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ENVIRONMENT

Environment is the sum total of all biotic
(living) and abiotic (non-living) factors that
surround and potentially influence an
organism. Some components of the environment
serve as resource, while others act as a regulatory
factor. The different components of the
environment are interlinked and interdependent.
The environment can be understood both at
large and small scales. This is reflected in
regional and global climatic patterns, as well
as the local climatic conditions, the
microclimate.

Spatial and Time Scales of Environment

Most organisms interact with their
environment at several spatial and time scales.
A single bacterium in soil, for example, interacts
with air and water within a fraction of a cubic
centimeter space. On the other hand, 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 variations in
climate, soil type and topography?TJie activities
of organisms influence the hydrosphere, the
lower atmosphere and the near-surface part of
the lithosphere, through exchanges of matter
and energy. Organisms have to cope with the
external environment over a range of time
scales, varying from few minutes to days,
seasons or over a much longer period of
geological time scale. For example,
phytoplankton populations may change within
a few days with the change in light conditions
in aquatic systems. On the other hand, the
variations in lithosphere occur very slowly over
a long period of time.

Climate

The short-term properties of the atmosphere
(such as temperature, pressure, humidity,
rainfall, sun shine, cloud cover and wind), at a

ENVIRONMENT

GREEN ECONOMY

There is no one agreed definition of Green
Economy. India has viewed the concept of
Green Economy in the context of sustainable
development and poverty eradication; which
was one of the themes of Rio+20. Green
Economy is one of the means to achieve
sustainable development. The concept should
not lead to any form of green protectionism,
imposition of conditionality or any intrusion
in the domestic policy space. The document
affirms that there are different approaches,
visions, models and tools available to each
country, in accordance with its national
circumstances and priorities, to achieve
sustainable development in its three
dimensions which is the overarching goal.
Green economy in the context of sustainable
development and poverty eradication is one
of the important tools available for achieving
sustainable development and that it could
provide options for policy making but should
not be a rigid set of rules. The outcome of
summit firmly rejects the unilateral measures
and trade barriers as well as unwarranted
conditionalities on ODA and finance under
the guise of Green Economy.
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given place and time, are what we call weather.
Climate is the average weather of an area,
including general patterns of atmospheric
conditions, seasonal variations and weather
extremes averaged over a long period. Thus,
while weather reflects the hourly, daily or weekly
changes in the above properties, climate entails
longer periods, such as seasons, or years.
Temperature and rainfall are the two most
important factors which determine the climate
of an area. Global variations of temperature and
rainfall result from differential input of solar
radiation in different regions, and from the
redistribution of heat energy by winds and
ocean currents. Variations in temperature,
rainfall, and humidity in different regions of the
globe form global climate patterns, which govern
all life on earth.

Climatic zones: On the basis of variation in
mean temperature along latitude, the main
climatic regions are:

(i) Tropical (0°-20° latitude)

(ii) Subtropical (20°-40° latitude)

(iii) Temperate (40°-60° latitude)

(iv) Arctic and Antarctic (60°-80° latitude).

The mean temperature declines as we move

from tropical to arctic region. A similar climatic 
zonation occurs with increasing altitude in the 
mountains. A mountain located in a tropical 
region will  successively have  tropical, 
subtropical, temperate and alpine zones with 
increasing altitude. Similarly, in temperate 
zone, the high altitudes will have alpine climatic 
conditions.

Within each temperature-based climatic 
zone, the annual precipitation (rainfall and/or 
snowfall) varies considerably. These two factors, 
temperature  and precipitation, together 
determine the vegetation and soil types.

Microclimate

The microclimate represents the climatic 
conditions that prevail at a local scale, or in 
areas of limited size, such as the immediate 
surroundings of  plants and animals. 
Microclimate  generally differs from .the 
prevailing regional climatic conditions. For 
example, in a forest, dense foliage reduces the 
amount of light reaching the ground. This also 
results in a changed air temperature profile. The 
day-time air temperature inside the forest is 
lower than outside. Also, the interior of a forest 
may be more humid than a nearby non-forested 
area.

Habitat and Niche

The place where an organism lives is called 
its habitat. Habitats are characterised by 
conspicuous physical features, which may 
include the dominant forms of plant and animal 
life. We may also understand that habitat may 
refer to the place  occupied by an entire 
biological community. For example, a large

LIFE/ENVIRONMENT INTERACTION

All life that has survived must have adapted to
conditions of its environment. Temperature,
light, humidity, soil nutrients, etc., all
influence any species, within any
environment. However life in turn modifies,
in various forms, its conditions. Some long
term modifications along the history of our
planet have been significant, such as the
incorporation of oxygen to the atmosphere.
This process consisted in the breakdown of
carbon dioxide by anaerobic microorganisms
that used the carbon in their metabolism and
released the oxygen to the atmosphere. This
led to the existence of oxygen-based plant and
animal life, the great oxygenation event. Other
interactions are more immediate and simple,
such as the smoothing effect that forests have
on the temperature cycle, compared to
neighboring unforested areas.

ECOLOGICAL NICHE

Ecological niche of an organism include the
physical space occupied by it, its functional
role in the community i.e. trophic position and
its position in environment gradients of
temperature, moisture, pH of soil, etc. and the
conditions of existence. Organisms that
occupy the same or similar ecological niche
in different geographical regions are known
as Ecological Equivalents.
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number of species are found in a forest habitat.
Plants and animals, as influenced by the
environmental conditions of a particular habitat,
indicate some specific traits. For example, plants
growing on saline soils have several
characteristics that are not found in other plants.

A habitat can contain many ecological
niches and support a variety of species. The
ecological niche of an organism represents the
range of conditions that it can tolerate, the
resources it utilises, and its functional role in
the ecological system. Each species has a
distinct niche, and no two species are believed
to occupy exactly the same niche.

Atmosphere

Atmospheric layers: The atmosphere is
divided into a series of concentric shells or
spheres, due to variations in temperature and
pressure at various altitudes. These spheres are:
troposphere, stratosphere, mesosphere and
thermosphere.

Troposphere: The lower portion of the
atmosphere, extending to about 8-16 km height
from the earth surface, is known as troposphere.
It contains more than 90 per cent of gases in
the atmosphere. Generally, temperature
decreases with increasing height up to
tropopause (top of troposphere).

The temperature averages 15°C near the soil
surface, and it lowers down to -57°C at the
mpopause, which marks the transition to the
stratosphere.

Stratosphere : It extends up to 30-50 km.
There is little mixing of gases between the
troposphere and stratosphere. A thin layer of
ozone is present in the stratosphere at the height
of 15 to 30 km. Stratopause is the transition
layer between stratosphere and the mesosphere.

Mesosphere : Beyond stratosphere, it
mends up to an altitude of 80 km and shows r
leirease of temperature with height.

Air composition: Nitrogen and oxygen are
the most abundant gases in the troposphere
co6nstituting 78 per cent and 20.9 per cent of
the total gaseous volume, respectively. The
remaining i percent is Argon, water vapour,
carbon dioxide, ozone and other gases. Water
vapour, CO2 and ozone occur in minute

quantities in the atmosphere, but are essential
for maintaining life on the earth. Water vapour
regulates the hydrological cycle sustaining life
in both terrestrial and an aquatic ecosystem, as
well as it absorbs infrared radiation from the
earth. Carbon dioxide, water vapour and ozone
play an important role in maintaining the heat
balance of the earth. The composition of the
atmosphere is a product of the activities of living
organisms.

Gases in water : In the aquatic systems,
oxygen, carbon dioxide, and other gases are
partially dissolved in water. Oxygen may be av

limiting factor for the growth of phytoplankton
and other aquatic organisms, generally in deep
lakes, or in waters receiving heavy load of
organic materials.

The oxygen supply in water is regulated
through diffusion from the air and from
photosynthetic activity of aquatic plants. Carbon
dioxide is highly soluble in water and may be
present in variable amounts. It combines with
water to form carbonic acid (H

2
CO

3
), which, in

turn, reacts with available limestone to form
carbonates (CO

3
) and bicarbonates (HCO

3
)
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The Ministry also serves as the nodal
agency in the country for the United Nations
Environment Programme (UNEP), South Asia
Co-operative Environment Programme (SACEP)
and International Centre for Integrated
Mountain Development (ICIMOD) and for the
follow-up of the United Nations Conferences on
Environment and Development United Nations
Conference on and Development (UNCED). The
Ministry is also entrusted with issues relating
to on multilateral bodies such as the
Commission  Global Environment Facility (GEF)
and of regional bodies like Economic and Social
Council for Asia and Pacific (ESCAP) and South
Asian Association for Regional Co-operation
(SAARC) on matters pertaining to the
environment.

The broad objectives of the Ministry are:

• Conservation and survey of flora, fauna,
forests and wildlife.

• Prevention and control of pollution.

• Afforestation and regeneration of
degraded areas.

• Protection of the environment and

• Ensuring the welfare of animals

These objectives are well supported by a set
of legislative and regulatory measures aimed at
the preservation, conservation and protection of
the environmental. Besides the legislative
measures the National Conservation Strategy
and Policy Statement on Environment and
Development 1992. National Forest Policy 1988:
Policy Statement on Abatement of Pollution.
1992; and the National environment Policy.
2006 also cuide the Ministry’s work.

WHAT IS IMPACT ASSESSMENT?

Impact assessments are carried out to
assess the consequences of individual projects
– Environmental Impact Assessment – or of
policies and programmes – Strategic
Environmental Assessment.

Environmental Impact Assessment

Environmental Impact Assessment (EIA) is
a process of evaluating the likely environmental
impacts of a proposed project or development,
taking into account inter-related socio-

ENVIRONMENTAL SCIENCE

The ecosystem of public parks often includes
humans feeding the wildlife. Environmental
science is the study of the interactions within
the biophysical environment. Part of this
scientific discipline is the investigation of the
effect of human activity on the environment.
Ecology, a sub-discipline of biology and a part
of environmental sciences, is often mistaken
as a study of human induced effects on the
environment. Environmental studies is a
broader academic discipline that is the
systematic study of interaction of humans with
their environment. It is a broad field of study
that includes the natural environment, built
environments and social environments.

Environmentalism is a broad social and
philosophical movement that, in a large part,
seeks to minimise and compensate the
negative effect of human activity on the
biophysical environment. The issues of
concern for environmentalists usually relate
to the natural environment with the more
important ones being climate change, species
extinction, pollution, and old growth forest
loss.

THE MINISTRY OF ENVIRONMENT AND
FORESTS

The Ministry of Environment and Forest
(MoEF) is thfe nodal agency in the administrative
structure of the Central Government forjihe
planning, promotion, co-ordinaiion and
overseeing the implementation oflrtdia’s
environmental and forestry policies and
programmes.

The primary concerns of the Ministry are
implementation of policies and programmes
relating to conservation of the country’s natural
resources, including its lakes and rivers, its
biodivcrsitv. forests and wildlife ensuring the
welfare of animals, and the prevention and
abatement of pollution. While implementing
these policies and programmes, the Ministry is
guided by the principle of sustainable
development and enhancement of human well-
being.
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economic, cultural and human-health impacts,
both beneficial and adverse.

UNEP defines Environmental Impact
Assessment (EIA) as a tool used to identify the
environmental, social and economic impacts of
a project prior to decision-making. It aims to
predict environmental impacts at an early stage
in project planning and design, find ways and
means to reduce adverse impacts, shape projects
to suit the local environment and present the
predictions and options to decision-makers. By
using EIA both environmental and economic
benefits can be achieved, such as reduced cost
and time of project implementation and design,
avoided treatment/clean-up costs and impacts
of laws and regulations.

Although legislation and practice vary
around the world, the fundamental components
of an EIA would necessarily involve the
following stages:

Screening to determine which projects or
developments require a full or partial impact
assessment study; Scoping to identify which
potential impacts are relevant to assess (based
on legislative requirements, international
conventions, expert knowledge and public
involvement), to identify alternative solutions
that avoid, mitigate or compensate adverse
impacts on biodiversity (including the option of

not proceeding with the development, finding
alternative designs or sites which avoid the
impacts, incorporating safeguards in the design
of the project, or providing compensation for
adverse impacts), and finally to derive terms of
reference for the impact assessment;

Assessment and evaluation of impacts and
development of alternatives, to predict and
identify the likely environmental impacts of a
proposed project or development, including the
detailed elaboration of alternatives;

Reporting the Environmental Impact
Statement (EIS) or EIA report, including an
environmental management plan (EMP), and a
non-technical summary for the general audience.

Review of the Environmental Impact
Statement (EIS), based on the terms of reference
(scoping) and public (including authority)
participation.

Decision-making on whether to approve the
project or not, and under what conditions; and
Monitoring, compliance, enforcement and
environmental auditing. Monitor whether the
predicted impacts and proposed mitigation
measures occur as defined in the EMP. Verify
the compliance of proponent with the EMP, to
ensure that unpredicted impacts or failed
mitigation measures are identified and
addressed in a timely fashion.
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ECOLOGY

Ecology is the science which studies the
inter-relationships between biotic and abiotic
components of a natural ecosystem on one hand
and among biotic components on the other.
Thus ecology is the study of interrelationships
and various processes between all organisms
and their environment as well as among the
organisms themselves.

Ernst Haeckel coined the term ‘Oekology’
(Greek: oikos - house or dwelling as habitat,
logos - study of). The concept of ecology evolved
from Darwin’s concept of evolution of species
through natural selection involving interaction
between biological species and habitat.

Ecology is studied into two branches. First,
autecology is the study of ecological relationship
of single species in a given ecosystem. Second,
synecology is the study of group of species living
together as communities in relation to their
habitats of a given ecosystem. It can be
mentioned here that a group of individual
organisms of the same species in a given area is
called a population. While a group of population
of different species in a given area is called a
community. Based on this we have population
ecology and community ecology.

The basic concepts and the focus areas of
ecology are as follows:

(1) Ecosystem as the fundamental unit of
ecological study.

(2) All living organisms and physical
environment are mutually
reactive i.e. they act and react on each
other and among themselves.

