years. The oldest rock on the earth’s surface has been traced
back to 3,980 million years.

Geologists have divided history of earth into four
primary Geological Eras: Pre-Cambrian (4500 to 600
million of years ago), Palacozoic (600-225 million of
years ago), Mesozoic (225-65 million of years ago)
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and lastly Cenozoic, which is also called as age of
Mammals (65 million of year to present day). These
eras are further divided into periods and these periods
are further divided into epochs. It is important to note
that early humans evolved only in the last era and
somewhere around 2 million years ago and dinosaurs
were living between 225 to 65 million years ago. In
other words, dinosaurs pre-date humans by millions of
years. Equally important is to realise that the
dinosaurs became extinct even before early humans
evolved on Earth.

Geologically speaking, humans occupy a very small-
time frame, yet we witness tremendous change in
interaction of humans with the environment, rather
humans have impacted earth in such a way that
geologists have described it in terms of an epoch, if
not an era; i.e., Anthropocene. In the following
sections, we intend to map the trajectory of
exploitation of nature and natural resources, which has
most probably resulted in the onset of Anthropocene.

Dependence

Although found in
every part of the
globe, except
Antarctica, it has been
suggested that
humans are primarily
better adapted to cope
with heat than with
cold. Humans are
apparently a tropical
species. That also
explains human
evolution on the
African continent and
subsequent migration
to other parts of the
globe. Migration
needs to be located in
the climatic variations
between Ice age and
inter-glacial periods.

The existence of modern humans or Homo-Sapiens on earth can be traced
back to last phase of Pleistocene era, which roughly corresponds to 300,000
to 200,000 years ago. This is the longest era of human existence when
humans roamed around primarily as hunter-gatherers. There is very meagre
evidence for the period, as human imprint on nature was miniscule and
difficult to measure or identify. This period was also marked by series of
momentous climatic events, when northern latitudes and mountainous areas
witnessed expansion and retreat of ice sheets. Humans subsisted on hunting
wild animals and birds, fishing and collecting wild fruits, nuts and berries,



etc. Hunter-gatherers were not the same all around the world, nevertheless,
the lifestyle of foragers was a stable mode of existence- socially,
technologically, and ecologically. The era of dependence subsequently led to
an era of adaptation, wherein humans started making tools.

Adaptations

The history of adaptation of humans has been broadly examined in terms of
the material used by them for tool making. The first appearance of humans as
tool-using mammals is believed to have occurred about 600,000 or 700,000
years ago. (Encyclopedia Britannica, 1997: 45) Danish scholars P.F Suhm
and Christian Thomsen proposed, in the late 18"™ and early 19" centuries that
human history can be classified into three ages: age of stone tools, followed
by tools made of bronze and lastly tools made of iron. The age of stone tools
has been divided into three broad phases: Paleolithic, Mesolithic and
Neolithic on the basis of the kinds of tools used by humans.

Paleolithic corresponds to the longest period of human history and can be
broadly defined as an age when the hunting and gathering defined the human
subsistence pattern. Although dates vary from region to region, we can divide
the Paleolithic age into the following three stages: Lower Paleolithic is from
about 2 million years to 100,000 years ago, which is usually characterized by
blade tools made on flakes. Period between 100,000 to 40,000 years ago is
termed as Middle Paleolithic and major tools of the period are flake tools
made with Levallois technique. Last phase of Paleolithic or lower Paleolithic
spans from 40,000 to 10,000 years ago and by this time humans have started
using pebble and core tools like cleavers and handaxes, etc.

It is important to understand that even the natural biological dependence of
humans on nature need not necessarily be solely seen in terms of an ideal
situation. Nakedness of humans, absence of fur to safeguard against heat and
cold, poses some very interesting questions about adaptations. Although
found in every part of the globe, except Antarctica, it has been suggested that
humans are primarily better adapted to cope with heat than with cold.
Humans are apparently tropical species. That also explains human evolution
on the African continent. It is now almost a well-established fact that the
migration of humans to other parts of the globe began from Africa. Migration
needs to be located in the climatic variations between Ice age and inter-
glacial periods and it also explains adaptations, which are primarily evident
in the nature of shelters used in the cold climates and during Ice age/s, use of
fire and clothes, which were usually skins of the animals wrapped around
shoulders, etc.

