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ABOUT THIS MODULE
The Green Teacher Diploma in Environmental Education, offers teachers an opportunity
to empower themselves with the requisite knowledge and skills to effectively transact
EE. The Course is a one year diploma including two compulsory contact sessions
and a six month project. There are four modules which make up this Course. This
Module is the first of the four in the logical sequence of this Course. In this module, we
will try to explore the science of nature, through the discipline called Ecology. The
module would require at least 30 learner hours.

In order to be a good environmental educator, one needs to have certain knowledge
and skills. This includes an understanding of ecology, or the science of nature. In this
module, an attempt has been made to introduce the essential building blocks of
ecology, which will help us understand many of the natural phenomena around us.
Thus the module will help you observe the world around you and understand it through
making observation, gathering information/data, analyzing them and making
conclusions. This module will also provide a scientific approach to understanding the
natural world, but it does not assume a background in science. The module has been
written in a way to make it meaningful for teachers of all subjects with varied
background.

In this module, an attempt has been made to provide an introduction to the various
factors that make life possible on earth. The module will also help you in strengthening
your understanding of Ecology and will give you ideas for transacting ecology concepts
in interactive and experiential ways.

Rationale and Content



BASICS OF ECOLOGY & LIFE SUPPORT SYSTEMS

COMPONENTS OF A UNIT
Each of the seven units is divided into sections. In between these sections, at
appropriate places, you will see ‘Check your progress’. These are assessment
tools designed to guide you on your learning as you read through a particular unit.
Answers to these are provided towards the end of the Module.

At the end of each unit there is also ‘Unit-end Exercise’. These exercises are designed
to help you think about real-life links of this otherwise highly ecology and science
oriented module. These exercises ask not just scientific facts, data and definitions,
but are designed as ‘ponder over’ thought provoking exercises and may require you to
probe more into the subject of ecology. Their scope may go beyond the text provided
in this module. Suggested framework answers to these questions are also provided
towards the end of the module. Also the list of ‘suggested readings’ provided at the
end of module would help you in finding solutions to these questions.

EVALUATION
Module-end Assignment: As you read through this module, you will note that Units
2 to 6 have ‘Teacher Section’. This section acknowledges and appreciates that you
are a practicing teacher and is designed to give you ideas in transacting many of the
ecological concepts in an interactive way in your classroom.

Each Teacher Section ends with ‘Feedback’, where you as a student of this diploma
course, are supposed to carry out a few activities/assignments and submit back. Of
the 6 such activities, you would need to pick up any 3 and submit the same for
evaluation. The credits from these will get added to your over all score of the Green
Teacher diploma.

Besides the module-end assignment, this module would carry a weightage of 10
credits (out of 60 credits) in the final examination.

The following icons will guide you throughout the unit:

Introduction Objectives

Check your progress Unit end exercise

Teacher section
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Earth: The Living Planet
STRUCTURE
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1.9 Conclusion
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1.1

Look out of your window and you will see an abundance of different life forms—
from weeds growing out of cracks in the pavement to humans going about
their daily business; from the lizard on the wall to the cat at the kitchen door.
As far as we know, however, no other planet supports any life at all. So what
is it about Planet Earth that allows all this life to exist?  As you will read in
this unit, all of Earth’s  are dependent on a fragile web of conditions that took
billions of years to emerge.

In this unit, you will learn about some of the Earth’s unique qualities that
make life possible on this planet. You will also learn how these conditions
arose, and how they function together. After reading this unit, you would have
a holistic understanding of the life-supporting systems of the Earth.

1.2

On completion of this unit, you should be able to

List the conditions of Earth that make the existence of life possible

Identify the properties of water that made life possible on earth

Relate the composition and functions of Earth’s atmosphere to it’s
ability to support life

Describe the processes affecting the formation and modification of the
features of the lithosphere

Define the biosphere

Recognize that the processes of each of the spheres are interrelated

1.3 EARTH
How many factors can you list that make Earth different from other planets?
They are innumerable: the position of the earth in our solar system; the tilt of
the Earth on its axis; and its rotation and revolution around the Sun. Other
unique features include the strength of the gravitational pull of our planet, and
of course the chemical and physical composition of the earth and the
processes that have taken place on our planet since its birth.

The Earth was formed some 4.6 billion years ago, as dust and particles
orbiting our newly formed Sun began to come together to form the nine planets
of our solar system. But for the first 3 billion years of it’s existence, Earth
was a barren and harsh planet. The surface was covered in molten lava and
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exposed to the ultra-violet rays of the Sun. The atmosphere was made up of
poisonous gases, and there were no lakes, oceans or rivers. The oldest
evidence of life dates to 3.5 billion years ago, but it was not until about 1.4
billion years ago that the first multicellular organisms appeared. These
organisms, and the other that evolved from them, could only survive when the
systems on the planet began to stabilize.

1.4 HYDROSPHERE
As you know, our planet is also referred to as the ‘blue planet’ because so
much of it is covered with water that it appears blue from outer space. Much
of Earth is covered by a layer of water or ice called the hydrosphere. About 71
percent of Earth’s surface is covered by water. Most of this water is in the
oceans, with only about 3 per cent being fresh water. Earth is the only planet
in the solar system with abundant liquid water on its surface, and this is one
of the factors making life possible on the Earth. Water has chemical and
physical properties unlike any other substance, and is essential for life on
Earth. In fact, life originated in water. Water, as compared to other substances,
exhibit several anomalous properties (physical and chemical), that enables
life exist on the earth.  Let us look at some such unique properties of water,
thanks to which it has supported evolution of life.

SPECIFIC HEAT
Specific heat is a physical property of all matter. Specific
heat is defined as the amount of heat energy required
to raise 1 g of a substance by 1° Celsius. This value is
different for various types of matter-aluminum’s specific
heat is 0.22 cal/g°C, copper’s is 0.09 and freshwater’s
is 1.00 cal/g°C. Note that water has a high specific heat.
This explains why coastal areas seem to have more
moderate climates than areas further inland. Water is
slower to heat, but is also slower to lose heat, so the
temperatures in the area do not fluctuate to the extremes
as areas distanced from large bodies of water.

Water requires a lot of energy to raise its temperature, and also to convert it
from its liquid state into a gaseous state (see the box ‘Specific Heat’). When
it is converted from liquid to gas, water gives off energy in the form of heat.
Think of it this way: On a very hot day, water bodies help keep atmospheric
temperatures cool by absorbing heat from the Sun; when the Sun goes down,
the heat that water has been absorbing all day is returned to the atmosphere
as water evaporates.

Recall that much of the Earth’s surface is covered by oceans. This means
that, on the global scale, the water that covers three-quarters of the Earth’s
surface helps to regulate earth’s climate. Such regulation is crucial for the
survival of many of the organisms that exist today.
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Further, this resistance to sudden changes in temperature makes water an
excellent habitat. Because water absorbs and stores heat, it’s temperatures
are much more stable than those of the air. Fluctuations in water temperature
occur very gradually, and seasonal and diurnal extremes are small in
comparison to terrestrial environments. Such a stable environment is necessary
for many marine and aquatic organisms.  Thus water is an excellent habitat
to many lifeforms.

WATER CYCLE
As the sun heats the oceans, lakes and land, water evaporates and rises into
the atmosphere. The clouds we see in the sky contain water molecules that
only a few days before may have been part of the ocean, an irrigation ditch, or
a drop of sweat on your forehead. In the atmosphere, water is transported as
part of weather systems. As it rises, the air cools it, forming clouds. The
cooling causes the water to condense (return to the liquid state). It then falls
as rain or snow. Some of this water will remain stored in glaciers as ice.
Much of the water will be absorbed by plants, some will percolate deep into
underground aquifers and the rest will flow over the land in rivers, making its
way back to the ocean.

Similarly, at 4°C water expands on heating or cooling. This density maximum
together with the low ice density results in (i) the necessity that all of a body
of water (not just its surface) is close to 0°C before any freezing can occur, (ii)
the freezing of rivers, lakes and oceans is from the top down, so permitting
survival of the bottom ecology, insulating the water from further freezing,
reflecting back sunlight into space and allowing rapid thawing, and (iii) density
driven thermal convection causing seasonal mixing in deeper temperate waters
carrying life-providing oxygen into the depths. The large heat capacity of
the oceans and seas allows them to act as heat reservoirs such that sea
temperatures vary only a third as much as land temperatures and so moderate
our climate. Water’s high surface tension and its tendency to expand on
freezing helps in weathering of rocks, which make part of numerous natural
processes.

WATER: SOME ANOMALIES
Water has unusually high:

Melting point

Boiling point

Surface tension and can bounce

Viscosity

Heat of vaporization

Density that increases on heating

Water shrinks on melting.
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1.4.1

Given below are questions with multiple answers to them. Tick the most
appropriate answer:

1) Water covers ……………. area of the Earth’s surface.

a. ½ b. ¾

c. ¼ d. 4/5

2) Percentage of freshwater on Earth is

a. 71 b. 45

c. 3 d. 0.03

State true or false

3) In the water cycle, the stage previous to rainfall is ‘cooling of air and
condensation’.

4) The high heat of vapourization makes water require only a little
energy to vapourize

 1.5 ATMOSPHERE
The atmosphere is a colourless, odourless, tasteless ‘sea’ of gases, water
and fine dust surrounding the earth. Normally the atmosphere is composed
of 78 per cent nitrogen, 21 per cent oxygen and small quantities of other
gases such as argon, carbon-di-oxide, etc. Trace of water, in the form of
water vapours, dust particles, etc. are also present in the atmosphere.

Though earth’s gravity keeps the air close to the earth, the air is not static.
As it absorbs heat from the earth, it expands and rises. When its heat is
radiated into space, the air cools, becomes dense, and flows toward the
earth. As the air circulates due to heating and cooling, it also moves horizontally
over the surface of the earth because the earth rotates on its axis. The
combination of all air movements creates the wind patterns characteristic of
different regions of the world.

The atmosphere is divided into four layers. In the lowest level, is the
troposphere. It is here that most of the weather of Earth is created. Air
circulates vertically through this layer, bringing hot air up, and cold air down.
In fact, tropo means “turning” in Greek. The next layer is the stratosphere.
Strato means “stable” in Greek, and this layer is said to be stable because it
does not turn in the same way the troposphere does. The upper stratosphere
contains a special form of oxygen called ozone. This gas prevents harmful
ultraviolet rays of the Sun from reaching Earth’s surface and harming life.

Do you think that the atmosphere surrounding us has always been like this?

As you will read in the following section, the atmosphere was first formed by
volcanoes, but this early atmosphere was different in composition from what

Atmosphere 25 billion years ago
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blankets us today. It contained much more carbon-di-oxide and less oxygen.
It was the first aquatic plants that began to change the composition of our
atmosphere by converting carbon-dioxide to oxygen. Thus gradually the
atmosphere developed its present composition, which is ideally suited to
humans and the other Lifeforms that exist today.

The change that the atmosphere went through was important for life for several
reasons: It was not until the first aquatic plants had produced enough oxygen
that the unique molecule called ozone could be formed. Once enough ozone
was present, life was able to colonize the land, because the land was then
protected against the strong UVs. As plants continued to convert cabon-di-
oxide to oxygen, other oxygen-consuming Lifeforms were able to evolve.

However, we need carbon-di-oxide as well as oxygen. Carbon-dioxide plays
an important role in stabilizing the surface temperature of the earth and
preventing heat loss, especially at night time. This gas, comprising 0.03 per
cent of the atmosphere, covers the earth like a quilt and preventing heat from
dissipating into the upper layers of the atmosphere. However, if the amount of
carbon- di-oxide were to increase beyond this, the temperature of the earth
would increase excessively, causing climatic instability and posing a serious
threat against living beings.

1.5.1

Fill in the blanks:
1. When air is heated, it moves _______. When it cools, it moves

_________.
2. ______ means “turning” in Greek, while _________ means stable.
3. ______________________ prevents most of the harmful UV rays of

the Sun from reaching Earth’s surface.

4. Billions of years ago, there was high __________________ in the
atmosphere, and low _________.

1.6 LITHOSPHERE
Simply put, the lithosphere is the surface, or crust of the Earth. It forms
the mountains, plains and ocean floors. The upper boundary of the
lithosphere begins at the soil beneath our feet, and may extend as deep
as 150 km below the surface. We know that the surface of the Earth is
cool and solid, but what if we could tunnel to the center of the Earth?
What would we find? As we moved into the layer below the lithosphere,
that is the mantle, heat and pressure would begin to increase, causing
rocks to melt and deform. At its center (or core), the temperature of Earth
may be about 5000ºC. However, we may never know exactly how hot it
is, because no machine can measure its temperature without melting in
the process.

The present Atmosphere
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AN EGG TO THE EARTH

It may help to imagine the Earth as an egg. The lithosphere is
much like the in, brittle shell. The mantle is like the egg white. It is
fluid, and much thicker than the shell. The core of the Earth is like
the yoke of the egg. It is more dense than the mantle, because it
contains mostly metal.

The more fluid nature of the mantle is what causes tectonic plates (pieces of
the Earth’s crust) to float freely over the surface of the Earth, occasionally
resulting in earthquakes. Such tectonic movements may change the Earth’s
landscape.

Tectonics is not the only force that shapes the features of the landscape, but
there are more. Wind and water also cause changes to the landscape through
erosion and deposition. As water flows across a landscape, it collects and
transports small particles. If you look at a river flowing down a hillside, you
may notice that has cut a steep channel, where soil and rocks were washed
into the river through erosion. These particles are then carried downstream,
until the river reaches a flatter plain or delta. Here the water flows with less
energy and deposit the particles it has transported. Areas in which there is a
high amount of such deposition are often very fertile.

What is it about Earth’s lithosphere that allows life to flourish upon it,
unlike the barren surfaces of other planets?

As you now know, the planets of our solar system were formed by the cosmic
particles circling around the newly formed Sun. These particles contained
carbon, hydrogen, nitrogen, oxygen, and phosphorous, elements which
provide the building blocks necessary for life to exist. But for several billions
of years, these elements were confined to the surface of the Earth. As the
surface cooled, the hot interior of the Earth released carbon, nitrogen and
hydrogen through volcanic eruptions. These elements were oxidized, that is
they got attached to oxygen molecules. This is how the first thin atmosphere
was formed. Further cooling allowed the first drops of water to condense out
of atmospheric hydrogen and oxygen. Can you begin to see how the spheres
are interconnected?

DID YOU KNOW?
On certain parts of the Earth, we can still see volcanoes
erupting. They continue to release gases into the
atmosphere, and build new features on the landscape.
Volcanic eruptions are disruptive in the short-term, but
did you know that they also contribute positively to life
on Earth? The gases they release help maintain our
atmosphere. Volcanoes also bring nutrients & minerals
from deep within the Earth to the surface, where they
eventually fertilize the soil.
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Later (in Module 2) you will learn how the climate is affected when fossil fuels
from within the lithosphere are released into the atmosphere through human
activities.

1.6.1

Choose the odd item and briefly explain why it does not fit with the other
items:

1. a. rock    b. crust   c. mantle    d. core

______________________________________________________________

2. a. mountains    b. rift valleys    c. trenches    d. lakes

______________________________________________________________

3. a. carbon    b. oxygen    c. hydrogen    d. nitrogen

______________________________________________________________

4. a. sunlight    b. wind    c. water    d. tectonic plates

______________________________________________________________

1.7 BIOSPHERE
We have looked at the lithosphere, atmosphere and hydrosphere. Together,
these zones make up the biosphere. The biosphere can be defined as the
sum total of all organisms and their habitats. So its boundaries are defined
by where organisms live and interact with each other and their environment.
The biosphere extends only a few kilometers below the surface of the Earth,
and only a few kilometers into the atmosphere. By now, you’ve read about a
number of the ways that life has helped to create and maintain the conditions
that support its existence. As a system, the functions of the biosphere are
fascinating and extremely complex. In the units to come, you will learn a
great deal about the biosphere.

