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UNIT-1

CONCEPT OF ENVIRONMENTAL STUDIES

UNIT STRUCTURE
1.1 Learning Objectives
1.3 Introduction
1.3 Nature and scope of Environmental Studies
1.4 Multidisciplinary Perspectives of Environmental Studies
1.5 Rules and Regulations of Environmental Studies and Public Awareness
1.6 Let Us Sum Up
1.7 Further Reading
1.8 Possible Questions
1.1 LEARNING OBJECTIVES
After going through this unit, you will be able to
 define environmental study
 understand the nature and scope of environmental study
 know the significance and rules of conservation of environment
 Find out the steps for preservation of environment.
1.2 INTRODUCTION
In recent times, environmental studies have gained importance all over the world. It is
essential that everybody should know about the basic issues and concepts included in
environmental studies. Since all living beings e.g. Plants and animals, and the
surrounding non-living objects, are parts of the environment, so environmental
studies include all of them. It is therefore necessary for everyone to know about the
environment, its significance for our survival and the need for preservation of the
environment.
Constant increase in population and also increase in human activities along with the
rapid industrialization and the use of machines and transport have their impact on
nature, which has caused rapid changes in the environment leading to environmental
pollutions. For all these reasons preservation of environment is essential. Creation of
public consciousness/awareness has become the call of the hour.
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1.3 NATURE AND SCOPE OF ENVIRONMENTAL STUDIES
Records show that people were conscious about environment in the past. We can find
traces of conservation of environment in Indian culture during the Vedic age.
According to different religious practices and customs, animals and plants were
worshipped. The creation of different animals and plants in different environment was
known to people long time ago. Scientific studies were carried out on the mutual
impact of living beings and environment and a new study was started in the year 1869
for the first time, which came to be known as environmental studies.
Because of the pioneering efforts of some people the concept of conservation
of environment was gradually gaining importance.
A healthy environment presuppose the existence of the following elements:
 Pure air
 Plenty of clean water
 Adequate/ Plenty of place for growth and development
 Abiotic salt and strength needed for the growth and development of the body.
In reality all human beings and animals are dependent on plants. Again plants are
dependent on various microorganisms, insects, and birds frothier living. Therefore,
environment is made up of
 All living beings and non-living objects that are components of environment
 All kinds of living beings are essential to sustain environment.
 All living beings are interdependent. Because of these reasons, the concern for
conservation of environment is growing all over the world.
For the first time Charles Darwin in his book Origin of Species in1859
scientifically established the relationship between living beings and their habitats. In
fact, Ralph Emerson, before Darwin, in 1840 warned that business-activity would
destroy environment. Rachel Carson, an American lady wrote in an article about the
use of insecticide/pesticide and also wrote a book Silent Spring which became a
pioneering work in modern environmental revolution. India was also not lagging
behind. In fact noted Ornithologist Salim Ali‘s Book of Indian Birds and his
autobiography falloff a Sparrow are regarded as the path-breakers in the study of
environment. Sundarlal Bahuguna who is associated with Chipko Agitation and
Medha Patkar who stood for the Narmada Bachao agitation have championed the
cause of the protection of environment. It can be mentioned here that M.C.Mehta
fought for the protection and preservation of the Taj Mahal. Voices have been raised
for cleaning the water of the Ganga and also for the inclusion of environmental
studies in the curriculum of schools and colleges. Besides, cases are also lodged in the
courts of justice for the protection of environment for the public interest.
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The scope of environmental studies is very vast. Since several areas and numerous
elements have been covered in this subject, its scope has-been gradually increasing.
The following are the contents of the course on environmental studies:
 Natural Resources: their preservation and conservation and their management.
 Eco-system and Bio-diversity.
 Environmental pollution and control
 Social problems connected with environment and development
 Population and environment
The treasures which are given by nature for our use are called the natural resources.
Nature endows us with all the required materials which fulfil our essential needs and
which are necessary for us to enjoy a happy life. But the supply of these natural
treasures is very much limited. On the other hand, population explosion and our
constant desire to live a luxurious life have led us to use these naturals resource
indiscriminately. As a result, many natural resources gifted by nature have gradually
become scarce. So, how to conserve and manage these resources in a balanced
manner is the subject of discussion in environmental studies.
Plants and other living beings on this earth have undergone various changes and
stages of evolution before reaching the present stage. Nature has created an intimate
relationship between plants and living beings. In short, this is known as eco-system.
Earthly elements play a significant role in creating living beings and plants.
From the combination of biotic and abiotic elements various species are created in the
eco-system. Diversity of plants, living beings, organisms and all other diverse species
present in the eco system taken together are called bio-diversity. Bio-diversity and
Eco-system are another area of discussion in this unit. The presence in the air, soil or
water of a substance with harmful effects is called pollution. Changes in
environmental conditions affect natural life. Sometimes even the identity of living
species is endangered. Pollution is due to some natural and manmade causes.
Environmental studies study the problem of pollution, how it is caused, what are its
effects and how it can be controlled.
Human beings through their intelligence have utilized natural resources. As opposed
to other living beings, human beings have been trying to exploit natural resources
through science and technology and due to this exploitation, nature has been affected.
These man made problems are also discussed in Environmental studies. Population
explosion is another grave problem. Rapid advancement of science and technology
has significantly reduced the human mortality rates, while human birth rate has also
in creasedin some countries, including India. The continuous rise in population has
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resulted in large scale utilization of the natural resources leading to a pressure in the
environment which is undergoing rapid changes. Population explosion and its effect
on nature is another matter of discussion.


Definition of Environmental Studies: Environmental study is the methodical
and scientific study of the environment and how socio-economic and other
factors affect it. The elements constituting the environment are divided into
two – living beings and nonliving matter. This relationship between living
beings and nonliving matter and the impact of the change of these two
elements over other elements are abasic concern of Environmental studies.



Objective of Environmental Studies: The main objective of environmental
studies is to discuss what environment is and what is the relationship between
the different elements of the environment.

Environmental studies discuss the relationship among various living and non-living
things, as well as the relationship among the various species. Its influence on human
beings, the interdependence between man and other species and how human activities
influence them are some of the issues to be discussed within the scope of
Environmental Studies.
1.4 MULTIDISCIPLINARY
STUDIES

PERSPECTIVES

OF

ENVIRONMENTAL

This is now clear from the definition of environmental studies that this is a unique
brand of study. There is a need to understand the problems of environment and their
solution and for this a general conception of science, commerce, arts, technology,
law, medical science, computer etc. is essential.
Environmental study is called a multidisciplinary
the world from destruction, the relationship among
necessary. Besides, it is also essential to know as to how
Environmental studies include all such subjects. That is
can be called a multi-disciplinary subject.

subject. In order to protect
the different elements is
to protect the environment.
why environmental studies

1.5 RULES AND REGULATIONS OF ENVIRONMENTAL STUDIES AND
PUBLIC AWARENESS
Problems arising out of the several conflicting processes among the environmental
elements and human beings along with the instructions of environmental conservation
are included in an environmental study. In fact, the environmental problems are
caused by human activities. All the elements gifted by nature are considered essential
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for human survival. But when natural resources are haphazardly used by man
environmental problems are created. The human centric thoughts consider nature‘s
gifts as man‘s exclusive domain. On the other hand, another school of thought, which
is nature centric, considers nature as mother and lays emphasis on the conservation of
nature. This kind of thought is beneficial to nature as well as to other living beings
and this in a way helps to create a positive natural environment.
On the basis of these two contradictory schools of thoughts, –human centric and
nature centric – some guidelines/principles are adopted to maintain sustainable
environment, they are –
 Nature has given us all the necessary requirements for living. Therefore, it is
our duty to love and care nature.
 We should consider each day a sacred day because on each day nature
changes and this change of nature brings to us the advent of a new season.
 Considering man to be superior to other beings, man has no right to push other
beings towards destruction.
 We should always be grateful to plants and other living beings because they
provide us the necessary food for the sustainability of our life.
 Man should control the rapid rise in population because it causes an increasing
burden for nature.
 We should not waste the rare resources for destructive purpose like creating
deadly weapons.
 Instead of exploiting nature for use in our self-interest, we should try to
protect the loss and damage caused to nature by excessive human interference.
 It is nothing but a futile attempt to escape from the complaint that we are not
guilty for the deeds of destroying natural resources.
 Our future generation should not suffer because of our exploitation of nature
and that we should be conscious of this fact.
 Limited resources of nature should be enjoyed equally by all and they should
be used in a limited or economical way.
 Public Awareness: Conservation of environment is related to public cooperation and if public cooperation is missing then neither any government
nor any public organization can be successful in environmental development.
Public co-operation is dependent on public awareness. It is not possible to
solve environmental problems without public co-operation and their
knowledge relating to environment. For instance, in the present context, the
use of polythene and lack of knowledge as to how these polythenes create
pollution and what are its impacts on society are some of the issues which
demand general public attention. Only legal actions cannot solve these
problems.
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Instead of doing things that harm nature, man should feel the necessity to protect and
conserve nature and to spread knowledge through environmental studies to solve the
environmental problems.
Therefore, awareness for the protection of environment should be the main motto
here of Environmental Studies
1.6 LET US SUM UP










People have been conscious about environment since time immemorial.
Scientific studies have been carried out on the impact of the living beings on
environment and this kind of study was started in the year 1869. Earnest
Hackle for the first time scientifically explained environmental studies.
The importance of environmental studies cannot be denied and this subject is
essential for law, medicine, science, commerce etc.
The influence of environment can be seen in all aspects of our life and work
and therefore it is essential to have some knowledge about this subject. Our
education is incomplete without this knowledge.
More pollution will create more danger to the lives of the living beings.
Therefore it is necessary for all living beings to conserve environment in order
to sustain.
It is not the sole duty of the government to protect environment. In order to
protect nature, all human beings should come together and act towards it.
Therefore, it is important to create awareness among the general public for a
clean and healthy environment by protecting its resources.

1.7 FURTHER READING
2. Asthana, D. K. & Meera A. (2012). A Textbook of Environmental
Studies.New Delhi: S. Chand and Company Ltd.
3. Bharucha, E. (2004). A Textbook of Environmental Studies. New Delhi:UGC.
4. Kaushik, A. & Kaushik, C. P.(2006). Perspectives in EnvironmentalStudies.
India: New Age Publications (Academic).
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1.8 POSSIBLE QUESTIONS
VERY SHORT ANSWER QUESTIONS
1. What do you mean by Environmental studies?
2. How can pollution be controlled through environmental studies?

SHORT ANSWER QUESTIONS
1. Explain the importance of rules and principles of Environmental studies.
2. Explain the importance of Environmental studies in the present context?

