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Preface

The present book entitled “Ecology, Ethology and Developmental Biology” has been
designed so as to cover the unit-wise syllabus of MZO-07 course for M.Sc.
Zoology (Final) students of Vardhman Mahaveer Open University, Kota. The basic
principles and theory have been explained in simple, concise and lucid manner.
Adequate examples, diagrammes , photographs and self-learning exercises have
also been included to enable the students to grasp the subject easily. List of books
suggested for further study will be a great help the students. The unit writers have
consulted various standard books and internet as their reference on the subject and
they are thankful to the authors of these reference books. Suggestions for the
further improvement of the book will be thankfully acknowledged and

incorporated in further editions.
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1.10 References

1.0 Objectives

After going through this unit you will be able to understand the following

concepts:
° Abiotic and biotic environmental factors and interaction between them.
®  Understanding about the Ecological law of minimum and law of tolerance

®  Concept of Habitat and niche, niche width and overlap; fundamental and

realized niche; resource partitioning; character displacement

1.1 Introduction

This is chapter is very important for a student before you proceed further about
the study of ecology, you must have clear cut concepts and thorough
understanding about the environment. Let's begin with fundamental question:

What do you mean by environment? And answer certainly comes to be:-

The term environment means surroundings. It is a complex of many factors,
living as well as non-living. The sum total of all surroundings of a living
organism, including natural forces and other living things, which provide
conditions for development and growth as well as of danger and damage.

Environmental factors can broadly be classified into Abiotic and Biotic. These
factors affect not only interact within but also influence the other. Life in fact is
a sum total of such interactions. Abiotic factors are especially important

because they directly affect how organisms survive.

1.2 Physical Environment

Abiotic components are the non living ecological factors that affect living
components during any part of their life. They can broadly be classified into

physical and chemical.

Abiotic factors come in all types and can vary among different ecosystems. For
example, abiotic factors found in aquatic systems may be things like water
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depth, pH, sunlight, turbidity (amount of water cloudiness), salinity (salt
concentration), available nutrients (nitrogen, phosphorous, etc.), and dissolved
oxygen (amount of oxygen dissolved in the water). Abiotic variables found in
terrestrial ecosystems can include things like rain, wind, temperature, altitude,
soil, pollution, nutrients, pH, types of soil, and sunlight.

The boundaries of an individual abiotic factor can be just as unclear as the
boundaries of an ecosystem. Climate is an abiotic factor which is made up of so
many individual factors.. Even natural disasters, such as earthquakes,
volcanoes, and forest fires, are also abiotic factors. These types of abiotic
factors certainly have drastic effects on the ecosystems they encounter.

Physical environment includes the medium and the climate respectively.

There are basically four types of media that include: Soil, Water, Air, Bodies of

other organisms

Climate on the other hand is the average of atmospheric components in a given
area. This includes: Humidity, Light, Wind, Rainfall, Temperature etc.

Abiotic components also include the chemical factors of an environment like
gases such as oxygen, CO2 etc., Hydrogen ion concentration, nutrients,
hydrogen sulphide etc.

The activities and growth of plants and animals are a result of several of these
abiotic factors. The quantity of the abiotic components present in the ecosystem
is known as 'the standing stage'.

1.2.1 Soil - Edaphic Factors

Soil is the upper layer of earth which is formed by the weathering of the
underlying rocks. Study of soil is called Pedology. Soil not only provides
support but also nutrition, water and required oxygen to the organisms.
Formation of soil is called paedogenesis. Soil not only contains inorganic but
also the organic component which is added to it through decomposition of dead
and decaying organism. This black colored organic matter which is added to the
soil is called humus and the process humification. This process starts from the
debris of trees and plants which are added to soil. This debris is called litter.
The litter is composed of dead leaves, twigs, wood, dead roots and various plant
products. Just below the fresh litter often occurs the material derived from
preceding season’s litter in which decay or microbial decomposition has set in.
This is called duff. The litter is decomposed by soil microbes such as bacteria,
actinomycetes and other fungi. The products of decomposition include various
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types of inorganic and organic plant nutrients. They are all incorporated into
mineral particles which then become dark in color.

Humus includes two types of organic matter the partially decomposed organic
matter derived from litter and excreta of soil animals like centipedes,
millipedes, earthworms, mites, grass-hoppers, etc. which feed on the litter of
plant material. Gradually the humus is completely decomposed into simple
compounds like carbon dioxide, water and minerals salts by a process called

mineralization.

[0 | organic horizon
O
’ .
A‘J
A J, True soil
(solium)

Mineral horizon
e mee—
e

R ]Bedmclt

Fig. 1.10. A generalized profile of soil. O1: Loose leaves and organic debris; O1: organic debris
partly decomposed or matted: Ax: A dark colored horizon with a high content of organic matter mixed with
mineral matter; Az A light colored horizon with maximum leaching; Aa: Transitional to B but more like 4
than B; B1: Transitional laver but more like A than Ba; Ba: A deeper colored horizon of maximum
accumulation of clay minerals or of iron and organic matter; Ba: Transitional to C; C: Weathered material
(regolith); R: Consolidated bedrock.

Soil Profile:

Soil in its cross section includes various layers called the horizons (see
Fig.1.10) namely:

A Horizon: This is the topmost soil in which the vegetation grows and various
biological activities occur. It is further subdivided into: A;- which is the top
layer consisting of freshly fallen leaves and A,-;-consisting of various organic

substances in various stages of decomposition. It also consists of humus.

B Horizon: It has iron and aluminum compounds in it. It also has clay and

humus.

A and B Horizons together form the true soil.
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C Horizon- It has large masses of weathered mineral material.
R-Horizon: It contains un-weathered parent rock material.

Soil texture - The texture of the soil is variable from particles like clay to
larger particles like sand. Sandy soils are suitable for growing plants and are
well aerated and are easy to cultivate. Sandy soils cannot retain much water and
contain few nutrients required for plant growth. In fact loamy soils are best
suited for plant growth as they contain equal amounts of sand, clay and silt.

Soil air - Soil air is the spaces between the soil particles where it is not filled

with soil water. The soil air determines the firmness of the soil.

Temperature of soil - Temperature of the soil is an important factor,
temperature of soil below 30cm is said to be constant but there are seasonal
variations. The decaying caused by decay-causing microorganisms is low at

lower temperature.

Soil water - Soil water is classified into three types - capillary water,
hygroscopic water and gravitational water. Of these capillary water is of great
importance for plant life. Field capacity is the sum of capillary, hygroscopic
and combined water. It is the maximum amount of water that soil can hold after

the draining away of gravitational water.

Soil pH - pH of the soil affects the biological activity in the soil and certain
mineral availability. The pH influences the growth and development of plants.
The soil pH lies between 2.2 and 9.6. Soils are alkaline in arid and acidic in
tropical areas.

The organisms and the decaying matter in the soil are known as soil solution
and it increases the fertility of the soil. Microflora of the soil includes bacteria,
blue green algae, fungi etc. while the microfauna has protozoans, mites,
nematodes, rotifers etc.

1.2.2 Light

Light is the primary source of energy to almost all ecosystems. The light energy
is used by the autotrophs to manufacture food by the process of photosynthesis
by combining together other inorganic substances. It is evident; therefore, that
light has a very profound ecological importance. The factors of light like its
quality, intensity and the length of the light period play a vital role in an
ecosystem. The study of light as an ecological factor is complicated by the fact
that the sun emits not only the light rays used for assimilation, but in addition
heat rays and ultraviolet rays, both of which influence many other processes in



Mz0-07

the plant. The table given below gives some idea of the action of different parts

of the spectrum upon the living plant.

Hadiation Wave length (In k) Action on the Plant

Roentgen 0.00001=0.00018 " Extremely harmful

Ultra-violet 0.012—0.40 Very harmiul in large quantity

Violet Blue 0.40—0.49 Phototropism, morphological effect

Green Red 0.49—0.76 Photosynthesis and lMowering

Infra Red 0.76—circa 600 Temperature effects, photosynthesis and Nowering
Electric rays 2 nm. to indefinite Not certainly known

® The quality of light affects the aquatic ecosystems, the blue and red light

is absorbed here and it does not penetrate deep into the water. Some
algae have specialized pigments that absorbs the other colors of light.

The intensity of light depends upon the latitude and the season of the
year. During the period from March to September the Southern
Hemisphere receives less than 12 hours of sunlight while it receives
more than 12 hours of sunlight during the rest of the year.

10 % of light falling on water is reflected back while the rest is modified
in terms of Intensity, distribution and spectral composition. Suspended
particles in water in fact reduce the intensity of light by scattering. This
reduction in light intensity is called Extinction rate. Below 200 meters
there is no light penetration and is called the ‘Zone of Perpetual
Darkness’.

Light affects various activities such as metabolism, reproduction,
development, skin pigmentation etc. Cave animals where there is no
light lack pigmentation. The coloration of few animals, protect them
from enemies and is known as protective coloration. Some of them
match their backgrounds like Phylliumos leaf insect matches the green
leaves. Some animals on the other hand are able to change their colors
as per the surroundings. This ability is known as ‘Visual stimulus’. It is
wide spread amongst crustaceans, insects, amphibians and reptiles. The
effect of light on movement is called Photokinesis. Movement of an
organism in response to light is called phototaxis. On the other hand
when only a part of the organism moves towards light it is known as
phototropism.

Similarly response of the organism towards length of day is called is
called photoperiodism. Some plants flower only during a certain time

6
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of the year. One of the factors is due to the length of dark period.
Depending on the intensity of light the plants are classified as short-day
plants (Example Chrysanthemum) Long-day plants (Examples -
Spinach, barley, wheat, radish, clover, etc.) Day-neutral plants
(Examples - Tomato, maize, etc.)

® Activities in animals are also affected by day duration.

® Luminiscence or Phosphoroscence is the light of biological origin. It is
common in oceans and land during night but not usually found in fresh
water. It serves various functions such as Illumination, Recognition, lure
and warning. For e.g. Squids are able to keep together in dark because of

light flashing. Similarly when attacked cuttle fishes secrete black
secretion into the water and are able to escape.

1.2.3 Temperature

Temperature influences the distribution and growth of plants and animals.
Range of temperature varies markedly in various environments, from below
zero to greater than 100 0 C in hot springs. Changes in the temperature also
occur during daytime. These are called diurnal changes. These are prominent on

land than in water.

Besides there is thermal stratification also best studied in water bodies. The
surface temperatures are normally higher or lower as compared to basal layers
as the maximum density of water is reached at 4 0 C. Between these extreme
gradients there occurs a zone of rapid change where the temperature changes at
a rate of 1 0 C. This is called the Thermocline. The upper warmer layer during
summers is called the Epilimnion while the lower cooler layer is called the
Hypolimnion.

Depending on the range of tolerance of temperature the organisms are either
Eurythermal of Stenothermal. While the first group includes animals with a
wide range of temperature tolerance e.g. humans the latter consists of

organisms with a narrow range such as fishes and reptiles.
On the basis of body temperatutres animals are classified into two groups:

A) Homoeothermic animals: In these animals such as mammals they
regulate their body temperatures at a constant level irrespective of

environmental temperatures.

B) Poikilothermic animals: In these animals body temperatures fluctuate
with that of environment e.g. fishes, amphibians.
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Mechanisms for meeting temperature variations:

a)

b)

d)

Hibernation: It is the period of dormancy which occurs in cold blooded
animals during winter season. In this period these organisms hide
themselves under rocks or in crevices. Their metabolic. activity is
extremely low during this period and they derive the required energy
from stored fats and glycogen. Some animals are solitary hibernators
while others hibernate in groups.

Aestivation: Just like hibernation this is the period of dormancy shown
during summers. It is usually found in insects and some vertebrates.
Lung fishes for example spend their summers in mud cocoon. Insects

show dormancy in the form of Diapause.

Thermal Migration: To avoid extreme of temperatures animals migrate
to places of favourable conditions. It is a common occurrence in Toads,
turtles etc. Even bears, deers move to valleys from mountains during
winters. Migration is most elaborate in birds which travel thousands of
kilometers to places of their liking.

Formation of spores, cysts etc.: Certain plants, animals produce spores,
cysts, pupae, eggs to resist extremes of temperatures. Plants produce
structures like rhizomes, stolons to tide over unfavourable conditions.

Effects of temperature in plants and animals:

a)

b)

Metabolism: Most of the metabolic activities are under the control of
temperature as these activities are controlled by enzymes which are
influenced by temperature. Initial increase in temperature increases the

enzymatic activity however after a certain limit retardation starts.

Reproduction: There is a direct influence of temperature on
reproduction. Some animals breed in summers like while others breed in
winters. Maturation of sex cells and liberation of gametes takes place at
a particular temperature in certain species. In Blow fly number of eggs
laid increases upto 32.5 OC after which the number comes down.
Similarly in Grasshopper Melanopus the optimum temperature for egg
production is 39 0C, below which the production comes down.

Sex Ratio: In certain rotifers and daphnids under normal temperature
they produce parthenogenetic eggs which develop into females.
However with the rise in temperature, they give rise to sexual eggs
which may develop into males or females. Interestingly, in plague flea



Mz0-07

Xenopsylla males outnumber females on days when temperatures are
between 21 0C and 250C. However on cooler days the numbers are

reversed.

d) Growth and Development: Development of eggs and even the maximum
size attained depends in certain species depend upon temperature.

e) Structural and Behavioural changes: Several such modifications are
seen. In Drosophila Melanogaster temperature affects position of genes
and chromosomes during crossing over resulting in various structural

changes.

f) Cyclomorphosis: In certain planktons body form changes with the
seasonal changes in tempetrature. This is best exhibited in cladocerans
like Daphnia. In winters thay have a round head which attains a helmet
like projection during spring and in summers this projection attains
maximum size. This is an adaptation which helps in floating as the
buoyancy of the water is reduced with rising temperatures.

Gloger’s Rule: In warm humid climates many animals like insects and

mammals are darker in color as compared to their counterparts living in cool

and dry places.

Jordan’s Rule: Temperature is also believed to control the number of vertebrae

in certain fishes. In these the fishes of cooler waters have more vertebrae as

compared to warm water forms.

Allen’s rule: Size of exremities in animals like ears, tails neck etc. is also

controlled by temperature. These are relatively smaller in cooler parts. Eskimos
have comparatively small arms and legs. This adaptation seems to reduce heat
loss in cooler temperatures.

Bergman’s rule: This rule states that races of species inhabiting cold regions
are larger in size to their counter parts inhabiting warmer regions. It is
explained that larger body ensures less surface area per unit weight resulting in
lesser heat loss. Antarctic penguins are much larger is size as compared to
equatorial Galapagos forms.

1.2.4 Water
Habitats of animals and plants vary widely from aquatic environments to the
dry deserts. Water is essential for life and all the biotic components of the

ecosystem are directly dependent on water for survival. It covers almost 73% of

earth and is a medium for vast aquatic life. Moreover its not just a medium it

9
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has several unique properties which makes it indispensable for life. Some of

these are as following:

a).

b).

g).

h).

Universal Solvent: No other liquid has such exclusive properties as
water which makes it a universal solvent. It is because of this property
that it has several minerals, salts amd gases dissolved in it which support
life.

Surface Tension: It is the cohesive force between the molecules of water
by which they are held together. This property helps in movement of

water in and outside the cell as well as movement of ground water.

Viscosity: Planktonic organisms able to swim passively without any

special swimming organ.

Density: The freezing point of sea water is -2.50C and that of fresh
water 00C because of which ice floats on water and the life inside can
live comfortably.

Heat Conduction: Since water has the highest heat conduction property

which allows it to maintain a constant temperature.

Specific Heat: It is the amount of heat required to raise the temperature
of I ml. of water by 10C. Therefore it can withhold large amount of heat
without much variation in the temperature. It is because of this that
temperature of water bodies is maintained.

Salinity: As salinity is maintained in marine water it allows free

movement of animals.

Pressure: It increases with the depth of water, and to overcome this
various adaptations are found which allows animals to counter such high
pressures. These include air bladders and fluid filled cavities.

Based upon their water requirements plants are classified as:

Hydrophytes (Example - Water lilies)
Mesophytes (Example - Sweet pea, roses)

Xerophytes (Example - Cacti, succulent plants)

Land animals are prone to desiccation and these animals show various types of

adaptations to this. Some of the adaptations seen in terrestrial animals are:

Body covering which limits loss of water.

Some animals have sweat glands which are used as cooling devices.

10
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. The tissues of some animals like camel are tolerant to water loss.

. Some insects are said to absorb water from the water vapor directly from
the atmosphere.

1.2.5 Rainfall and Other Atmospheric Precipitations

Rainfall affects indirectly through the medium of other ecological factors. As it
directly affects the amount of available soil water, the annual rainfall is a major
factor in determining the distribution of plants and animals. Many plants like
epiphytes and lithophytes have no source of water other than direct atmospheric
precipitations. Such plants have special organs for the absorption of water from
atmospheric precipitation. For instance, occurrence of aerial roots with special
water absorbing spongy tissue called velamen. In animals also this ability
(hygroscopic) is found in certain animals such as desert dwelling lizards.

The deposition of dew in areas with scanty rainfall is of great importance to
maintain vegetation. In the sub-tropical tracts which receive only negligible
amount of rains, strong deposition of dew takes place during dry season.
Breazeale (1950) has quoted instances when the leaves of certain plants absorb
water from saturated atmosphere, and this water exudes through the roots into
the surrounding soil which, consequently, may attain field capacity.

Too much rainfall in a particular region determines the type of vegetation not
only pertaining to that of humid climate but also types of plants with adaptation
for soil percolated with water and against heavy showers. For instance, leaves
of the plants growing in equatorial forests have drip-tip and furrows so that
excess of water can immediately be removed. The moist climate increases the
longevity of plants and their leaves, whereas the dry climate shortens the
vegetative period, checks blooming, setting of fruits and maturation of seeds.
Aridity also enhances the resting period.

Temperature is perhaps the most important environmental factor which
determines the effectiveness of rainfall. Light rains in hot, dry weather will
usually have no effect upon the soil moisture content, for the water does not get
down to the roots, and quickly evaporates from the soil surface. Heavy rains of
short duration may also have little effect upon soil moisture, for the runoff may
be great.

1.2.6 Atmospheric Humidity

This is a very important climatic factor which directly affects the vegetation. It
is so, chiefly because of its effect on the rate of transpiration in plants. The most

11
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important environmental factor that effects atmospheric humidity is
temperature.

In the atmosphere, water is present in the form of water vapors. This is called
atmospheric humidity. Evaporation of water from earth surface and
transpiration from plants are the main cause of atmospheric humidity. Clouds
and fog are the visible forms of humidity.

Humidity is described in three different terms:

(a) Specific Humidity:It refers to the “amount of water vapours present per

unit weight of air”.

(b)  Absolute Humidity:It refers to the “amount of water vapours present

per unit volume of air”.

(c) Relative Humidity:It refers to the “amount of water vapours actually
present in the air, and is expressed as percentage of the amount which
the air can hold at saturation at the existing temperature”. Absolute and
relative humidity change with the changes in temperature.

Absolute humidity is maximum near the equator and it gradually declines as we
proceed towards poles. Relative humidity is also maximum near the equator but
decreases in the subtropical regions and increases once again in the temperate
regions. Thus, the relative humidity is affected by temperature as well as
latitude.

Humidity affects structure, form and transpiration in plants. In higher
temperature the relative humidity is low and exposed water quickly evaporates
and thus the rate of transpiration increases. Transpiration is one of the leading
functions through which the habitat of a plant is determined. For instance, the
highly humid air within a lowland forest or in a sheltered mountain gorge
(narrow defile between mountains), is greatly responsible for the delicate and
obviously moisture loving characters of the plants inhabiting that area. Plants
like orchids, mosses and lichens depend on atmospheric humidity for their

water requirement.

1.2.7 Wind

Wind is also an important ecological factor which affects both directly and
indirectly. The direct effects of wind are to be seen in the regions which are
quite often exposed to violent winds. Violent winds often break off twigs or
branches of plants and sometimes even uproot the trees and shrubs. Such an
effect of wind often prevents the growing of larger trees above a certain height.

12
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The vegetation of such areas is mostly composed of species which have a
prostrate habit of growth and a tenacious underground root or rhizome system.

1.3 Biotic Environment

The biotic components of the ecosystem which includes the plants, animals and
microbes interact and are dependent on the abiotic factors. There are
interactions among them can be defined as inter-specific and intra-specific
Inter-specific Interactions

. Since a community comprises all the species that occur at a particular
location, one of the most important things about communities is how the

species interact with one another.

. Four different types of interactions between different species
(interspecific interactions) have been identified:

Competition

Two organisms mutually harm one another

Predator—prey or parasite—host

One organism benefits, the other is harmed

Mutualism

Both organisms benefit

Commensalism

One organism benefits, the other is not affected

Interacting species have a tremendous influence on the size of each other's
populations. The various mechanisms for these biotic influences are quite
different from the way in which abiotic factors affect the size of populations.
Biotic factors also regulate the size of populations more intensely. The
influence of biotic interactions can occur at two different levels. Inter-specific
effects are direct interactions between species, and the intra-specific effects
represent interactions of individuals within a single species. The various types

of interactions can be summed up as below:

13
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Relationships between individuals of different species.

Type of Interaction

Effect of interaction

Examples

Both species are harmed

Oak trees and maple trees
competing for light in a

Competition (population growth rates are . . .
forest, wading birds foraging
reduced). .
for food in a marsh
Predation One species benefits, one is | Predation: wolf and rabbit
Parasitism harmed. Parasitism: flea and wolf
Both  species  benefit.
) ) i Humans and house pets,
Mutualism Relationship may not be| . o
) ) insect pollination of flowers
essential for either.
. One species benefits, one is | Maggots decomposing a
Commensalism ‘
not affected. rotting carcass
Allelopathy  (plants  that
produce substances harmful
One species harms another | to other plants): rye and
_ (typically by releasing a|wheat suppress weeds when
Amensalism

toxic substance), but is not
affected itself.

used as cover crops, broccoli
residue suppresses growth of
other vegetables in the same
plant family

1.3.1 Neutralism

Neutralism is the most common type of interspecific interaction. Neither

population directly affects the other. What interactions occur are slight and

indirect. The simple presence of the two species should not directly affect the

population level of either. An example of neutralism would be the interaction

between rainbow trout and dandelions living in a mountain valley.

14
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1.3.2 Competition

When two or more organisms in the same community seek the same resource
(e.g., food, water, nesting space, ground space), which is in limiting supply to
the individuals seeking it, they compete with one another. If the competition is
among members of the same species, it is called intra-specific. Competition
among individuals of different species it is referred to as inter-specific
competition. Individual’s in populations experience both types of competition
to a greater or lesser degree.

Competition may be the result of two different processes: exploitation or
interference. Competition by exploitation occurs between individuals when the
indirect effects of two or more species or individuals reduce the supply of the
limiting resource or resources needed for survival. The exclusion of one
organism by another can only occur when the dominant organism requires less
of the limiting resource to survive. Further, the dominant species must be able
to reduce the quantity of the resource to some critical level with respect to the
other organism. Resource exploitation, however, does not always cause the
exclusion of a species from a community. It may just cause the species involved

in this interaction to experience a reduction in their potential growth.

Competition by interference occurs when an individual directly prevents the
physical establishment of another individual in a portion of a habitat.
Established plants can preempt the invasion and colonization of other
individuals by way of dense root mats, peat and litter accumulation, and

mechanical abrasion.

1.3.3 Amensalism

Amensalism is an interaction where one species suffers and the other
interacting species experiences no effect. One particular form of amensalism is
allelopathy which occurs with plants. Allelopathy involves the production and
release of chemical substances by one species that inhibit the growth of another.
Allelopathic substances range from acids to bases to simple organic
compounds. All of these substances are known under the general term:
secondary substances. Secondary substances are chemicals produced by plants
that seem to have no direct use in metabolism. A good example of a secondary
substance is the antibiotic juglone which is secreted by Black Walnut (Juglans
nigra) trees. This substance is known to inhibit the growth of trees, shrubs,
grasses, and herbs found growing near Black Walnut trees. In the chaparral
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vegetation of California, certain species of shrubs, notably Salvia leucophylla
(mint) and Artemisia californica (Sagebrush) are known to produce allelopathic
substances. Often these chemicals accumulate in the soil during the dry season
reducing the germination and growth of grasses and herbs in an area up to 1 to
2 meters from the secreting plants.

1.3.4 Mutualism

Mutualism is the name given to associations between pairs of species that bring
mutual benefit. The individuals in the populations of each mutualist species
grow and/or survive and/or reproduce at a higher rate when in the presence of
individuals of the other species. This type of interaction is an extremely
widespread phenomena. For example, most rooting plants have mutualistic
associations with fungal mycorrhizae. Mycorrhizae increase the capability of
plant roots to absorb nutrients like nitrogen and phosphorus. In return, the roots
of the host provide support and a constant supply of carbohydrates for

consumption.

Mutualistic interactions between species can be of two types: symbiotic or
nonsymbiotic. In a symbiotic mutualism, individuals interact physically and
their relationship is biologically essential for survival. At least one member of
the pair cannot live without close contact with the other. For example, the
fungal-algal symbiosis that occurs in lichens. The morphological structure of a
lichen is a mass of fungal hyphae that forms around a small colony of algae
cells. In this mutualism, the alga produces carbohydrates and other food by
products through photosynthesis and metabolism, while the fungus absorbs the

required minerals and water to allow for these processes to occur.

More common in nature is the non-symbiotic mutualism. In this interaction, the
mutualists live independent lives yet cannot survive without each other. The
most obvious example of an interaction of this type is the relationship between
flowering plants and their insect pollinators.

1.3.5 Commensalism

It is an association between members of different species in which only one is
benefited and neither is harmed. Examples are lianas. Lianas are vascular plants
rooted in the ground and using other plants to maintain their erectness, e.g.
Tinospora. Similarly Epiphytes are plants growing on other plants. Many
orchids, bromeliads are examples.
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1.3.6 Predation, Parasitism, and Pathogens

Pathogens, parasites, and predators obtain food at the expense of their hosts and
prey. These processes are basic to the entire grazing food chain above the
autotroph level. Predators tend to be larger than their prey and consume them
from the outside. A parasite or pathogen is smaller than its host and consumes it
either from the inside or from the outside of the organism.

It is easy to believe that the predator-prey interaction is somehow detrimental to
the prey population. This idea has led to extensive efforts to control predator
populations in the name of wildlife conservation. However, functional
relationships between predator-prey between species, within natural
ecosystems, have coevolved over long periods time creating a dynamic balance
between their interacting populations. Thus, the population sizes of predator
and prey species are inter-regulated by delicate feedback mechanisms that
control the densities of both species.

A classic example of the balance between predator and prey involves the
prickly pear cactus, Opuntia spp. In the 19th century, prickly pear cactus was
introduced into Australia from South America. Because no Australian predator
species existed to control the population size of this cactus, it quickly expanded
throughout millions of acres of grazing land. The presence of the prickly pear
cactus excluded cattle and sheep from grazing vegetation and caused a
substantial economic hardship to farmers. A method of control of the prickly
pear cactus was initiated with the introduction of Cactoblastis cactorum, a
cactus eating moth from Argentina, in 1925. By 1930, densities of the prickly
pear cactus were significantly reduced.

Sometimes predator species can drive their prey into localized extinction. In
complex communities, this does no particular harm to the predator if several
other species exist as alternative prey..

The protocooperation is defined as the process in which two organisms of
different species are present and in which both the organisms are mutually
benefitted and they can live independently. It includes the red and yellow billed
ox pecker. They form a protocooperation with the rhinoceros. The birds feed on
the parasites present on the skin of rhinoceroes and relieve him of the parasites.
Similarly, the crocodile bird goes inside the mouth of crocodile and removes
the leeches.
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The Gause Hypothesis is also known as the principle of competitive exclusion.
It states that out of the two species which grow together one is eliminated and
the other one survives. At few occasions more than one species can survive.
The species which compete they coexist due to their specializations. The
Darwin discovered around 14 finches of species in the Galapagos Islands. They
all have different feeding habits. The Serengeti plains have around 20 species of
antelopes in the same area. There are many plants which can grow by their
roots which are of different lengths.

The mimicry is defined as the process of resemblance of organism to the other
organism or with the other object so that they can be concealed or protected as
the time demands. Mimic is an organism which exhibits the mimicry. The
model is defined as an object which resembles a mimic. In this type the color,
form, pattern and scent of an organism resemble to the other organism or the
surrounding objects. It helps the organism to protect it from predator and help
in the easy trapping of prey. It also helps to secure pollination in the orchid. The
prey develops a mimicry which is known as the protective mimicry. The
predator develops a mimicry which is known as the aggressive mimicry. The
protective mimicry is of different types. It can be concealing or warning. In
concealing type the organism resembles the surroundings so that they cannot be
detected easily. It includes the stick insect, larva of moth and the leaf insect.
These different types of organism resemble the twigs and green leaf. In the
warning type the organism resembles the poisonous organisms. It includes the
palatable butterfly and non palatable butterfly. There is another type of mimicry
which is known as the Batesian mimicry. In this an edible species resemble a
non edible species. When the non edible species resemble each other it is
referred as the Mullerian mimicry. This mimicry which is discussed above is
included in the protective mimicry. The aggressive mimicry is of different
types. It can be concealing and alluring. In concealing type the predator
resembles the surroundings so that they cannot be detected easily. They hide
and strike suddenly. It includes the praying mantis. In alluring type the predator
attracts the prey by resembling an object which is liked by the prey. It includes
the mouth of African lizard which resembles a flower. The spider also
resembles an orchid flower.

1.4 Biotic and abiotic interactions

The environmental factors, both biotic and abiotic; which of these factors
govern their distribution and abundance, and how these factors have influenced
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their adaptations and life history strategies. We also know that it is not only the
environment and its physical and biotic factors which affect the organism but
the organism is also able to modify the environment to a certain extent (Gaia
Hypothesis). The hypothesis states that the earth’s atmosphere would not
support life without regulation by the totality of life in the biosphere.

So far we have studied about the number of environmental abiotic factors such
as light, temperature, water, humidity, currents and pressures, general weather
conditions, soil and fire (all physical factors), and atmospheric and dissolved
gases, pH, nutrients and food (all chemical factors), and biotic factors (plants
and animals of the same and other species ) effect the distribution and
abundance of organisms in different habitats.

The two concepts combined form the Liebig- Blackman law. Any condition or
factor that affects an organism by exceeding the limits of tolerance is called a

limiting factor.

A combination of Liebig-Blackman law of minimum and Shelford’s law of
limits of tolerance gives us a combined concept of limiting factors which is a
better expression of the environmental conditions affecting the organisms in

natural ecosystems.

Consumens
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Fig. 1.2 Schematic -Interaction between the Abiotic and Biotic factors
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1.5 Ecological law of minimum and law of tolerance

1.5.1 Leibigs law of Minimum

Justus von Liebig, generally credited as the "father of the fertilizer industry",
while studying the relationship between availability of essential elements and
crop yield, formulated the law of the minimum which states that if one crop
nutrient is missing or deficient, plant growth will be poor, even if the other
elements are abundant or the growth of palnt is dependent upon the amount of
food stuff presented to it in the minimum quantity. It is also called the ‘Law of
Minimum’.

Liebig compared potential of a crop to a barrel with staves of unequal length.
The capacity of this barrel is limited by the length of the shortest stave and can
only be increased by lengthening that stave. When that stave is lengthened,
another one becomes the limiting factor.

Liebig's Law has been extended to biological populations. For example, the
growth of an organism such as a plant may be dependent on a number of
different factors, such as sunlight or mineral nutrients (e.g. nitrate or
phosphate). The availability of these may vary, such that at any given time one
is more limiting than the others. Liebig's Law states that growth only occurs at
the rate permitted by the most limiting.
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Fig 1.4 The graph showing the influence of Nutrient B over Nutrient A

Blackmann further studied the phenomenon in plants and stated that the rate of
photosynthesis is governed by factors that are operating at a limiting capacity.

However in view of later studies it has been found that Law of Minimum is
only applicable under steady state condition i.e. inputs are equal to outputs.
However during transitional periods it changes.

Secondly studies have shown that high level of one factor will modify limiting
effect of second. This phenomenon is known as ‘Factor Interaction’. For
example mollusks utilize strontium in place of calcium for their shells when the
former is available in abundance. Similarly there is less requirement of Zinc for

plants growing in shade as compared to others growing under sunlight.
1.5.2 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 nigh intensity of the factors.

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
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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 effects 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

biogenetic 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 of 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.

Upper and lower limits of tolerance are intensity levels of a Factor at which
only half of the organisms can survive. These limits are sometimes difficult to
determine, as for example with low temperature, organisms may pass into an
inactive, dormant, or hibernating state from which they may again become
functional when the temperature rises above a threshold at high temperatures,
there may be similar inactivation or aestivation before the lethal level is
attained. Even without dormancy occurring, there are normally zones of

physiological stresses before the limits of tolerance are reached.

The species as a whole is limited in its in activities more by conditions that
produce physiological discomforts or stresses than it is by the limit of tolerance
themselves. Death verges on the limits of tolerance, and the existence of the
species would be seriously jeopardized if it was frequently exposed to these

extreme conditions.

Therefore, in retreat before conditions of physiological stress there is a margin
of safety, and the species adjusts its activities so that limits of tolerance are
avoided. There is a variation in hardiness of individuals within a species, so that
some hardy individuals find existence possible under conditions that disrupt
other individuals. The population level of a species becomes reduced before the

limits of its range are actually reached.

Further, species vary in their limits of tolerance to the same factor. For
example, the Atlantic salmon spends most of its adult life in the sea, but goes
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annually into fresh-water streams to breed. Most other marine fishes are killed
quickly when placed in freshwater, as are fresh-water fishes when placed in salt
water. The following terms are used to indicate the relative extent to which

organisms can tolerate variations in environmental factors.

The relationship between populations and environmental factors can be shown
in the shapes of the tolerance curves for the specific variables shows two such
curves, one in which the optimum is very broad and one in which it is quite
definite. The prefix steno-means that the species, population, or individual has a
narrow range of tolerance and the prefix eury-indicates that it has a wide range.

Lower limit of Upper limit of
tolerance tolerance
N‘,’ l FE\':V Abundance of organisms Fetw l N‘,J
organisms  organisms organisms | organisms

io

Zone of ZC{"E 9'. I : Optimum range Zn'ne Of Zone of
intolerance  Physiological physiological j¢olerance
stress stress '
Low Temperature High

Fig. 1.3 Exhibiting the relationship between the temprature range and population living therein
Courtsy: Thomson Higher Education2007

Moreover, a plant or animal may have a wide range of tolerance for one factor
in the environment, but a relatively narrow range of tolerance for another
condition. Thus, we find that some species of fresh-water fishes are eurythermal
but they are stenohaline.

However recent studies have shown that all physical requirements may be well
within the limits of tolerance for an organism, but the organism may fail due to
biological interrelations such as competitions and the predations

Some subsidiary principles to law of tolerance may be stated as follows:

1. Organisms may have a wide range of tolerance for one factor and a

narrow range for the other.
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2. Organisms with side range of tolerance for limiting factors are likely to
be most widely distributed.

3. In some cases where conditions are not optimal for a species with
respect to one ecological factor then the limits of tolerance may be
reduced for other ecological factors, like some fishes are eurythermal
having a wide range of tolerance for temperature but are stenohaline i.e.
lower range if tolerance for salt. However, lowering of temperature,

results in reduction of tolerance to law salinity.

4. Sometimes it may happen that an organism may not be living at the
optimum range of a particular factor. in such cases the others physical
factors are found to have great importance.

Example: the cord grasses which dominates the east coast salt marsh
areas, actually grows better in fresh water than in salt water. but in the
nature it is found in only salt water, apparently because it can extrude
salt from leaves better than any of its competitors.

5. The period of reproduction is a critical period, when environmental
factors become limiting: an adult cypress tree will grow continually
submerged in water or dry upland, but it cannot reproduce until there is
moist unflooded ground.

6. Range of tolerance varies for geographical races of the same species.

1.6 Concept of Habitat and Niche

Niche v/s Habitat

A habitat is where an organism or a community of organisms’ lives, and a niche
is the specific place an organism has in an ecosystem. A habit can help define

the niche of particular creature but cannot describe it entirely.

A habitat can range in size from a host creature where parasites live to a grove
of trees or a pond to things much larger. They must provide the organisms that
live there with what they need to survive such as food, water, oxygen and
minerals. If the habitat provides these things to the organisms that live there,
those creatures will stay in the habitat. If these needs are not met, however, the

organisms that live there will move elsewhere.

A niche, on the other hand, reflects an organism's behaviors and other variables
like wind or temperature that affect those behaviors. Evolution helps species

adapt over time until it evolves to successfully fill a place within a certain
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environment. Some species evolve so well, however, that it may no longer be
suited to another environment. It is also possible for similar environments to
help similar species evolve that do not live close together. For example, cattle
in North America and wildebeests in Africa are similar because they evolved in

similar niches in their environments.

1.6.1. The Ecological Niche (width and overlap)

Ecological Niche: The term was first used by Grinnel in 1971. It is defined as
the ultimate distribution unit within which each species is held by its structural
and instinctive limitations. No two species can occupy the same niche. It is not
to be confused with habitat. Habitat of an organism is the place where it lives
i.e. some physical area. It may be as big as a sea or intestine of a termite.
Ecological niche is the sum total of an organism's use of the biotic and abiotic

resources in an environment

It includes:  Space utilization, Food consumption, Temperature range
and  Moisture requirements

In simple terms when we compare Niche with habitat we find that Niche is like
an occupation i.e. What an organism does. Habitat on the other hand is like an
address where an organism lives. The difference can be explained through the
example of wall lizard whose three species namely Hemidactylus leschenautte
is found on large trees, H. brooki is found in houses while H.reticularus is

found in rocks.

Ecological Niche is of much importance as it explains the difference between
species at same physical place or at different places. The various aspects of
Niche can be described as:

1. Spatial or Habitat Niche: It is concerned with the physical space
occupied by the organism.

2. Trophic Niche: It is related to the trophic position of the organism. For
e.g. two aquatic bugs Notonecta and Corixa live in the pond but occupy
different trophic positions. On one hand Notonecta is a predator while
Corixa feeds on decaying matter.