(3) There is unidirectional circulation of
energy, while the matter is circulated
cyclically, through biogeochemical
cycle in such a way that the total mass
remains constant.

(4) The homeostatic mechanisms or self-
regulatory mechanisms play an
important role in keeping natural
ecosystem stable.

(5) If the changes brought about by
the external factors exceed the
resilience of ecosystem then the

ECOLOGY AND ECOSYSTEM

INDIVIDUAL (ORGANISM)

It is a distinct living entity or distinct
package which carries out al l  l i fe
processes in its body, separate from those
in other individuals.  An individual
organism is the basic unit of ecological
hierarchy as it continuously exchanges
materials and information with its
environment. New individuals develop
from pre-existing ones. Hereditary
characters are transferred during this
process. The constituents of an individual
cannot survive independently.
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ecosystem becomes unstable creating
environmental problems.

(6) Ecology studies the evolution of
species through natural selection
and adaptation as well as mutation and
reproductive isolation.

(7) There is successional development of
ecosystems in a given habitat.

(8) The distribution of biodiversity plays an
important role in stability and
evolution of species.

Ecology has two main branches:

(i) Autecology/Species Ecology: The study of
reciprocal relationships between every stage
of development of a population/species and
its environment is called autoecology.

(ii) Synecology: It is the study of reciprocal
re lationships between composit ion,
organisation and deve lopment of
communities and their environment.

ECOLOGICAL PRINCIPLES

1. The first  and second law of
thermodynamics: 1st law; energy can
neither be created nor  destroved,: it  can
only be changed from one form into another.

2. Limiting Factor Principle : Too much or too
little of any aboiotic factor can limit or
prevent growth of a population, even if all
other factors are at or near the optimum
range of tolerance.

3. Homeostatic principle: It is the maintenance
of constant interrnal conditions in the face
of a varying external environment. The
thickening of fur in winter, the darkening

of skin in sunlight, the seeking of shade in
heat and the production of more red blood
cell at high altitude are all examples of
adaptations animals make in order to
maintain homoestasis.

ECOSYSTEM

An ecosystem is a community of living
organisms (plants, animals and microbes) in
conjunction with the nonliving components of
their environment (things like air, water and
mineral soil), interacting as a system. These
biotic and abiotic components are regarded as
linked together through nutrient cycles and
energy flows. As ecosystems are defined by the
network of interactions among organisms, and

POPULATION

It is a grouping of similar individuals in a
particular geographical, area or space. The
different populations of the same organism
present in particular geographical areas
are called local populations/demes. A
local population adapted genetically to its
particular environment is called ecotype.
There may be several ecotypes of the same
organism which show variations amongst
them.

KINDS OF ECOSYSTEM

Ecosystems may be categorized as
follows:

1. Natural Ecosystems: These operate by
theselves under national conditions
without any major interference by
main. Based upon the particular kind
of habit these are further divided as:

• Terrestrial as forest, grassland,
desert, etc.

• Aquatic which ay be further
distinguished as:

i. Freshwater which may be lotic
(running water as spring, stream or
rivers) or lentic (standing water as
lake, pond, pools, swamp etc.)

ii.Marine, such deep bodies as an
ocean or shallow ones as a sea or
estuary’, etc.

2. Artificial (man-engineered)
ecosystems: these are maintained
artificially by man where, by addition
of energy and planned manipulations,
natural balance is disturbed
regularly. For example croplands like
maize, wheat, rice-fields. etc. where
man tries to control the biotic
community as well as the phvsio-
chemical environment, are artificial
ecosvstems.
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Table 1

Descriptions of the Eight Ecological Principles and Associated Concepts

Principle Description Associated Concepts

Adaptation The way a life system looks or Evolution, Life History Patterns, Natural

behaves is not random or Selection, Survival, Predator-Prey

accidental; rather it is the Interactions

result of changing to survive

in a dynamic environment.

Behavior Living systems evolve behavioral Reproduction, Predator-Prey interactions,

responses to stress and Dispersal, Survival (humans and other

disturbances to enhance survival. animal species), Pest Control (exotics,
nuisance animals) Harvesting

Diversity Changes in environmental Competition, Land-Use Practices,

conditions over time have led to Genetics, Survival, Fragmentation

variety within each level of

organization.

Emergent When different levels of Complexity, Synthesis, Teamwork,

Properties organization are functioning Government

together, new properties are

created that were not operational

at lower levels

Energy Flow Energy cannot be created nor Thermodynamics, Food Chains, Tropic

destroyed but it can change form. Levels, Heat Exchange.

Energy quality is always degraded

through transformation.

Growth and As organisms and systems Succession, Reproduction, Population

Development increase in size, changes Dynamics, Competition

occur that allow survival.

Growth rate slows as maximum

capacity is met.

Limits There are limits to how much Sustainability, Conservation, Disease,

stress can be tolerated by living Natural Disaster, Agriculture, Pollution

systems.

Regulation Energy is spent if a signal is Feedback Loops, Organismal Systems,

sent to increase or decrease Cybernetics

some function to maintain balance.

BIOLOGICAL OR BIOTIC COMMUNITY

It is an assemblage of populations of
different species of plants, animals,
bacteria and fungi which l ive  in a
particular area and interact with one
another through competition, predation,
mutualism, etc.

GENECOLOGY

Study of genetic composition and changes
in relation to the origin of ecads, ecotypes,
new species, etc.
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between organisms and their environment, they
can be of any size but usually encompass
specific, limited spaces (although some
scientists say that the entire planet is an
ecosystem).

Energy, water, nitrogen and soil minerals
are other essential abiotic components of an
ecosystem. The energy that flows through
ecosystems is obtained primarily from the sun.
It generally enters the system through
photosynthesis, a process that also captures
carbon from the atmosphere. By feeding on
plants and on one another, animals play an
important role in the movement of matter and
energy through the system. They also influence
the quantity of plant and microbial biomass
present. By breaking down dead organic matter,
decomposers release carbon back to the
atmosphere and facilitate nutrient cycling by
converting nutrients stored in dead biomass
back to a form that can be readily used by plants
and other microbes.

Ecosystems are controlled both by external
and internal factors. External factors such as
climate, the parent material which forms the soil
and topography, control the overall structure of

an ecosystem and the way things work within
it, but are not themselves influenced by the
ecosystem.[8] Other external factors include
time and potential biota. Ecosystems are
dynamic entities—invariably, they are subject
to periodic disturbances and are in the process
of recovering from some past disturbance.
Ecosystems in similar environments that are
located in different parts of the world can have
very different characteristics simply because
they contain different species. The introduction
of non-native species can cause substantial
shifts in ecosystem function. Internal factors not
only control ecosystem processes but are also
controlled by them and are often subject to
feedback loops. While the resource inputs are
generally controlled by external processes like
climate and parent material, the availability of
these resources within the ecosystem is
controlled by internal factors like decomposition,
root competition or shading.[8] Other internal
factors include disturbance, succession and the
types of species present. Although humans exist
and operate within ecosystems, their cumulative
effects are large enough to influence external
factors like climate.

Biodiversity affects ecosystem function, as
do the processes of disturbance and succession.
Ecosystems provide a variety of goods and
services upon which people depend; the
principles of ecosystem management suggest
that rather than managing individual species,
natural resources should be managed at the
level of the ecosystem itself. Classifying
ecosystems into ecologically homogeneous
units is an important step towards effective
ecosystem management, but there is no single,
agreed-upon way to do this.

COMPONENTS OF AN ECOSYSTEM

Organisation or Structural aspect of an
ecosystem.  An ecosystem comprises of two basic
components:

(i) Abiotic components and

(ii) Biotic components

The relationship between the biotic
components and abiotic components of an
ecosystem is called 'holocoenosis'.
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TYPES OF ABIOTIC ENVIRONMENTAL
FACTORS

The distribution, abundance, growth and
reproduction of the organisms comprising the
inc members of populations are controlled by
certain environmental or ecological factor
environmental factor is any external force,
substance or condition which surrounds and
affects of an organism in any way. Abiotic
environmental factors are customarily
classified as follow:

1. Climatic factors

(i) Light;

(ii) Temperature ;

(iii) Water (including atmospheric water,
rainfall or precipitation, soil
moisture, etc

(iv) Atmosphere (gases and wind);

(v) Fire.

2. Topographic or physiographic factors

(i) Altitude;

(ii) Direction of mountain chains and
valleys;

(iii) Steepness and exposure of slopes.

3. Edaphic factors (soil formation,
physical and chemical properties of
soil, nutrient’.

Abiotic Components

These include the non-living, physico -
chemical factors such as air, water, soil and the
basic elements and compounds of the
environment.

Abiotic factors are broadly classified under
three categories. Climatic factors which include
the climatic regime and physical factors of the
environment like light, humidity, atmospheric
temperature, wind, etc.

Edaphic factors which are related to the
structure and composition of soil including its
physical and chemical properties, like soil and
its types, soil profile, minerals, organic matter,
soil water, soil organisms.

Inorganic substances like water, carbon,
sulphur, nitrogen, phosphorus and so on.

Organic substances like proteins, lipids,
carbohydrates, humic substances etc.

BIOTIC OR LIVING COMPONENTS

In the trophic structure of any ecosystem,
living organisms are distinguished on the basis
of their nutritional relationships, which are
discussed as follows :

1. Autotrophic component. Autotrophic
(auto = self; trough = nourishing)
component of ecosystem includes the
producers or energy transducers which
convert solar energy into chemical
energy (that becomes locked in
complex organic substances such as
carbohydrate, lipid, protein, etc.) with
the help of simple inorganic substances
such as water and carbon dioxide and
organic substances such as enzymes.
Autotrophs fall into following two
groups: (i) photoautotrophs which
contain green photosynthetic pigment
chlorophyll to transduct the solar or
light energy of sun, e.g., trees, grasses,
algae, other tiny phytoplanktons and
photosynthetic bacteria and
cyanobacteria (=blue green algae). (ii)
Chemoautotrophs which use energy
generated in oxidation - reduction
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process, but their significance in the
ecosystem as producers is minimal,
e.g., microorganisms such as Beggiatoa,
sulphur bacteria, etc.

2. Heterotrophic component. In the
heterotrophic (hetero = other; trophic =
nourishing) organisms predominate
the activities of utilization,
rearrangement and decomposition of
complex organic materials.
Heterotrophic organisms are also called
consumers, as they consume the matter
built up by the producers (autotrophs).
The consumers are of following two
main types:

(a) Macroconsumers: These are also called
phagotrophs (phago = to eat) and
include mainly animals which ingest
other organisms or chunks of organic
matter. Depending on their food habits,
consumers may either be herbivores
(plant eaters) or carnivores (flesh
eaters). Herbivores live on living plants
and are also known as primary
consumers , e.g., insects, zooplanktons
and animals such as deer, cattle,
elephant, etc. Secondary and tertiary
consumers, if present in the food chain
of the ecosystem, are carnivores or
omnivores, e.g., insects such as preying
mantis, dragon flies; spiders and large
animals such as tiger, lion, leopard,
wolf, etc. Secondary consumers are the
carnivores which feed on primary
consumers or herbivores. Carnivores
are, often, recognized as carnivore
order - 1 (C,), jamivore order - 2 (C

2
) and

so on, depending on their food habits.

Ticks and mites, leeches and blood-
sucking insects (mosquito, bed-bug)
are dependent on herbivores,
carnivores and omnivores.

(b) Microconsumers: These are also called
decomposers, reducers, saprotrophs
(sapro = decompose), osmotrophs (osmo
= to pass through a membrane) and
scavengers. Wiegert and Owen (1971)
have coined the term, biophages for
heterotrophic decomposers which feed
on the dead organic matter. Micro-
consumers include microorganisms

SHELFORD’S LAW OF TOLERANCE

Organisms may be limited in their growth
and their occurrence not only by too little of
an element or too low an intensity of a factor
but also by too much of the element or too high
intensity of the factor For example, carbon
dioxide is necessary for the growth of all green
plants, small increase in concentration of
carbon dioxide in the atmosphere will, under
certain circumstances, increase the rate of
plant growth, but very considerable increases
become toxic. Likewise, small additions of
arsenic to the human diet actually have a tonic
effect, further increase in the dosage, however,
soon proves fatal.

The idea that factors could be limiting at
their maximum as well as minimum quantities
was incorporated in law of tolerance
formulated by V.E. Shelford in 1913. This law
postulates that each ecological factor to which
an organism responds has maximum and
minimum limiting effect between which lies
a range or gradient that is now known as the
limits of tolerance.

Between the lower and upper limits of
tolerance lies a broad middle sector of a
gradient which is called the zone of
compatibility, the zone of tolerance, the
biokinetic zone or the zone of capacity
Adaptation. The region at either end of the
zone of compatibility is called the lethal zone
or the zone resistance or zone of intolerance.
The zone of compatibility too includes a broad
range of optimum and narrow zones of
physiological stresses in between the range
of optimum and lethal zones.

such as bacteria, actinomycetes and
fungi. Microconsumers breakdown
complex organic compounds of dead or
living protoplasm, absorb some of the
decomposition or breakdownproducts
and release inorganic nutrients in the
environment, making them available
again to autotrophs or producers. Some
invertebrate animals such as protozoa,
oligochaeta such as earthworms, etc.,
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use the dead organic matter for their
food, as they have the essential enzymes
and, hence, can be classified as
decomposer organisms. Some ecologists
believe that micro-organisms are
primary decomposers, while invertebrates
are secondary decomposers.

The disintegrating dead organic matter is
also known as organic detritus (Latin word
deterere means to wear away). By the action of
detritivores (=decomposers), the disintegrating
detriuts result into particulate organic matter
(POM) and dissolved organic matter (DOM)
which play impor in the maintenance of the
edaphic environment.