LONG ANSWER QUESTIONS
1. Environmental studies being a multidisciplinary subject, mention the other
subjects which have relation with it. Explain.
2. What is the role of Environmental studies in the conservation of biodiversity?
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UNIT-2

THE ENVIRONMENT

Structure
2.1 Learning Objectives
2.2 Introduction
2.3 Concept of the Environment
2.4 Types of Environments
2.5 Concept of Biosphere and Ecosystem
2.6 Environment
2.6.1 Atmosphere
2.6.2 Hydrosphere
2.6.3 Lithosphere
2.6.4 Biosphere
2.7 Why should we be Concerned about the Environment
2.8 Let Us Sum Up
2.9 Further Reading
2.10 Possible Questions
2.1 LEARNING OBJECTIVES
After studying this unit, you will be able to:
 define environment;
 describe the various components that make the environment;
 distinguish between natural and man-made environment;
 recognize the significance of the environment for life‘s proper functioning;
and
 Understand the concept of biosphere and its functional unit − the ecosystems.
2.2 INTRODUCTION
The Earth is the only planet known to support life as we know it. It supplies us with
all the resources, the materials we use and the food that we eat or drink. All living
organisms have a specific surrounding or medium with which they continuously
interact, from which they derive sustenance and to which they are fully adapted. This
surrounding is their environment.

8

An understanding of the environment requires that we know what makes up the
environment, and what its limits are and why is a scientific study of the environment
important. In the natural world where we all live on the planet Earth, life is confined
to a very thin sphere around the globe where conditions for sustenance are favorable.
Anywhere below or above this layer conditions become limiting. In introducing the
environment we familiarize you with the various components of the environment and
their interaction that make the functional units. You will come to appreciate the
interdependence of various components of the environment as you proceed along this
course.
2.3 CONCEPT OF THE ENVIRONMENT
Prior to 1950s, for most people the term environment meant the set of conditions at
home or in their work places. In the years that followed, with the publication of
Rachel Carson‘s landmark book ―Silent Springs‖ (1960) as well as the occurrence of
major environmental events such as the spilling of oil along the picturesque northern
coast of France, the death of fish and other organisms in thousands in Swedish lakes
due to long range air pollution and the much publicized threats of extinction of many
species, the concept of the environment gained widespread acceptance.
Today the environment is widely accepted as a major issue for the very survival of
humans and other life forms the world over with serious social and political
ramifications. It is realised that a concern for the environment is an integral part of the
overall process of development and economic growth. This issue is particularly
important for developing nations, which need to keep promoting economic activities
in order to improve the living standards of their people.
At present there are three points on which there is general agreement with regards to
the environment:
 The environment is a common concern for both industrial and developing
countries although problems resulting from poverty and affluence are
different.
 The solution of environmental problems can only be achieved through
international cooperation.
 Integration of economic growth and environmental protection must be done
according to the sustainable development approach.
Although the importance of certain environmental issues may change with time, the
principles governing the underlying biological and physical systems do not change.
Hence, the basic ecological concepts need to be understood too, for Ecology deals
with the interactions between the organisms and their environment.
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Let us now examine what we mean by the environment in scientific terms. You are
aware that no organism can exist in isolation, without interacting with other
organisms and its physical influences like light, moisture, temperature soil etc., in
very broad terms we can say its environment or surroundings. Thus we can define
environment as the sum total of living and non-living components, influences
and events surrounding an organism. The living components are called the biotic
components while the non-living are called abiotic or physical components (Table
2.1). However, it is important to understand that the living and physical components
are intimately interwoven and interdependent, they cannot be looked upon in isolation
and we classify them in separate categories only for convenience.
For example, the Earth as a planet has been profoundly altered by the life that inhabits
it. The Earth‘s air, oceans, soils and sedimentary rocks are very different from what
they were before the evolution of life. In many ways, life helps control the makeup of
air, oceans and sediments.
Table 2.1 Components of the environment

The physical components set the condition for the survival of the biotic components
which in turn take care of the maintenance of the environment. Thus linkages among
components of the environment are pathways for the flow of energy and cycling of
materials For example, green plants obtain essential resources from the physical
realm − water and minerals from the soil, carbon dioxide from the atmosphere and
light energy from the sun, and manufacture their food. Animals depend on plants and
other animals for their source of food. We in turn harvest the land and the seas for our
food; obtain minerals, fuel from the Earth‘s crust. We will learn more about these
later in this course.
2.4 TYPES OF ENVIRONMENTS
Recall the definition of the environment, and consider a fish living in a natural pond.
Its external environment will be the water in the pond which it primarily inhabits.
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The water would contain nutrients, oxygen and other organisms that the fish requires
to sustain its life. As opposed to the external environment, the body cavity within the
fish provides an internal environment quite separate from the outside environment.
The body surface acts as an exchange barrier between the internal and the external
environment of the fish. The internal environment is relatively stable as compared to
the external environment. However, illness and injury or even environmental stress
can upset it. But when the cause of the upset is removed, the internal environment
comes back to its original condition.
The pond which the fish inhabits is a natural environment. The abiotic factors of the
pond, like light, temperature, depth, nutrients, and dissolved gases will provide the
life supporting chemical and physical factors for the fish. The other living organisms
inhabiting the pond, like bacteria, insects, worms, Mollusca, tadpoles, frogs,
submerged vegetation etc. could be food for the fish. Examples of such natural
environments on land include forests, grasslands, savannah, deserts, etc. In any of
these natural environments the climate, physiological, edaphic (soil-related) and
biotic factors interact with each other and influence the life forms. So far we have
discussed only the natural environment but there are several components of
environment which are created by humans, like crops fields, cities, industrial spaces
etc. (Fig2.1andTable 2.1). These are places made artificially by humans through
planned manipulation. For example, let us consider a city. The city environment is
totally created by human beings. One of the most important components − water is
not taken from streams directly but is first filtered, purified and used for drinking and
other municipal purposes. The metabolic waste and garbage are not disposed off
locally but are carried for treatment or dumping to a remote place, away from the city.
Food for the people in cities often comes from rural areas.

Fig.2.1: Examples of different types of environment
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An environment made by humans results in the consumption of excessive amounts of
materials and energy necessitating care, supervision and management, and often
interferes with the natural environment.
Significance of the environment for life
Whatever type of environment organisms inhabit, they all need life supporting
elements for their survival. These include air that they breathe, food and water they
take in, and shelter either as natural enclosures (like caves and tree holes) or as
artificial dwellings (like houses). Environment is the only source that provides these
life supporting elements.
We make use of the land for cultivating crops. Soils provide nutrients needed for the
growth of plants. The land form determines the soil types found in any one area and
soil itself varies from place to place. Some soils are rich in nutrients and others are
lacking in them. The soils lacking nutrients need the addition of fertilizers. Climate
and short term weather changes are characterized mainly by wind, temperature,
pressure and rainfall and are determined by the properties of the atmosphere. Air in
the atmosphere provides living organisms with oxygen, without which survival of
most of the living organisms will be threatened.
From the above description you have learnt about the concept of the environment, the
different types of environments and about the significance of the environment for life.
Next we will find out where these environments exist on planet Earth.
SAQ 1 Define the environment and explain the difference between external and
internal environment.
2.5 CONCEPT OF BIOSPHERE AND ECOSYSTEM
The relatively thin zone of air, soil and water where life exists is known as the
biosphere. It extends from the depths of the oceans to about 10 km high up in the
atmosphere and includes all the rivers, lakes, ponds as well as the solid sediments that
exchange material with living beings. Life in this zone depends on the Sun‘s energy
and on the circulation of heat and essential nutrients. The only exceptions are the life
forms found in the deep-sea hydrothermal vents that depend on the energy from the
Earth. This energy is used and given off as materials are recycled. Since living
organisms need essential elements for survival like air, water and land, the biosphere
includes parts of the atmosphere, hydrosphere and lithosphere (Fig.2.2).
When the concept of the biosphere was first proposed it was considered to be the
Earth‘s integrated living and non-living life supporting system. Although it was
proposed as early as 1920, by the Russian scientist Vladimir Ivanovich Vernadsky
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(1868-1945) it was only in the recent times that it has been widely adopted and used.
The integration of living organisms and the non-living life supporting system
mentioned in the concept of the biosphere has occurred in many ways. For instance,
the biosphere






contributes to the global energy system;
affects rates and patterns of weathering within the lithosphere;
plays an important role in the water cycle;
links the lower atmosphere (troposphere) with the lithosphere;
Provides a vehicle for the transfer of chemicals via the bio-geochemical
cycles.

Fig.2.2: Idealized scheme of the biosphere in relation to atmosphere, hydrosphere and
lithosphere. The area of contact and interaction between these components is important for life,
for it is here that the basic processes of life like photosynthesis and respiration occur

You will come to know more about the above processes in later units.
Originally the concept of the biosphere was applied to the Earth‘s surface where
plants and animals made their home. In recent times the biosphere has been extended
by Gaia hypothesis to include parts of the atmosphere and subsurface geology that
were previously thought of as non-living.
For centuries scientists have viewed the Earth and its environmental systems as a sort
of mechanical machine, driven by physical forces like volcanoes, rock weathering
and the water cycle. It was clear that organic activities played an important role in
some environmental systems, such as the biogeochemical cycles. However, until
quite recently biological factors were seen as secondary to physical and chemical
ones.
13

A revolutionary new theory was put forward by James Lovelock in 1970s. He called
it the Gaia hypothesis, after the Greek Earth goddess. The theory was revolutionary
because it treated the Earth as a single living organism, in which the biological,
chemical and physical factors played important roles. Lovelock argued that the
Earth‘s living and nonliving systems form an inseparable whole, regulated and kept
adapted for life by living organisms themselves. He sees Gaia as a complex entity
involving the Earth‘s biosphere, atmosphere, oceans and soil and constituting a
feedback system which seeks an optimal physical and chemical environment for life
on this planet. However, Lovelock regarded the biosphere as a ―single organism‖
(called a super organism by some scientists).
Looking closely at plants and animals in the biosphere, naturalists observed groups of
plants and animals in the biosphere arranged in an orderly manner. Two concepts
emerged from their observations which led to the use of the term “ecosystem” to
describe the complex interactions between living organisms and their non-living
surroundings.
The first concept was that plants and animals formed a natural association, each with
distinctive members. Just like morphological data allowed systematics to assign
species to a hierarchy of taxonomic groups, detailed studies of the ecological
distributions of plants led to the classification of biological communities.
The second concept was the realization that organisms are linked, both directly and
indirectly by means of their feeding relationships. Arising from these, the concept of
the ecosystem was formulated. A system is a collection of interdependent parts that
function as a unit and involve inputs and outputs. An ecosystem represents the sum of
all natural organisms and the non-living life supporting substances within an area. It
was considered as an open system with a series of major inputs and outputs and these
effectively ―drive‖ the internal dynamics of the system.
The ability to recognize distinctive ecosystems in the biosphere gave ecologists a
convenient scale with which to consider plants and animals and their interaction. This
is because it is more localized and thus more specific than the whole biosphere. A
variety of natural ecosystems are found in the biosphere and you will come to know
about them, their components and their functioning in later units.