3. Mulifactor Niche: Niche is multidimensional, considering so many
biotic and abiotic factors.

1.6.2. Fundamental Niche and Realized Niche

Interspecific competition occurs when two different species attempt to utilize
the same resource and there is not enough of the resource for both species. As a
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result some species are not able to occupy their entire niche because of the
presence or absence of other species. Observation of this phenomenon in nature
has led to the concepts of fundamental and realized niches.

Fundamental niche: the set of resources a population is theoretically capable of

using under ideal conditions

Realized niche: the resources a population actually uses. The realized niche
may be smaller than the fundamental niche because of interspecific interactions
such as:

Competition and Predation

This has been explained by Joseph Connell's Famous Experiments

Two species of barnacles live in a stratified distribution in the intertidal region
along the Scottish coast.

Balanus is most concentrated in the lower intertidal area. Chthamalus is most
concentrated in the upper intertidal area. The free-swimming larvae of each
species can settle anywhere on the rocky shoreline, and presumably be able to
grow to be an adult. Connell removed Chthamalus from the upper area, and no
Balanus replaced it. Therefore it was inferred that Balanus could not survive in
an area that experienced so much desiccation (due to low tides). Balanus's
realized niche was the same as its fundamental niche. Then Connell removed
Balanus from the lower area and Chthamalus replaced it. It was inferred that
Balanus was a more successful competitor in the lower intertidal zone. Thus the
fundamental niche and realized niche for Chthamalus were not the same—its

realized niche was smaller due to interspecific competition.

Ecological equivalents: Organisms that occupy the same niche in different
geographical regions are called ecological equivalents. For e.g. different types
of grasses are found in various grasslands but are all primary producers.
Similarly kangaroos of Australlia are ecological equivalents of antelopes of
North America as both are grazers.

Competition: The Competitive Exclusion Principle

The biologists Lotka and Volterra theorized that no two species with similar
requirements for resources (food, shelter, etc.) could coexist in the same niche

without competition driving one to local extinction.

Gause's Experiment

A Russian scientist, G.F. Gause, tested the Lotka—Volterra theory.
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He grew two different species of Paramecium alone, under identical conditions.
Their populations grew to their carrying capacity and leveled off. He put them
together and discovered that one species died out (it couldn't compete).
Conclusion: Two species competing for limited resources cannot coexist in the
same place at the same time. This concept was named the competitive exclusion
principle (or Gause's Principle).

1.6.3. Resource Partitioning

The process by which, natural selection drives competing species into different
patterns of resource use or different niches. Coexistence is obtained through the
differentiation of their realized ecological niches.

A consequence of Gause's competitive exclusion principle, If competition for a

limited resource is intense, there are two possible outcomes:
One species drives the other to extinction.
Natural selection reduces the competition between the species.

Robert MacArthur of Princeton University did a famous study of five species of
warbler (small insect-eating songbirds) in the late 1980s. It appeared that they
all were competing for the same resources on spruce trees. On closer
inspection, he realized the five species were each feeding on different parts of
the tree and therefore eating different insects. In essence, each species had
evolved to utilize a different portion of the spruce tree resource. They had

subdivided the niche, partitioning the available resource to avoid direct
competition with one another. This process became known as resource

partitioning.

When species use different resources, this can help them to coexist. For
example, some lizard species appear to coexist because they consume insects of
differing sizes. Alternatively, species can coexist on the same resources if each
species is limited by different resources, or differently able to capture resources.
For example, different types of phytoplankton can coexist when different
species are differently limited by nitrogen, phosphorus, silicon, and light. In the
Galapagos Islands, finches with small beaks are more able to consume small
seeds, and finches with large beaks are more able to consume large seeds. If a
species' density declines, then the food it most depends on will become more
abundant (since there are so few individuals to consume it). As a result, the

remaining individuals will experience less competition for food.
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Although "resource" generally refers to food, species can partition other non-
consumable objects, such as parts of the habitat. For example, warblers are
thought to coexist because they nest in different parts of trees. Species can also
partition habitat in a way that gives them access to different types of resources.
As stated in the introduction, Anolis lizards appear to coexist because each uses
different parts of the forests as perch locations. This likely gives them access to
different species of insects.

There are three types of differential resource utilization or partitiioning.

Temporal partitioning

Temporal resource partitioning occurs when two species eliminate direct
competition by utilizing the same resource at different times. This can be on a
daily scale (e.g. one species of spiny mouse feeds on insects during the day
while a second species of spiny mouse feeds on the same insects at night, or on
a longer, seasonal scale. An instance of the latter would be reproductive
asynchrony, or the division of resources by the separation of breeding periods.
An example of reproductive asynchrony would be two competing species of
frog offsetting their breeding periods. By doing this the first species’ tadpoles
will have graduated to a different food resource by the time the tadpoles of the
second species are hatching.

Spatial partitioning

Spatial resource partitioning occurs when two competing species use the same
resource by occupying different areas or habitats within the range of occurrence
of the resource. Spatial partitioning can occur at small scales (microhabitat
differentiation) or at large scales (geographical differentiation). Microhabitat
differentiation occurs when two competing species with overlapping home
ranges partition a resource. Two examples would be different species of fish
feeding at different depths in a lake or different species of monkey feeding at
different heights in a tree. Geographical differentiation is when two competing
species have non-overlapping home ranges and thus partition resources. An
example might be given with monkeys again: two competing species of
monkey using the same species of fruit trees, but in different areas of the forest.

Morphological differentiation
The final type of differential resource utilization 1is morphological
differentiation or niche complementarity. Morphological differentiation

happens when two competing species evolve differing morphologies to allow
them to use a resource in different ways. A classic example of this is a study
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detailing the link between bumblebee proboscis lengths and flower corolla
lengths (Pyke 1982). In this study, the long-proboscis bee species would
preferentially feed on the long-corolla plants, the medium-proboscis bee species
would feed on the medium-corolla plants, and so on. By evolving different
proboscis lengths, several competing bee species are able to partition the

available resources and coexist.

Coexistence without niche differentiation: exceptions to the rule

Some competing species have been shown to coexist on the same resource with

3

no observable evidence of niche differentiation and in ‘“violation” of the
competitive exclusion principle. One instance is in a group of hispine beetle
species. These beetle species, which eat the same food and occupy the same
habitat, coexist without any evidence of segregation or exclusion. The beetles
show no aggression either intra- or inter-specifically. Coexistence may be
possible through a combination of non-limiting food and habitat resources and

high rates of predation and parasitism, though this has not been demonstrated.

This example shows that the evidence for niche differentiation is by no means
universal. Niche differentiation is also not the only means by which coexistence
is possible between two competing species However, niche differentiation is a
critically important ecological idea which explains species coexistence, thus
promoting the high biodiversity often seen in many of the world’s biomes.

Research using mathematical modelling is indeed demonstrating that predation
can indeed stabilize lumps of very similar species. Willow Warbler and
Chiffchaff and other very similar warblers can serve as an example. The idea is
that it is also a good strategy to be very similar to a successful species or have
enough dissimilarity. Also trees in the rain forest can serve as an example of all
high canopy species basically following the same strategy. Other examples of
nearly identical species clusters occupying the same niche were water beetles,
prairie birds and algae. The basic idea is that there can be clusters of very
similar species all applying the same successful strategy and between them
open spaces. Here the species cluster takes the place of a single species in the
classical ecological models.

1.6.4 Character Displacement

Brown and Wilson (1956) coined the term “character displacement,” but the

catalyst for the idea can be traced to the earlier disussed Gause experiment
(1934). They observed that there are two species of Sitta bird. Species that
occur in different geographical regions are said to allopatric while those
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occurring in the same region are said to be sympatric. The birds of the same
region exhibited more morphological diversity as compared to the allopatric
one “this tendency for characteristics to be more divergent in sympatric
populations of two species than in allopatric populations of the same two
species is called character displacement.”

Ecological character displacement is a process of phenotypic
differentiation of sympatric populations caused by interspecific
competition. Such differentiation could facilitate speciation by enhancing
reproductive isolation between incipient species.

It has been studied patterns for morphological variation in sympatric and
allopatric populations of two hybridizing species of birds, the Common
Nightingale (Luscinia megarhynchos) and the Thrush Nightingale (L. luscinia).
nightingale species converged in overall body size and diverged in relative bill
size in sympatry. Closer analysis of morphological variation along geographical
gradients revealed that the convergence in body size can be attributed largely to
increasing body size with increasing latitude, a phenomenon known as
Bergmann's rule. In contrast, interspecific interactions contributed significantly
to the observed divergence in relative bill size, even after controlling for the
effects of geographical gradients. We suggest that the divergence in bill size
most likely reflects segregation of feeding niches between the species in

sympatry.
Interspecific competition for food resources can drive species divergence even

in the face of ongoing hybridization. Such divergence may enhance
reproductive isolation between the species and thus contribute to speciation.

A comparison of allopatric versus sympatric populations of species shows
evolutionary evidence of competition in nature. Example: Galapagos finches.

When two species occur on the same island (sympatric populations), they tend
to exhibit greater differences in morphology (shape of beak) and resource use
than when found on different islands (allopatric populations).

Character displacement allows the two species to avoid competition.

It can broadly be classified into
A) Ecological Character Displacement and

B) Reproductive Character Displacement

Ecological character displacement” refers to trait evolution stemming from

selection to lessen resource competition between species and therefore acts on

30



Mz0-07

traits associated with resource use (e.g., morphological structures such as beaks

and jaws

Reproductive character displacement” refers to trait evolution stemming from
selection to lessen sexual interactions between species and therefore acts on
traits associated with reproduction (e.g., sexual signals or female mate
preferences

Causes of Character displacement: communities or taxa that are more prone to
undergo character displacement will likely be more diverse that those
communities or taxa where character displacement does not occur, for at least
two reasons. First, species that undergo character displacement are less likely to
go extinct through competitive or reproductive exclusion. Second, character
displacement may promote speciation. Hence, as part of a more general theory
for why some communities or taxa are more diverse than others, it is important

to determine what factors facilitate character displacement.

Factors that Facilitate Character Displacement

Four, nonexclusive factors appear to facilitate character displacement and
therefore make it more likely to unfold. Two are evolutionary factors:

1. Strong selection disfavoring interactions with heterospecifics, and
2. Ecological opportunity.

The remaining two are proximate factors-

3. Initial trait differences between species

4. Abundant standing variation.

Although these factors facilitate adaptive evolution in general, and are therefore

not unique to character displacement.

First, character displacement is more likely to occur when selection against
interactions with heterospecifics is strong. For example, reproductive character
displacement is increasingly likely to occur as the costs of hybridization
increase. Moreover, differences between species in the strength of selection to
avoid interactions with the other species may explain asymmetric character
displacement, where one species diverges less than another species. When one
species suffers higher costs in the interaction, it may experience greater
divergence than the other species (although asymmetric character displacement
can occur for other reasons not described here; Character displacement should
also be more likely to occur when the encounter rate between species is high,
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and, hence, when selection disfavoring interactions with heterospecifics is
strong Second, character displacement 1s facilitated by “ecological
opportunity,” the availability of different resource types underutilized by other
species although the concept of ecological opportunity has traditionally been
applied to resources, a similar principle applies to having available signal space
in the case of reproductive character displacement). Character displacement
often generates new resource-use or reproductive traits in sympatry that differ
from the pre-displacement traits in allopatry Therefore, for character
displacement to occur, exploitable resources or signal space that are not already
utilized by another species must be available (i.e., there must be resources or
signal space onto which a species can actually be displaced; in the absence of
exploitable resources or signal space, competitive or reproductive exclusion

may result.

Third, character displacement occurs most readily if interacting species already
differ in phenotypic traits under selection when they come into contact with one
another. Although character displacement can occur without such initial
differences, character displacement is facilitated if other factors “jump-start”
the divergence, prior to interactions with heterospecifics. Such factors may act
in allopatry before the two species come into contact with one another, and they
may include drift or spatially divergent natural or sexual selection Such
differences may then be amplified in sympatry by selection acting to lessen
interspecific interactions In the absence of initial differences between species,
one species will be more likely to drive the other locally extinct; e.g., through
competitive or reproductive exclusion (see above). Thus, species that differ
initially from heterospecifics should be more prone to undergo character
displacement.

Finally, character displacement may be more likely to occur when interacting
species are phenotypically variable. Phenotypic variation is important, because
it increases the chances that character displacement can evolve through the
selective filtering of divergent phenotypes in sympatry that were already
present in allopatry. Indeed, because this process should unfold relatively
rapidly, abundant standing variation should facilitate character displacement as
opposed to competitive or reproductive exclusion. Thus, species with abundant
standing variation should therefore be especially likely to undergo character
displacement.

Given that abundant standing variation might facilitate character displacement,

what evolutionary and developmental mechanisms generate such variation?
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Answering this question could explain why some populations are predisposed
to undergo character displacement. In the next section, we discuss two such
mechanisms: intraspecific competition and phenotypic plasticity.

species with abundant standing variation should be especially prone to undergo
character displacement. Therefore, identifying the mechanisms that generate
and maintain variation within natural populations is crucial for understanding
the factors that facilitate character displacement. One such mechanism is
disruptive selection, which arises when extreme phenotypes have a fitness
advantage over more intermediate phenotypes

Consequences of Character Displacement

character displacement can influence four key evolutionary processes:
correlated evolution, sexual selection, speciation, and extinction. By
influencing how these processes unfold, character displacement has potentially
far reaching impacts beyond mere trait divergence between species.

Speciation

Character displacement potentially plays a critical role in speciation in two
ways. First, character displacement can finalize speciation between already
divergent groups. Second, character displacement can initiate divergence and
reproductive isolation between populations that differ in their interactions with
hetero specifics We discuss each of these avenues to speciation in turn.

Character displacement generally promotes species coexistence. Depending on
the way that character displacement unfolds, however, it may, counter
intuitively, also enhance the risk of extinction in populations that are sympatric
with hetero specifics relative to those that are not

Inter specific Interactions and Community Structure
A huge question that has occupied ecologists is the influence of inter specific

interactions (competition, predation, mutualism, etc.) on the structure of a

community.

One of the most dramatic examples of the interdependence of species and
community structure is in the concept of keystone species.

Robert Paine's Experiment

Robert Paine's (University of Washington) famous experiment involved two
species of intertidal invertebrate: the sea star, Pisaster ochraceous, and the

mussel, Mytilus californicus.
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Normally these two different species live in a harmonious balance in their

intertidal community.

The sea star is an important predator: when Paine removed this predator from
experimental areas, what had been diverse communities of algae and
invertebrates (like what we saw when we snorkeled at Catalina Island), became
overgrown with solid stands of the California mussel!

. So, even though the California mussel is a good competitor, its
populations had been held in check by sea star predation.

. With the predator gone, the species diversity and structural complexity
of the habitat changed radically.

Keystone Species

. A term coined by Paine to indicate a species that has an exceptionally

great impact on the surrounding species relative to its abundance.

. Another example: Sea otters are a keystone species. They feed heavily
on large herbivorous invertebrates such as sea urchins. When sea otters
keep sea urchin populations low, the huge algae (called kelp) can grow
more readily and form forests that are home to a diversity of fish and
invertebrates. If sea otter populations are reduced, then the near-shore

community is overrun with sea urchins and species diversity is reduced

1.7 Summary

After going through this unit you have understood that the concepts of
environment and its components and further the interactions among them which
bring the adaptations and thus create variations and these variations initiate the
origin of newer species. The physical environmental factors influence each
other and also have significant impact over the biotic constituents of the
environment. The abiotic and biotic interactions create relationships among
them and these interactions develop the habitat of the living beings which
further directs them for further interactions between them for sharing of the
habitat and resources. The concept of habitat and niche are discussed in details
and topics such as interaction between physical and biological components are
also elaborated. The complex interactions/relationships are explained in
simplified forms along with suitable examples.

The understanding of environment is essential for knowledge of comprehensive

animal biology.
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1.8 Glossary

1.9

Abiotic factors: the physical factors of the environment without life
Biotic factors: living components of the environment

Inter-specific: the interaction between the individuals of two or more
species

Intra-specific: the interaction between the individuals of a single
species

Parasite: the individual living being which feeds upon the other living
being causing harm to it.

Lineage: in the same or linear sequence

Habitat: the site where an individual /community live

Niche: is — a specific place of an organism in an ecosystem

Self-Learning Excercise

Section -A (Multiple Choice Questions)

. Which type of soil is best suited for crop production:

a. Sandy b. Clay
c. Loam d. Sandy loam

Short zone of rapidly falling temperatures in aquatic habitat is known as:

a. Epilimnion b. Hypolimnion
c. Thermocline d. Nereitic

Lichens are examples of:

a. Mutualism b. Parasitism
c. Hyperparasitism d. Competition

According to which rule Geographical races of species inhibiting cold

regions are much larger as compared to their warmer counterparts:

a. Jordan’s rule b. Bergman’s rule
c. Allen’s rule d. Gloger’s rule

Animals living in caves have:
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a. Well developed eyes b. Half developed eyes
c. No or ruminant eyes d. Normal eyes

6. Who coined the term Character displacement:

a. Gause b. Odum

c. Brown and Wilson d. Haeckel

Section -B (Short Answer Type)

What is photoperiodism?

What is cyclomorphosis?

Define ‘Ecological Niche’?

What are ‘Ecological Equivalents’?
Give examples of Commensalim.
What is Jordan’s rule:

Explain Gause’s Exclusion principle.
What is ‘Field capacity’?

A T A o e

Differentiate between symbiosis and commensalism

10. What do you mean by keystone species?

Section -C (Long Answer Type)

Discuss soil and water as important abiotic factors.

Write an essay on Character displacement and Resource partitioning.
Explain positive and negative biotic interactions.

Discuss the role of temperature in animal distribution.

A

Discuss in detail the Leibig’s law of minimum and Shelford’s law of
tolerance and how can these two be combined?
6. Explain interspecific and intraspecific interactions with examples
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Unit - 2

Population Ecology

Structure of the Unit
2.0  Objectives
2.1  Introduction of population ecology
2.1.1 Unitary populations
2.1.2 Modular populations
2.2 Characteristics of population
2.2.1 Population density
2.2.1.1 Crude density
2.2.1.2 Specific density
2.2.2 Natality
2.2.2.1 Absolute natality
2.2.2.2 Ecological natality
2.2.3 Patterns of dispersion
2.2.3.1 Regular dispersion
2.2.3.2 Random dispersion
2.2.3.3 Clumped dispersion
2.2.4 Age structure
2.2.4.1 Pre-reproductive
2.2.4.2 Reproductive
2.2.4.3 Post-reproductive
2.2.5 Mortality
2.2.5.1 Minimum mortality rate
2.2.5.2 Ecological mortality rate
2.2.6 Population growth and dispersal
2.3 Population growth curves

2.3.1 Exponential growth model or J-shaped model
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2.3.2 Logistic growth model or S-shaped or Sigmoid model
2.4 Population regulation
2.4.1 Density dependent
2.4.2 Density independent
2.5 Life history models
2.5.1 r - selection
2.5.2 K - selection
2.6 Concept of metapopulation
2.7 Extinction in metapopulation
2.8 Age structured populations (Leslie matrix)
2.9 Glossary
2.10 Self-Learning Exercise

2.11 References

2.0 Objectives

After going through this unit you will be able to understand

® About the population ecology.
® Characteristics of population.
® Population growth curves

® Population regulation

® Life history models

® Concept of meta population

® Extinction in metapopulation

® Age structured populations (Leslie matrix)

2.1 Introduction of population ecology

Ecology: Ecology is the interactions among organisms and between the
organism and its physical (abiotic) environment. Ecology is basically concerned
with four levels of biological organisation — organisms, populations,

communities and biomes.

Population: A group of individuals of a single species living in the same
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general area is called population.
The definition of the population is also given by some scientists:

Cole (1957): A biological unit at the level of ecological integration where it is
meaningful to speak of birth rate, death rate, sex ratios, and age structure in
describing properties or parameters of the unit.

Krebs (1972): A group of organisms of the same species occupying a particular

space at a particular time

Gotelli (1998): A group of plants, animals, or other organisms, all of the same

species, that live together and reproduce.

For example: population of human beings in a city, or population lions in a
forest.

Population ecology is the study of populations in relation to the environment,
including environmental influences on density and distribution, age structure,

and population size.

It has almost the same meaning as that of conventional term Autecology (the
study of ecology of individual species or its population), which is less in use

now.

Population ecology is a significant branch of ecology that plays an important
role in protecting and managing populations, especially those of rare species.
Each population has a minimum viable size - the size at which it can avoid the

extinction due to various biotic and abiotic factors.
Types of populations: Populations are groups of individuals

2.1.1 Unitary Populations

In unitary populations, unitary organisms is usually no problem recognizing
individuals, because they are both genetically and physiologically separate.
Many species of plants and invertebrates, however, have vegetative propagation
to produce new individuals, besides sexual reproduction. Examples include
mammals (including humans), birds, amphibians and insects. Each cow has
four legs, two eyes, and a tail., i.e., each individual shows a definite shape and

size.

2.1.2 Modular Populations

Modular populations are those where an organism develops from a zygote and
serves as a unit module and several other modules are produced from it,
forming a branching pattern. Examples of modular organisms are plants,
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sponges, hydroids, fungi, bacteria and corals. Some modular organisms such as
trees may grow vertically while others like grasses spread horizontally on the
substratum. The structure and pattern of modular organisms is not determinate

and thus unpredictable.

2.2 Characteristics of population

Populations are identified by a number of characteristics. These are:
2.2.1 Population density

2.2.2 Natality

2.2.3 Patterns of dispersion

2.2.4 Age structure

2.2.5 Mortality

2.2.6 Population growth and dispersal

2.2.1 Population density

Population size is usually determined on the basis of density, i.e. number of
individuals per unit area or per unit volume. For example, 200 trees found in

one hectare of land tell us about the density of the tree population.

The population density is often of two types-
2.2.1.1 Crude density: Crude density is that density, which takes in

account all area of land or aquatic ecosystems under
consideration, e.g. number of squirrels in a forest.
2.2.1.2 Ecological density: Ecological density on the other hand, takes
in account abundance of individuals in the actual area occupied
by a population.
The difference in the two types of densities becomes more apparent when the
species are clumped together in a small area. However, crude density is studied
frequently more than the ecological density because it is very difficult to

determine the ‘actual area’ of inhabitation of a species.

2.2.2 Natality

Natality in population ecology is the scientific term for birth rate. Along with
mortality rate, natality rate is used to calculate the dynamics of a population.
Natality means production of new individuals (offspring) of an organism in a
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population. The new individuals can be formed through birth, hatching, and

germination. The number of offspring produced per female per unit time is
known as rate of natality.

Natality can be of two types:
2.2.2.1 Absolute natality: Absolute natality also known as Fecundity

rate means maximum offspring produced under most suitable
environmental conditions. This value is theoretical and constant
for a given population.

2.2.2.2 Ecological natality: Ecological natality also known as Fertility
rate, on the other hand, refers to the number of offspring

produced under prevailing environmental conditions.

2.2.3 Patterns of dispersion

Pattern of dispersion means the manner in which individuals of a population are
distributed in space and time. Dispersion may be spatial or temporal. In the
latter, example of migratory birds is well- known.

In case of spatial pattern, broadly, three types of dispersion patterns are

recognized.

2.2.3.1 Uniform dispersion: In this type, the individuals of a species
occur uniformly which is observed in terms of almost equal
distances between individuals (Figure 1). This type of dispersion
is rare in a natural ecosystem, but common in man-made
ecosystems like agro - ecosystems or tree plantations.

2.2.3.2 Random dispersion: In random dispersion, the position of an
individual in a population is unrelated to the positions of other
individuals (Figure 1). In other words, individuals do not show
any systematic pattern of dispersion. This type of dispersion is
also rare in nature.

2.2.33 Clumped dispersion: In this type of pattern, the individuals
of a species are clumped together in space in the form of patches
(Figure 1). This type of patchy distribution occurs quite common
in nature as individuals of a population occur together because of
food availability or better survival rate as in animal populations.
In plants, the clumped distribution is very common, and
attributed to nutrient availability, specific habitat preference or

better environmental conditions.
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Uniform Random Clumped

Figure: 1. Different types of dispersion patterns in a population

2.2.4 Age structure

A population is comprised of individuals of different age groups that constitute
its age structure. Age structure of a population thus derives from the proportion
of individuals in different age groups.

For the sake of convenience, the age categories have been divided into three
major stages, Pre-reproductive, Reproductive and Post-reproductive. The

proportion of different stages in a population is presented graphically in the
form of age pyramid (Figure 2).
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Figure: 2. Hypothetical age distributions for populations with different
growth rates
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2.2.5 Mortality

Mortality refers to number of deaths per unit population per unit time, e.g., per

one thousand individuals per year in humans.

Rate of death of individuals referred to as Mortality rate is of two types:

2.2.5.1 Minimum mortality rate: Minimum mortality rate, or also
known as physiological longevity, refers to the theoretical
minimum death rate which occurs under ideal conditions of
environment with minimum limiting factors. This value is a

theoretical value and constant for a given population

2.2.5.2 Ecological mortality rate: Under actual environmental

conditions, the death rate may be more and this actual death rate
is referred to as Ecological mortality.

2.2.6 Population growth and dispersal

Individuals of a population keep migrating out (Emigration) or into populations
(Immigration). Thus, population size and density keep changing with time. In
addition, birth and death of individuals also change population size.
Immigration and birth increase population size whereas emigration and death
decrease its size. Thus, in a given population if birth + immigration >
emigration + death, the size of population would increase. On the other hand, if
the birth + immigration < emigration + death, then the size of the population
would decrease (Figure 3).

B
B

Immigration ——— Pepulation __——_,,. Emigration
Size

=
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Figure: 3. Influence of immigration, emigration, death rate and birth

rate on population size
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2.3 Population growth curves

A population is the changing entity. Populations are never static and keep
changing in time and space. These changes in population size over time show

varied trends.

The term population growth refers to the change in the number of individuals in
a population with time. Change in population determined by four factors: birth,
death, immigrants and emigrants. Population growth can be exponential growth
or logistic growth. In the simplest case of population there is no limitation on
growth.

When the environment is unlimited the specific growth rate of populations
becomes maximum and constant under a set of environmental conditions. On
the other hand, if the food supply or other resources are limited, the growth rate
is typically sigmoid, i.e. increases slowly in the beginning followed by rapid
increase and then becomes constant as it approaches the upper limit.

To address these growth patterns, there are two types of growth models:

2.3.1 Exponential Growth Model

It is also called J curve or J-shaped growth model. In exponential growth type
population increases geometrically or exponentially until there is resource
limitation or population growth is limited by other factors. Growth then
declines rapidly until the favorable period is restored. Mathematically, this
growth model can be expressed as the rate of population increase with time t,
Le.

dN

— =rN
dt

Where N = population size,

t = time, and

r = intrinsic rate of natural increase. It is described as the maximum

potential of reproduction in an individual in particular set of conditions.

The population size that increases exponentially at a constant rate, resulting
eventually in J-shaped growth curve when population size is plotted over time.
The value of r is the maximum when resources are not limiting. Since the
curve drawn between population size (Y-axis) and time (X-axis) is J-shaped,
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(Figure 4).

cdN/dt = rN

Number of Individuals

Time

Figure: 4. Population Growth Model: Exponential growth model or J-
shaped curve model

2.3.2 Logistic Growth Model

This growth model is also known as S-shaped or Sigmoid growth model. When
population growth occurs at a place where resources are limited, it attains a
sigmoid or S-shaped curve showing minimum death during early stages. The
population increases in size until it reaches an upper limit. This upper limit is
known as the Carrying capacity, which is denoted by ‘K’. Carrying capacity
thus may be defined as capacity of an ecosystem to support maximum number
of individuals of a species. As the population size increases, population growth
rate declines as it approaches carrying capacity.

Logistic growth is thus density dependent and can be expressed by the
following equation:

dN K—N
= ™)
Where N = population size,
dN/dt = Change in population size per unit time.
r = Intrinsic rate of natural increase

K = carrying capacity.
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When N equals K, the growth rate becomes zero and the population reaches
equilibrium (Figure: 5).

dN/dt = rN (K-N/K)

Number of Individuals

Time

Figure: 5. Population Growth Model: Logistic Growth Model or Sigmoidal
or S-shaped model

2.4 Population regulation

A number of factors like availability of food, space, water, and pests may
regulate population size.

In general, the factors responsible for population regulation can be

2.4.1 density dependent (competition, predation, parasitism, disease
outbreak, or herbivory) or

2.4.2 density independent (environmental factors). In density dependent
factors, competition (particularly intra-specific i.e. between individuals
of same species) plays a major role in limiting population size. Among
the density independent factors, floods, fire and other natural calamities
remove large proportion of the populations and thus decrease their
density.

Sometimes individuals of a population release toxic substances in the soil or
water, which tend to limit the growth of their own type of plants (consepecifics)

and thus control over-crowding of a species at a particular place. This is known
as autoallelopathy or autotoxicity - a type of interaction where one species
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releases toxic substances into environment that are detrimental to individualists
own growth. Autotoxicity is well demonstrated in a number of food plants like
alfalfa (Medicago sativa), figs (Ficus sps.), grape (Vitis vinifera) and peach
(Prunus persica) orchards; in aquatic and wetland plants like 7ypha,
Phragmites, Juncus and algae; and in forest tree or shrub species like
Casuarina, Walnut (Juglans sps.), Coffee (Coffea arabica) and tea (Camellia

Sinensis),

2.5 Life history strategies

Life history theories attempt to explain the evolution of organism traits as
adaptations to environmental variation. Ecological interest recently has focused
on the allocation of resources between competitive and reproductive functions.
Much of this interest can be traced to r- and K selection theory. The theory of r-
and K-selection was one of the first predictive models for life-history evolution.
The theory of r- and K-selection was proposed and popularized by MacArthur
and his colleagues in the 1960s and early 1970.

In /K selection theory, selective pressures are hypothesized to drive evolution
in one of two generalized directions: r- or K-selection. These terms, r and K, are
drawn from standard ecological algebra as illustrated in the simplified Verhulst
model of population dynamics:

dN N (1 N)
— =T -
dt K
where r is the maximum growth rate of the population (N),
K is the carrying capacity of its local environmental setting,

and the notation dN/dt stands for the derivative of N with respect to t (time).

Thus, the equation relates the rate of change of the population N to the current
population size and expresses the effect of the two parameters. In the
etymology of the Verhulst equation, r comes from rate while K comes from
carrying capacity.

2.5.1 r-selection

As the name implies, r-selected species are those that place an emphasis on a
high growth rate, and, typically exploit less-crowded ecological niches, and
produce many offspring, each of which has a relatively low probability of
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surviving to adulthood (i.e., high r, low K). A typical r species is the dandelion

Taraxacum genus.

In unstable or unpredictable environments, r-selection predominates as the
ability to reproduce quickly is crucial. There is little advantage in adaptations
that permit successful competition with other organisms, because the
environment is likely to change again. Among the traits that are thought to
characterize r-selection are high fecundity, small body size, early maturity
onset, short generation time, and the ability to disperse offspring widely.

Organisms whose life history is subject to r-selection are often referred to as r-
strategists or r-selected. Organisms that exhibit r-selected traits can range from
bacteria and diatoms, to insects and grasses, to various semelparous

cephalopods and mammals, particularly small rodents.

2.5.2 K-selection

By contrast, K-selected species display traits associated with living at densities
close to carrying capacity, and typically are strong competitors in such crowded
niches that invest more heavily in fewer offspring, each of which has a
relatively high probability of surviving to adulthood (i.e., low r, high K). In
scientific literature, r-selected species are occasionally referred to as
"opportunistic" whereas K-selected species are described as "equilibrium". A
typical K reproducer is the orchid, or members of the Orchis genus.

In stable or predictable environments, K-selection predominates as the ability to
compete successfully for limited resources is crucial and populations of K-
selected organisms typically are very constant in number and close to the
maximum that the environment can bear (unlike r-selected populations, where

population sizes can change much more rapidly).

Traits that are thought to be characteristic of K-selection include large body
size, long life expectancy, and the production of fewer offspring, which often
require extensive parental care until they mature. Organisms whose life history
is subject to K-selection are often referred to as K-strategists or K-selected.
Organisms with K-selected traits include large organisms such as elephants,
humans and whales, but also smaller, long-lived organisms such as Arctic terns.
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Trait r-selection K-Selection
Climate Variable Predictable, Less
unpredictable variable
Mortality Density independent Density dependent
Survivorship Type 3 Type 1 or 2

Population size

Competitive ability

Investment in defence

Parental care

Length of life

Stage of succession
Rate of development
rmax

Prereproductive period
Body size

Number of offspring

Size of offspring

Dispersal ability

Variable, below K

Recolonization common

Usually poor

Little

investment
Minimal
Short
Early
Rapid
High

Short
Small
Many
Small

Excellent

Fairly constant, at or

near K

Recolonization

uncommon
Usually keen

Great

investment
Usually great
Long

Late

Slow

Low

Long

Large

Few

Large

Fair to poor

energetic
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2.6 Concept of metapopulation

The metapopulation approach begins by stressing that local populations are
influenced by immigration/emigration and extinction, as well as by birth and
death processes. Until the 1960s, the idea that populations might routinely go
locally extinct was rarely discussed in the literature. However, the population
geneticist Sewall Wright (1940), as well as ecologists such as Andrewartha and
Birch (1954), introduced the notions that populations are connected by
migration and that local extinctions might be commonplace (Hanski 1999). The
importance of immigration and emigration to the long-term persistence of a
local population, however, was first emphasized by Levins (1970), who coined
the term metapopulation. For Levins a metapopulation was a population
consisting of many local populations. He asserted that all local populations
have a finite probability of extinction, and long-term survival of a species was
at the regional or metapopulation level (Hanski 1999). Beginning in the 1990s,
as it became obvious that the natural world was becoming increasingly
fragmented, the metapopulation approach became standard in the world of
conservation biology. An understanding of metapopulations, the probabilities of
local extinctions in different-sized natural reserves, and the rates of immigration
and emigration between these preserves, became one of the fastest-growing
research areas in population, community, landscape, and conservation biology.
As currently defined,

metapopulations are regional assemblages of plant and animal species, with the
long-term survival of the species depending on a shifting balance between local
extinctions and re-colonizations in the patchwork of fragmented landscapes.

The term “metapopulation” has been used for any spatially structured
population and “metapopulation dynamics” has been used to refer to any
population dynamics involving spatial patterns (Hanski 1998). Furthermore, as
Harrison (1994) has pointed out, several different types of metapopulations
exist: classical metapopulations, mainland—island metapopulations, non-

equilibrium metapopulations, and patchy metapopulations.
The Levins or classical metapopulation
According to the Levins model, metapopulation persistence is due to a

stochastic balance between local extinction and re-colonization of empty habitat
patches. The rate of change in occupied habitat patches is a function of

colonization rates (c) and extinction rates (€) as shown in Equation 5.2 (Levins
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1969). P is the proportion of patches occupied by the population under

consideration.

As described by Hanski (2001), if we define P’ as the number of habitat
fragments occupied by the species (rather than the proportion), and define T as
the total number of habitat patches available, the equation can be modified as
follows:

dp

——=cP (T—P)—€P ..cccceovvee. (53)

Both of these models are deterministic descriptions of the rate of change of
metapopulation size, even though the models are based on stochastic events.

Assumptions include:

1. The local populations are identical and have the same behavior;

2. extinctions occur independently in different patches and therefore local
dynamics are asynchronous;

3. Colonization spreads across the entire patch network and all patches are
equally likely to be “encountered;”

4. Furthermore, all patches are equally connected to all other patches.

In the Levins model we are not concerned with population dynamics within
each population. We do not attempt to assess the number of individuals in each
patch; we simply record a patch as occupied or not occupied. For this reason we
also do not assess the size or quality of the patches.

The equilibrium value of P can be obtained by setting dP/dt = 0. This produces
the expected proportion of patches to be occupied and amounts to a carrying-
capacity term such as is found in the logistic equation.

0=cP(1—P)—cP=P(c—cP—e¢)
Since P = 0 is not an interesting solution, we have:
0=c—cP —g¢g, and &£=c¢—cP

The equilibrium value of P, defined as P" and found by solving the above for P,
is shown in Equation 5.4:

f—z
= = 1 —C ....................... (5.4)

Pr
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The implication here is that colonization must be greater than extinction or the
equilibrium proportion of patches occupied will be zero, and the colonization
rate must be greater than the extinction rate for persistence of the

metapopulation. If we consider colonization a “birth” event and extinction a
“death” event (thereby using ¢ — € as the equivalent of the growth rate, r, in the
logistic equation) and we use 1 — € /c to represent

a ‘“carrying capacity” term (equivalent to K in the logistic equation) as
mentioned above, we can model metapopulation dynamics as a modification of
the logistic (Equation 5.5).

No matter what the starting patch frequency is (assuming 1 = P > 0), over time

it moves to the expected value based on P " =1 — € /c (see Figure 6).

dpP p
— = (-9 P(l — 10 Efc) e eseees (3.5)

0.6
0.54

0.4+

—e— P,=0.50
NP P,=0.15

0.3F

Proportion of habitat patches occupied

0 1 1 1 1 1 1
0 5 10 15 20 25 30

Time

Figure: 6. Expected proportion of habitat patches occupied, based on Equation
5.5. In this example PO = 0.50 and 0.15, the colonization rate ¢ = 0.75, and the
extinction rate e = 0.55. The expected proportion of patches occupied at

equilibrium =1 — e/c = 0.27.

2.7 Extinction in metapopulation

In metapopulation dynamics, as well as in the MacArthur and Wilson theory,

the extinction of a local population is not uncommon. But we are more
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interested here in the extinction of the metapopulation. Table 2 summarizes the
potential causes of both local and metapopulation extinctions.