1.8 RECAPITULATION
Earth has the right conditions and environment (through atmosphere,
lithosphere and hydrosphere) to support life

The lithosphere is a thin crust on the surface of the Earth. It is made
up of tectonic plates which float above the mantle. The lithosphere
contains elementssuch as phosphorous, nitrogen, carbon, oxygen and
hydrogen, which are necessary for life.

The composition of the atmosphere is optimal for the life that exists on
Earth today.

Plants help maintain the optimal proportion of gases in our atmosphere

Air circulates within the troposphere, creating weather systems.
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Ozone protects life on Earth’s surface from the Sun’s UV rays.

Carbon-di-oxide in our atmosphere insulates the Earth from extreme
temperature variations.

Water’s high specific heat and a high heat of vaporization. These
properties  help stabilize the temperature of waterbodies and nearby
areas,

The biosphere encompasses all life on earth, and the zones of the
lithosphere, atmosphere and hydrosphere where life exists.

1.9 CONCLUSION
Detailed study and understanding of our planet reveals that Earth is truly a
dynamic planet. Since its birth, about 4.6 billion years ago, the earth has
evolved and continues to evolve. On the Earth, the life is influenced by the
physical environment and vice versa. This two way process is the essence of
the dynamic nature of our planet.

1.10

1. Based on this Unit, see how many connections you can draw between
hydrosphere, atmosphere and lithosphere.

2. What causes air to circulate vertically and horizontally in relation to
the surface of the Earth?

3. How does carbon-di-oxide affect the climate of Earth? What would
happen if the amount of carbon dioxide in our atmosphere were to
increase significantly?
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Ecology, Populations and
Species

STRUCTURE
2.1 Introduction

2.2 Objectives

2.3 Understanding Ecology, the
Discipline

2.4 Levels of Organization in Nature

2.5 Species

2.6 Population

2.7 Recapitulation

2.8 Conclusion

2.9 Unit End Exercises

2.10 Teacher section

2
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2.1

In the last unit, we explored the conditions that make life possible on earth.
We also learnt that life has existed on our planet for about 1.4 billion years
now, and that Earth is a planet teeming with vitality and is home to billions of
plants and animals. How and why did we get here? What processes had to
take place for this to happen? And where do we go from here? While the fact
is that no one has been able to come close to knowing exactly what led to
the origins of life, scientists have made significant progress in understanding
what processes and interactions take place in the living world. Such scientific
studies enable us understand the totality and pattern of relations between
organisms and their environment. Through this Unit, we will try to explore this
study, called ‘Ecology’.

2.2

On completion of this unit, you should be able to:

Define ecology

Appreciate the variety of interconnections in nature and state their
significance

Enlist and define the various levels of organization in nature

Describe key characteristics of organisms, species and populations

2.3 UNDERSTANDING ECOLOGY, THE DISCIPLINE
In Unit 1 of this module, we looked at what makes our planet the ‘living
planet’. In the units to come, we will try to explore this ‘living world’ that
exists on the earth. The subject of ecology will help us do this. Let us first
understand as to what this term ‘ecology’ means? The word ‘ecology’ is
derived from the Greek words oikos, meaning household, and logos, meaning
study. Literally then, ecology is the study of ‘life at home’. In other words,
ecology is the study of the interconnections and interdependences of plants,
animals and their environment.
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ECOLOGY AND ENVIRONMENT
Many a time, we tend to use the terms ‘ecology’ and
‘environment’ as synonyms. But we must understand
that there is a difference between these two terms—
while ecology limits itself to connections, processes
and phenomena occurring in the natural word,
environment means ‘me and my surroundings’  and
hence not only includes the natural part of the
surroundings, but also all those elements that have
been created by Humans.

The essence of ecology lies in the study of the togetherness of everything—
plants, animals, microorganisms and their environment.

Ponder over the following:

1. Does grass have anything to do with a tiger?

2. How do humans affect the populations of insects on this earth?

3. How can DDT sprayed on a lake endanger the local bird population?

The above listed connections, on the first instance, seem far-fetched. But
they are not. It is so because, in nature, everything is connected. There are
intricate connections between the various components of nature. For instance,
green plants take nutrients and water from the soil. Their leaves, fruits and
other parts may then be eaten by a bird, or a deer, and when these die, a part
of their dead remains are broken down by microorganisms, eventually the
broken down matter goes back to the soil, thus connecting them all.

A large number of such connections exist in nature. You can observe many of
these in your own surroundings. A number of elements found in nature are
listed below; can you connect these to each other, in as many ways as
possible, giving an interaction/ link between them? Say, a squirrel is linked to
air as it requires air to breathe; the air is linked to earthworm as the earthworm
helps in aerating the soil, etc.

Innumerable such connections exist in nature. However, such links are often
not very well understood as many of these are not very obvious and it takes
time to even identify them.

These links are the foundation of the balance in the natural world. These links
also explain the two laws of ecology—‘we can never do any one thing in
nature’ (because a single human disturbance in nature could lead to a cascade
of impacts) and that ‘in nature everything is connected with everything else’.
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DODO AND THE CALVARIS: THE CONNECTIONS
A good example of interconnections in nature is the
‘ripple or domino effects’, which help us understand the
impact of removal of a species or an addition of species
on the larger natural system of which the species is a
part.

A good example for this is to understand the impact of
extinction of Dodo, a bird found in the island of Mauritius,
on other components of the island system. Dodo, a
gray colored bird with a large, hooked beak and white
feathers attached to its tail may have been a relative
of the pigeon family. This wingless bird had no enemies
on the island and was safe living on the ground. In
1581, when sailors brought in dogs and pigs onto the
island, things changed. Man introduced other species
on the island, including pigs, rats and cats. Further
humans started hunting the dodo bird, an easy prey.
Eventually, the dodo became extinct.

There seem to be many causes for the extinction of
Dodo, like the destruction of the forest (which cut off
the Dodo’s food supply), and the animals that the sailors
brought with them, which destroyed Dodo nests.  But
the impacts of Dodo’s extinction are being seen only
now—Calvarias major, a local tree species, is now
becoming rare. It is so because the Dodo and the
Calvaris had a mutual dependence on one another. The
tree’s seeds are encased in a thick-walled protective
coat. Earlier, the dodo’s use to consume these seeds
and in this process, the bird’s gizzard (a second stomach
for grinding food) would weaken and crack the seed’s
coat, but not enough to damage the seed inside. When
eventually deposited by the dodo (in their excreta),
the seed would germinate. Today, without the grinding
of the dodo’s gizzard to weaken the thick protective
wall, the seeds remain trapped in their hard case. Thus
When the dodo became extinct just over 300 years
ago, Calvaria major’s seeds had no way of germinating.
So no new trees grew and only a few very old trees
survive now.
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Hence the essence of ecology lies in a holistic approach to the subject.
However, in order to understand the ‘whole’ and all the connections, let us try
to understand the ‘parts’ or the components. In the next section, we will
classify and categorize the natural system into smaller hierarchical units for
the convenience of our study about their ecological features and associated
processes.

2.3.1

Fill in the blanks

1) Ecology is the study of ‘______________________________________’

2) Your neighborhood is your ____________.

3) “We can never do only one thing” and “in nature everything is
connected to everything else” are ____________________________.

2.4 LEVELS OF ORGANIZATION IN NATURE
As revealed in the previous section, ecology can, at times be very complex
due to the large number of interconnections in the natural world. And perhaps
one way to make the study of the natural world easier is to try to understand
it in smaller units.

So let us look at ecology from the point of view of ‘levels (hierarchy) of
organization’. These levels are: organisms (individuals), species,
populations, communities, and ecosystems. Interaction with the physical
environment (energy and matter) at each level produces characteristic
functional systems. This hierarchical theory of levels of organization
provides a convenient framework for dealing with complex situations,
because each of these levels has some special features, and hence the
study of ecology, in parts, at these levels, becomes easier. Let us
understand these levels one by one.

Organisms: An organism is any form of life. A wide range of variety of
organisms is present on the earth—from singlecelled amoeba to huge sharks,
from microscopic bluegreen algae to massive banyan trees. An organism
can also be thought of as an individual member of a species.

Species: Groups of organisms that resemble one another in appearance,
behaviour, chemistry and genetic structure form a species. Organisms of the
same species can breed with one another and produce fertile offspring under
natural conditions. For instance, all human beings (Homo sapiens) resemble
one another in their body structure, body systems and they all have similar
genetic structure. They are thus grouped together under the species sapiens.

Population: A population is a group of individuals of the same species
occupying a given area at a given time. Can you find out the human population
of your district?

Individual

Population

Community

Ecosystem
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Communities: Populations of various species occupying a particular area
and interacting with each other make up a community. Here by community
we mean an ‘ecological community’ (so do not confuse it with a social
community). For instance, when we say ‘the community of say the Gir Forest,
we refer to all the various populations, could be the teak tree population, the
lion/tiger/leopard population, the deer population, the cattle population, the
populations of a variety of grass spp.,  and populations of all kinds of  (birds,
plants, animals, microorganisms) present there. Thus, a community
comprises several species interacting with each other.

Ecosystems: An ecosystem is a community of organisms involved in a
dynamic network of biological, chemical and physical interactions between
themselves and with the nonliving components. Such interactions sustain
the system and allow it to respond to changing conditions. Thus an ecosystem
includes the community, the nonliving components and their interactions.

The sum total of all the ecosystems on planet Earth is called the biosphere,
which includes all the earth’s living organisms interacting with the physical
environment as a whole to maintain a steady-state ecosystem.

Can you create such a hierarchical picture for a particular ecosystem
that you know of?

2.4.1
1. Match the items in the left column to their level of organization in the
right.

1. Kingfishers a. Community

2. Animals and plants in Kanha Park b. Ecosystem

3. Your friend’s cat c. Species

4. An estuary d. Population

5. Langurs in your town/city e. Organism

2. In order to understand the repercussions of any small change in nature,
let us do a small exercise. Given below is a random listing of events that
actually happened in a real-life situation. In the context of ecology, can you
try to arrange these in the sequence of their actual occurrence and re-write
the actual complete story?

a. Rats increased
b. Lizards slowed down
c. Caterpillar numbers went up
d. ABC Health Services sent DDT to Gyanpur
e. Mosquitoes were wiped out
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f. Caterpillars ate grass roofs
g. Cats were parachuted in
h. Cats died
i. Cats caught lizards
j. Rats spread the plague
k. Lizards disappeared
l. Lizards ate mosquitoes and stored DDT

THE REAL STORY:  CATS PARACHUTED
Some years ago, the ABC Health Services sent supplies
of DDT to Gyanpur to control mosquitoes that spread
malaria among the people. As the DDT was sprayed,
the mosquitoes were quickly wiped out. But there were
hundreds of lizards in the village that ate these
mosquitoes and, in turn, kept accumulating the DDT in
their bodies. Due to accumulation of so much DDT in
their bodies, the lizards became very inactive and slow.
This made it easier for cats to catch the lizards, one
of their favourite foods. About the same time, people
also found that hoards of caterpillars had moved in to
feed on the roofing materials of their homes. They
realized that the lizards, that previously kept the
caterpillar population under control, were now been
eaten by the cats. And now, all over Gyanpur, cats
that ate the lizards died from DDT poisoning. Then
rats moved in because there were no cats to control
their population. With rats came a new danger: plague.
Officials sent out emergency calls for cats. Cats were
sent in by airplane and dropped by parachute.

DID YOU KNOW?
The grass family (Gramineae sp.) has about 10,000
different species. Grasses cover over one fourth of
the land surface of the Earth. Grasses are found almost
everywhere—in snow-covered Arctic areas, in dry
deserts, on high mountains, on coasts. Grasses cover
the whole range of sizes from tiny shoots under our
feet, to the giant bamboos. The grains of grass form
the staple food of people all over the world—rice,
wheat, maize.
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Remember, in the beginning of this unit, we said that there is a link between
spraying of DDT in a water body and the decline in the bird population. Didn’t
something similar happen in Gyanpur? Do you remember reading about any
other such incident? Would you like to analyze it? Try making a similar
seuence of ecological impacts for it.

So far in this unit, we have been trying to understand the significance of
interlinkages and interconnections between various elements in nature. Let
us now study some of these individual levels of the natural world in greater
detail.

2.5 SPECIES
As we have understood, a species is a group of organisms that resemble one
another in appearance, behaviour, chemistry and genetic structure. Organisms
of the same species can breed with one another and produce fertile offspring
under natural conditions.

Like organisms, species also have certain characteristics that help us
differentiate them from populations and communities. Some of these are:

Ecological niche: The physical space occupied by a species, along with its
functional role in the community and its position in environmental gradients of
temperature, moisture, pH, soil and other conditions of existence, are its
ecological niche. The ecological niche describes all the physical, chemical
and biological factors in an ecosystem that a species needs to survive and
reproduce. It also defines the role of the species in the ecosystem. Each
species has a defined and unique role in the ecosystem and hence no two
species in the same general territory can occupy the identically same
ecological niche for long. Each species has a particular niche resulting from
its interaction with its environment. Understanding niche requirements is
significant for species management.

Species evolution and species extinction: Extinction of existing
species and evolution of new ones is a natural phenomenon. New species
arise from preexisting ones through the process of evolution. The
processes of evolution and extinction are very slow and take place over
long periods of time. Under natural conditions, these two processes keep
pace with changes in the environment. However, in recent times, due to
human interference, the rate at which species are becoming extinct has
outpaced the rate at which new species evolve. This loss of species is
today a global concern and that is why phrases like ‘species at risk’ or
‘the lost world’ often make the headlines of newspapers, magazines and
journals. For example, the Pinkheaded duck became extinct due to
indiscriminate hunting for its flesh and for ornamental value.
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2.5.1

State True or False

a) Organisms do not affect their environment. True/False

b) Organisms of the same species can breed with one
another and produce fertile offspring under
natural conditions. True/False

c) Niche of a species defines its place of living True/False

d) In nature, there is no process called species
extinction;  it is a phenomenon for which
humans are solely  responsible. True/False

2.6 POPULATION
Population is a term that most of us feel very comfortable with. Perhaps this
is because the issues of population and population control are often discussed
in the media in India. Can you think of some species whose population is
being sought to control in your area?

Ecologically, a population is a group of individuals of the same species,
occupying a given area at a given time. All populations are characterized by
the following features:

Population size: It is the number of individuals making up a population. For
example, the human population size of India is over 1 billion.

Population Growth: It refers to the increase in the number of individuals in
a population. The factors that affect growth in a population are birth,
immigration, death and emigration.

Population density: It is the number of individuals of a population per unit
area at a given time.

Population dispersion or distribution: It refers to the general pattern in
which the members of a population exist in their habitat. Population distribution
may be random, clumped, regular, or may show a gradient. For example, in
a cropland, the crop population is usually distributed in a regular pattern with
similar distance between two crop plants, whereas in a natural forest, the
same plant may be dispersed in clumps in those areas where there is no tree
shade and where sufficient sunlight is available for their growth. Thus population
dispersion depends on various factors like availability of food, shelter or
protection.