The evidence of invention of fire or controlled use of fire comes from the
Oldowan Hominid sites in Kenya and dates back to some 1.8 million years
ago. The date of use of controlled fire varies a lot among different groups of
humans. Different human groups mastered the art of fire at different moments
of time. Use of controlled fire in the context of Indian subcontinent dates
back to Mesolithic period and first evidence has been traced to human
settlement located in the Belan River Valley in modern day Uttar Pradesh.
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Without any cloth, the human body begins to react to cold once the air
temperature falls below 27°C. At 20°C, our metabolic rate begins to climb to
generate more heat, and the circulation of blood to our skin starts to shut
down to conserve heat. At 13°C, we start to shiver- a sign of failure.

Rabbits, for instance, can cope down to as low as -45°C, but if they are shorn,
they begin to struggle at a mere 0°C. Feather serves a similar function in birds.
At -40°C, a dove can live for days, but if we pluck its feathers, it will start to
freeze in a matter of minutes. In fact, warmth was the likely reason why the
reptilian ancestors of birds evolved feathers in the first place, not because they
were trying to fly.

Source: Gilligan, 2019.

Modifications

The trajectory of human-environment relations took a major turn with the
beginning of agriculture. This phase of beginning of agriculture is also co-
terminus with the domestication of animals. It must be remembered that
agriculture is not a natural activity, rather agriculture is a human activity.
This marks a movement away from the existing pattern of dependence on the
nature and adaptation to the existing environmental conditions. To appreciate
the significance of the transition to food production, it is appropriate to map
the way of life of human beings at the end of the last Ice age.

Towards the end of the Pleistocene, humans had already inhabited the greater
parts of the earth, where they lived in ecological niches that varied a great
deal according to region and climate. A considerable proportion of the
temperate zones of Europe was subject to a very harsh periglacial climate,
characterized by tundra and steppe. As for the warmer zones- Subtropical
and Equatorial- the temperature there was 3° to 8°C lower than it is today, but
rainfall was less abundant, so that there was more savanah (plains) and less
forest than at the present time.

It is important to bear in mind that the transition to agriculture was not
straightforward, neither smooth nor witnessed by every group of
homosapiens. Even among the groups of humans, where transition to
agriculture took place, it was not simultaneous, neither did it lead to similar
kind of developments. It is equally important to note that the transition to
agriculture till very recently was never absolute. Agrarian production always
remained dependant upon the climatic conditions and therefore uncertain. Be
it untimely rains, late or early onset of monsoon rains or floods, hailstorms,
frost, etc., impacted agrarian production. Such a vulnerable and uncertain
character of agrarian production to a great extent was mitigated by
dependence upon pastoral wealth.

Nevertheless, it is pertinent to mention that agrarian production is a seasonal
activity and it produces goods, which have a very long shelf-life unlike
seasonal fruits or animal flesh. The seasonal character of the agrarian
production opened up possibility of spare time with human society, now




humans were no longer needed to engage in search for food throughout the
year. Thus, human labour was free to perform activities, which were not
directly associated with their quest for survival or search for food. Secondly
and equally important was the possibility of storage of cereals food not only
throughout the year, but for a very long period of time. Thus, beginning of
agriculture marks the commencement of modifications of the landscape and
onset of a new era in human-nature interactions, often leading to exploitation
of nature.

Although, landscape was being gradually modified to better suit the
requirements of agrarian production and exploitation of the environment, i.e.,
procurement and storage of resources, which goes beyond the natural
requirements of a species beyond a season/year, was on the horizon. This
phase is also accompanied by the transition of human society, from simple to
complex, where division of labour and stratification/hierarchies also
crystalised.

Both the domestication of animals and the cultivation of plants have been
among the most significant causes of human impact.

Agriculturalists... deliberately transform nature in a sense which
nomadic pastoralists do not. Their main role has been to simplify the
world’s ecosystems. Thus, in the prairies of North America, by ploughing
and seeding grasslands, farmers have eliminated a hundred species of
native prairie herbs and grasses, which they replace with pure stands of
wheat, corn, and alfalfa.

...Whereas people once enjoyed a highly varied diet and used for their
food several thousand species of plants, and several hundred species of
animals; with domestication their sources are greatly reduced.

Source: Goudie, 1993.

Exploitation

When we describe any human culture/settlement as civilization, we point out
the following primary characteristics: a stratified society, emergence of some
sort of state, urbanization and language based on writing, etc. If we take the
case of urban settlement or emergence of State or stratified society, what is
common to all is their dependence/sustenance on the agrarian surplus or
extraction of agrarian produce from its primary area of production. Agrarian
production is now being consumed at a different place and to a great extent
being controlled by the sections of society who are not directly involved in
the production process themselves.