Table: 2. Potential causes of local and metapopulation extinctions

Local extinction Metapopulation extinction
Stochastic processes (a] Demographic [a] Extinction-colonization
interaction
(b) Environmental [b) Regional processes
Extrinsic causes Habitat loss Habitat loss and fragmentation

We need only comment on the comparison of stochastic processes in local
versus metapopulation extinctions. One of the assumptions for long-term
metapopulation persistence is that the expected number of new populations
generated by one existing population during its lifetime must be greater than
one. That is, the replacement rate must be greater than one, as is true for a local
population to persist. In a small metapopulation, however, all local populations
may go extinct by chance. This is known as “extinction—colonization
stochasticity”. This is an exact analogue to demographic, stochastic extinction
of a local population. This may happen even if the replacement rate is greater
than one in both local populations and metapopulations. Regional stochasticity
is due to processes such as large-scale weather patterns, which produce
synchrony among the independent local populations. This effectively reduces
the number of independent populations and makes metapopulation-level
persistence less likely.

2.8 Age structured populations (Leslie matrix)

Leslie matrix is a discrete, age structured model of population growth that is
very popular in population ecology. It was invented by and named after P. H.
Leslie. The Leslie Matrix (also called the Leslie Model) is one of the best
known ways to describe the growth of populations (and their projected age
distribution), in which a population is closed to migration and where only one
sex, usually the female, is considered. This is also used to model the changes in
a population of organisms over a period of time. Leslie matrix is generally
applied to populations with annual breeding cycle. In a Leslie Model, the
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population is divided into groups based on age classes. A similar model which
replaces age classes with life stage is called a Lefkovitch matrix, whereby
individuals can both remain in the same stage class or move on to the next one.
At each time step the population is represented by a vector with an element for
each age classes where each element indicates the number of individuals
currently in that class. The Leslie Matrix is a square matrix with the same

number of rows and columns and the population vector as elements.

The matrix approach allows quick calculations of changes in the age structure

and total population size as well as a quick method for finding A when there is a
stable age distribution. The survivorship and fertility columns are placed in
matrix form |A|. The population itself is considered a column vector which,
when multiplied by the matrix, produces a new column vector representing the

population at time t + 1:
N..=]A|N,

Table: 3. General matrix format for projecting a population with five age
classes for one time period (t=0to t=1).

Age classes Matrix t=0 t="1
0 pom;  pimy  p;ms  psm; D i Ny
1 Po 0 0 0 0 n n
2 0 P 0 0 O0|x| ny|=| m
3 0 0 P, 0 0 N, n,
4 0 p; O n, ny

For age class 0 the number of individuals is based on: pyn,n, + p,m,n, + p,m;n,
+pymyny 0.

For age class 1 the number of individuals is calculated as: pjn,+0+ 0+ 0+ 0.
For age class 2 the number of individuals is calculated as: 0 + p,n, + 0+ 0 + 0.
For age class 3 the number of individuals is calculated as: 0 + 0 + p,n, + 0 + 0.
For age class 4 the number of individuals is calculated as: 0 + 0 + 0 + p;n, + 0.

The format for the matrix is as shown in Table 3. The px values (the
probabilities of surviving from age x to age x + 1) appear in the matrix in the off

diagonal. The first row consists of the products p._ x m_,,. The matrix must be a

x+1°
square matrix, with the final column consisting of zeros. In this example, with

five age classes, we have a 5 x 5 matrix. Given the rules of matrix
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ication, the product of the matrix times the column vector (representing

the population by age classes at # = 0) results in a column vector at time ¢ = 1.

Advantages and Disadvantages of Leslie Matrices:

Advantages:

1. Stable age distribution is not required for valid population projections.

2. Can conduct sensitivity analysis to see how changing certain age
specific vital rates affects population size and age structure.

3. Can incorporate density dependence, i.e., can dampen values in the
matrix to account for density dependent factors limiting population
growth.

4. Can derive useful mathematical properties from the matrix formulas,
including stable age distribution and finite rate of population change
(i.e., lambda).

Disadvantages:

1. Requires a large amount of data (i.e., age specific data on survival,
fecundity, and population structure).

2. In practice, the estimation of Fx is difficult at best.

2.9 Glossary

Population Ecology = the study of how populations interact with
their environment

Population = group of individuals of the same species occupying a
common geographical area

Population size = number of individuals making up its gene pool

Population density = number of individuals per unit of area or
volume, e.g. * persons/square mile

Age structure = Age structure defines the relative proportions of
individuals of each age: Pre-reproductive, Reproductive, and Post-
reproductive

r-selected organisms = put most of their energy into rapid growth
and reproduction. This is common of organisms that occupy
unpredictable environments, e.g. weeds are usually annuals with rapid
growth and early reproduction. They produce a large number of seeds

containing few stored nutrients
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®  K-selected organisms = put most of their energy into growth. They
are common in stable environments near carrying capacity, e.g. long
lived trees such as redwoods take many years of growth to reach
reproductive age

®  Metapopulation = A set of spatially disjunct populations, among

which there is some immigration.

2.10 Self-learning exercise

Section -A (Very Short Answer Type)

1. A group of individuals of a single species living in the same general area
is called

2. Ecology is the interactions among

3. Mortality refers to of in a population.

4. The theory of r- and K-selection was proposed and popularized by

5. Leslie matrix is invented by
Section -B (Short Answer Type)
1. Explain the types of populations?
Explain the population density with their types?

A Short note on natality?

Eall

Explain Population growth and dispersal?
What are the patterns of dispersion?
A Short note on difference in exponential and logistic growth curves?

Differentiate and correlates of r- and K- selection?

© N o WL

What is population regulation?

Section -C (Long Answer Type)
1. Explain the life history strategies?
Write about the population growth curves?

Describe the concept of metapopulation?

Eall

Briefly describe the age structured populations (Leslie matrix) with their
advantages and disadvantages?
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Unit -3

Species Interactions and
Community Ecology

Structure of the Unit

3.1  Types of Interactions

3.2 Inter Specific Interactions in the Ecosystem
3.3  Symbiosis

3.4  Herbivory

3.5  Carnivory

3.6 Species Richness

3.7  Species Evenness

3.8  Simpsons’s Diversity Index

3.9  Shannon’s Diversity Index

3.10 Community Structure & Attributes
3.11 Ecotone and Edge Effect

3.12  Self-Learning Exercise

3.13 References

3.1 Types of Interactions

Ecology is a branch of science that deals with the study of distribution and
abundance of organisms in the ecosystem, and their interactions with the
environments. The environments include both abiotic (physical) and biotic
(biological) factors. The physical factors may be divided into those which
plants and animals use as resources, such as the nutrients in the soil, CO,, water
and the critical factors for their survival such as temperature, wind, pH and
osmotic balances. The physical environment commonly limits population
abundance of plants and animals, as well as their geographic distributions. It
can also change the species composition that occurs in the ecosystem. On the
other hand, biotic ecosystem includes organisms, organic molecules, and cells
and is a most diverse and easily changeable part of ecosystems. Since all living
things in an ecosystem are interdependent, the associations existing between the
different organisms in the ecosystem influences the survival of organisms and
the functioning of the ecosystem as a whole. Hence to understand the overall
dynamics of the ecosystem, it is important to consider the impact of both
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environmental variations and multispecies interactions, which will have both

ecological and evolutionary effects.

In ecology, biological interactions can involve individuals of the same species
(intraspecific interactions) or individuals of different species (interspecific
interactions). These can be further classified by either the mechanism of the
interaction or the strength, duration and direction of their effects. Species may
interact once in a generation (e.g. pollination) or live completely within another
(e.g. endosymbiosis). Effects range from consumption of another individual
(predation,herbivory, or cannibalism), to mutual benefit (mutualism).
Interactions need not be direct; individuals may affect each other indirectly

through intermediaries such as shared resources or common enemies.

3.2 Inter Specific Interactions in the Ecosystem

In addition to the abiotic factors on the environment, the populations can be
very much affected by the interactions between the organisms in the ecosystem.
The “species interactions” explains most of the domain of ecology. The major
types of interactions are discussed below:

1. Competition

The process competition is thought to be a part of daily life. Competition is a
relationship in which different organisms or populations in the ecosystem
attempt to use the same limited resources at the same time. The limiting
resource may be water, prey, light, water etc, which is responsible for the
organism’s growth and survival in the ecosystem. Competition can occur both
within (intra specific) and between (inter specific) species. An individual
experiences both types of competition, but the range of the competitions varies
widely from population to population and species to species. Competition
among the individuals can also be characterized as resource competition or
interference competition. The resource competition is characterized by the
organism’s completion directly for the limiting nutrient in the ecosystem, there
by obtaining as much each individual can. An example is the competition of fly
maggots in a mouse carcass, where few individuals obtain enough nutrients for
their reproduction and survival. Resource competition may not always cause
the exclusion of one species instead some species can coexist, with a marked
reduction in their growth potential capabilities. In interference competition,
the individuals harm each other directly by a physical force. In this case either
the individuals interact with foraging, survival, and reproduction of others or
directly prevent their physical organization in a part of their habitat. An

60



Mz0-07

example is the physical intimidates of caterpillar to other. Interference
competition generally results in the exclusion of one of the two competitors.

Early in the 20th Century, A.J. Lotka and V. Volterra developed a model for

population growth, which explains that two species cannot compete for the
same limiting resource for a long period. This is known as Competitive

exclusion principle. G.F.Gausse, a Russian ecologist, demonstrated that
Paramecium aurellia competes and later displaces Paramecium caudatum
which apparently confirmed the Competitive exclusion theory. Recent studies
showed the coexistence of some killer particle in Gausse’s strain P. aurellia is
responsible for such an outcome. Later Thomas Park showed that due to
interference competition, the confused flour beetle and the red flower beetle
would not coexist and hence one species always excluded the other.

Competition among members of the same species is known as intraspecific
competition, while competition between individuals of different species is

known as interspecific competition.

Interspecific competition is normally not as fierce as intraspecific competition,
unless in case of a sudden drastic change. However, it is the most conspicuous
competition in grasslands, where, for example, cheetahs and hyenas are often
killed by lion prides. Competition is not always a straightforward, direct

interaction either, and can occur in both a direct and indirect fashion.

(a) Interspecific Competition

Interspecific competition is competition for resources (such as food, space,
water, light, etc.) between members of different species, and in general one
species will out-compete another one. This can be demonstrated by growing
two different species of the protozoan Paramecium in flasks in a lab. They both
grow well in lab flasks when grown separately, but when grown
together P.aurelia out-competes P.caudatum for food, so the population
of P.caudatum falls due to interspecific competition:

groan . Lo .
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(b) Intraspecific Competition

Intraspecific competition is competition for resources between members of
the same species. This is more significant than interspecific competition, since
member of the same species have the same niche and so compete for exactly

the same resources.

Intraspecific competition tends to have a stabilising influence on population
size. If the population gets too big, intraspecific population increases, so the
population falls again. If the population gets too small, intraspecific population

decreases, so the population increases again:
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Intraspecific competition is also the driving force behind natural selection, since
the individuals with the "best" genes are more likely to win the competition and
pass on their genes. Some species use aggressive behaviour to minimise real
competition. Ritual fights, displays, threat postures are used to allow some
individuals (the "best") to reproduce and exclude others (the "weakest"). This
avoids real fights or shortages, and results in an optimum size for a population.

Competition between species at the same trophic level of an ecosystem, who
have common predators, increases drastically if the frequency of the
common predator in the community is decreased by a large margin. The
magnitude of competition therefore depends on many factors in the same

ecosystem.

According to the competitive exclusion principle, species less suited to compete
for resources should either adapt or die out. According to evolutionary theory,
this competition within and between species for resources plays a critical role

in natural selection.

2. Amensalism

Amensalism is an interaction where an organism inflicts harm to another
organism without any costs or benefits received by itself. A clear case of

amensalism is where sheep or cattle trample grass. Whilst the presence of the
grass causes negligible detrimental effects to the animal's hoof, the grass suffers
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from being crushed. Amensalism is often used to describe strongly
asymmetrical competitive interactions, such as has been observed between
the Spanish ibex and weevils of the genus Timarcha which feed upon the same
type of shrub. Whilst the presence of the weevil has almost no influence on
food availability, the presence of ibex has an enormous detrimental effect on
weevil numbers, as they consume significant quantities of plant matter and

incidentally ingest the weevils upon it.

3. Antagonism

In antagonistic interactions, one species benefits at the expense of another.
Predation is an interaction between organisms in which one organism captures
biomass from another. It is often used as a synonym for carnivory but in its
widest definition includes all forms of one organism eating another, regardless
of  trophic level (e.g., herbivory), closeness of  association
(e.g., parasitism and parasitoidism) and harm done to prey
(e.g., grazing). Intraguild predation occurs when an organism preys upon
another of different species but at the same trophic level (e.g., coyotes kill and
ingest gray foxes in southern California). Batesian mimicry is also an
antagonistic interaction, where one species has evolved to mimic another, to the
advantage of the copying species but to the detriment of the species being

mimicked.

4. Neutralism

Neutralism describes the relationship between two species that interact but do
not affect each other. It describes interactions where the health of one species
has absolutely no effect whatsoever on that of the other. Examples of true
neutralism are virtually impossible to prove and most ecologists (as well as
textbooks) would agree that this concept does not exist. When dealing with
the complex networks of interactions presented by ecosystems, one cannot
assert positively that there is absolutely no competition between or benefit to
either species. However, the term is often used to describe situations where

interactions are negligible or insignificant.

5. Commensalism

Commensalism benefits one organism and the other organism is neither
benefited nor harmed. It occurs when one organism takes benefits by

interacting with another organism by which the host organism is not affected. A
good example is a Remora living with a shark. Remora eat left over food from
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the shark. The shark is not affected in the process, as Remora eat only left over
food of the shark, which does not deplete the shark's resources.

Commensal interactions are difficult to document in nature because any close

association between species likely affects both species, if only slightly.

For example, “hitchhiking” species, such as the barnacles that attach to whales,
are sometimes considered commensal. The hitchhiking barnacles gain access to
a substrate and seem to have little effect on the whale. However, the barnacles
may slightly reduce the host’s efficiency of movement. Conversely, they may

provide some camouflage.

When commensalism may not be commensalism ?

One of the best-known examples of symbiosis involves the relationships
between certain small tropical fishes (clownfish) and sea anemones. The fish
have evolved the ability to live among the stinging tentacles of sea anemones,
even though these tentacles would quickly paralyze other fishes that touched
them. The clownfish feed on food particles left from the meals of the host

anemone, remaining uninjured under remarkable circumstances.

On land, an analogous relationship exists between birds called oxpeckers and
grazing animals such as cattle or antelopes. The birds spend most of their time
clinging to the animals, picking off parasites and other insects, carrying out
their entire life cycles in close association with the host animals.

No clear-cut boundary exists between commensalism and mutualism; in each of
these instances, it is difficult to be certain whether the second partner receives a
benefit or not. It may be advantageous to the sea anemone to have particles of
food removed from its tentacles because it may then be better able to catch
other prey. Similarly, while often thought of as commensalism, the association
of grazing mammals and gleaning birds is actually an example of mutualism.
The mammal benefits by having parasites and other insects removed from its
body, but the birds also benefit by gaining a dependable source of food.

On the other hand, commensalism can easily transform itself into parasitism.
Oxpeckers are also known to pick not only parasites, but also scabs off their
grazing hosts. Once the scab is picked, the birds drink the blood that flows from
the wound. Occasionally, the cumulative effect of persistent attacks can greatly
weaken the herbivore, particularly when conditions are not favorable, such as
during droughts.
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6. Mutualism

Unlike commensalism, mutualism is an interspecific interaction between two
organisms in the ecosystem with benefit to both the associating members in the
interaction. During this interaction, populations of each interacting species
grow survive and reproduce at a higher rate in the presence of the other
interacting species. Pollination is a good example to explain mutualism, where
the plant gets benefit from the dispersal of pollen the pollinator obtaining a
meal of nectar from the flower. Mutualism is an interaction between two or
more species, where species derive a mutual benefit, for example an
increased carrying capacity. Similar interactions within a species are known
as co-operation. Mutualism may be classified in terms of the closeness of
association, the closest being symbiosis, which is often confused with
mutualism. One or both species involved in the interaction may be obligate,
meaning they cannot survive in the short or long term without the other species.
Though mutualism has historically received less attention than other
interactions such as predation, it is very important subject in ecology. Examples
includecleaner fish, pollination and seed dispersal, gut flora,Miillerian mimicry.
Mutualism is an interspecific symbiosis in which two species benefit from their
interaction (+/+).

Examples of mutualism include nitrogen fixation by bacteria in the root nodules
of legumes; digestion of cellulose by microorganisms in the guts of ruminant

mammals; and the exchange of nutrients in Mycorrhizae, the association of
fungi and plant roots. Mutualistic interactions may result in the evolution of
related adaptations in both species. Commensalism is an interaction that
benefits one species but neither harms nor helps the other (+/0). Pollination

illustrates mutualism between flowering plants and their animal pollinators.

Mutualism and coevolution

Some of the most spectacular examples of mutualism occur among flowering
plants and their animal visitors, including insects, birds, and bats. During the
course of flowering-plant evolution, the characteristics of flowers evolved in
relation to the characteristics of the animals that visit them for food and, in the
process, spread their pollen from individual to individual. At the same time,
characteristics of the animals have changed, increasing their specialization for
obtaining food or other substances from particular kinds of flowers.

Another example of mutualism involves ants and aphids. Aphids are small
insects that suck fluids from the phloem of living plants with their piercing
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mouthparts. They extract a certain amount of the sucrose and other nutrients
from this fluid, but they excrete much of it in an altered form through their
anus. Certain ants have taken advantage of this in effect, domesticating the
aphids. The ants carry the aphids to new plants, where they come into contact
with new sources of food, and then consume as food the “honeydew” that the
aphids excrete.

When mutualism may not be mutualism

As with commensalism, however, things are not always as they seem. Ant-
acacia associations also occur in Africa; in Kenya, several species of acacia ants
occur, but only a single species is found on any one tree. One species,
Crematogaster nigriceps, is competitively inferior to two of the other species.
To prevent invasion by these other ant species, C. nigriceps prunes the branches
of the acacia, preventing it from coming into contact with branches of other
trees, which would serve as a bridge for invaders.

Although this behavior is beneficial to the ant, it is detrimental to the tree
because it destroys the tissue from which flowers are produced, essentially
sterilizing the tree. In this case, what initially evolved as a mutualistic

interaction has instead become a parasitic one.

7. Parasitism

Parasitism benefits one species at the expense of another

Parasitism may be regarded as a special form of symbiosis in which the parasite
usually is much smaller than the prey and remains closely associated with it.
Parasitism is harmful to the prey organism and beneficial to the parasite. In
many cases, the parasite kills its host, and thus the ecological effects of
parasitism can be similar to those of predation. Although in the past parasitism
was usually studied mostly in terms of its effects on individuals and the
populations in which they live, in recent years researchers have realized that
parasitism can be an important factor affecting the structure of communities.

(a) External parasites

Parasites that feed on the exterior surface of an organism are external
parasites, or ectoparasites. Many instances of external parasitism are known
in both plants and animals. Parasitoids are insects that lay eggs on living
hosts. This behavior is common among wasps, whose larvae feed on the
body of the unfortunate host, often killing it.
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(b) Internal parasites

Parasites that live within the body of their hosts, termed endoparasites,
occur in many different phyla of animals and protists. Internal parasitism
is generally marked by much more extreme specialization than external
parasitism, as shown by the many protist and invertebrate parasites that

infect humans.

The more closely the life of the parasite is linked with that of its host, the
more its morphology and behavior are likely to have been modified during
the course of its evolution (the same is true of symbiotic relationships of all
sorts). Conditions within the body of an organism are different from those
encountered outside and are apt to be much more constant. Consequently,
the structure of an internal parasite is often simplified, and unnecessary

armaments and structures are lost as it evolves.

(c) Parasites and host behaviors

Many parasites have complex life cycles that require several different hosts
for growth to adulthood and reproduction. Recent research has revealed the
remarkable adaptations of certain parasites that alter the behavior of the host
and thus facilitate transmission from one host to the next. For example,
many parasites cause their hosts to behave in ways that make them more
vulnerable to their predators; when the host is ingested, the parasite is able
to infect the predator.

A parasite feeds on the host, but they generally do not destroy it. Parasites
are usually smaller then the host. Parasites may have more than one host
during its life cycle. The host evolved some defense mechanisms against the
parasites; the most important is the immune responses such as cellular
defenses. Also parasites can substantially decrease the host population sizes.
The relationship between the parasites and the hosts is known as Parasitism.
Tapeworms, blood sucking leeches and tape worms are typical examples of
parasites. Schistosoma mansoni, endoparasite living in blood vessels of

human

Parasites and their hosts have a close symbiotic relationship, so their
populations also oscillate. This is demonstrated by winter moth caterpillars
(the host species) and wasp larvae (parasites on the caterpillars). If the
population of parasite increases, they kill their hosts, so their population
decreases. This means there are fewer hosts for the parasite, so their
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population decreases. This allows the host population to recover, so the
parasite population also recovers:

. parasite
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similar pattern is seen for pathogens and their hosts.

Some parasites change the behavior of their hosts in ways that increase the
probability of the parasite being transferred from one host to another.
Parasites can have significant direct and indirect effects on the survival,
reproduction, and density of their host populations.Pathogens are disease-
causing agents that have deleterious effects on their hosts (+/?) Pathogens
are typically bacteria, viruses, or protists.Fungi and prions can also be
pathogenic. Parasites are generally large, multicellular organisms, while
most pathogens are microscopic. Many pathogens are lethal.

3.3 Symbiosis

The term symbiosis (living together) can be used to describe various degrees of
close relationship between organisms of different species. Sometimes it is used
only for cases where both organisms benefit; sometimes it is used more
generally to describe all varieties of relatively tight relationships, i.e. even
parasitism, but not predation. Some even go so far as to use it to describe
predation. It can be used to describe relationships where one organism lives on
or in another, or it can be used to describe cases where organisms are related by
mutual stereotypic behaviors.

In either case, symbiosis is much more common in the living world and much
more important than is generally assumed. Almost every organism has many
internal parasites. A large percentage of herbivores have mutualistic gut
fauna that help them digest plant matter, which is more difficult to digest than
animal prey. Coral reefs are the result of mutalisms between coral organisms
and various types of algae that live inside them. Most land plants and thus, one
might say, the very existence of land ecosystems rely on mutualisms between
the plants, which fix carbon from the air, and Mycorrhyzal fungi that help in
extracting minerals from the ground. The evolution of all eukaryotes (plants,
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animals, fungi, protists) is believed to have resulted from a symbiosis between
various sorts of bacteria: endosymbiotic theory.

In symbiosis, two or more kinds of organisms interact in often elaborate and
more-or-less permanent relationships. All symbiotic relationships carry the
potential for coevolution between the organisms involved, and in many
instances the results of this co-evolution are fascinatingly complex.

Examples of symbiosis include lichens, which are associations of certain
fungi with green algae or cyanobacteria. Another important example are
mycorrhizae, associations between fungi and the roots of most kinds of plants.
The fungi expedite the plant’s absorption of certain nutrients, and the plants in
turn provide the fungi with carbohydrates . Similarly, root nodules that occur in
legumes and certain other kinds of plants contain bacteria that fix atmospheric
nitrogen and make it available to their host plants. The major kinds of
symbiotic relationships include

(1)  Commensalism, in which one species benefits while the other neither

benefits nor is harmed;
(2)  Mutualism, in which both participating species benefit; and
(3)  Parasitism, in which one species benefits but the other is harmed.

Parasitism can also be viewed as a form of predation, although the
organism that is preyed on does not necessarily die.

3.4 Herbivory

The term has been derived from the Latin words herba (herb) and vorare (to
eat). The animals, which feed on plant only, are known as herbivores. Examples
are goat, crow, buffalo,elephant, sheep, etc. Most herbivores feed on only one
or a few plant species. Their diet may be some parts of the plant such as roots,
leaves, seeds, sap and nectar. Some animals feed on algae or fungi. Many fishes

eat diatoms (a group of algae).

Herbivory is the process whereby an animal eats a plant or a plant- like
organism such as a seaweed or phytoplankton. These plants and plant-like
organisms such as seaweeds and phytoplankton are called primary producers, as
they use the sun’s energy to make organic material. The animals in which such
act of eating plants or plant-like organisms behavior is found determines the
population abundance and dynamics of individual plant species. Herbivores
regulate the species, composition of plant communities, the total amount of
plant biomass in the ecosystems, and the magnitude of ecosystem functional
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processes such as primary production, decomposition and transfer of energy
material up the food chain.

Herbivores require special adaptation for eating plants. Herbivores have flat
molars and premolars to grind up plants. Some herbivores have a diastema (a
space between the back molars and front teeth)which is used to carry plant
materials . They lack canine teeth and incisors. Herbivores have eyes on the
sides of their head allowing them to have a better view and avoid being prey to

carnivores.

Herbivores often have physical features that help them eat tough, fiberous plant
matter. Unlike herbivores and other consumers, autotrophs have tough cell
walls throughout their physical structure. Cell walls can make plant material
difficult. Herbivores have teeth that are highly specialized for eating plants.
Because plant matter is often difficult to break down, the molars of herbivores
are wider and flatter, designed to grind food, and aid in digestion. Herbivore
incisors are sharp for tearing plants, but they may not be present on both the
upper and lower jaw. White tail deer are a perfect example of an herbivore that
has only lower incisors and a rigid upper jaw that assists in the tearing of plants.
Many animals, such as horses and cows, have jaws that are capable of moving
sideways. Elephants are herbivores, and their incisors are unlike those found in
other animals. Odd as it may sound, a tusk is actually a tooth, an incisor, that
has evolved into a different type of tool, often used for defense.

Many herbivorous mammals have wide molars. These big teeth help them grind
up leaves and grasses. Carnivorous mammals, on the other hand, usually have

long, sharp teeth that help them grab prey and rip it apart.

A group of herbivores called ruminants have specialized stomachs. For the
digestion of plant matter, ruminant stomachs have more than one chamber.
When a ruminant chews up and swallows grass, leaves, and other material, it
goes into the first chamber of its stomach, where it sits and softens. There,
specialized bacteria break down the food. When the material is soft enough, the
animal regurgitates the food and chews it again. This helps break down the
plant matter. This partially digested food is called cud. The animal then
swallows the cud, and it goes into a second chamber of the stomach. Chemicals
in the second chamber digest the plant material further, and it goes into the third
chamber. Finally, the digested food goes to the fourth chamber, which is similar
to a human stomach. Sheep, deer, giraffes, camels, and cattle are all ruminants.
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Other herbivores eat only one part of a plant. An animal that specializes in
eating fruit is called a frugivore. Oil birds, which live in northern South
America, are frugivores. They eat nothing but the fruit of palms and laurels.
The koala, which is native to Australia, eats little besides the leaves of
eucalyptus trees. An animal that eats the leaves and shoots of trees is called
a folivore. Pandas, which feed almost exclusively on bamboo, are
folivores. Termites are insects that feed mostly on wood. Wood-eaters are
called xylophages.

Many insects are herbivores. Some, such as grasshoppers, will eat every part of
a plant. Others specialize in certain parts of the plant. Aphids drink sap, a sticky
fluid that carries nutrients through the plant. Caterpillars eat leaves. The larvae,
or young wormlike forms, of root weevils feed on roots. Asian long-horned
beetles tunnel deep into the heart of a tree and eat the wood there.Honeybees
feed on nectar and pollen from flowers.

Some herbivores consume only dead plant material. These organisms are
called detritivores. Detritivores also consume other dead organic material, such
as decaying animals, fungi, and algae. Detritivores such as earthworms,
bacteria, and fungi are an important part of the food chain. They break down
the dead organic material and recycle nutrients back into the ecosystem.
Detritivores can survive in many places. Earthworms and mushrooms live in

the soil. There are also detritivore bacteria at the bottom of the ocean.

3.5 Carnivory

This word has been derived from the Latin word carnis (flesh). The animals,
which eat the flesh of other animals, are known as carnivores. They hunt and
kill their prey and than feed on them; foe example, lion, tiger, leopard, etc.
Although most of the carnivorous animals usually consume all parts of the
bodies of their prey, some eat only certain parts such as skin, blood, flesh, etc.

A carnivore is an organism that mostly eats meat, or the flesh of animals.
Sometimes carnivores are called predators. Organisms that carnivores hunt are

called prey.

Carnivores are a major part of the food web, a description of which organisms
eat which other organisms in the wild. Organisms in the food web are grouped
into trophic, or nutritional, levels. There are three trophic levels. Autotrophs,
organisms that produce their own food, are the first trophic level. These
include plants and algae. Herbivores, organisms that eat plants and other
autotrophs, are the second trophic level. Carnivores are the third trophic
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level. Omnivores, creatures that consume a wide variety of organisms from

plants to animals to fungi, are also the third trophic level.

Autotrophs are called producers, because they produce their own food.
Herbivores, carnivores, and omnivores are consumers. Herbivores are primary

consumers. Carnivores and omnivores are secondary consumers.

Many carnivores eat herbivores. Some eat omnivores, and some eat other
carnivores. Carnivores that consume other carnivores are called tertiary

consumers. Killer whales, or orcas, are a classic example of tertiary consumers.
Killer whales hunt seals and sea lions. Seals and sea lions are carnivores that

consume fish, squid, and octopuses.

Some carnivores, called obligate carnivores, depend only on meat for survival.
Their bodies cannot digest plants properly. Plants do not provide enough
nutrients for obligate carnivores. All cats, from small house cats to huge tigers,

are obligate carnivores.

Most carnivores are not obligate carnivores. A hypercarnivore is an organism
that depends on animals for at least 70 percent of its diet. Plants, fungi, and
other nutrients make up the rest of their food. All obligate carnivores, including
cats, are hypercarnivores. Sea stars, which prey mostly on clams and oysters,
are also hypercarnivores.

Mesocarnivores depend on animal meat for at least 50 percent of their diet.

Foxes are mesocarnivores. They also eat fruits, vegetables, and fungi.

Hypocarnivores depend on animal meat for less than 30 percent of their diet.
Most species of bears are hypocarnivores. They eat meat, fish, berries, nuts, and
even the roots and bulbs of plants. Hypocarnivores such as bears are also

considered omnivores.

The planet’s largest animal is a carnivore. The blue whale can reach 30 meters
(100 feet) long and weigh as much as 180 metric tons (200 tons). It feeds by
taking huge gulps of water and then filtering out tiny shrimp-like creatures
called krill. The blue whale can eat about 3.6 metric tons (4 tons) of krill every
day that’s about 40 million of the little creatures. The largest land carnivore is
the polar bear, which feeds mainly on seals.

Carnivores have biological adaptations that help them hunt. Carnivorous
mammals such as wolves have strong jaws and long, sharp teeth that help them
grab and rip apart their prey. Plant-eaters, on the other hand, usually have
big molars that help them grind up leaves and grasses.
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Lions, cougars, and other cats have sharp claws that they use to hunt. Birds
such as hawks and owls also hunt with their claws, called talons. Many
carnivorous birds, called raptors, have curved beaks that they use to tear apart
their prey.

Many carnivores grab their prey in their mouths. Great blue herons wade slowly
through shallow water and then suddenly snatch a fish, crab, or other creature
from the water. Toads grab mice in their mouths. Sperm whales dive deep into
the ocean where they bite hold of squid.

Spiders capture their prey—usually insects—by trapping them in a sticky web.
Other carnivores attack their prey with a bite or a sting that
injects toxic venom into the victim. The venom either paralyzes or kills the
prey.

Snakes such as king cobras have hollow fangs that act like needles to inject
venom. Cobras mostly prey on other snakes. Jellyfish have stingers on

their tentacles, which paralyze fish swimming nearby.

Most carnivores are animals, but plants and fungi can be carnivores also.
The Venus flytrap is a plant that catches insects in its leaves. When an insect
brushes against the sensitive hairs on the leaf, the leaf folds in two and snaps
shut. The insect is trapped inside. Other carnivorous plants, such as the sundew,
produce a sticky material that catches insects.

Fungi are a group of organisms that include mushrooms, molds, and mildew.
Some fungi trap and consume tiny organisms. Most carnivorous fungi prey
on microscopic worms called nematodes, which they trap with suffocating
rings.

Certain types of carnivores have specific diets. Some, such as sea lions, eat
mainly fish. They are called piscivores. Others, such as lizards, eat mainly
insects. They are called insectivores. Many bats are also insectivores. One little
brown bat can eat a thousand mosquitoes in an hour. Some insects are
themselves insectivores. These include ladybugs, dragonflies, and praying

mantises.

Carnivores that have been known to attack and eat human beings are known
as man-eaters. Some species of sharks, alligators, and bears are called man-
eaters. However, no carnivore specifically hunts human beings or relies on
them as a regular food source.

Cannibals are carnivores that eat the meat of members of their own species.

Many animals practice cannibalism. For some species, cannibalism is a way of
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eliminating competitors for food, mates, or other resources. Chimpanzees and
bears, for example, will hunt and consume the young of family members,
sometimes their own offspring. Praying mantis females will kill and eat the
bodies of their mates.

Many carnivores are scavengers, creatures that eat the meat of dead animals,
or carrion. Unlike other types of carnivores, scavengers usually do not hunt the
animals they eat. Some, such as vultures, consume animals that have died from
natural causes. Others, such as hyenas, will snatch meat hunted by other

carnivores. Many insects, such as flies and beetles, are scavengers.

Some carnivores, including sea lions, feed often. Others, such as king cobras,

can go months between meals.

Carnivores have a set of teeth that are very different from herbivores'. This
makes sense, because they also have a different diet. A carnivore will use its
teeth to kill a prey item before eating it. The sharp incisors and pointed canine
teeth are perfectly designed for both incapacitating and eating a meal. A canine
tooth can be easily identified, as it is the longer, pointed tooth located on either
side of the incisors. The molars are fewer in number than other animals may
have, mainly because so much of the work is done by the teeth in the front of
the mouth. While the presence of canine teeth does not guarantee that an animal
is a carnivore, it is an indicator that meat is some part of the diet.

Carnivores in the Food Chain

For a healthy ecosystem, it is important that the populations of autotrophs,
herbivores, and carnivores be in balance. Energy from nutrients is lost at each
trophic level. It takes many autotrophs to support a fewer number of herbivores.
In turn, a single carnivore may have a home range of dozens or even hundreds
of miles. A Siberian tiger, for instance, may patrol a range of 1,000 square
kilometers (386 square miles).

In some places, the disappearance of large carnivores has led to
an overpopulation of herbivores, disrupting the ecosystem. Wolves and cougars
are traditional predators of white-tailed deer, for instance. But hunting
and development have eliminated these predators from the northeastern United
States. Without natural predators, the population of white-tailed deer
has skyrocketed. In some areas, there are so many deer that they cannot find
enough food. They frequently stray into towns and suburbs in search of food.

Carnivores depend on herbivores and other animals to survive. Zebras and
gazelles once traveled in great herds over the plains of Africa. But these herds
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have shrunk and are now mostly confined to parks and wildlife reserves. As the
numbers of these herbivores decline, carnivores such as African wild dogs,
which prey on them, also decline. Scientists estimate that only 3,000 to 5,500
African wild dogs remain in the wild.

3.6 Species Richness

Species richness is the number of different species represented in an ecological
community, landscape or region. Species richness is simply a count of species,
and it does not take into account of the abundances of the species of their
relative abundance distributions. It gives as much weight to those species which
leave very few individuals as to those which leave many individuals .Thus , one
daisy flower has as much influence on the richness of as area as 1000
buttercups flowers.

Species richness is often used as a criterion when assessing the relative
conservation values of habitats or landscapes. However species richness is blind
to the identity of the species. An area with many endemic or rare species is
generally considered to leave higher conservation value than another area
where species richness to similar but all the species are common and

widespread .

Species richness is related to a community’s geographic size.

The species-area curve quantifies what may seem obvious: the larger the
geographic area of a community, the greater the number of species.Larger areas
offer a greater diversity of habitats and microhabitats than smaller areas.

In conservation biology, developing species-area curves for the key taxa in a
community allows ecologists to predict how loss of habitat is likely to affect
biodiversity.

Species richness on islands depends on island size and distance from the

mainland.

Because of their size and isolation, islands provide excellent opportunities for
studying some of the biogeographic factors that affect the species diversity of
communities. “Islands” include oceanic islands as well as habitat islands on
land, such as lakes, mountain peaks, or natural woodland fragments. An island
is thus any patch surrounded by an environment unsuitable for the “island”
species. Robert MacArthur and E. O. Wilson developed a general hypothesis of
island biogeography to identify the key determinants of species diversity on an
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island with a given set of physical characteristics. Imagine a newly formed

oceanic island that receives colonizing species from a distant mainland.

3.7 Species Evenness

Evenness to a measure of the relative abundance of the different species
making up the richness of an area. In refers to how close in number each
species in an environment is. Mathematically, it is a measure of biodiversity
which quantifies how equal the community is numerically. So if there are 40
foxes, and 1000 dogs, the community is not very even. But if there are 40 foxes
and 42 dogs; the community is quite even.

To give an example , we might have sampled two different forest area for
animals .sample from the forest field consists of 300 jackals, 360 foxes and
340 wild dogs. The sample from the second field comprises 225 jackals , 620
foxes and 155 wild dogs. ( see the table below ).both sample have the same
richness(3 species ) and the same total number of individuals (1000) . however,
the first sample ha s more evenness than the second. This is because the total
number of individuals in the sample is quite evenly distributed between the
three species. In the second sample, most of the individuals are foxes, with
lesser number of jackals and wild dogs , sample second is there for considered
to be less diverse then sample one.

NUMBER OF INDIVIDUALS
ANIMAL SAMPLE 1
SAMPLE 2
JACKALS 300 225
Fox 360 620
WILD DOG 340 155
TOTAL 1000 1000

A community dominated by one or two species is considered to be less diverse
than one in which several different species have a similar abundance . As

species richness and evenness increases , so diversity increases .
Species Diversity
A diversity index is a mathematical measure of species diversity in a given

community. It is based on the species richness (the number of species present )
and species abundance (the number of individuals per species) .The more
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species you have, the more diverse is the area It provides the important
information about rarity and commonness of species in a community The
ability to quantify diversity in this way is an important tool for biologists trying

to understand community structure.