FUNCTIONING OF AN ECOSYSTEM

An ecosystem is driven by the flow of energy
and circulation of matter by biogeochemical cycle
between the biosphere, lithosphere, hydrosphere
and atmosphere. The solar radiation is the basic
input of energy entering the ecosystem. In the
living organisms or biosphere, the energy
(chemical energy) and matter (food), collectively
called as food energy, are transferred via food
chain and food web through various trophic
levels. Thus all the elements of an ecosystem are
interdependent and integrated. An ecosystem
itself is integrated with other ecosystems and
thus they all become interdependent. In fact
every ecosystem is part of the larger ecosystem,
until the larger ecosystem of the earth – the
biosphere – is formed. That is why we see climatic
changes happening in one ecosystem affecting
the otherecosystems.

PRODUCTIVITY OF ECOSYSTEM

The productivity of an ecosystem refers to
the rate of production i.e. the amount of organic
matter accumulated in any unit time.
Productivity is of the following types:

Primary productivity: It is associated with
the producers which are autotrophic, most of
which are photosynthetic, and to a much lesser
extent the chemosynthetic microorganisms.
These are the green plants, higher macrophytes
as well as lower forms, the phytoplanktons and
some photosynthetic bacteria. Primary
productivity is defined as “the rate at which
radiant energy is stored by photosynthetic and

chemosynthetic activity of producers.” Primary
productivity is further distinguished as follows:

Gross primary productivity: It is the total
rate of photosynthesis including the organic
matter used up in respiration during the
measurement period. This is also sometimes
referred to as total (gross) photosynthesis or
total assimilation. It depends on the chlorophyll
content. The rate of primary productivity are
estimated in terms of either chlorophyll content
as, Chl/g dry weight/unit area, or photosynthetic
number i.e. amount of CO

2
 fixed/g Chi/hour.

Net primary productivity: It is the rate of
storage of organic matter in plant tissues in
excess of the respiratory utilisation by plants
during the measurement period. This is thus the
rate of increase of biomass and is also known as
apparent photosynthesis or net assimilation.
Thus, net primary productivity refers to balance
between gross photosynthesis and respiration
and other plant losses as death etc.

Secondary productivity: It referes to the
consumers or heterotrophs. These are the rates
of energy storage at consumers level. Since
consumers only utilise food materials (already
produced) in their respiration, simply converting
the food matter to different tissues by an overall
process, secondary productivity is not divided
into ‘gross’ and ‘net’ amounts. Thus, some
ecologists as Odum (1971), prefer to use the term
assimilation rather than ‘production’ at this
level-the consumers level Secondary productivity
actually remains mobile (i.e. keeps on moving
from one organism to an and does not live in
situ like the primary productivity.

Net productivity: It refers to the rate of
storage of organic matter used by the
heterotrophs (consumers) i.e. equiv to net
primary production minus consumption the
heterotrophs during the unit period, as a season
or year etc. It is thus the rate of increase of bio of
the primary producers which has been left by
the consumers. Net productivity is gen expressed
as production of C g/m2 /day, which then be
consolidated on month, season or year basis.

FOOD CHAINS IN ECOSYSTEMS

 The transfer of food energy from the prod
through a series of organisms (herbivores
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carnivores to decomposers) with repeated eating
being eaten, is known as a food chain. Prod
utilise the radiant energy of sun which is transf
to chemical form, ATP during photosynthesis,
green plants occupy, in any food chain, the
trophic (nutritional) level-the producers level,
are called the primary producers. The energ)
stored in food matter manufactured by green
plants is then utilised by the plant eaters-the
herbivores, which constitute the second trophic
level-the secondary consumers level, and are
called the secondary consumers (herbivores).
Herbivores in turn are by the carnivores, which
constitute the third consumer level-the
secondary consumers level, and are the
secondary consumers (carnivores). These in
may be eaten still by other carnivores at tertiary
consumers level i.e. by the tertiary cons
(carnivores). Some organisms are omnivores the
producers as well as the carnivores at their level
in the food chain. Such organisms thus occupy

more than one trophic levels in the chain. This
classification of all the living org of any
ecosystem is one of their functions and of
species. Species that are taxonomically w
different from each other may occupy the trophic
level as they all have the similar functicc the
food chain. Typha, Nymphaea, Chara. Vor Nostoc,
photosynthetic bacteria, altbc-Konomically
much different but all belong to the Nime trophic
level — the producers level, as all rave a common
function i.e. the fixation of radiant energy into
chemical form. In any food chain, energy flows
from primary producers to primary consumers
herbivores), from primary consumers to
secondary consumers (carnivores), and from
secondary ronsumers to tertiary consumers
(carnivores/rcnnivores) and so on. This simple
chain of eating ind being eaten away is known
as food chain. A food chain in grassland
ecosystem starts with grasses and forbs and goes
through grasshoppers, the frogs, the snake, the
hawk in an orderly sequential irrangement
based on the food habits, whereas in a pond the
order would start with phytoplanktons, going
through water fleas, smaller fish, bigger fish,
birds, larger animal and so on.
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In nature, we generally distinguish the
following two general types of food chains:

Grazing food chain: This type of food chain
starts from the living green-plants, goes to
grazing herbivores (that feed on living riant
materials with their predators), and on to
carnivores (animal eaters). Ecosystems with such
type it food chain are directly dependent on an
influx of solar radiation. This type of chain thus
depends sr. autotrophic energy capture and the
movement of ifeis captured energy to herbivores.
Most of the scosystems in nature follow this type
of food chain. From energy standpoint, these
chains are very important. The phytoplanktons
- zooplanktons - fish uence or the grasses-rabbit
- fox sequence are examples of grazing food
chain.

forest. A good example of a detritus food chain
is based ob mangrove leaves described by Heald
(1969) and W.E. Odum (1970). In the brackish
zone of Southern da, leaves of the red mangrove
– Rhizophore mangle fall into the warm, shallow
waters. Only 5 per cent of the leaf material was
removed by grazing insects before leaf fall. The
fallen leaf fragments (acted on by such
saprotrophs as fungi, bacteria, protozoa etc. and
colonized mainly by phytoplanktonic and
benthic algae) are eaten and re-eaten
(coprophagy) by a key group of small animals.
These animals include crabs, copepods, insect
larvae, grass shrimps, mysids, nematodes,
amphipods, bivalve molluscs etc. All these
animals are detritus consumers. These
detritivores are the key group of small animals,
comprising only a few species but very large
number of individuals. They ingest large
amounts of the vascular plant detritus. These
animals are in turn eaten by some minnows and
small game fish etc. i.e. the small carnivores,
which in turn serve as the main food for larger
game fish and fish eating birds which are the
large (top) cornivores. The mangroves considered
generally as of less economic value make a
substantial contribution to the food chain that
supports the fisheries, an important economy in
that region. Similarly, detritus from seagrasses,
saltmarsh grasses and seaweeds support
fisheries in many estuarine areas.

Food webs: However, food chains in natural
conditions never operate as isolated sequences,
but are interconnected with each other forming
some sort of interlocking pattern, which is

Detritus food chain: This type of food chain
goes from dead organic narter into micro-
organisms and then to organisms feeding on
detritus (dctriti-vores) and their predators. Such
ecosystems are thus less dependent on direct
energy. These depend chiefy on the influx of
organic matter produced in another system. For
stimple, such type of food chain operates in the
decomposing accumulated litter in a temperate
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referred to as a food web. Under natural
conditions, the linear arrangement of food
diains, hardly occurs and these remain indeed
interconnected with each other through
different types of organisms at different trophic
levels. For example, in grazing food chain of a
grassland, in the absence of rabbit, grass may
also be eaten by souse. The mouse in turn may
be eaten directly by niwk or by snake first which
is then eaten by hawk. Thus, in nature there
are found alternatives which ill together
constitute some sort of interlocking pattern - the
food web.

ECOLOGICAL ENERGETICS

The energy used for all plant life processes
is derived from solar radiations. A fraction i.e.
about 1/50 millionth of the total solar radiation
reaches the earth’s atmosphere. Solar radiation
travels through the space in the form of waves,
wavelength ranging from 0.03Å to several km.
While most radiations are lost in space, those
ranging from 300mµ to 10µ and above 1 cm
(radiowaves) enter the earth’s outer atmosphere
(which is about 18 miles or 28 km altitude). The
energy reaching the earth’s surface consists
largely of visible light (390-760 mµ) and infra-
red components. On a clear day radiant energy
reaching the earth’s surface is about 10 per cent
UV, 45 per cent visible and 45 per cent infrared.
Plants absorb strongly the blue and red ligir
(400-50mµ and 600-700 mµ respectively).

In ecological energetics, we study (i)
quantity of solar energy reaching an ecosystem,
(ii) quantity of energy used by green plants for
photosynthesis and (iii) the quantity and path
of energy flow from producers to consumers.

About 34 per cent of the sunlight reaching
the earth’s atmosphere is reflected back into its
atmosphere, 10 per cent is held by ozone layec.
water vapour and other atmospheric gases. The
resc 56 per cent reaches the earth’s surface.

Only a fraction of this energy reaching the
earth’s surface (1 to 5 per cent) is used by green
plants for photosynthesis and the rest is absorbed
as heat by ground vegetation or water. In fact,
only about 0.02 per cent of the sunlight reaching
the atmosphere is used in photosynthesis.
Nevertheless it is this small fraction on which
all the organisms of the ecosystem depend.

ENERGY FLOW IN ECOSYSTEMS

A general energy flow scenario follows:

• Solar energy is fixed by the photoautotrophs,
called primary producers, like green plants.
Primary consumers absorb most of the stored
energy in the plant through digestion, and
transform it into the form of energy they
need, such as adenosine triphosphate (ATP),
through respiration. A part of the energy
received by primary consumers, herbivores,
is converted to body heat (an effect of
respiration), which is radiated away and lost
from the system. The loss of energy through
body heat is far greater in warm-blooded
animals, which must eat much more
frequently than those that are cold-blooded.
Energy loss also occurs in the expulsion of
undigested food (egesta) by excretion or
regurgitation.

• Secondary consumers, carnivores, then
consume the primary consumers, although
omnivores also consume primary producers.
Energy that had been used by the primary
consumers for growth and storage is thus
absorbed into the secondary consumers
through the process of digestion. As with
primary consumers, secondary consumers
convert this energy into a more suitable form
(ATP) during respiration. Again, some
energy is lost from the system, since energy
which the primary consumers had used for
respiration and regulation of body
temperature cannot be utilised by the
secondary consumers.

• Tertiary consumers, which may or may not
be apex predators, then consume the
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secondary consumers, with some energy
passed on and some lost, as with the lower
levels of the food chain.

• A final link in the food chain are
decomposers which break down the organic
matter of the tertiary consumers (or
whichever consumer is at the top of the
chain) and release nutrients into the soil.
They also break down plants, herbivores and
carnivores that were not eaten by organisms
higher on the food chain, as well as the
undigested food that is excreted by
herbivores and carnivores. Saprotrophic
bacteria and fungi are decomposers, and
play a pivotal role in the nitrogen and carbon
cycles.

• The energy is passed on from trophic level
to trophic level and each time about 90% of
the energy is lost, with some being lost as
heat into the environment (an effect of
respiration) and some being lost as
incompletely digested food (egesta).
Therefore, primary consumers get about 10%
of the energy produced by autotrophs, while
secondary consumers get 1% and tertiary
consumers get 0.1%. This means the top
consumer of a food chain receives the least
energy, as a lot of the food chain's energy
has been lost between trophic levels. This
loss of energy at each level limits typical food
chains to only four to six links.

ECOLOGICAL PYRAMIDS

Charles Elton developed the concept of
ecological pyramid. After his name these
pyramids are also called as Eltonian pyramids.
It is a graphical representation or pyramid
shaped diagram which depicts the number of
organisms, biomass and productivity at each
trophic level. Ecological pyramids begin with the
producers at the bottom and proceed through
the different trophic level.

An ecological pyramid is an illustration of
the reduction in energy as you move through
each feeding (trophic) level in an ecosystem. The
base of the pyramid is large since the
ecosystem's energy factories (the producers) are
converting solar energy into chemical energy
via photosynthesis. A food chain can also depict

a reduction in energy at each feeding level if
the arrows, drawn between the different levels,
continue to be reduced in size.

The ecological pyramids are of three types:

(i) Pyramid of energy

(ii) Pyramid of Biomass

(iii) Pyramid of numbers

The Pyramid of Energy

The energy pyramids give the best picture
of the overall nature of the ecosystem.

Here there will be gradual decrease in the
availability of energy from the autotrophs higher
trophic levels. In other words, there is decrease
in energy flow from autotrophs on\ at successive
trophic levels.

In the course of energy flow from one
organism to the other, is considerable loss of
energy in the form of heat. More energy is
available in the autotrophs t in the primary
consumers. The least amount of available
energy will be in the tertiary consumer.
Therefore, shorter the food chain, greater is the
amount of energy available at the top.

1. The energy pyramid always upright and
errect.

2. It shows the rate of energy flows at
different trophic levels.

3. It shows that energy is maximum at
producer level and minimum at the
carnivores' level.
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4. At every successive trophic level there
is a loss of energy in the form of heat,
respiration etc.

The Pyramid of Biomass

They are comparatively more fundamental,
as they, instead of the geometric factor, show j
the quantitative relationships of the standing
crops. Here there will be gradual decrease in
the biomass from the autotrophs to the higher
trophic levels. This may be illustrated by
studying the trophic levels in a pond.

The biomass in autotrophs like algae, green
flagellates, green plants etc. is the maximum.
The biomass is considerably less in the next
trophic level occupied by secondary consumers
like small fishes. The least amount of biomass
is present in the last trophic level.

• This pyramid shows the total biomass
at each trophic level in a food chain.

• Pyramid in erect.

• It indicates a decrease in the biomass
at each trophic level from the base to
apex of pyramid.

The Pyramid of Numbers

They show the relationship between
producers, herbivores and carnivores at
successive trophic levels in terms of their
number. Here there will be a gradual decrease
in the number of individuals from the lower to
the higher trophic levels. This may be studied
by taking the example of trophic levels in
grassland.

The grasses occupy the lowest trophic level
and they are abundantly present in the
grassland ecosystem. The deers occupy the
second level; their number is less than compared
to the grasses.

