ENVIRONMENTAL STUDIES
UNIT I

Nature consists of two very much complex, interdependent mutually reactive and
interrelated entities—the organisms and the environment. The organisms can survive only in
appropriate environments, interact with each other, and are influenced by the whole complex
of environmental factors. The various principles that govern the relationships between the
organisms and environment is called ecology. The term ‘ecology’ (Gk. Oikos—house or place
to live, logos—study or discourse) was first introduced by a German biologist Ernst Haeckel
(1869), and defined it as ‘the study of reciprocal relationships between organisms and their
environment’. Ecology is the branch of biology that deals with the study of interactions
between organisms and environment. An understanding of ecological principles is essential
for the sustainable use of resources and to evolve strategies for the mitigation of environmental

problems at local, regional and global levels.

The environment can be understood at both large and small scales. This is reflected in
regional and global climatic patterns, as well as the local climatic conditions called the
microclimate. The term ‘spatial” refers to the physical space occupied by an organism. Most
organisms interact with their environment at several spatial and time scales. For example, a
single bacterium in soil, interacts with air and water within a fraction of a cubic centimetre
space, while a tree interacts with a large volume of air, water and soil at a large spatial scale.
The environment varies from place to place due to variation in climate, and topography. The
activities of organisms influence the hydrosphere, the lower atmosphere and the near surface
part of the lithosphere through exchanges of matter and energy.

WEATHER AND CLIMATE

The term ‘weather’ refers to the short-term properties of the atmosphere (such as
temperature, pressure, humidity, rainfall, sunshine, cloud cover and wind, etc.) at a given place
and time. The average weather of an area including general patterns of atmospheric conditions,
seasonal variations and weather extremes averaged over a long period of time is called climate.
Thus, weather refers to the hourly, daily or weekly changes in the above properties, climate
reflects longer periods, such as season or years. The climate is largely determined by the

temperature and rainfall of an area.



Climatic Zones. The entire earth can be divided into four main climatic regions on the

basis of mean temperature along latitude.
These regions are:

1. Tropical region (0°—20° latitude),

2. Subtropical region (20°—40° latitude),

3. Temperate region (40°-60° latitude), and

4. Arctic and Antarctic regions (60°-80° latitude).

Microclimate. The climatic conditions that prevail in an area of limited size, such as the

immediate surroundings of plants and animals, constitute microclimate.

COMPONENTS OF ENVIRONMENT
The environment is classified into two components: abiotic (non-living) and biotic (living)
components.

A. Abiotic (Non-living) Components The abiotic or non-living components include the
climatic and edaphic factors. The climatic factors include temperature, humidity, rain and
snowfall etc. The edaphic factors comprise the soil and substratum. The ability of organisms
to utilise, tolerate or combat the various abiotic factors are different and it may limit their
distribution, behaviour and relationship with other organisms.

Some of the most important abiotic factors are given below:

1. Temperature. Living organisms can survive only in a narrow range of temperature which
allows their metabolism. The living organisms develop physiological and behavioural
adaptations to withstand extremes of temperature. Many animals (such as some birds and
mammals) migrate to warmer places in winter to avoid extreme cold. Some desert animals live
inside burrows to avoid the intense heat of the desert.

2. Water. Water in an essential requirement of life. No life can exist without water. The
requirement of water varies from organism to organism. The distribution of organisms depends
upon the extent of the need and special adaptations for conserving water.

3. Light. Light is essential for photosynthetic organisms for the preparation of food on which
the rest of the living world depends. Plants show various adaptations for obtaining optimum
light. The activities of a large number of organisms are regulated by light. For example,

cockroaches, moths and bats are active during the night.



4. Humidity. It is the amount of water vapours present in the atmosphere. Humidity regulates
the rate at which water evaporates from the body surface of land organisms by transpiration,
perspiration and other means. Different plants and animals show various adaptations to
withstand dry conditions.

5. Wind. Wind determines the weather condition. It helps in the dispersal of seeds and fruits
of many plants.

6. Mineral Elements. A large number of minerals are required by organisms for their proper
growth. Deficiency or absence of any one results in abnormal growth which may lead to death.
High concentration of minerals are equally harmful and can limit the distribution of organisms.
7. Background. The background of the habitat also determines the distribution of animals by
enabling them to camouflage against the colour, general texture and pattern. For example,
desert animals like the lion and the camel are sand coloured.