3.8 Simpsons’s Diversity Index

In 1949, Edward H. Simpson measured the degree of concentration when

individuals were classified two types.The same index was rediscovered by
Orris. .C. Herfindahl in 1950 while economist Albert O. Hirschman ,

introduced the square root of the index in 1945. As a result, the same measure is
known as Simpson index in ecology, and as the Herfindahl index or the

Herfindahl —Hirschman index (HHI) in economics.

Simpson’s index (d) measures the probability that two individuals randomly
selected from a sample will belong to the same species.

D= 1-((Xn(n-1))
N(N-1)
Where, n= The total number of organisms of particular species.
N = The total number of organisms of all species.

The value of D ranges between 0 and 1.With this index , 0 represents infinite
diversity and 1, no diversity .i.e.the bigger the value of D, the lower the

diversity.

3.9 Shannon’s Diversity Index

The structure of biotic community can be summarized in diversity index
derived from information theory. Since some species may be superabundant a
large probability exists that individual observed during sampling belongs to a
species previously recognized. Thus considerable repetition of information
exists and redundancy is high. Information per individual is low and is reflected
in low index of diversity. The more species present in a community and more
equal their abundance, the greater the uncertainty and hence greater the
diversity. We many assume that in a very diverse community we approach
every individual carries a higher amount of information; it can be said that more
diverse community carries more information. Diversity index based on
information theory was first used by Margalef (1958) to analyse natural
communities. The technique equates diversity with information. Maximum

diversity and thus maximum information exists in a community of organism

77



Mz0-07

when each individual belongs to a different species. Minimum diversity or high

redundancy exists when all individuals belong to the same species.

A detailed description of the theory behind these techniques is given by Wilhm
and Dorris (1968) and Brilloun (1960). The formula used in calculations of

these indices are as follows
The diversity per individual is
D=- U p/log 2 p/

Where p/ = probability that any individual selected at random belongs to / th
species.

The size of the unit depends on the value assigned to the logarithms.
Commonly chosen logarithmic bases are the number 2, e and 10. Information
theorists generally use logarithms to base 2 and the information units then call
“binary digits” or “bits”. When natural logarithms are used the unit is called a
“natural bel” or a “nat” (Maclntosh, 1967) and with logarithms to base 10 the
units becomes a “bel” or a “decit” (Pielou, 1966). In ecology the units to be
used and the name to be given it have not yet become standardized.

Reason for more popularity of Shannon’s Diversity Index

The index is very useful and most popular because (1) it is relatively insentitive
to the size of the sample embodying the usual pattern of distribution of
individual in species; (2) it is also insensitive to any random selection with in
the sample and if possible to operations that are not strictly random; (3) it needs
least taxonomic expertise just to recognize species not to identify them by
name. Error resulting from failure to distinguish between closely similar species
or counting life history stages as separate species are not critical because (a)
closely related species are not apt to be found in the same sample (competitive
exclusion principle) and (b) different life history stages are in themselves part
of diversity (Odum, 1971) Another advantage of using d is that it permits us to
take into account the hierarchical nature of biological classification. Suppose
we were comparing two populations and that both had the same number of
species in the same relative proportions, whatever function of these proportions
we use as a measure of diversity, the diversity of the two populations must be
equal; but, if in one population all the species blonged to a single genus and in
the other every species belonged to different genus, it would be reasonable to
regard the latter community as the more diverse of the two. This suggests that it

would be desirable to be able to split the diversity measure into a generic, a
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specific, or even at family order, or higher level of taxonomic hierarchy (Pielou,
1967 & 1969).

Example Diversity Index

The diversity indices, unlike biotic indices, are values, derived mathematically
from quantitative data. They make no use, however, of the autecological
information regarding the response of individual species (Hawkes, 1977).

Diversity indices derived from information theory were first used by Margalef
(1958) to analyse natural community of organisms. The theory underlying these
techniques is discusted in detail by Wilhm and Dorris (1968). The species
diversity index for community as adopted by Trivedi (1979) from Shannon and
Weaver (1963) as follows :

D =-L1 (N/N) x log 2 (N,/N) or — LIP, log P,
Where
d = Diversity index

N, = Importance value for each species ( - no. of individuals in each

species)
N = Total of importance values (= Total number of individuals)
P, = Importance probability for each species = N,/N

The diversity index and the corresponding water quality is given in table
(Trivedi 1979).

Table : Diversity Index and the Quality of Water
S.No. Diversity index based on Water Condition

Information theory

1. >4 Clean no pollution
2 3-4 Light pollution
3. 2-1 Modeatre pollution
4 <2 High pollution

One theoretical consideration that is not taken into account in biological indices
on diversity indices is the interference due to determinants such as water

currents, erosion, Nature of substratum, tiffles, ridges etc. (Hawkes, 1977)
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Work Done in India

In India little work has been done on the biological indicators of water quality
(Krishnamoorthy et al., 1978 ; Krishnamoorthy and Sarkar 1979 ; Trivedi,
1979)

The Indicator species may vary in time and space. Sphaeiotilus natans is found
only in winter season and just after the discharge of rayon effluents. Similarly,
Oscillatoria spirulina complex is found in the summer season just 5 km down

stream of the discharge point of rayon effluents (Trivedi 1979).

Desulphovibrio desulphuricans and Beggiatoa alba are considered to be the best
indicators of river water polluted with effluents of rayon industries (Trivedi,
1979).

The Spirulina Oscillatoria complex among algae and Tobrillus-Chironomous
among animals are also considered to be tolerant of acidic effluents and the
species diversity was found to be reduced by such effluents (Trivedi 1979).

3.10 Community Structure & Attributes

Community is a huge or large unit, it is formed by different populations. A
community is composed of animals and plants with environment. The concept
of community is studied from past time, Theophrastus (372- 250 B.C.) first
defined plant communities. Forbes was first scientist who reported different
collection of species. Carl Mobius (1880 — 1887) recognized natural
community and according to him “Collection of species of any living being is
community”. A community may be made basically of animals or plants but
most communities include both. These population or species group are mutually
interdependent and thus form a soil sustaining community. Mobius proposed a
new name ‘biocenose’ for community. Charles Elton (1920) stated that
ecological niches are related to community. Hein (1927) pointed out four basic
factors which are responsible for forming and maintaining communities as food

chain, size of food, niches, and pyramid of numbers. Clements (1936), Tansley
(1939) described different aspect of communities.
The concept of community is important principles in ecological thought and
practice. It shows the fact that various organisms usually live together in an

orderly manner. When the several species overlap the population of

different species coexists in limited area forms community.
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Fig : Showing the population of species A and B

As in figure 1 shows that community is characterized by having definite species
composition. Mostly the population of one species and another population
species overlaps and forms one community. One community is separated from

another community by a line of demarcation.

Community is recognized on the basis of habitat, species of organisms. As the
community goes, so goes the individuals. There are many ways by which the
individual growth can be controlled in any community. If it is encouraged they
increase and if discouraged they reduces. For example by bringing fluctuation
in water level mosquitoes can often be controlled more efficiently by modifying

the aquatic community entirely.

The community concept is one of the most important principles in ecological
thought and ecological practice of ecology because as the community goes, so
goes the individuals .Thus often the best way to control a particular individual
modify community rather than to make a direct attack on the individual.

The community is defined in various ways as-

According to Clarke, “A community is defined as a group of mutually adjusted
plants and animals inhabiting a natural area”.

Krebs (1972) referred “A community is an assemblage of population of plants
and animals in a particular area or habitat”.

Smith (1996) defines “Community as a naturally occurring, mutually
sustaining and interacting assemblage of plants and animals living in the same
environment and fixing, utilizing and transferring energy in same manner”. In

this definition, community encompasses all organisms of a given sight. They
belong to at least more than one trophic level.
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V.E.Shelford explained that “Community is a collective group of living

organisms of same taxonomic composition and is relatively uniform”.

General Characteristics Of Natural Community

1. Community diversity

Community is a heterogeneous assemblage of plants and animals. The animals
and plants are drawn from different taxonomic groups. They may be distinctly
related or closely related. But they are interdependent and interacting in many
ways. They are dependent on the abiotic factors of the habitat.

Community diversity is of two types-if the number of species present is
maximum then it refers richness and if it is equitable then called evenness.

In any ecosystem level of diversity is recognized as follows-

a) Alpha diversity —the diversity within a particular habitat or one specific

community.

b) Beta diversity - the diversity among several communities

c) Gamma diversity - the diversity present across geographic area
For example-diversity of invertebrate components of marine habitat are
compared. The sequence of decreasing diversity from tropical shallow water

(TSW) to boreal estuary (BE) is seen from (fig.2)
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Fig : Showing diversity of composition of species in sample of marine

sediment of polychaetes (of S habitats).

2. Structure

Each community has a definite structure. It is formed of three groups of

organisms, namely producers, consumers and decomposers.
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(a) Producers

The green plants constitute the producers. They are called the autotrophs.
They can synthesize starch by photosynthesis utilizing chlorophyll, Co,,

water, mineral and solar energy. The producers form the main source of
energy for the components of the community. eg.Plants, Phytoplanktons, etc

(b) Consumers

Consumers are the heterotrophs. They cannot produce food, utilizing
abiotic factors. But they depend on the producers and other organisms of the
Community for there food. Consumers are basically of two types, herbivore

and carnivore.

i) Herbivores: Herbivore are the animals which eat the producers. They are
also called primary consumers because they form the first order of
consumers.eg. Deer, rabbits in forest Community: Zooplanktons and plant

eating fishes of pond Community.

ii) Carnivores: Carnivores are animals which eat other animals for their
food. These are also called secondary consumers because they form the

second orders of consumers.eg. Fox, Lion and Tiger of forest community,

Fishes, Frogs and Snakes of pond community.

Carnivores are further sub-divided into primary carnivores, secondary

carnivores and tertiary carnivores.

The primary carnivores are dependent on herbivores for their food. The
secondary carnivores depend on primary carnivores and tertiary carnivores

depend on secondary carnivores.

3. Community Dominants

A community is formed of many species. Of these one or a few species play a

dominant role in community by virtue of their number, size and activities.

These species are called community dominant. The removal of community

dominant from a community affects the community drastically. In a forest

community the trees form the community dominants. In a grassland

community, the grasses form the dominant groups

4. Stratification

It refers to the arrangement of the components (organisms) in different layers in

a community. There are two types of stratifications, namely

(a) Vertical stratification
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(b) Horizontal stratification

(a) Vertical stratification

It refers to the vertical distribution of organisms in a community. Vertical
stratification is found in forest community, grassland community and

aquatic communities.

Vertical stratification is clearly seen in a forest community. A forest is
formed of five layers. They are 1.Trees (upper layer) 2. Shrubs 3. Herbs 4.
Forest floor and 5. The subterranean (low layer)

Fig : Vertical stratification in a forest community

Each layer has its own fauna. The upper layer of trees is formed of branches
and leaves. It is occupied by animals like lizards, tree-frogs, squirrels,
monkeys, loris, etc.

Shrubs and herbs are occupied by plant eating insects and spiders.

The forest floor is occupied by dead organic matter, litter, fungi, bacteria,
snails, etc.

The subterranean layer is formed of roots, tubers, earthworms, insects,

protozoans, bacteria, etc.
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Fig : Summer stratification of lake
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In aquatic communities, such as large lakes and oceans, temperature causes,
thermal stratification. It is formed of three layers, namely an upper epilimnion,

a middle thermocline (metalimnion) and a lower hypolimnion.

Similarly the penetration of light causes three layers, namely the euphotic zone,
the disphotic zone, and the aphotic zone.
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Fig : Light penetration in the sea
2. Horizontal stratification

It refers to the distribution of individuals on a horizontal plane in the
community. In a terrestrial community, the individuals may be distributed on
the floor in three ways namely uniform, clumped, and random. In uniform
distribution, the species are distributed uniformly throughout the community. In
clumped distribution, the individuals aggregated into groups. In random
distribution, the individuals are irregularly placed. In a pond or lake three
horizontal zones are seen. They are the littoral-zone, sub-littoral zone and the
profundal zone. Similarly, in a marine habitat four horizontal zones are

recognized. They are
1. The neretic zone,
2. The oceanic zone
3.The archibenthic zone and then

4.The abyssal benthic zone
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Fig : Distribution of individuals in plants
5. Community Periodicity

“Periodicity refers to the rhythmic activity of an organism for food, shelter and
reproduction”. The periodicity of a community is correlated to seasonal
changes, day and night, lunar rhythms and the inherent property of the animals.

A community is formed of many species. The breeding seasons of different
species vary with seasons. Variations in temperature and light causes migration,

aestivation and hibernation.

The daily periodicity is due to day and night. Accordingly, some organisms in
the community are active in the day (diurnal).The microorganisms like

copepods exhibit vertical diurnal migration. They move towards the surface
during the night and towards the bottom during the day. Photosynthesis and the

opening of flowers are daily periodicities in plants.
Marine community exhibits lunar periodicity. For example, in polychaetes

swarming and spawning occur on full moon day.

6. Community Interdependence

The various species in a community are interdependent. The interdependence

may be for food, shelter and reproduction.

Interdependence for Food

In a community, the herbivores are dependent on plants for their food. The
carnivores are dependent on herbivores for their food.

Interdependence for Shelter

Plants provide protection for animals from the sun and enemies.

Interdependence for Reproduction

Flowering plants depend on insects for pollination.
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3.11 Ecotone and Edge Effect

Ecotone

A transitional area of vegetation between two different plant communities, such
as forest and grassland. It has some of the characteristics of each bordering
biological community and often contains species not found in the overlapping
communities. An ecotone may exist along a broad belt or in a small pocket,
such as aforest clearing, where two local communities blend together. The
influence of the two bordering communities on each other is known as the edge
effect. An ecotonal area often has a higher density of organisms of one species
and a greater number of species than are found in either flanking community.
Some organisms need a transitional area for activities such as courtship,

nesting, or foraging for food.

Ecotones also appear where one body of water meets another
(e.g., estuaries and lagoons) or at the boundary between the water and the land
(e.g., marshes). Freshwater and marine ecotones are characterized by the
presence of large plants that rise from roots attached to the submerged
substrate, and thus they occur in areas where amplelight is available at the
bottom of the basin to permit growth.

Edge Effect

The edge effect is an ecological concept that describes how there is a greater
diversity of life in the region where the edges two adjacent ecosystems overlap,
such as land/water, or forest/grassland. At the edge of two overlapping
ecosystems, you can find species from both of these ecosystems, as well as
unique species that aren’t found in either ecosystem but are specially adapted to
the conditions of the transition zone between the two edges.

For the sake of clarity, we must first define some key ecological terms.

An edge is the boundary or interface between two biological communities (e.g.

forest and grassland) or between different landscape elements (e.g. land and
water). An ecotone is the transition zone along the edges of two adjacent
ecological communities, where one ecological communities meets the other
(e.g. the area between forest and grassland). The transition from one ecosystem
to the other can be a very gradual or a very sharp one. Edge environments occur
naturally at many ecosystem boundaries, some examples of these are:

(1) along the perimeter of bodies of water, such as river, lakes and

streams
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(1)  where forests verge on rock outcrops, riparian areas (i.e. river
banks), grasslands

(i)  along outcrops of exposed rock and cliffs

(iv)  where forested areas border clearings

(v)  where sharp discontinuities in soil type or hydrology exist

(vi)  where estuaries meet the ocean

The following diagram illustrates how the edge effect operates :

In this example, each ecosystem, labelled A and B, contain only three species,
coloured red, blue and yellow. Ecosystem A contains 3 species represented by
squares and ecosystem B has 3 represented by circles. In the region where they
overlap, called the ecotone, there are red, blue and yellow squares and circles.
The combination of squares and circles (which represent six species) produce
unique conditions which can now support three new species, represented as red,
blue and yellow triangles. So, while ecosystems A and B each contains three
species, the overlapping transition zone contains nine. This increase of diversity
that results from ecosystems overlapping is known as the edge effect.

EEO AdAA @0
EEO

3 species 9 species 3 species
(The ‘edge effect’ — Where two ecosystems overlap, the overlapping area
supports species from both, plus another species that is only found in the

overlapping area.)

These ecotones (the regions where the edges of two ecosystems overlap),
contain a greater diversity of species than either of the two separate ecosystems,

and have significantly greater productivity, for the following reasons:

(1) Resources from both ecosystems can be accessed in the one place.
(1)  Conditions such as air temperature, humidity, soil moisture and light
intensity levels all change at edges.
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(i)  Variations in the conditions at the edges can create favourable
microclimates which can support unique species.

(iv)  Increased availability of light to plants along the edges allows more
plants to be supported (greater diversity) and increases productivity.

(v)  Increased plant diversity increases herbivorous insects, which
increases birds, and ultimately predators.

(vi)  Ecosystem edges and borders act as ‘energy nets’ or sieve, capturing
the massive movement of materials, nutrients and energy across their
boundaries — leaves and soil are blown by the wind against barriers,
shells wash up on the beach, etc.

(vil) Adjacent ecosystems are connected via flows of energy, material
(nutrients) and organisms across their boundaries, and these flows
can exert strong influences on the fertility and productivity of
ecosystems.

It is important to note that the environmental conditions at the edges of
ecosystems usually different from those deep within the ecosystems
themselves.

The increased productivity and diversity resulting from the edge effect is
clearly observable in Nature. Mangrove ecologies (land/sea interface) and reef
ecologies (coral/ocean) interface and some the the most highly productive
natural systems. Riparian areas (the banks of rivers and streams) are very rich
in biodiversity. Traditional human settlements are usually located at the highly
productive transition zones between ecosystems, such as alongside rivers,
estuaries or ocean, between foothills and plains, the outskirts of forest, or any
combinations of these.

Ecological niche

The functional unit of the community is niche or in other words the position or
working status of any organism is niche in the community. Ecological niche is
structural changes, physiological response and behavior of organisms. For
example, lion is carnivore in forest community and deer is herbivore. Even
sometime they are herbivore but still differ as elephant feed on leaves of big
trees, deer on shrubs and grasshopper on grasses. According to Odum in
different geographical areas the organisms occupy same ecological niche. As
deer is found in different place but eat grass only. Ecological niche is divided in
three parts-Habitat or spatial niche, trophic niche and hypervolume niche.

Each organism in a community confronts the challenge of survival in a different
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way. The niche an organism occupies is the total of all the ways it uses the
resources of its environment. A niche may be described in terms of space
utilization, food consumption, temperature range, appropriate conditions for

mating, requirements for moisture, and other factors.

Sometimes species are not able to occupy their entire niche because of the
presence or absence of other species. Species can interact with one another in a
number of ways, and these interactions can either have positive or negative
effects. One type of interaction is interspecific competition, which occurs when
two species attempt to use the same resource and there is not enough of the
resource to satisfy both. Physical interactions over access to resources—such as
fighting to defend a territory or displacing an individual from a particular
location—are referred to as interference competition; consuming the same

resources is called exploitativecompetition.

Fundamental niches are potential; realized niches are actual

The entire niche that a species is capable of using, based on its physiological
tolerance limits and resource needs, is called the fundamental niche. The actual
set of environmental conditions, including the presence or absence of other
species, in which the species can establish a stable population is its realized
niche. Because of interspecific interactions, the realized niche of a species may
be considerably smaller than its fundamental niche.

Competition between species for niche occupancy

In a classic study, J. H. Connell of the University of California, Santa Barbara,
investigated competitive interactions between two species of barnacles that
grow together on rocks along the coast of Scotland. Of the two species Connell
studied, Chthamalus stellatus lives in shallower water, where tidal action often
exposes it to air, and Semibalanus balanoides (called Balanus balanoides prior
to 1995) lives lower down, where it is rarely exposed to the atmosphere In these
areas, space is at a premium. In the deeper zone, S. balanoides could always
outcompete C. stellatus by crowding it off the rocks, undercutting it, and
replacing it even where it had begun to grow, an example of interference

competition.

When Connell removed S. balanoides from the area, however, C. stellatus was
easily able to occupy the deeper zone, indicating that no physiological or other
general obstacles prevented it from becoming established there. In contrast, S.
balanoides could not survive in the shallow-water habitats where C. stellatus
normally occurs; it does not have the physiological adaptations to warmer
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temperatures that allow C. stellatus to occupy this zone. Thus, the fundamental
niche of C. stellatus includes both shallow and deeper zones, but its realized
niche is much narrower because C. stellatus can be outcompeted by S.
balanoides in parts of its fundamental niche. By contrast, the realized and
fundamental niches of S. balanoides appear to be identical.

Concept of community

There are two views regarding the nature of community. They are
(a) Organismic concept and
(b) Indiviualistic concept

(a) Organismic Concept

This concept was proposed by Clements (1916) .This concept states that the
community has all the characteristics of an organism such as development,
dominance, and co-operation and so on. An organism is formed of cells and
tissues. The tissues have certain characteristics and functions above those of the
cells. Similarly, community is formed of many species or populations. All the
species in a community are integrated together. The community has certain
characteristics and functions more than those of the populations.

(b) Individualistic Concept

This concept was proposed by Gleason (1926). It considers the species as the
essential units of the community. Each species behave independently and
responds to the physiological and biotic environment according to their own
genetic characteristics. They are not integrated together. The community is a

collection of species requiring the same environmental conditions.

Ecological succession

The process of development of new communities in an area is called ecological
succession. It can be defined as “An orderly and progressive replacement of one
community by another till the development of a stable community in that area”.
(Smith, 1965). The communities in any area are not stable. They are changing
into other forms of communities from time to time. Thus in a particular area
one community may be replaced by other community or by series of

communities.

For example, a pond community can be transformed into a marshland

community, if the pond is gradually filled with sand and mud. The marshland in
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the course of time may give rise to a grassland community or a forest

community according to the environment factors prevailing there.

Ecological succession is directional and predictable. The succession is caused
due to the modification of the physical environment. There is an increase in
structural complexity during succession. The kinds of animals and plants
change continuously with succession. The diversity of species tends to increase
with succession. The microorganisms and heterotrophic animals reach their
maximum diversity in the later stages of succession. The microorganisms and
heterotrophic animals reach their maximum diversity in the later stages of
succession. Biomass increases. As biomass increases, many new habitat niches

are created.

The succession of a community can be compared to the embryogenesis of an

organism.

3 o 35 ~
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Fig : Ecological succession. A pond community is replaced by a forest
community through ecological succession.
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Fig : Diagrammatic representation of ecological succession

In the development of a community, a series of communities develop and they
replace one another in an orderly sequence until the stable community is
produced. The various developmental stages of a community are called sere and
each stage is called a seral stage. The first seral stage is called the pioneer

community. The first stable community is called climax community.

Community: Composition

Community may vary in their size. They may be large or small. Large
community may extend over areas of several thousands of square kilometers,
e.g., forests. The desert communities are comparatively smaller with
dimensions in hundreds of kilometers. The meadows, rivers, ponds, rocky
plateaus communities may occupy a more restricted area. The communities of
microorganisms are very small in their size because they are found in

microhabitats, e.g., on leaf surface, fallen log, litter, soil etc.

The number of species and population abundance in community vary greatly.
Each community is characterized with a group of diverse species, and all these
species are not equally important but these are only a few overlapping species
which by their bulk and growth modify the habitat and control the growth of
other species of the community, thus forming a sort of characteristic nucleus in
the community. These species are called dominants.

In most of the communities, only a single species, due to being particularly
conspicuous, is dominant, and in such single species, due to being particularly

conspicuous, is dominant species as for example, spruce forest community. In
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other communities, there may be more than one dominants as in oak —hickory

forest community.

The composition of a plants and animals in any habitat or ecosystem is
dependent upon the frequency of the physical environmental conditions. The
ecological amplitude of species population is directly related to abiotic
conditions of the community. Thus the physical conditions and biotic
component determine the type of community. If both factors (abiotic and biotic)

have good interaction then that community survives and develops more.

Community: Structure

Communities have their structure which is recognizable in a pstial arrangement

of their members. Structurally, a community may be classified as

Horizontal community: This kind of community is divided into
subcommunities. These are the units of homogenous life—form and ecological
relation. Such community constitutes the zonation, for example the zonation of
forest community. It has different distinct vegetational types on a mountain
which may be latitudinal as well altitudinal zonations of vegetation. These

zonation have relation with climatic factors.

north

a sedge-
grass zone

conifer forest of four
distinct first and

pine zones 6,250

conifer forest of
Pinon-junipers zone
5,000

grassland biome with
« - three distinct zones

3,000

desert biome with two distinct zones

2,000
Fig : Showing zonation (horizontal vegetation zones) on one of the
mountains of Western North America
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Fig : Diagrammatic sketch showing three major zones of a freshwater
body as, lake

Shallow ponds have zonation. The deep ponds and lakes may have three zones
like littoral zone, limentic zone and profundal zone. In each zone, organisms
differ from each other. Another aspect of structure that is more common is
stratification. It is very complex process and is characterized by a number of
vertical layers of the species and each is made up of a characteristic growth
form. It involves vertical rather than horizontal change s within the community.
The horizontal zone may be recognized in distinct vertical storeys.

The grassland communities have subterranean floor and contain basal portions
of the vegeatations, e.g. rhizomes of grass covered by litter and debris of plants
as well as animals, and herbaceous substratum consisting of upper parts of the
grasses and herbs with a characteristic fauna .The stratification in a forest
community is most complicated and have as many as five following vertical
subdivisions: (1)  Subterranean  subdivision (2)  Forest floor,
(3) Herbaceous vegetation, (4) Shrubs and  (5) Trees.

The tropical rain forests may be divided into eight vertical strata on the basis of
light and relative humidity requirements. The stratification can be observed in
the above ground parts. The stratification may also be observed in the

underground parts like roots, rhizome or other structure below the soil.

3.12 Self-Learning Exercise

Section -A (Very Short Answer Type):
1. Biotic community is defined as a group of populations living at

one place and with one another in several ways.
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Symbiosis or Mutualism is an interaction between two organisms of

different species where both the partners are but, can not
live
Competition is a between two or more organisms for

obtaining the same

Stability of a biotic community is mainly governed by its or
number of and their interactions.

Lichen is a composite entity which is formed jointly by an alga and a
fungus. (True / False)

The first biotic community which develops in a bare area is called
pioneer community. (True / False)

Primary succession is a biotic succession that occurs on a previously

sterile or primarily bare area. (True / False)

Section -B (Short Answer Type) :

Define commensalism with suitable example ?

What is different between Mutalism and Commensalism ?
Write adaptation of Carnivorus animals ?

Define species Richness and Evenness ?

Explain Ecological Niche.

Role of Mutalism in Evolution ?

Difference between external and internal parasites ?

Section -C (Long Answer Type)

What is Diversity Index ? Discuss and write its important.
Write an essay on Nature of community and attributes.
Discuss role of interspecific competition in evolution.
Write short notes on Herbivorae and Carnivore.

Explain Edge effect ? Discuss Ecotone.

Answer Key of Section-A

1. Different, Interacting

2. Benifited, Separetely

3. Rivalry, Resource
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4. Diversity
5. True
6. True
7. True

3.13 References

® FEcology, Environment and Resource Conservation — Singh, Singh
and Gupta

® Ecology - Odum
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Unit - 4

Ecological Succession and Ecosystem

Structure of the Unit
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45
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Objectives
Introduction
Ecological succession
4.2.1. Types of ecological succession
4.2.2. Mechanisms of succession
4.2.3. Changes involved in succession
4.2.4. Concept of climax
Structure and function of ecosystem
Energy flow and mineral cycling
Primary production and decomposition
Structure and functions of some Indian ecosystems
4.6.1. Terrestrial Ecosystem

4.6.1.1. Forest ecosystem

4.6.1.2. Grassland ecosystem
4.6.2. Aquatic ecosystem

4.6.2.1. Fresh water ecosystem

4.6.2.2. Marine ecosystem

4.6.2.3. Estuarine ecosystem

4.7 Self learning exercise

4.8 References

4.0 Objectives

After going through this unit you will come to know about the trend of

formation of ecosystem communities, how succession begin in any barren area

and changes involve in climatic factors. You will learn the composition of

ecosystem 1i.e. structure of ecosystem and the function of ecosystem, their

interaction with other component of ecosystem, flow of energy in ecosystem
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from ultimate source of energy, Sun to all the component of ecosystem and the
cycling of minerals among the ecosystem. Further in this unit you will
understand the major types of ecosystem like Terrestrial ecosystem, Aquatic
ecosystem, grassland ecosystem etc.

4.1 Introduction

Environment is always kept on changing over a period of time due to variations
in climatic, physiographic factors and the Activities of the species of the
community themselves. These influences bring about marked changes in the

dominants of the existing community.

Any ecological unit that includes all the organisms (i.e., the communities in a
given area) which inter act among themselves and with the physical
environment, so that a flow of energy leads to clearly defined trophic structure,
biotic diversity and material cycle (i.e. Exchange of materials) within the
system, is known as ecological system or ecosystem. There exist nutritional
relationships (or food links) amongst the living organisms of such a system.
Keeping this in view, the earth can be considered as a giant ecosystem where
abiotic and biotic components are constantly ting and reacting upon each other
bringing forth structural and functional changes in it. We generally study nature
by making its artificial subdivisions into units of smaller ecosystems (such as
terrestrial forest, desert, grassland aquatic fresh water marine; and man-made

cropland, etc.).

4.2 Ecological succession

Communities are never stable, but dynamic, changing more or less regularly
over time and space. They are never found permanently in complete balance
with their biotic component or with the physical environment, hence replaced
by another community at the same place. This process continues and successive
communities develop one after another over the same area, until the terminal
final community again becomes more or less stable for a period of time. This
occurrence of relatively define sequence communities over a period of time in

the same area is known as ecological succession.

Odum(1971) preferred to call this orderly process as ecosystem development
rather than the more often known often ecological succession. He made an
elaborate statement to define this process, and in his own words ‘ecosystem
development’ or what is more often known as ecological succession, may be

defined in terms of the following parameters:
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(1) It is orderly process of community development that involves changes in
species structure and community processes with time, it is reasonable
directional and therefore, predictable.

(2) It results from modification of physical environment by the community
that is,succession is community controlled even though the physical
environment determines the pattern,the rate of change,and often sets
limits as to how far development can go.

(3) It culminates in a established ecosystemin which maximum biomass(or
high information content)and symbiotic function between organisms are

maintained per unit of available energy flow.

Causes of succession

It is a process more properly a series of complex processes it is natural that
there may not be single cause for this. Generally there are three types of causes:

(1) Initial or Initiating causes: These are climatic as well as biotic. The
former includes factors such as erosion and deposits wind,fire etc., caused
by lightning or volcanic activity and the latter includes the various activities
of organisms. These causes produce the bare areas or destroy the existing
populations in an area.

(2) Ecesis or continuing causes: These are the processes as
migration,ecesis,aggregation,competition,reaction etc.which cause
successive waves of populations as a result of changes chiefly in the
edaphic features of the area.

(3) Stabilizing causes: These cause the stabilizationof the community.
According to Clements, climate of the area is the chief cause of the

stabilization other factors of the secondary value.

Trends of succession
An ecological succession proceeds along the following four lines:

(1) A continuous change in the kind of plants and animals.

(2) A tending increase in the diversity of species.

(3) An increase in the organic matter and biomass supported by the
available energy flow(but in the heterotrophic succession reverse is
true).

(4) Decrease in the net community production or annual yield.
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4.2.1. Types of ecological succession

The various types of succession have been grouped in different ways on the

basis of different aspects. Some basic types of succession are as follows:

1.

Primary succession: In any of the basic environment(terrestrial,fresh
water,marine),a succession is primary when it starts from the primitive
substratum where there was no previously any sort of living matter. The
first group of organism establishing there are known as pioneer/primary
community or primary colonizer.

Secondary succession: Type of succession which starts from previously
built up substrata with already existing living matter. The action of any
external force as a sudden change in the climatic factors, biotic
intervention, fire etc. causes the existing community to disappear
therefore, area becomes devoid of living matter but its substratum
instead of primitive is built up sub succession are comparatively more
rapid.

Autogenic succession: After the succession has begun in most of the
cases,it is community itself whichas a result of its reactions with the
environmentmodifies itsown environment and thus causing its own
replacement by new communities. This course of succession is known
as autogenic succession.

Allogenic succession: In some cases however the replacement of the
existing community is caused largely by any other external condition
and not by the existing organisms such a course is referredto as

allogenic succession.

On the basis of successive changes in nutritional and energy contents

successions are sometimes classified as:

5.

Autotrophic succession: it is characterized by early and continued
dominance of autotrophic organisms like green plants. It begins in
predominantly inorganic environment and the energy flow is maintained
indefinitely. There is gradual increase in the organic matter content
supported by energy flow.

Heterotrophic succession: it is characterized by early dominance of
heterotrophs,such as bacteria,actinomycetes,fungi and animals. It begins
in a predominantly organic environment and there is progressive decline

in the energy content.
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In ecological literature, there are mentioned still so many other kinds of
succession depending mainly upon the nature of the environment(primarily

based upon moisture relations),where the process has begun,and thus it may be
a hydrosere or hydrarch-starting in regions where water is plenty as

ponds,lakes,streams,swamp, bog etc; a measarch-where adequate moisture are
present; and a xerosere or xerarch-where moisture is present in minimal

amountssuch as dry deserts, rocks etc. sometimes there are further
distinguishedthe lithosere-initiating on rocks,prammosere-on sand and

halosere-in saline water or soil.

4.2.2. Mechanisms of succession

Three types of mechanisms are involved in the succession which are as follows:

Facilitation: The organisms at a given successional stage make the
environment more suitable for later successional stages. Examples: lichens
breaking down rock into soil, nitrogen-fixing plants improve fertility of soil,
nurse plants.

Tolerance: The organisms of a given successional stage have little impact
on later successional stages. Example: Oldfield succession (possibly)
species of all stages get started at the same time, but are dominant at
different times because of different life histories.

Inhibition: The organisms at a given stage resist invasion by organisms of
later stages. Succession proceeds when the individuals of a given stage die

Example: Allelopathy.

4.2.3. Changes involved in succession

The whole process of a primary autotrophic succession is actually completed
through a number of sequential steps which follow one another. These steps in

sequence are as follows:

1. Nudation

This is the development of a bare area without any form of life. The area may
develop due to several causes such as landslide,erosion, deposition or other
catastrophic agent the cause of nudation may be:

1. Topographic: Due to soil erosion by gravity,water or wind,the existing

community may disappear.Other causes may be deposition of sand etc.,
landslide,volcanic activity and other factors.
2. Climatic:Glaciers, dry period,hails and storm,frost,fire etc.may also

destroy the community.
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3. Biotic:Man is most important,responsible for destructionof forests
grasslandsfor industry,agriculture,housing etc. other factors are disease
epidemics due to fungi,viruses etc. which destroy the whole population.

2. Invasion

This is the successful establishment of a species in a bare area. The species
actually reaches this new site from any other area. This whole process is
completed in following three successive stages:

I.  Migration (dispersal): the seeds, spores, or other propagules of the
species reach the bare area.This process, known as migration, is
generally brought about by air, water, etc.

II.  Ecesis(establishment): after reaching to new area, the process of
successful establishment of the species, as a result of adjustment with
the conditions prevailing there, is known as ecesis. In plants, after
migration, seeds or propagules germinate, seedlings grow, and adults
start to reproduce. Only a few then are capable of doing this under
primitive harsh conditions, and thus most then disappear. Thus as a
result of ecesis, the individuals of species become established in the
area.

III.  Aggregation: after ecesis, as a result of reproduction, the individuals of
the species increase in number, and they come close to each other. This
process is known as aggregation.

3. Competition and coactions

After aggregation of a large number of individuals of the species at the limited
place, there develops competition(inter as well as intra specific)mainly space
and nutrition. Individuals of a species affect each other’s life in various ways
and this is called coactions. The species, if unable to compete with other
species, if present, would be discarded. To withstand competition, reproductive
capacity, wide ecological amplitude etc. are of much help to the species.

4. Reaction

This is the most important stage in succession. The mechanism of the
modification of the environment through the influence of living organisms on
it, known as reaction. As a result of reactions, changes take place in soil, water,
light conditions, temperature etc. of the environment. Due to all these the
environment is modified, becoming unsuitable for the existing community
which sooner or later is replaced by another community (seral community). The

whole sequence of communities that replaces one another in the given area is
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called a sere, and various communitiesconsisting the sere, as seral
communities, seral stages or developmental stages.the pioneers are likely to
have low-nutrient requirements, more dynamic and able to take minerals in
comparatively more complex forms. They are small-sized and make less

demand from environment.

5. Stabilization (climax)

Finally, there occurs a stage in the process, when the final terminal community
becomes more or less stabilized for a longer period of time and it can maintain
itself in equilibrium with theclimate of the area. This final community is not
replaced, and is known as climax community and the stage of climax stage.

B submenged ;:S;'
vagalation " ¥
s %

Figure. Showing Ecological succession in a pond
(hvdrosere) te a climax forest.

Generalized process of succession and different plant communities appearing in
the process with developing environmental complex are shown in figuretaking
hydrosere as a model. General process of succession as outlined above will
show that the whole process involves several stages, each stage having
characteristic organisms together with their environment. Each such
developmental stage is called seral stage. These stages are infact continuous

with each other and the whole sequence from beginning till the climax stage is
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known as sere. The species which colonies the bare area in the beginning of

succession are called pioneers.

Some ecologists have talked of retrogressive succession in which continuous
biotic influences have some degenerating influence on the process. Due to
destructive effects of organisms, sometimes the development of disturbed
communities does not occur and the process of succession instead of

progressive becomes retrogressive. As for example forest may change to shrub
by or grassland community. This is called retrogressive succession.

The above-mentioned general process of succession would become more clear
by studying in details of the following different kinds of seres (succession) in
different climatichabitat conditions:

(I) Hydrosere or hydrarch

Hydrosere originating in a pond, starts with the colonization of some
phytoplanktons which form the pioneer plant community, and finally terminates
into a forest, which is a climax community together with their chief components
of vegetation.The various stages in the hydrosere are well studied in ponds,
pools or lakes.