The wolves, which feed upon the deers, are
far less in number when compared to the number
of deers. The lions, which occupy the next
trophic level, feed upon wolves, and the number
of individuals in the last trophic level is greatly
reduced.

In the parasitic food chain, the pyramid of
numbers is founds to be inverted. Here, a single
plant or tree might support varieties of herbivore.

These herbivores like birds in turn, support
varieties of parasites like lice, bugs that
outnumber the herbivores.

Subsequently each parasite might support
a number of hyperparasites like bacteria and
fungi, which will outnumber the parasites. Thus
from the producer level onwards, towards the
consumers, in the parasitic food chain there is
a gradual increase in the number of organisms,
instead of the usual decrease.

As a result of this, the pyramid becomes
inverted in the parasitic food chain. There is a
gradual increase in the numbers of individuals
from autotrophs to the higher trophic levels.

• It shows the number of organism at
different levels.

• The pyramid is errect.

• The smaller animals are preyed upon
larger animals and smaller animals
increase faster in number of organism
at each stage of food chain, makes a
triangular figure that is known as
pyramid of number.

BIOLOGICAL MAGNIFICATION

Biological magnification is the tendency of
pollutants to become concentrated in successive
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trophic levels. Often, this is to the detriment of
the organisms in which these materials
concentrate, since the pollutants are often toxic.

Biomagnification occurs when organisms
at the bottom of the food chain concentrate the
material above its concentration in the
surrounding soil or water. Producers, as we saw
earlier, take in inorganic nutrients from their
surroundings. Since a lack of these nutrients
can limit the growth of the producer, producers
will go to great lengths to obtain the nutrients.
They will spend considerable energy to pump
them into their bodies. They will even take up
more than they need immediately and store it,
since they can't be "sure" of when the nutrient
will be available again (of course, plants don't
think about such things, but, as it turns out,
those plants, which, for whatever reason, tended
to concentrate inorganic nutrients have done
better over the years). The problem comes up
when a pollutant, such as DDT or mercury, is
present in the environment. Chemically, these
pollutants resemble essential inorganic
nutrients and are brought into the producer's
body and stored "by mistake". This is the first
step in biomagnification; the pollutant is at a
higher concentration inside the producer than
it is in the environment.

The second stage of biomagnification
occurs when the producer is eaten. Remember
from our discussion of a pyramid of biomass that
relatively little energy is available from one
trophic level to the next. This means that a
consumer (of any level) has to consume a lot of
biomass from the lower trophic level. If that
biomass contains the pollutant, the pollutant
will be taken up in large quantities by the
consumer. Pollutants that biomagnify have
another characteristic. Not only are they taken
up by the producers, but they are absorbed and
stored in the bodies of the consumers. This often
occurs with pollutants soluble in fat such as
DDT or PCB's. These materials are digested from
the producer and move into the fat of the
consumer. If the consumer is caught and eaten,
its fat is digested and the pollutant moves to the
fat of the new consumer. In this way, the
pollutant builds up in the fatty tissues of the
consumers. Water-soluble pollutants usually
cannot biomagnify in this way because they
would dissolve in the bodily fluids of the
consumer. Since every organism loses water to
the environment, as the water is lost the
pollutant would leave as well. Alas, fat simply
does not leave the body.

CURRENT STATUS OF
BIOMAGNIFICATION

In a review of a large number of studies,
Suedel et al. concluded that although
biomagnification is probably more limited in
occurrence than previously thought, there is
good evidence that DDT, DDE, PCBs,
toxaphene, and the organic forms of mercury
and arsenic do biomagnify in nature. For other
contaminants, bioconcentration and
bioaccumulation account for their high
concentrations in organism tissues. More
recently, Gray reached a similar substances
remaining in the organisms and not being
diluted to non-threatening concentrations.
The success of top predatory-bird recovery
(bald eagles, peregrine falcons) in North
America following the ban on DDT use in
agriculture is testament to the importance of
biomagnification.
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The "best" example of biomagnification
comes from DDT. This long-lived pesticide
(insecticide) has improved human health in
many countries by killing insects such as
mosquitoes that spread disease. On the other
hand, DDT is effective in part because it does
not break down in the environment. It is picked
up by organisms in the environment and
incorporated into fat. Even here, it does no real
damage in many organisms (including
humans). In others, however, DDT is deadly or
may have more insidious, long-term effects. In
birds, for instance, DDT interferes with the
deposition of calcium in the shells of the bird's
eggs. The eggs laid are very soft and easily
broken; birds so afflicted are rarely able to raise
young and this causes a decline in their
numbers. This was so apparent in the early
1960's that it led the scientist Rachel Carson to
postulate a "silent spring" without the sound of
bird calls. Her book "Silent Spring" led to the
banning of DDT, the search for pesticides that
would not biomagnify, and the birth of the
“modern” environmental movement in the
1960's. Birds such as the bald eagle have made
comebacks in response to the banning of DDT
in the US. Ironically, many of the pesticides
which replaced DDT are more dangerous to
humans, and, without DDT, disease (primarily
in the tropics) claims more human lives.

BIOSPHERE

The biosphere is the biological component
of earth systems, which also include the
lithosphere, hydrosphere, atmosphere and other
"spheres" (e.g. cryosphere, anthrosphere, etc.).
The biosphere includes all living organisms on
earth, together with the dead organic matter
produced by them.

The biosphere concept is common to many
scientific disciplines including astronomy,
geophysics, geology, hydrology, biogeography
and evolution, and is a core concept in ecology,
earth science and physical geography. A key
component of earth systems, the biosphere
interacts with and exchanges matter and energy
with the other spheres, helping to drive the global
biogeochemical cycling of carbon, nitrogen,
phosphorus, sulfur and other elements. From an
ecological point of view, the biosphere is the
"global ecosystem", comprising the totality of

biodiversity on earth and performing all manner
of biological functions, including
photosynthesis, respiration, decomposition,
nitrogen fixation and denitrification.

The biosphere is dynamic, undergoing
strong seasonal cycles in primary productivity
and the many biological processes driven by the
energy captured by photosynthesis. Seasonal
cycles in solar irradiation of the hemispheres is
the main driver of this dynamic, especially by
its strong effect on terrestrial primary
productivity in the temperate and boreal biomes,
which essentially cease productivity in the
winter time. The biosphere has evolved since the
first single-celled organisms originated 3.5
billion years ago under atmospheric conditions
resembling those of our neighboring planets
Mars and Venus, which have atmospheres
composed primarily of carbon dioxide. Billions
of years of primary production by plants released
oxygen from this carbon dioxide and deposited
the carbon in sediments, eventually producing
the oxygen-rich atmosphere we know today. Free
oxygen, both for breathing (O2, respiration) and
in the stratospheric ozone (O3) that protects us
from harmful UV radiation, has made possible
life as we know it while transforming the
chemistry of earth systems forever.

As a result of long-term interactions
between the biosphere and the other earth
systems, there is almost no part of the earth's
surface that has not been profoundly altered by
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living organisms. The earth is a living planet,
even in terms of its physics and chemistry. A
concept related to, but different from, that of the
biosphere, is the Gaia hypotheses, which posits
that living organisms have and continue to
transform earth systems for their own benefit.

The term "biosphere" originated with the
geologist Eduard Suess in 1875, who defined it
as "the place on earth's surface where life
dwells". Vladimir I. Vernadsky first defined the
biosphere in a form resembling its current
ecological usage in his long-overlooked book of
the same title, originally published in 1926. It
is Vernadsky's work that redefined ecology as
the science of the biosphere and placed the
biosphere concept in its current central position
in earth systems science.

The biosphere is a core concept within
Biology and Ecology, where it serves as the
highest level of biological organization, which
begins with parts of cells and proceed to
populations, species, ecoregions, biomes and
finally, the biosphere. Global patterns of

biodiversity within the biosphere are described
using biomes.

In earth science, the biosphere represents
the role of living organisms and their remains
in controlling and interacting with the other
spheres in the global biogeochemical cycles and
energy budgets. The biosphere plays a central
role in the biogeochemical processing of carbon,
nitrogen, phosphorus, sulfur and other
elements. As a result, biogeochemical processes
such as photosynthesis and nitrogen fixation
are critical to understanding the chemistry and
physics of earth systems as a whole. The physical
properties of the biosphere in terms of its surface
reflectance (albedo) and exchange of heat and
moisture with the atmosphere are also critical
for understanding global circulation of heat and
moisture and therefore climate. Alterations in
both the physics (albedo, heat exchange) and
chemistry (carbon dioxide, methane, etc.) of
earth systems by the biosphere are fundamental
in understanding anthropogenic global
warming.
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BIOGEOCHEMICAL CYCLES

Biogeochemical cycle, any of the natural
circulation pathways of the essential elements
of living matter. These elements in various forms
flow from the nonliving (abiotic) to the living
(biotic) components of the biosphere and back
to the nonliving again. In order for the living
components of a major ecosystem (e.g., a lake or
forest) to survive, all the chemical elements that
make up living cells must be recycled
continuously.

Each cycle can be considered as having a
reservoir (nutrient) pool—a larger, slow-moving,
usually abiotic portion—and an exchange
(cycling) pool—a smaller but more active portion
concerned with the rapid exchange between the
biotic and abiotic aspects of an ecosystem.

Biogeochemical cycles can be classed as
gaseous, in which the reservoir is the air or the
oceans (via evaporation), and sedimentary, in
which the reservoir is the Earth’s crust. Gaseous
cycles include those of nitrogen, oxygen, carbon,
and water; sedimentary cycles include those of
iron, calcium, phosphorus, and other more
earthbound elements.

Gaseous cycles tend to move more rapidly
than do the sedimentary ones and to adjust
more readily to changes in the biosphere
because of the large atmospheric reservoir. Local
accumulations of carbon dioxide, for example,
are soon dissipated by winds or taken up by
plants. Extraordinary and more frequent local
disturbances can, however, seriously affect the
capacity for self-adjustment.

Sedimentary cycles vary from one element
to another, but each cycle consists
fundamentally of a solution phase and a rock
(or sediment) phase. Weathering releases
minerals from the Earth’s crust in the form of
salts, some of which dissolve in water, pass
through a series of organisms, and ultimately
reach the deep seas, where they settle out of

circulation indefinitely. Other salts deposit out
as sediment and rock in shallow seas,
eventually to be weathered and recycled.

The cycling of chemical elements required
by life between the living and nonliving parts of
the environment. Some examples of these
chemical elements are H2O, P, S, N2, O2 and C.

These elements cycle in either a gas cycle
or a sedimentary cycle; some cycle as both a gas
and sediment.

In a gas cycle elements move through the
atmosphere. Main reservoirs are the atmosphere
and the ocean.

In a sedimentary cycle elements move from
land to water to sediment. Main reservoirs are
the soil and sedimentary rocks.

Gas Cycles: Sedimentary Cycles:

Carbon Phosphorus

Nitrogen Sulfur

Oxygen.

CARBON CYCLE

The movement of carbon, in its many forms,
between the biosphere, atmosphere, oceans, and
geosphere is described by the carbon cycle,
illustrated in the adjacent diagram. The carbon
cycle is one of the biogeochemical cycles. In the
cycle there are various sinks, or stores, of carbon
(represented by the boxes) and processes by
which the various sinks exchange carbon (the
arrows).

We are all familiar with how the atmosphere
and vegetation exchange carbon. Plants absorb
CO2 from the atmosphere during photosynthesis,
also called primary production, and release CO2
back in to the atmosphere during respiration.
Another major exchange of CO2 occurs between
the oceans and the atmosphere. The dissolved
CO2 in the oceans is used by marine biota in
photosynthesis.
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Two other important
processes are fossil fuel
burning and changing land
use. In fossil fuel burning,
coal, oil, natural gas, and
gasoline are consumed by
industry, power plants, and
automobiles. Notice that the
arrow goes only one way: from
industry to the atmosphere.
Changing land use is a broad
term which encompasses a
host of essentially human
activities. They include
agriculture, deforestation,
and reforestation.

 Image of a diagram which
shows the carbon cycle with a
mass of carbon.  This image links to a more
detailed image.The adjacent diagram shows the
carbon cycle with the mass of carbon, in
gigatons of carbon (Gt C), in each sink and for
each process, if known. The amount of carbon
being exchanged in each process determines
whether the specific sink is growing or
shrinking. For instance, the ocean absorbs 2.5
Gt C more from the atmosphere than it gives off
to the atmosphere. All other things being equal,
the ocean sink is growing at a rate of 2.5 Gt C
per year and the atmospheric sink is decreasing
at an equal rate. But other things are not equal.
Fossil fuel burning is increasing the
atmosphere's store of carbon by 6.1 Gt C each
year, and the atmosphere is also interacting with
vegetation and soil. Furthermore, there is
changing land use.

The carbon cycle is obviously very complex,
and each process has an impact on the other
processes. If primary production drops, then
decay to the soil drops. But does this mean that
decay from the soil to the atmosphere will also
drop and thus balance out the cycle so that the
store of carbon in the atmosphere will remain
constant? Not necessarily; it could continue at
its current rate for a number of years, and thus
the atmosphere would have to absorb the excess
carbon being released from the soil. But this
increase of atmospheric carbon (in the form of
CO

2
) may stimulate the ocean to increase its

uptake of CO
2
 .

What is known is that the carbon cycle must
be a closed system; in other words, there is a
fixed amount of carbon in the world and it must
be somewhere. Scientists are actively
investigating the carbon cycle to see if their data
does indeed indicate a balancing of the cycle.
These types of investigations have led many
scientists to believe that the forests of the
Northern Hemisphere are, in fact, absorbing 3.5
Gt C per year, and so changing land use is
actually removing carbon from the atmosphere
(~2 Gt C/year), not increasing it as the diagram
shows. Experiments are ongoing to confirm this
information.

NITROGEN CYCLE

All life requires nitrogen-compounds, e.g.,
proteins and nucleic acids.

Air, which is 79% nitrogen gas (N
2
), is the

major reservoir of nitrogen.