B. Biotic (Living) Components

The living organisms form the biotic component of the environment. All organisms require
energy for their life processes and materials for the formation and maintenance of body
structures. Food supplies both energy and materials for the sustenance of life. Green plants
produce carbohydrates by photosynthesis and also synthesise proteins and fats. The green
plants are, therefore, called producers. The animals that consume this energy as food are called
consumers. The non-green organisms like the fungi and some bacteria which are incapable
of producing their food, live on the dead and decaying plant or animal parts are called

decomposers.

TYPES OF ENVIRONMENTS

Environment can be conveniently divided into two categories:

1. Natural environment and

2. Man-made or anthropogenic environment.

1. Natural Environment. The environment that comes into existence without interference of
man is called natural environment. It operates through self-regulating mechanism called
homoeostatic environment mechanism i.e., any change in the natural ecosystem brought about
by natural process is counter balanced by changes in other components of the environment.

2. Man-made or Anthropogenic Environment. The environment which has been modified
by human activities is called man-made environment. Man is the highest of all the creatures on

this earth. He is modifying the environment according to his own needs and ways without



taking into account its consequences. Increase in the scientific technologies which are the

product of human brain is now deteriorating the environment

NEED FOR PUBLIC AWARENESS

With the advancement in technology, explosive increase in human population, scarcity of space
and food, deterioration of hygienic conditions, depletion of natural resources and
socioeconomic problems, one needs extensive and exhaustive study of the environment,
particularly in relation to human survival and benefit. The subject is gaining more popularity
with its name as environmental biology or environmental studies. However, the environmental
biology is not a new discipline but simply an extension of ecological approach which stresses

upon the study of environment in its totality with special emphasis on the welfare of man

CONCEPT OF AN ECOSYSTEM
An ‘Ecosystem’ is a region with a specific and recognizable landscape form such as forest,
grassland, desert, wetland or coastal area. The nature of the ecosystem is based on its
geographical features such as hills, mountains, plains, rivers, lakes, coastal areas or islands. It
is also controlled by climatic conditions such as the amount of sunlight, the temperature and
the rainfall in the region. The geographical, climatic and soil characteristics form its non-living
(abiotic) component. These features create condition that support a community of plants and
animals that evolution has produced to live in these specific conditions. The living part of the
ecosystem is referred to as its biotic component

All the living organisms in an area live in communities of plants and animals. They
interact with their non-living environment, and with each other at different points in time for a
large number of reasons. Life can exist only in a small proportion of the earth’s land, water and
its atmosphere. At a global level the thin skin of the earth on the land, the sea and the air, forms
the biosphere.

Definition: The living community of plants and animals in any area together with the
non-living components of the environment such as soil, air and water, constitute the

ecosystem.

PRODUCERS, CONSUMERS AND DECOMPOSERS
Every living organism is in some way dependent on other organisms. Plants are food for

herbivorous animals which are in turn food for carnivorous animals. Thus, there are different



tropic levels in the ecosystem. Some organisms such as fungi live only on dead material and
inorganic matter

At a higher tropic level, there are carnivorous animals, or animals secondary
consumers, which live on herbivorous animals. In our forests, the carnivorous animals are
tigers, leopards, jackals, foxes and small wild cats.

Decomposers or detrivores Decomposers or detrivores are a group of organisms
consisting of small animals like worms, insects, bacteria and fungi, which break down dead
organic material into smaller particles and finally into simpler substances that are used by
plants as nutrition. Decomposition thus is a vital function in nature, as without this, all the

nutrients would be tied up in dead matter and no new life could be produced.

ENERGY FLOW IN THE ECOSYSTEM

Every ecosystem has several interrelated mechanisms that affect human life. These are
the water cycle, the carbon cycle, the oxygen cycle, the nitrogen cycle and the energy cycle.
While every ecosystem is controlled by these cycles, in each ecosystem its abiotic and biotic
features are distinct from each other

All the functions of the ecosystem are in some way related to the growth and
regeneration of its plant and animal species. These linked processes can be depicted as the
various cycles. These processes depend on energy from sunlight. During photosynthesis carbon
dioxide is taken up by plants and oxygen is released. Animals depend on this oxygen for their
respiration. The water cycle depends on the rainfall, which is necessary for plants and animals
to live. The energy cycle recycles nutrients into the soil on which plant life grows. Our own
lives are closely linked to the proper functioning of these cycles of life. If human activities go
on altering them, humanity cannot survive on our earth