Just like other autotrophic successions, in a hydrosere too, successive changes
take place in plants as well as animals life. But as the changes are more obvious
in plants than animals it looks as it is a succession of plants only. But this is due
to the fact, that changes in plants are so obvious, that we designate the
community as phytoplankton stage, rooted submerged stage, etc., and so on
these various stages together with their chief components of plant species of a
hydrosere in a pond as shown in Figure are as follows:

1. Phytoplankton stage: They constitute the pioneer community. Some
blue-green algae, diatoms and bacteria etc. are the first organisms to
colonies the primitive medium of the pond. The soils are very much
reduced with a pH value of not more than 5. They multiply and grow for
some time.

2. Rooted submerged stage: As a result of death and decomposition of
phytoplankton and their mixing with the silt, brought from the
surrounding land by rain waters and by wave action of pond water,there
develops a soft mud at the bottom of pond. This new habitat which tends
to be a bit shallower and where light penetration may occur easily
becomes now suitable for the growth of rooted submerged hydrophytes
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like Myriophyllum, Elodea, Hydrilla, Potamogeton, Vallisneria,
Utricularia etc. these plants brings about further build up of the
substratum as a result of their death and decay. The water level also
decreases making the pond more shallower. This new habitat now
replaces these plants giving way to another type of plants which are of
floating leave type.

. Rooted floating stage: by now the water depth is almost 2-5 feet. These
plants colonise the habitat with their rhizomes. They all are rooted
hydrophytes with their large leaves floating on the water surface. These
are species of Nelumbo, Nymphaea, Limnanthemum, Aponogeton,
Trapa, Monochoria etc. some free floating species as Azolla, Lemna,
Wolffia, Pistia, Spirodella, Slavinia etc. alos become associated with the
rooted plats, due to availability of salts and other minerals in abundance.
The water level by now becomes very much decreased making the pond
more shallower. The decomposing organic matter formed due to death
of these plants brings about further build up of the substratum. Thus
floating species sooner or later disappear from the area.

. Reed-swamp stage: this stage is also known as amphibious stage as
the plants of community are rooted but most parts of their shoot
(assimilatory organs) remains exposed to air. Species of Scirpus, Typha,
Sagittaria and Phragmites etc. are the chief plants of this stage. They
have well-developed rhizomes and form a very dense vegetation. The
water level is by now very much reduced and finally becomes unsuitable
for the growth of these amphibious species.

Sedge- meadow stage: due to successive decrease in water level and
further changes in the substratum, species of some Cyperaceae and
Gramineae,such as Carex,Juncus, Cyperus and Eleochar is colonies the
area. They form mat-like vegetation towards the centre of the pond with
the help of their much branched rhizomatus systems. As a result of high
rate of transpiration, there is much rapid loss of water, and sooner or
later the mud is exposed to air as a result of nutrients like
ammonia,sulphides etc. becomes oxidized to nitrates and sulphates.
Thus mosaic conditions approach the area and marshy vegetation
disappears gradually and gradually.

. Woodland stage: by the time of disappearance of marshy vegetation,
soil becomes drier for most time of the year. This area is now invaded
by terrestrial plants, which are some shrubs (Salix, Cornus) and trees
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(Populus, Almus). By this time there is much accumulation of humus
with rich flora of microorganisms. Thus, mineralization of the soil
favours the arrival of new tree species in the area.

7. Forest stage: This is the climax community. The woodland community
is rapidly invaded by several trees. In tropical climates with heavy
rainfall, there develop tropical rain forests, whereas in temperate
regions,there develop mixed forests of Almus, Acer and Quercus. In
regions of moderate rainfall, there develop tropical deciduous forests or

monsoon forests.

Thus in the hydrosere, described above, stage 1 is the pioneer
community, stage 7 the climax community, and stage 2 to 6 as the seral

communities (seral stages).

(IT) Lithosere-a Xerosere on Rock

This is a type of Xerosere originating on bare rock surfaces. The original
substratum 1is deficient in water and lacks any organic matter, having only
minerals in disintegrated unweathered state. The pioneers to colonies this
primitive substratum are crustose type of lichens, and through a series of
successive seral stages the successive finally terminates into a forest which
constitutes to the climax community. As pointed out in hydrosere, in a lithosere
also successive changes take place in both plants as well as animals. But here
also as a mostof the primary autotrophic succession, changes in plants life are
more obviously those in animals. The changes in plants are obviously to the
extent that it looks as a succession of plants only and various stages are named

on the basis of particular stage dominated by a particular plant species.

The various stages and there component plant species of a lithosere appearing
on a rock are as follows:

1. Crustose lichens stage: As mentioned earlier, the substratum
colonized by these pioneers is very poor in moisture and organic
matter, subjected with extremes of temperature. The lichens of this
stage are specie of Rhizocarpon, Rinodina and Lecanora. They
produce some acids which bring about weathering of rocks. The
dead organic matter of lichens becomes mixed with the small
particles of rocks. However, this process is very slow. These lichens
are then replaces by foliose of lichens.

2. Foliose lichens stage: They appear on the substratum partially built

up by the crustose lichens. This community includes species of
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Parmelia, Dermatocarpon etc. which have large leaf-like thalli.
They can absorb and retain more water and are able to accumulate
dust particles which help in the further build up of the substratum.
Thus some humus becomes accumulate. The weathering of rocks
and its mixing with humus results into the development of a fine thin
soil layer on rock surface, and thus there is a change in the habitat.

3. Moss stage: The development of thin soil layer on rock surface
especially in the crevices, favours the growth of some such
xerophytic mosses as species of Polytrichum, Tortula and Grimmia.
At their successful growth, they compete with the lichens. Due to
their death and decay there is further additionof organic matter in the
soil. The thickness of the soil layer now increases.

4. Herbs stage: due to more extensive growth of mosses there
accumulates more soil and there are added more minerals to it due to
leaching out from the overlying vegetation. This changed habitat
favours the growth of some herbaceous weeds which are chiefly the
annuals, in turn being followed by some biennials and perennials.
Due to their growth and death there is much more accumulation of
humus in soil togetherwith further weathering of rock. Thus, habitat
changes with decreasing xeric conditions.this stage is constituted by
such shallow rooted grasses as Aristida,Festucs,poa,solidago,etc.,
which in turn are replaced by shrubs.

5. Shrub stage: due to much accumulation of soil the habitat becomes
suitable for shrubs which start migrating in the area. These are
species of Rhus, Phytocarpos, etc. They over shadow the herbaceous
vegetation. The soil is further enriched by this dense shurby growth.
These inturn and finally replaced by trees which make up the climax
community.

6. Forest stage: some xerophytes tree species invade the area. Further
weathering of rocks and increasing humus contain of the soil favour
the arrival of more trees and vegetation finally becomes mesophytic.
Thus, these develops finally a forest community.

Heterotrophic (Microbial) Succession
Succession of microorganisms like fungi, bacteria, actinomycetes etc.That

occurs within a microhabitat (microenvironment or microclimate), has been
variously called as microsuccession, serule or microsere. This type of

succession, which is heterotrophic in nature, begins on a habitat, which in
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contrast with that of autotrophic succession is rich in organic matter content. It
follows the course of an autogenic succession, i.e. determined in part by the
organisms themselves. However, most of such succession involves the opposite
progression, from initial conditions of high energy content to final stage of nil
energy. The substratum here, instead of being progressively complex (as
happensin autotrophic successions) becomes gradually and gradually depleted
in terms of organic matter content. Such successions of micro organisms play
an important role in ecosystems, where the decomposers are an important biotic
component. These bring about mineralization of dead organic matter making
the mineral elements again available to soils. In the succession of fungi on plant
remains in the soil (roots etc. dying through natural senescence), the primary
colonizers are likely to be weak parasites and/or saprophytes of sugar fungi
group. On dead tissues, the ascomycetes and their imperfect forms (cellulose
decomposers) are the secondary colonizers. At this stage, some mucorales may
also appear as secondary saprophytic sugar fungi. Finally, the basidiomycetes
(lignin decomposers) appear in the succession. The chemical make-up of the
substrate determines the qualitative characteristics of fungal flora appearing at a
particular stage of decomposition.

4.2.4. Concept of climax

The final, terminal and more or less stabilized community in succession that is
able to establish some sort of equilibrium with the environmental conditions of
that area was termed climax by Clements (1916). The subject of climax has
been much controversial and is reviewed from time to time by many ecologists.
According to Clements (1916,1935), climax has the following three principal
characteristics:

1. Unity: climax in a unity, and index of the climate of area. Life or
growth from forms of plants indicates the climate type. Unless all the
species are not taken as an organized unit, climax would not indicate the
climate.

2. Stability: the form of climax community is more or less stable with the
climate. This climax community cannot be replaced through competition
any other group of species. In other words, according to Clements, in a
particular climate are there may develop climax communities only with
a few characteristics dominating species.

3. Origin and phylogenetic gap relations: climax community is to be
treated equivalent to an organism like which it take worth, grows and
develops and become mature. In this organismic-concept of climax
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community, Clements went to extend of designating a super organism.
In any climatic region, the developmental stages of the climax
community have their own characteristic, which reflects the type of
climate. Similar to the development of organism with changing age,
climax community have also simultaneously undergone changes with
changing climate. Thus phylogenetic relations may be established
between different climax community of the World.

There have been put three popular theories about the climax concept in ecology.

[I] MonoclimaxTheory

As evident from the above account, F.E.Clements emphasized the importance
of only climate in the stabilization of the climax community. According to the
monoclimax theory, within a given region all land surfaces eventually tend to
be occupied by a single kind of community which is climax. The climaxes
determine by the single factor that is regional climate.

[II] Polyclimax Theory

According to Tansley climax is controlled by many (and not one-climate)
factors,concept became popularly known as polyclimax theory. Clements,
although agreed with the possible control of factors other than climate on
climax, but he thought that these communities would sooner or later develop
into climatic-climax types. Consequently, with an attempt to accommodate
these stages in his own hypothesis, Clements introduced in literature a number
of new terms. These are as follows:

The stage in succession just preceeding the climate climax community was
called a sub-climax. The community, which became stabilized at any of the

seral stages of succession due to microclimate, or effects of factors as soil, fire
etc. was called as Sereclimax.

The only way to come out of the jargons of Clements terminology was the
polyclimax theory (Tansley, 1935, 1939). There is evidence that even under
primeval conditions it was difficult to find large areas of uniform vegetation.
According to this theory the climax stage may be controlled by any factor of the
environment and not only by climate, accordingly, the climax stage is to be
named, depending upon the nature of the factor in stabilization. Thus, in
addition to climatic climax, controlled by climate, there may develop:

1. Edaphic climax: on an underdeveloped soil, it develops due to edaphic
effect.
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2. Biotic climax: developed due to biotic disturbances. (due to
grazingeftects) and Zootic climax(due to animils).
3. Topographic climax: due to differences in topographic factors at

mountains, hills, mounds etc.
4. Fire climax: due to repeated effects of fire.

According to Daubenmire (1968), if one accepts monoclimax theory, it means
to admit that other factors of the environment are of secondary value.

4.3 Structure and function of ecosystem

The term ecosystem was proposed by A.G. Tansley in1935. There are many
other parallelterms or synonyms for the ecosystem which have been proposed
by various ecologists, e.g., biocoenonsis (Karl Mobius, 1877), microcosm (S.A.
Forbes, 1887), holocoen(Friederichs, 1930), bio system (Thienemann, 1939),
geobiocoenosis (Sukhachev.1944). bioenert body (ernadsky, 1944) and
ecosom, etc. In recent years, ecological studies of ecosystems undertake
besides structure, the similarities and differences in food and energy
relationships among living components of ecosystem. This is called
bioenergetic approach of modern ecology.

Kinds of ecosystem

An ecosystem can be natural orartificial temporary
orpermanentandlargeortiny,thusvarious constituent ecosystems of the biosphere
fall into the following categories: ecosystems. Based upon the particular kind
of habitat, these are further classified as Terrestrial ecosystems such as forests,
grasslands, deserts etc.Aquatic ecosystems which may be further distinguished
as follows: Fresh water ecosystems These may be lotic (running waterax
spring, brook, stream or river) orlentic(standing water as lake, pond, pool
puddle ditch etc. Marine ecosystems include sallow water bodies which may be
deep bodies as an ocean or shallow ones as a sea or estuary. Artificial
ecosystems also called man-made or man-engineered ecosystems. These are
maintained artificially by man where, by addition of energy and planned
manipulations, natural balance is disturbed regularly, eg croplands such as
sugarcane, maize, wheat, Rice-fields orchards gardens, villages, cities, dams,

aquarium and manned spaceship.

Structure of ecosystem

The structure of an ecosystem is basically a description of the species of

organism that are present including information on their life histories,
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populations and distribution in space. It also includes descriptive information
on the non-living (physical) features of environment, including the amount

and distribution of nutrients. An ecosystem has two major components:

I.Abiotic or Non-living Components

Climatic abiotic component of the ecosystem comprises of (i) physical
condition such as air, water, soil, light duration and
intensity,moisture,substances such as carbon (C), nitrogen (N), sulphur (S),
phosphorus (P) and so on, all of which are involved in cycling of materials
in the ecosystem (i.e. biogeochemical cycles). The amount of these inorganic
substances present at any given time in an ecosystem is designated as the
standing state or standing quality. (i1)) amount and distribution of inorganic
chemicals such as chlorophylls etc. and organic substances such as proteins,
carbohydrates, lipids, humic substances, etc.present either in the biomass
or in the environmenti.e. biochemical structure that link the biotic and

abiotic components of the ecosystem.(iii) the climate of given region.

I1. Biotic or Living Components

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

1. Autotrophic component. Autotrophiccomponent of ecosystem includes
the producers or 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 include
green plants, grasses, algae, tiny phytoplanktons and photosynthetic bacteria
and cyanobacteria blue green algae having photosynthetic pigment
chlorophyll to transduct the solar or light energy of sun.

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

Depending on their food habits, consumers may either be herbivores (plant
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eaters) or carnivores (flesh eaters) herbivores live onliving 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 food chain of an ecosystem, are carnivores or omnivores, €.g.,
insects such as preying mantis, dragon flies 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,), carnivore order-2(C,) 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. Microconsumers include microorganisms such
as bacteria, actinomycetesand fungi. Microconsumers breakdown complex
organic compounds of dead or living protoplasm, absorb some of the
decomposition or breakdown products 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., 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 microorganisms are primary decomposers, while
invertebrates are secondary decomposers.

The disintegrating dead organic matter is also known organic detritus (Latin
worddeterere means to wear away). By the action of detritivores the
disintegrating detritus result into particulate organic matter (POM)
anddissolved organic matter (DOM) which play important role in the

maintenance of the edaphic environment.

Functions of an ecosystem

When we consider the function of an ecosystem, we must describe the flow of
energy and the cycling of nutrients. That is, we are interested in things like
how much sunlight is trapped by plants in a year, how much plant material is
eaten by herbivores, and how many herbivores are eaten by carnivores. Thus,
the producers, the green plants, fix radiant energy and with the help of
minerals(such as C, H,O, N, P, Ca. Mg, Zn, Fe, etc)taken from
theiredaphic (soil) or aerial environment(the nutrient pool) they build up
complex organic matter (carbohydrates, fats, proteins, nucleic acids, etc.).
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The green plantsare known as converters or transducers, as green plants
produce carbohydrates and not energy and since they convert or transduce
radiant energy into chemical form, they must be better called converters or
transducers. The two ecological processes of energy flow and mineral cycling
involving interaction between the physicochemical environment and the biotic
communities may be considered the ‘heart’ of ecosystem dynamics. In an
ecosystem, energy flows in non-cyclic manner(unidirectional) from sun to the
decomposers via producers and macroconsumers(herbivores and carnivores),
whereas the minerals keep on moving in a cyclic manner. Detailed about energy

flow and mineral cycling are discussed below separately.

4.4 Energy flow and mineral cycling

Concept of energy: Energy is the capacity to do work. Biological activities
require consumption of energy which ultimately comes from the sun, Radiant
energy of sun(or solar energy) is transformed into chemical energy by the
process of photosynthesis this is stored in plant tissues and then transformed
into mechanical and heat form of energy during metabolic activities. In the
biological world, the energy flows from the sun to plants and then to all
heterotrophic organisms, such as microorganisms, animals and man in the

following manner:

Mechanical energy has two forms, namely kinetic or free energy and potential
energy. The energy a body possess by virtue of its motion is called kinetic
energy and is measured by the amount of work done in bringing the body at
rest. Potential energy is stored energy (the energy at rest) and becomes useful
after conversion into kinetic energy. All organisms require a source of potential
energy, which is found in the chemical energy of food. The oxidation of food
releases energy which is used to do work. Thus, chemical energy is converted
into mechanical energy. Food means material containing energy that organism
can use. Food is the means to transfer of both matter and energy in the living
world. Plants synthesize food with the help of solar energy and inorganic
substances such as nutrients, CO2 and H2O in a biochemical process called
photosynthesis.

2. Unit of energy: The unit of measurement of energy is erg; the work done in
lifting 1 gram of weight to a height of | cm against the force of gravity is equal
to 981 ergs. One crore ergs (10 ergs) is equal to one Joule. All forms of energy
can be completely converted into heat energy. For a better and uniform
expression in ecology, therefore, energy is measured not in terms of ergs but
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joules or units of heat measurement. Heat is measured in calories. One calorie
is equal to the heat energy required to raise the temperature of 1 gram of water
from 14.5 C to 15.5°C, and one calorie is equal to 4.2 joules or 4.2x 107 ergs.
One thousand calories (10) makes one kilo calories or a kilogram calories (Kcal
or Call. Now, there is a trend of expressing energy in ecological literature in
terms of kilojoules.

3. Ecological energetic: Ecological energetics includes energy transformation
which occurs within ecosystems. In ecological energetics, we consider
(i)quantity of energy reaching an ecosystem per unit of area (say a square
metre) per unit of time (say one hour, day or year); (ii) quantity of energy
trapped by green plants and converted to a chemical form (photosynthesis) and
(ii1) the quantity and path of energy flow from green plants to organisms of
different trophic levels over a period of time in a known area (i.e., energy flow

from producers to consumers).

Radiant energy Chemical energy Heat energy

Sun » Producers » Consumers
(metabolism) M\‘l metabolism)
i cnergy Decomposers
Heat energy (metabolism)

He: eroy
Fig. showing flow of energy cal energy

The energy used for all plant life processes is derived from solar radiations. A
fraction, 1.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, their wavelength ranging from 0.03 A0 to several kilometres. While
most radiations are lost in space, those ranging from 300 mp to 10 mpu and
above 1 cm (radiowaves) enter the earth's outer atmosphere (which is about 28
km altitude). The energy reaching the earth's surface consists mainly of visible
light (390-760 mp) and infrared component. On clear day radiant energy
reaching the earth's surface is about 10% UV, 45% visible and 45% infra-red.
Green plants absorb strongly the blue and red light (400 to 500 mp and 600 to
700 mp respectively).

About 34% of the sunlight reaching the earth's atmosphere is reflected back by
clouds and dust, 10% is held by ozone layer, water vapour and other
atmospheric gases. The rest, 56% reaches the earth's surface. Only a fraction
of the energy reaching earth's surface (1 to 5%) is used by green plants for
photosynthesis and rest is absorbed as heat by ground vegetation or water. In
fact, only about 0.02% of the sunlight reaching the atmosphere is used in the
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process of photosynthesis. The amount of radiant energy of all wavelengths
that cross unit area per unit time is called solar flux. The solar flux is about
8.368 J (2 cal)/cm2 min. At a given place, it varies diurnally because of the

earth's rotation on its axis.

4. Laws governing energy transformation: Energy transformation in
ecosystems can also be explained in relation to the laws of thermodynamics,
which are usefully applied to closed systems. The first law of
thermodynamics is the law of conservation of energy, which says that energy
may be transformed from one form into another but is neither created nor
destroyed. If an increase or decrease occurs in the internal energy (E) of the
system itself, work (W) is done and heat (Q) is either evolved or absorbed.
Thus,

AE= W + Q

Decrease in internal energy =~ Work done by the system Heat given off by
system of the system

(A = change in quantity)

The total amount of heat produced or absorbed in a chemical reaction, either
occurring directly or in stages, always remains the same. This is called the
specific law of constant heat sums and included in the first law.

This law explains the interconvertibility of all forms of energy but does not
refer to the efficiency of transformation or conversion. In ecological systems
solar energy is converted into chemical energy transformation stored in food
materials which is ultimately converted into mechanical and heat energy. Thus,
in ecological systems, the energy is neither created nor destroyed but is
converted from one form into another. Thus, when wood is burned the
potential energy present in the molecules equals the kinetic energy released,
and heat is evolved to the surroundings this is an exothermic reaction. In an
endothermic reaction, energy from the surrounding may be consumed into a
reaction. For example, in photosynthesis, the molecules of the products store
more energy than the reactants. The extra energy is acquired from the sunlight,
but even then there is no gain or loss in total energy. The second law of

thermodynamic states that processes involving energy transformation will not
occur spontaneously unless there is degradation of energy from a non-random
to a random form. In manmade machines (closed systems), heat is the simplest
and most familiar medium of energy transfer. But in biological systems, it is
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not a useful medium of energy transfer, as living systems are essentially
isothermal and there are no significant differences in temperature between
different parts of a cell or between different cells in a tissue.

5. Concept of free energy, enthalpy and entropy: free energy is that
component of the total energy of a system which can do work under isothermal
conditions. All physical and chemical processes proceed with a decline in free
energy until they reach an equilibrium where the free energy of the system is at

a minimum.

AG — AH —TAS

Where, AG= Change in the free energy of the system

AH= Change in enthalpy (a change in the amount of energy in
the form of heat liberated or absorbed by the system during
physical or chemical changes)

AS= Entropy change of the system (Entropy is the name of a
quantity in thermodynamics representing the degree of
disorder in a physical system or the extent to which the
energy in a system is available for doing work).

T= Absolute temperature

thus, decline in G is accompanied by an increase in TAS. These are equal if
there is no heat transfer between the system and the surrounding. If a reaction

proceeds with a decline in free energy, we call it spontaneous.

6. Maintenance cost of secondary producers: in general, 55 to 75% of the

assimilated energy is spent on maintenance of secondary producers.
Temperature, moister conditions of the habitat and the types of species

determine the maintenance cost.

7. Assimilated energy and respiration: Once food is eaten, its energy follows
a variety of paths through the organisms (i.e. digestion, respiration, growth and
reproduction etc.). Regardless of an organism’s source of food, what it digests
and absorbs is referred to as assimilated energy, which support maintenance,
builds tissues, or is excreted in unusual metabolic byproducts. The energy used
to fulfil metabolic needs, most of which is lost as heat, is known as respired
energy.

8. Ecological efficiency: It is the product of efficiencies with which organisms

exploit their food resources and transform them into biomass which becomes
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available to the next higher trophic level. Because most biological production is
consumed, exploitation efficiency is 100 percent overall, and ecological
efficiencydepends upon two factors: the proportion of assimilated energy
incorporated in growth, storage and reproduction. The first proportion is called
assimilation efficiency and second, the net production efficiency. The product
of the assimilation and net production efficiencies is the gross production
efficiency: The proportion of food energy that is transformed into consumer
biomass energy.

Definition of various energetic efficiencies are given below:

Ingestion of food

1. Exploitation ef ficiency = -
Prey production

o o Assimilation
2. Assimilation ef ficiency = ———

Ingestion
3. Net production ef ficiency

Production (growth and reproduction)

Assimilation

4, Gross production ef ficiency = (2) x (3)
Production

Ingestion

5.Ecological ef ficiency = (1) x (2) x (3)
Consumer production

Prey production

Mineral cycling

1. The carbon cycle

The carbon being the basic constituent of all organic compounds and a major
element involves involved in the fixation of energy by photosynthesis, is so
closely tied to energy flow that the two are inseparable. The source of all the
fixed carbon both in living organism and fossil deposits is carbon dioxide
CO,, found in the atmosphere and the dissolved in the waters of the earth.
During photosynthesis, carbon from atmospheric CO, is incorporated into
the production of the carbohydrates, glucose, C.H,,0O,, the subsequently may
be converted to another organic compounds such as polysaccharides
(sucrose, starch, cellulose,etc.) protein and lipids. All the polymeric organic
compounds containing carbon are stored in different plants-tissues as food
and from then the carbon is passed on to the tropic level of herbivores or

heights of parasites or retained by the plant until it serves as food for decay
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organism (viz., decomposers). Some of the carbon is returned to the
atmosphere (or the enveloping aqueous medium) in the form of CO, a by-
product of plant respiration, in which, a considerable portion of the glucose
is oxidized to yield CO,, H,O and energy as follows:

1/6CH,,0, + O, — CO, + H,0O + Energy

The CO, which is released as the by-product by herbivores or phytoparasites
may travel a number of routes. It may be incorporated into protoplasm
(assimilation) and stored until the organism dies, where upon it is utilized by
decomposers; it may be released through animal respiration; it may serve as
live food for other organisms; or finally it may be stored in the environment
as CO,. Similar fates await carbon at the carnivore trophic levels. In fact, all
the carbon of plants, herbivores, carnivores and decomposers is not respired
by some is fermented and some is stored. The carbon compounds that are
lost to the food chain after fermentation, such as methane, are readily
oxidized to carbon dioxide by inorganic reactions in the atmosphere. As for
the storage of carbon in sediments, just as deposition works to store
materials, erosion may uncover them, and inorganic chemical weathering of
rock can oxidized the carbon contained there. Some carbon is permanently
stored in the sediments and not uncovered by weathering; it may be replaced
by carbon dioxide released by volcanoes and other similar examples of
intense geological activity. In modern age, man has greatly increased the rate
at which carbon is passing from sedimentary form to carbon dioxide. The
combustion of fossil fuels is a significant means of recycling sedimentary
carbon much faster than natural weathering.

Small portion of carbon, especially in the sea, is found not as organically
fixed carbon, but as carbonate (CO;), especially calcium carbonate (CaCO,).
CaCO, is very commonly used for shell construction by such animals as
clams, oysters, some protozoa, and some algae. Carbon dioxide reacts with
water to form carbonate in the following three step reaction.

The precise amount of each of these constituents in the water depends on the
pH of the water. Organisms such as clams can combine bicarbonate or
carbonate with calcium dissolved in the water to produce calcium carbonate.
After the death of the animal, this calcium carbonate may either dissolve or

remain in sedimentary form.

Certain control mechanisms are inherent in the carbon cycle. The rate of

carbon utilization is dependent on its availability. If excessive amounts of
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carbon are taken up in any one phase of the cycle, other phases of activity
may be inhibited or slowed down. For example, if the pH of water is
alkaline, more carbon is tied up in a carbonate and less is in solution. This
removal of carbon in solution would upset the equilibrium established
between the atmospheric and the dissolved CO, and the net effect would be a

movement of CO, into solution until the equilibrium was reached.
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The Carbon Cycle

Peculiarities of carbon cycle

Through carbon-cycle exhibits basic similarity with other biogeochemical
cycles, yet it is usual in that the organic phase is not essentially a complete
cycle within itself. The organic (biotic) and atmospheric (abiotic) phases,
however, are so closely interwined that the rapid cycling typical of the
organic phase is present. The multiplicity of paths along which carbon can
flow is typical of biogeochemical cycles is general, and provides a well-
buffered system with adequate feedback mechanisms to insure an adequate
supply of the carbon. It is significant that all phases of the cycle yield carbon
dioxide at some time, and carbon dioxide is the raw material for them. Thus,
despite its relative low concentration in the atmosphere (0.03 per cent),
carbon in a form in which it can be used by living organisms is virtually
always present.
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2. The nitrogen cycle

Nitrogen is an essential constituent of different biologically significant
organic molecules such as amino acids and proteins, pigments, nucleic acids
and vitamins. It is also the major constituent of the atmosphere, comprising
about 79 per cent of it. The paradox is that in its gaseous state, N, is
abundant but is unavailable to most life. Before it can be utilized it must be
converted to some chemically usable form.

To be used biologically, the free molecular nitrogen has to be fixed and

fixation requires an input of energy. In the first step molecular nitrogen (N,

has to be split into two atoms: N, — 2N). The free nitrogen atoms then must
be combined with hydrogen to form ammonia, with the release of some

energy:

2N+3H, —2NH,

The fixation comes about in two ways. One is by high energy fixation such
as cosmetic radiation, and hydrogen of water. The resulting ammonia and
nitrates are carried to the earth in the rain water. The second method of
nitrogen fixation which contributes about 90 per cent of fixed nitrogen of
earth is biological. Some bacteria, fungi, and blue-green algae can extract
molecular nitrogen from the atmosphere and combine it with hydrogen to
form ammonia. Some of this ammonia is excreted by the nitrogen-fixing
organism, and thus, becomes directly available to other autotrophs. Some of
these nitrogen-fixing organisms may be free-living, either in the soil (e.g.,
bacteria — Azotobacter and Clostridium) or in water (e.g., blue-green algae —
Nostoc, Calothrix and Anabaena) and produce vast quantities of fixed
nitrogen. In other cases, certain symbiotic bacteria of genus Rhizobium,
although unable to fix atmospheric nitrogen themselves, can do this when in
combination with cells either from the root of legumes (e.g, peas, beans,
cloves and alfala) and of other angiosperms such as Alnus, Ceanothus,
Shepherdia, Elaeagnus and Myrica, or form the leaves of African genera of
Rubiaceae and Pavetta. The bacteria invade the roots or leaves and stimulate
the formation of root-nodules or leaf nodules, a sort of harmless tumor. The
combination of symbiotic bacteria and host cells remains able to fix
atmospheric nitrogen and for this reason legumes are often planted to restore
soil fertility by increasing the content of fixed nitrogen. Nodule bacteria may
fix as such as 50 to 100 kilograms of nitrogen per acre per year, and free soil
bacteria as ,much as 12 kilograms of per acre per year. Further both free soil
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bacteria symbiotic bacteria (4zotobacter and Clostridium) produce ammonia
as the first stable product and like the symbiotic bacteria, they require
molybdenum as an activator and are inhibited by an accumulation of nitrates

and ammonia in soil.

Atmospheric
nitrogen

Animal
protein

Dead plants
and animals

33\3Nitrates ..... . Nitrifying . 4 2”&

in soil

NITROGEN CYCLE

Recently, certain lichens (Collema tunaeforme and Peltigera rufescens) were
also implicated in nitrogen fixation (Henriksson, 1971). Lichens with
nitrogen-fixing ability possess nitrogen-fixing blue green species as their
algal component.

Nitrogen fixed by symbiotic and non-symbiotic microorganisms in soil and
water is one source of nitrogen. Another source is organic matter. The
nitrogenous wastes and carrion of animals are degraded by the detritus
organisms, nitrogen is converted to the amino form (e.g., L-Alanine).the
amino group (-NH,) is liberated from organic molecules to form ammonia;
this process is called deamination. Certain specific bacteria, most notably of
the genus Nitrosomonas, can oxidize ammonia to nitrite (NO,) by the

reaction.

2NH,+30,—2NO,-+ 2H,0+2H+
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This reaction takes place in the soil, in lake or sea water or sediments, and
whenever ammonia is being released and oxygen is present. As fast as nitrite
is produced, other bacteria, such as Nitrobacter, can combine nitrite with
oxygen to form nitrite (NO,) by the reaction:

2NO,-+0,—>2NO,

Both of these reactions which are performed by two nitrifying bacteria—
Nitrosomonas and Nitrobacter are the parts of a single biological process
called nitrification. In nitrification process, thus, ammonia is oxidized to
nitrate and nitrite yielding energy. This energy is used by the bacteria to

make their organic materials.

3. The Phosphorus Cycle

On the scale of the biosphere, the phosphorus cycle is incomplete or open. Like
the other elements of biogeochemical cycles, phosphorus exists in the mineral
and organic form. The stored mineral phosphorus available to biocenoses is
entirely contained in the rocks. It is found in the lithosphere in apatites or
fossilized sediments such as phosphorites This relatively rare element in the
biosphere has a cycle that has two phases: one that acts in terrestrial
ecosystems, the other in aquatic ecosystems phosphorus circulates in
biocenoses through the food webs. It is first absorbed by plants and then
incorporated in herbivores, carnivores, parasites, predators and finally
decomposers. When living things die, micro-organisms mineralize the organic
phosphorus molecules into phosphates. Some of these may be newly absorbed
by plants and keep up a more or less complete cycle on land. But most
phosphate ions are leached and run off into the aquatic ecosystems.

Phosphorus in terrestrial ecosystems: The dissolution of phosphate rocks
makes mineral carbon available to plant roots, which they can absorb and
incorporate in their biomass. Phosphorus is a major element in the metabolism
of living things. It is especially involved in the constitution of essential
molecules involved in the major functions of organisms. It is involved in the
elaboration of tissues (nervous system, skeleton) and controls heredity and
energy transport.

Above all, phosphorus is found in the nucleic acids DNA and the RNAs, in the
phospholipids of the mem- branes and the brain, in the energy-rich molecules
ATP, ADP, and AMP, and associated with sugars, glucose 6 phosphate,
ribulose diphosphate, and other molecules.
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Phosphorus in aquatic ecosystems Because of run-oft, there are dissolved
phosphates(PO, in Iresh water and in the oceans. Phytoplankton captures and
uses them in their development. In normal conditions, the phosphorus is
insufficient to ensure optimal photosynthesis ol algae and their development is
rather limited. Sometimes, on the other hand, because of human activities,
there is excessive phosphorus in the water. The disturbance of the N/P ratio
leads to an abnormal proliferation of certain algae or bacteria and
eutrophication of waters.
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Fig. Phosphorus cycle

As in the continental biosphere, mineral phosphorus captured by the algae is
incorporated in the organic form in aquatic food webs. It passes from the
molluscs, to zooplankton, then concentrates in small part of fish, mammals,
and birds. A land because the phosphorus in oceans returns to the of fishing or
through the excrement of aquatic birds. Fish are one source of high amounts of
phosphorus. As for bird excrement, it is collected trom the rock cliffs on
which the birds build their nests, especially in Chile, and used as guano, a
phosphate fertilizer

Another part, mineralized in the form of sediments from cadavers of aquatic
creatures and accumulated in shallow water, rises by the phenomenon of
upwelling(ascending currents). It can also be incorporated in the food webs by
phytoplankton and thus goes through a closed cycle. But the greatest quantity
of this mineralized phosphorus is lost in very deep sediments. It thus escapes
cycling and presents the open part of the phosphorus cycle. It ultimately
fossilizes in the form of phosphate rocks within the oceanic plates.
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4.5 Primary production and decomposition

The productivity of an ecosystem refers to the rate of production, i.e., the

amount of organic matter accumulated in any unit time. It is of following

types:

1. Primary productivity. It is defined as the rate at which radiant energy is
stored by photosynthetic and chemosynthetic activity of producers. Primary
productivity is of following types:

(i) Gross primary productivity: It refers to the total rate of photosynthesis
including the organic matter used up in respiration during the measurement
period. GPP depends on the chlorophyll content. The rate of primary
productivity are estimated intermsofeitherchlorophyll content as chl/gdry
weight/ unit area or photosynthetic number, i.e., amount of CO,, fixed/g
chl/hour.

(ii) Net primary productivity. It is the rate of storage of organic matter in
plant tissues in excess of the respiratory utilization by plants during the
measurement period.  Primary production is measured by following
methods- harvest method, oxygen measurement method (or light or dark
method), oxygen diurnal curve method, carbon dioxide measurement method
(enclosure method), the aerodynamic method, the pH method, radioisotope
method, chlorophyll estimation method.

2. Secondary productivity. It is the rate of energy storage at consumer's
levels i.e. herbivores, carnivores and decomposers. Consumers tend to
utilise already produced food materials in their respiration and also convert
the food matter to different tissues by an overall process. So, secondary
productivity is not divided into"gross' and'met' amounts. Due to this fact
some ecologists such as Odum(1971), prefer to use the term assimilation
rather than production at this level the consumers level. Secondary
productivity, in fact, remains mobile(i.e., keeps on moving from one
organism to another) and does not live in situ like the primary productivity.

3. Net productivity. It is the rate of storage of organic matter not used by the
heterotrophs or consumers, i.e., equivalent to net primary production minus
consumption by the heterotrophs during the unit period as a season or year,
etc.
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Food chains in Ecosystems

In an ecosystem one can observe the transfer or flow of energy from one
trophic level to other in succession. A trophic level can be defined as the
number of links by which it is separated from the producer, or as the Nth
position of the organism in the food chain. The patterns of eating and being
eaten forms a linear chain called food chain which can always be traced back
to the producers. Thus, primary producers trap radiant energy of sun and
transfer that to chemical or potential energy of organic compounds such as
carbohydrates, proteins and fats. When a herbivore animal eats a plant(or
when bacteria decompose it) and these organic compounds are oxidized, the
energy liberated is just equal to the amount of energy used in synthesizing the
substances(first law of thermo dynamics), but some of the energy is heat and
not useful energy(second law of thermodynamics). If this animal, in turn is
eaten by another one, along with transfer of energy from a herbivore to
carnivore a further decrease in useful energy occurs as the second
animal(carnivore) oxidizes the organic substances of the first(herbivore or
omnivore) to liberate energy to synthesize its own cellular constituents. Such
transfer of energy from organism to organism sustains the ecosystem and when
energy is transferred from individual to individual in a particular community, as
in a pond or a lake or a river, we come across the food chains. The numbers of
steps in a food chain are always restricted to four or five, since the energy
available decreases with each step. For example, in a typical food chain of an
Indian river, a diatom may be eaten by a copepod which is eaten by a small
fish, which forms the food source of large fish and so on.

Inasimple food chainout of 1000 calories of energy reaching a plant only 10
calories (1% are stored by the plant. The remaining calories of energy(99%)
are lost to the environment or for plants own maintenance. of the 10 calories
which are available to the herbivore, 9 calories (99%) are lost at its level and
only 1 calorie is passed down to the carnivore. Thus, at each trophic level in a
food chain, a large portion of energy is used for its own maintenance and
ultimately lost as heat. Consequently, organisms in each trophic level pass on
less and less energy than they receive. This tends to limit the number of steps
or trophic levels to four or five. The longer the food chain, the less is the
energy available to the final member. In nature, basically two types of food
chains are recognized- grazing food chain and detritus food chain.