SAQ 2
What is the Gaia Hypothesis?
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2.6 ENVIRONMENT
Normally environment means geographical and related conditions surrounding a
given cluster of people. Thus, it includes land and land farms of the region, water,
plants, animals and other living organisms, and the interfaces and situations arising
due to their natural interactions.
Components of Environment
The environment, as mentioned already, has the following four components:
1. Atmosphere
2. Hydrosphere
3. Lithosphere
4. Biosphere
Each component has its special role to play on this globe, especially with reference to
sustaining all life forms in harmony with the rhythm of nature. This rhythm is
fundamental to all sustainable development.
2.6.1 Atmosphere
 Oxygen for human respiration (metabolic requirements).
 Oxygen for wild fauna in natural ecosystems and domestic animals used by
man as food.
 Oxygen as a part of carbon dioxide, used for the growth of plants (in turn are
used by man).
The atmosphere forms a protective shell over the earth. The lowest layer, the
troposphere, the only part warm enough for us to survive in, is only 12 kilometers
thick. The stratosphere is 50 kilometers thick and contains a layer of sulphates which
is important for the formation of rain. It also contains a layer of ozone, which absorbs
ultra-violet light known to cause cancer and without which, no life could exist on
earth. The atmosphere is not uniformly warmed by the sun. This leads to air flows
and variations in climate, temperature and rainfall in different parts of the earth. It is a
complex dynamic system. If its nature is disrupted it affects all mankind. Most air
pollutants have both global and regional effects.
Living creatures cannot survive without air even for a span of a few minutes. To
continue to support life, air must be kept clean. Major pollutants of air are created by
industrial units that release various gases such as carbon dioxide, carbon monoxide
and toxic fumes into the air. Air is also polluted by burning fossil fuels. The buildup
of carbon dioxide which is known as ‗greenhouse effect‘ in the atmosphere is leading
15

to current global warming. The growing number of scooters, motorcycles, cars, buses
and trucks which run on fossil fuel (petrol and diesel) is a major cause of air pollution
in cities and along highways.
Air pollution leads to acute and chronic respiratory diseases such as various lung
infections, asthma and even cancer.
2.6.2 Hydrosphere
 Clean water for drinking (a metabolic requirement for living processes).
 Water for washing and cooking.
 Water used in agriculture and industry.
 Food resources from the sea, including fish, crustacea, sea weed, etc.
 Food from fresh water sources, including fish, crustacea and aquatic plants.
 Water flowing down from mountain ranges harnessed to generate electricity in
hydroelectric projects.
The hydrosphere covers three quarters of the earth‘s surface. A major part of the
hydrosphere is the marine ecosystem in the ocean, while only a small part occurs in
fresh water. Fresh water in rivers, lakes and glaciers, is perpetually being renewed by
a process of evaporation and rainfall. Some of this fresh water lies in underground
aquifers. Human activities such as deforestation create serious changes in the
hydrosphere. Once land is denuded of vegetation, the rain erodes the soil which is
washed into the sea.

Fig.2.3

Chemicals from industry and sewage find their way into rivers and into the sea. Water
pollution thus threatens the health of communities as all our lives depend on the
availability of clean water. This once plentiful resource is now becoming rare and
expensive due to pollution.
2.6.3 Lithosphere
 Soil, the basis for agriculture to provide us with food.
 Stone, sand and gravel, used for construction.
16







Micronutrients in soil, essential for plant growth.
Microscopic flora, small soil fauna and fungi in soil, important living
organisms of the lithosphere, which break down plant litter as well as animal
wastes to provide nutrients for plants.
A large number of minerals on which our industries are based.
Oil, coal and gas, extracted from underground sources. It provides power for
vehicles, agricultural machinery, industry, and for our homes.

The lithosphere began as a hot ball of matter which formed the earth about 4.6 billion
years ago. About 3.2 billion years ago, the earth cooled down considerably and a very
special event took place - life began on our planet. The crust of the earth is 6 or 7
kilometers thick and lies under the continents. Of the 92 elements in the lithosphere
only eight are common constituents of crustal rocks. Of these constituents, 47% is
oxygen, 28% is silicon, 8% is aluminum, 5% is iron, while sodium, magnesium,
potassium and calcium constitute 4% each. Together, these elements form about 200
common mineral compounds. Rocks, when broken down, form soil on which man is
dependent for his agriculture. Their minerals are also the raw material used in various
industries.
2.6.4 Biosphere
 Food, from crops and domestic animals, providing human metabolic
requirements.
 Food, for all forms of life which live as interdependent species in a
community and form food chains in nature on which man is dependent.
 Energy needs: Biomass fuel wood collected from forests and plantations,
along with other forms of organic matter, used as a source of energy.
 Timber and other construction materials.
This is the relatively thin layer on the earth in which life can exist. Within it the air,
water, rocks and soil and the living creatures, form structural and functional
ecological units, which together can be considered as one giant global living system,
that of our Earth itself. Within this framework, those characterised by broadly similar
geography and climate, as well as communities of plant and animal life can be
divided for convenience into different bio-geographical realms. These occur on
different continents. Within these, smaller bio-geographical units can be identified on
the basis of structural differences and functional aspects into distinctive recognizable
ecosystems, which give a distinctive character to a landscape or waterscape. Their
easily visible and identifiable characteristics can be described at different scales such
as those of a country, a state, a district or even an individual valley, hill range, river or
lake.
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The simplest of these ecosystems to understand is a pond. It can be used as a model to
understand the nature of any other ecosystem and to appreciate the changes over time
that are seen in any ecosystem. The structural features of a pond include its size,
depth and the quality of its water. The periphery, the shallow part and the deep part of
the pond, each provide specific conditions for different plant and animal
communities. Functionally, a variety of cycles such as the amount of water within the
pond at different times of the year, the quantity of nutrients flowing into the pond
from the surrounding terrestrial ecosystem, all affect the ‗nature‘ of the pond.
2.7 WHY SHOULD WE BE CONCERNED ABOUT THE ENVIRONMENT
Why is there so much concern about the environment today? The answer is simple;
our very existence depends on the conservation or well being of the environment. The
unprecedented population growth and economic progress of the 19th and 20th
centuries have expanded our demands on the environment. However, today the whole
world particularly the developing countries are facing a near-crises situation
regarding the environment.
Perception of environmental concerns differs with different societies. What some
people may consider to be a serious problem may be the solution for a different
problem. For example, if a factory is set up in a village, the villagers might be happy
because as it provides more jobs for the local population‘s economic growth. While
some others may feel that the setting up of the factory would pollute the environment,
generate more waste and decrease the standard of living.
However, broadly there are three prevailing viewpoints regarding the environmental
concerns:
1. The environmental concern is a conspiracy of the developed First World
against progress in the Third World and that environment will become an
issue of importance only when the underdeveloped countries reach the levels
of production and consumption of the industrialised nations.
2. The second viewpoint argues strongly that the emphasis on preserving for
instance, the tiger and the aesthetic beauty of green belts is diverting the
attention from the problems of the poor and that environment has nothing to
do with providing a better deal to the large and ever-growing population.
3. The third, in a paradoxical turn, holds this very same, large and ever-growing
population responsible for the environmental crisis, maintaining that there is
too little of everything except people.
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The three different views illustrate how little we know of ecosystems and Eco
balance. Let us examine each of these views briefly.
The first view is that environmental concerns are the business of rich countries which
cause most of the pollution. But environment and development are not necessarily
incompatible. The mistake made by developed countries can be avoided if proper
developmental strategies are worked out. Further, there is no division such as the
environment of developed countries and that of developing countries. Degradation of
the environment is going to affect each of us irrespective of the country, region or
area. An example is the Chernobyl disaster which has the potential to affect a total of
Thousands of human and animal lives and devastate large areas of land within and
outside the former Soviet Union.

Fig.2.4:
Chernobyl
and
its
effect
(Source:ohamill.netfirms.com/chernobyl.htm
http://www.cems.alfred.edu/students/wirkuscp)

on

human

beings
and

Proponents of the second viewpoint would prefer development to improve the lot of
the poor at the cost of environmental conservation. But in this model the poor will get
the worst of everything, including the effects of pollution resulting from
industrialization and urbanization. We had a burning example of this in Bhopal
tragedy in which thousands of the poorest of poor people died. The poor are worst
affected by impure drinking water, unsanitary living conditions, disease and so on.
The point raised in the third viewpoint that population pressure leads to
environmental degradation is an old one. The problem is not so much of the poor
destroying the environment by their sheer numbers as that they are deprived of their
share in the distribution of resources. It should, therefore, be clear that there are
factors other than poverty and population which are responsible for the pollution on
the Earth.
You must understand that environment is not just pretty trees, threatened plants,
animals and ecosystem. It is literally the entity on which we all subsist, and on which
the entire agricultural and industrial development depends. Development without
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concern for the environment can only be short term development often causing
enormous environmental degradation apart from human suffering, increased poverty
and oppression. With these few words of caution, we summarise the contents of this
unit.
2.8 LET US SUM UP


The concept of environment is the surrounding of an organism, including its
life supporting physical and biological factors.



The different types of environments include external environment, internal
environment of an organism and the natural and manmade environment in
which the species survive.



Biosphere is the region on the Earth where all living organisms survive. An
ecosystem is the basic functional unit in nature, defined by ecologists.
Ecologists help to understand the complex relationships between living
organisms and their surroundings.



Human beings in search of food shelter and material comfort affect the
environment either advertently or inadvertently. The impact of the human
society has multiplied over last several hundred years.