Age Structure: It is the proportion of individuals in each age group in a
population. Common age categories are pre reproductive, reproductive and
postreproductive. A larger percentage of individuals in prereproductive and
reproductive categories mean greater population growth.
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Functions of a population: As we know, there could be many populations
present in a community/ecosystem. Each of these populations has a defined
function. This function depends on the position of the population vis-a-vis the
food production processes in that system. Hence populations of green plants
will be the ‘producers’ population’, that of deers will be ‘herbivore population’,
etc. We will learn more about producers, herbivores etc, in the next unit we
will try to understand ecosystem processes.

Growth of a population: In nature, most populations, when they start
colonizing an area, start out slowly (this is like an establishment phase).
Then, over a period of time, the numbers shoot up exponentially. This is
because, by now, a more congenial and suitable environment for the growth
of the species has been created (due to interaction between the biotic and
the abiotic components of the ecosystem). Once the population reaches the
carrying capacity of the system (characterized by optimum utilization of
resources, healthy competition and interference from other species) the
population stabilizes and may fluctuate slightly above and below the carrying
capacity mark. The stabilization of population could be attributed to a number
of environmental factors—could be limited food resource, competition with
other organisms, lack of resources such as water, etc. The sum total of all
the factors that limit the growth of a population is called environmental
resistance.

THE LAW OF MINIMUM
A population and its surrounding cannot be considered in
isolation, as the environment continuously affects the organism.
Many different environmental factors have the potential to
control the growth of a population. These factors include the
abundance of prey or nutrients that the population consumes
and also the activities of predators. Although a given population
may interact with many different species and abiotic factors,
not all of these interactions are of equal importance in
controlling that population’s growth.  Experiments show that
only one or two species/factors dominate the feedback
structure of a population at any one time and place (Berryman
1993). The identity of these dominating factors may change
with time and location, but the number of factors that limits a
given population (i.e. actively controls its dynamics) is usually
only one or two.

This is what the Liebig’s Law of Minimum states. It says that
of all the biotic or abiotic factors that control a given
population, one has to be limiting (i.e. active, controlling the
dynamics). Thus Liebig’s Law stresses the importance of
limiting factors in ecology.  “A factor is defined as limiting if a
change in the factor produces a change in average or
equilibrium density of a population.”
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Have you ever observed such a phenomenon around you? Why do you think,
a farmer adds fertilizers to the soil? Does this process of adding nutrient to
the soil as any link to the Law of Minimum?

In certain cases however, a particular population might temporarily overshoot
the carrying capacity. In such cases, population regulation would happen in
one of the two ways—migration (large number of individuals of the population
move to another area), or die-back (population suddenly crashes to a very
low level).

2.7 RECAPITULATION
Ecology is the study of interrelationships of plants, animals and their
environment. Technically, Ecology and Environment are different.

The laws of Ecology are: In nature: ‘Everything is connected to everything
else’ and ‘you can never do any one thing alone’. Hence,
interconnections are the essence of ecology.

For making the study convenient, ecology can be studied at various
hierarchical levels, i.e. organism, species, population, community and
ecosystem.

Each hierarchical level has a set of unique features defining/
qualifying it.

2.8 CONCLUSION
To make study easier, ecologist categorize the natural systems into a number
of hierarchical levels. Each of these levels has salient features that distinguish
them from one another. At the same time these levels, in nature, are intricately
and delicately linked with one another and seldom is it easy to draw lines
between them.

2.9

1. If ecology is the study of a natural system that is totally unaffected by
human actions or products, do you think that there is, technically
speaking, any ecological studies taking place in the world today?

2. It is sometimes said that humans don’t adapt to their environment,
instead they make their environment adapt to them. Can you think of
some examples of this?

3. Cities are not natural ecosystems, but many animals are still finding
an ecological niche in urban areas. How, for example, have monkeys
adapted to human environments? Comment.
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UNDERSTANDING CARRYING CAPACITY
Ecologically, carrying capacity is defined as the number
of individuals of a given species that can be sustained
indefinitely in a given space/area. It is something like
traffic authorities not allowing more that two adults
on a two wheeler, because the vehicle, by its make,
design and machine has 2 adults as its carrying capacity
and that having more number of riders on it may not
just damage the vehicle but may even lead to an
accident.

However in the ecological context, carrying capacity
is not a very static given number or quantity, rather in
nature, the carrying capacity of a system is affected
by many factors, such as seasonal fluctuations in the
physical environment, abundance or scarcity of food,
competition in and between species, migration of
species and its members, any catastrophic events—
natural or human-made, etc.

Humans are not exempt from the population overshoot
and crashing due to exceeding of natural systems
carrying capacities. Technological, social and other
changes seem to have extended the earth’s carrying
capacity for the human species, however it still remains
a question as to how long will we be able to carry on
with this extended carrying capacity of the planet—
planet of finite size and resources.

2.10

The Web of Life

Each ecosystem type is unique and has several fundamental characteristics
that it derives from the interactions of its components. In order to understand
these characteristics, the ecosystem including the interrelationships, must
be understood in its entirety.  However, many of the connections within an
ecosystem are often not understood as they are not obvious. This also makes
it difficult for educators to explain these to students. For instance, it will be
difficult to communicate the link between a kingfisher and a farmland, unless
one traces the link between the topsoil from farm field which ends up in the
nearest water body, which is the feeding ground for kingfisher.

Interlinkages that exist in nature can be understood through this activity called
the ‘Web of Life’. This activity demonstrates one of the laws of ecology—we
can never do any one thing in nature and that everything is connected with
everything else.
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Group size: Entire Class

Duration: 45 minutes

Requirements: Chart paper (used visiting cards), colour pencils, scissors, a
ball of string, safety pins

Objective: To demonstrate the interconnectedness of various elements in
the environment.

Based on the list provided alongside, make a set of cards with the names of
the animal/bird/plant/resource, etc. The cards can be made using chart paper
and cutting out rectangular pieces of about 5X8 cm. The same can also be
made using the blank side of old visiting cards. A safety pin can be put
through the top of each card, or ‘U’ pins can also be used to pin up the card.

List of some components of the ecosystem:
Sun Air Water
Soil Tree Parrot
Algae Fish Eagle
Turtle Insect Frog
Mosquito Lizard Butterfly
Rat Butterfly Ant
Student Grass Dead Leaf
Earthworm Shrub Fungus
Dragonfly Monkey Spider
Snake Mongoose Kingfisher
Buffalo Honeybee Squirrel
Moss Grasshopper Dead wood

POPULATION CONTROL THE LEMMING WAY!
Lemming, the smallest of the high-arctic mouse-like
rodent is famous for its unique population cycles. Lemming
is a key species in Arctic ecosystems (a system with a
very sensitive and delicate balance) and is mainly eaten
by the Arctic fox. Usually, the two populations maintain
the prey-predator balance. However, periodically a
population explosion of lemmings occurs and the numbers
overshoots the carrying capacity of the Arctic ecosystem.
At such times even their predator population fails to
keep the numbers within limits. During this time, it has
been observed that the lemmings mass-migrate into the
sea. Lemmings are actually good swimmers but are not
capable of successfully crossing the huge sea barrier
and thousands die in the attempt. Some researchers call
this as mass suicide, some call it migratory behaviour.
But the fact remains that this behaviour of lemmings is
actually a mechanism that help this rodent stabilize its
population.
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Ask the students to sit in a circle. Distribute one card each to all players.
Make sure to include and distribute cards depicting the four main elements
of nature, ‘Sun’, ‘Soil’, ‘Air’ and ‘Water’. Also distribute a ‘U’ pin to each.
Ask the players to pin their cards on their dresses so that everyone in the
group is able to see who they are. The players can take turns to tell the group
who they represent.
Now ask the players from whom the game should start. Suggestions may be
several. Prompt the players by asking them whose energy makes life possible
on earth. It is appropriate to begin with the Sun because it is the primary
source of all energy that makes life possible.
Take the ball of string and give it to the ‘Sun’. Ask the ‘Sun’ to wind one end
of the string around her/his finger. The task for ‘Sun’ is to throw ball of string
to any component of nature with whom sun has a relation. For example, the
sun gives energy to plant. So the ‘Sun’ can throw the ball to the player having
the ‘Tree’ card. But before giving the ball, the ‘Sun’ has to explain the relation
s/he has with the ‘Tree’.

The ‘Tree’ then winds the string firmly once or twice around her/his finger and
then passes it to another component s/he feels related to, e.g. ‘Soil’, explaining
that trees draw nutrients and water from the soil. In this way, the line of
relationships continues as the string unwinds and begins to form a pattern
which the students hold together. The ball of string is thus completely used up.

Ask the students to see the web-like effect of the string. Then ask them to
raise the web chest high. Let them hold it tightly so that if the web is pressed
down it does not sag and touch the ground.

DISCUSSION
After the game, the teacher may could initiate a discussion on the
interconnections in nature. Tell the players that the web they have made is
the ‘web of life’. It represents the relationships amongst different components
in an ecosystem. An ecosystem may be subject to a variety of pressures,
such as ‘floods’. To illustrate this pressure, press the web down with your
hand for a minute and release it. Ask the students to observe what happens.
Because the web is intact and firm, it bounces back. This signifies that a
healthy (undisturbed) ecosystem, with all its components viable, can come
back to equilibrium after a disturbance.

Now ask the students what would happen if some of these elements were
destroyed. Let the student representing these elements drop the string. Notice
the visual effect. More elements may be dropped to dramatize the effect.
Now press the web down. It would probably touch the ground because it is
loose and cannot bounce back. Conclude the game by emphasizing on the
interrelationships in nature and their importance.
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2.10.1 WEB OF LIFE: THE FEEDBACK
(credit points: 5)

a) How many rounds of the game did you play in your class?

b) How many children participated in each of those rounds?

c) How did you involve the remaining children of the class in this activity?

d) What kinds of interrelationships did the children come out with— food,
competition, breeding, protection, etc.

e) Did you have any problems during the activity? What were these?

f) Did you lead or follow the game with a theory session? If yes, please
describe.

g) Do you think the activity helped your students? How?
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Communities & Interactions
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3.1
In unit 2, we studied how the various components in nature are interconnected
and nterlinked with each other and that in order to make the study of ecology
simpler, ecologists categorize these components into the various levels of
organization in nature.

Is it ‘good or bad’ for the big fish to eat the smaller ones? How does a ‘fight’
between two different bird species for the same resource in nature affect the
balance in nature. In nature is ‘cooperation’ better that ‘competition’? In this
unit we will try to explore all these by looking at what are ecological
communities; how do members in these communities interact with each other
and what roles do these interactions play in maintaining the balance in nature.

3.2
On completion of this unit, you will be able to:

Describe ecological communities and their key characteristics

Define and give examples of the various types of interactions that take
place among the members of a community

State the ecological significance of these interactions

3.3 ECOLOGICAL COMMUNITIES
As discussed in Unit 2, an ecological community is defined as populations of
various species occupying a particular area and interacting with each other.
To put in simpler terms, when individuals of several species come together
and interact with each other, they give rise to an ecological community.
Following are some of the features that characterize communities:

Species diversity

It refers to the variety of species present in a community. Each community
has a unique set of species. For instance, the types of species found in a
grassland community will be different from those found in a desert or in an
estuarine community.

Community Structure

In a community, the different constituent species occupy different niches and
hence play different roles. Some species, however, may exert stronger
influence on the larger community and its species members. Such species
are called dominant species. A community is often named after its dominant
species, e.g. a teak community, a sal community, etc. There may be one or
sometimes more than one dominant species in a community. A dominant
species may not always be abundant, but usually has greater productivity
and biomass. The dominant species usually has the maximum impact on
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the larger functioning of the communities and the environment, as it absorbs
any major impact/change in the environment and regulates the environment
to the benefit of other species and the community on the whole.

Ecological succession

Communities change and grow over a period of time. In most communities,
the variety of species in a given area changes slowly over a period of time.
This gradual process of change in the composition and function of communities
is called ecological succession. Ecological succession is a way in which
communities respond to changes in their environment. Succession is a normal
process and is driven by various kinds of interactions between different species
of a community and the environment. Natural, uninterrupted ecological
succession leads to the development of young fragile communities into more
mature, developed and sustainable ones.

Primary and Secondary Succession

Primary succession is the process of initial establishment of a community in
an area where no Lifeforms existed before, e.g. ferns colonizing a barren
rock. Secondary succession follows destruction of all or a part of an earlier
community, e.g. grass seeds germinating after a forest fire.

As succession progresses, communities become relatively stable. Such a
community, which has reached the final stages of succession and where the
pace of succession becomes almost zero, is called a climax community,
e.g. a teak forest is the climax community.

Over a period of time, have you ever observed a change in an ecosystem in
your surroundings? Have you noticed, over a period of time, a wetland become
‘grassier’ or say a grassland becoming denser, with the number of trees
increasing in it?

Yes, these changes are a part of ecological succession. Most often, these
changes are more visible in ecosystems such as wetlands and grasslands. It
is so, because unlike forests, these are young, growing stages of an ecological
succession path and hence are highly dynamic and evolving in nature.

The Concept of Stability

As discussed earlier, communities grow/evolve over a period of time and this
process is referred to as ecological succession. In general a mature/older
community, which is likely to have more species with numerous
interrelationships, is more resistant to an environmental change. This is an
indicator of the stability of that community. Community stability increases
with each step of ecological succession and is highest in a climax community.
Such communities are quite resilient against disturbances.
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3.3.1

Fill in the blanks:

a) When individuals of several species come together and interact with
each other, they give rise to an ____________________________.

b) Most ecological communities are characterized by the presence of a
_____________________ species and are often named after these.

c) Communities grow and change over a period of time, this process is
referred to as____________________________________________.

3.4 INTERACTIONS IN A COMMUNITY
Organisms of different species in a community do not stay in isolation from
each other, and hence community ecology is concerned with the variety of
interactions that take place between the various species. When any two
organisms have some activities or requirements in common, they interact
with each other. Species are inextricably linked, forming networked systems.
In fact, constant interactions occur within (intra-specific) and between (inter-
specific) them. Such interactions occur principally for habitat, food, defense,
and reproduction. These interactions include:

Predation: Predation is the consumption of one individual (prey) by another
(predator). For instance, lion preys on deer, or a kingfisher feeds on fish in a
pond.

Competition: In most communities, each organism faces competition from
one or more organisms for common limited resources. Competition can again
be of two types: interference and exploitation. Interference is where one
organism hinders another organism’s access to some resource, say food,
water, shelter, etc., irrespective of the fact whether the resource is abundant
or scarce. For instance some coral animals kill other nearby corals by
poisoning them. In exploitation, two competing organisms have equal access
to a particular resource, but differ in how quickly or efficiently they exploit it.
In this way one organism gets more of the resource, thereby hampering the
growth, reproduction and survival of the other. This kind of competition is
usually exhibited only when a resource is scarce. For instance grasses thrive
better in deserts than other plants because their root systems are more
efficient in absorbing more water in a short time than those of other plant
species.
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Mutualism: It is the type interaction, where both the interacting species are
mutually benefited. A common example is the interaction between flowers
and insects, where the flower is benefited by being pollinated and the insect
gets the nectar. In some cases the mutual relationship has become so close
that species involved cannot survive without each other. For example, certain
species of fungi and algae live in close association as lichens. The fungus
gets its food from the algae, while the algae get protection. If separated,
neither can survive.

Commensalism: Commensalism is a cooperative relationship where one
partner gains from the arrangement while the other is neither helped nor harmed,
e.g. in dense forests, where sunlight does not reach the ground in sufficient
quantity, orchids grow on other tree species. The orchid is benefited by getting
sufficient light, but the tree is neither benefited nor harmed.