Soon after the beginning of agriculture, we also witness a major change in
resource use. Beginning of agriculture is located primarily in the last leg of
the Stone Age, i.e., Neolithic Age, but soon we witness developments in

Historical
Trajectories of
Environmental

Exploitation

55



Introduction to
Ecology and
Environment

56

smelting; initially copper and bronze were extracted. Most of the ancient
civilizations of the world are termed as Bronze Age civilizations and
interestingly most of these flourished in the semi-arid locations close to the
river valleys. Therefore, these are also called river valley civilizations.
Extensive urban settlements flourished with trade networks spread across
these civilizations.

As pointed out earlier, urban settlements are primary characteristics of
civilisations and urbanization by its character is sustained not only on the
modification of landscape, but also on the extensive exploitation of resources
available/produced in the hinterland. Along with this, long distance trade
ensured supply of goods, which were not locally available or produced. The
Indus Valley Civilization procured its supply of copper from the Khetri
mines in the Ajmer District and Zinc from the Zawar mines located in the
Udaipur district. The natural resources of distant lands are now being
extracted to sustain the civilization located somewhere else.

Bronze age soon saw a transition to the Iron age. Iron is smelted at a
temperature around 1800 centigrade. Thus, requirement of fuel to achieve
such a high temperature further accentuated exploitation of fire wood. Iron
also facilitated human expansion in the areas hitherto densely forested.
Expansion of agriculture gradually changed the character of the landscape.
Iron age also witnessed emergence of large empires with well-developed
armies. Warfare became a regular feature and it is anybody’s guess that wars
require massive mobilization of resources.

Exploitation of Natural Resources

The Earth's natural resources are vital to the survival and development of
human population. However, these resources are limited by the Earth's
capability to renew them. Freshwater, forests and harvesting products are
renewable, provided that exploitation does not exceed regeneration. Fossil
fuels and metal ores are non-renewable. Although many effects of
overexploitation are felt locally, the growing interdependence of nations, and
international trade in natural resources, make their demand and sustainable
management a global issue.

Source:Europa.eu.domain, 2020

Recent past has seen a very interesting debate regarding the beginning of
Anthropocene. Some scholars argue that it is with the beginning of
agriculture that we can see the onset of Anthropocene. If not an era, then
definitely an epoch in the geological history of the planet earth, where human
activity has resulted in the major transformations in the functioning of the
earth system, which is different from what existed during Holocene.
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Check Your Progress 1

Note: i) Use the space given below for your answer.

i1) Check your answer with that given at the end of the Unit.

1) ‘Human-environment relations are dynamic’. Examine the statement
with the help of suitable examples.

43 MAJOR WATERSHEDS IN ENERGY USES

There are a few major watersheds in the history of humans, which resulted in
major alteration in the existing trajectory of human-nature relations.
Agriculture has been one as discussed before and the second major watershed
has been the shift from biotic sources of energy to abiotic sources of energy,
in other words introduction of fossil fuel as a primary source of energy.

4.3.1 Fossil Fuel Era

Use of coal as a source of energy can be traced back to the times of Roman
empire. They used it to heat army garrisons (installations) as well as their
villas. Coal was also being used in iron smelting. There is evidence from 16"
century onwards about the use of coal in England for purpose of cooking and
heating of houses. By the beginning of 18"century, we witness gradual
replacement of charcoal with coal as in iron production. This was the era
when there was tremendous growth in the production of Iron, probably due to
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expansion in maritime trading activities. However, major transition took
place with the channelization of steam power to turn the wheel. In the words
of Malm (2013), who observes that:

‘Only by coupling the combustion of coal to the rotation of a
wheel could fossil fuels be made to fire the general process of
growth: increased production — and transportation — of all
kinds of commodities. This is why James Watt’s steam engine
is widely identified as the fatal breakthrough into a warmer
world. Newcomen’s engine had managed to force a piston up
and down, up in a vertical motion well-suited for the pumping
of water in mines, but not for driving machinery. That was the
feat of the device patented by Watt in 1784, when he finally
‘adapted the motion of the piston to produce continuous
circular motion, and thereby made his engine applicable to all
purposes of manufacture.’

The transition in the existing energy availability and energy use can be
explained by the following example:

As pointed out in the previous Unit, human beings, are about 18 per cent
efficient: for every 100 calories that is eaten as food (chemical energy), only
about 18 are converted into mechanical energy; the rest are lost for practical
purposes, mostly as heat. Efficiency of horses is only about 10 per cent.
... The first steam engines were notoriously inefficient, losing more than 99
per cent of their energy. But gradual improvements by 1800 allowed
efficiency of about 5 per cent and a capacity of 20 kilowatts of power in a
single engine, the equivalent of 200 men. By 1900 engineers had learned how
to handle high-pressure steam, and engines became 30 times as powerful as
those of 1800 (McNeill, 2001).