2.9 FURTHER READING
1. The Environment − Principles and Applications by Chris Park.
2. Human Environment Block 1 IGNOU publication.
2.10 POSSIBLE QUESTIONS
1. Define the terms environment, biosphere and ecosystems.
2. Describe the concept of biosphere.
3. Discuss the significance of the environment to living organisms.
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UNIT-3

ECOLOGY AND ECOSYSTEM

Structure
3.1 Learning Objectives
3.2Introduction
3.3 Ecology
3.3.1 Definition
3.3.2 History of Ecology
3.3.3 Subdivisions of Ecology
3.3.4 Relationship of Ecology with Other Disciplines of Biology
3.4 Ecosystem
3.5 Food Chain
3.6 Food Web
3.7 Energy Flow
3.8 Ecological Pyramid
3.9 Main Ecosystems
3.10 Biogeochemical Cycling
3.11 Carbon Cycle
3.12 Nitrogen Cycle
3.13 Let Us Sum Up
3.14 Further Reading
3.15 Possible Questions
3.1 LEARNING OBJECTIVES
After you have studied this unit you would be able to:
 define and use in the proper context terms such as ecology, environment and
ecosystem
 outline the development of the discipline of ecology, ,
 describe the three main subdivisions of ecology, namely autecology,
synecology and habitat ecology,
 show with the help of a diagram the interrelationship between ecology and
other biological disciplines,
 describe an ecosystem, its types and structure,
 get an idea about the productivity of the ecosystem, its elements
 and its trophic structure,
 acquire knowledge about food chain and food web, and how it is helpful to us
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discuss energy flow in an ecosystem
get a comprehensive idea about the ecological pyramid and its
different types,
Discuss the important ecosystems.
Define and use in proper context the term biogeochemical cycle and explain
the Importance of the concept.
distinguish between gaseous and sedimentary cycles,
Outline the course of carbon, nitrogen.

3.2 INTRODUCTION
You have already been introduced to the concepts of environment, ecology,
ecosystem, energy flow and nutrient cycling in the foundation course on Science and
Technology. As you are aware ecology is the scientific study of the reciprocal
relationship between organisms, including microbes, plants, animals as well as man,
with their environment. It deals with the ways in which organisms are moulded by
their environment, how they make use of environmental resources including energy
flow and mineral cycling. Everything that surrounds or affects an organism during its
life time is collectively known as its environment ' which comprises both living
(biotic) and nonliving (abiotic) components. The extinction of, many plant and animal
species, pollution of the environment and population explosion are some of the major
ecological problems affecting the balance of nature on a global scale. In order to
manage the earth and its life support systems, it is thus imperative to understand its
ecological processes.
In this unit, which is the first unit of the ecology course, we will begin by briefly
explaining some of the basic terms and concepts of ecology. We shall then discuss the
comprehensive definition, history, scope and the various branches of ecology.
Besides, we will also describe the basic features of ecosystem structure and function.
3.3 ECOLOGY
3.3.1 Definition
Very often a word has a precise well-defined meaning in scientific literature but is
loosely used in everyday language. It is, therefore, necessary for you to be clear about
a few concepts and definitions before we begin the study of ecology.
Ecology is a familiar term today. Although ecological studies have been going on for
many years, however, it is only recently that people have become aware of ecology as
a part of their daily life. These days‘ newspapers and magazines provide ample space
to highlight the nature and the consequences of man's impact on nature 22

deforestation, soil erosion. The Bhopal gas tragedy, the Chernobyl disaster, ozone
hole, global warming and many other problems. Public outcry about such problems
clearly emphasises the relevance of ecology for our society. Ecology is now a welldeveloped branch of science having increasing importance to human welfare and
survival.
The term ecology was coined only as late as 1868. It has been derived from two
Greek words namely, 'Oikos' meaning home or estate and 'logos' meaning study.
Literally it means the study of the home or household of nature. Ecology is defined
'as the scientific study of the relationship of the living organisms with each other and
with their environment.'
Ecological studies are aimed to understand the relationships of organisms with their
environment. This could be best achieved by extensive field observations and
experimental studies to verify the field observations.
3.3.2 History of Ecology
The roots of ecology lie in Natural History, which is as old as human civilization
itself. As a matter of fact man indulged in ecology in a practical sort of way, though
unknowingly, since early history. In primitive societies every individual was required
to have intimate knowledge of his environment for survival, i.e., of the forces of
nature and of plants and animals around him. Primitive tribes, which were dependent
on hunting, fishing and food gathering needed detailed knowledge of their
environment to obtain their sustenance. Later, the adoption of settled agricultural life
further stressed the need to learn practical ecology for the successful domestication of
plants and animals.
Our ancient Indian texts are full of references to ecological principles. The classical
texts of the Vedic period (1500 BC-600 BC) such as the Vedas, the Samhitas, the
Brahmans and the Aranyakas-Upanishads contain many references to ecological
concepts.
The Indian treatise on medicine, the Caraka-Samhita (1st Century AD4th Century
AD) and the surgical text Susruta-Samhita (1st Century AD-4th Century AD), show
that people during this period had a good understanding of plant and animal ecology.
These texts contain classification of animals on the basis of habit and habitat, land in
terms of nature of soil, climate and vegetation; and description of plants typical to
various localities. Caraka- Samhita contains information that air, land, water and
seasons were indispensable for life and that polluted air and water were injurious for
health.
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Similar awareness of ecological issues was prevalent in Europe in the 4th Century
BC. The early Greek philosophers were well aware of the importance of
environmental studies. Hippocrates in his work 'On Airs, Waters and Places'
stressed the need for ecological background for medical students, as he emphasized
the effect of water, air and locality on health and diseases in man. Aristotle classified
animals on the basis of habit and habitat.
Theophrastus (370-250 BC) was the first person to introduce ecological approach
long before the term ecology was coined. He studied plant types and forms in relation
to altitude, moisture and light exposure.
After a gap of several centuries European naturalists made significant contribution to
ecological thinking. The French Naturalist Georges Buffon (1707-1788) in his book
Natural History (1756) made a serious attempt to systematise the knowledge
concerning the relation of animals to environment.
In the early eighteenth century Anton-van Leeuwenhoek (1632-1723), the micro
scopist, pioneered the study of food chain and population regulation which have
grown into the major areas of modern ecology.
It was Hanns Reiter who in 1868 appears to have coined the term 'ecology' by
combining the two Greek words Oikos (home) and Logos (study). However it was the
German biologist Ernst Haeckel (1866- 1870) who for the first time elaborated the
definition of ecology as follows:
"By ecology we mean the body of knowledge concerning the economy of
nature - the investigations of the total relations of animal both to its inorganic
and to its organic environment; including above all, its friendly and inimical
relation with those animals and plants with which it comes directly or
indirectly into contact - m a word, ecology is the study of all the complex
interrelations referred to by Darwin as the conditions of the struggle for
existence."
A few years earlier to Haeckel, the French zoologist Isodore Geoffroy St. Hilaire and
the English naturalist St. George Jacksom Mivart had proposed the terns "ethology"
and "hexicology" respectively, which are almost similar to 'ecology'. A British
zoologist Charles Eton (1 927) in his pioneering book "Animal Ecology' defined
ecology as scientific natural history.
The concept of community in ecology was applied by Karl Mobius (1877) to animals.
Whereas Forbes (1887). Warming (1909). Cowles (1899), Clements (1916) and many
others made notable contributions to the study of plant and animal communities.
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The concept of 'population' and its several related aspects developed in the early part
of the twentieth century. Mathematical techniques were used for understanding
community ecology. These mathematical and statistical methods have since been
applied for an understanding of population dynamics.
In 1935 a distinguished British botanist, Sir Arthur Tansley introduced the concept of
the ecosystem or ecological system. This was a major development in the history of
ecology.
The concept of ecosystem along with the ideas on the trophic-dynamic aspect 6f
community developed by Lindeman (1942), and biogeocoenoses by Sukachev (1944)
stimulated investigations on the organism - environment complex from a
holocoenotic standpoint and led to a major breakthrough in the progress of ecology.
Recently, an American ecologist Eugene P Odum (197 1) has defined 'ecology as the
study of the structure and function of nature'.
In India, ecological studies began as elsewhere with the descriptive phase at the end
of the nineteenth century. Descriptive accounts of the forests were prepared by the
forest officers (1875-1929). However, the first comprehensive ecological contribution
was made in 1921 by Prof P. Dudgeon of Allahabad University who described the
role of environment in the succession of communities.
By the 1940s there was sufficient ecological information of the descriptive and
observational kind. There was now a need for precise determination of the behavior
and distribution of plants (individually or in groups) in relation to specific
environmental factors. This led to the experimental approach (1940- 1965). Extensive
synecological studies were carried out on forest and grassland communities and
autecological studies on trees, herbs and grasses under the guidance of Prof. R. Misra,
who established a flourishing school of ecology at the Banaras Hindu University, by
the 1960s.
In the early sixties the need for developing a better understanding of the structure and
function of different ecosystems was considered necessary for the effective
management of natural resources. Especially in view of the growing human
population.
With this view, the International Biological Programme (IBP) was launched (19641974) with a focus on the biological basis of productivity and human welfare. Under
the aegis of this programme, productivity of different terrestrial and aquatic
ecosystems was evaluated apart from studies on human adaptability, conservation of
ecosystem and the use of biological resources.
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Much of the recent interest in ecology stems from the problems caused by rapid
population growth and widespread deterioration of environment due to pollution of
air, soil and water. Ecological studies are now increasingly geared to promote
conservation and rational utilization of natural resources through international efforts
such as Man and Biosphere Programme of UNESCO (MAB), United Nations
Conference on Human Environment held at Stockholm in 1972, United Nations
Environment Programme (UNEP), International Union for Conservation of Nature
and Natural Resources, (IUCN) and World Wide Fund for Nature (WWF). The
science of ecology has much to contribute in solving the problems of environment.
3.3.3 Subdivisions of Ecology
Ecology was earlier divided into plant and animal ecology. However, modem ecology
does not make any such distinction since plants and animals are intimately
interconnected and interdependent amongst themselves and on their environment.
The three main subdivisions of ecology today are given below: i) Autecology, ii)
Synecology, iii) Habitat ecology.

i)

ii)

Autecology: It is the study of individual species or individuals in relation
to the environment. There are two approaches to autecological studies (a)
autecology of species where individual species are studied (b) population
ecology where individuals of the same species are studied.
Synecology: It is the study of the community of living organisms as a unit.
The difference between autecology and synecology could be explained by
the following example. If a neem tree (or several neem trees) or a crow (or
several crows) are studied in relation to the environment then this would
be an autecological study. However, if the study deals with a forest
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community as a whole in which many different buds, trees and animals
share the same area, then it would be called a synecological approach.
Synecological studies can be of two types. a) Community ecology is
concerned with the study of biotic (living) community comprising of
interdependent plants and animals in a particular area, b) ecosystem
ecology which is a recent development in ecology. It deals with the
community of living organisms and their environment as an integrated unit
of nature.
iii)

Habitat ecology: It is the study of the habitat or environment of organisms
and its effect on the organisms. In this approach different types of habitats
such as terrestrial, fresh water, marine, and estuarine are the focus of
study.