But most organisms cannot use nitrogen
in this form. Plants must secure their nitrogen
in "fixed" form, i.e., incorporated in compounds
such as:

• nitrate ions (NO
3
–)

• ammonium ions (NH
4
+)

• urea (NH
2
)
2
CO

Animals secure their nitrogen (and all
other) compounds from plants (or animals that
have fed on plants).
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Four processes participate in the cycling
of nitrogen through the biosphere:

• nitrogen fixation

• decay

• nitrification

• dfenitrification

Microorganisms play major roles in all four
of these.

Nitrogen Fixation

The nitrogen molecule (N
2
) is quite inert.

To break it apart so that its atoms can combine
with other atoms requires the input of
substantial amounts of energy.

OXYGEN CYCLE

The oxygen cycle is the cycle
that helps move oxygen through the
three main regions of the Earth, the
Atmosphere, the Biosphere, and the
Lithosphere. The Atmosphere is of
course the region of gases that lies
above the Earth’s surface and it is one
of the largest reservoirs of free oxygen
on earth. The Biosphere is the sum of
all the Earth’s ecosystems. This also
has some free oxygen produced from
photosynthesis and other life
processes. The largest reservoir of
oxygen is the lithosphere. Most of this
oxygen is not on its own or free
moving but part of chemical
compounds such as silicates and
oxides.

The atmosphere is actually the smallest
source of oxygen on Earth comprising only
0.35% of the Earth’s total oxygen. The smallest
comes from biospheres. The largest is as
mentioned before in the Earth’s crust. The
Oxygen cycle is how oxygen is fixed for freed in
each of these major regions.

In the atmosphere Oxygen is freed by the
process called photolysis. This is when high
energy sunlight breaks apart oxygen bearing
molecules to produce free oxygen. One of the
most well known photolysis it the ozone cycle.
O2 oxygen molecule is broken down to atomic
oxygen by the ultra violet radiation of sunlight.
This free oxygen then recombines with existing
O2 molecules to make O3 or ozone. This cycle
is important because it helps to shield the Earth
from the majority of harmful ultra violet radiation
turning it to harmless heat before it reaches the
Earth’s surface.

In the biosphere the main cycles are
respiration and photosynthesis. Respiration is
when animals and humans breathe consuming
oxygen to be used in metabolic process and
exhaling carbon dioxide. Photosynthesis is the
reverse of this process and is mainly done by
plants and plankton.

The lithosphere mostly fixes oxygen in
minerals such as silicates and oxides. Most of
the time the process is automatic all it takes is a
pure form of an element coming in contact with
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oxygen such as what happens when iron rusts.
A portion of oxygen is freed by chemical
weathering. When a oxygen bearing mineral is
exposed to the elements a chemical reaction
occurs that wears it down and in the process
produces free oxygen.

These are the main oxygen cycles and each
play an important role in helping to protect and
maintain life on the Earth.

HYDROLOGIC CYCLE

Hydrologic cycle, cycle that involves the
continuous circulation of water in the Earth-
atmosphere system. Of the many processes
involved in the hydrologic cycle, the most
important are evaporation, transpiration,
condensation, precipitation, and runoff.
Although the total amount of water within the
cycle remains essentially constant, its
distribution among the various processes is
continually changing.

A brief treatment of the hydrologic cycle
follows. For full treatment, see hydrosphere: The
hydrologic cycle.

Evaporation, one of the major processes in
the cycle, is the transfer of water from the surface
of the Earth to the atmosphere. By evaporation,
water in the liquid state is transferred to the
gaseous, or vapour, state. This transfer occurs
when some molecules in a water mass have
attained sufficient
kinetic energy to eject
themselves from the water
surface. The main factors
affecting evaporation are
temperature, humidity,
wind speed, and solar
radiation. The direct
measurement of
evaporation, though
desirable, is difficult and
possible only at point
locations. The principal
source of water vapour is
the oceans, but
evaporation also occurs
in soils, snow, and ice.
Evaporation from snow
and ice, the direct

conversion from solid to vapour, is known as
sublimation. Transpiration is the evaporation of
water through minute pores, or stomata, in the
leaves of plants. For practical purposes,
transpiration and the evaporation from all water,
soils, snow, ice, vegetation, and other surfaces
are lumped together and called
evapotranspiration, or total evaporation.

Water vapour is the primary form of
atmospheric moisture. Although its storage in
the atmosphere is comparatively small, water
vapour is extremely important in forming the
moisture supply for dew, frost, fog, clouds, and
precipitation. Practically all water vapour in the
atmosphere is confined to the troposphere (the
region below 6 to 8 miles [10 to 13 km] altitude).

The transition process from the vapour state
to the liquid state is called condensation.
Condensation may take place as soon as the air
contains more water vapour than it can receive
from a free water surface through evaporation at
the prevailing temperature. This condition
occurs as the consequence of either cooling or
the mixing of air masses of different
temperatures. By condensation, water vapour in
the atmosphere is released to form precipitation.

Precipitation that falls to the Earth is
distributed in four main ways: some is returned
to the atmosphere by evaporation, some may be
intercepted by vegetation and then evaporated
from the surface of leaves, some percolates into
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the soil by infiltration, and the remainder flows
directly as surface runoff into the sea. Some of
the infiltrated precipitation may later percolate
into streams as groundwater runoff. Direct
measurement of runoff is made by stream
gauges and plotted against time on hydrographs.

Most groundwater is derived from
precipitation that has percolated through the
soil. Groundwater flow rates, compared with
those of surface water, are very slow and
variable, ranging from a few millimetres to a few
metres a day. Groundwater movement is studied
by tracer techniques and remote sensing.

Ice also plays a role in the hydrologic cycle.
Ice and snow on the Earth’s surface occur in
various forms such as frost, sea ice, and glacier
ice. When soil moisture freezes, ice also occurs
beneath the Earth’s surface, forming permafrost
in tundra climates. About 18,000
years ago glaciers and ice caps
covered approximately one-third
of the Earth’s land surface. Today
about 12 percent of the land
surface remains covered by ice
masses.

SULPHUR CYCLE

Sulphur is one of the
components that make up proteins
and vitamins. Proteins consist of
amino acids that contain sulphur
atoms. Sulphur is important for the
functioning of proteins and
enzymes in plants, and in animals
that depend upon plants for
sulphur. Plants absorb sulphur
when it is dissolved in water.
Animals consume these plants, so
that they take up enough sulphur
to maintain their health.

Most of the earth's sulphur is
tied up in rocks and salts or buried
deep in the ocean in oceanic
sediments. Sulphur can also be
found in the atmosphere. It enters
the atmosphere through both
natural and human sources.
Natural recourses can be for
instance volcanic eruptions,
bacterial processes, evaporation

from water, or decaying organisms. When
sulphur enters the atmosphere through human
activity, this is mainly a consequence of
industrial processes where sulphur dioxide
(SO2) and hydrogen sulphide (H2S) gases are
emitted on a wide scale.

When sulphur dioxide enters the
atmosphere it will react with oxygen to produce
sulphur trioxide gas (SO3), or with other
chemicals in the atmosphere, to produce
sulphur salts. Sulphur dioxide may also react
with water to produce sulphuric acid (H2SO4).
Sulphuric acid may also be produced from
demethylsulphide, which is emitted to the
atmosphere by plankton species.

All these particles will settle back onto
earth, or react with rain and fall back onto earth
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as acid deposition. The particles will than be
absorbed by plants again and are released back
into the atmosphere, so that the sulphur cycle
will start over again.

PHOSPHORUS CYCLE

Phosphorus is an essential nutrient for
plants and animals in the form of ions PO43-
and HPO42-. It is a part of DNA-molecules, of
molecules that store energy (ATP and ADP) and
of fats of cell membranes. Phosphorus is also a
building block of certain parts of the human and
animal body, such as the bones and teeth.

Phosphorus can be found on earth in water,
soil and sediments. Unlike the compounds of
other matter cycles phosphorus cannot be found
in air in the gaseous state. This is because
phosphorus is usually liquid at normal

temperatures and pressures. It is mainly cycling
through water, soil and sediments. In the
atmosphere phosphorus can mainly be found as
very small dust particles.

Phosphorus moves slowly from deposits on
land and in sediments, to living organisms, and
than much more slowly back into the soil and
water sediment. The phosphorus cycle is the
slowest one of the matter cycles that are
described here.

Phosphorus is most commonly found in
rock formations and ocean sediments as
phosphate salts. Phosphate salts that are
released from rocks through weathering usually
dissolve in soil water and will be absorbed by
plants. Because the quantities of phosphorus in
soil are generally small, it is often the limiting
factor for plant growth. That is why humans often
apply phosphate fertilizers on farmland.
Phosphates are also limiting factors for plant-
growth in marine ecosystems, because they are
not very water-soluble. Animals absorb
phosphates by eating plants or plant-eating
animals.

Phosphorus cycles through plants and
animals much faster than it does through rocks
and sediments. When animals and plants die,
phosphates will return to the soils or oceans
again during decay. After that, phosphorus will
end up in sediments or rock formations again,
remaining there for millions of years. Eventually,
phosphorus is released again through
weathering and the cycle starts over.
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INTERACTION AMONG ORGANISMS
AND ECOLOGICAL ADAPTATIONS

Members of the biotic community in an
area are dependent on one another. The
interdependence is reflected in their
interactions, mainly for food, space,
reproduction and protection. These interactions
are important for survival of different species and
the community as a group. Food interactions are
reflected in Tophic structure (food chains),
which comprises plants, animals and micro-
organisms.

Plants and animals have well established
interdependence for reproduction. It is best
illustrated by the role of insects in the
community. The insects are flower-specific and
have structures suitable for nectar sucking and
pollination. On the other hand, flowers may also
be insect-specific. Snapdragon flower, for
example, has lip-like petals to facilitate insect
entry and landing. Both flowers and insects have
developed and  %evolved in a way leading to

their nterdependence. Flowers offer nectar to
msects as a reward for pollination. The
fluctuations in insect population of a
zommunity would affect pollination, thereby
effecting plant reproduction. The use of
nsecticide in a crop field may kill bees, and
consequently crop pollination, may be reduced.
Birds and mammals help in the dispersal of
seeds aind fruits: The .nterdependence in the
community can be further demonstrated with
the example of ; uckoo laying eggs in the nest of
other birds, ind gall wasps embedding their eggs
deep into the tissues of plants to ensure hatching
and protection.

Some members of the biotic community,
rarticularly the animals, develop certain:
rotective mechanisms to avoid or to check the
fnemies. The weaker members sometimes:
amouflage to avoid detection. You will find that
butterflies and moths have colours matching the
flower colours to make their detection difficult.
The camouflage can be easily observed in
praying mantis and leaf insect which even
mimic the shapes of leaves and branches.

You can also observe orchids mimicking the
butterflies, as far as colours are concerned. It has
been observed that generally, weaker members,
especially among the animals, mimic the strong,
fast moving species and those having a fewer
natural enemies. For example, non- poisonous
snakes mimic the poisonous ones to scare away
the enemies. Birds mimic voice or song of other
animals. The nature of mimic action could be
both defensive as well as offensive.

SPECIES INTERACTIONS

The interactions between populations of
species in a community are broadly categorised
into positive (beneficial) and negative
(inhibition) interactions, depending upon the
nature of effect on the interacting organisms.

INTERSPECIFIC INTERACTIONS

The interactions between species may
have positive or negative results. Following six
general types of interactions have been
described:

A. Positive interactions

1. Mutualism;

2. Commensalism;

3. Protocooperation.

B. Negative interactions

4. Exploitation ;

(i) Social parasitism ;

(ii) Parasitism ;

(iii) Predation.

5. Amensalism and antibiosis;

6. Competition.
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INTERACTIONS WITH POSITIVE EFFECT

Some of the interactions between species
in the community benefit one or both the
species. Mutualism and commensalism are
examples involving beneficial interactions.

Mutualism : An association of two species,
in which both species are benefited, is
called mutualism. Mutualism may or may
not involve close physical association
between the individuals of pairs of species.
The condition in which there is a close
physical association between the
individuals of a pair of species is also
called symbiosis (= living together).
Mutualism is a functional association, not
merely living together. Mutualism may be
obligate (species are completely
dependent upon each other) or facultative
(one species may survive even in the
absence of the other partner species).
Mutualism is exemplified by the nitrogen
fixing bacteria (Rhizobium) living in root
nodules of legumes, where the bacteria,

deriving nutrition from the host plant, fix
atmospheric nitrogen and make it available to
the plants. Algae and fungi exhibit mutually
beneficial relationship in lichens. The fungi
provide protection to algae, and the latter
prepares food for the fungi. In the case of coral
reef, coelenterates and algae live in obligate

Possible combinations of 0, + and - to give different kinds of interactions (Burkholder, 1952):

Combinations Detailed effect(s) Interaction type

0 0 Neither population affects the other Neutralism

– – Direct-inhibition of each species by Competition

the other. (Direct interference type)

– – Indirect inhibition where common Competition

resources is in short supply. (Resource use type)

- 0 Population 1 inhibited, 2 not affected. Amensalism

+ – Population 1, the parasite, generally smaller Parasitism

then 2, the host.

+ – Population 1, the predator, generally larger Predation

then 2, the prey.

+ 0 Population 1, the commensal,benefits while Commensalism

2, the host, is not affected.

+ + Interaction favourable to both but not obligatory. Protocooperation

+ + Interaction favourable to both and obligatory. Mutualism

Key : 0 = Neutral

– = Harmed

+ = Benefitted
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relationship. Mycorrhizae are mutualistic
relationship between fungi and roots of about
80 per cent of higher plants. The fungus helps
in mineral nutrition of the plants with which
they are associated and obtains, in turn,
carbohydrates from plants. Bacteria in the gut
of some animals (cattle) help in cellulose
digestion.

Facultative mutualism can be illustrated
with the example of sea anemone, which gets
attached to the shell of hermit crab The sea
anemone grows on the back of providing
camouflage and protection (the sea anemone
has stinging cells) and, in turn, the sea
anemone is transported for reaching new food
sources. This type of mutualism is also called
protocooperation.