The Energy Cycle

The energy cycle is based on the flow of energy through the ecosystem. Energy from
sunlight is converted by plants themselves into growing new plant material which includes
leaves, flowers, fruit, branches, trunks and roots of plants

Since plants can grow by converting the sun’s energy directly into their tissues, they
are known as producers in producers the ecosystem. The plants are used by herbivorous animals
as herbivorous animal food, which gives them energy. A large part of this energy is used up
for day-to-day functions of these animals such as breathing, digesting food, supporting growth
of tissues, maintaining blood flow and body temperature. Energy is also used for activities such

as looking for food, finding shelter, breeding and bringing up young ones. The carnivores in



carnivores turn depend on herbivorous animals on which they feed. Thus, the different plant
and animal species are linked to one another through food chains. food chains Each food chain
has three or four links. However, as each plant or animal can be linked to several other plants
or animals through many different linkages, these inter-linked chains can be depicted as a
complex food web. food web This is thus called the ‘web of life’ that shows that there are
thousands of interrelationsships in nature

The energy in the ecosystem can be depicted in the form of a food pyramid food
pyramid or food pyramid energy pyramid. The food p energy pyramid has a large base of plants
called ‘producers. The pyramid has a narrower middle section that depicts the number and
biomass of herbivorous animals, w herbivorous animals which are called ‘first order
consumers. first order consumers. The apex depicts the small biomass of carnivorous animals
called - secondary consumers’. Man is one of the animals at the apex of the pyramid. Thus to
support mankind, there must be a large base of herbivorous animals and an even greater
quantity of plant material. When plants and animals die, this material is returned to the soil
after being broken down into simpler substances by decomposers such as insects, worms,
bacteria and fungi so that plants can absorb the nutrients through their roots

ECOLOGICAL SUCCESSION

Ecological succession is a process through which ecosystems tend to change over a
period of time. Succession can be related to seasonal environmental changes, which create
changes in the community of plants and animals living in the ecosystem. Other successional
events may take much longer periods of time extending to several decades. If a forest is cleared,
it is initially colonized by a certain group of species of plants and animals, which gradually
change through an orderly process of community development.

One can predict that an opened up area will gradually be converted into a grassland, a
shrubland and finally a woodland and a forest if permitted to do so without human interference.
There is a tendency for succession to produce a more or less stable state at the end of the
successional stages. Developmental stages in the ecosystem thus consist of a pioneer stage, a
series of changes known as serel stages, and finally a climax stage. The successive stages are
related to the way in which energy flows through the biological system. The most frequent
example of successional changes occur in a pond ecosystem where it fluctuates from a dry
terrestrial habitat to the early colonisation stage by small aquatic species after the monsoon,
which gradually passes through to a mature aquatic ecosystem, and then reverts back to its dry

stage in summer where its aquatic life remains dormant



What is a forest ecosystem? The forest ecosystem has two parts:

The non-living or abiotic aspects of the forest:

The type of forest depends upon the: abiotic conditions at the site. Forests on mountains
and hills differ from those along river valleys. Vegetation is specific to the amount of rainfall
and the local temperature which varies according to latitude and altitude. Forests also vary in

their plant communities in response to the type of soil.

The living or the biotic aspects of the for- The living or the biotic aspects of the forest:
The plants and animals form communities that are specific to each forest type. For instance
coniferous trees occur in the Himalayas. Mangrove trees occur in river deltas. Thorn trees grow
in arid areas. The snow leopard lives in the Himalayas while the leopard and tiger live in the
forests of the rest of India. Wild sheep and goats live high up in the Himalayas. Many of the
birds of the Himalayan forests are different from the rest of India. Evergreen forests of the
Western Ghats and North East India are most rich in plant and animal species

Plants include the trees, shrubs, climbers, grasses, and herbs in the forest. These include
species that flower (angiosperms), and non-flowering species (gymnosperms) such as ferns,
bryophytes, fungi and algae. The animals species of mammals, birds, reptiles, amphibians,
fish, insects and other invertebrates and a variety of microscopic animals. As the plant and
animal species are closely dependent on each other, together they form different types of forest
communities. Man is a part of these forest ecosystems and the local people depend directly on
the forest for several natural resources that act as their life support systems. People who do not
live in the forest buy forest products such as wood and paper, which has been extracted from
the forest. Thus, they use forest produce indirectly from the market. Forest types in India:
Forest types in India: The forest type depends upon the abiotic factors such as climate and soil
characteristics of a region. Forests in India can be broadly divided into Coniferous forests and
Broadleaved forests

Forest types in India: The forest type depends upon the abiotic factors such as climate
and soil characteristics of a region. Forests in India can be broadly divided into Coniferous
forests and Broadleaved forests.