Parasitism: Parasitism is a oneway relationship where the parasite gains
and the host is adversely affected. Parasites are usually smaller than their
hosts. They do not kill or consume the hosts but only derive their nutrition
from them, e.g. ticks attach themselves to dogs and suck the blood. Similarly
tapeworms are found in the human intestine.

DID YOU KNOW?
Symbiosis refers to the phenomenon of ‘living together’
in close union. Symbiosis is sometimes interpreted to be
a beneficial relationship—where the organisms involved
get benefits by living together. However, ecologically,
any interaction where two or more organisms live in close
association is referred to as a symbiotic relationship,
irrespective of whether the two are benefited or harmed,
or remain unaffected. Thus symbiosis includes mutualistic,
commensalistic as well as parasitic relationships.

There are thus three major types of interactions—
predation, competition and symbiosis. The last includes
mutualism, commensalism and parasitism.

3.4.1

State true or false

1. In a community, members of the different species do not
interact with each other True/False

2. Symbiosis is the act of living together in a
close association True/False

3. Predation is significant for maintaining the prey
population True/False

4. In a mutualistic interaction both the species
get harmed True/False
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3.5 ECOLOGICAL SIGNIFICANCE OF INTERACTIONS
What do interactions between and among species signify in nature? Why
should organisms interact with each other? Can they not remain and thrive in
isolation? Do they benefit from the innumerable interactions that take place
within a community? Do these interactions play a role in making communities
more efficient and resilient? If yes, how?  Let us look at some examples:

Predation is an efficient way of keeping prey population within the carrying
capacity of the ecosystem. Imagine if there was no predation, the prey
population would shoot up and will either degrade the natural habitat or will
die back. Not only will the prey population suffer, but also the environment will
get degraded due to overuse. Besides this, predation also helps in facilitating
survival of the fittest among the prey, because usually during a chase, it is
the weakest of the lot that gets caught. Thus predation ensures that a balanced,
healthy prey population continues to grow.

Like predation, symbiotic interactions also have a defined role in keeping the
natural world in balance. Most symbiotic interactions, over a period of time,
help species evolve and create their niche. Had these symbiotic relationships
not existed in nature, the associated species would have either not survived
or would have demanded more resources within the ecosystem. For example,
mutualistic associations not only help in exchange of benefits between two
or more species, but also help in fortifying weaknesses of these species’
adaptive strategies. When soil microorganisms and invertebrates cooperate
(mutualism has been reported between a number of soil fungi and invertebrates
like earthworms and millipedes), their distinct strategies complement one
another: Microorganisms have very limited locomotion, which affects the
proximity to environmental resources, but they have very strong digestive
power and are capable of digesting most organic substrates. In contrast,
invertebrates have competent locomotion and can thus favourably alter physical
environments, e.g. through burrowing. However, the vast majority of these
soil inhabiting invertebrates cannot produce enzymes to directly digest the
cellulose and lignin that comprise a major part of the soil organic resources.
Thus a mutualistic relationship between the two types of organisms helps in
complementing each others’ weaknesses / limitations.Interactions between
organisms are the essence of the balance in nature.

3.6 RECAPITULATION
A number of populations occupying an area and interacting with each
other make an ecological community

Most communities, especially terrestrial ones, are characterized and
defined by a dominant species

Community composition and structure grow and evolve over a period of
time. This process is called ecological succession.

Members of the same species and of different species living in a
community interact with each other. These interactions are significant
in maintaining the stability of a community.
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3.7 CONCLUSION
In nature, organisms interact with each other. Such interactions help in
maintaining balance in nature in a variety of ways—controlling population
size, providing a broad base in terms of the number of niches, accommodating
more variety and diversity of Lifeforms as well as helping in maintaining a
variety of habitats for species.

3.8

1. Illustrate how humans interact with other members of the ecological
communities that they live in.

2. Distinguish between primary and secondary succession.

3. Experiments have shown that no two species occupy exactly the same
ecological niche indefinitely in a habitat. This leads to competition
among the species. Comment on the significance of this process.

3.9

Prey-Predator

In an ecosystem, species do not remain in isolation from each other. Species
are inextricably linked, forming networked systems. In fact, constant
interactions occur within (intra-specific) and between (inter-specific) species.
Such interactions occur principally for habitat, food, defense, and reproduction.
Some of the common terms used for these interactions are symbiosis,
predation, parasitism and competition. Each of these has been explained in
detail in the introductory chapter.

What do interactions between and among species signify in nature? Why
should species interact with each other? Can they not remain and thrive in
isolation? Do they benefit from the innumerable complementary interactions
that take place within the ecosystems? Do these interactions play a role in
making an ecosystem more efficient and resilient? In order to explain such
concepts to your students, a game called Prey-predator is given below. Try it
with your students.

Group size: Up to 40 players

Duration: 30 minutes

Requirements: Chalk pieces, some twigs to represent food

Objective: To discuss predator-prey relationships.

a) Divide the players into two groups. One group represents the ‘prey’,
the other group are ‘predators’. There should be approximately one
predator for every four to six prey animals.

b) Tell the players that one end of the playing area has the prey’s food
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and the other end is the shelter for the prey. Mark (with chalk powder
or stick) four or five circles (about half a metre in diameter) between
the ‘shelter’ and the ‘food’ ends. These circles represent temporary
shelters for the prey.

c) Place the food twigs at the ‘food’ end of the playing area. The prey
animals have to stand at the ‘shelter’ end. The predators stand anywhere
between the food and shelter ends, except in the temporary shelters.

At a whistle or clap, each round of the game begins.

d) The prey animals have to move from the shelter end to the food end,
and collect two food tokens. After collecting the food tokens, they
must return to the shelter. Unless they collect two food tokens they
die (that is, they are out of the game in the next round). The predators
must try and catch at least two prey animals each. Otherwise they
die. Captured prey area taken to the predator who catches them.

The prey animals have two ways to prevent themselves from being caught:
they may ‘freeze’ i.e. stand still when a predator is about half a metre away
from them, or they may stand in the temporary shelters. If a prey animal
freezes, the predator has to look for other prey. The prey can remain still or
be in the temporary shelters for as long as they like, but if they do not have
enough food at the end of the activity, they die.

The game can have up to four rounds.

THE IMPORTANCE OF BEING EATEN
Everybody wants to know how many tigers there are in
a forest but not very often does one want to know how
many sambhar or deer are there. But wildlife ecologists
cannot afford to ignore prey species. It is the good health
and adequate number of prey population which ensures
a healthy predator population. While prey populations
can thrive in the absence of predators, predators simply
cannot survive without prey. In fact a predator spends
considerable energy in finding and killing each prey animal.
For example, it has been estimated that a tiger needs
to kill about 3000 kg of live prey in a year to survive—
about 50 ungulates, weighing about 60 kg each! Imagine
if there were no sambhars and chitals, could tigers
survive on 12000 rats of about 250 gms each? No,
because the energy that a tiger would have spent on
locating and killing a rat would be far more than the
nutritional value it would have been able to derive from
that rat. This is just one example to highlight the
importance of good prey base for the survival of predator
populations.
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Discussion

What methods did the prey use to escape? Which methods were easiest?

Which methods were effective?

What means did the predators use to capture prey? Which ways were the
best?

Discuss the need for animals to strike a balance between safety and food.

3.9.1 PREY-PREDATOR: THE FEEDBACK
(credit points: 5)

a) Which standard students did you play this game with?

b) Where in the textbook does this concept occur?

c) Did the game achieve its purpose?

d) Did you need to take help of a colleague of yours in conducting the
game?

d) Now that you have already tried two games with your students to explain
different concepts in ecology, what do you think ‘games’ as a teaching-
learning methodology have to offer?
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4.1

So far we have been looking primarily at the living part of the natural world, but
we know that when earth was born, it did not have any life on it. Changes in
the non-living components and their composition have perhaps played a key
role in the evolution of life on earth. This implies that the environment and
changes in the environment, impact species and their evolution on the planet.
Even today the non-living environment affects lifeforms of the earth and these
together with the interactions taking place between the living and the non-
living world, give rise to a variety of Ecosystems.

4.2

On completion of this unit, you should be able to:

Elaborate upon the structure of an ecosystem

State the significance of the biotic and abiotic components of the
ecosystem and the influence they exert on each other

Describe the major ecosystem types found in India

Understand that the various ecosystem types of the world are connected
to each other

Define an ecotone and state its ecological significance

4.3 COMPONENTS AND STRUCTURE OF AN ECOSYSTEM
Have you ever wondered, what is present in a pond, or besides the tall grand
trees, what more exists in a forest? Can you explain why the type of soil, its
moisture content etc. could determine what grows on the piece of land, or
how population of sambars and deers in a forest affect its soil quality? Can
you recall the definition of ‘ecosystem’?

An ecosystem is a community of organisms involved in a dynamic network of
biological, chemical and physical interactions between themselves and with
the nonliving components. Study of such interaction and connections can
help us explain the links mentioned in the previous paragraph. Further, such
interactions are crucial for sustaining the system and allowing it to respond
to changing conditions.

These days terms like forest ecosystem, grassland ecosystem, pond
ecosystem very often make the headlines of the newspapers. These are
some of the ecosystems found on the earth.

An ecosystem is also defined as a functional and structural unit of Ecology.
This implies that each ecosystem has a definite structure and components,
and that each component part of the system has  a definite role to play in the
functioning of the ecosystem.
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Unlike ecological communities which comprise of living elements only,
ecosystems have two ‘parts’: The living (biotic) components like plants and
animals; and the nonliving (abiotic) components like water, air, nutrients and
solar energy. These two parts of the ecosystem do not stand in isolation,
rather they continuously interact with one another. In fact they are so closely
linked to each other that experts, by looking at the type and condition of the
abiotic environment of an ecosystem can identify the kind of life that one is
likely to find in an ecosystem, and vice versa.

Before we understand what these interactions are like, let us analyze the two
components in detail.

Living components

Living organisms (biotic components) in an ecosystem can be classified as
either producers or consumers, depending on how they get their food.

Producers (autotrophs, i.e. selffeeders) can make the organic nutrients they
need, using simple inorganic compounds in their environment: for instance,
the green plants on land and the small algae in aquatic ecosystems produce
their food by the process of photosynthesis.

Consumers (heterotrophs, i.e. otherfeeders) are those organisms, which
directly or indirectly depend on food provided by producers. Consumers,
depending on their food habits, can be further classified into four types.

Herbivores,e.g. deer, rabbits, cattle, etc., are plant eaters and they
feed directly on producers. In a food chain, they are referred to as the
primary consumers.

Carnivores are meat eaters and they feed on herbivores (primary
consumers). They are thus known as secondary consumers. They are
animal eaters, e.g. lions, tigers.

Omnivores eat both plants and animals, e.g. pigs, rats, cockroaches
and humans.

Decomposers digest the complex organic molecules in dead organic
matter (detritus) into simpler inorganic compounds. They absorb the
soluble nutrients as their food. Some examples are bacteria, fungi,
and mites.

What is important to note is that each ecosystem will have certain
representative organisms playing each of the above mentioned roles.

Nonliving components

Nonliving (or abiotic) components of an ecosystem include all the physical
and chemical factors that influence living organisms, like air, water, soil, rocks
etc. Thus, it is an assemblage of organic and inorganic substances present
in an ecosystem. The various climatic factors that affect the ecosystem
functioning are also a part of this. The non-living components are essential for
the living world. Without sunlight, water, air and minerals, life cannot exist.
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Some examples of non-living components of an ecosystem include:
Physical factors Chemical Factors
Sunlight Percentage of water and air in soil.
Temperature Salinity of Water
Precipitation Oxygen dissolved in water
Nature of soil Nutrients present in soil
Fire
Water currents

4.3.1

1. What is an ecosystem? How is it different from an ecological
community?

2. Name a few biotic and abitoic components of an ecosystem.

3. Define the terms autotrophs and heterotrophs.

4.4 BIOGEOGRAPHIC REGIONS OF INDIA
Because of the influence which abiotic factors exert on organisms, different
ecosystems develop differently. The major factors that determine the growth
and type of ecosystem include temperature, rainfall, soil type and the location
(the latitude and altitude). These factors, their interactions with each other
and with the local biotic community have resulted in a variety of ecosystems.

India, the seventh largest landmass in the world, possesses a variety of
ecosystems. These include mountains, plateaus, rivers, wetlands, lakes,
mangroves, forests and coastal ecosystems. This section looks at the
ecological profile of India.

OUR PLANET WITHOUT DECOMPOSERS
Decomposers (primarily bacteria, fungi; nematodes like
tapeworms; mites and certain insects) are organisms
that feed by degrading organic matter. They are
essential components of all nutrient cycles and food
chains. Decomposers break down organic waste and
recycle the nutrients present in it. If decomposers
are removed from the biosphere, the earth will become
a vast dump of dead organisms. Life will probably stop,
as the nutrients for life would be tied up in the dead
organisms.

Can you state the s igni f icance/descr ibe what
functions would other ‘consumer types’ play in an
ecosystem?
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The Himalayan Region

Sparse vegetation and rare fauna that includes snow leopards, wild pigs and
tigers, characterize the transHimalayan region. The Himalaya, the highest
mountain range in the world, is one of the richest areas of India in terms of
habitat and species diversity. Both altitudinal as well as longitudinal variations
are seen in the Himalayan belt. Three distinct subzones, each with its
characteristic species diversity, are recognized—Himalayan foothills from the
eastern frontiers of Kashmir to Assam; Western Himalaya, which are the
higher altitude region from Kashmir to Kumaun (in Uttaranchal); and the
Eastern Himalaya (in the north-east part of the country).

The Gangetic plains with their rich alluvial soil make excellent crop fields. It is
in this area that the floodplains are found, which makes this region important
for flood control too.

The Desert

The desert regions of the northwest have large expanses of grasslands in
patches. For kilometers together, one may not find any signs of vegetation in
the desert. Water, or the lack of it, is the single-most significant feature in the
desert. In this region, both plants and animals face the problem of maintaining
the water balance of their bodies under extreme diurnal temperature variation.
They show many adaptations to cope with this. For details on some such
adaptations, refer the box on ‘Adapting to the Desert’ in Unit 2.

The North-East

In contrast to the northwest, the northeastern region has lush green rain
forests. The forests consist of very dense and lofty trees with multitudes of
species occurring in a given area. The unique plant species include mosses,
ferns, epiphytes, orchids, lianas and vines. The rich plant diversity of these
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forests is home to an equally rich diversity of animals, including elephants,
barking deer, hoolock gibbon, golden langur, macaque species and other
primates.

The Western Ghats

While the Western Ghats with an evergreen forest cover make biodiversityrich
zones, the Nilgiris, an offshoot of Western Ghats, have extensive grassy
areas interspersed with densely forested evergreen vegetation known as
Sholas. They provide shelter to elephants, gaur and other large animals.
Many of the trees and also some of the animals found in these high Sholas
are also found in the high altitude forests of the northeastern region.

Islands and Wetlands

India also has two major groups of islands—Lakshwadeep islands in the
Arabian Sea, and AndamanNicobar islands in the Bay of Bengal. These islands
receive both the southwest and the northeast monsoons. Being tropical in
climate, these islands are home to tropical rainforests.

India, with its varied terrain and climate, supports a rich diversity of inland and
coastal wetlands. A total of 21 wetlands have been declared as National
Wetlands. An important wetland of the country is the Keoladeo National Park
in Bharatpur, Rajasthan, which is a human-made wetland. Among the various
migratory species of birds that visit this Park almost every winter, is the
endangered Siberian Crane (Grus leucogeranus). Another important wetland
is Chilika (1,100 sq km), the largest brackish water lake in India, situated in
Puri and Ganjam district of Orissa.