Mere invention or introduction of a path breaking technology is not sufficient
to bring about the social changes. It is important to point out that technology
has to be ‘accessible, economically feasible and culturally acceptable’. Not
surprisingly, the changes in the technology coincided with the changes in the
economic systems also during early modern times in Europe in general and in
Britain in particular, not to forget the developments in the sciences, which are
often referred to as Scientific Revolution.

4.3.2 New Structures of Economic System

Innovations in technology needed conducive socio-economic conditions to
provide the best possible results. Europe in the beginning of the early modern
era saw some very important developments in the production systems, which
played an important role in the adaptation of new technologies. ‘In particular,
the assemblage of large bodies of workers in one place, to accomplish their
tasks under supervision and discipline; in short, what has come to be known
as the factory system.’ (Habakkuk and Poston, 1966).

In factory system, a premise is used to bring workers together at one place
and use their labour to produce the desired/intended product. The
tools/machinery and raw material is provided by the entrepreneur and wage is



paid to the labour working in the factories. It is a unified production process.
Soon such places were provided with central source of power after the
invention of steam engines. It requires good amount of investment, which is
made available by an ongoing process of commercial revolution, colonialism-
imperialism along with capitalism.

An important component of transition to the capitalist economy was provided
by the geographical discoveries, which connected new places rather than
continents with the old world. These discoveries opened new vistas for
investment as well as source of raw material. There is an important debate
related to the impact of discovery of the new world. (Crosby, 1986).

However, with the ever-increasing use of the fossil fuel as primary source of
energy, the world witnessed unprecedented exploitation of natural resources.
Machine driven production system soon removed the barriers, which existed
in terms of limitation of biotic sources of energy, since the beginning of
human civilization. This era also witnessed population explosion, rise in
longevity, ever-increasing consumption and accumulation of natural
resources in modified forms. Richard Tucker has termed it as an era of
insatiable appetite. Let us now turn our attention to what this era connotes.

4.4 AN ERA OF INSATIABLE APPETITE

The changes thus brought upon can be seen in the exponential increase in the
world’s annual Gross Domestic Product (GDP). ‘Five hundred years ago the
world’s annual GDP (converted into 1990 dollars) amounted to about $240
billion, slightly more than Poland’s or Pakistan’s today, slightly smaller than
Taiwan’s or Turkey’s. Up to 1500 the world economy had grown extremely
slowly and improvements in productive technologies came very slowly by
recent standards. After 1500, shipping became truly oceanic, and
international trade grew.

By 1820, the world’s GDP had increased $695 billion (more than Canada’s
or Spain’s, less than Brazil’s in 1990s terms). In context of Industrial
Revolution, further improvements in transport, and further development of
frontier lands increased the rate of growth after 1820 so that in 1900, world
GDP reached $ 1.98 trillion (less than 1990s Japan). ...By 1992, world GDP
was about $28 Trillion. ...The world’s economy in the late twentieth century
was about 120 times larger than that of 1500.” (McNeill, 2001)

This exponential growth in the economy and in the production of material
goods has been coterminous with the growth in the population since 1500 at
least till 1820. Braudel has classified this transition in the population growth
as end of Ancient Regime or Biological Regime. At least since 1500, the
growth in population has seen an upsurge, which attained exponential
proportion in the second half of the 20™ century. McNeill (2001) has pointed
out that, ‘Since the eighteenth century, our numbers have grown extremely
quickly by previous standards. And in the period since 1950, population has
increased at roughly 10,000 times the pace that prevailed before the invention
of agriculture, and 50 to 100 times the pace that followed.
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4.5 THE GREAT ACCELERATION

Along with most visible impact on the extraction of natural resources, it is
particularly significant to grasp the unprecedented capacity of humans to
‘exploit’ natural resources. As has been pointed out earlier that in the pre-
fossil fuel era, the ability of humans to ‘exploit’ was to a great extent
constrained by what is called somatic energy or in other words ‘biotic’
energy. Ever since the onset of industrial revolution, human imprint on nature
has been increasing regularly, however, ‘the escalation since 1945 has been
so fast that it sometimes goes by the name of ‘Great Acceleration’. Within
the last three human generations, three-quarters of the human-induced
loading of the atmosphere with carbon dioxide took place.