Coniferous forests grow in the Himalayan Mountain region, where the temperatures
are low. These forests have tall stately trees with needle like leaves and downward sloping
branches so that the snow can slip off the branches

Broadleaved forests have several types, such as evergreen forests, deciduous forests,

thorn forests, and mangrove forests. Broadleaved forests have large leaves of various shapes



Evergreen forests grow in the high rainfall areas of the Western Ghats, North Eastern
India and the Andaman and Nicobar Islands.

Deciduous forests are found in regions with a moderate amount of seasonal rainfall
that lasts for only a few months. Most of the forests in which Teak trees grow are of this type.
The deciduous trees shed their leaves during the winter and hot summer months.

Thorn forests are found in the semi- arid regions of India. The trees, which are sparsely

distributed, are surrounded by open grassy areas

Grassland ecosystems

A wide range of landscapes in which the vegetation is mainly formed by grasses and
small annual plants are adapted to India’s various climatic conditions. These form a variety of
grassland ecosystems with their specific plants and animals

Grasslands cover areas where rainfall is usually low and/or the soil depth and quality is
poor. The low rainfall prevents the growth of a large number of trees and shrubs, but is
sufficient to support the growth of grass cover during the monsoon.

Grassland Types in India: Grassland Types in India: Grasslands form a variety of
ecosystems that are located in different climatic conditions ranging from near desert conditions,
to patches of shola grasslands that occur on hillslopes alongside the extremely moist evergreen
forests in South India. In the Himalayan mountains there are the high cold Himalayan pastures.
There are tracts of tall elephant grass in the low-lying Terai belt south of the Himalayan
foothills.

The Shola grasslands consist of patches on hillslopes along with the Shola forests on
the Western Ghats, Nilgiri and Annamalai ranges. This forms a patchwork of grassland on the
slopes and forest habitats along the streams and lowlying areas.

Desert ecosystem

Desert and semi arid lands are highly specialised and sensitive ecosystems that are
easily destroyed by human activities. The species of these dry areas can live only in this
specialised habitat. Deserts and semi arid areas are located in Western India and the Deccan
Plateau. The climate in these vast tracts is extremely dry. There are also cold deserts such as in
Ladakh, which are located in the high plateaus of the Himalayas. The most typical desert
landscape that is seen in Rajasthan is in the Thar Desert. This has sand dunes. There are also
areas covered with sparse grasses and a few shrubs, which grow if it rains. In most areas of the

Thar the rainfall is scanty and sporadic. In an area it may rain only once every few years. In



the adjoining semi arid tract the vegetation consists of a few shrubs and thorny trees such as
kher and babul.

The Great and Little Rann of Kutch are highly specialised arid ecosystems. In the
summers they are similar to a desert landscape. Animals such as the wolf, blackbuck, chinkara
and birds such as bustards and floricans have now become rare all over the country. They must
be carefully protected in the few National Parks and Wildlife Sanctuaries that have natural
grassland habitats as well as outside these Protected Areas

What are the threats to desert ecosystems?

Several types of development strategies as well as human population growth have
begun to affect the natural ecosystem of the desert and semi arid land. Conversion of these
lands through extensive irrigation systems has changed several of the natural characteristics of
this region. The canal water evaporates rapidly bringing the salts to the surface. The region
becomes highly unproductive as it becomes saline. Pulling excessive groudwater from tuwells
lowers the water table creating an even drier environment. Thus human activities destroy the
naturalness of this unique ecosystem. The special species that evolved here over millions of

years may soon become extinct

Aquatic ecosystems

The aquatic ecosystems constitute the marine environments of the seas and the fresh
water systems in lakes, rivers, ponds and wetlands. These ecosystems provide human beings
with a wealth of natural resources. They provide goods that people collect for food such as fish
and crustaceans. Natural aquatic systems such as rivers and seas break down chemical and
organic wastes created by man. However, this function has limitations, as the aquatic
ecosystem cannot handle great quantities of waste. Beyond a certain limit, pollution destroys
this natural function.