The Marine Wealth

India has the world’s seventh largest coastline measuring over 7,500 km. The
Indian coastline is broadly divided into the Western coast and the Eastern
coast. The Western coast borders the Arabian Sea and the Eastern coast is
along the Bay of Bengal. The Western coast is divided into three parts: the
Saurashtra coasts along the northern part; the middle portion called the Konkan

THE INDIAN BIODIVERSITY
Group Number of species Number of species SI/SW

in India (SI) in the world (SW) (%)

Mammals 350 4,629 7.6

Birds 1228 9,702 12.6

Reptiles 428 6,550 6.2

Amphibians 197 4,522 4.4

Fishes 2546 21,730 11.7

Flowering Plants 15,000 250,000 6.0
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coast; and the southern part known as the Malabar Coast. The Eastern coast
extends from Kanyakumari to the delta of the Ganga in the Bay of Bengal.
The southern half of the coast is called the Coromandel coast.

Oceans have great diversity of lifeforms as they provide a gradient of habitats
in terms of varied light and pressure zones. With their rich cache of fish,
minerals and potential energy, the marine ecosystems make an invaluable
resource. It is due to the geographical location of the land masses within the
Indian Ocean that the Indian subcontinent experiences a unique pattern of
winds and rains. This phenomenon is known as ‘monsoon’. Oceans are also
the reservoir of food and the resource for aquacultural practices.

THE CORALS
Corals come in many shapes—the stag-horn coral,
brush coral, pillar coral, finger coral, brain coral, flower
coral, tree coral, cluster coral and others. In the brain
coral, the skeleton is round and has furrows that look
like those of our brain.

Coral reef is like a joint venture between the two
basic life forms—an animal and a plant. The animal is
the coral polyp, belonging to the same group as a
jellyfish or sea anemone. The minute polyp lives all its
life with one end attached to an underwater limestone
cover. The other end consists of a mouth surrounded
by tentacles that captures and swallows food, mainly
plankton, from the water. The coral polyp continuously
secretes limestone which it crystallizes from the
calcium carbonate found in the sea water. With this
l imestone, it bui lds around and under itself, a
protective covering called the corallite. When each
polyp has built its corallite, it sends out filaments from
which sprouts another polyp. This one also begins
limestone construction of its own. Thousands of polyps
creating such limestone cases, in small densely packed
formations, lead over time to creation and growth of
coral reefs.

4.5 ECOTONES: THE TRANSITIONAL ZONES
All ecosystems are linked. While it is convenient to divide the living world into
different ecosystems for purposes of study, in nature, there are seldom distinct
boundaries between them. They are never totally isolated from one another.
Any disturbance or change in any one of these, sooner or later, influences
the other.

A transitional region between ecosystems is known as an ecotone; for
example, the region between a forest and grassland. This region shares many
of the species and characteristics of the adjacent ecosystems, and also has
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WETLANDS AND THEIR SIGNIFICANCE
Wetlands are areas where water is the primary factor
controlling the environment and the associated plant
and animal life. They occur where the water table is
at or near the surface of the land or where the land
is covered by shallow water. Wetlands are areas of
great ecological and economic significance.

In their natural condition, wetlands supply numerous
ecological, economic, and cultural benefits to local
communities, including water quality protection, flood
control, erosion control, fish and wildlife habitat,
aquatic productivity, and unique opportunities for
education and recreation.

One of the most important functions of wetlands is
the ability to maintain good surface water quality in
rivers, streams, and reservoirs and to improve
degraded surface waters. Wetlands do this several
ways: a) by removing and retaining nutrients. b) by
processing chemical and organic wastes. c) by
reducing sediment loads. Wetlands are particularly
good water filters. Due to their landscape position
between uplands and deep water, wetlands intercept
surface water runoff before it reaches open water
and filter out nutrients, wastes, and sediments from
flood waters. This function is particularly important
in urban and agricultural areas.

In some places, wetlands contribute to the recharge
of groundwater sources of drinking water. During
periods of heavy runoff, such as major storms or snow-
melt in the spring, wetlands adjacent to streams and
in depressions collect excess water. When the water
table drops, the water held in the wetlands infiltrates
slowly back through the soil into the aquifer to
replenish groundwater. Also by temporarily storing and
slowly releasing flood waters, wetlands help protect
adjacent and downstream property owners from flood
damage.

Wetlands provide critical habitat for several species—
many amphibians, fishes, variety of plants including
grasses.
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species unique to itself. The ecotone region provides conditions of both the
types of neighbouring ecosystems and thus supports a greater variety of
Lifeforms. It also has species living exclusively in the ecotone region. An
ecotone is thus a biologically rich area with very high species diversity. In
some cases, the number of species and the population density of some of
the species is greater in the ecotone than in the adjacent ecosystems. This
tendency for an increased diversity and density is called the edge effect

A common example of ecotones is estuaries—the transitional area between
rivers and the oceans. The variety of species found in an estuary is much
higher than in the river or in the shallow sea-water. But high levels of pollution
in river water as well as in marine systems are destroying these unique
habitats. Today these unique microenvironments are being threatened by
human activities.

DISTURBANCES IN ESTUARIES
Some fish species not only migrate between the waters
of the various oceans and seas, but also require
migrating between freshwaters and the marine waters.
Such fishes, which spend part of their life-cycle in
salt-water and a part in freshwater, are cal led
diadromous fishes, e.g. the eel fish, the salmon, and
the trout. These include the anadromous species,
which migrate from the sea to freshwater for spawning
(process of laying eggs), and the catadromous
species, which spawn in the ocean or at sea, and
migrate towards freshwater as juveniles.

The ecotone regions in many coastal areas are today
highly disturbed due to constant disturbance from the
mainland in the form of pollution—pesticidal pollution,
discharge of effluents, silt, and etc. Such disturbances
in the estuarine and coastal areas make migration of
diadromous fishes to their spawning areas difficult,
and adversely affects their populations by acting as
the major bottlenecks in the life-cycle of these
species.

4.6 RECAPITULATION
Ecosystems are the structural and functional unit of ecology.

All ecosystems comprise of living (biotic) and non-living (abitoic)
elements, with constant interactions between the two. The two elements
influence each other.

The type of living and non-living components and the interactions between
them produce different types of ecosystems.

India has a great variety of the ecosystems, with a variety of Lifeforms
characterizing each one of them.
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All ecosystems of the world are connected to each other. The
connecting zone between two ecosystem types is referred to as
‘Ecotone’.

Ecosystems have multiple functions—ecological, economic,
recreational, etc.

Ecosystems are both the source as well as the sink for all human
activities

4.7 CONCLUSION: THE BALANCING ACT
Natural ecosystems possess self-regulating mechanisms that maintain their
balance. The tendency of ecosystems to resist change and remain in a state
of equilibrium is called Homeostasis (homeo=same and stasis=standing).
Such a mechanism requires ‘feedback’ processes and many such process
exist in the natural world.

A common way of thinking is that if ecosystems are selfmaintaining, then
why not throw all wastes into nature and let nature take care of it? But it has
been realized and experienced that whether it is an ecosystem, a community
or even an organism, every system has its tolerance limits. Stresses beyond
the tolerance limits of these systems can be fatal for the biosphere and
hence for us.

Do you know that there are also human-made ecosystems? Can you relate
an agricultural field to a natural ecosystem? Do you think there are likely to
be some differences between the two? What are these?

Ecosystems provide a number of goods such as food, timber, medicines,
genetic resources, etc. Ecosystems also serve a number of functions—
ecological, economic, recreational/aesthetic, as well as educational. Major
ecological functions of ecosystems include: meeting the habitat (shelter),
food, water, air as well as breeding demands of not just humans but also of
the various other organisms; providing ecological services—clean air, water,
waste absorption—to the organisms living in it; regulating climate, flood control,
coastline stabilization, carbon appropriation, waste treatment, biodiversity
conservation, soil generation, disease regulation, and the provision of aesthetic
and cultural benefits.

Thus, an ecosystem provides both products as well as services (the ecological
functions) to humans. Each ecosystem has a unique set of environmental
services provided and goods that it provides (for example, grasslands are
usually the fodder source for browsers and grazers, while wetlands recharge
aquifers), what is important for us is to understand that these ecosystem
services can be provided to us only when the integrity and overall wellbeing of
the ecosystem is maintained. For example, the moment we start looking at
forests as timber and start cutting down trees for their economic value, we
would be deprived of several other functions of the forests, like their recharging
of the water table, appropriation of carbon-di-oxide, prevention of top soil loss.
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It is further important to understand that ecosystems are both the source as
well as the sink of human activities. This means that human beings derive
resources—from food, fibre, timber to the various raw material for the industries,
from ecosystems; and that all the products and byproducts of human
activities—from domestic to industrial, finally go back to the ecosystems,
which could be the rivers, the oceans or even the forests.

4.8

1. Describe in detail the structure of an ecosystem.

2. Give an example of how a living component in an ecosystem can affect
a non-living one.

3. What would happen if there are no decomposers in an ecosystem?

4. What is an ecotone? What is its significance?

4.9

Kaleidoscope

It is important to look at the various components of ecosystems not as individual
units but understand them in the entirety. It is so, because most often the
various services and functions that an ecosystem plays, are fulfilled not by
the individual components of the ecosystem, but by the interactions among
these. Such interactions are very often not very visible, and thus communicating
the importance of such interlinkages and their role in providing us various
ecological services is challenging. You may use the following activity to help
your students understand this:

Group size: No restriction

Duration: 30-45 minutes

Requirements: Transparency and transparency markers

Objectives: Help students to

Appreciate the variety of functions that ecosystems serve; and

Understand that different stakeholders/groups have different
relationships/associations/dependence on natural systems

Procedurer:

a) Make groups of 4-5 and give each group a set of transparency sheets
and markers. Ask each group to draw a large rectangle on one
transparency. Within this, ask them to draw how a forest would look to
them from a distance. (For example they may draw trees or vertical
lines or tree canopy as seen from the top, etc.)
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b) Now ask them to list the various groups, which are associated with
forests in one or the other way—scientists, ecologists, forest guards,
women from the neighbouring village, industrialists, government officials,
other species, urban dwellers, farmers, pharmaceutical companies.

c) Ask the students to draw how each one of these groups would look at
the forest. For example, industry’s interest in forest could be symbolized
as money; the local community as some food items they derive from
the forest or fuelwood; for other species, symbols of homes, food,
water, shelter, medicine, etc. may be drawn. Each of these ‘views’
should be on a separate transparent sheet. Tell them they need to
represent each of these symbolically.

d) Ask the students to place these sets of transparent sheets on the one
which has their view of the forests. How does the forest look now?

Discussion

Teacher should now generate a discussion in the classroom. This can be
done by asking students a number of questions, such as what does the
change in the final ‘view’ of the forest indicate? Tell them that each one of us
looks at natural systems with a very different perspective that depends mainly
on our perception and our association with that system. It is important to
understand that human requirements from ecosystems are complex and
varied. Apart from this, there are thousands or perhaps millions of other species
that of course need and use the forest as an ecosystem in a very different
manner.

Further, through examples, illustrate to the students that services and functions
performed by ecosystems are also divergent, complex and intricate. For
example, a wetland not only gives us the food, but also help clean our drinking
water sources, prevent floods, recharge our ground water, etc. While different
components of an ecosystem may provide us different product or service, but
for ensuring that these services and products remain available, it is important
to maintain the sustainability of each of its components.

4.9.1 KALEIDOSCOPE: THE FEEDBACK
(credit  points: 5)

1. What kind of symbols/visual depictions did the various groups come
up with?

2. What do these symbols communicate about the relationship of the
various stakeholder groups with ecosystems?

3. Did the students otherwise think about such interpretations of an
ecosystem?

4. Send some sheets as example of what students did.

5. Is your school near a forest? Do you think that students in the opposite
situation would have come up with different examples and uses? What
would be some of the significant differences? Why?
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5.1

We have seen how ecotones are links between ecosystems. Links also exist
within an ecosystem. Various components of an ecosystem are
interdependent. Such dependencies may be for food, shelter or even
reproductive activity. Frequent interactions among the components of an
ecosystem are common. In the last Unit, we looked at the various components
of an ecosystem (i.e. the structure of an ecosystem). In this unit, we will
understand the kinds of processes take place in an ecosystem (i.e. the
functions of an ecosystem). We will particularly study the process of nutrient
cycling in detail.

5.2

On completion of this unit, you should be able to:

Understand that several bio-chemical processes take place in an
ecosystem

Define nutrient cycling and describe the carbon cycle

Appreciate and state the significance of the role of nutrient cycling in
ecosystem functioning

5.3 NUTRIENT CYCLING: LINKING THE BIOTIC AND
ABIOTIC
The two major processes that form the basis of ecosystem functioning are
energy flow and nutrient cycling. In this Unit, we will look at nutrient cycling
in detail.

Simply put, nutrient cycling is the cycling of nutrients required by living
organisms, through different parts of the biosphere.

Living organisms need food to grow and to reproduce. Any food or element
required by an organism to live, grow, or reproduce, is called a nutrient.
Depending on the amount it is needed in, a nutrient can be classified as a
macronutrient (needed in large quantities, e.g., carbon, oxygen, hydrogen,
nitrogen, phosphorous, etc.), or a micronutrient (needed in small quantities
e.g., iron, zinc, copper, iodine, etc.). In nature, the nutrient elements and
their compounds continuously move from the nonliving environment to the
living organisms, and back to the nonliving environment. This cyclic movement
of minerals from their reservoirs (air, water and soil), to the living components,
and back to the reservoirs is called nutrient cycling or biogeochemical
cycles.
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5.3.1

Fill in the blanks

1. The two major bio-chemical processes in an ecosystem are
___________   ___________ and ____________   _________________

2. Any food or element required by an organism to live, grow, or reproduce,
is called a ___________________

3. Depending on the quantity in which a nutrient is required by a living
organism, nutrients can be broadly categorized as _____________
and ___________

5.4 CARBON CYCLE
Each nutrient e.g. carbon, oxygen, phosphorous, magnesium and so on,
follows a unique cycle. Some elements like oxygen and nitrogen, cycle quickly
and so are readily available for use by organisms. Others, such as phosphorous,
magnesium, etc., take time for cycling, as they are released slowly. It is
usually such slow cycling nutrients that become the limiting factors for plant
growth (for more details, refer the box on ‘Law of Minimum’ in Unit 2). It is for
this reason that such nutrients are supplied to crop species through synthetic
fertilizers.

In this section, we will look at examples of two significant nutrient cycles—
Carbon and Nitrogen.

As you know, Carbon is the basic building block of carbohydrates, fats,
proteins and other organic elements necessary for life. The Carbon cycle is
based on carbondioxide gas which makes up (see Unit 1) about 0.03 per
cent of atmosphere and is also dissolved in water (the hydrosphere).

Producers (mainly, the green plants on land) absorb carbon-di-oxide from the
atmosphere, and through the process of photosynthesis, convert it into
complex carbohydrates. Then the process of respiration, breaks down the
carbohydrates giving energy, and converting carbon back to carbon-di-oxide,
releasing it back to atmosphere or in the water for re-use by producers. This
linkage between photosynthesis and respiration (on land and in water)
circulates carbon in the biosphere and is a major part of the Carbon cycle.

Carbon Cycle
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As the carbon cycle figure shows, some carbon lies deep in the earth in
fossil fuels. This is released into the atmosphere as CARBON-DI-OXIDE only
when these fuels are extracted and burnt. Another way in which sedimentary
carbon enters the atmosphere is volcanic eruptions.