1. Grazing food chain. This type of food chain starts from the living

green plants, goes to grazing herbivores and on to the carnivores.
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Ecosystems with such type of food chain are directly dependent on an
influx of solar radiation. Thus, this type of food chain depends on
autotrophic energy capture and the movement of this energy to
herbivores. Most of the ecosystems in nature follow this type of food
chain. These chains are very significant from energy standpoint. The

phytoplanktons — zooplanktons — fish sequence or the grasses —
rabbit — fox sequence, are the examples of grazing food chain. Further

the producer — herbivore—> carnivore chain is a predator chain.
Parasitic chains also exist wherein smaller organisms consume larger

ones without outright killing as the case of the predators.

Detritus food chain. The organic wastes, exudates and dead matter
derived from the grazing food chain are generally termed detritus. The
energy contained in this detritus in not lost to the ecosystem as a whole:
rather it serves as the source of energy for a group of
organisms(detritivores that are separate from the grazing food chain, and
generally termed as the detritus food chain). The detritus food chain
represents an exceedingly important component in the energy flow of
anecosystem.Indeedin some ecosystems, considerably more energy
flows through the detritus food chain than through the grazing food
chain. In the detritus food chain the energy flow remains as a
continuous passage rather than as a stepwise flow between discrete
entities. The organisms of the detritus food chain are many and include
algae, bacteria, slime molds, actinomycetes, fungi. Protozoa, insects,
mites, Crustacea, centipedes, molluscs, rotifers, annelid worms,
nematodes and some vertebrates. Some species are highly specific in
their food requirements and some can eat almost anything. Many
Protozoa, for instance, need certain specific organic acids, vitamins,
and other nutrients before they can thrive; on the other hand, the guts
of small Collembola(a group of tiny soil insects) have been reported to
contain decaying plant material,fungal fragments, spores, fly, pupas,
other Collembola, parts of decaying earthworms, and cuticle from their
own faecal casting. In contrast to the grazing food chain, in which
energy storage is entirely within the tissues of living organisms, energy
storage for the detritus food chain may be largely external to the
organisms, and in the detritus itself.
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Significance of food chain: The food chains studies help understand the
feeding relationships and the interaction between organisms in any ecosystem.
They also help us to appreciate the energy flow mechanism and matter
circulation in ecosystem, and understand the movement of toxic substances in

the ecosystem and the problem of biological magnification(e.g., DDT).
Food web

In nature simple food chains occur rarely. The same organism may operate in
the ecosystem at more than one trophic level, i.e. it may derive its food from
more than one source. Even the same organism may be eaten by several
organisms of a higher trophic level or an organism may feed upon several
different organisms of a lower trophic level. Usually the kind of food changes
with the age of the organism and the food availability. Thus, in a given
ecosystem various food chains are linked together and intersect each other to

form a complex network called food web.

A classification of organisms by trophic levels is one of function and not of
species as such. A given species may occupy more than one trophic level. The
complexity of food web can vary greatly, and we express this complexity by a
measure called the connectance of the food web:

Connectance
Actual number of interspecific interactions

Potential number of interspecific interactions

Ecological pyramids

In the successive steps of grazing food chain-photosynthetic autotroph,
herbivorous heterotroph, carnivores heterotrophs, decay bacteria-the number
and mass of the organisms in each step is limited by the amount of energy
available. Since some energy is lost as heat, in each transformation the steps
become progressively smaller near the top. This relationship is sometimes
called "ecological pyramid". The ecological pyramids represent the trophic
structure and also trophic function of the ecosystem. In many ecological
pyramids, the producer form the base and the successive trophic levels make up
the apex.

Thus, communities of terrestrial ecosystems and shallow water ecosystems
contain gradually sloping ecological pyramids because these producers remain
large and characterized by an accumulation of organic matter. This trend,
however, does not hold for all ecosystems. In such aquatic ecosystems as lakes

and open sea, primary production is concentrated in the microscopic algae.
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These algae have a short-cycle, multiply rapidly, accumulate little organic
matter and are heavily exploited by herbivorous zooplankton. At any one point
in time the standing crop is low. As a result, the pyramid of biomass for these
aquatic ecosystems is inverted: the base is much smaller than the structure it
supports.

Types of ecological pyramid

1. Pyramid of number. Depicts the number of individual organisms at
different trophic levels of food chain. This pyramid was advanced by
Charles Elton (1927), who pointed out the great difference in the number of
the organisms involved in each step of the food chain. The animals at the
lower end (base of pyramid) of the chain are the most abundant. Successive
links ofcarnivores decrease rapidly in number until there are very few
carnivores at the top. The pyramid of number ignores the biomass of
organisms and it also does not indicate the energy transferred or the use of
energy by the groups involved. The lake ecosystem provides a typical

example for pyramid of number.

2. Pyramid of biomass. The biomass of the members of the food chain present
at any one time forms the pyramid of the biomass. Pyramid of biomass
indicates decrease of biomass in each trophic level from base to apex. For
example,the total biomass of the producers ingested by herbivores is more
than the total biomass of the herbivores in an ecosystem. Likewise, the total
biomass of the primary carnivores (secondary consumer) will be less than
the herbivores and so on.

3. Pyramid of energy. When production is considered in terms of energy the
pyramid indicates not only the amount of energy flow level, but more
important, the actual role the various organisms play in the transfer of
energy. The base upon which the pyramid of energy is constructed is the
quantity of organisms produced per unit time, or in other words, the rate at
which food material passes through the food chain. Some organisms may
have a small biomass, but the total energy they assimilate and pass on, may
be considerably greater than that of organisms with a much larger biomass.
Energy pyramids are always slopping because less energy is transferred
from each level than was paid into it. In cases such as in open water
communities the producers have less bulk than consumers but the energy
they store and pass on must be greater than that of the next level. Otherwise
the biomass that producers support could not be greater than that of the
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producers themselves. This high energy flow is maintained by a rapid
turnover of individual plankton, rather than an increase of total mass.
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Decomposition

The organism who perform the activity of decomposition in an ecosystem are
known as decomposers, reducers, saprotrophs (sapro= decompose),
osmotrophs (osmo= to pass through a membrane) and scavengers. These
include microorganisms such as bacteria, actinomycetes and fungi. They
breakdown complex organic compounds of dead or living protoplasm, absorb
some of the decomposition or breakdown products 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., use the dead organic matter for their food, as they have the
essential enzymes and hence, can be classified as decomposer organisms.

The disintegrating dead organic matter is also known organic detritus (Latin
word deterere means to wear away). By the action of detritivores the
disintegrating detritus result into particulate organic matter (POM) and
dissolved organic matter (DOM) which play important role in the maintenance
of the edaphic environment.
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4.6 Structure and functions of some Indian ecosystems

4.6.1. Terrestrial Ecosystems
4.6.1.1. Forest ecosystem

Forests occupy roughly 40 per cent of the land. In India, the forests occupy
roughly one-tenth of the total land area. The different components of a forest

ecosystem like others, are as follows:

Abiotic component

These are the inorganic as well as organic substances present in the soil and
atmosphere. In addition to the minerals present in forests we find the dead
organic debris the litter accumulation, chiefly in temperate climate. Moreover,

conditions are different due to complex stratification in the plant communities.

Biotic component

The living organisms present in the food chain occur in the following order:

1. Producers

These are mainly trees that show species diversity and much greater degree of
stratification especially in tropical moist deciduous forests. The trees are of
different kinds depending upon of the forest formation the kind developing in
that climate. Besides trees, there are also present shrubs and a ground
vegetation. In these forests, dominant members of the flora, the producers
such trees as Tectona grandis, Butea frondosa, Shorea rubusta and Lage emia
parvifiora. In temperate coniferous forests, shrubs and ground flora are
insignificant. In temperate deciduous forests the dominant trees are species of
Quercus, Acer, Betula, Thuja, Picea etc., whereas in a temperate coniferous
forests, the producer trees are species of Abies, Picea, Pinus, Cedrus,

Juniperus Rhododendron etc.

2. Consumers.

These are as follows:

(a) Primary consumers: The are the herbivores that include the animals
feeding on tree leavesas flies, beetles, leathoppers, bugs and spiders etc.,
and larger animals like elephants, nilgai, deer, moles, squirrels, shrews,
flying foxes, fruit bats, mongooses etc., grazing on shoots and/or fruits of

the producers.
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(b) Secondary consumers: These are the carnivores like snakes, birds
lizards, fox etc., feeding on the herbivores.
(c¢) Tertiary consumers: These are the top carnivores like lion, cat,tiger,

etc., thatfeeding on carnivores of secondary consumers level.

3. Decomposers

These are wide variety of microoganisms including fungi (species of
Aspergillus, Coprinus, Polyporus, Ganoderma, Fusarium, Alternaria,
Trichoderma ctc.), bacteria(species of Bacillus, Clostridium, Pseudomonas,
Angiococcus etc.), and Actinomycetes, like species of Streptomyces etc. Rate
of decomposition in tropical and subtropical forests is rapid than that in the

more temperate ones.
4.6.1.2. Grassland ecosystem
This is a type of terrestrial ecosystem. Grasslands occupy a comparatively

fewer area, roughly 19 per cent of the earth's surface. The various components
of land ecosystem are as follows:

Abiotic component
These are the nutrients present in soil and the aerial environment. Thus the
elements like C, H,o, N, P, S etc. are supplied by carbon dioxide, water,

nitrates, phosphates and sulphates etc., present in air and soil of the area.

Morever, in addition to the above, some trace elements arc also present in soil.

Biotic component

These may be categorised as:
1. Producers.
They are mainly grasses, as species of Dichanthium, Cynodon, Desmodium,

Digitaria, Dactyloctenium, Brachiaria, Setaria, Sporobolus etc. Besides

them a few forbs and shrubs also contribute to primary production.

2. Consumers.

These occur in the following sequence:

(a) Primary consumers. The herbivores feeding on grasses are mainly
such grazing animals as cows, buffaloes, deers, sheep, rabbit, mouse etc.
Besides them, there are also present some insects as Leptocorisa,
Dysdercus, oxyrhachis, Cicincella, Coccinella, some termites and

millipeds etc, that feed on the leaves of grasses.
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(b) Secondary consumers. These are the carnivores feeding on herbivores.
These include the animals like fox, jackals, snakes, frogs, lizards, birds
etc. Sometimes the hawks feed on the secondary consumers, thus
occupying tertiary consumers level in the food chain.

(c) Decomposers. The microbes active in the decay of dead organic matter
of different forms of higher life are fungi, as species of Mucor, Aspergillus,
Penicillium, Cladosporium, Rhizopus, Fusarium etc., and some bacteria
and actinomycetes. They bring about the minerals back to the soil, thus
making them available to the producers.

4.6.2. Aquatic ecosystem
4.6.2.1. Fresh water ecosystem

A pond as a whole serves a good example of a freshwater ecosystem. A pond
induced exhibits a self sufficient, self-regulating system. Not only is the pond
a place where plants and animals (living organisms) live, but plants and
animals make the pond what it is (physico chemical environment). This would
bccome clear if you examine a bottle full of pond water or a scoop full of
bottom mud, which shall show the living organisms(plants as well as animals
and a mixture of inorganic and organic compounds. Some larger forms of life
are also present in pond. Thus, whole system becomes much complex indeed.
However, we may study the pond as an ecosystem by making its convenient
division into some basic components, as shown in Figure. These components

are as follows:

Abiotic component

The chief substances are heat, ligh, pH value of water, and the basic inorganic
and organic compounds, such as water itself carbon dioxide gas, oxygen gas,
calcium, nitrogen, phosphates, amino acids, humic acid etc. Some
proportions of nutrients are in solution state but most of them are present as
stored in particulate matter as well as in living organisms. The light intensity is
measured by a Lux-photometer. Turbidity index of water at different depths is
obtained by a Sechhi disc. Rates of are calculated The pHof water and mud is
determined by an electric pH meter. Dissolved oxygen content, carbon dioxide
content, solute contents including colloidal suspensions, phosphate and
nitrogen contents of water, and plant and animal matter are estimated by
appropriate methods. Amounts of various organic compounds(carbohydrates,
proteins, lipid etc. are also estimated for biomass determination.

Biotic component
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The various organisms that constitute the biotic component are as follows

1. Producers. These are autotrophic, green plants and some photosynthetic
bacteria. The producers fix radiant energy and with the help of minerals
derived from the water and mud, they manufacture complex organic
substances as carbohydrates, proteins, lipids etc. Producers are of the
following types:

(a) Macrophytes. These are mainly rooted larger plants which include
partly or completely submerged, floating and emergent hydrophytes. The
common plants are the species of Trapa, Typha, Eleocharis, Sagittaria,
Nymphaea Potamogeton, Chara, Hydrilla, Vallisneria, Utricularia,
Marsilea, Nelumbo etc. Besides thcm some free-floating forms as Azolla,
Salvinia, Wolffia, FEichhornia, Spirodella, Lemna etc. also occur in the
pond.

(b) Phytoplanktons. These are minute, floating or suspended lower plants.
Majority of them are such filamentous algae as Zygnema, Ulothrix,
Spirogyra Cladophora and Oedogonium. Besides them there are also
present some. chlorococcales, Closterium, Cosmarium, Eudorina,
Pandorina, Pediastrum, Scendesmus, Volvox, Diatoms, Anabaena, some
chroococcales, Gloeotrichia, Microcystis, oscillatoria, Chlamydomonas,

Spriulina etc. and also some flagellates.

Macrophytes may be sampled by quadrat method in a unit volume of water.
Biomass is estimated as weight of standing crop per unit area or volume.
Generally, biomass of vegetation decreases from the margin of the pond
towards its centre. Energy contents of macrophytes may be estimated by
igniting the samples in an Oxygen-Bomb-Calorimeter. The encergy content
is generally expressed in terms of Cal/g dry wt or Cal/g ash-free dry wt. The
rates of radiant energy fixation during photosynthesis are also determined by
appropriate methods. Generally, the energy content of vegetation decreases
from margin towards the centre of pond Phytoplanktons are sampled by nets
tied to a collection glass bottle. Their biomass is estimated in terms of
number per unit volume of water, after sedimentation. It is expressed as

average biomass/cubic meter of water.

2. Consumers. They are heterotrophs which depend for their nutrition on the

organic food manufactured by producers, the green plants. Most of the

consumers are herbivores, a few as insects and some large fish are
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carnivores feeding on herbivores. Some fish also feed on other carnivores as
well. The consumers in a pond are distinguished as follows:

(a) Primary consumers (herbivores). Also known as primary
macroconsumers,  these are herbivores feeding directly on living
plants(producers) or plant remains. These may be large as well as minute in
size. The herbivores are further differentiated as:

(i) Benthos. These are(i) the animals associated with living plants
(producers) labelled as 'a' in diagram, and (i1) those bottom forms which
feed upon the plant remains lying at the bottom of pond. These are known as
detritivores. Benthic populations include fish, insect larvae, beetles, mites,
molluscs, crustaceans etc. Weight of benthic fauna is estimated in different
zones of the pond, and the biomass expressed as g/m2 of water Besides the
above said herbivores, some mammals as cows, buffaloes etc. also visit the
pond casually and feed on marginal rooted macrophytes. Some birds also
regularly visit the pond feeding on some hydrophytes.

(ii) Zooplanktons. These are chiefly the rotifers as Brachionus,
Asplanchna, Lecane etc., although some protozoans as Euglena, Coleps,
Dileptus etc., and crustaceans like Cyclops, Stenocypris etc. are also
present. They feed chiefly phytoplanktons.

(b) Secondary consumers (carnivores). They are the carnivores which feed
on the primary consumers(herbivores). These are chiefly insects and fish.
Most insects as water beetles feed on zooplanktons.

(c¢) Tertiary consumers (carnivores). There are some large fish as game
fish that feed on the smaller fish, and thus become the tertiary(top)
consumers as shown in diagram. In a pond, fish may occupy more than one
trophic levels. As shown in Figure, the smaller fish belong to herbivores
levels, feeding on phytoplanktons as well as living plant partsand also on
plant remains lying at the bottom. Some fish may feed on some
zooplanktons, thus occupying the secondary consumers level the carnivores
level. Still, it is common to observe the large fish feeding on smaller fish,
and thus occupying the tertiary consumers level.

. Decomposers. They are also known as microconsumers since they absorb
only a fraction of the decomposed organic matter. They bring about the
decomposition of complex dead organic matter of both producers(plants) as
well as the macroconsumers(animals) to simple forms. Thus they play an
important role in the return of mineral elements again to the medium of the
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pond. These include a variety of heterotrophic microbes that are osmotrophs.
These are sampled by the use of several isolation methods. They are chiefly
bacteria, actinomycetes and fungi. Fungi are isolated by Warcup's method
on Martin's medium, bacteria on Thornton’s medium, andactinomycetes on
Jenson'smedium.Among fungi, species of Aspergillus, Cephalosporium,
Cladosporium, Rhizopus,Pythium, Paecilomyces, choderma Circinella,

Fusarium, Saprolegnia etc. are most common decomposers in water and

mud of the pond.
producers W’
macrophytes anl-dons - ’{
(rooted) phylopl K—/

5 1. animals
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2 detntivores
3. zooplanktons

O .y M : = terhary consumers
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4 secondary
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e decomposers
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abiotic components
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Figure: A pond (freshwater) ecosystem showing its basic structural units

4.6.2.2. Marine ecosystem

Marine ecology emphasizes the totality or pattern or relationships between
organisms and the sea environment. The study of the sea in all of its aspects
physical, chemical, geological and biological is termed oceanography.

Environmental conditions
The chief ecological features of marine environment are:
(1) The sea is big, covering about 70% of the earth's surface.

(2) The sea is deep and continuous, not separated as are land and fresh
water. All the oceans are connected. Temperature, salinity and depth

are the chief barriers to free movement of marine organisms.

(3) The sea is in continuous circulation due to wind stress set up by air
temperature differences between poles and equator.
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(4) The sea is dominated by waves of many kinds and tides produced
by the pull of moon and sun.

(5) The scan is salty, with an average salinity of35 parts of salt(weight
basis) per 1000 parts of water, or 3.5 per cent, that is usually written as
35% ie. parts per 1000 (cf. salinity of fresh water that is less than
0.5%). The chief salts are chlorides, sulphates, bicarbonates,
carbonates and bromides of sodium, magnesium, calcium and

potassium, of which sodium chloride is present in maximum amount.

(6) Dissolved nutrients are in a low concentration that is an important

limiting factor in determining size of marine populations.

Zonation in the sea: As in ponds and lakes, seas also exhibit a distinct
zonation. The various zones of sea are shown in Figure. Generally, there is a
continental shelf extending for a distance offshore, beyond which the bottom
drops off steeply as the continental slope then levels offsomewhat(the
continental rise) before dropping down to a deeper, but more level, plain.The
shallow-water zone on the continental shelf is the neritic(near shore) zone.
The zone between high and low tides(also called the littoral zone) is known as
the intertidal zone. The region of the open sea beyond the continental shelf is
called oceanic region, which comprises the region of the continental slope and
rise the bathyal zone; area of the ocean deeps abyssal region; and light
compensation zone separating an upper thin euphotic zone from a vastly
thicker aphotic zone. Within these primary zones(based chiefly on physical
factors), there may occur distinct secondary zoncs, horizontal as well as

vertical, insuch waters. Thus communities in each of the primary zones,
excepting the euphotic, have two distinct vertical components, the benthic
(bottom), and the pelagic.

“~Neretic Zone Limnetic Zone ———— —
= —"A=

Littoral Zone =} Oceanic Zone ———— [ —

"""""""""" : 100m
Bathyl Zons F‘hotl.c zone

__________________ Aphotic Zone 2000m

Abyssal Zone
........................................ 4000m

Hadal Zone

Figure — A sea (marine) ecosystem showing its basic structural units
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The communties

The organisms of marine environments show great diversity in their form and it
becomes difficult to list dominants’ as is possible in fresh waters.
Coelenterates, sponges, echinoderms, etc. that are absent or poorly represented
in freshwater are very important in marine waters. Bacteria, algae,
crustaceans, and fish play a dominant role in both, fresh as well as marine
waters, with diatoms, green flagellates, and copepods being equally important
to both. Variety of algae(brown and red), crustaceans, molluscs, and fish is
greater in marine waters. Seed plants are of little value in sea, excepting for
Zostera, the eel grass. Thus production is mainly by algae. Insects are
generally absent, and the crustaceans constitute the so-called ‘insects of the sea'.

The producers in the continental shelf region are chiefly the phytoplanktonic
diatoms and dinoflagellates. Near seashore large multicellular attached algae or
seaweeds are also important that form extensive forests or Kelp beds below the
tide mark. Green algae, brown algae, and red algae are important producers, of
which the litter two are more common.These algae show a depth distribution
roughly in the order named(with red algae deepest). Neritic phytoplankton at
least in temperate regions undergoes a seasonal density cycle similar to that in
eutrophic lakes.

The consumers are,

1. Zooplanktons. These are of various types. Those which remain for
their entire life cycle as planktons are called haloplankton, as
copepods, larger crustaceans (kril),euphausids, protozoans, 'wing-
footed' molluscs, tiny jellyfish, ctenophores, pelagic tunicates (salps),
and free-floating polychaete worms etc. Some of the zooplanktons are
called meroplankton as most of the benthos, and muchof the nekton
(fish) in larval stages join the plankton as assemblage for varying
periods.

2. Benthos. These are in large numbers and are sessile orrelativelyinactive
animals in the inshore region. They are distinct in supratidal, intertidal
and subtidal zones. These include a variety of crabs, amphipods, tiger,
beetles and other insects, periwinkles, isopods, ghost shrimps,
barnacles, oysters, mussels, dollars, clams, shells, corals, sea
anemone etc.

3. Nekton and neuston. These are swimming animals which include fish,

turtles, such mammals as whales, seals, etc., and the marine birds.
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Moreover, some other animals that feed on planktons are also found,

which include herring, menhaden, sardine etc.

4. Bacteria. These are present in less amount being mainly as sediments.

Fungi and yeasts are not very important in such habitat.

In the oceanic region, communities are chiefly of pelagic and benthic
type.

4.6.2.3. Estuarine ecosystem

An estuary is a semi-enclosed coastal body of water which has a free in present
connection with the open sea, thus strongly affected by tidal action, and within
which sea water is mixed with fresh water from land drainage. Examples of
The estuaries are river mouths, coastal bays, tidal marshes, and water bodies
behind barrier beaches. Thus, estuaries may be considered as transitional zones
or ecotones between the freshwater and marine habitats. Estuaries are variously
classifiedon the basis of their geomorphology, water relative circulation and
stratification and systems energetics. Based on geomorphology, the van
estuaries are (i) drowned river valleys, (i1) ford-type estuaries, (i) bar-built
estuaries, (iv) estuaries produced by tectonic processes, (v) river delta
estuaries etc.

On the basis of water circulation and stratification, estuaries are classified as(i)
highly stratified or salt-wedge estuaries, (ii) partially mixed or moderately
stratified estuaries, (iii)) completely mixed or vertically homogeneous estuaries
and(iv) hypersaline estuaries. Based on the ecosystem energetics, as done by
Odum et al(1969), estuaries are classified as (i) physically stressed systems of
differ wide latitudinal range, (i1) natural arctic ecosystems with ice stress, (i1)
natural temperate coastal ecosystems with seasonal programming, (iv) natural
tropical coastal ecosystems of high diversity, and(v) emerging new systems

associated with man.

Communities of estuaries are a mixture of endemic species and those which
come in from sea. An estuary consists of several basic subsystems linked
together by the ebb and flow of water that is driven by the hydrological cycle
and the tidal cycle.

The chief subsystems are:

a) Shallow water production zones
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Here rate of primary production exceeds the rate of community respirations.
The producers are reefs, banks, seaweed or sea grass beds, algal mats and salt
marshes. This system exports energy and nutrients to deeper waters of the
estuary and adjacent coastal shelf. Estuaries are equivalent to tropical rain
forest and coral reefs as natural productive ecosystems. Indeed estuaries are
more productive than either the sea on one side or the freshwater drainage on
the other. Estuaries are said to be the nutrient traps. Being rich in diverse types
of producers these remain ‘'programmed' for virtually year around
photosynthesis and derive benefit from tidal action in creating a subsidized
fluctuating water-level ecosystem. They have all the three types of producers,
the macrophytes(sea-weeds, sea grass and marsh benthic and phytoplanktons.
The important macrophytes Spartina, Zostera and Thalassia. Benthic algae
grow on macrophytes and sessile animals as well as on rocks, sand and mud.
Moreover, estuaries possess distinct blooms such as red tides of large blooms of
red pigmented dinoflagelates, such as species of Gonyaulax and Gymnodinium.

b) Sedimentary subsystems

These are present in the deeper channels, sounds and lagoons in which
respiration exceeds production and in which particulate and dissolved organic
matter from the production zone is used. Here nutrients are regenerated,
recycled, stored and vitamins and growth regulators are manufactured. The
consumers are often versatile in their feeding habits. They are more or less
similar to those present in marine environment though well developed in

estuaries.

¢) Plankton and nekton

They move freely between the two abovesaid fixed subsystems. They keep on
producing, converting and transporting nutrients and energy while responding
to diurnal, tidal and seasonal periodicities. Generally, holoplankton comprises
relatively few species, while the meroplanktons tend to be more diverse,
reflecting the variety of benthic habitats.

4.7 Self learning exercise

Part-A (Very short answer types)

1. Define succession.

2. Write the basic types of succession.

3. What do you mean by pioneer species?
4. Define ecosystem.
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5. What do you mean by food Chain and food Web?
6. What are ecosystem energetics?

Part-B (short answer types)

1. Write short notes. (i) Secondary succession (i1) Climax (ii1) Heterotrophic
succession
2. Differentiate between primary and secondary succession.
3. Explain the following:
(1) Ecological pyramid
(i1) Productivity
(ii1) Primary productivity and secondary productivity
4. Give comparative account of grazing and detritus food chains.
5. What are the roles of decomposers in an ecosystem?

Part-C (Long answer types)

1. Describe the causes, trends and basic types of succession.

2. Give an account of the sequential stages of a typical hydrosere.

3. Describe the energy flow in a typical ecosystem.

4. Describe the biotic and abiotic component of any aquatic or terrestrial
ecosystem.

5. What are the factors that affect net primary production in plants?
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5.0 Objectives

After going through this unit you will be able to understand

® Which are the major biomes of the earth.
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® What is Island Biogeography and how does it help us in understanding

Evolution

® Ten bio-geographic regions of India and specific flora and fauna of
each region

®Various types of pollution, pollution causing agents and mitigation of
various types of pollutions

®Global Environment changes with special reference to El Nino and La
Nina
®Natural disasters, particularly Tsunami and Earthquakes and their

impacts on Humans

®Values and threats to the biodiversity, its conservation, Biological
Diversity Act factors affecting it

®Biodiversity hotspots of India

®Kaziranga National Park. A UNESCO world heritage site

5.2 Major Terrestrial Biomes

Biomes are very large areas on earth’s surface with flora and fauna adapted for
that particular environment. According to Campbell, Biomes can be defined as
"the world's major communities, classified according to the predominant
vegetation and characterized by adaptations of organisms to that particular

environment". Biomes can be classified into following categories:

Desert Aquatic  Forests Grassland Tundra

The importance of biomes cannot be underestimated. Biomes have changed and
moved many times during the history of life on Earth. More recently, human
activities have drastically altered these communities. Thus, conservation and
preservation of biomes is a major concern to all. Moisture and temperature are
important factors which influence the biome greatly. Biomes can be classified
into the categories as shown in the following figure.
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Important terrestrial biomes can be classified into the following six categories:

5.1.1 Arctic Tundra:

Arctic tundra is found across northern Alaska, Canada, and Siberia. This biome
has long cold winters and short cool summers. The Arctic tundra has low
precipitation (less than 10 inches per year) and dry winds. These conditions
give Arctic tundra a desert-like climate. One unique characteristic of the Arctic
tundra is permafrost — ground that is permanently frozen. Because the
permafrost has no cracks or pores, nothing can penetrate it. The surface layer
above the permafrost softens each summer. This layer is called the active layer.
Thickness of the active layer depends on its location in the tundra. The
northerly located areas have thinner active layers.

— _- Maisture: Ternperature: Wegetation: Anirnal st
= dry season, wet caold all year shrubs, grasses, birds, inzects,
4 zeazon lichens, riosses riamnmals

During the summer Arctic tundra is characterized by lots of surface water. The
snow melts during this period and the water percolates through the active layer
but is unable to penetrate the permafrost. Since the water has nowhere to go, the
active layer becomes saturated and pools of water are formed on the surface.
Another characteristic of the Arctic tundra is the limited amount of sunlight it

receives due to the position of the Sun in the sky. Depending on the latitude, the
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Sun can remain below the horizon for up to 2 months, leaving the Arctic tundra
in darkness. Although the sun remains in the sky 24 hours a day during the
summer, it stays close to the horizon and provides only low intensity sunlight.

Animals: Not many kinds of animals live year-round in the Arctic tundra. Most
birds and mammals only use the tundra as a summer home. Mammals that do
live year-round in the tundra include the muskox, Arctic wolf, and brown bear.
Animals need to find ways to stay warm and to provide nourishment for
themselves in order to survive the long and cold winter months. Migration and
hibernation are examples of behavioral adaptations used by animals in the
Arctic tundra. The fact that many animals do not live year-round in the tundra
means they leave or migrate for a length of time to warmer climates.
Hibernation is a combination of behavioral and physical adaptations. For
example, during the summer the brown bear's behavior is to eat just about
anything it can find; then it hibernates, or sleeps, during the winter. The bear's
physical adaptation allows the food eaten during the summer to be stored as a
layer of fat underneath its skin. The layer of fat insulates the bear from the cold.

While in hibernation the fat is slowly converted into energy that maintains life.

A physical adaptation used by the Musk Ox is the growth of two layers of fur —
one short and the other long. Air is trapped in the short layer of fur and is
warmed by body heat. The warmed air, trapped close to the body, acts as
insulation from the cold. The layer of long fur protects the Musk Ox from the
wind and water. In addition to thick layers of fur, the Musk Ox relies on another
physical adaptation to help it survive. The hooves of the Musk Ox are large and
hard. During the winter months, this adaptation allows the Musk Ox to break
the ice and drink the water underneath.

Plants: "Tundra" is a Finnish words which means "treeless". Plants need
warmth and sunlight to grow and reproduce. In the Arctic tundra, warmth and
sunlight are in short supply, even in the summer. The ground is frequently
covered with snow until June, and the Sun is always low in the sky. The plants
with shallow root systems grow in the Arctic tundra because the permafrost
prevents plants from sending their roots down past the active layer of soil. The
active layer of soil is free from ice for only 50 to 90 days.

Arctic plants have a very short growing season. However, in spite of the severe
conditions and the short growing season, there are approximately 1,700 kinds of
plants that live in the Arctic tundra. Some of the plants that live in the Arctic
tundra include mosses, lichens, low-growing shrubs, and grasses--but no trees.
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Growing close together and low to the ground are some of the adaptations that
plants use to survive. This growing pattern helps the plant resist the effects of
cold temperatures and reduce the damage caused by the impact of tiny particles
of ice and snow that are driven by the dry winds. Plants also have adapted to the
Arctic tundra by developing the ability to grow under a layer of snow, to carry
out photosynthesis in extremely cold temperatures, and for flowering plants, to
produce flowers quickly once summer begins. A small leaf structure is another
physical adaptation that helps in survival of plants. Plants lose water through
their leaf surface. By having small leaves the plant is more able to retain the

moisture it has stored.

5.1.2 Deciduous Forest:

The mid-latitude deciduous forest biome is located between the polar regions
and the tropics. Because of its location, air masses from both the cold polar
region and the warm tropical region contribute to the changes of climate in this
biome. Mid-latitude deciduous forests have both a warm and a cold season.
Precipitation ranges from 30 to 60 inches and is evenly distributed throughout
the year. Much of the human population lives in this biome. Although
evergreens are found in this biome, this biome is characterized by an abundance
of deciduous trees. "Deciduous" means to fall off, or shed. Just as the name
indicates, these deciduous trees shed their leaves in each fall season. The leaves
lying on the forest surface decay and as the leaves decompose, the nutrients
contained in the leaves are absorbed by the soil. For this reason, the soil of this
biome is very fertile. Because this biome has fertile soil and a long growing
season, many deciduous forests have been converted into agricultural regions.

TYPE: Humid Continental
PLACE: Peoria, Illinois
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Animals: A wide variety of mammals, birds, insects, and reptiles can be found
in a deciduous forest biome. Mammals that are commonly found in a deciduous
forest include bears, raccoons, squirrels, skunks, wood mice, and deer. While

bobcats, mountain lions, timber-wolves, and coyotes are natural residents of
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these forests, they have nearly been eliminated by humans because of their
threat to human life. Other animals that were native to this biome, such as elk
and bison, have been hunted to near extinction. Migration and hibernation are
two adaptations used by the animals in this biome. While a wide variety of
birds migrate, many of the mammals hibernate during the cold winter months
when food is in short supply. Another behavioral adaptation some animals have
adopted is food storage. The nuts and seeds that are plentiful during the summer
are gathered by squirrels, chipmunks, and some jays, and are stored in the
hollows of trees for use during the winter months. Cold temperatures help
prevent the decomposition of the nuts and seeds.

Plants: Trees of this biome include both broadleaf, deciduous trees, such as
maple, oak, hickory, and beech, and evergreens, such as hemlock, spruce, and
fir. A deciduous forest typically has three to four, and sometimes five, layers of
plant growth. Tall deciduous trees make up the top layer of plant growth, and
they create a moderately dense forest canopy. Although the canopy is
moderately dense, it allows sunlight to reach the forest floor. This sunlight
allows plants in the other layers to grow. The second layer of plant growth
includes saplings and species of trees that are naturally shorter in stature. A
third layer/understory includes shrubs. Forest herbs, such as wildflowers and
berries, make up a fourth layer. During the spring, before the deciduous trees
leaf out, these herbs bloom and grow quickly in order to take advantage of the
sunlight. A fifth layer would include mosses and lichens that grow on tree
trunks. Cooler temperatures and limited sunlight are two climatic conditions
that tell the tree to begin adapting. In the Fall, when these conditions occur, the
tree cuts off the supply of water to the leaves and seals off the area between the
leaf stem and the tree trunk. With limited sunlight and water, the leaf is unable
to continue producing chlorophyll, and as the chlorophyll decreases the leaves
change color. The beautiful display of brilliant red, yellow, and gold leaves,
associated with deciduous forests in the fall, is a result of this process. Most
deciduous trees shed their leaves, once the leaves are brown and dry.

5.1.3 Desert

The defining characteristic of desert are that it is dry, with little or no
precipitation, deep under-ground water, high wind velocity and high day
temperature. Depending on its geographical location, the annual precipitation in
a desert varies from half an inch to as much as 15 inches. Rainfall is usually
very low and erratic. At times in the Atacama Desert in Chile, years have
passed with no measurable rainfall at all. Deserts can be either hot such as the
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Australian Desert or cold such as the Gobi Desert. As with all biomes, the
desert climate is determined by geographic conditions. Geographic conditions
such as location, high atmospheric pressure, and proximity of mountain ranges

determine just what type of desert it is.

Because all deserts are dry, they have large daily temperature variations.
Temperatures are high during the day because there is very little moisture in the
air to block the Sun's rays from reaching Earth. Once the Sun goes down, the
heat absorbed during the day quickly escapes back into space. High daytime

temperatures and low nighttime temperatures make survival in the desert very
difficult.

TYPE: Desert
PLACE: Alice Springs, Australia
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Animals: At first glance, deserts may appear to be without animal life.
However, deserts are home to many reptiles, insects, birds, and small mammals.
The kangaroo mice of North America and the bilby and red kangaroo of
Australia are just a few examples of small mammals that live in the desert.
Most large animals have not adapted to desert life. Their size prevents them
from finding shelter from the Sun's heat and they are not able to store water for
future use. Animals that do survive in the desert have developed a number of
adaptations. The most universal behavioral adaptation used by small mammals,
reptiles, and insects to deal with high temperatures is staying in the shade of
plants or rocks, thus avoiding the direct rays of the Sun. These animals also
seek shelter by burrowing into the ground, just a few feet underground can
decrease the temperature by several degrees. Another behavioral adaptation
used by desert animals is to remain inactive during the hot daylight hours. They
hunt at night when temperatures are cool and when there is less risk of losing
precious body water. Some animals get all of the water they need from the
insects, bulbs, and seeds they eat. They will not drink water even when it is
available. Some animals have developed salt glands, a physical adaptation that
allows the secretion of salt without the loss of water. The absence of sweat
glands, and the concentration of urine are other physical adaptations made by
desert animals. Because fat intensifies heat, a unique physical adaptation of
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some desert animals is the storage of fat in humps or tails, rather than
throughout the entire body.

Plants: Short grasses, sagebrush, creosote bushes, and cacti are just a few of
the plants that can be found in the desert. Plant abundance and variety are
determined by the geographic location of the desert. Although short grasses can
be found in nearly all desert locations, the saguaro cactus is unique to the
Sonoran Desert, and the spiniflex is associated with the Australian Desert.
Because of the dry climate, plants have developed a number of different
methods of capturing water. Some plants have developed long (20-30 foot)
taproots that go deep into the ground and tap into groundwater sources. Other
plants have developed extensive horizontal root systems. These horizontal root
systems lie just below the surface and extend far beyond the plant canopy.
When it rains the numerous tiny roots capture the water. Another common
physical adaptation is the ability of desert plants to store water in their roots,
stems, leaves, or fruit. Plants that store water in this way are referred to as
succulents, and they include cacti.

Desert plants retain moisture by limiting water loss through their leaf surface.
Many plants accomplish this by adapting the size, sheen, or texture of their
leaves. Small leaves or spines limit the amount of surface area exposed to the
drying heat. Glossy leaves reflect the Sun's radiant heat reducing leaf
temperatures and evaporation rates. Waxy leaves prevent moisture from
escaping. Water escapes from leaves through the stomata, or leaf pores. A
behavioral adaptation used by some plants is to only open leaf pores during the

night when air temperature is cool and evaporation rate is low.