3.3.4 Relationship of Ecology with Other Disciplines of Biology
In order to understand the scope and relevance of ecology let us consider its position
in relation to other biological disciplines, with the help of a diagram in the shape of a
cake see Fig 1.1.

Fig 3.1: The layered biological cake showing the relationship d ecology with
other biological disciplines.
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This hypothetical biological cake has several horizontal layers representing the 'basic'
divisions of biology, common to all organisms - morphology, physiology, genetics,
ecology, evolution, molecular biology, developmental biology etc. These horizontal
layers are divided vertically into unequal 'taxonomic slices' of biology as well. Each
such slice is labelled by the specific kinds of organism. The thicker slices represent
large divisions of biology and are labelled Zoology, Botany, and Bacteriology etc.
The thinner slices are labelled a Phycology, Ornithology, and Protozoology as they
deal with specific type of organisms.
Let us consider slice 'A', i.e. ornithology - the study of birds. This slice with its
horizontal layers of molecular biology, developmental biology, genetics, ecology etc.
indicates that there are different approaches to the study of birds. The approach may
be molecular or ecological, or of any other type, or a combination of two or more
approaches. The 'biological cake' analogy helps us appreciate that ecology is a basic
division of biology.
It is often important to restrict work to certain taxonomic species or groups because
different kinds of organisms require different methods of study. For example, one
cannot study pigeons and bacteria using the same methods. However, the modem
ecological principles have provided many unifying concepts such as energy flow,
nutrient cycling and population dynamics for comparing diverse ecosystems.
3.4 ECOSYSTEM
The term ‗ecosystem‘ (Greek: Eco-environment, system: action: reaction or
interaction and inter dependence) was first used by A.G. Tansley in 1935. Russian
ecologist Sukachev defined it as Biogeocoerosis in 1944. The intermingling of the
organic and inorganic elements in the environment is called the ecosystem. The
chemical cycle through which energy flows to the bio-diversity, food chain and
material cycle etc. help create action and reaction within the intermixture. This is
called ecological system. According to Odum (1963), ecosystem is the main active
unit of ecology.


Types of Ecosystem: There are different types of ecosystems in our
environment. These are:
 Natural and Permanent Ecosystem: This ecosystem becomes effective
in a natural environment without human interference. This system is of
two types –
o Terrestrial Ecosystem: This system is effective on land, e.g.
grassland ecosystem, desert ecosystem and forest ecosystem.
o Aquatic Ecosystem: This system is effective in water. It is of
two types:
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i.



Freshwater Ecosystem: This works in streams, ponds
and lakes.
ii.
Marine Ecosystem: This works in seas, oceans and
bays.
 Temporary and Natural Ecosystem: This system is effective in a
natural environment, but it is temporary and dependant on rainfall.
 Artificial or Manmade Ecosystem: These are created by man, e.g.
croplands, space ecosystem, fisheries etc. The aquarium in the drawing
room is also one type of artificial ecosystem.
Structure of Ecosystem: The main factors of the ecosystem are the biotic and
abiotic elements.
 Biotic Factors: All living beings within an ecosystem are included in
the biotic factors. These biotic factors are of two types depending on
the mode of nutrition.
o Autotrophic Factors
o Heterotrophic Factors
o Autotrophic Factors: These include green plants,
photosynthetic bacteria and cyanobacteria. These organisms
can produce their own food through the use of abiotic
elements like CO2 and H2O during photosynthesis. So, these
factors can be called producers. The autotrophic factors
include grass, shrubs, trees and microscopic phytoplankton.

o Heterotrophic Factors: The living beings included in these
factors cannot produce their own food, and consume only preproduced biotic food or else break down complex biotic
compounds. Therefore, these factors are called consumers.
Depending on their shape, the heterotrophic beings are divided
into two types.
They are –
a) Macro Consumers: Those animals which consume the
producers either directly and indirectly are called macro
consumers. These animals can be divided into four types—
i)

Primary Consumers: Animals like cows, buffaloes,
goats, deer, rabbits, and horses etc. which directly
consume plants are called primary consumers. These
animals are also called herbivores.
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ii)

Secondary Consumers: Animals like fox, wild cats,
snakes, carnivorous fish, frogs, toads, centipedes
etc.live by feeding on herbivorous animals.
iii)
Tertiary Consumers: Those animals which feed on
secondary consumers for survival are called tertiary
consumers. E.g. wolves.
iv)
Quaternary Consumers: Lions, tigers etc. live by
feeding on tertiary consumers. These are called
quaternary consumers.
b) Micro Consumers: There are certain living organisms in the
environment which decompose dead plants and biotic
compounds. They feed upon some of these matters and return
the abiotic compounds to the environment. These organisms
are called decomposers or detritivores e.g. bacteria, fungus.
These organisms help in recycling matter.
 Abiotic Factors: Physico-Chemical factors are included in this
category. These can be divided into three types –
o Abiotic Matter: This includes carbon, nitrogen, carbondioxide, water etc. These are intimately related with the
material cycle.
o Biotic Compounds: Include carbohydrates, protein, lipids,
nucleiacids etc. These are found in dead biotic matter.
o Edaphic Factors: Climate, light, air, temperature etc. which are
related to land are called edaphic factors.


Examples of Ecosystem (Fresh Water Ponds): Fresh water ponds are a
good example of ecosystem. Pond represents a fresh water ecosystem. The
study of a pond gives a comprehensive idea of the structures and function of
an ecosystem.
 Abiotic Elements: Water, carbon dioxide, oxygen and its compounds,
amino acids, humus etc. are the abiotic matters of the pond ecosystem.
Adequate light, temperature and climatic conditions control the
efficiency of the pond ecosystem.
 Biotic Elements: Producers and different consumers are the biotic
factors. The biotic matters found in ponds are—
o Autotrophic Consumers: Spirogyra, oscillator arabina,
flagmitos, potamgatonvelisner and ecocrinia are examples of
autotrophic consumers.
o Macro Consumers: Paramecium, daphnia Cyclops etc. are
zooplanktons, worms etc. are primary consumers. Small fishes
living in water and insects like dung beetles live by feeding on
primary consumers. These together are called secondary
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consumers. Comparatively, big fishes consume these small
organisms. These living things which live by consuming
secondary consumers are called tertiary consumers.
o Decomposers or Micro Consumers: The numerous bacteria
and fungi which are found in muddy water are called micro
consumers. The main function of the micro consumers is to
decompose dead animals, plants and animal refuse and then to
return the abiotic compound to the pond ecosystem. Therefore,
they are called decomposers.
 Trophic Structure: The living organisms which derive energy from the
same source are said to belong to the same trophic structure. The green
plants which use the sun‘s energy to produce food – e.g..planktons,
herbs, shrubs or trees etc.- are said to belong to the first trophic
structure (T1). Herbivorous plants or primary consumers which
depend upon the autotrophic producers for survival belong to the
second (T2) trophic structure. Secondary consumers belong to the third
(T3) trophic structure and the tertiary consumers belong to the fourth
(T4) trophic structure. Quaternary consumers live in theT5 level, and
the decomposers belong to the final or residual level in the structure.
There can only be a few trophic structures in an ecosystem. This is
because –
o In moving from one place to another, there is a deficiency in
the food energy.
o The food is not used wholly
o A huge amount of energy is used in breathing

3.5 FOOD CHAIN
In a trophic structure, the process of eating and being eaten among the living beings
helps the food energy to flow in an orderly manner. This is called the food chain. The
characteristics of food chain are as follows:
 Food is consumed frequently. The big animals consume the small animals for
food.
 The solar energy flows from the sun to the producers and from the producers
to the consumers in one direction.
 Each time energy is transformed, 80-90% of the static energy is radiated as
heat energy.
 There can be four to five trophic levels in one food chain. It may be
mentioned that 6 food chains can supply enormous energy.
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Food chain is always unidirectional
The omnivores dominate more than one trophic structure in one food chain.

Food chains are of two types– Grazing Food Chain and Detritus Food Chain.
 Grazing Food Chain: As a primary source of energy the grazing food chain
produces food through photosynthesis using the sun‘s rays, and thereby it
creates the first trophic structure of the food chain. The primary consumers
(herbivores) depend upon producer for survival and form the second level. On
the other hand, the carnivores prey upon the herbivores.
They are of many types. These food chains are long and they end in the
decomposition level.



Detritus Food Chain: The dead mater is the primary source of energy of the
detritus food chain. The fallen leaves and dead animals are the main sources
of the dead biotic matter. Protozoa or unicellular organisms, bacteria, fungi etc
are the primary consumers of decomposed matter. The insects and their larvae
survive on decomposed matter. The detritus food chain is shorter than the
grazing food chain
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3.6 FOOD WEB
The food relationship among the different living beings in the biotic
community is called the food web. There is a web-like connection among the
different trophic levels in different food chains. This is called the food web or food
cycle.
No plant or animal in an ecosystem can be free of the food chain. The interrelationship among the three types of food chain, e.g. predatory food chain, parasitic
food chain and necrophagous food chain, - forms the food web. Some of the
characteristics of food web are –
 Food web gives direction to an alternative means. Even though a crop may be
destroyed due to disease related causes, the animals which survive on them
are not affected, because of the availability of alternative sources of food. An
ecosystem remains stable if alternative sources of food are available.
 The probability of alternative sources in the food web obstructs the increase in
the population of the highly productive species.
 The food web especially contributes to the development of the ecosystem. E.g.
Terrestrial food web.
In a grassland ecosystem, the five probable food chains mutually connect, and create
a food web.
1) Grass –

grasshopper

–

predatory bird.