The oceans also play a major role in regulating the level of carbon-di-oxide in
the atmosphere. Carbon-di-oxide is readily soluble in water. Some of the
carbon-di-oxide is therefore dissolved in the oceans and seas. Part of this is
again removed by the marine producers (small green plants called algae).
Also, in these ecosystems, some organisms use carbon-di-oxide or other
forms of carbon to build shells and skeletons. When these organisms die
and as their bodies settle down at the bottom of the oceans, the Carbon
contained in them gets stored in the ocean floor. In fact most of the earth’s
carbon is stored in the ocean floor sediments and on the continents. This
carbon enters the cycle at a very slow pace as the sediments dissolve. This
carbon then becomes dissolved in the water and then enters the atmosphere.

At this point it is important to understand that Carbon plays a key role in the
temperature regulation mechanism of our earth (refer ‘Green House Effect’
Unit 1)—If too much carbon is removed, the earth will cool; if too much Carbon
is generated, the earth will get hotter.

5.5 SIGNIFICANCE OF NUTRIENT CYCLING
Existence of life depends on continuous cycling of nutrients from the nutrient
pool (in the abiotic component of environment) to the living beings and then
back to the nutrient pool. These complex series of invisible, delicately
balanced, and interrelated biochemical reactions fuel life on earth. These
reactions use the power of the sun to take gases from the air and nutrients
from the soil, and the resulting energy and chemical compounds move through
all plants and animals on the earth. These nutrient cycles, driven directly or
indirectly by incoming solar energy and gravity, include the carbon, oxygen,
nitrogen, phosphorous, sulphur and hydrologic (water) cycles.

Also, biogeochemical (nutrient) cycles connect past, present and future forms
of life. Thus some of the carbon atoms in the skin of your nose may once
have been a part of a petal, a dinosaur’s skin, or even a diamond!

5.6 RECAPITULATION
Nutrient cycles are the link between abiotic and biotic components of
ecosystems. By the process of nutrient cycling, the nutrients from
their pool (mainly in the soil, in some cases the atmosphere), fuelled
by the energy from the sun, get converted into organic substances,
then enter into a chain of biotic elements through food chains (more on
food chains in the next unit). Again, as the biotic components finish
their life-cycles and die, the nutrients come back to their pool.

Human activities have impacted these cycles leading to disbalance in
nature. For example, humans have intervened in earth’s phosphorous
cycle in three ways. 1. By mining large quantities of phosphate rock
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GLOBAL WARMING
As you know, Troposphere, the lower-most layer in the
atmosphere, traps heat by a natural process called the
‘greenhouse effect’. The amount of heat trapped depends
on the concentrations of heat-trapping gases or
‘greenhouse’ gases. Carbon-di-oxide is one of them.
Recent studies have shown a sharp increase in carbon
dioxide concentrations in the atmosphere. This increase
is due to disturbance in the carbon cycle, mainly
attributed to fossil fuel burning and fast-shrinking forest
cover due to rapid and rampant felling of trees and
clearing of forest lands for other uses and priorities.
This has enhanced the greenhouse abil ity of the
troposphere, resulting in increased heat trapping and
rise in global mean temperature of the earth. This
phenomenon is referred to as ‘Global Warming’. Some
possible effects of global warming are: impacts on
agriculture and food production; severe impacts on
natural ecosystems like damage to their ability to
regulate themselves; sea level rise due to melting of
polar ice caps—this may threaten about one third of
world’s population and a third of the world’s economic
infrastructure concentrated in coastal regions. Food and
freshwater supplies to certain human communities may
also be affected, and disease patterns are also likely to
be altered.

mainly for use in inorganic fertilizers and detergents; 2) A lot of available
phosphate is removed by humans in the process of cutting large
numbers of trees in the rainforests (where once the trees are cut, the
soil nutrient gets washed away very rapidly in the rains, making the
forest land unproductive); 3) adding excess phosphate to aquatic
ecosystems in runoff of animal wastes (from livestock), runoff of fertilizers
from cropland, and also discharge of sewage (detergents have very
high level of phosphates). We have already looked at the impacts of
too much nutrients in (refer box ‘Too Much Nutrients’ in this unit) water
bodies. Scientists estimate that human activities have increased the
natural rate of phosphorous release into the environment by over 3
folds. This is just one example of human interference into the natural
cycling of nutrients. Such changes in turn have influenced both abiotic
as well as the biotic components of nature.
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TOO MUCH NUTRIENTS!
Eutrophication  i s  a  natura l  process by which
waterbodies gradually age and become more productive.
Three main stages explain the process of eutrophication.
These are oligotrophy, mesotrophy and eutrophy.
Stagnant water bodies go through these stages as part
of their life cycles. In nature eutrophication is a slow
process and may take thousands of years to progress.

When one or more of these stages is sped up or even
skipped over completely, the natural balance is disrupted
and may destroy the ecosystem. Human activities have
accelerated this process tremendously. The nitrates and
phosphates from synthetic detergents, domestic
sewage, agricultural run-off and some industrial wastes,
give unnatural nourishment to algae (microscopic plants),
caus ing them to  f lour i sh  in  huge amounts  on
waterbodies. As the algal growth explodes, it forms a
cover on the water surface. This could starve the
submerged life in the waterbody of oxygen and sunlight
which are vital for life and photosynthetic activity. If
uncontrolled, they choke the oxygen supply normally
shared with other organisms like fish, etc., living in water.
When these algae die, their decomposition uses up even
more oxygen. As a result, the water becomes deficient
in oxygen, fish die of suffocation and bacterial activity
decreases. These conditions encourage organisms that
can survive in the absence of oxygen (anaerobic
organisms) to increase in number and attack the organic
wastes. When anaerobic organisms break down organic
substances, they release foul-smelling gases such as
methane and hydrogen sulphide, which are harmful to
the oxygen-requiring (aerobic) forms of life. Such
disturbances slowly lead to the death of all forms of life
in the waterbodies. This phenomenon is known as
eutrophication.

5.7 CONCLUSION
Nutrients are available on the earth in fixed quantities. Through nutrient
cycling, the various nutrients necessary for life on earth, move from the
respective nutrient pool (in the abiotic components) to the biotic
components and back. In nature, the nutrient cycles operate in a balanced
manner.
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5.8

1. Describe the process of nutrient cycling and exemplify it.

2. Comment on the statement ‘human disturbances to nutrient cycling
date back to the invention of agriculture’

3. Nutrient cycles are the link between abiotic and biotic components of
ecosystems. Elaborate.

5.9

C-O Exchange Cycle

Each nutrient e.g. carbon, oxygen, phosphorous, magnesium and so on,
follows a unique cycle. Some elements like oxygen and nitrogen, cycle quickly
and so are readily available for use by organisms. Others, such as phosphorous,
magnesium, etc., take time for cycling, as they are released slowly from
their pool (rocks in the earth, including the oceanic floors). It is usually such
slow cycling nutrients that become the limiting factors for plant growth. It is
for this reason that such nutrients are supplied to crop species through
synthetic fertilizers.

One simple way of explaining these cycles to learners is through the example
of the water cycle—the process of evaporation and transpiration of water from
water bodies and plants, formation of water vapours, and their condensation.
Another cyclical process, which can be explained in a simplified manner, is
the carbonoxygen exchange cycle. Carbon is the basic building block of
carbohydrates, fats, proteins, nucleic acids (DNA/RNA) and other organic
compounds necessary for life. This cycle is specifically important to understand
because carbon-di-oxide is the key component of nature’s temperature
regulation mechanisms. If too much of carbon-di-oxide is removed from
atmosphere, the Earth will cool; and vice versa. Even slight changes in the
Carbon cycle can affect climate and thus life on earth. The following activity
called ‘untangling the cycle’ can help you in explaining the C-O exchange on
our planet and some consequences of increasing carbon-di-oxide is proportion
in the atmosphere.

Group size: 8 or more

Duration: 30 45 minutes

Requirements: Paper, pens/pencils, pins to put on tags

Objective: To describe the C-O exchange in atmosphere

Procedure:

a) Prepare sets of tags/badges, with each set having 4 tags—‘carbon-di-
oxide’, ‘oxygen’, ‘Plants’ and ‘Animals’. Prepare enough sets so that
each student will get one tag.
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b) Ask students to make groups of 8 or 12 or 16 (multiples of four, remaining
can be designated as observers) and ask each group to stand in a
circle. Distribute the tags to the group members at random and ask
them to pin them on their dress.

c) Tell students to follow your instructions as you call them out:

Call out ‘ANIMALS’ and tell all those with ‘Animal’ card to extend their
RIGHT hands to the centre of the circle; Next call out ‘O2’ and ask
these to extend their LEFT hands. Now ask the ‘ANIMALS’ to reach
for the LEFT hands of O2. This symbolizes that ANIMALS breathe O2.

d) Now ask ‘PLANTS’ to extend their RIGHT hands. Next call out ‘carbon-
di-oxide’ and ask them to extend their LEFT hands. Since PLANTS
need carbon-di-oxide for making food, ask them to take hold of carbon-
di-oxide by holding the LEFT hands of carbon-di-oxide with their extended
right hands.

e) Ask ‘PLANTS’ to hold the RIGHT hands of O2 with their LEFT hands,
since they release O2.

f) Ask ‘ANIMALS’ to hold the RIGHT hands of carbon-di-oxide with their
LEFT hands, since they exhale carbon-di-oxide. (LEFT hands are used
for giving and the RIGHT for taking).

g) Now the players are all tangled up. Tell them that the left hand link
signifies giving out of a gas, while the right hand link signifies ‘taking
in’ of a gas. Let each student confirm that it is so in her/his case. Their
task is now to untangle this jumbled network to form a circle. They
must not release hands to do this. Once untangled, a circle will be
formed which represents the cycling of O2 and carbon-di-oxide between
plants and animals.

Discussion

Depict the simplified cycle on the board and initiate an indepth discussion on
the carbonoxygen exchange cycle. You may wish to discuss the possible
impacts that humans have had on this cycle through deforestation, fossil fuel
burning, etc. Asking a few ‘plants’ to drop their hands, or raising the number
of ‘carbon-di-oxide’ in the circle can actually demonstrate this. What effects
will such incidents have on the cycle?

5.9.1 C-O EXCHANGE CYCLE: THE FEEDBACK
(credit points:5)

Share with us one teaching idea (besides this one) that has helped you
explain an abstract concept better in your classroom OR develop an interactive
teaching idea to explain water cycle to students.
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6.1

The major pre-requisites for life to exist on earth include continuous supply of
nutrients (in a usable form) to the living world, and appropriate quantum and
quality of energy to keep the biochemical process going.  In the last unit we
looked at the first process, in this unit, we will try to understand the latter
one. What is the ultimate source of energy for the life to thrive on our planet?
The sun. Yes, but how does the sun’s energy get utilized into the ecosystems
and their processes? How do various elements of the ecosystems get their
energy? Is there too much or too little energy available? How do the natural
systems maintain an energy balance? These are some of the questions,
which will be discussed in this unit.

6.2

On completion of this unit, you should be able to

Explain the flow of energy in ecosystems

Define food chains and state their major types

Appreciate links between nutrient cycles and energy flow and ecological
significance of these processes.

6.3 UNDERSTANDING ENERGY FLOW
It is a fact that any kind of ‘work process’ will either require or release energy.
Thus if we want to study the functioning or the working of an ecosystem, we
must understand the basic principles and laws of thermodynamics, in an
ecological context:

(i) The first law of thermodynamics states that energy may be transformed
from one type into another but is neither created nor destroyed.

(ii) The second law states that no energy transformations are hundred per
cent efficient, i.e. energy is always being transformed from a more
useful to a less useful form.

(iii) Under natural conditions, energy tends to flow from higher level to the
lower one. This is a derivation from the second law of thermodynamics.

The ecological implication of these laws is that energy cannot be produced in
ecosystems from nowhere. Thus when we say ‘productivity of ecosystems’,
we refer to the transformation of one form of energy (say, solar) into another
(say, organic form in plant bodies). Secondly, transfer of energy from one
organism to the other, is never hundred per cent efficient, i.e. all energy
transformations always involve energy loss in the form of heat energy that is
not available to the organism. The amount of loss may vary from one
transformation process to the other, but it invariably occurs. Let us, in the
next section, try to analyze the energy flow in an ecosystem.
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6.3.1

1. State the two laws of thermodynamics.

2. Explain the following: “No energy process is 100 per cent efficient”

6.4 ENERGY IN ECOLOGICAL SYSTEMS
The ultimate source of energy for all ecological systems is the sun. The
energy that enters the earth’s atmosphere as heat and light is balanced by
the energy that is absorbed by the biosphere, plus the amount that leaves
the earth’s surface as invisible heat radiation (first law of thermodynamics).
When solar energy strikes the earth, it tends to be degraded into heat energy.
Only a very small part (about 10 per cent) of this energy gets absorbed by the
green plants, and is subsequently transformed into food energy. The food
energy then flows through a series of organisms in ecosystems. All
organisms, dead or alive, are potential sources of food for other organisms. A
grasshopper eats the grass, a frog eats the grasshopper, and a snake eats
the frog and is in turn eaten by a peacock.  When these creatures die they
are all consumed by decomposers (bacteria, fungi, etc.).

6.5 FOOD CHAINS
In an ecosystem, the sequential chain of eating and being eaten is called a
food chain. It is this process which determines how energy moves from one
organism to another within the system. In a food chain, energy (organic form)
is transferred from one organism to another. Ideally, this transfer or flow of
energy from the sun to green plants to herbivores to carnivores should be 100
per cent efficient. But in reality this does not happen, because at each link in
a food chain, 80 to 90 per cent of the energy transferred is lost as heat
(second law of thermodynamics). It is because of this loss that fewer individuals
are found at each successive level of the food chain (e.g. fewer carnivores
than herbivores). This also limits the number of levels in a food chain. All
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organisms are part of a food chain, and may be part of more than one.
Food chains usually consist of producers, primary consumers, secondary
consumers, tertiary consumers and decomposers.

Every organism in an ecosystem can be assigned a feeding level, referred
to as the trophic level. A trophic level consists of those organisms in
food chains that are the same number of steps away from the original
source of energy. Green plants would be grouped in the first trophic level
(producers), herbivores in the second trophic level (primary consumers),
and carnivores in the third (secondary consumers) and so on.

Can you think of a food chain that you have seen operating in nature?

Types of Food Chains

Though all food chains comprise of a series of living organisms which are
interdependent on each other for food and hence energy, they may not
always be similar. In nature there are two major types of food chains: the
first starts from a base of green plants and goes on to herbivores and
finally to carnivores. This is called the grazing food chain. The other
starts from a base of dead organic matter, proceeding to a variety of
other organisms, including scavengers, insects and microorganisms,
and is called the detritus food chain. Grazing food chains and detritus
food chains are linked, as dead organisms from the grazing food chain
form the base for the detritus food chain. This in turn provides nutrients
vital to green plants. One could not exist without the other. A number of
food chains interwoven with one another give rise to a structure similar to
the delicate web of a spider. These interlocking patterns formed by several
food chains that are linked together are called food webs. Exploring
connections between various components of an ecosystem can be an
exciting activity.

6.5.1

1. What role do decomposers play in nutrient cycling and energy
flow?

2. What are food chains? Give an example of food chain from your
surroundings.

3. What are the two major type of food chains? Are they linked?
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6.6 UNDERSTANDING FOOD CHAINS
Trophic levels in a food chain can be shown graphically
through ecological pyramids, with producers at the
base and successive levels of consumers forming the
higher layers. Ecological pyramids are of three basic
types: pyramid of numbers, in which the numbers of
individual organisms are depicted; pyramid of
biomass, based on the total dry weight or other
measures of the total amount of living matter; and
pyramid of energy, in which the energy assimilated
and/or productivity at successive trophic levels are
shown. Ecological pyramids are used for comparing
biomass and energy flow between trophic levels. Such
comparisons can be used for identifying which
ecosystems or communities are more efficient in terms
of energy transfer.