5.1.4 Taiga

The taiga biome is found in the northern hemisphere close to the polar region.
This cold biome stretches across the northern portions of North America,
Europe, and Asia. Large population centers, such as Moscow and Toronto, can
be found in the southern portion of this biome, but the northern portion is
relatively unpopulated. Within this biome, there is a wide range of temperatures
between winter and summer seasons. Winters are long and cold, and the
summers are short and cool. Precipitation is moderately high throughout the

year with snow occurring during the winter months.

Most of the taiga in North America was once covered with glaciers that have
receded, leaving hollows and depressions in the topography. Since there is
moderately high precipitation, these depressions are frequently filled with
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water, creating bogs and lakes. The soil found in the taiga is low in nutrients
and highly acidic. It also is rocky and covered with undecayed leaf litter.
Patches of permafrost can also be found in areas of the taiga.

TYPE: Taiga
PLACE: Moose Factory, Canada
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Animals: The cold climate of the taiga prevents many animals from living
there year-round. Some of the large animals found in the taiga include moose,
deer, and bears. Examples of smaller animals that live in the taiga are bobcats,
squirrels, chipmunks, ermine, and moles. The taiga is home to many insects
and birds such as the bald eagle, chickadee, woodpeckers, and warblers. The
bogs and ponds, found throughout the taiga during the summer, provide a
wonderful breeding place for a wide variety of insects. Many migratory birds
come to the taiga to nest and feed on the huge insect population.

Most animals migrate to warmer climates once the cold weather begins. Some
animals have adapted to life in the taiga by hibernating when temperatures
drop. Other animals have adapted to the extreme cold temperatures by
producing a layer of insulating feathers or fur to protect them from the cold. In
some instances, the adaptation of a seasonal change in color of feathers or fur
protects the animal from its predators. Ermine, a small mammal, is a good
example of this adaptation. Its dark brown summer coat changes to white in the
winter. This adaptation helps the ermine blend into its surroundings and makes
it more difficult for the ermine's predators to spot them.

Plants: Because the climate of the taiga is very cold, there is not a large variety
of plant life. Common types of trees found in the taiga are the conifer trees that
have cones. Four kinds of conifers are common in the taiga. Three of the
common conifers are evergreens; spruce, fir, and pine. The fourth common
conifer is the tamarack, or larch, a deciduous tree. Under certain conditions,
broadleaf trees, such as birch and aspen, are able to survive the harsh climate of
the taiga. Evergreens use a wide variety of physical adaptations. Some of these
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adaptations include their shape, leaf type, root system, and color. They are
always or ever green. Because they don't drop their leaves when temperatures
cool, they don't have to re-grow leaves in the spring. Growing new leaves takes
a lot of energy. Plants get their energy from the soil and from the Sun. Soil is a
source of nutrients. Sunlight is necessary for photosynthesis to take place in the
plant. The taiga soil doesn't contain many nutrients, and the Sun usually
remains low in the sky. These two factors limit the amount of energy available
to the tree. By keeping their leaves, the evergreens are able to use that limited
energy for structural growth rather than producing leaves.

Although the taiga has moderately high precipitation, the ground freezes during
the winter months and plant roots are unable to get water. The adaptation from
broadleaf to narrow needle-like structures limits water loss through
transpiration. Evergreen needles do not contain very much sap. This limits the
risk of needle damage from freezing temperatures. The needles do, however,
contain a chemical that repels animals, which would eat the leaves. The dark
green color of the needles absorbs the sunlight, and since the needles are always
present, once temperature start to get warm, photosynthesis quickly begins. The
conical shape of the evergreens allows the snow to slide off the branches rather
than pile up. If the snow can't pile up on the branches, there is less risk of
broken branches due to the weight of the snow.

5.1.5 Tropical Rainforest:

The tropical rainforest is a hot, moist biome found near Earth's equator. The
world's largest tropical rainforests are in South America, Africa, and Southeast
Asia. Tropical rainforests receive from 60 to 160 inches of precipitation that is
fairly evenly distributed throughout the year. The combination of constant
warmth and abundant moisture makes the tropical rainforest a suitable
environment for many plants and animals. Tropical rainforests contain the
greatest biodiversity in the world. Over 15 million species of plants and animals
live within this biome. The hot and humid conditions make tropical rainforests
an ideal environment for bacteria and other microorganisms as well. Because
these organisms remain active throughout the year, they quickly decompose
matter on the forest floor.

The tropical rainforest is a hot, moist biome found near Earth's equator. The
world's largest tropical rainforests are in South America, Africa, and Southeast
Asia. Tropical rainforests receive from 60 to 160 inches of precipitation that is
fairly evenly distributed throughout the year. The combination of constant
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warmth and abundant moisture makes the tropical rainforest a suitable
environment for many plants and animals. Tropical rainforests contain the

greatest biodiversity in the world.

The hot and humid conditions make tropical rainforests an ideal environment
for bacteria and other microorganisms. Because these organisms remain active
throughout the year, they quickly decompose matter on the forest floor. In other
biomes, such as the deciduous forest, the decomposition of leaf litter adds
nutrients to the soil. But in the tropical rainforest, plants grow so fast that they
rapidly consume the nutrients from the decomposed leaf litter. As a result, most
of the nutrients are contained in the trees and other plants rather than in the soil.

Animals: Tropical rainforests support a greater number and variety of animals
than any other biome. One of the reasons for this great variety of animals is the
constant warmth. Tropical rainforests also provide a nearly constant supply of
water and a wide variety of food for the animals. Small animals, including
monkeys, birds, snakes, rodents, frogs, and lizards are common in the tropical
rainforest. Many of these animals and a large number of insects never set foot
on the ground. The animals use the tall trees and understory for shelter, hiding
places from their predators, and a source of food.

Because there are so many animals competing for food, many animals have
adapted by learning to eat a particular food eaten by no other animal. The bill
also is used to cut the fruit from the tree. The lemurs use a behavioral
adaptation and camouflage to survive in the rainforest. It moves very slowly
and spends most of its time hanging upside down from trees.

TYPE: Tropical Rainforest
PLACE: Manaus, Brazil
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Plants: Although tropical rainforests receive 12 hours of sunlight daily, less
than 2% of that sunlight ever reaches the ground. The tropical rainforest has
dense vegetation, often forming three different layers — the canopy, the
understory, and the ground layer. The canopy created by the tall trees (100-120
feet) and the understory, prevents sunlight from reaching the ground. The soil
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is, therefore, always shaded, and very little vegetation is able to survive at
ground level.

Vegetation can become dense at ground level near riverbanks and on hillsides.
Hillsides have more plant growth because the angle of the growing surface
allows sunlight to reach lower layers of the forest. Riverbeds break up the forest
canopy so that smaller plants can get the needed sunlight. Plant survival in a
tropical rainforest depends on the plant's ability to tolerate constant shade or to
adapt strategies to reach sunlight. Fungus is a good example of a plant that
flourishes in warm, dark places created by the forest canopy and understory.

5.1.6 Tropical Savannah:

The tropical savanna is a biome characterized by tall grasses and occasional
trees. Large regions of tropical savanna extend through the nations of
Botswana, Namibia and Kenya in Africa, southern Brazil, India, and Australia.
Savannas exist in areas where there is a 6 to 8 month wet summer season and a
dry winter season. Annual rainfall in savannas varies depending on the
geographic location. Some savannas get as little as 10 inches of rain annually
while others can get as much as 50 inches. The dry season is marked by months
of drought and fire which are essential to the maintenance of savannas. Without
the period of drought and fire, some scientists believe that tropical savannas
would eventually change into tropical forests.

Savannas can result from either climate, soil conditions, animal behavior, or
agricultural practices, which limit the occurrence of trees. Humans create
savannas by burning the grasslands and felling the trees in order to plant crops.
Large animals such as elephants can turn a forest into a savanna by stripping
the bark from the trees, knocking over trees, and trampling on tree seedlings.

TYPE: Savannah
PLACE: Chipata, Zambia
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Animals: The species of animals in a savanna depends upon the geographic
location of the biome. The African savannah, the savannah with which most
people are familiar, is home to a wide variety of animals. A short list of some of
those animals includes wildebeest, warthogs, elephants, zebras, rhinos, gazelles,
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hyenas, cheetahs, lions, leopards, ostrich, mousebirds, starlings, and weavers.
During the rainy season, birds, insects, and both large and small mammals
thrive in the savannah, but the rainy season only lasts 6 to 8 months. During the
dry season, surface water from the rain is quickly absorbed into the ground
because the soil is extremely porous. Competition for water during the dry
season is intense. Consequently, most birds and many of the large mammals
migrate during the dry season in search of water. Because drought conditions
are sometimes localized, the migration may be just to another area within the
savannah. When drought conditions exist for a long time and over a wide area,

the animals may migrate to another biome until the rainy season begins again.

Although elephants do migrate, they have a physical adaptation that allows
them to access water that is not available to other animals. Baobab trees store
water in their large trunks. The elephant's physical strength and anatomy allow
it to tear open the trunk of the baobab tree and to suck the water from it. An
adaptation used by small burrowing animals is to remain dormant during times
of drought — much like bears do during the winter in other biomes. During the
dry season, lightning frequently ignites the brown, dry grasses that cover the
savannah. Many of the animals have adapted to live with the fires. The ability
to fly or to run fast enables most birds and large mammals to escape the flames.
Some birds, such as the Fork-tailed Drongos, actually are attracted to the active
fires. These birds feast on fleeing or flame-roasted insects. Although small
burrowing animals may not be able to outrun the flames, they frequently
survive the fire by digging beneath the soil and remaining there until the flames
pass by them.

Plants: Grasses are the dominant plant life in the savanna. A wide variety of
grasses grow in savannas, but different varieties are found in different savannas.
Some grasses grow 6 to 9 feet tall. Trees growing alone or in small clusters are
also part of the savanna biome. In fact, without the trees, the savanna biome
would be considered a prairie. The variety of trees in a particular savanna is
dependent upon the geographic location of the savanna. The acacia and baobab

trees are common in African savannas.

In order for the grasses to survive the dry season and the periodic fires, they
have developed an adaptation that allows them to grow quickly when there is
adequate water. Then when water becomes scarce, the grasses turn brown to
limit water loss. They store necessary moisture and nutrients in their roots while
they await the return of the rainy season. With food and water reserves stored
below ground, the grasses are able to survive the effects of fire as well. In fact,
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fire stimulates new growth and replenishes the soil with nutrients. The baobab
tree has adapted to the savanna biome by only producing leaves during the wet
season. When leaves do grow, they are in tiny finger-like clusters. The small
size of the leaves helps limit water loss. Another adaptation that enables the
baobab tree to survive the long months of drought is its ability to store water in
its large trunk. The acacia tree can survive drought conditions because it has
developed long tap roots that can reach deep, ground water sources. It is also
fire resistant. The acacia tree has developed very useful physical and behavioral
adaptations to discourage animals from eating its leaves. It developed long,
sharp thorns and a symbiotic relationship with stinging ants. The ants live in
acacia thorns they have hollowed out, and they feed on the nectar produced by
the tree. When an animal takes a bite of leaves (and thorns), it also gets a
mouthful of angry, stinging ants. The ants defend their homes from other
insects as well, thus protecting the acacia tree. Giraffes graze on the tops of the
acacia, which results in the dome-shaped top characteristic of acacia trees. A
behavioral adaptation aimed at preventing giraffe grazing is a chemical defense
system that is triggered when the giraffe begins to munch on the leaves. First, a
poisonous alkaloid that tastes nasty is pumped into the leaves. The giraffe only
gets a couple of mouthfuls of leaves before the remaining leaves become
inedible. Then, the tree warns other acacia trees in the area by emitting a
chemical into the air. The other acacia trees respond by pumping alkaloid into
their leaves.

5.2 Island Biogeography

Two ecologists, Robert H. MacArthur and E. O. Wilson, coined the term island
biogeography in their theory in 1960s, which attempted to predict the number
of species that would exist on a newly created island. Insular biogeography is
a field within biogeography that examines the factors that affect the species
richness of isolated natural communities. The theory was originally developed
as island biogeography to explain species richness of actual islands,
principally oceanic. Now the term is used in reference to any ecosystem that is
isolated due to being surrounded by unlike ecosystems, e.g. mountain
peaks, oases, fragmented forest, and even natural habitats isolated by human
land development.

5.2.1 Definition: An insular environment or "island" is any area of habitat
suitable for a specific ecosystem, surrounded by an expanse of unsuitable
habitat. While this may be a traditional island — a mass of land surrounded by
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water — the term is now also widely applied to many nontraditional "islands",
such as the peaks of mountains, isolated springs or lakes surrounded by desert,
and non-continuous woodlands efc. The concept is even applied to natural
habitats surrounded by  human-altered  landscapes, such  as
large grasslands surrounded by highways or housing tracts, and national
parks. What is an insular for one organism may not be so for others, some
organisms located on mountain tops may also be found in the valleys, while
others may be restricted to the peaks only.

5.2.2 Theory: The theory of insular biogeography proposes that the number of
species found in an undisturbed insular environment ("island") is determined
by immigration and extinction. The isolated populations may follow different
evolutionary routes, as shown by Darwin's observations on finches in
the Galapagos Islands. Immigration and emigration are affected by the distance
of an island from a source of colonists (distance effect). Usually this source is
the mainland, but it can also be other islands. Islands that are more isolated are
less likely to receive immigrants than islands that are less isolated. Once a
species manages to colonize an island, the rate of extinction is affected by
island size; this is the “species-area curve”. Larger islands contain larger
habitat areas and opportunities for more varieties of habitats. Larger habitat size
reduces the probability of extinction due to chance events. Habitat
heterogeneity increases the number of species that will be successful after
immigration. Over time, the forces of extinction and immigration result in an

equilibrium level of species richness.

5.2.3 Modifications: In addition to having an effect on immigration rates,

isolation can also affect extinction rates. Populations on islands that are less
isolated are less likely to go extinct because individuals from the source

population and other islands can immigrate and stops the population from being
extinct; this is known as the “rescue effect”. In addition to having an effect on

extinction, island size can also affect immigration rates. Species may actively
target larger islands because of greater resources and available niches; or, larger
islands may accumulate more species by chance just because they are larger.
This is known as the “target effect”.

5.2.4 Influencing factors: Total numbers of species on small and large islands

are influenced by the following factors:
o Degree of isolation (distance to nearest neighbor, and mainland)

. Length of isolation (time)
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. Size of island (larger area usually facilitates greater diversity)

. The habitat suitability which includes:

. Climate (tropical versus arctic, humid versus arid, efc.

. Initial plant and animal composition if previously attached to a larger

land mass (e.g. marsupials, primates)

. The current species composition

. Location relative to ocean currents (influences nutrient, fish, bird, and
seed flow patterns)

. The impacts of chance arrivals

. Human activity

5.2.5 Historical record: The theory can be studied through the fossils, which
provide a record of life on Earth. 300 million years ago, Europe and North
America lay on the equator and were covered by steamy tropical rainforests.
Climate  change  devastated these  tropical rainforests  during
the Carboniferous Period and as the climate grew drier, rainforests fragmented.
Shrunken islands of forest were uninhabitable for amphibians but were well
suited to reptiles. As a result the reptiles became more diverse and even varied
their diet in the rapidly changing environment. This Carboniferous rainforest
collapse event triggered an evolutionary burst among reptiles.

5.2.6 Applications of Island biogeography in conservation biology: Within a
few years of the publishing of the theory, its potential application to the field
of conservation biology had been realized. The reserves and national
parks formed islands inside human-altered landscapes (habitat fragmentation),
and that these reserves could lose species as they 'relax towards equilibrium'.
This is particularly true when conserving larger species which tend to have
larger home ranges. It has been shown that there is a strong correlation between
the size of a protected National Park and the number of species of mammals.
This led to the debate about single large or several small (SLOSS) protected
areas for conservation. It is now the general assumption that one large reserve
could hold more species than several smaller reserves, and that larger reserves
should be the norm in reserve design. Howsoever, some scientists are of the
opinion that habitat diversity was as or more important than size in determining
the number of species protected.
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Island biogeography theory also led to the development of wildlife corridors as
a conservation tool to increase connectivity between habitat islands. Wildlife
corridors can increase the movement of species between parks and reserves and
therefore increase the number of species that can be supported, but they can
also spread disease and pathogens between populations, complicating the

simple issue of connectivity.

In species diversity, island biogeography describes allopatric speciation.
Allopatric speciation is where new gene pools arise in isolated gene pools due
to natural selection. Island biogeography is also useful in considering sympatric
speciation, the idea of different species arising from one ancestral species in the

Sameg¢ arca.

5.3 Biogeographical Classification Of India

India has different climate and topography in different parts and hence is
termed as a mega diversity country. India occupies 10th place among plant
rich countries of the world. Biogeographers have classified India into ten
biogeographic zones with each zone having characteristic climate, soil and
biodiversity. These zones are described below:

5.3.1Trans-Himalayas: The Trans-Himalayas is an extension to the Tibetean
plateau. This region includes the high-altitude cold desert in Ladakh (Jammu
and Kashmir) and Lahaul Spiti (Himachal Pradesh). It accounts for 5.7% of the
country's landmass.The Himalayan ranges immediately north of the Great
Himalayan range are called the Trans- Himalayas. The region is known for
hostile climatic conditions and dearth of vegetation. The Trans-Himalayan
region with its sparse vegetation has the richest wild sheep and goat community
in the world. The snow leopard is found here, as is the migratory black-necked

cranc.

5.3.2 Himalayas: The Himalayas are the northern boundaries of India. The
entire mountain chain is running from Kashmir in the North-west to Assam in
the North-east. The Himalayas comprise of a diverse range of biotic provinces
and biomes. The Himalayas cover 7.2% of the country's landmass. The
Himalayas consist of the youngest and loftiest mountain chains in the world.
The Himalayas are unique due to their high altitude, steep gradient and rich
temperate flora.

The forests are very dense with extensive growth of grass and evergreen tall
trees. Oak, chestnut, conifer, ash, pine, deodar are abundant in Himalayas.
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There is no vegetation above the snowline. Several interesting animals live in
the Himalayan ranges. Chief species include wild sheep, mountain goats, ibex,
shrew, and tapir. Panda and snow leopard are also found here.

5.3.3 Desert: The extremely dry area west of the Aravalli hill range, comprises
both the salty desert of Gujarat and the sandy desert of Rajasthan. Deserts
occupy around 6.9% of the country's land mass. The kinds of deserts found in
India are:

a. The desert of western Rajasthan
b. The desert of Gujarat

The Indian deserts have more diversified fauna. This region consists of parts of
Rajasthan, Kutch, Delhi and parts of Gujarat. The climate is characterized by
very hot and dry summer and cold winter. Rainfall is less than 30cm. The plants
are mostly xerophytic. Babul, cacti, wild palm grows in areas of moderate
rainfall. Indian Bustard, a highly endangered bird is found here. Camels, wild
asses, foxes, and snakes are found in hot and arid deserts.

5.3.4 Semi-arid: This zone lies between the desert and the Deccan plateau. It
includes the Aravalli hill range. It covers approximately 15.6% of the country's
landmass. Adjoining the desert are the semi-arid areas, a transitional zone
between the desert and the denser forests of the Western Ghats. The natural
vegetation is thorny forest. This region is characterized by discontinuous
vegetation cover with open areas of bare soil and soil-water deficit throughout
the year. Thorny scrubs, grasses and some bamboos are present in some
regions. A few species of xerophytic herbs and some ephemeral herbs are found
in this semi-arid tract. Vultures, mynas, doves, eagles, tree-pies, jackals,
leopards, snakes, fox, and many species of deer are found in this region.

5.3.5 Western Ghats: The western ghats are a mountain range that runs along
the western cost of India. They are a range extending north-south from southern
tip of Gujarat in the north to Kanyakumari in the south. The mountains cover an
area of about 160,000 sq. km. This Ghat section covers an extremely diverse
range of biotic provinces and biomes. It covers about 5.8% of the country's
landmass. The mountains along the west coast of peninsular India are the
Western Ghats, which constitute one of the unique biological regions of the
world. The Western Ghats extend from the southern tip of the peninsula (§°N)
northwards about 1600 km to the mouth of the river Tapti (21°N).

The mountains rise to average altitudes between 900 and 1500m above sea

level, intercepting monsoon winds from the southwest and creating a rain
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shadow in the region to their East. The varied climate and diverse topography
create a wide array of habitats that support unique sets of plant and animal
species. Apart from biological diversity, the region boasts of high levels of
cultural diversity, as many indigenous people inhabit its forests.

The Western Ghats are amongst the 32 biodiversity hot-spots recognized
globally. These hills are known for their high levels of endemism expressed at
both higher and lower taxonomic levels. Most of the Western Ghat endemic
plants are associated with evergreen forests.

The region also shares several plant species with Sri Lanka. The higher altitude
forests are sparsely populated with tribal people. Rice cultivation in the fertile
valley is very prominent and commercial crops like areca nut and pepper are
also grown here. Expansion of traditional agriculture and the spread of
particularly rubber, tea, coffee and forest tree plantations have wiped out large
pockets of primary forests in valleys. The Western Ghats are well known for
harboring 14 endemic species of caecilians (legless amphibians) out of 15
recorded from the region so far. In addition to this the region is famous for
many snake species, lion-tailed macaque, leopard, wolf, fox and many species
of birds.

5.3.6Deccan plateau: It is a large triangular plateau south of the Narmada
valley. Three sides of the plateau are covered by mountains slopes towards east.
Satpura mountains cover the north while western ghats cover the west side and
eastern ghats cover the eastern side of the plateau. It is the one of largest zones
covering the southern and south-central plateau with mostly deciduous trees. It
covers 43% of the country's land mass. Beyond the Ghats is Deccan Plateau, a
semi-arid region lying in the rain shadow of the Western Ghats. This is the
largest unit of the Peninsular Plateau of India. The highlands of the plateau are
covered with different types of forests, which provide a large variety of forest

products.

5.3.7Gangetic plains: This plain covers the area between the south Himalayas
to the tropic of cancer. These plains were formed by the Ganges river system
and are relatively homogeneous. This region experience 600 mm rainfall
annually. Sunderbans forests are located in this region and it covers 11% of the
country's land mass. In the North is the Gangetic plain extending up to the
Himalayan foothills. This is the largest unit of the Great Plain of India. Ganga

is the main river after whose name this plain is named.
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The thickness in the alluvial sediments varies considerably which is maximum
in the Ganga plains. The physiogeographic scenario varies greatly from arid
and semi-arid landscapes of the Rajasthan plains to the humid and per-humid
landscapes of the Delta and Assam valley in the east.

Topographic uniformity is a common feature throughout these plains. The plain
supports some of the highest human population densities of the world, which
largely depends upon agro-based economy in some of these areas. The trees
belonging to these forests are teak, sal, shisham, mahua, khair etc. The animals
of the region include tiger, elephant, monkeys, langurs, deers, peafowl, eagles,
prinias, ducks, geese and many raptor species.

5.3.8 North-east India: These are confined to non-himalayan ranges of
northeastern India and have a wide variety of vegetation. It covers around 5.2%
of the country's land mass. North-east India is one of the richest flora regions in
the country. It has several species of orchids, bamboos, ferns and other plants.
Here the wild relatives of cultivated plants such as banana, mango, citrus and
pepper can be found. Among animals, rhinoceros, elephant, tiger, leopard,
deers, snakes, amphibians and vivid bird species are found here.

5.3.9Islands: The Andaman and Nicobar Islands in the Bay of Bengal has
almost 300 big and small islands. Among these, only five islands are inhabited.
Only tribes are found in the island of Nicobar. These islands have a highly
diverse set of biomes and occupy 0.03% of the country's biomass. The two
groups of islands, i.e., the Arabian Sea islands and Bay Islands differ
significantly in origin and physical characteristics. The Arabian Sea Islands
(Lakshadwip, Minicoy, etc.) are the founder remnants of the old land mass and

subsequent coral formations. On the other hand, the Bay Islands lay only about
220 km.

Away from the nearest point on the main land mass and extend about 590 km.
With a maximum width of 58 km the island forests of Lakshadweep in the
Arabian Sea have some of the best-preserved evergreen forests of India. Some
of the islands are fringed with coral reefs. Many of them are covered with thick
forests and some are highly dissected.

5.3.10Coasts: India has a large coastline distributed both to the east and west

with distinct differences between the two.

India has a coastline extending over 5,500 km. The Indian coasts vary in their
characteristics and structures. The west coast is narrow except around the Gulf
of Cambay and the Gulf of Kutch. In the extreme south, however, it is
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somewhat wider along the south Sahyadri. The backwaters are the characteristic
features of this coast. The east coast plains, in contrast are broader due to
depositional activities of the east-flowing rivers owing to the change in their
base levels. Extensive deltas of the Mahanadi, Godavari, Krishna and Kaveri
are the characteristic features of this coast. Mangrove vegetation is
characteristic of estuarine tracts along the coast at Ratnagiri in Maharashtra.
Larger parts of the coastal plains are covered by fertile soils on which different
crops are grown. Rice is the main crop of these areas. Coconut trees grow all
along the coast.
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Figure: Biogeographic division of India

5.4 Environmental Pollution

Biosphere is that part of earth where life can exist and it can be divided into
three main parts — Lithosphere, Hydrosphere and Atmosphere. Biosphere is
constituted by many abiotic and biotic factors, which always remain in
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homeostasis. The factors which disturb this homeostasis is pollution.
Environmental pollution may be defined as the "unfavourable alteration of

our surroundings". It changes the quality of our air, water and land which
interferes with the health of human beings and other life forms on earth.
Pollution is of different kinds depending on the nature of pollutant generated
from different sources e.g. Industry, Automobiles, Thermal power plants,
farming and nuclear reactors generate different types of pollutants causing
pollution to air, water bodies and land.
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Figure : Environment and pollution
5.5.1 Types of pollutants

Biodegradable pollutants: Those pollutants that degrade or decompose rapidly

by natural processes.

Non-biodegradable pollutants: Those pollutants that do not decompose at all

or decompose very slowly in the environment.
Different kinds of pollution that affect the environment are:
1. Air pollution
2 Water pollution
3. Soil pollution
4

Insecticide pollution
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5. Marine pollution

6. Noise pollution

7. Thermal pollution and

8. Nuclear or radioactive pollution
5.5.2 Air Pollution:

Air is one of the essential elements for life. Animals get oxygen and plants get
carbon-di-oxide from air for their survival. Air is present in the atmosphere
present in the Troposphere of earth. Air pollution may be defined as the
presence of one or more contaminants like dust, harmful gases, mist, smoke and
colour in the atmosphere that are injurious human beings, plants and animals.

Following factors are mainly responsible for air pollution:
1. Rapid industrialization
2 Fast urbanization
3 Rapid growth in population
4. Growth of vehicles on the roads and
5 Deforestation
6 Anthropogenic activities

The normal composition of the air is shown in the following table:

S. No. Gas Per-cent
1 Nitrogen 78%
2 Oxygen 21%
3 Argon less than 1%
4 Carbondioxide 0.037%
5 Ozone, Helium and ammonia Trace amount
6 Water vapour Trace amount
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As evident from table Nitrogen and Oxygen are important component of air.
Carbon-di-oxide, though present in less quantity, is crucial for the survival of
plants. But due to many anthropogenic activities and natural disasters air is
getting polluted at an alarming rate. As a consequence many indirect problems,
which are threatening the existence of humans, have crept up. The rise in sea
level, global warming, coral bleaching, ozone depletion are few such problems
which seek urgent human attention. There are many sources of air pollution

which are discussed as follows:

5.5.2.1 Sources of Air pollution: Sources of air pollution are of two types.
Natural sources and Artificial sources Natural sources of pollution are those
that are caused due to natural phenomena. Ex: Volcanic eruptions, Forest fires,
Biological decay, Pollen grains, Marshes, Radioactive materials. Artificial
sources are those which are created by man. Ex: Thermal power plants,

Vehicular emissions, Fossil fuel burning, agricultural activities etc.

5.5.2.2 Classification of Air Pollutants Depending on the form of pollutants
present in the environment, they are classified as:

1. Primary pollutants and

2. Secondary pollutants

5.5..2.2.1 Primary pollutants are those that are directly emitted in the
atmosphere in the harmful form e.g. CO, NO, CO2, SO2 etc. Indoor air
pollutants are primary air pollutants. The most important indoor air pollutant
is Radon gas.

Sources of indoor air pollutants are:

1. Radon gas is emitted from building materials like bricks, concrete, tiles,
etc that are derived from soil containing radium

2. Radon is also found in natural gas and ground water and is emitted
while being used.

3. Burning fuel in the kitchen and cigarette smoke release pollutants like
CO, SO,, HCHO (Formaldehyde) and BAP (Benzo-(A) pyrene).

5.5.2.2.2 Secondary pollutants are those that are formed by reacting with other

components or some basic component of the atmosphere to form new pollutants
e.g. Oxides of Nitrogen (NO, or NO,) react with moisture in the atmosphere to
give Nitric acid.

5.5.2.3 Effects of common air pollutants:
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Carbonmonoxide: It is a colourless, odourless gas that is poisonous animals. It
is formed by incomplete combustion of carbon containing fuels. Source of
carbonmonoxide is cigarette smoking and incomplete combustion of fossil fuels
(more than 77% comes from  motor  vehicle exhaust)
Health effects include reduced ability of red blood cells to carry oxygen to
body cells and tissues. This leads to headache and anemia. At high levels it

causes coma, irreversible brain damage and death.

Nitrogen Dioxide: It is a reddish-brown irritating gas that causes
photochemical smog. In the atmosphere, it gets converted into nitric acid
(HNO3). It is caused by burning fossil fuels in industries and power plants.

Health effects include lung irritation and damage. Environmental effects
involve acid deposition leading to damage of trees, lakes, soil and ancient
monuments. NO2 can damage fabrics.
Sulphur Dioxide: It is a colourless and irritating gas that is formed by
combustion of sulphur containing fossil fuels such as coal and oil. In the
atmosphere it is converted into Sulphuric acid which is a major component of
acid deposition.

Health  effects involve  breathing problems for healthy people.
Environmental effects involve reduced visibility and acid deposition on trees,
lakes, soils and monuments leading to their deterioration and adverse effect on
aquatic life.
Suspended Particulate Matter (SPM): Includes a variety of particles and
droplets (aerosols) that can be suspended in atmosphere for short to long
periods. Human sources for SPM include burning coal in power and industrial

units, burning diesel and other fuels in vehicles, agriculture, unpaved roads,
construction, etc. Health effects include nose and throat irritation, ling damage,

bronchitis, asthma, reproductive problems and cancer. Environmental
Effects include reduced visibility and acid deposition. Acid deposition may
lead to damaged trees, soils and aquatic life in lakes.

Ozone is a highly reactive gas with an unpleasant odour occurring in the
stratosphere where it protects mankind from the harmful ultra-violet rays from
the Sun. However on earth, it is a pollutant. It occurs on earth due to reaction
between Volatile Organic Compounds (VOCs) and Nitrogen Oxides. It
moderates the climate

Photochemical smog is a brownish smoke that frequently forms on clear,

sunny days over large cities with significant amounts of automobile traffic. It is
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mainly due to chemical reactions among nitrogen oxides and hydrocarbons in
the presence of sunlight. Health effects include breathing problems, cough,

eye, nose and throat irritation, heart diseases, reduced resistance to colds and
pneumonia. Environmental effects involve damage to plants and trees.
Additionally, Smog reduces visibility.

Lead is a solid and highly toxic metal. Its compounds are emitted into the
atmosphere as particulate matter.

Human Sources: Paint, Smelters (metal refineries), lead manufacture, storage
batteries, leaded petrol, etc. Health effects: Lead accumulates in the body and
brain leading to nervous system damage and mental retardation (especially in
children), digestive and other health problems. Lead containing chemicals are
known to cause cancer in test animals.
Environmental Effects: It can harm wildlife.

Hydrocarbons Lower haydrocarbons accumulate due to decay of vegetable
matter.

Human effects: They are carcinogenic.

Chromium: It is a solid toxic metal emitted into the atmosphere as particulate

matter.
Human sources: Paint, Smelters, Chromium manufacture, Chromium plating.

Health Effects: Perforation of nasal septum, chrome holes, etc.

5.5.2.4 Control measures: The atmosphere has several built-in self cleaning
processes such as dispersion, gravitational settling, flocculation, absorption,
rain-washout, etc to cleanse the atmosphere. However, control of contaminants
at their source level is a desirable and effective method through preventive or
control technologies.

5.5.2.1 Source control: Some measures that can be adopted in this direction

are:

1. Using unleaded petrol

2. Using fuels with low sulphur and ash content

3. Encouraging people to use public transport, walk or use a cycle as
opposed to private vehicles

4. Ensure that houses, schools, restaurants and playgrounds are not located
on busy streets

5. Plant trees along busy streets as they remove particulates, carbon
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dioxide and absorb noise

6. Industries and waste disposal sites should be situated outside the city
preferably on the downwind of the city.

7. Catalytic converters should be used to help control emissions of carbon

monoxide and hydrocarbons

5.5.4.2 Control measures in industrial centers:

1. Emission rates should be restricted to permissible levels by each and
every industry
2. Incorporation of air pollution control equipment in design of plant

layout must be made mandatory
3. Continuous monitoring of the atmosphere for pollutants should be

carried out to know the emission levels.

5. 4.2.4.3 Equipment used to control air pollution:

1. Air pollution can be reduced by adopting the following approaches.

2. Ensuring sufficient supply of oxygen to the combustion chamber and
adequate temperature so that the combustion is complete thereby
eliminating much of the smoke consisting of partly burnt ashes and dust.

3. To use mechanical devices such as scrubbers, cyclones, bag houses and
electro-static precipitators in manufacturing processes. The equipment
used to remove particulates from the exhaust gases of electric power and
industrial plants are shown below. All methods retain hazardous
materials that must be disposed safely. Wet scrubber can additionally
reduce sulphur dioxide emissions.

4. The air pollutants collected must be carefully disposed. The factory
fumes are dealt with chemical treatment.

5.4.3 Water pollution

Water pollution may be defined as “the alteration in physical, chemical and
biological characteristics of water which may cause harmful effects on humans

and aquatic life.”
Pollutants include:
1. Sewage

2. Industrial effluents and chemicals
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3. Oil and other wastes

Chemicals in air dissolve in rain water, fertilizers, pesticides and herbicides

leached from land pollute water.

5.4.3.1 Types, Effects and Sources of Water Pollution: Water pollution is any
chemical, biological or physical change in water quality that has a harmful
effect on living organisms or makes water unsuitable for desired uses.
Infectious agents

such as Bacteria, Viruses, Protozoa, and parasitic worms also pollute the water.
Human sources: Human and animal wastes are also cause of water pollution.

Effects: Cause variety of diseases.

5.4.3.1.1 Oxygen demanding wastes (Dissolved oxygen): This degradation
consumes dissolved oxygen in water. Dissolved Oxygen (DO) is the amount of
oxygen dissolved in a given quantity of water at a particular pressure and
temperature. The saturated point of DO varies from 8 to 15 mg/L. Organic
wastes such as animal manure and plant debris that can be decomposed by
aerobic (oxygen-requiring) bacteria. Human sources: Sewage, Animal wastes,
paper mills and food processing industries’ wastes. Effects: Large populations
of bacteria decomposing these wastes can degrade water quality by depleting
water of dissolved oxygen. This causes fish and other forms of oxygen-
consuming aquatic life to die.

5.4.3.1.2 Inorganic chemicals: Water soluble inorganic chemicals — Acids,
Compounds of toxic metals such as lead (Pb), arsenic (As) and selenium (Se)

and salts such as NaCl in oceans and fluoride (F) found in some soils — are
major source of this kind of pollution. Human sources: Surface runoff,

industrial effluents and household cleansers. Effects: Inorganic chemicals can:
Make freshwater unusable for drinking and irrigation, Cause skin cancer and
neck damage, Damage nervous system, liver and kidneys, Harm fishes and
other aquatic life, Lower crop yields, Accelerate corrosion of metals exposed to
such water.

5.4.3.1.3 Organic chemicals: Oil, Gasoline, Plastics, Pesticides, Cleaning

solvents and Detergents are the common organic compounds that pollute the
water. Human Sources: Industrial effluents, household cleansers and surface
runoff from farms. Effects: Can threaten human health by causing nervous

system damage and some cancers. Harm fish and wildlife.

5.4.3.1.4 Plant nutrients: Water soluble compounds containing nitrate,

Phosphate and Ammonium ions are important plant nutrients that cause water
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pollution. Human sources: Sewage, manure and runoff of agricultural and
urban fertilizers. Effects: Can cause excessive growth of algae and other
aquatic plants, which die, decay and deplete dissolved oxygen in water thereby
killing fish. Drinking water with excessive levels of nitrates, lowers the oxygen
carrying capacity of the blood and can kill urban children and infants.

5.4.3.1.5 Sediments: Soil, silt, etc. are important sediments that cause water
pollution. Human Sources: Land erosion. Effects: Causes cloudy water
thereby reducing photosynthetic activity, Disruption of aquatic food chain,
Carries pesticides, bacteria and other harmful substances, Settles and destroys
feeding and spawning grounds of fish, Clogs and fills lakes, artificial reservoirs,
stream channels and ports.

5.4.3.1.6 Radioactive materials: Radioactive isotopes of lodine, Radon,
Uranium, Cesium and Thorium are important water contaminants. Human
sources: Nuclear power plants, mining and processing of uranium and other
ores, nuclear weapon production and natural sources. Effects: Genetic

mutations, birth defects and certain cancers.

5.4.3.1.7 Heat (Thermal pollution): Water used for cooling the excessive heat

generated in industry and nuclear station and subsequent release of hot water in
the rivers and lakes is main cause of thermal pollution. Human sources: Water
cooling of electric power plants and some types of industrial plants. Effects:
Low dissolved oxygen levels thereby making aquatic organisms more
vulnerable to disease, parasites and toxic chemicals. When a power plant starts
or shuts down for repair, fish and other organisms adapted to a particular
temperature range, can be killed by an abrupt temperature change known
as thermal shock.