The number of motor vehicles on Earth increased from 40 million to 850
million. The number of people nearly tripled, and the number of city dwellers
rose from about 700 million to 307 billion. In 1950, the world produced
about 1 million tons of plastics but by 2015 that rose to nearly 300 million
tons. In the same time span, the quantities of nitrogen synthesized (mainly for
fertilisers) climbed from under 4 million tons to more than 85 million tons.
Some trends of the Great Acceleration are still in high gear, but others-
marine fish capture, large dam construction, stratosphere ozone loss- have
now begun to slow down. (J. R McNeill & Peter Engelke, 2014).

The impact of such large-scale exploitation of natural resources have played
havoc with the nature and have endangered the “safe operating space for
humanity”. The safe limits for humanity have been explained in terms of
Planetary Boundaries. Scientists have identified nine Planetary boundaries
and argued that we have already crossed four Planetary boundaries. 1.
Climate change, 2. Changes in biosphere integrity, 3. Biogeochemical flows,
4. Stratospheric ozone depletion, 5. Ocean acidification, 6. Freshwater use,
7. Land-system change, 8. Atmospheric aerosol loading, and 9. Introduction
of novel entities (Angus, 2019). We will read about these boundaries in our
later Units.

Check Your Progress 2

Note: 1) Use the space given below for your answers.

i1) Check your answers with those given at the end of the Unit.

1) ‘Technology has played a very important role in altering the relationship
between humans and environment’. Elaborate.



2) ‘Expansion of agrarian landscape has often resulted in degradation of
soil’. Comment.

4.6 CONCLUSION

The trajectories of human interface with nature have been changing. One of
the significant changes in the process has been the beginning and expansion
of agriculture and domestication of animals. Greater impact has been noticed
when humans started relying primarily on the fossil fuels, which is ultimately
leading to the tipping point. To conclude we may quote: (Angus, 2019) ‘The
human enterprise has grown so dramatically since the mid-20" century that
the relatively stable, 11,700 year-long Holocene epoch, the only state of the
planet that we know for certain can support contemporary human societies, is
now being destabilized.’

4.7 GLOSSARY

Anthropocene : It is the time during which humans have had a
substantial import on planet earth. Humankind has
caused mass extinctions of plant and animal species,
polluted oceans and have impacted the atmosphere
adversely. ‘Anthropo’ means man and ‘cine’ means
new; the new ways of harming environment by
humankind eg., burning of fossil fuels and all human
activities that lead to high levels of carbon

emissions.

Biotic Energy : Interacting organizations living together in a specific
habitat.

Holocene : It is the name given to the least 11,700 years of

Earth’s history. The time since the end of ‘ice’ age
or last glacial period. It concluded with Holocene
glacial retreat.

Natural :  Everything available in our environment, which can

Resources be used to satisfy our needs, provided it is
technologically accessible, economically feasible
and culturally acceptable can be termed as
‘Resources’ (NCERT,2006).

Non- :  Minerals, oil, gas and coal are non-renewable
Renewable resources; their use as materials and energy sources
Resources leads to depletion of the Earth's reserves. However,

the time period during which reserves can be
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Environment the efficiency of use. Eventually, limitations to the
extent to which more efficient processes may expand
the use of non-renewable resources stocks will be
reached, requiring substitution with renewable
resources and restrictions on the volume of activities
that can be sustained by existing stocks (Europa.eu.)

Renewable ¢ Food, water, forests and wildlife are all renewable

Resources resources. For resource use to be sustainable, the
consumption rate should be maintained within the
capacity of the natural systems to regenerate
themselves. Current rates of depletion of the Earth's
stocks of renewable resources and levels of pressure
imposed on their regenerative capacity by means of
production and consumption might already be, in
some cases, beyond this threshold.

The Scientific : It is roughly the period from 1500 to 1700 — is the
Revolution most important and talked-about era in the history of
science. It saw a substantial increase in the number
of people asking questions about the natural world, a
proliferation of new answers to those questions, and
the development of new ways of gaining answers.
Thus, during early modern times, a new way of
looking at nature emerged and led to a major change
in the trajectory of human nature interface (Principe,

2011).
Ocean ¢ Decrease in the PH levels of Earth’s ocean. Carbon
Acidification emissions due to human activity is the primary cause

of ocean acidification.
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4.9 ANSWERS TO CHECK YOUR PROGRESS
EXERCISES

Check Your Progress 1

1. Your answer should include the following points:

e Dependence

Adaptations

Modifications

Exploitation

Check Your Progress 2

1. Your answer should include the following points:
e The age of Industrial Revolution.
e Unprecedented exploitation of natural resources.
e Crossing of Planetary boundaries.

2. Your answer should include the following points:
e Ecological Imperialism.
e FEra of Insatiable Appetite.

e The Great Acceleration.