BIOLOGICAL MAGNIFICATION
In food chains, it is not only nutrients that get
transferred. Toxic substances may be transferred from
one trophic level to another too. In some cases, the
concentration of the toxic substance increases with
every increase in the trophic level. This increase in
concentration of a toxic substance, with every link in
the food chain, is called biological magnification or
biomagnification.

 The oft quoted example of biomagnification is the
buildup of DDT across various trophic levels in a food
chain. To control mosquitoes, DDT was sprayed in
Long Island, U.S. DDT levels used were carefully
regulated so that they were not directly lethal to fish
and other wildlife, but only to the mosquitoes. As
mosquitoes got killed, the DDT did not get washed
out to sea as was predicted. Rather, the poisonous
residues got absorbed on detritus and eventually
became concentrated in the tissues of detritus feeders
and small fishes, and step-by-step got concentrated
in the top predators such as fisheating birds. As a
result, the shells of eggs laid by these birds were not
fully formed and hence could not give protection to
the embryo. Thus no chicks hatched. This ultimately
wiped out whole populations of predatory birds, leaving
the island ecosystem unbalanced.

Can you recall the story, ‘Cats were parachuted’. Do
you think biomagnification was a problem there?
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6.7 CONCLUSION
Understanding the flow of energy in and through ecosystems can help in
developing a greater understanding of how nature works. Before the evolution
of green plants, the movement of solar energy on our planet would have been
quite different than what it is today. Detailed studies of energy flow and energy
balance in ecosystems (through the past and in the present) can help in
understanding the energy balance of the earth and the role of living beings
and processes in the same. This in turn would help in establishing the impacts
of human on the earth’s energy balance.

6.8 RECAPITULATION
Energy flow in ecosystems is governed by the two laws of
thermodynamics

Energy movement is always unidirectional (from a higher end to a
lower end) and hence this movement is called ‘energy flow’.

The ultimate source of energy for ecosystem processes is the Sun.
The ecosystems on earth can harness/process a very small fraction of
solar energy reaching the earth.

The sequential chain of eating and being eaten by other organisms in
nature is called ‘food chain’. Food chains are the link through which
the nutrients as well as energy move in an ecosystem.

Study of food chains operating in an ecosystem can help in
understanding the energy flow in, and productivity of, an ecosystem.

6.9

1. Define food chains. Give their types.

2. Describe biological magnification.

3. Food chains are the link between nutrient cycling and energy flow. Explain.

6.10

Energy Relay

As we know, the ultimate source of energy for all processes on our planet is
the sun. In most ecosystems, this solar energy is trapped by green plants
and converted into organic energy (carbohydrates) through the process of
photosynthesis. A part of this organic energy is utilized by the green plants
for their own growth, repair, reproduction, etc., and the remaining is available
to plant-eating animals. Plant-eaters are eaten by meat-eaters, and thus a
part of this is in turn available to meat-eating animals. This natural chain of
eating and being eaten is called as ‘food chain’. Thus a food chain is that
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sequence of organisms through which energy is transferred in an ecosystem.
All organisms are part of a food chain and may be part of more than one.
Depending on the number of steps away from the original source of energy in
a food chain, each group of organisms comprises a trophic (feeding) level.
Thus green plants (producers) make the first trophic level; herbivores (primary
consumers) the second; and carnivores (secondary consumers) the third.  If
each organism is food for another and so on, then food chains in nature would
be neverending. But in reality it is not so. Why? Because with each step
added onto the food chain, more and more energy gets lost, at the end leaving
such little and low quality energy that no living being can use it. How does
energy get lost? This can be a very abstract concept for your students to
understand. The game explained, ‘energy relay’ here can help you in explaining
this concept.

Group size: Up to 60 players

Duration: 30 minutes

Requirements: Two transparent tumblers or cups of the same size, spoons
(one for each player), measuring cylinder

Objective: To demonstrate that energy is lost as it passes along the food
chain.

Procedure:

1. Make the players stand in a line.  The line should have about fifteen
players. If there are more than fifteen players, make them stand in two
or three lines of fifteen players each.

2. Take a cup of water. Call two or three players and ask them to measure
the amount of water in the cup using the measuring cylinder. All players
should be asked to make a note of the amount of water that is put in
the cup.

3. Give the cup of water and a spoon to the first player in the line. Give an
empty cup and a spoon to the last player in the line. Give one spoon
each to all the players in the line.

4. Ask the first player to take a spoonful of water from the cup and transfer
it to the second player’s spoon. The second player then transfers the
water he/she received to the third player in the line. After this transfer,
the second player gets another spoonful of water from the first player.
Meanwhile, the third player passes the spoonful of water to the fourth
player and so on. The last player receives water in his/her spoon and
empties it into the cup that he/she holds.

5. After all the water has been emptied into the last player’s cup, call a
couple of players and ask them to measure, using the measuring
cylinder, the amount of water.

6. Ask them to show the measuring cylinder to all the players so they
can make a note of the amount of water in the last cup.
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Discussion

What happened to the missing spoons of water?

Explain that each spoon of water represents a quantity of energy and that
some amount of energy loss takes place with every transfer. This is the
Second Law of thermodynamics.

With this game as an example, clarify the concept of energy loss and discuss
the loss of energy that would take place in food chains in nature.

6.10.1 ENERGY RELAY: THE FEEDBACK
 (credit points: 5)

Can this game, with small variations, be used for explaining any other concept
to children? Share one such idea with us.

THE MINAMATA DISASTER
In the fishing village of Minamata on the southern island
of Kyushu in Japan, in the early 1950s, cats started dying
in large numbers. They had eaten poisoned fish. Soon,
the signs of poisoning appeared in human beings too.
Many of the victims died, others became ill and suffered
convulsions, loss of muscular control, slurred speech,
impaired sight and other symptoms. Babies were born blind,
deformed and mentally deficient. Scientific investigations
revealed the poison to be an organic form of mercury—
methyl mercury. It was found that the methyl mercury
compound was present in the waters of Minamata Bay.
But where did the mercury come from? When investigated,
it was found that a factory there, the Chiso Chemical
Plant discharged mercury into the Bay, along with its other
waste. The inorganic form of mercury underwent chemical
reactions with the organic compounds present in the Bay
and this resulted in methyl mercury being formed. The
methyl mercury was absorbed by fish, which in turn were
eaten by the fishermen and others at Minamata.This was
the cause of the problems.

By the 1970s, around 150 people in and around Minamata
had died of methyl mercury poisoning and more than 1000
others had been declared victims. Chiso Chemical Plant,
which lost the long legal battle to the villagers of
Minamata, paid nearly US$100 million as compensation
amount. For the people of Minamata however, the tragedy
continues. Few of those affected by the poison have
recovered; most will have to live with the damage for the
rest of their lives.
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7.1

With a history dating back some 4.6 billion years the Earth has undergone
many changes. A history of these changes is recorded in the layers or ‘strata’
of rock laid down over the millions of years, and by changes in the groups of
fossils found in these rocks. This unit explores how life on earth has evolved
and changed since then.

7.2
On completion of this unit, you should be able to

Explain the evolution and extinction have occurred

Define biological adaptations and exemplify these

Describe biodiversity and its significance in maintaining the balance in
nature

7.3 THE THEORY OF EVOLUTION
Millions of species of animals, plants, and microorganisms are alive today.
Although different species might look dissimilar, the unity among organisms
becomes apparent from an analysis of internal structures, the similarity of
their chemical processes, and the evidence of common ancestry. Evidences
such as these support the theory of evolution.

Before we look at the theory of evolution, let us understand the word ‘evolution’.
The dictionary meaning of evolution is “A gradual process in which something
changes into a different and usually more complex or better form.”

By the term ‘organic evolution’ we mean evolution of Lifeforms on the earth.
The central thesis of the theory of evolution is that all present day organisms
are related, and that they have descended with modifications from organisms
that lived during the past. This theory was proposed in the publication titled
‘On the Origin of Species through Natural Selection’ (1859) by Charles Darwin.
With the publication of this theory, most naturalists acknowledged that evolution
provided a unifying theory that explained an otherwise collection of biological
facts.

The theory of organic evolution has been supported by evidences such as
embryology, comparative anatomy, geographic distribution of organisms and
to a limited extent, fossil records.

The theory of organic evolution (proposed by Charles Darwin) states that
natural selection (of species in nature) results in the survival of those organisms
which are best adapted to their environment. This phenomenon is called the
‘survival of the fittest’. Survival of the fittest is one of the mechanisms that
accounts for evolution. This process, suggested by Darwin, is popularly known
as the ‘survival of the fittest’.
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There are also other thoughts and theories suggested by different biologist
which explain several other mechanisms in which evolution could have taken
place.

However, the question how exactly evolution works, still does not have a
single answer. New paleontological (fossil based) discoveries, as well as the
development of theories on the close interaction between organisms and
their environment, have profoundly changed the way in which scientists look
at evolution. At the same time, rapid accumulation of molecular information
and new techniques in developmental biology has revolutionized the different
views on evolution of life.

7.4 EXTINCTION OF SPECIES
Just as the process of organic evolution is a natural process, the extinction of
species is also a natural process. A species becomes extinct when its last
representative dies. One of the most well known examples of extinction is, in
fact, that of dinosaurs. More recent examples of extinction include the pink
headed duck and dodo.

Most of the species (99.9 per cent) that have lived on the earth no longer
exist. In nature, extinction of a species occurs when the environment changes
and the adaptive characteristics of that species are insufficient to allow its
survival. In nature, the causes of extinction can be either Biological (Predation,
Competition, etc.) or Physical (Climate change, Sea-level change/habitat loss,
asteroid/comet impact, etc).

Extinction can broadly be categorized as local extinction: One or more
populations of a species disappears from part of its habitat, e.g. Cheetah is
extinct from India, but is still found in Africa; Pseudo extinction/phylogenetic
extinction: When one species evolves into another (evolutionary line continues)
with no net loss of species; Terminal Extinction: When a species lineage
becomes extinct in all habitats, leading to loss of a species, e.g. the dodo.

If extinction is a natural process, why you think many reports with titles such
as ‘the vanishing diversity’ or ‘the lost species’, etc. make headlines.

While extinction of some species and evolution of new ones is a part of the
natural process of evolution, these two processes occurred at a roughly equal
rate over most of the history of life on earth. But now, the rate of extinction
has outstripped the rate of ‘speciation’ (i.e. the evolution of new species).
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How Fast Are We Losing Them?

During the last 200 million years, as part of the process of evolution,
100 to 1000 species became extinct every century. In recent centuries,
human activities have accelerated the extinction of species. Today the
extinction rate is 1,000 to 10,000 times higher than the natural rate
before human intervention.

More than 700 species of vertebrates, invertebrates and vascular plants
have become extinct since AD 1600. Untold numbers probably have
become extinct without ever being identified or described.

Some of the habitats richest in biodiversity, such as tropical rainforests,
are being destroyed because of human activities. The destruction of a
habitat could lead to extinction of species that lived there and can live
nowhere else.

Over the last few decades India has cut down at least 50 per cent of its
forests, polluted over 70 per cent of its water bodies, built or cultivated
over much of its grasslands, and degraded many coastal areas. This
has led to many species becoming threatened.

At least 10 per cent of India’s recorded wild flora (mainly flowering
plants) and possibly a larger percentage of its wild fauna are threatened.
Exactly how many are on the verge of extinction, no one knows.

DID YOU KNOW?
Ecological significance of the process of extinction

Ecology helps us to understand the importance of mass
extinctions in evolution. One of the important concepts
is that of ‘ecological niche’ (more details in Unit 2). The
environment is divided into millions of ecological niches,
each of which represents a potential ‘home’ for life.
Animals and plants will always try and take advantage
of new opportunities, and so will always attempt to make
a ‘home’ in an empty niche. In general, only one animal
or plant can occupy a particular ecological niche - when
two organisms try to occupy the same niche they will
compete for the same resources, and one will always
out-compete the other. However, when a niche becomes
vacant - for example when the species which occupied
it becomes extinct - there is a race to try and fill it.
Mass extinctions open up a multitude of niches, and there
is an evolutionary explosion as animals and plants adapt
to fill the vacant ‘homes’.
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7.4.1

1. Define evolution. What is the central thesis of theory of evolution?

2. Is extinction a natural process? Is extinction of species a concern
today?

3. State different kinds of extinction.

7.5 BIOLOGICAL ADAPTATIONS
Why is it that camels are not found in Jammu and Kashmir and that lions are
not found in Tamilnadu? It is so because each organism is adapted to live in
a certain kind of environment.

All organisms have the ability to adapt to the surrounding environment.
Organisms exhibit responses to change (beyond the optimum range) in the
environment. Such responses, exhibited by an organism to its environment,
which are capable of being transmitted to the next generation, are called
adaptations. Technically, a biological adaptation is defined as “an inheritable
characteristic of an organism that increases its reproductive success”. An
adaptation is thus any alteration in the structure or function of an organism or
any of its parts that results from natural selection (a part of the process of
organic evolution) and by which the organism becomes better fitted to survive
and multiply in its environment. Simply put, adaptations are behaviours/
characteristics that are favoured by natural selection.

Adaptations help organisms to adjust to changes in their environment. All
plants and animals are adapted to survive within the framework of non-living
and living factors prevailing in their surrounding. For example, a cactus’ ability
to retain water is an adaptation to the dry, desert climate, i.e. its non-living
environment, while its needles (commonly called thorns) discourage grazing
and hence are an adaptation to the living or the biotic environment.

The ability of an organism to adapt is one of the key factors which decide the
chances of its survival. We have already learnt that environmental conditions
fluctuate from time to time. Some species can adapt much faster than others
to such changes. Usually species with shorter life-cycles and higher genetic
variety, like viruses, bacteria, pests, etc., adapt faster than others. Inability of
a species to adapt to its changing environment could result in its
disappearance, leading to its extinction.
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Adaptations can be classified into three basic types: physiological, behavioral,
and structural.

Physiological adaptations take place in the processes carried out in the
body of the organism. For example, camels produce concentrated urine in
order to conserve water.

Behavioural adaptations are adaptations with regard to behaviour, i.e. what
an organism does. Examples of behavioural adaptations include mimicry,
migration, and diurnal/nocturnal activity, etc. For example, during winters,
many birds from the temperate countries fly down to sub-tropics and tropics
(you may have heard about Siberian Crane coming to Bharatpur in winters).
This is ‘migration’, a behavioural adaptation that helps these bird species
avoid harsh winters in the temperate regions.

Structural adaptations are changes in the anatomy or body structure of an
organism. Webbed feet of the duck is an example of structural adaptation
that helps them in swimming and locomotion.

7.5.1

Fill in the blanks:

1. Any trait which makes an organism well-suited to its environment is
called an ___________.

2. The ability of most humans to break-down lactose (a type of sugar
found in dairy products) is an example of a _______________  (type
of) adaptation.

3. Many apes build sleeping nests in trees. This makes them less
vulnerable to predation at night time, and is an example of a
_______________ (type of) adaptation.