2) Grass –

grasshopper, lizard

–

predatory bird

3) Grass –

rabbit

–

predatory bird

4) Grass –

mouse/rat

–

predatory bird

5) Grass –

mouse/rat/snake

–

predatory bird
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3.7 ENERGY FLOW
The main function of the ecosystem is energy flow. The energy flow is
governed by two main laws of thermo-dynamics. The first law is that –energy can
neither be produced nor be destroyed; it can only be transformed from one state to
another. The second law affirms that some amount of energy is lost in transformation.
Leaves contain chlorophyll and therefore they are green in colour. Because of
the presence of chlorophyll, the plants can produce their own food using the sun‘s
rays during photosynthesis. The biotic community that sustains itself through
photosynthesis is called the primary producers of the ecosystem. The average
percentage of radiated energy is 1-5%. The plants utilize a part of this energy during
breathing.
The main features of energy flow are –
 The energy from the sun to the producers, and from the producers to the
different consumers in the food chain always flows in one direction. During
energy transformation, 80-90% energy utilized in metabolic activities like
respiration, excretion etc is lost as heat energy. This means that in the next
trophic level, only 10-20% energy is realized.
 In thermodynamics, energy flow follows both the laws mentioned above.
For example–
 Lindaman (1942) through a fresh water ecosystem (a lake) has
explained the model of unidirectional energy flow through a diagram,
and has shown that autotrophic organisms utilize only 0.1% of the
solar radiation during photosynthesis. Of the total production, 21%is
used in metabolic activities, 63% in an unused state, 3% in
decomposition and 13% is kept for herbivores. In case of herbivores,
30% is used in metabolic activities, 57% is left unused and 3% issued
in decomposition. This means that 20% of autotrophic energy is used
in secondary production. The process of energy transformation from
herbivores to primary carnivores happens again and again.
 E.P. Odum (1963) has shown through a model of the energy flow in
the three trophic levels that – 50% of the light energy which falls on
green plants is extracted by autotrophic organisms, and only 1% is
transformed to the biotic community.
On the basis of this discussion, depending upon the energy flow, the characteristics of
an ecosystem can be defined as follows:
o Energy flows in a unidirectional manner
o The usable energy is reduced gradually
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o The radiated energy from the sun is changed into the non-living state as heat
energy.
3.8 ECOLOGICAL PYRAMID
The graphical representation of the population or biotic community in an ecosystem,
the reserved energy in the different trophic levels in a food chain is called the
ecological pyramid. The concept of ecological pyramid was first suggested by the
English scientist Charles Elton in 1927.
Therefore, it is also known as Eltonian Pyramid. The lower, middle and upper levels
of the pyramid denote the population of the producers, herbivores and carnivores
respectively. The ecological pyramid can be vertical towards the top or the opposite,
or it can be in the shape of a weaver‘s reel.
Depending upon the ecological parameter, ecological pyramid is divided into three
types.




Pyramid of Numbers: In this pyramid, a graphical representation of the size
of the biotic population in different trophic levels is given. Grassland
ecosystem and pond ecosystem are very good examples of pyramid of
numbers. In the predatory food chain, even though the organisms in the
trophic structure increase in size gradually, they, however, decrease in
numbers. In the pond ecosystem, the phytoplankton leads to big fishes, and in
the grassland ecosystem, grasslands to predatory birds. The producers are
small in size, but large in numbers. On the other hand, the higher level
carnivores are bigger in size but smaller in numbers.
Pyramid of Biomass: The dry weight of biotic matter in an ecosystem‘s
called biomass. The graphical representation of the biomass in per unit
structure of the trophic level is called pyramid of biomass. The pyramid of
biomass of the terrestrial ecosystem is always vertical. The biotic population
is the largest at the producer level, and it decreases gradually towards the
upper reaches of the trophic structure. In an aquatic ecosystem (pond
ecosystem), the pyramid of biomass is upside down, or the apex is at the
bottom. The organisms in this trophic structure depend upon the reproductive
capacity and age of the community because the number of zooplanktons is
more than thet of the phytoplankton, but less than the secondary consumers.
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Pyramid of Energy: The graphical representation of the amount of energy
per unit area and per unit time in a trophic structure is called pyramid of
energy. According to the second law of thermodynamics, each time energy
moves from the lower trophic levels to the higher levels, 80-90% of the
energy is made available for the autotrophic. The herbivores and carnivores
get 10% and 20% energy respectively for metabolic activities. In each trophic
structure, 10% chemical energy is saved. Lindaman first proposed this
chemical reaction in 1942, Pyramid of energy is always straight and vertical.
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3.9 MAIN ECOSYSTEMS
There are three types of ecosystems in the environment (i) Terrestrial ecosystem, (ii)
Fresh water ecosystem, (iii) Marine Ecosystem. The plants and animals residing in a
specific geographical region is called biomass. The condition of plants is dependent
upon various physical factors like the type of soil, rainfall, amount of light, time etc.

 Terrestrial Ecosystem
 Forest Ecosystem
The forest ecosystems are of different types, namely –
o Evergreen Forest Ecosystem
o Coniferous Forest
o Deciduous Forest
Evergreen forest ecosystems are also known as tropical rainforests. It covers an
area of 20X106 square kilometers. This constitutes 1/12 of the earth. Evergreen
forests are found in different parts of the world, e.g. Mexico, South America
(Amazon and Orinock river basin), African Congo river basin, South-east Asia etc.
In India, rainforests are found in the Western Ghats, Andaman‘s, North-East
37

Himalayas (Assam) etc. Almost half the population of plants and animals in the
world are found in these regions. Therefore, the rainforests are rich in biodiversity. It
is also very productive. In the rainforests, 1200 kilo calories of energy are produced
per square meter per year. The main characteristics of rainforests as
o Its temperature is high (230 to 270C)
o Every year, 200-1000cm of rainfall occurs
o Warm and moist climate
o Contains sufficient quantities of minerals and humus
o The height of plants depends upon the species. Some trees grow up to 30-40
meters.
o Plants which can grow in the shadow of big trees, like, bamboo, ferns and
other shrubs also exist.
o 70-80% insects and 80-85% birds reside in the rainforests. Other animals
which live in these forests are monkeys, languor, snakes, ant- eaters, bats,
cheetah etc.
o The main trees of the rainforests are rosewood, mahogany, dimro, nutmeg etc.
 Grassland Ecosystem: The main grasslands of the world are the plains of Europe
and Asia, the Prairies of North America and Canada, the Pampas of South
America, the Tuscus of New Zealand and Veldts of Africa etc. The largest
grasslands are the Plains of Russia and Siberia. It covers almost 9X106 square km
area. It has been ascertained that every year, 2500 kilo calories of energy is
produced per sq. meter in these grasslands. The main characteristics of the
grassland region are:
o The amount of rainfall every year is 25-95 cm
o Amount of humus in the soil is more
o The plants are different varieties of short and long grass. e.g. Andropagan
Panicam, Desmodium, Cyanodon.
o The animals are primary consumers, grazing mammals (eg.bison, antelope,
zebra, big-horned sheep and deer), and animals living in burrows (e.g. Rat,
rabbit, prairie dog and land squirrels).These herbivorous animals are food for
wolves and predatory birds.
o These grasslands are very useful for crop production and cow rearing.
 Desert Ecosystem: 20% (1/5th) of the world‘s land area is desert. Some famous
deserts are mainly in south-west America (the famous west desert Death Valley)
Mexico, Peru, North Africa (Sahara and Kalahari), China (Tibet, Gobi), India
(Thar), South America (Atacama)and Mid-Australian region (Tanami Gibson,
Victorian) etc. The main characteristics of the desert ecosystem are :
o Amount of rainfall is 5-25 cm only.
o Climate is extremely dry.
o Too hot in daytime and too cold at night
o Population of plants and animals is much less.
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o Among the plants, shrubs and small trees can be found sparingly.
Some plants are seen growing only in the rains. They have a very short shelf
life (10-14days) e.g. Boerhaavia. Some plant scan retain water, e.g. Hardy
Grass. Some other plants can live for long, e.g. Dates. Some plants are fleshy
and juicy, e.g. Cacti, Euphabia.
o The chief animal of the desert is the camel. In addition, there are also
kangaroos, rats, rabbits, foxes, cats and some other mammals. Among reptiles,
there are horned lizards; among birds, there are insectivorous birds, owls; and
among the insects, there are ants, wasps, centipedes, spiders etc.
 Aquatic Ecosystem: Water constitutes 71% of the total volume of the earth.
Only 29% is land. Therefore, the number of aquatic ecosystems is more.
Aquatic ecosystem is mainly of two types –Freshwater ecosystem and marine
ecosystem.
 Freshwater Ecosystem : It is of two types –
o Standing Water (lake and pond)
o Running Water (stream, river)
o Standing Water (lake and pond):
Lake Ecosystem: Lakes and ponds are standing water bodies. Lakes are large
in size and also deep. Lakes are classified on the basis of productivity and
physical factors. Deep lakes are divided on the basis of the capacity of light to
penetrate its depth.
a) Spilimnion – the surface temperature becomes 11-120Cbecause of the
sun‘s heat in the summer; it become scold in winter.
b) Hypolimnion – Deep surfaces are always cool (50C)
c) Thermocline – There is variation in heat.
Depending upon productivity, lakes are divided into two types –
First:

Eutrophic Lake: Its depth is less. There are large number of bio
producers, but the amount of oxygen is less. The circulation of
nutrition is frequent. e.g. Kashmir‘s Dal Lake.

Second:

Oligotrophic Lake. These lakes are generally quite deep. The mountain
inside the lakes are called vidges. They are Circulation of nutrition is
also less.

Pond Ecosystem: The plants found in ponds are:
a) Those which can be seen with the help of microscopes like chlamydomones,
chlorella, spirogyra, eugonium, zygnema,
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b) Those which floated on water such as – floating plants like cerataphylum,
articularia, hydrila,
c) Floating plants like ozola, wolphia, salvinia, pigtialemona, echornia etc.
d) Plants with roots like vallisnaria, nelumb, typha etc. The roots of saggitaria,
frogomytes can however be seen.
Among animals, there are zoo planktons like ciliates and flagellata protozoa, rotifera,
daphnia, cyclops, haylly, dragonfly,damal fly; nekton like- water boatman, beetles,
water insects, fish, frog, turtles, snakes etc. and those that live in the depths like
hydra, prawns, crabs and the different varieties of snails etc.
o Running Water Ecosystem (Stream, river): Running water ecosystem is also
known as flotic ecosystem. In this ecosystem, water always flows and it is
always changing.
 Marine Ecosystem: Marine ecosystem is of three types: open seas, coastal
regions, and bay regions. The main feature of the marine ecosystem is that its
water is salty (average salinity 3.5%).The salt content varies according to the
depth. The factors responsible for the limitation of the biotic community are the
temperature of the sea, salinity, water pressure, and light. As the depth of the sea
increases, the water pressure also increases

3.10 BIOGEOCHEMICAL CYCLING
You have studied that energy flows through ecosystems ‗enabling the organisms to
perform various kinds of work, and is ultimately lost as heat. It is gone forever in
terms of usefulness to the system. On the other hand, nutrient materials never get
'used up'. They can be recycled again and again indefinitely. For example. When we
breathe, we inhale several million atoms that may have been inhaled by say, Akbar or
any other person you may care to choose from history. First let us explain .what we
mean by mineral nutrients. As you have learnt of more than 100 chemical elements,
about 40 are present in living organisms. Some are needed in relatively large amounts
and n, arc called macronutrients while some are needed in only trace amounts and
so named micronutrients (see Table 3.3).
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Individual nutrients can exist in combination with other elements forming different
compounds. But living organisms may not be able to obtain the essential nutrients
from all, those compounds. For example, plants can use carbon only in the form of
carbon dioxide (CO2). Similarly all organisms‘ need nitrogen but most of them are
incapable of utilizing the gaseous N2 present in the atmosphere unless it is available
in form of soluble nitrates (NO3) or ammonia (NH3).
The mineral nutrients move from the non-living to the living and then back to the
non-living components of the ecosystem in a more or less circular manner. This is
known as biogeochemical cycling (bio for the living, geo for atmosphere. water,
rocks and soil and chemical for the elements and processes involved). We generally
call them nutrient or mineral cycles. You should, however, remember the important
role of
a) green plants which organise the nutrients into biologically useful compounds,
b) Decomposers which ultimately return them to their simple elemental state.
c) Air and water which transport the nutrients to long, distances between the
abiotic and biotic components of the ecosystem.
You should also get familiar with the two important terms associated with
biogeochemical cycles:
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a) The different reservoirs or pools of nutrients like the atmosphere and rocks.
These are large and the relative size of these pools is important when one
assesses the effect of human activities on nutrient cycles.
b) The compartments of the cycles through which the nutrients move. They are
relatively short-term stores of nutrients in comparison with reservoirs; for
example, the plants and animals through which the nutrients move and in
which they are stored for short periods in a cycle.
Fig. 3.4 shows a model. The reservoirs are the atmosphere and rocks; the major
compartments are sea and sediment, freshwater and soil. The5e include the primary
producers and consumers and dead organic matter in the decomposer system

Fig.3.4: A model of the biogeochemical cycle. The arrows indicate the outgoing minerals.