Water is an important factor in all our ecosystems. Several ecosystems exist in
freshwater and marine salt water. There is very little fresh water on earth, which is a key
resource for people all over the world.

Aquatic ecosystems may be classified as being stagnant stagnant ecosystems, or
running water running water running water ecosystems. The mud gravel or rocks that form the
bed of the aquatic ecosystem alter its characteristics and influence its plant and animal species
composition. The aquatic ecosystems are classified into freshwater fresh water, freshwater

brackish and marine ecosystems, which are based on the salinity levels



Marine ecosystems are highly saline, while brackish areas have less saline water such
as in river deltas. Coral reefs are very rich in species and are found in only a few shallow
tropical seas. The richest coral reefs in India are around the Andaman and Nicobar islands and
in the gulf of Kutch.

Brackish water ecosystems in river deltas are covered by mangrove forests and are
among the world’s most productive ecosystems in terms of biomass production. The largest
mangrove swamps are in the Sunderbans in the delta of the Ganges.

The Pond ecosystem

The pond is the simplest aquatic ecosystem to observe. There are differences in a pond
that is temporary and has water only in the monsoon, and a larger tank or lake that is an aquatic
ecosystem throughout the year. Most ponds become dry after the rains are over and are covered
by terrestrial plants for the rest of the year. When a pond begins to fill during the rains, its life
forms such as the algae and microscopic animals, aquatic insects, snails, and worms come out
of the floor of the pond where they have remained dormant in the dry phase. Gradually more
complex animals such as crabs frogs and fish return to the pond.

Algae is eaten by microscopic animals, which are in turn eaten by small fish on which
larger carnivorous fish depend. These are in turn eaten by birds such as kingfishers, herons and
birds of prey. Aquatic insects, worms and snails feed on the waste material excreted by animals
and the dead or decaying plant and animal matter. They act on the detritus, which is broken
down into nutrients which aquatic plants can absorb, thus completing the nutrient cycle in the
pond. The temporary ponds begin to dry after the rains and the surrounding grasses and
terrestrial plants spread into the moist mud that is exposed

Lake ecosystem

A lake ecosystem functions like a giant permanent pond.

A large amount of its plant material is the algae, which derives energy from the sun.
This is transferred to the microscopic animals, which feed on the algae. There are fish that are
herbivorous and are dependent on algae and aquatic weeds. The small animals such as snails
are used as food by small carnivorous fish, which in turn are eaten by larger carnivorous fish.
Some specialised fish, such as catfish, feed on the detritus on the muddy bed of the lake.

Energy cycles through the lake ecosystem from the sunlight that penetrates the water
surface to the plants. From plants energy is transferred to herbivorous animals and carnivores.
Animals excrete waste products, which settle on the bottom of the lake. This is broken down
by small animals that live in the mud in the floor of the lake. This acts as the nutrient material

that is used by aquatic plants for their growth. During this process plants use Carbon from CO2



for their growth and in the process release Oxygen. This Oxygen is then used by aquatic
animals, which filter water through their respiratory system.

Marine ecosystems The Indian Ocean, the Arabian Sea and the Bay of Bengal
constitute the marine ecosystems around peninsular India. In the coastal area the sea is shallow
while further away, it is deep. Both these are different ecosystems.

The producers in this ecosystem vary from microscopic algae to large seaweeds. There
are millions of zooplankton and a large variety of invertebrates on which live fish, turtles and
marine mammals. The shallow areas near Kutch and around the Andaman and Nicobar Islands
are some of the most incredible coral reefs in the world. Coral reefs are only second to tropical
evergreen forests in their richness of species. Fish, crustacea, starfish, jellyfish and the polyps
that deposit the coral are a few of the thousands of species that form this incredible world under
the shallow sea.

The marine ecosystem is used by coastal fisherfolk for fishing which forms their
livelihood. In the past, fishing was done at a sustainable level. The marine ecosystem continued
to maintain its abundant supply of fish over many generations. Now with intensive fishing by
using giant nets and mechanised boats, fish catch in the Indian Ocean has dropped significantly.

Seashore ecosystems

Beaches can be sandy, rocky, shell covered or muddy. On each of these different types,
there are several specific species which have evolved to occupy a separate niche. There are
different crustacea such as crabs that make holes in the sand.

Various shore birds feed on their prey by probing into the sand or mud on the sea shore.
Several different species of fish are caught by fishermen. In many areas the fish catch has

decreased during the last decade or two.