4. Herons use their long sharp bills to spear fish and amphibians. This is
an example of a _____________ (type of) adaptation

7.6 BIOLOGICAL DIVERSITY
Biological diversity or biodiversity refers to the range of Lifeforms on earth.
These include millions of plants, animals and microorganisms, the genes
they contain, and the intricate ecosystems of which they are a part. Biodiversity
is usually described in terms of three levels:

Genetic biodiversity: It is the diversity of basic units of hereditary information
(genes) within a species, which are passed down the generation. For example
the different varieties of rice (basmati, deharaduni, jeerasir, etc.) belonging to
the one single Oryza sp. Also different biological races of human beings are
an example of genetic diversity. An important feature of the varieties or races
is that individuals belonging to different varieties can breed with each other
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ADAPTING TO THE ESERT
In the desert region, it is important for animals and plants
to a) reduce water loss to a minimum, and b) tolerate
high temperature ranges. Creatures have evolved many
ways to do this. For example, scales on reptiles—a group
of animals well adapted to the desert environment—help
reduce water loss. Spiders, scorpions, millipedes and
insects have body coverings which reduce the rate of
evaporation. Producing concentrated urine helps desert
reptiles reduce water loss from the body. Hare, a common
desert animal, has large ears well supplied with an
intricate web of blood vessels. This helps in dispersing
the heat and keeping the animal cool.

Burrowing habit of several desert animals—gerbils, rats,
mice, snakes—help them survive the desert heat. Desert
life is more active after sunset. Nocturnal behaviour helps
desert animals survive in the heat. Nocturnal creatures
hide away in humid and cool places during the harsh
daytime hours, thereby avoiding the heat. They become
active during the night hours.

Camel, the ship of the desert, makes an excellent example
of several kinds of adaptations. Camels’ feet have resilient
cushion-like soles for walking on sand. Camel’s nostrils
and eyelids also protect the animal in sandy conditions
by filtering out the dust particles in the air. Their humps
contain fat, which is used in case the food supply is
short, but otherwise kept in reserve. Camels can remain
active for weeks without drinking water, because they
reduce water loss considerably by keeping their body
temperature constantly at around 400C. Also the animal
has very thin blood which remains in a functional fluid
state even after the animal loses quarter of its body
weight due to loss of water.

Several desert plants have leaves highly reduced in size—
smaller surface area means less transpiration, thus
reduced water loss. Grasses, which make one of the
most dominant plant groups in the desert, show
marvelous adaptations to their environment. They
synchronize their life-cycle to the rains—they have a
very brief reproductive stage with a very quick flowering
process synchronized to the brief showers that the desert
receives. Also, in case of lack of water, grass seeds can
remain dormant for long periods of time and germinate
only on the onset of favourable environmental conditions.
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and produce viable offspring and hence they all belong to the same species
(recall the definition of species, for details refer Unit 3).

Species biodiversity: As we have already discussed, each species is distinct
from every other species. Some examples of such diversity include horses
being distinct from donkeys and as are cats from dogs. This is the most
commonly referred level of biodiversity.

Ecosystem biodiversity: Ecosystem diversity is the diversity of habitats (a
place or site where an organism or a population of organisms naturally occurs),
which include different Lifeforms within. Ecosystem diversity can refer to two
phenomena—diversity of species within an ecosystem as well as the diversity
of ecosystems on our planet.

7.6.1

1. Give some examples of different types of adaptations.

2. State one example each of genetic biodiversity, species biodiversity
and ecosystem biodiversity.

3. Define domesticated biodiversity

7.7 BALANCE IN NATURE
Homeostasis is a state of relative constancy vital to the survival of organisms.
In nature, the state of Homeostasis is found at various levels. We know that
our bodies have the regulatory mechanism to keep our body properties
(temperature and function wise) in a balanced state; similarly ecosystems
also possess many mechanisms that either resist change or help them
recover from change, which helps to keep natural systems in a state of relative
constancy. Numerous biotic and abiotic factors influence the growth of
populations. Some stimulate growth; others deter growth. Ecosystem
homeostasis is the result of the interaction of these factors. In ecosystems,
changes in biotic and abiotic conditions lead to a cascade of effects, but the
systems tend to return to normal over time. The ability to resist change is
called resilience.
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THE CONCERN
The ability of ecosystems to recover from small changes minimizes and
sometimes negates the impacts of human actions. Thus it has led to a feeling
among us, the humans that if ecosystems are selfmaintaining, then why not
throw all wastes into nature and let nature take care of it? However, in many
instances, though, human actions can overwhelm the recuperative capacity
of natural systems. Stresses beyond the tolerance limits of these systems
can be fatal for the biosphere and hence for us. For example Dal Lake situated
in Srinagar, one of India’s most well known lakes, is rapidly deteriorating. The
lake attracts thousands of visitors every year. This pressure from the tourism
industry adds nutrient-rich sewage to the lake which has resulted in
eutrophication as a result of which, the lake is being rapidly colonized by a
fern called Salvinia natans and algae. The lake is getting choked and will die
if corrective measures are not taken. Here it is important to mention that
wetlands also play a key role in groundwater recharge. Destroying a wetland
can affect the groundwater status.

The other concern is that in the process of modifying ecosystems to suit our
demands, we unknowingly simplify them. For instance, on the one hand we
clear dense forests containing thousands of interrelated plant and animal
species for a variety of human needs and requirements, like housing, setting
up industries, etc. and on the other hand, try to balance it by afforestation
programmes which create plantations of single or fewer species and not forests
that are made up of numerous species in close interaction. Such simplified
systems are highly vulnerable. With growing human population, too many of
the world’s complex, mature ecosystems have been made young and simple.
Such alarming trends, if not attended to in time, can jeopardize the biosphere.

DID YOU KNOW?
When we think of biodiversity we tend to think only of
wild plants and animals. But there is also considerable
diversity among domesticated plants and animals.
Domesticated biodiversity is the result of either the
adaptation of crops and domestic animals to different
climatic and geophysical condition or of the manipulation
by humans of genetic diversity within species to produce
new varieties of crops and new breeds of domestic
animals. Since the invention of agriculture, people in
different parts of the world developed different plant
and animal varieties to meet certain needs and conditions.
These included higher productivity, better taste,
resistant to pest or disease, etc. Many such varieties of
crops such as rice, wheat, etc. exist. There are also
several breeds of cattle, poultry and other domesticates
animals. The Kankrej cow, for example is adapted to
survive in semi-arid conditions.
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7.8 RECAPITULATION
Organic Evolution (evolution of Lifeforms on earth) is an on-going
process.

Extinction of species is a natural process. Mass extinctions lead to
creation of new ecological niches, which in turn help in creating more
diversity of Lifeforms.

Most organisms have the ability to adapt to their environment. In case
of an extreme change in environmental conditions, sometimes the
limited ability of a species to adapt become insufficient to allow it to
survive, resulting in its extinction

The biological world is rich with diversity. Life in some form can be
found in nearly every conceivable environment on the planet earth.
This diversity is in part the result of organisms adapting to exploit new
environments.

Due to increased human impacts on the environment, rate of extinction
has overtaken the rate of evolution, disturbing the balance in nature.
Further, human impact also has adversely affected the balance in nature.

7.9 CONCLUSION
Organic evolution accounts for a diversity of species developed through gradual
processes over many generations. Species acquire many of their unique
characteristics through biological adaptation, which involves the selection of
naturally occurring variations in populations. Extinction of a species occurs
when the environment changes and the adaptive characteristics of a species
do not enable it to survive in competition with its neighbours. Fossils indicate
that many organisms that lived long ago are now extinct. Extinction of a
species is common. Mass extinctions help in creating newer niches, facilitating
the process of evolution.Like evolution and extinction, all processes in nature
operate in a state of balance. The homoeostatic property of nature helps the
natural systems to regulate this balance.

7.10

1. Define evolution. Do you think survival of the fittest is the mechanism
that helps in evolution?

2. It is said that humans are highly evolved species on this planet. If
nature has a control on evolution and that only the fittest survives, has
nature erred in selecting humans as an evolved species? Give your
opinion.

3. Extinction is important for evolution. Elaborate.

4. Biodiversity plays a key role in maintaining the balance in nature. Device
an interactive teaching idea on this concept, try it with your students
and share your idea and feedback with us.
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7.11

Quadrat Exercise

The greatest diversity of species exists in mature ecosystems. Ironically
today human activities disturb these ecosystems the most. Some of the
highly diverse ecosystems include rain forests, other tropical forest types, as
well as the oceans that support a diversity of plants and animals. However,
most of these systems have been modified by humans to suit our demands—
to process environmental resources the way we want and to produce the
output that would fulfill human needs and demands. Such activities have
severely impaired the productivity and sustainability of these systems, because
the process of modifying ecosystems to suit human demands simplifies them.

The following plotting activity could help students understand that some
ecosystems are highly diverse while some are not.

Group size: 20-25

Duration: About half a school day

Requirements: Long iron nails and meter scales and strings (or quadrats),
pen and paper.

Objective: To enable students to understand that species diversity is different
in different ecosystems; and to help them build their skills of monitoring
biodiversity.

Procedure: Make groups of 4-5 students each. Take students outdoors to at
least three significantly different green locations—may be a roadside plantation
site, a garden, a woodland, etc.

In each of the areas, ask the groups to randomly select at least three different
sites. Give the following instructions:

1.  For each of the three selected sites make a quadrat (size would depend
on the plant diversity—higher diversity, smaller quadrat) by marking
the four corners using the nails and the string to draw the perimeter.

2. In each quadrat, record observations in the form of how many plant
species are present in the quadrat. Inform the students that it is not
necessary to know the scientific names of the plants. For identification
they may give their own names—plants with purple flowers may be
named as ‘P’, plants with serrated leaf margins as ‘S’, tall herbs as ‘T’
and so on.

3. For each of the three quadrats, calculate the average species diversity
by dividing the number of species found by the area of the quadrat.
Thus for each area, at least three such readings will be available. From
these three, derive an average species diversity figure for that area.

Repeat steps 1 to 3 for each of the three green sites. Once back to the
classroom, ask each group to plot a graph comparing the species
diversity of the three areas.
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Discussion

Ask the students what is the species diversity in each case? Is it different for
the three selected areas? What could be the reasons for these differences?
Categorize them into natural and human-made.

Discuss possible human impacts on the biodiversity of a region.

7.11.1 QUADRAT EXERSISE: THE FEEDBACK
(credit points: 5)

1. What kinds of plot areas did your students select (such as roadside, a
riverbank, a children park, etc.)

2. Were the students very concerned about knowing names of the various
plant species? Did you know names of some plants? How did you
tackle this particular concern of theirs?

3. What were some of the key conclusions that students came out with
, based on the data collected and observations made?
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ANSWERS TO ‘CHECK YOUR PROGRESS’
1.4.1

Multiple choice

1. b 2. d

True or False

3. True 4. False

1.5.1

Fill in the blanks

1. up and down

2. tropo and strato

3. Stratospheric ozone

4. Carbon di oxide and oxygen

1.6.1

Chose the odd item:

1. a. Rock. The remaining three are the zones of lithosphere.

2. d. Lakes. The remaining are all manifestations of tectonic movements.

3. c. Hydrogen. The remaining are all atmospheric gases.

4. a. Sunlight. The remaining are forces that shape features of a landscape.

2.3.1

Fill in the blanks

1. ‘Life at home’

2. Environment

3. Laws of ecology

2.4.1

1. Match the following

1 to c

2 to a

3 to e

4 to b

5 to d
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2. Correct sequence of events in the story titled “Cats Parachuted’ is
as follows:

d ABC Health Services sent DDT to Gyanpur

e Mosquitoes were wiped out

l Lizards ate mosquitoes and stored DDT

b Lizards slowed down

i Cats caught lizards

k Lizards disappeared

h Cats died

c Caterpillar numbers went up

f Caterpillars ate grass roofs

a Rats increased

j Rats spread the plague

g Cats were parachuted in

2.5.1

State true or false

a) Falseb) True

c) Falsed) False

3.3.1

Fill in the blanks

a) Ecological communityb) Dominant

c) Ecological succession

3.4.1

State true or false

1. False2.  True

3. True 4. False

4.3.1

1. An ecosystem is a community of organisms involved in a dynamic network
of biological, chemical and physical interactions between themselves and
with the nonliving components. The ecosystem differs from an ecological
community in having both abiotic (non-living) as well as biotic (living)
components. An ecological community is made up of living beings only.
2. Biotic components of an ecosystem include plants (autotrophs), herbivores,
carnivores, etc.); the abiotic components include air, water, land and the
various properties and qualities of these (turbidity of water, salinity of soil,
humidity in the air, etc.)
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3. Autotrophs are self feeders. They can make the organic nutrients they
need, using simple inorganic compounds in their environment. Heterotrophs
(also called consumers) cannot make their own required nutrients/food. They
directly or indirectly depend on food provided by autotrophs (also called
producers).

5.3.1

Fill in the blanks:

1. Energy flow and nutrient cycling

2. Nutrient

3. Micronutrient and macronutrient

6.3.1

1. The two laws of thermodynamics are: Energy can neither be created nor
destroyed; No energy process is 100 per cent efficient

2. The second law of thermodynamics, ‘no energy process is 10 per cent
efficient, implies that in any of the energy transformation, there is always a
loss (energy wastage, in the form of energy that cannot be captured and
transformed by that process). It is thus said that energy always gets
transformed from a high grade form to a lower one.

6.5.1

1. Decomposers are the connecting link between nutrient cycles and energy
flow in an ecosystem. They break down complex organic molecules (energy
loaded nutrients) into their simpler forms, the forms in which they exist in the
nutrient pool. Also the decomposers function at a very low level of energy in
the food chain, thus utilizing low grade organic energy that other organisms
would not be able to use.

2. The chain of eating and being eaten in nature is called food chain. A common
example of food chain is a garden lizard eating an insect and in turn being
eaten by cats or birds.

3. The two major types of food chains are the grazing food chains and the
detritus food chain. Yes they are linked, for example an end or a byproduct of
a grazing food chain can be the beginning of a detritus food chain.

7.4.1
1. ‘Organic evolution’ is the evolution of Lifeforms on the earth. The central
thesis of the theory of evolution is that all present day organisms are related,
and that they have descended with modifications from organisms that lived
during the past.
2. Extinction is a natural process. Yes, extinction is a concern today because
the pace of extinction has accelerated dramatically (due to human activities)
and is affecting the balance in nature.

3. Extinction can broadly be categorized as local extinction, pseudo extinction
and terminal extinction.
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When one or more populations of a species disappear from part of its habitat,
then the species is said to be locally extinct. e.g. Cheetah is extinct from
India, but is still found in Africa;

When one species evolves into another (evolutionary line continues) with no
net loss of species, it is referred to as pseudo extinction or phylogenetic
extinction (mammoth into elephants);

When a species lineage becomes extinct in all habitats, leading to loss of a
species, it is referred to as terminal extinction (e.g. the dodo).

7.5.1

Fill in the blanks:

1. Adaptation

2. Physiological adaptation

3. Behavioural adaptation

4. Structural adaptations

7.6.1

1. The Migratory behaviour exhibited by some birds is an example of behavioural
adaptation. The modified leaf in cactus spp. is an example of structural
adaptation.

2. The various kinds of rice like basmati, jeerasir, etc. are examples of genetic
diversity. Different kinds of species found on the earth, say the variety of
species within the cat family tigers, lions, leopards, cheetah, etc. are examples
of species diversity. Similarly the variety of ecosystems—types of forests,
different lakes, seas and oceans, etc.—are all example of ecosystem diversity.

3. Domesticated biodiversity is the diversity found among domesticated plants
and animals. It is the result of either the adaptation of crops and domestic
animals to different climatic and geophysical condition or of the manipulation
by humans of genetic diversity within species to produce new varieties of
crops and new breeds of domestic anima