Commensalism : It,is a relationship
between two species-where one species is
benefited, while the other neither gets any
benefit, nor is adversely affected under normal
conditions. Some organisms live inside the
Dodies of larger animals in order to protect
themselves from the enemies and adverse
environment.

LICHENS

These are examples of mutualism where
contact is close and permanent as well as
obligatory. Their body is made up of a matrix
formed by a fungus, within the cells of which
an alga is embeded. The fungus makes
moisture as well minerals available, whereas
alga manufactures food. Neither of the two can
grow alone independently nature. Lichens
grow abundantly on bare rock surfaces.

SYMBIOTIC NITROGEN FIXERS

This is a well known example of mutualism,
where the bacterium Rhizobium forms nodules
in the root, of leguminous plants, and lives
symbiotically with the host. Bacteria obtain
food from the higher plant and in turn fix
gaseous nitrogen, making it available to plant.
Similarly, root nodules of Alnus Alopecurus,
Casuarina, Cycadacease, Myrica Podocarpus
etc., and leaves of about 400 species of non-
legumes are examples of such association.

MYCORRHIZAE

This is also an example of similar
nutrition in fungi that form mycorrhizal
structures either inside the roots, or on outside
surfaces of plants. Ectotrophic mycorrhizae are
very common in nature on pines, oaks,
hickories and beech, and endotrophic ones
occur in red maple and are common in roots
and other tissues of many orchids and
members of Ericaceae. In ectotrophic
mycorrhizae, the fungal hyphae are the natural
substitutes of root hairs absorbing water and
nutrients from the soil. In some cases, the
plants are restricted in their distribution to
acidic soils which suit to the fungus partner.
In endotrophic mycorrhizae, fungi occur
internal to the root tissue.

PROTOCOOPERATION

However, in some cases the association
is ahead of commensalism, where both the
populations are benefited. But the
association, although benefited to both, is not
obligatory i.e.... not essential for the survival
of either population (cf mutualism, where
survival depends mostly on each other), Such
associations are referred to at protocooperation
or non-obligatory mutualism. One good example
is of a coelenterate, sea anemone — Adamsia
palliata attached to the shells of hermit crab -
Eupagurus prideauxi. The sea anemone is
carried by the crab to fresh feeding sites and
crab in turn is said to be protected from its
enemies by sea anemone. Some ecologists
prefer to include this association under
commensalism.
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Commensalism can be illustrated with the
example of sucker fish and shark. The sucker
fish attaches to shark surface with the help of its
dorsal fin, which is modified into a hold fast. The
sucker fish is dispersed to ustant areas with
better food supply. Besides, iie fish gets
protection from predators due to ils association
with shark. However, the shark does not get any
benefit from sucker fish and it is also not affected
adversely.

Epiphytes (e.g., mosses, ferns, orchids,
money plant) growing on trees benefit from
better light conditions, but generally, they do
not harm the tree. Several woody climbers take
the support of the trees for exposing their canopy
aboveground without doing any harm to the tree
itself. These relationships are also considered
examples of commensalism. Interactions with
Negative Effects Certain interactions between
different species result in negative effect on
either or both species. Parasitism and predation
are interactions when one species gains and the
other suffers. But, in the interaction involving
competition, both species are harmed.

Competition: Interaction between two
species, where both suffer adverse effects, is
known as competition. Usually, competition
occurs when resources, such as space, light and
nutrients, etc. are in short supply. As a result of
competition, the growth and seed production of
both species is reduced.

Competition is basically of two types:
(i) interspecific, and (ii) intraspecific.

LIANAS

These are vascular plants rooted in the ground
and maintain erectness of their stems by
making use of other objects for support. Thus,
with much economy of mechanical tissues
they are able to get better light. Lianas are
common in dense forests of moist tropical
climates. They maintain no direct nutritional
relationship with the trees upon which they
grow. On the basis of the type of device used
for climbing their supports, lianas may be
leaners, thorn lianas, twiners or tendril lianas.
Common lianas are species of Bauhinia, Ficus
and Tinospora.

Interspecific competition occurs between
individuals of two different species occurring
in a habitat. On the other hand, intraspecific
competition occurs between individuals of the
same species. Generally, the intraspecific
competition is more intense than interspecific
competition. The requirements of individuals of
the same species are very similar; hence, they
compete more fiercely.

Predation: Interaction between species
involving killing and consumption of prey is
called predation. The species which eats the
other is called the predator, and the one
consumed is termed the prey. Predation is
commonly illustrated by the herbivore- carnivore
interaction, grass-deer-tiger food chain. For
example, tiger, the predator, keeps check on deer
(prey) population. If the predator population
increases, it consumes more prey, thereby
reducing the population of prey. The reduction
in prey population may reduce the populationn
of predator, resulting from starvation and
emigration. The reduction in predator
population may lead to increase in prey
population, since they are not preyed upon. The
increased prey population may over-graze the
grasses, and the shortage of herbage may
eventually lead to reduction in prey population.
It may ultimately affect population of predators.
Thus, these relationships stabilise the prey and
predator populations in a community.

Parasitism : In the interaction called
parasitism, the species smaller in size (the
parasite) lives in or on the larger species (host)
from which it obtains food. Parasitism also
involves shelter, in addition to food obtained by
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a parasite. Plants like Cuscuta (dodder),
Loranthus Viscum, (Mistletoe) and Rafjlesia are
parasitic plants, which live on other flowering
plants. Parasites may alter the population
growth of hosts, shorten the life cycle, weaken
the host, and drastically reduce the
reproduction to the extent of causing sterility.

The parasites which remain outside the host
are called ectoparasites, or external parasites
(e.g., ticks, mites and lice). They generally attach
to the skin and hair of the hosts. Some of them
use suckers, clamps, adhesive surface, cutting,
biting, sucking mouth parts, or root-like
outgrowth for consuming host-tissues. Parasites
like leeches, lice, ticks, mites, feed on the body
fluids of the hosts. The hosts also develop
defensive mechanisms to protect themselves from
the parasites, as in the case of limbless hosts.

Parasites, like the predators, limit the
population of the host species, but they are
generally host-specific, and do not have choice
or alternatives like predators. They are smaller
in size and have higher biotic/reproductive
potential compared to the predators. Parasites
have poor means of dispersal and require
specialised structures to reach or invade the
host. Predators, on the other hand, are quite
mobile and capable of capturing the prey. The
newly acquired predators and parasites are often
more damaging than the older ones, since the
latter are familiar and the species getting
affected have adjusted.

CARNIVOROUS PLANTS

A number of plants as Nepenthes,
Darlinstonia. Sarracenia, Drosera, Utricularia,

Dionaea consume msects~and other small
animals for their food. They are also known as
insectivorous plants. They are idapted in
remarkable ways to attract, catch and digest
their victims. Their leaves or foliar appendages
produce proteolytic enzymes for digestion of the
insects. The carnivorous habit in plants is said
to be an incidental feature of their nutrition,
since none of them is dependent—upon its
animal prey for nitrogenous compound.

To a population ecologist predation is an
important interspecific interaction which many
determine the population growth. Laboratory
studies have been made to derive Lotka-
Volterra equations, though less informative.
Behavioural aspects of predation as functional
response have been studied. Such response is
affected by rate of encounter and handling time.

ANTIBIOSIS

The term ‘antibiosis’ generally refers to the
complete or partial inhibition or death of one
organism by another through the production of
some substance or environmental conditions as
a result of metabolic ‘pathways. Here none of
them derives any benefit. These substances
and/or conditions are harmful (antagonistic) to
other organism. The phenomenon of antibiosis
is much common among microbial world.
Production of chemicals that are antagonistic
to microbes —the antibiotics is well known.
Bacteria, actinomycetes and fungi produce a
number of antimicrobial substances which are
widespread in nature. Burkholder (1952)
reported that about 50% of the species of
actinomycetes, and 50% of the lichens as well
as large number of higher plants produce
substances that inhibit molds and bacteria.
Antagonistic substances are also reported in
some algae, as for example in cultures of
Chlorella vulgaris, some substance accumulates
which inhibits the growth of the diatom, Nitzschia
frustirulum. Substances produced by senescent
cultures of Chlorella and of the diatoms,
Navicula, and Scendesmus, inhibit the filter
feeding of Daphnia in laboratory. Pond ‘blooms’
of blue-green algae especially Microcystis are
known to produce toxins such as hydroxylamine
which causes death of fish and cattle. In marine
waters, populations of some microbes, popularly
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known as red tide, cause catastrophic
destruction of fish and other animals. There has
been accumulating day by day much
information on the subject, detailed account of
which is beyond the scope of present discussion,
for which the reader is referred to books on
microbiology and medicine.

EPIPHYTES AND EPIZOANS

Epiphytes are plants growing perched on
other plants. They use other plants only as
support and not for water or food supply. They
differ from lianas in that they are not rooted into
the soil. Epiphytes may grow on trees, shrubs,
Or larger submerged plants. They grow either
on the trunks or leaves. Epiphytes are most
common in tropical rain forests. Many orchids,
bromeliads, hanging ‘mosses’, Usrxea and
Alectoria are well known epiphytes. Some of them
show intermediate gradations between
epiphytes and parasites, as well as between
epiphytes and lianas. For example, a fern
Nephrolepis, in the beginning remains rooted in
the soil, later on spreading its rhizome over tree
trunk, sooner or later becoming completely
separated from the soil, thus becoming an
epiphyte. In Tsuga heterophylla, seeds germinate
on tree surfaces, where their seedlings in the
beginning live as epiphytes till they develop
their own roots, by which ultimately maintain
relation with soil and thus become independent.
In epiphytes, there is a special layer - velamen
over the root surface. The cells, of the velamen
are whitish which can take up abundant water
rapidly from the atmosphere.

ECOLOGICAL ADAPTATIONS

The special characteristics of plants and
animals that enable them to be successful
under prevailing set of environmental
conditions, are called adaptations. The
organisms in natural world exhibit various types
of morphological, physiological and behavioural
adaptations. These special features have evolved
over a long period of time, through the process
of natural selection. The ultimate aim is to seek
food and space the organisms need for their
survival. The adaptive traits provide mechanism
for many organisms to live and thrive in different
types of ecosystems and habitats.

Phenotypic Plasticity and Ecotypes

The phenotype is the physical expression
of the interaction between genotype of an
organism and its environment. The phenotypes
show variations due to differences in the
environmental conditions within the local
habitat. Such variation among individuals,
produced by the influence of the local conditions
of the habitat, is known as phenotypic plasticity.
Usually, species having a wide range of
distribution evolve genetically adapted local
populations, called ecotypes. Ecotypes differ
from each other on the basis of morphological
and physiological characters. Although ecotypes
of a species differ genetically, they are
interfertile.

Strategies of Adaptations in Animals

Like plants, animals also adjust to different
environmental conditions to survive and
flourish. Carnivores and herbivores have
adaptations to eat a certain kind of food. Some
animals have adaptations to avoid being eaten
by the predators; others have behavioral
adaptations to attract a mate. The males of some
animals (particularly the plumage of the birds)
have bright colouration, which gives advantage
in sexual selection and mate attraction.
However, a majority of animal adaptations to
environmental variations and stress conditions
are physiological and behavioural.

Mimicry : Two species resemble each other
closely, one species, called the mimic, is
palatable to its predators, but resembles another
species, called the model, which is distasteful
to the predator. In Batssian mimicry, the mimic
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is defenseless, but has anti-predatory marks,
like the model which has a defense against
predators; hence, the mimic is able to protect
itself from the attack of the predator. Similarly,
the monarch butterfly (containing poison, toxic
to predator) is mimicked by the viceroy butterfly
(containing no poison). Mullerian mimicry is the
process when the mimic shares the same
defensive mechanism as the model.

Migration:  Migration involves long-
distance or short distance movement ci animals
from one region to anotlier. Many organisms that
fly or swim, undertake extensive migrations.
Activities . of migration exhibited by some
animals are given in Table 16.1. Arctic terns are
sea birds that make a round trip of thousands of
miles between their North Atlantic and the Arctic
breeding grounds to the Antarctica every year.
In Africa, wild beasts migrate long distances,
following a geographical pattern of seasonal
rainfall and availability of fresh vegetation.
Locust migrates in search of new feeding
grounds from the food depleted areas, in large
numbers in the arid regions.

Hibernation and aestivation : In very cold
or dry environments, animals incapable of
migration shift to a physiological dormant —
state. Spending winter in dormant condition is
called hibernation. On the other hand, spending
the dry-hot period in ah inactive state is known
as aestivation.

Warning colouration : Concealing form
and colouration enables a species to avoid its
natural predator. The brightly coloured and
highly poisonous dart frogi (Phyllobates bicolour,
Dendrobates pumilio) of the tropical rain forests
of South America are easily recognised and
avoided by the predators.

Camouflage : In some animals, the
capacity to blend with surroundings or
camouflage is a common adaptation. Some
insects, reptiles and mammals have markings
on their bodies, which make it difficult to
distinguish them from shadows and branches,
or from other members of the group.

Adaptations to water scarcity: Two types
of adaptations are prominent in animals living
in arid regions, viz. lowering of water loss as
much as possible, and adapting to arid

conditions. For example, the kangaroo rat
conserves water by excreting solid urine, and
can live from birth to death without even
drinking water. The camels show unique
adjustments to desert conditions, being very
economical in water use, tolerant to wide
fluctuations in body temperature, and are able
to maintain blood stream moisture even during
extreme heat stress.

Adaptations to cold: Sessile animals, such
as barnacles and molluscs, living in very cold
inter-tidal zones of northern shores, and several
insects and spiders resist the effect of cold spells
by a process known as cold hardening. The
freeze tolerant organisms have ice nucleating
proteins, which induce ice formation in the
extracellular spaces at veiy low sub zero
temperatures. Some freeze-avoiding animals
can tolerate environmental temperatures below
0°C by accumulating glycerol or antifreeze
proteins that lower freezing point of their body
fluids. Presence of such antifreeze compounds
allows the fish in Antarctica region to remain
active in sea water.