Now let us study two types of biogeochemical cycles.
Types of Biogeochemical Cycles: There are two basic types of biogeochemical
cycles, gaseous and sedimentary. In the gaseous type of biogeochemical cycle there
is a prominent gaseous phase. Cycling of carbon and nitrogen represents gaseous
biogeochemical cycles. In sedimentary cycles the main reservoir is the lithosphere
from which the nutrients are released largely by weathering of rocks. The
sedimentary cycle is exemplified by phosphorus and sulphur.
When we describe biogeochemical cycle; we often say that a cycle is perfect or
imperfect. A perfect nutrient cycle is one in which the nutrients are replaced as fast
as they, are used up. Most gaseous cycle‘s arc generally considered perfect. In
contrast, sedimentary cycles are considered relatively imperfect, as some nutrients are
lost' from the cycle into the soil and sediments and become unavailable for immediate
cycling i.e., there are more stages in which short-term or long-term stagnation occurs.
Most significant of the stagnation stages is sedimentation in oceans and deep
continental lakes. So if portions of nutrients. Such as phosphorus or sulphur are lost.
They are unavailable to organisms for comparatively, longer periods. Human beings
have so speeded up the movement of many nutrients that the cycles tend to become
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imperfect or rather acyclic resulting in too much of nutrients at one stage or too little
at another. We will discuss this in detail when we come to the phosphorus cycle.
Factors or processes which promote nutrient loss from the compartments of
biogeochemical cycles to the reservoir can impoverish ecosystems over long run. For
example, continuous cultivation and cropping without the use of fertilizers is bad for
the soil. Small particles and nutrients wash with runoff waters or leach down to
groundwater and rivers through subsoil to the sea, where they may get buried with
sediments which may eventually be incorporated into rocks.
Agriculture, forestry operation (e.g. deforestation). And other activities can
profoundly affect the rates of nutrient cycling. For instance, burning of fossil fuels
contributes towards the buildup of carbon dioxide in the atmosphere. We will learn
more of this as we discuss each cycle individually
3.11 CARBON CYCLE
Carbon is the basic constituent of all organic compounds. Next to water, carbon is the
most significant element constituting 49 per cent of the dry weight of organisms. The
carbon cycle is essentially a perfect one, that is, carbon is returned to the environment
about as fast as it is removed. The source of all carbon in living organisms, dead.
Organic material and fossil deposits is carbon dioxide found in the atmosphere.
Table 3.5: Carbon in major biospheric compartments

The atmosphere has an average concentration of about 0.032 per cent or 320 ppm of
CO2. Apart from the atmospheric pool, a considerably large amount of CO, is found
dissolved in the ocean$. It is estimated that the oceans contain more than 50 times as
much carbon as there is in the atmosphere. The oceanic reservoir tends to regulate the
amount in the atmosphere. Table 3.5 shows the major biosphere compartments
involving carbon. The cycling of carbon involves the atmospheric reservoir, from
where it is taken. Up by the producer to consumer and from both these groups to the
decomposer and then back to the reservoir (Fig. 3.5). Let us now consider each stage
of the cycle.
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Fig. 3.5 Simplified carbon cycle.
Through photosynthesis, green plants pick up carbon from carbon dioxide they take
m from the atmosphere. AS much as 4 to 9 Y 1013kg of carbon is fixed in the
biosphere through photosynthesis annually.
Respiratory activity in the producers and consumers accounts for-the return of a
considerable amount of carbon as CO2 to the atmosphere. The most substantial return,
however, is through the activity of decomposers in their processing of the waste
materials and dead remains of other trophic levels.
Burning of wood, forest fires and combustion of organic matter also are additional
man-made sources for releasing CO2 into the atmosphere.
The rate of release of carbon depends on environmental conditions such as soil,
moisture, temperature and precipitation. In tropical forests most of the carbon in plant
remains is quickly recycled, for there is little accumulation in the soil. The turnover
rate of atmospheric carbon over a tropical forest is about 0.8 year. In drier regions
such is grasslands, carbon is stored as humus. In swamps and marshes where dead
material falls in water and is not completely decomposed, carbon is stored as humus
or peat and circulated very slowly. The turnover rate here is of the order of 3-5 years.
More than 99 per cent of the total carbon is present in the earth's crust's deposits of
coal, petroleum, peat and limestone. These as you know are deposits of plant and
animal remains. On weathering of carbonate rocks, burning of fossil fuels and
volcanic activity, the bound carbon is returned to the atmospheric-aquatic reservoir.
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In aquatic environments, the phytoplankton utilises the CO2 that is dissolved in the in
the water, or is present as bicarbonates and carbonates and convert this CO2 into
phytoplankton biomass. The phytoplankton is used as food by the aquatic food chain.
The CO2 produced in respiration is reutilized by the phytoplankton to produce more
biomass. The carbon bound in the shells of snails and foraminifera as carbonates is
deposited in the sediments when these animals die. In this manner a significant
portion of the carbon gets buried in the sediment and is removed from circulation this
may later surface as limestone rock or coral reef.
The atmospheric gaseous CO2 remains in dynamic equilibrium with the CO2
dissolved in oceans. The interchange between the two phases occurs due to diffusion,
the direction of which depends on the relative concentrations of carbon dioxide.
Carbon dioxide dissolves in water easily and some of it enters the aquatic phase
through precipitation. A litre of rain water contains about 0.3 ml of gaseous CO2. The
CO2 dissolved in the water, in soil or in oceans forms carbonic acid (H2CO3). The
carbonic acid dissociates into hydrogen and bicarbonate ions (H+ and HCO-3). The
bicarbonate ions can further dissociate into hydrogen and carbonate ions. All these
steps are fully reversible as shown in the following equation.

The direction of the reaction depends on the concentration of the critical component.
For example, a local depletion of CO2 would result in the movement of CO2 from the
dissolved phase into the atmosphere. Similarly the assimilation of bicarbonate ions
(HCO-3) through photosynthesis by aquatic plants would tend to shift the equilibrium
in the other direction. The equilibrium system actually is not as simple as it seems. It
depends on several factors, pH of the water being one. At higher pH values i.e.,
alkaline conditions more carbon is present as carbonates; in acidic conditions more
carbon is in the dissolved phase. '
It may now be apparent to you that what seemed like a simple cycle is actually quite
complicated. However, it is important to recognise that there are limited avenues by
which carbon is utilised and a much larger number by which it is restored to the
atmosphere.
Human Impact on Carbon Cycle
Human activities have greatly influenced the carbon cycle. The discharge of CO2 into
the atmosphere is steadily increasing owing to burning of fossil fuels and destruction
of forests. At the beginning of the Industrial Revolution about 1800, it is believed that
CO2 concentration in the atmosphere was 290 ppm (parts per ‗million) which is equal
to 0.29 per cent. In 1958 when accurate measurements were first taken, the
concentration of CO2 was already 315 ppm, while in 1988 it had risen, to 350 ppm. A
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major concern over the increasing concentration of CO2 in the atmosphere is its
possible effect on the average ambient global temperature. Carbon dioxide is one of
the gases that helps to produce the 'greenhouse effect.' Rise in the ambient global
temperature would have pronounced ecological effects. The warming would cause ice
caps to ocean levels to rise, as a result the continental coastal regions would be
flooded. The rise in temperature would also change the rainfall and vegetation
patterns which would disrupt agricultural 'production. This has been verified by
comparing with predictions of climatic patterns of the past through computer
modelling studies.
3.12 NITROGEN CYCLE
You have already learnt that nitrogen is an essential constituent of protein - the
building block of all living cells. It is also a major constituent of the atmosphere (79
per cent). Although organisms live in an atmosphere rich in gaseous nitrogen yet the
organisms cannot use this nitrogen. It can be utilised only after gaseous nitrogen has
been 'fixed' into some chemically usable form. The transformation whereby molecular
nitrogen is converted into a variety of nitrogenous compound and its release again
into the atmosphere, is what constitutes the nitrogen cycle (Fig. 3.6).

Fig.3.6: Nitrogen cycle. A simplified diagram representing major steps in the circulation
of nitrogen involving various organisms and different forms of inorganic and organic
nitrogen.

The largest reservoir of nitrogen is the atmosphere but the critical pools are
represented by its organic and inorganic forms that can be used by plants and animals.
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Nitrogen Fixation
As we have said before, atmospheric nitrogen cannot be used by plants or animals. It
has to be first fixed. The term nitrogen fixation refers to the oxidation or reduction
of atmospheric nitrogen to nitrates (NO-3) and ammonia (NH3) which can be used by
living organisms. In nature nitrogen fixation into these compounds occurs primarily
in two ways:
i)
High energy fixation: Through cosmic radiations, lightning, volcanic
activity and meteorite trails which provide the high energy needed to
combine atmospheric N2 with oxygen and hydrogen of water. The
resulting ammonia and nitrates are brought to the earth by rainwater.
ii)

Biological fixation: Approximately 63% of all nitrogen fixed is through
biological fixation. Nitrogen fixing organisms are primarily prokaryotes;
bacteria and blue green algae. Nitrogen fixation requires activation of
molecular nitrogen by splitting nitrogen into two atoms of free nitrogen N2
+ 2N. This is an energy requiring step, which in biological fixation
requires 160 kcal mole. The actual fixation step, in which two atoms of
nitrogen combine with three molecules of H2 to form two molecules of
ammonia (NH3) releases 13 kcal mole. Therefore, the net energy
requirement for nitrogen fixation is 147 kcal/ mole.