Strategies of Adaptations in Plants

Plants have special traits that help them to
enhance their tolerance limits to light regimes,
dry conditions, high temperature, water-
saturated conditions and saline environments.
In plants, flowers have evolved special structures
to ensure pollination by insects or other
animals. Plants have developed various
mechanisms to deal with stress conditions of the
environment.

Adaptations in saline environments:
Halophytes are plants of saline environments,
which are adapted to grow in high concentration
of salt in soil or water. Halophytes occur in tidal
marshes and coastal dunes, mangroves and
saline soils. The halophytic plants, under hot
and dry conditions, may become succulent and
dilute the ion concentration of salts with water
they store in cells of stems and leaves.

Mangroves are found in marshy conditions
of tropical deltas and along ocean edges. Some
species of mangroves can excrete salts through
the salt glands on the leaves. Some mangroves
can exclude salts from the roots by pumping
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excess salts back into soil. For coping with
conditions of high salt concentration and
osmotic potential, many mangrove plants have
high levels of organic solutes, such as proline,
and sorbitol. Dunaliella species (green and
halophytic algae found in hyper saline lakes)
can tolerate saline conditions by accumulating
glycerol in the cells, which helps in
osmoregulation.

Avicennia and Rhizophora (red mangrove)
are dominant species in mangrove forests. Since
halophytes are exposed to saline and anaerobic
conditions in wetlands, they have developed
special adaptations, like pneumatophores, prop
and stilt roots, and vivipary (seeds germinate
while on the tree), etc. The presence of
pneumatophores (the respiratory roots) helps to
take up oxygen from the atmosphere and
transport it to the main roots. Prop and stilt roots,
in many species of mangroves, give support to
the plants in wet substratum. Vivipary permits
plants to escape the effect of salinity on seed
germination.

Adaptations to light regime : Individual
plants, as well as plant communities, adapt to
different light intensities by becoming shade
tolerant (sciophytes) or sun adapted
(heliophytes). Heliophytes are adapted to high
intensity of light, and have higher temperature
optima for photosynthesis, as well as have high
rates of respiration. The shade adapted plants
generally have low photosynthetic, respiratory,
and metabolic activities. Plants such as ferns
and several herbaceous plants growing on the
ground under the dense canopy of trees, are
shade tolerant plants.

Adaptations in aquatic environments:
Plants which remain permanently immersed m
water are called hydrophytes. They may by
submerged, or partly submerged and show the
presence of aerenchyma (large air spaces) in the
leaves and petioles. Aerenchyma helps to
transport oxygen produced during
photosynthesis and permits its free diffusion to
other parts. These tissues also impart buoyancy
to the plants. Presence of inflated petioles in
Eichhornia (water hyacinth) keeps the plants
floating on the surface of water. Roots are poorly
developed or absent in free floating hydrophytes

like WolJJia, Salvinia, Ceratophyllum and
Hydrilla. Nymphaea is an example of an emergent
and rooted hydrophyte, which is seen growing
in a pond. This plant, as well as other emergent
hydrophytes (having leaves projecting above
water surface), have a continuous system of air
passages, which help the submerged plant
organs to exchange gases from the atmosphere
through the stomata in the emergent organs.

Adaptations to water scarcity and heat:
Plants of hot deserts are adapted to survive in
dry conditions of soil and high temperatures.
The plants which have a short life span are
known as ephemerals. For example, in desert
areas of Rajasthan, many annual plants
germinate from seeds, complete their life cycle
quickly during the rainy season. Some plants
have deep tap roots, which can reach even up to
water table, in arid climates, and therefore, are
capable of absorbing water from deep soil. Some
prominent examples of plants having deep root
systems are Prosopis (mesquite), palms and some
species of Acacia.

In xerophytes, small leaves, sunken-
stomata, leathery leaf surfaces and waxy cuticle
help in reducing transpiration.

As in the case of cacti and succulents, the
presence of fleshy leaves and stems to store water
(succulence) is an adaptation to dry
environments. In cacti, leaves are reduced to
spines, whereas stems are modified into fleshy
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and spongy structures. Some cacti have
expandable stems for storing water, and have
spreading root systems in the surface layer of
the soil.

Many tropical plants, particularly grasses
which grow in hot and arid climates, possess C

4

pathway of photosynthesis. Such plants,
therefore, use less water to achieve higher rates
of photosynthesis, particularly at higher
temperatures. Many desert plants, such as cacti
and succulents, close their stomata during the
day and open them in the night to reduce
transpiration. Many xerophytes may accumulate
proline (an amino acid) in response to stress.
The heat shock proteins chaperonins) provide
physiological adaptations to plants to high
temperatures. These proteins help other proteins
to maintain their structure and avoid
denaturisation at high temperatures.

Adaptations to oligotrophicsoils : The
oligotrophic soils contain low amounts of
nutrients. These soils generally develop in old
and geologically stable areas, such as soils found
in much of the tropical rain forest region. Due
to intense weathering and high rates of
leaching, these soils have a poor nutrient
retention capacity. In nutrient-poor soils,

nutrient accumulation in vegetation is high.
Many plants growing in nutrient-poor soils
possess mycorrhizae which have mutualistic
association of roots with fungi. Mycorrhizae help
in efficient absorption of nutrients (e.g.,
phosphorus). Mycorrhizae are of two types,
endomycorrhizae and ectomycorrhizae. In
endomycorrhizae, the fungal hyphae dwell
inside roots. These types of mycorrhizae are
found in many vascular I plants. In
ectomycorrhizae, the fungal mycelium forms a
mat outside the root. Ectomycorrhizae occur in
several tree and shrub species in temperate
regions.
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BIOMES AND BIOSPHERE RESERVE

A biome is a large geographical area of
distinctive plant and animal groups, which are
adapted to that particular environment. The
climate and geography of a region determines
what type of biome can exist in that region. Major
biomes include deserts, forests, grasslands,
tundra, and several types of aquatic
environments. Each biome consists of many
ecosystems whose communities have adapted to
the small differences in climate and the
environment inside the biome.

All living things are closely related to their
environment. Any change in one part of an
environment, like an increase or decrease of a
species of animal or plant, causes a ripple effect
of change in through other parts of the
environment.

The earth includes a huge variety of living
things, from complex plants and animals to very
simple, one-celled organisms. But large or small,
simple or complex, no organism lives alone. Each
depends in some way on other living and
nonliving things in its surroundings.

MAJOR BIOMES OF INDIA

India is the seventh largest country in the
world and Asia’s second largest nation with an
area of 3,287,263 sq.km. encompassing a varied
landscape rich in natural resources. India is
shielded by the world’s highest mountains, the
Himalayas, in the north. The southern part of
India takes the shape of a peninsula and divides
the Indian Ocean into the Bay of Bengal to the
southeast and the Arabian Sea to the southwest.
The southern tip of Kanyakumari is washed by
the Indian Ocean. The Andaman and Nicobar
Islands in the Bay of Bengal and the
Lakshadweep group of islands in the Arabian sea
are also a part of India.

India has a great diversity of natural
ecosystems from the cold and high Himalayan

ranges to the sea coasts, from the wet
northeastern green forests to the dry
northwestern arid deserts, different types of
forests, wetlands, islands and the oceans. India
consists of fertile river plains and high plateaus
and several major rivers, including the Ganges,
Brahmaputra and Indus. The climate of India is
determined by the southwest monsoon between
June and October, the northeast monsoon
between October and November and dry
winds from the north between December and
February. From March to May the climate is dry
and hot.

India, being a vast country, shows a great
diversity in climate, topography and geology and
hence the country is very rich in terms of
biological diversity.

India’s biological diversity is one of the
most significant in the world, since India has
only 2% of the total landmass of the world
containing about 6% of the world’s known
wildlife.

THE TRANS-HIMALAYAN REGION

This area is very cold and arid (4,500 CE
6,000 mts. above msl). The only vegetation is a
sparse alpine steppe. Extensive areas consist of
bare rock and glaciers.

The faunal groups best represented here are
wild sheep and goats (chief ancestral stock),
ibex, snow leopard, marbled cat, marmots and
black-necked crane.

THE HIMALAYAN REGION

The fantastic altitude gradient results in
the tremendous biodiversity of the Himalayan
region. Flora and fauna vary according to both
altitude and climatic conditions: tropical
rainforests in the

 
Eastern Himalayas and dense

subtropical and alpine forests in the Central and
Himalayas.
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Classification No. of species

Angiosperms 15,000

Gymnosperms 64

Pteridophytes 1,022

Bryophytes 2,584

Algae 2,500

Fungi 23,000

Bacteria 850

Lichens 1,600

The country has 10 different biogeographic
zones and 26 biotic provinces.

Sl. Biogeographic Biotic
No. zones provinces 

1. Trans-Himalaya Ladakh  mounta ins ,  
Tibetan plateau 

2.  Himalaya Northwest,  West,  Central
and East Himalayas 

3. Desert Thar, Kutch 

4.  Semi-arid Punjab plains, Gujarat
Rajputana 

5. Western Ghats Malabar plains, 

Western Ghats 

6. Deccan  Central  highlands, 

Peninsula Chotta-Nagpur,  Eastern 
highlands,  Central
Plateau, Deccan South 

7.  Gangetic plains Upper and Lower Gangetic
plains 

8.  Coast  West  and  East coast,
Lakshadweep 

9.  North-East Brahmaputra

valley, Northeast hills 

10.  Islands Andaman and Nicobar 

Western Himalayas. The lower levels of the
mountain range support many types of orchids.
On the eastern slopes, rhododendrons grow to
tree height.
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Animals of Himalayas show several
behavioural and physiological adaptations.
Sambar and muntjac are found in the
subtropical foothills; serow, goral and the
Himalayan thar are found in the temperate and
subalpine regions; snow leopard and brown
bear inhabit the alpine region. Carnivores are
the most elusive of all mammals in the
Himalayas. There are a variety of carnivores in
the higher mountains, vulnerable and rare
some of which are rare and threatened with
extinction.

THE INDIAN DESERT

The natural vegetation consists of tropical
thorn forests and tropical dry deciduous forests,
sandy deserts with seasonal salt marshes and
mangroves are found in the main estuaries.
Typical shrubs are phog growing on sand
dunes. Sewan grass covers extensive areas
called pali.

Thar desert possesses most of the major
insect species. 43 reptile species and moderate
bird endemism are found here. No niche of the
Thar is devoid of birds. The black buck was
once the dominant mammal of the desert
region, now confined only to certain pockets.
The gazelle is the only species of the Indian
antelope of which the females have horns.
Nilgai the largest antelope of India and the
wild ass, a distinct subspecies, is now
confined to the Rann of Kutch which is also
the  only breeding site  in the Indian
subcontinent for the flamingoes. Other species
like desert fox, great Indian bustard, chinkara
and desert cat are also found.

THE SEMI-ARID REGION

The semi-arid region in the west of India
includes the arid desert areas of Thar and
Rajasthan extending to the Gulf of Kutch and
Cambay and the whole Kathiawar peninsula.

The natural vegetation consists of tropical
thorn forests and tropical dry deciduous forests,
moisture forests (extreme north) and mangroves.
The sandy plains have a few scattered trees of
Acacia and Prosopis. The gravelly plains have

Calotropis, Gymnosporia, etc. The rocky habitats
are covered by bushes of Euphorbia while species
of Salvadora and Tamarix occur mainly near
saline depressions.

The lion of Gir is the endemic species in
this zone.

THE WESTERN GHATS

They cover only 5% of India’s land surface
but are home to more than about 4,000 of the
country’s plant species of which 1800 are
endemic. The monsoon forests occur both on the
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western margins of the ghats and on the eastern
side where there is less rainfall. This zone
displays diversity of forests from evergreen to dry
deciduous.

The Nilgiri langur, lion tailed macaque,
Nilgiri tahr, Malabar grey hornbill and Most
amphibian species are endemic to the Western
Ghats.

THE DECCAN PENINSULA

The Deccan Peninsula is a large area of
raised land covering about 43% of India’s total
land surface. It is bound by the Sathpura range
on the north, Western Ghats on the west and
Eastern Ghats on the east. The elevation of the
plateau varies from 900 mts. in the west to 300
mts. in the east. There are four major rivers that
support the wetlands of this region which have
fertile black and red soil. Large parts are covered

by tropical forests. Tropical dry deciduous forests
occur in the northern, central and southern part
of the plateau. The eastern part of the plateau in
Andhra Pradesh, Madhya Pradesh and Orissa
has moist deciduous forests. Fauna like tiger,
sloth bear, wild boar, gaur, sambar and chital
are found throughout the zone along with small
relict populations of wild buffaloes, elephants
and barasingha.

THE GANGETIC PLAIN

The Gangetic plain is one of India’s most
fertile regions. The soil of this region is formed
by the alluvial deposits of the anges and its
tributaries. The four important surface
differences recognized in the geomorphology of
the plains are:

• Bhabar - pebble studded zone with
porous beds

• Terai - marshy tract

• Bhangar - older alluvium of the flood
plain

• Terai - marshy tract

• Khadar-newer alluvium

The Gangetic plains stretching from India
possesses little more than 7% of the total eastern
Rajasthan through Uttar Pradesh

 
animal

 
species

of the world. This percentage is to Bihar and West
Bengal are mostlyhjgher than that of the plant
species. Out of a total under agriculture. The
large forest area is of 86,874 animal species,
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insects alone comprise under tropical dry
deciduous forest and 68.52% and chordates
5.70% the southeastern end of the Gangetic
plain merges with the littoral and Among the
large animals, 173 species of mammals,
mangroves regions of the Sunderbans birds, 15
of reptiles, 3 of amphibians and 2 of fishes are
considered endangered.

The fauna includes elephants, black buck,
gazelle, rhinoceros, Bengal florican, crocodile,
freshwater turtle and a dense waterfowl
community.

Larger animals No. of species

Mammals 390

Birds 1,232

Reptiles 456

Amphibians 209

Fishes 2,546

THE COASTAL REGION

The natural vegetation consists of
mangroves. Animal species include dugong,
dolphins, crocodiles and avifauna. There are 26
species of fresh water turtles and tortoises in
India and 5 species of marine turtles, which
inhabit and feed in coastal waters and lay their
eggs on suitable beaches. Tortoise live and breed
mainly on the land.

Over 200,000 Olive Ridley turtles come to
Orissa to nest in the space of three or four nights.
The highest tiger population is found in the
Sunderbans along the east coast adjoining the
Bay of Bengal.

Lakshadweep consists of 36 major
islands -12 atolls, 3 reefs and 5 submerged coral
banks - make up this group of islands more
than three hundred kilometers to the west of the
Kerala coast. The geographical area is 32 sq. km.
and the usable land area is 26.32 sq. km. The
fauna consists mainly of four species of
turtles, 36 species of crabs, 12 bivalves, 41
species of sponges including typical coral,
ornamental fishes and dugongs. A total of 104
scleractinian corals belonging to 37 genera are
reported.

THE NORTH-EAST

Biological resources are rich in this zone.
The tropical vegetation of northeast India is rich
in evergreen and semievergreen rain forests,
moist deciduous monsoon forests, swamps and
largest of all existing rhinoceros grasslands.
Mammalian fauna includes 390 species of
which 63% are found in Assam. The area is rich
in smaller carnivores. The country’s highest
population of elephants are found here.
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THE INDIAN ISLANDS

It is a group of 325 islands: Andaman to
the north and Nicobar to the south. The two are
separated by about 160 kms. by the Ten Degree
Channel of the sea. The rainfall is heavy, with
both Northeast and Southwest monsoons. At
present, 21 of the 325 islands in the Andaman
& Nicobar Islands are inhabited. Many unique
plants and animals are found here. About 2,200
species of higher plants are found here of which
200 are endemic. The Andaman & Nicobar
Islands have tropical evergreen forests and
tropical semievergreen forests as well as moist
deciduous forests, littoral and mangrove forests.

112 endemic species of avifauna, the
Andaman water monitor, giant robber crab, 4
species of turtles, wild boar, Andaman day gecko
and the harmless Andaman water snake are
found only in these islands. The Narcondam
hornbill found only in Narcondam is a large
forest bird with a big beak. Coral reefs are
stretched over an area of 11,000 sq.km. in the
Andamans and 2,700 sq.km. in Nicobar.

The major problems of certain specific zones
are as follows:

• Wetlands: siltation, eutrophication,
encroachment, tourism.

• Forests: deforestation and
degradation, extended cultivation,
road laying, mining operation.

• Seas: hot water from nuclear and
thermal power plants, toxic effluents
from coastal areas, oil spills, blasting
and dredging, collection of undersized
fishes and other organisms,
exploitation of ornamental seashells,
chanks and pearl oysters by domestic
shell craft industry, export of sea fans
and seaweeds.

• Corals: used as a raw material in the
cement factories, exploitation of
antipatharians and precious red coral
for jewellery, commercial exploitation of
aquarium fishes from Indian coral reefs.

• Mangroves: agriculture, aquaculture,
fuel wood extraction, diversion of fresh
water for irrigation resulting in
increased salinity.

• Rivers: heavy metal pollution,
persistent biocides, organic wastes,
removal of sand from river beds.

• Animals: exploited for their skin, fur,
wood, tusk, meat, medicine and oil,
trade, hunting, poaching.

LEGISLATION FOR PROTECTING
ENDANGERED SPECIES

Considering the importance of flora and
fauna, major national and international efforts
have been make to protect and conserve the rich
biodiversity and endangered species of wildlife
and flora. Convention on the International Trade
in Endangered Species of Wild Fauna and Flora
(CITES), 1973, is a significant step in this
direction. The convention recognized that wild
fauna and flora in their many beautiful and
varied forms are irreplaceable parts of the
natural systems of the earth, which must be
protected by all means. The United Nations
Convention on Biological Diversity, 1992 is
another milestone.

CAUSES OF ECOLOGICAL DESTRUCTION
AND DEPLETION

The rapid deterioration of the ecology due
to human interference is aiding the
disappearance of wildlife from the biosphere.

The common problems are habitat
disturbance and destruction, introduction of
exotics, exploitation, marine pollution, natural
disasters like floods, earthquakes and forest
fires.
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The Wildlife (Protection) Act, 1972, is our
national initiative to protect wildlife. The Act
provides for establishment of a Wildlife Board
and setting up of Wildlife Sanctuaries and
National Parks. The Act also makes hunting of
wild animals a punishable offence. The
Biological Diversity Bill, 2000 which is in the
offing, also interalia, strives to protect and
conserve the biodiversity and endangered
species in India.

ECOSYSTEM BALANCE

There is an urgent need for sustaining wild
species due to the following reasons.

• Forests render the climate more
equable, prevent soil erosion and
landslides and help in flood control

• Most of today’s food crops were
domesticated from wild tropical plant

• About 80% of the world™s population
relies on plants or plant extracts for
medicines

• Pollination and seed dispersal by birds,
insects and animals is essential to
increase diversity of genetic
recombination

• Agricultural scientists and genetic
engineers require the existing total
stock of species - most of them still
unknown and unnamed - as the source
of food and to develop the new crop
strains of tomorrow

• Survival of humans and other species
is dependent on the producer

• Wildlife serves as a gene library;
premature extinction of species leads to
irreversible loss of genetic information
that influences the future evolution of
life on earth Aesthetic value.

Biodiversity and ecological integrity are
essential to all life on earth and should not be
disturbed by human actions. To save the natural
world, ecosystems as a whole have to be saved.
Unless the entire ecosystem is preserved, the
individual species will not be able to survive for
long. The steps taken to preserve our wildlife are:

• Gene banks and Botanical Gardens

• Zoological Gardens and Captive
Breeding Centres

• Biosphere Reserves

• National Parks and Wildlife Sanctuaries

• Treaties and laws to protect
endangered species

ECOLOGICAL RELATIONSHIPS OF
BIOMES

The survival and well being of a biome and
its organisms depends on ecological
relationships throughout the world. Even
changes in distant parts of the world and its
atmosphere affect our environment and us. The
eruption of a volcano in Mexico, or Southeast
Asia can bring the temperature of the whole
world down a few degrees for several years.

MAJOR BIOMES OF THE WORLD

Have you visited any biomes lately? A
biome is a large ecosystem where plants,
animals, insects, and people live in a certain
type of climate. If you were in northern Alaska,
you would be in a frosty biome called the Arctic
tundra. If you jumped on a plane and flew to
Brazil, you could be in a hot and humid biome
called the tropical rainforest. The world contains
many other biomes: grasslands, deserts, and
mountains, to name a few. The plants and
animals living in each are as different as their
climates. Which is your favorite?

Arctic Tundra

The Arctic tundra is a cold, vast, treeless
area of low, swampy plains in the far north
around the Arctic Ocean. It includes the
northern lands of Europe (Lapland and
Scandinavia), Asia (Siberia), and North America
(Alaska and Canada), as well as most of
Greenland. Another type of tundra is the alpine
tundra, which is a biome that exists at the tops
of high mountains.

Special features

This is the earth's coldest biome. Since the
sun does not rise for nearly six months of the
year, it is not unusual for the temperature to be
below -30°F in winter. The earth of the Arctic
tundra has a permanently frozen subsoil, called
permafrost, which makes it impossible for trees
to grow. Frozen prehistoric animal remains have
been found preserved in the permafrost.
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In summer, a thin layer of topsoil thaws and
creates many pools, lakes, and marshes, a haven
for mosquitoes, midges, and blackflies. More
than 100 species of migrant birds are attracted
by the insect food and the safe feeding ground
of the tundra. Other animals that live in this
biome include polar bears, Arctic foxes, caribou,
and grey wolves. Plants that you might find
include small shrubs and cushion plants, and
the lichen which cover the many rocks on the
tundra's terrain. The Arctic is also famous for
the beauty of its flowers during early autumn.

Coniferous Forest

The coniferous forest biome is south of the
Arctic tundra. It stretches from Alaska straight
across North America to the Atlantic Ocean and
across Eurasia. The largest stretch of coniferous
forest in the world, circling the earth in the
Northern Hemisphere, is called the “taiga.” It
supplies the bulk of the world's commercial
softwood timber, which is used to make paper.

Special features

These forests consist mainly of cone-
bearing trees such as spruce, hemlock, and fir,
which are well suited to the cold climate. The
soil is not very fertile, however, because there
are no leaves to decompose and enrich it. Some
animals that thrive in this biome are the ermine,
the moose, the red fox, the snowshoe rabbit, and
birds such as the crossbill and the great horned
owl.

Deciduous Forest

This biome is in the mild temperate zone of
the Northern Hemisphere. Major regions are
found in eastern North America, Europe, and
eastern Asia.

Special features

Deciduous trees lose their leaves in fall. The
natural decaying of the fallen leaves enriches the
soil and supports all kinds of plant and animal
life. The deciduous forest is a lively place, where
oak, beech, ash, and maple trees are typical, and
wildflowers, berries, and many types of insect and
animal life abound. But the fertile soil is also good
for people, and in Europe most of the deciduous

forest has been destroyed to make room for farms
and homes. In the U.S., the deciduous forest is a
home for deer, American gray squirrels, wood
mice, rabbits, raccoons, woodpeckers, cardinals,
and finches, to name a few.

Desert

A desert is an area where little or no life
exists because of a lack of water. Scientists
estimate that about one-fifth of the earth's land
surface is desert. Deserts can be found on every
continent except Europe. There are two different
kinds: hot and dry (such as the Arabian and
Sahara deserts) and cold and dry (such as
Antarctica and the Gobi desert).

In North America, there are four major
deserts: the Great Basin, the Mojave, the
Sonoran, and the Chihuahuan. All but the Great
Basin are hot deserts located in Mexico and the
southwestern part of the United States. The Great
Basin covers parts of Idaho, Nevada, Oregon, and
Utah, and is considered a cold desert.

Special features

The lack of water and intense heat or cold
make this biome inhospitable to most life forms.
Most of the plants you'll see in the desert are
species of cactus. You might come across yucca,
aloe, octillo plants, or the tall saguaro cacti. A
few animals—mainly reptiles, like snakes and
lizards, and amphibians, like frogs and toads—
are well adapted to the hot desert. Another
famous desert animal is the camel, which can
make water from the fat it stores in its hump.
The Emperor and Adélie penguins are well-
known animals living at the edge of the Antarctic
desert.

Grasslands

Grasslands are places with hot, dry climates
that are perfect for growing food. They are known
throughout the world by different names. In the
U.S. they are called prairies and extend from the
Midwest to the Rocky Mountains. In South
Africa, grasslands are called the veld. Hot,
tropical grasslands called savannas are found
in South America and Africa. In Eurasia,
temperate zone grasslands are called steppes;
in South America, pampas.
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Special features

This inland biome is made of vast areas of
grassy field. It receives so little rain that very
few trees can grow. The U.S. prairies are used to
graze cattle and to raise cereal crops. There is
little variety of animal life. Some original prairie
animals like the wolf and bison have come close
to being eliminated from the habitat by hunters.
Today, some of the most common grassland
animals include the prairie dog and the mule
deer in North America, the giraffe and the zebra
in Africa, and the lion in Africa and Asia.

Mountains

Mountains exist on all the continents of the
earth. Many of the world's mountains lie in two
great belts. The Circum-Pacific chain, often
called the Ring of Fire, runs from the west coast
of the Americas through New Zealand and
Australia and up through the Philippines to
Japan. The other major belt, called the Alpine-
Himalayan, or Tethyan, system, stretches from
the Pyrenees in Spain and France through the
Alps and on to the Himalayas before ending in
Indonesia.

Special features

Mountains are usually found in groups
called chains or ranges, although some stand
alone. A mountain biome is very cold and windy.
The higher the mountain, the colder and windier
the environment. There is also less oxygen at
high elevations.

The animals of this biome have adapted to
the cold, the lack of oxygen, and the rugged
landscape. They include the mountain goat,
ibex (wild goat), sheep, mountain lion, puma,
and yak. All of them are excellent climbers,
which means they can move freely in the steep,
rocky landscape. Types of plants vary
depending on geographic location and altitude.
Lower elevations are commonly covered by
forests, while very high elevations are usually
treeless.

Rainforests

Tropical rainforests are found in Asia,
Africa, South America, Central America, and on

many of the Pacific islands. They are often found
along the equator. Almost half of the world's
tropical rainforests are in the South American
country Brazil.

There are other types of rainforests around
the world, too. For example, northern Australia
has a “dry rainforest” that experiences a dry
season each year, and the rainy Pacific
Northwest in the United States has a “temperate
rainforest” that is made up of evergreen trees.

Special features:

Tropical rainforests receive at least 70
inches of rain each year and have more species
of plants and animals than any other biome.
Many of the plants used in medicine can only
be found in tropical rainforests. The
combination of heat and moisture makes this
biome the perfect environment for more than 15
million plants and animals. The thick
vegetation absorbs moisture, which then
evaporates and completes the cycle by falling
again as rain.

A rainforest grows in three levels. The
canopy, or tallest level, has trees between 100
and 200 feet tall. They block most of the sunlight
from the levels below. The second level, or
understory, contains a mix of small trees, vines,
and palms as well as shrubs and ferns. The third
and lowest level is the forest floor, where herbs,
mosses, and fungi grow.

Rainforests are an endangered biome.
People have cut the trees and sold the wood for
firewood, building materials, and paper. Parts
of the rainforest have been burned to make
space for grazing and farming. Every minute,
approximately 30 acres of rainforest are
destroyed. The large amounts of carbon dioxide
that are released due to the cutting and burning
of rainforests contribute to the greenhouse
effect.

Some of the animals of the tropical
rainforest are the anteater, jaguar, brocket deer,
lemur, orangutan, marmoset, macaw, parrot,
sloth, and toucan. Among the many plant species
are bamboo, banana trees, rubber trees, and
cassava.