Except for the photosynthetic ones, all nitrogen fixing organisms need an external
source of carbon compounds to provide the energy for this endothermic reaction. It is
an interesting fact that nitrogen fixation regulated by two enzymes nitrogenase
and hydrogenase in nature requires low energy. In contrast, industrial nitrogen
fixation requires very high temperature (400' C) and pressure (2 x 10' Pascal).
Table 3.6 illustrates the kind of organisms known to fix nitrogen. Symbiotic nitrogen
fixation occurs largely in terrestrial situations whereas, fixation by free living
organisms occurs in both terrestrial and aquatic situations.
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i) Symbiotic Nitrogen Fixers
Of the symbiotic nitrogen fixing bacteria, species of Rhizobium form root nodules in
legumes and are the most studied nitrogen fixers and the best understood. Species of
Rhizobium are host specific to particular species of legumes. The rhizobia penetrate
the root hair and once inside the root, the bacteria rapidly multiply and form swollen,
irregular - shaped bodies in roots of legumes.
Some non-legume woody plants also have root nodules and fix nitrogen
symbiotically. The organisms that cause the formation of nodule and fixation of
nitrogen are actinomycetes (a kind of primitive fungus). Some examples of nonlegumes are species of Alnw, Elaeagnus Myrica, Araucaria, Ginkgo, and Casuarina.
Unlike legumes, which are largely tropical in origin, these nitrogen fixers originate in
the temperate zone.
Nitrogen fixation by blue green algae or cyano bacteria may take place in free living
forms or in symbiosis with fungi as in certain lichens, mosses. Ferns and at least one
seed plant. The fronds of the small free floating aquatic fern Azolla contain small
pores filled with symbiotic blue green algae Anubaena that actively fix nitrogen. For
centuries this fern has played an important role in the rice fields of China. Before the
rice fields are planted. The water filled paddy fields are covered with the aquatic fern
which fixes enough nitrogen for the crop as it matures. This practice permits rice to
be grown without further addition of nitrogen fertilizers‘.
Symbiotic nitrogen fixers are more efficient than free living ones.
ii) Non Symbiotic Nitrogen Fixers
There are certain groups of free living bacteria both aerobic and anaerobic and blue
green algae that fix nitrogen. Aerobic nitrogen fixing bacteria such as Azotobacter
and anaerobic form Clostridium are widely distributed in soils as well as in fresh and
marine waters. In fact accumulating evidence indicates that many soil and water
bacteria are capable of nitrogen fixation and because they occur in abundance the
total amount of nitrogen fixed is considerable.
The N2 fixed in the soil and root nodules is used by the plants to form numerous
nitrogenous compounds mainly proteins which then enter the food chain. Nitrogen is
returned to the soil in the form of organic compounds through manure, dead plants,
and animals and micro-organism. But most of this nitrogen is insoluble and not
immediately available for plant use. The organic nitrogenous compounds have to be
changed to inorganic compounds to be used by plants. This is done by two processes ammonification and nitrification.
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Ammonification
Many heterotrophic bacteria. Action mycetes and fungi in soil and water, metabolise
the organic nitrogen and release it in an inorganic form as ammonia. This process is
known as ammonification or mineralisation. This is an energy releasing reaction.
For example, glycine-based protein releases 176 kcal mole. This energy is used to
maintain the life 'process of the organisms that accomplish the transformation.
Nitrification
Ammonia or ammonium salts, are converted into nitrate in a process termed
nitrification. To be useful to most autotrophic and heterotrophic organisms. This
process occurs in warm moist soil with near neutral pH and takes place in two steps:

These nitrifying bacteria obtain their energy from this oxidation process. Now let us
see how nitrogen is converted back into its gaseous form.
Denitrification
Nitrates are readily leached from the soil and also lost through denitrification the
process by which molecular or gaseous nitrogen (N2) as well as nitrous oxide (NO)
'and nitric oxide (N2O) and nitrogen dioxide (NO2) are formed from NO-3 by bacteria
(such as pseudomonas) and fungi. They use the nitrate as a source of oxygen in the
presence of glucose and phosphate. Denitrifying bacteria prefer anaerobic or partially
aerobic habitats such as estuaries, bogs, lake bottoms and water-logged soils. The
bacteria reduce the nitrates to nitrites which are finally converted to free nitrogen.
Figure3.7shows the processes involved in N2 cycle namely fixation, assimilation,
denitrification, decomposition, leaching, runoff in rainwater, etc., along with some
estimates of annual global movements. The magnitude of the two flows is directly
related to human activities - emissions into the atmosphere and industrial fixation that
is largely added to farms in the form of nitrogen fertilisers are also shown.
The total annual nitrogen fixation is estimated to be 92 x 106 metric tonnes, whereas
total amount denitrified and returned to the atmosphere is only 83 x 106 metric
tonnes. The extra nitrogen added each year in the biosphere causes disbalance of
nearly 9 x lo6 metric tonnes and is being largely built up in groundwater, reservoirs,
rivers, lakes and the ocean.
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Fig.3.7: Estimates of the magnitude of key flows in the nitrogen cycle. Numbers
in parentheses are in lo6 metric tomes per year (Data from Delwich 1970
Scientific American)
The self-regulating feedback shown in Fig3.7makes the nitrogen cycle a relatively
perfect one when a large area or the biosphere as a whole is considered. Some
nitrogen is lost to the ocean sediments and gets out of circulation but this is
compensated by nitrogen entering the air by volcanic gases. Let us now assess the
impact of human activities on this cycle.
Human Impact on Nitrogen Cycle
Human activities are profoundly affecting the cycling of nitrogen in nature. Over 30 x
l06 metric tons/yr. of N2 is fixed in the commercial production of fertilisers, an
amount almost equal to that fixed biologically. The use of N2 fertilisers affect the
distribution of N2 on earth. Much of the nitrogen in the harvested crops becomes
animal and human waste in sewage waters and eventually enters the aquatic
ecosystem through runoff and leaching. Nitrogenous compounds leached into the
groundwater may be abundant in irrigation and drinking water where they can cause
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serious health hazards. Nitrogenous compounds entering the lakes have fertilising
effect resulting in algal blooms and promote cultural eutrophication. Excessive
growth of phytoplankton in eutrophic lakes produces huge quantities of biomass and
finally collapse due to nutrient exhaustion. The dead organisms are consumed by,
detrivores which use up the oxygen supply. This problem of cultural eutrophication
is, however, more severe in the case of phosphorus additions rather than nitrogen.
When fossil fuels are burned we add nitrogenous compounds to the air. Large
quantities of nitrogen oxide (NO) are released from vehicles and most of the NU is
converted to NO2 by combining with ozone (O3) in the atmosphere. NO2 is a toxic gas
for humans and a cause of smog. It combines with water to form nitric acid, HNO3,
which forms 30% of the strong acids in the acid rain.
Now that you have learnt about the biogeochemical cycles where the main reservoir
are in gaseous phase, we will discuss two sedimentary cycles namely phosphorus at
sulphur. These are different from the earlier two gaseous cycles because the main
reservoirs and major reactions involving their transformation are largely confined to
the sediment.
3.13 LET US SUM UP
In this unit you have studied the following:
 Ecology: the study of relationship of living organisms to one another and to
their environment.
 History of ecology from primitive man to the present time with special
reference to the development of ecology in India.
 The subdivision of ecology into (i) autecology - study of individuals or
populations of a single species with respect to their environment, (ii)
synecology - study of interacting population of different species, (iii) habitat
ecology - which deals with the study of habitat and the organisms within it.
 The relation of ecology with other biological fields such as botany, zoology,
protozoology etc.






After going through this unit, we have come to learn about ecosystem. There
are different ecosystems in the world, namely forest ecosystem, grassland
ecosystem, desert ecosystem and aquatic ecosystem.
All these different types of ecosystem are discussed in detail. Besides, the unit
also deals with food-chain, food web, ecological pyramids etc. We also got a
comprehensive idea about food chain, food web, ecological pyramid etc. We
have learnt that the pond we see everyday contains different plants and
animals, which develop a relationship amongst them.
Nutrients circulate from the environment to organisms and back to the
environment in perpetual cycles referred to as biogeochemical cycles or
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nutrient cycles. There are two types of cycles: gaseous, where the major
reservoir is the atmosphere, these are represented by carbon and nitrogen and
sedimentary cycles represented by sulphur and phosphorus with major
reservoirs in the earth's crust.
The carbon cycle involves the assimilation and respiration of carbon dioxide
by plants, its consumption as carbohydrates in plants and animal tissue and its
release through respiration and decomposition and combustion. Carbon is also
withdrawn from the cycle into long-term reserves. The equilibrium of carbon
dioxide between the sea, atmosphere and land is being disturbed by rapid
release of carbon dioxide into the atmosphere by burning wood and fossil
fuels. Increased carbon dioxide in the atmosphere has the potential to raise the
ambient global temperature of the earth with serious ecological implications.
Nitrogen cycle is characterized by fixation of atmospheric nitrogen by
nitrogen fixing organism and industrial processes, its assimilation by planks in
the form of nitrate and ammonium ion. Involved in the nitrogen cycle are the
processes of ammonification, nitrification and denitrification. Human
intrusion into the nitrogen cycle involves release of oxides of nitrogen into the
atmosphere which cause air pollution and smog. Excessive nitrates released
into the aquatic ecosystems cause cultural eutrophication.
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3.15 POSSIBLE QUESTIONS
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VERY SHORT ANSWER QUESTIONS
1. What are the different types of ecosystems?
2. Write the names of the elements of an ecosystem.
3. Define trophic structure.
4. What is food chain?
5. What is the significance of food web?
6. Write the names of primary producers and secondary producers.
7. Write the names of the forest biomass?
8. Where in India can we find tropical rainforests?
9. What are the different types of ecological pyramid?

SHORT ANSWER QUESTIONS
1. What are the different characteristics of aquatic biome?
2. What is the role of the biotic and abiotic factors in the ecosystem?
3. What is the difference between food chain and food web?
4. Why does energy always flow in one direction?
5. Explain one pyramid of biomass.

LONG ANSWER QUESTIONS
1. Describe a pond ecosystem as an ideal ecosystem.
2. What is biome? Describe tropical rainforests and grassland biome.
3. What is ecological pyramid? Describe the various ecological pyramids found
in an ecosystem.
4. Write the characteristics of food chain. Describe two kinds of food chain with
examples.
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