5.4.3.2 Point and non-point sources of water pollution:

Point sources: These are pollutants that are discharged at specific locations
through pipes, ditches or sewers into bodies of surface waters. Ex: Factories,
sewage treatment plants, abandoned underground mines and oil tankers.

Non point sources: These pollutants cannot be traced to a single point of

discharge. They are large land areas or air-sheds that pollute water by runoff,
subsurface flow or deposition from the atmosphere. Ex: Acid deposition, runoff
of chemicals into surface water from croplands, livestock feedlots, logged
forests, urban streets, lawns, golf courses and parking lots.

5.4.3.3 Control measures:
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. Administration of water pollution control should be in the hands of state

or central government

Scientific techniques should be adopted for environmental control of
catchment areas of rivers, ponds or streams

Industrial plants should be based on recycling operations as it helps
prevent disposal of wastes into natural waters but also extraction of
products from waste.

Plants, trees and forests control pollution as they act as natural air
conditioners.

Trees are capable of reducing sulphur dioxide and nitric oxide pollutants
and hence more trees should be planted.

No type of waste (treated, partially treated or untreated) should be
discharged into any natural water body. Industries should develop closed
loop water supply schemes and domestic sewage must be used for
irrigation.

Qualified and experienced people must be consulted from time to time
for effective control of water pollution.

Public awareness must be initiated regarding adverse effects of water
pollution using the media.

Laws, standards and practices should be established to prevent water
pollution and these laws should be modified from time to time based on
current requirements and technological advancements.

Basic and applied research in public health engineering should be

encouraged.

5.4.4 Soil pollution

Soil pollution is defined as, “contamination of soil by human and natural

activities which may cause harmful effect on living organisms”. Composition of

soil is listed below in the table:

S. No. Component %
1 Organic mineral matter 45
2 Organic matter 05
3 Soil water 25
4 Soil air 25
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5.4.4.1 Soil Pollutants

Soil pollution mainly occurs due to the following:

1. Industrial wastes

2. Urban wastes

3. Agricultural practices
4. Radioactive pollutants
5. Biological agents

5.4.4.1.1 Industrial wastes: Disposal of Industrial wastes is the major problem
for soil pollution. Sources: Industrial pollutants are mainly discharged from
various origins such as pulp and paper mills, chemical fertilizers, oil refineries,
sugar factories, tanneries, textiles, steel, distilleries, fertilizers, pesticides, coal
and mineral mining industries, drugs, glass, cement, petroleum and engineering
industries etc. Effect: These pollutants affect and alter the chemical and
biological properties of soil. As a result, hazardous chemicals can enter into
human food chain from the soil or water, disturb the biochemical process and
finally lead to serious effects on living organisms.

5.4.4.1.2 Urban wastes: Urban wastes comprise of both commercial and
domestic wastes consisting of dried sludge and sewage. All the urban solid
wastes are commonly referred to as refuse. Constituents of urban refuse: This
refuse consists of garbage and rubbish materials like plastics, glasses, metallic
cans, fibres, paper, rubbers, street sweepings, fuel residues, leaves, containers,
abandoned vehicles and other discarded manufactured products. Urban
domestic wastes though disposed off separately from industrial wastes, can still
be dangerous. This happens because they are not easily degraded.
5.4.4.1.3Agricultural practices: Modern agricultural practices pollute the soil
to a large extent. With the advancing agro-technology, huge quantities of
fertilizers, pesticides, herbicides and weedicides are added to increase the crop
yield. Apart from these farm wastes, manure, slurry, debris, soil erosion
containing mostly inorganic chemicals are reported to cause soil pollution.
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5.4.4.1.4 Radioactive pollutants: Radioactive substances resulting from
explosions of nuclear testing laboratories and industries giving rise to nuclear
dust radioactive wastes, penetrate the soil and accumulate giving rise to
land/soil pollution. Ex: Radio nuclides of Radium, Thorium, Uranium, isotopes
of Potassium (K-40) and Carbon (C-14) are commonly found in soil, rock,
water and air. Explosion of hydrogen weapons and cosmic radiations include
neutron, proton reactions by which Nitrogen (N-15) produces C-14. This C-14
participates in Carbon metabolism of plants which is then into animals and
human beings. Radioactive waste contains several radio nuclides such as
Strontium90, Iodine-129, Cesium-137 and isotopes of Iron which are most
injurious. Strontium get deposited in bones and tissues instead of calcium.
Nuclear reactors produce waste containing Ruthenium-106, Iodine-131,
Barium-140, Cesium-144 and Lanthanum-140 along with primary nuclides Sr-
90 with a half life 28 years and Cs-137 with a half life 30 years. Rain water
carries Sr-90 and Cs-137 to be deposited on the soil where they are held firmly
with the soil particles by electrostatic forces. All the radio nuclides deposited on

the soil emit gamma radiations.

5.4.4.1.5 Biological agents: Soil gets a large amount of human, animal and bird
excreta which constitute a major source of land pollution by biological agents.
Ex: 1. Heavy application of manures and digested sludge can cause serious
damage to plants within a few years

5.4.4.2.1 Control measures of soil pollution:

4.4.2.1 Prevention of soil erosion: Soil erosion can be controlled by
a variety of forestry and farm practices. Ex: Planting trees on
barren slopes, Contour cultivation and strip cropping may be
practiced instead of shifting cultivation, Terracing and
building diversion channels may be undertaken. Reducing
deforestation and substituting chemical manures by animal
wastes also helps arrest soil erosion in the long term.

4.4.2.2 Proper dumping of unwanted materials: Excess wastes by
man and animals pose a disposal problem. Open dumping is
the most commonly practiced technique. Nowadays,
controlled tipping is followed for solid waste disposal. The
surface so obtained is used for housing or sports field.

4.4.23 Production of natural fertilizers: Bio-pesticides should be
used in place of toxic chemical pesticides. Organic fertilizers
should be used in place of synthesized chemical fertilizers.

177



Mz0-07

Ex: Organic wastes in animal dung may be used to prepare
compost manure instead of throwing them wastefully and
polluting the soil.

4.4.2.4 Proper hygienic condition: People should be trained
regarding sanitary habits. Ex: Lavatories should be equipped
with quick and effective disposal methods.

4.4.25 Public awareness: Informal and formal public awareness
programs should be imparted to educate people on health
hazards by environmental education. Ex: Mass media,
Educational institutions and voluntary agencies can achieve
this.

4.4.2.6 Recycling and Reuse of wastes: To minimize soil pollution,
the wastes such as paper, plastics, metals, glasses, organics,
petroleum products and industrial effluents etc should be
recycled and reused. Ex: Industrial wastes should be properly
treated at source. Integrated waste treatment methods should
be adopted.

4427 Ban on Toxic chemicals: Ban should be imposed on
chemicals and pesticides like DDT, BHC, etc which are fatal
to plants and animals. Nuclear explosions and improper
disposal of radioactive wastes should be banned.

5.4.5 Noise pollution

Noise is defined as, "the unwanted, unpleasant or disagreeable sound that
causes discomfort to all living beings". Sound intensity is measured in decibels
(dB), that is the tenth part of the longest unit Bel. One dB is the faintest sound
that a human ear can hear.

5.4.5.1 Types of noise: Environmental noise has been doubling every ten years.

Noise is classified as:
1. Industrial Noise
2. Transport Noise and
3. Neighbourhood noise
5.4.5.1.1 Industrial Noise: It is sound with a high intensity sound

caused by industry machines. Sources of such noise pollution is caused
by machines from machines in various factories, industries and mills.
Noise from mechanical saws and pneumatic drills is unbearable and a

nuisance to the public. The Indian Institute of Oto-Rino Laryngology,
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Chennai reported that increasing industrial pollution damages the
hearing ability by atleast 20%. Workers in steel industry, who work
close to heavy industrial blowers are exposed to 112dB for eight hours
suffer from occupational pollution.

5.4.5.1.2 Transport Noise: Transport noise mainly consists of traffic
noise from road, rail and aircraft. The number of automobiles on roads
like motors, scooters, cars, motor cycles, buses, trucks and diesel engine
vehicles have increased enormously in the recent past further
aggravating the problem of transport noise. Noise levels in most
residential areas in metropolitan cities is hovering around the border line
due to increased vehicular noise pollution. This high level of noise
pollution leads to deafening in the elderly.

5.4.5.1.3 Neighbourhood noise: This type of noise includes disturbance

from household gadgets and community. Common sources being
musical instruments, TV, VCR, Radios, Transistors, Telephones, and
loudspeakers etc. Statistically, ever since the industrial revolution, noise
in the environment has been doubling every ten years.

5.4.5.2 Effects of Noise pollution
1. Noise pollution affects both human and animal health. It leads to:
a. contraction of blood vessels
b. making skin pale

c. excessive adrenalin in the blood stream which is

responsible for high blood pressure.
d. Blaring sounds are known to cause mental distress

e. Heart attacks, neurological problems, birth defects
and abortion

2. Muscle contraction leading to nervous breakdown, tension, etc
3. The adverse reactions are coupled with a change in hormone

content of blood, which in-turn increases heart beat, constriction
of blood vessels, digestive spams and dilation of the pupil of the
eye.

4. Adverse affects health, work efficiency and behaviour. Noise

pollution may cause damage to the heart, brain, kidneys, liver
and may produce emotional disturbance.
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The most immediate and acute effect of noise is impairment of

hearing that diminishes some part of the auditory system.
Prolonged exposure to noise of certain frequency pattern leads to

chronic damage to the inner ear.

Impulsive noise may cause psychological and pathological
disorders

Ultrasonic sound can affect the digestive, respiratory,
cardiovascular system and semicircular canals of the internal ear.
The brain is adversely affected by loud and sudden noise by jets
and airplanes. People are subjected to psychiatric illness.
Recent reports suggest that blood is thickened by excessive
noise.

The optical system of human beings is also affected by noise
pollution. Severe noise pollution causes:

Pupullary dilation

Impairment of night vision and

Decrease in rate of colour perception

5.4.5.3 Control measures:

1.

4,

Source control: This includes source modification such as
acoustic treatment to machine surface, design changes, limiting
operational timings, etc

Transmission path intervention: This includes containing the
source inside a sound insulating enclosure, constructing a noise
barrier or provision of sound absorbing materials along the path.
Receptor control: This includes protection of the receiver by
altering the work schedule or provision of personal protection
devices such as ear plugs for operating noisy machinery. The

measure may include dissipation and deflection methods.
Oiling: Proper oiling will reduce noise from the machine.

Preventive measures:

1.
2.

Prescribing noise limits for vehicular traffic

Ban on honking (usage of horns) in certain areas
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Creation of silence zones near schools and hospitals

3

4. Redesigning buildings to make them noise proof
5 Reduction of traffic density in residential areas

6

Giving preference to mass public transport system.

5.6 Nuclear Pollution

Radionuclides are elements (uranium 235, uranium 283, thorium 232,
potassium 40, radium 226, carbon 14 etc.) with unstable atomic nuclei and
on decomposition release ionizing radiations in the form of alpha, beta and
gamma rays. Out of the known 450 radioisotopes only some are of
environmental concern like strontium 90, trittum, plutonium 239, argon 41,
cobalt 60, cesium 137, iodine 131, krypton 85 etc. These can be both
beneficial and harmful, depending on the way in which they are used.

X-rays are used in routine to examine bones for fractures, Gamma
radiations are used to treat cancer and many other radio-active isotopes are
used to diagnose diseases. About 17% of the electrical energy generated in

the world comes from nuclear power plants.

5.6.1 Sources of Nuclear Pollution: Radioactive substances when released
into the environment are either dispersed or become concentrated in living
organisms through the food chain. Other than naturally occurring
radioisotopes, significant amounts are generated by human activity,
including the operation of nuclear power plants, the manufacture of nuclear
weapons, and atomic bomb testing. For example, strontium 90 behaves like
calcium and is easily deposited and replaces calcium in the bone tissues. It
could be passed to human beings through ingestion of strontium-
contaminated milk. Again another example is tritium, which is radioactive
hydrogen. The amount of tritium released from nuclear power plants to the
atmosphere have reached as high as tens of thousands of curies in one year,
and releases to bodies of water have measured as high as tens of millions of
picocuries per litre. The U.S. Environmental Protection Agency standard for
permissible levels of tritium in drinking water is 20,000 picocuries per litre.

Nuclear power plants routinely and accidentally release trittum into the air
and water. Tritium has a half-life of 12.3 years and emits radioactive beta
particles. Once tritium is inhaled or swallowed, its beta particles can

bombard cells causing a mutation.

The sources of radioactivity include both natural and manmade.
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5.6.2 Effects of Nuclear Radiations: Few occupations that involve
radioactive exposures are uranium mineworkers, radium watch dial painters,
technical staff at nuclear power plants, etc. Exposure to radioactive and
nuclear hazards has been clinically proven to cause cancer, mutations and
teratogenesis (a prenatal toxicity characterized by structural or functional
defects in the developing embryo or fetus).

Nuclear hazard effects can be either initial or residual. Initial effects occur
in the immediate area of explosion and are hazardous immediately after the
explosion where as the residual effects can last for days or years and cause
death. The principal initial effects are blast and radiation. Blast causes
damage to lungs, ruptures eardrums, collapses structures and causes
immediate death or injury. Thermal Radiation is the heat and light radiation,
which a nuclear explosion’s fireball emits producing extensive fires, skin
burns, and flash blindness. Nuclear radiation consists of intense gamma rays
and neutrons produced during the first minute after the explosion.

Sources of Nuclear Pollution

M

- T
MATURAL SOURCES MAN-MADE SOURCES
= Cosmic raﬁ!mmnulars-paca - Hmlngar'bdprl:rcusslng of radvaaclve ores
& Emissions from radioactive materals @ the = Use ol radicactive malerals i powar
garth's crust (rocks, marine sediments plants
e} » Usa of radioactive isolopes in medical

technology (x-ray machines
radioisotopes used in medicang)

» Indusirial applications include wastes from
nuclear reactors

= Research apphcations: radeactve kallouls
during nuchear weapons testing

# In a nuclear power plant, any leak or
accident taking place emit nuclaar
radiation,

= Muchaar losis conducied under the ground
or undar oceans which also relbase
radiation.

s LUranium maning and milling, Nuclear
reaciors and reprocassing of nuclear uel
causa nuclaar pollulson

Figure: Natural and man-made sources of Nuclear Pollution

This radiation causes extensive damage to cells throughout the body. Radiation

damage may cause headaches, nausea, vomiting, diarrhea, and even death,

depending on the radiation dose received.

Studies have shown that the health effects due to radiation are dependent on the

level of dose, kind of radiation, duration of exposure and types of cells

irradiated. Radiation effects can be somatic or genetic.
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Radiaticn effects
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5.6.2.1 Somatic effects: Somatic effects the function of cells and organs. It

causes damages to cell membranes, mitochondria and cell nuclei resulting in

abnormal cell functions, cell division, growth and death.

5.6.2.2 Genetic effects: Genetic effects the future generations. Radiations can
cause mutations, which are changes in genetic makeup of cells. These effects
are mainly due to the damages to DNA molecules. People suffer from blood
cancer and bone cancer if exposed to doses around 100 to 1000 roentgens.

Instantaneous deaths on exposure in the event if disasters are many.

5.6.3 Management of Radioactive Waste:

a. The radioactive waste which comes out from industry, nuclear reactors
should be stored and allowed to decay either naturally in closed drums
or in very large underground air tight cemented tanks (Delay and
Decay).

b. The intermediate radioactive waste should be disposed off into the
environment after diluting it with some inert materials (Dilute and

Disperse)

C. Now-a-days small quantities of high activity wastes are converted into
solids such as concrete and then it is buried underground or sea.
(Concentrate and contain)

5.6.4 Control Measures:

a. Laboratory generated nuclear wastes should be disposed off safely and
scientifically.

b. Nuclear power plants should be located in areas after careful study of the
geology of the area, tectonic activity and meeting other established

conditions.
c. Appropriate protection against occupational exposure.

d. Leakage of radioactive elements from nuclear reactors, careless use of
radioactive elements as fuel and careless handling of radioactive isotopes
must be prevented.
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e. Safety measure against accidental release of radioactive elements must be

ensured in nuclear plants.

f. Unless absolutely necessary, one should not frequently go for diagnosis by
X-rays.

g. Regular monitoring of the presence of radioactive substance in high risk

area should be ensured.

Among the many options for waste disposal, the scientists prefer to bury the
waste in hundreds of meters deep in the earth’s crust is considered to be the
best safety long term option.

5.5 Global Environmental Changes

Environment is dynamic in nature and keeps on changing with time. Earth has
faced five glaciations in the past and all of them led to mass extinction of flora
and fauna. Now our planet is witnessing phenomenon of global warming and
many anthropogenic factors are mainly responsible for it. El Nino, La Nina,
Tsunami, earthquakes bring massive changes in the environment. These are

discussed here.

5.5.1 El Nino

Various kind of oceanic movements are categorized as currents. It is the air
blowing over the surface of water that causes the major surface currents. The
heat stored in the oceans significantly affects the air circulation. The general
circulation of the oceanic water is pole-ward flow of the warm water along the
edge of each ocean basin. There is an equator-ward movement of the cool water
from high latitude along the eastern margin of each ocean basin. Any
disturbance in the ocean temperature causes El Nino and La Nina effects.

In Spanish, the term "ElI Nino" refers to the Christ child, Jesus (literal
translation "The (male) Child"). La Nina, chosen as the 'opposite' of El Nino,
literally means "The (female) Child". El Nino was so named because periodic
warming in the Pacific near South America is often noticed around Christmas.

The effects of El Nino are likely to develop over North America during the
upcoming winter season. Those include warmer-than-average temperatures
over western and central Canada, and over the western and northern United
States. Wetter conditions are likely over portions of the U.S. Gulf Coast and
Florida, while drier conditions can be expected in the Ohio Valley and the
Pacific Northwest.
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The traditional, also called Eastern Pacific (EP) El, involves temperature
anomalies in the Eastern Pacific. However, in the last two decades,
nontraditional Els were observed, in which the usual place of the temperature
anomaly is not affected, but an anomaly arises in the central Pacific. The
phenomenon is called Central Pacific (CP) El , "dateline" El (because the
anomaly arises near the dateline), or E1 "Modoki" (Modoki is Japanese for
"similar, but different").

The effects of the CP El Nino are different from those of the traditional EP El
— e.g., the recently discovered El leads to more hurricanes more frequently
making landfall in the Atlantic.

The first recorded El that originated in the central Pacific and moved toward
the east was in 1986. Recent Central Pacific Els happened in 19861987, 1991—
1992, 1994-1995, 2002-2003, 2004-2005, 2009-2010 and 2013-14.

El Nino is the warm phase of the El Nino Southern Oscillation (commonly
called ENSO) and is associated with a band of warm ocean water that develops
in the central and east-central equatorial Pacific. EI Nino Southern
Oscillation refers to the cycle of warm and cold temperatures, as measured
by sea surface temperature (SST) of the tropical central and eastern Pacific
Ocean. El Nino is accompanied by high air pressure in the western Pacific and
low air pressure in the eastern Pacific. The cool phase of ENSO is called "La
Nina" with SST in the eastern Pacific below average and air pressures high in
the eastern and low in western Pacific. The ENSO cycle, both El Nino and La
Nina, causes global changes of both temperatures and rainfall. Mechanisms that
cause the oscillation remain under study.

Developing countries dependent upon agriculture and fishing, particularly those
bordering the Pacific Ocean, are the most affected by El.
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5.1.1 Definition:

El Nino is defined by prolonged warming in the Pacific Ocean SST when
compared with the average value. Typically, this abnormality in temperature
happens at irregular intervals of two to seven years, and lasts for a period of

nine months to two years. The average period length is five years. When this
warming occurs for seven to nine months, it is classified as El Nino

"conditions"; when its duration is longer, it is classified as an El Nino
"episode". The first signs of an El Nino are: 1. Rise in surface pressure over
the Indian Ocean, Indonesia, and Australia, 2. Fall in air pressure over central
and eastern Pacific Ocean, 3. Trade winds in the south Pacific weaken or head

east, 4. Warm air rises near Peru, causing rain in the northern Peruvian state.

More generally, El Nino can affect commodity prices and the macroeconomy of
different countries — and not always for the worst. It limits the supply of rain-
driven agricultural commodities; reduces agricultural output, construction and
services activities are hampered; food-price and generalized inflation are
witnessed; and may trigger social unrest in commodity-dependent poor
countries that primarily rely on imported food. While Australia, Chile,
Indonesia, India, Japan, New Zealand and South Africa face a short-lived fall in
economic activity in response to an El Nino shock, other countries may actually
benefit from an El Nino.
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5.1.1 Effects of ENSO warm phase (El Nino)
5.1.1.1 Changed rainfall patterns

Because El Nino's warm pool feeds thunderstorms above, it creates increased
rainfall across the east-central and eastern Pacific Ocean, including several
portions of the South American west coast. The effects of EI Nino in South
America are direct and stronger than in North America. Along the west coast
of South America, El Nino reduces the upwelling of cold, nutrient-rich water

that sustains large fish populations.

The ENSO variability may contribute to the great success of small, fast-
growing species along the Peruvian coast, as periods of low population removes
predators in the area. Similar effects benefit migratory birds that travel each
spring from predator-rich tropical areas to distant winter-stressed nesting areas.
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Figure: Air flow during El Nino year
5.1.2.2 Tropical cyclones

The tropical Atlantic ocean experiences depressed activity due to increased
vertical wind shear across the region during El Nino years. On the otherhand,
the tropical Pacific Ocean east of the dateline has above-normal activity during
El Nino years due to water temperatures well above average and decreased
wind cut-off. Most of the recorded East Pacific category 5 hurricanes occur

during El Nino years in clusters.

El Nino's effects on Europe appear to be strongest in winter. EI Nino causes a

colder, drier winter in Northern Europe and a milder, wetter winter in Southern
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Europe. As warm water spreads from the west Pacific and the Indian Ocean to
the east Pacific, it takes the rain with it, causing extensive drought in the
western Pacific and rainfall in the normally dry eastern Pacific.

5.1.2.3 Health and social impacts

Extreme weather conditions related to the El Nino cycle correlate with changes
in the incidence of epidemic diseases. For example, the El Nino cycle is
associated with increased risks of some of the diseases transmitted
by mosquitoes, such as malaria, dengue, and Rift Valley fever. Cycles of
malaria in India, Venezuela, Brazil, and Colombia have now been linked to El
Nino. Outbreaks of another mosquito-transmitted disease, Australian
encephalitis, also known as Murray Valley encephalitis, occur in temperate
south-east Australia after heavy rainfall and flooding, which are associated with
La Nina events. ENSO conditions have also been related to Kawasaki
disease incidence in Japan and the west coast of the United States, via the
linkage to tropospheric winds across the north Pacific Ocean.

5.1.2.4 Transitional phases

Transitional phases at the onset or departure of El Nino or La Nina can also be
important factors on global weather by affecting tele-connections. Significant
episodes, known as Trans-Nino, are measured by the Trans-Nino index
(TNI). Examples of affected short-time climate in North America include
precipitation in the Northwest US and intense tornado activity in the US.

5.1.2.5 Global Warming

During the last several decades the number of EI Nino events
increased, although a much longer period of observation is needed to detect
robust changes. The question arises, whether this is random fluctuation or a
normal instance of variation for that phenomenon or the result of global climate
changes as a result of global warming. A robust tendency to increase in extreme
El Ninos was reported in the renowned journal Nature in 2014.

Several studies of historical data suggest the recent El Nino variation is linked
to global warming but there is no consensus on this aspect. It may be that the
observed phenomenon of more frequent and stronger El Nino events occurs
only in the initial phase of the global warming, and then (e.g., after the lower
layers of the ocean get warmer, as well), El Nino will become weaker than it
was. It may also be that the stabilizing and destabilizing forces influencing the
phenomenon will eventually compensate for each other. More research is
needed to provide a better answer to that question. However, new models
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published in Nature 2014 indicated unmitigated global warming would
particularly affect the surface waters of the eastern equatorial Pacific and

double extreme El Nino occurrence.

ENSO conditions have occurred at two to seven year intervals for at least the
past 300 years, but most of them have been weak. The extreme weather
produced by El Nino in 1876-77 gave rise to the most deadly famines of the
19th century. The 1876 famine alone in northern China killed up to 13 million
people.

The major 1982—83 El Nino led to an upsurge of interest from the scientific
community. The period 1991-1995 was unusual in that El Ninos have rarely
occurred in such rapid succession. An especially intense El Nino event in 1998
caused an estimated 16% of the world's reef systems to die. The event
temporarily warmed air temperature by 1.5 °C, compared to the usual increase
of 0.25 °C associated with El Nino events. Since then, mass coral bleaching has
become common worldwide, with all regions having suffered "severe

bleaching".

Major ENSO events were recorded in the years 1790-93, 1828, 1876-78, 1891,
1925-26, 1972—73, 1982—-83 and 1997-98, with 1997-1998 episode being one
of the strongest ever.

5.2 La Nina

La Nina means “The Little Girl” in Spanish. La Nina is also sometimes
called El Viejo, anti-El , or simply "a cold event." La Nina was first observed in
the year 1986 and name La was given in the same year. La Nina has been found
to be active during the years — 1950-51, 1954-56,1964-65, 1970-72, 1973-74,
1974-76, 1984-85, 1988-89, 1995-96, 1998-2000, 2005-06, 2007-09, 2010-12.

La Nina episodes represent periods of below-average sea surface temperatures
across the east-central Equatorial Pacific. Global climate La Nina impacts tend
to be opposite those of El impacts. In the tropics, ocean temperature variations
in La Nina also tend to be opposite those of El. During a La Nina year, winter
temperatures are warmer than normal in the Southeast and cooler than normal
in the Northwest.

The traditional La Nina, also called Eastern Pacific (EP) La Nina, involves
temperature anomalies in the Eastern Pacific. However, in the last two decades,
nontraditional La Nina were observed, in which the usual place of the
temperature anomaly is not affected, but an anomaly arises in the central
Pacific. The phenomenon is called Central Pacific (CP) La Nina, "dateline"
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(because the anomaly arises near the dateline), or La Nina "Modoki" (Modoki
in Japanese means "similar, but different"). The effects of the CP La Nina are
different from those of the traditional EP La Nina—e.g., the new La Nina leads
to a rainfall increase over northwestern Australia and northern Murray-Darling
basin, rather than over the east as in a conventional La Nina. Also, La Nina
Modoki increases the frequency of cyclonic storms over Bay of Bengal, but

decreases the occurrence of severe storms in the Indian Ocean.

There is also a scientific debate on the very existence of this "new" ENSO. A
number of studies dispute the reality of this statistical distinction or its
increasing occurrence, or both, either arguing the reliable record is too short to
detect such a distinction, finding no distinction or trend using other statistical
approaches, or that other types should be distinguished, such as standard and
extreme ENSO.

5.2.1 Occurrences

There was a relatively strong La Nina episode during 1988—1989. La Nina also
formed in late 1983, in 1995, and a protracted La Nina event that lasted from
mid-1998 through early 2001. This was followed by a neutral period between
2001 and 2002. The La Nina which developed in mid-2007 and lasted until
almost 2009, was a moderate one. The strength of the La Nina made the 2008
Atlantic hurricane season one of the five most active since 1944; 16 named
storms had winds of at least 39 mph (63 km/h), eight of which became 74 mph
(119 km/h) or greater hurricanes.

A new La Nina episode developed quite quickly in the eastern and central
tropical Pacific in mid-2010, and lasted until early 2011. It intensified again in
the mid-2011 and lasted until early 2012 This La Nina, combined with record-
high ocean temperatures in the north-eastern Indian Ocean, has been a large
factor in the 2010-2011 Queensland floods, and the recent heavy snowstorms
in North America. The same La Nina event is also a likely cause of a series of
tornadoes of above-average severity that struck the Midwestern and Southern
United States in the spring of 2011, and is currently a major factor for the
drought conditions persisting in the South Central states including Texas,
Oklahoma and Arkansas. Meanwhile, a series of major storms caused extensive
flooding in California in December 2010, with seven consecutive days of non-
stop rainfall, leading to one of the wettest Decembers in over 120 years of
records. This is in contrast to the drier-than-normal conditions typically
associated with La Nina in California.
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La Nina contributed to severe drought in East Africa and to Australia's third
wettest year in its 112-year period of records. La Nina events between 1950 and
2014 are shown in the following figure:
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5.6 Natural Disasters

India, due to its geographical locations and geological formations, is a highly
disaster prone country. Its long coastline, snow-covered high peaks, high
mountain ranges, the perennial rivers in the north all combine to add to this
problem. India, which has only two per cent the total geographical area, has to
support 16 percent of total world population. Naturally, there is a tremendous
pressure on the natural resources, which directly or indirectly lead to the
occurrence of disasters, namely floods, droughts, landslides, earthquakes, efc.

India has faced a number of disasters, ranging from flood, earthquakes,
cyclones, tsunami, drought, landslides. A few recent disasters faced by India
include Uttar Kasha earthquake in UP in 1991. Later earthquake in Maharashtra
in 1993, Chama earthquake in Gujarat, super cyclone in Orissa in 1999, Buhl
earthquake in Gujarat in 2001, Tsunami in 2004 and Mumbai-Gujarat flood in
2005. Besides, India has a bad experience of technology-related tragedy in the
form of gas tragedy in Bhopal in 1984. India also faced the problem of Plague

in Gujarat.

5.7 Types of Disasters

A disaster is a natural or man-made hazard causing significant physical damage
or destruction, loss of life, or drastic change to the environment. A disaster can
be defined as any tragic event stemming from events such as earthquakes,
floods, catastrophic accidents, fires, or explosions. It is a phenomenon that can
cause damage to life and property and destroy the economic, social and cultural
life of people.
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5.6.1 Hazards are divided into natural or human-made:

A natural disaster is a consequence when a natural hazard affects humans
and/or the environment. Various phenomena like earthquakes, landslides,
volcanic eruptions, floods and cyclones are all natural hazards that kill
thousands of people and destroy crores of rupees of living environment and
property each year. Developing countries suffer more or less chronically by
natural disasters. Asia tops the list of casualties due to natural disasters.

Man-made disasters are the consequence of technological or human hazards.
Examples are stampedes, fires, transport accidents, oil and chemical spills,

nuclear radiations and wars.

5.6.2 EARTHQUAKES

An earthquake (also known as a quake, tremor or temblor) is the shaking of
the surface of the Earth, which can be violent enough to destroy major
buildings and kill thousands of people. The severity of the shaking can range
from barely felt to violent enough to toss people around. Earthquakes have
destroyed whole cities. They result from the sudden release of energy in
the Earth's crust that creates seismic waves.
The seismicity, seismism or seismic activity of an area refers to the frequency,

type and size of earthquakes experienced over a period of time.

Earthquakes are measured using observations from seismometers. The moment
magnitude is the most common scale on which earthquakes larger than
approximately 5 are reported for the entire globe. The more numerous
earthquakes smaller than magnitude 5 reported by national seismological
observatories are measured mostly on the local magnitude scale, also referred to
as the Richter magnitude scale. These two scales are numerically similar over
their range of validity. Magnitude 3 or lower earthquakes are mostly weak and
magnitude 7 and over potentially cause serious damage over larger areas,
depending on their depth. The largest earthquakes in historic times have been of
magnitude slightly over 9, although there is no limit to the possible magnitude.
The most recent large earthquake of magnitude 9.0 hit Japan in 2011 and the
largest Japanese earthquake of above 9 magnitude was observed in 2014 and is
considered largest since recording of earthquakes began. Intensity of shaking is
measured on the modified Mercalli scale. The shallower an earthquake, the

more damage to structures it causes.

At the Earth's surface, earthquakes manifest themselves by shaking and
sometimes displacement of the ground. When the epicenter of a large
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earthquake is located offshore, the sea-bed may be displaced sufficiently to
cause atsunami. Earthquakes can also trigger landslides, and occasionally

volcanic activity.

In its most general sense, the word “earthquake’ is used to describe any
seismic event — whether natural or caused by humans — that generates
seismic waves. Earthquakes are caused mostly by rupture of geological faults,

but also by other events such as volcanic activity, landslides, mine blasts,
and nuclear tests. An earthquake's point of initial rupture is called its focus or

“hypocenter”. The “epicenter” is the point at ground level directly above the

hypocenter.

5.6.2.1 Size and frequency of occurrence of earthquakes

It is estimated that around 5,00,000 earthquakes occur each year, detectable
with current very sensitive instruments. About 1,00,000 of these can be
felt. Minor earthquakes occur nearly constantly around the world. The number
of seismic stations has increased from about 350 in 1931 to many thousands
today. As a result, many more earthquakes are reported than in the past, but this
is because of the vast improvement in instrumentation, rather than an increase
in the number of earthquakes. The United States Geological Survey estimates
that, since 1900, there have been an average of 18 major earthquakes
(magnitude 7.0-7.9) and one great earthquake (magnitude 8.0 or greater) per
year, and that this average has been relatively stable. In recent years, the
number of major earthquakes per year has decreased.

Most of the world's earthquakes (90%, and 81% of the largest) take place in the
40,000 km long, horseshoe-shaped zone called the circum-Pacific seismic belt,
known as the Pacific Ring of Fire, which for the most part bounds the Pacific
Plate. Massive earthquakes tend to occur along other plate boundaries, too, such
as along the Himalayan Mountains.

With the rapid growth of mega-cities such as Mexico City, Tokyo and Tehran,
in areas of high seismic risk, some seismologists are warning that a single

quake may claim the lives of up to 3 million people.
5.6.2.2 Measuring and locating earthquakes
Earthquakes can be recorded by seismometers up to great distances,

because seismic waves travel through the whole Earth's interior. The absolute

magnitude of a quake is conventionally reported by numbers on the moment
magnitude scale (formerly Richter scale, magnitude 7 causing serious damage
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over large areas), whereas the felt magnitude is reported using the
modified Mercalli intensity scale.

Every tremor produces different types of seismic waves, which travel through
rock with different velocities:

. Longitudinal P-waves
o Transverse S-waves
. Surface waves

Propagation velocity of the seismic waves ranges from 3 km/s up to 13 km/s,
depending on the density and elasticity of the medium. In the Earth's interior
the shock or P waves travel much faster than the S waves (approx. relation 1.7 :
1). The differences in travel time from the epicentre to the observatory are a
measure of the distance and can be used to image both sources of quakes and
structures within the Earth. Also the depth of the hypocenter can be computed
roughly.

In solid rock P-waves travel at about 6 to 7 km per second; the velocity
increases within the deep mantle to ~13 km/s. The velocity of S-waves ranges
from 2-3 km/s in light sediments and 4-5 km/s in the Earth's crust up to 7 km/s
in the deep mantle. As a consequence, the first waves of a distant earthquake
arrive at an observatory via the Earth's mantle.

Earthquakes are not only categorized by their magnitude but also by the place
where they occur. The world is divided into 754 Flinn—Engdahl regions (F-E
regions), which are based on political and geographical boundaries as well as
seismic activity. More active zones are divided into smaller F-E regions

whereas less active zones belong to larger F-E regions.
5.2.3.1 Effects of earthquakes

5.6.2.3.1 Shaking and ground rupture

Shaking and ground rupture are the main effects created by earthquakes,
principally resulting in more or less severe damage to buildings and other rigid
structures. The severity of the local effects depends on the complex
combination of the earthquake magnitude, the distance from the epicenter, and
the local geological and geomorphological conditions, which may amplify or
reduce wave propagation. The ground-shaking is measured by ground

acceleration.
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Ground rupture is a visible breaking and displacement of the Earth's surface
along the trace of the fault, which may be of the order of several metres in the
case of major earthquakes. Ground rupture is a major risk for large engineering
structures such as dams, bridges and nuclear power stations and requires careful
mapping of existing faults to identify any which are likely to break the ground
surface within the life of the structure.

5.6.2.3.2 Landslides and avalanches

Earthquakes, along with severe storms, volcanic activity, coastal wave attack,
and wildfires, can produce slope instability leading to landslides, a major
geological hazard. Landslide danger may persist while emergency personnel are

attempting rescue.

5.6.2.3.3Fires

Earthquakes can cause fires by damaging electrical power or gas lines. In the
event of water mains rupturing and a loss of pressure, it may also become
difficult to stop the spread of a fire once it has started. For example, more
deaths in the earthquake were caused by fire than by the earthquake itself.

5.6.2.3.4 Soil liquefaction

Soil liquefaction occurs when, because of the shaking, water-
saturated granular material (such as sand) temporarily loses its strength and
transforms from a solid to a liquid. Soil liquefaction may cause rigid structures,
like buildings and bridges, to tilt or sink into the liquefied deposits. For
example, in the 1964 Alaska earthquake, soil liquefaction caused many
buildings to sink into the ground, eventually collapsing upon themselves.

5.6.2.3.5 Tsunami

Tsunamis are long-wavelength, long-period sea waves produced by the sudden
or abrupt movement of large volumes of water. In the open ocean the distance
between wave crests can surpass 100 kilometers, and the wave periods can vary
from five minutes to one hour. Such tsunamis travel 600-800 kilometers per
hour, depending on water depth. Large waves produced by an earthquake or a
submarine landslide can overrun nearby coastal areas in a matter of minutes.
Tsunamis can also travel thousands of kilometers across open ocean and wreak

destruction on far shores hours after the earthquake that generated them.

Ordinarily, earthquakes under magnitude 7.5 on the Richter scale do not cause
tsunamis, although some instances of this have been recorded. Most destructive
tsunamis are caused by earthquakes of magnitude 7.5 or more.
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5.6.2.3.6 Floods

A flood is an overflow of any amount of water that reaches land. Floods occur
usually when the volume of water within a body of water, such as a river or
lake, exceeds the total capacity of the formation, and as a result some of the
water flows or sits outside of the normal perimeter of the body. However,
floods may be secondary effects of earthquakes, if dams are damaged.

Earthquakes may cause landslips to dam rivers, which collapse and cause
floods.

5.6.2.3.7 Human impacts

An earthquake may cause injury and loss of life, road and bridge damage,
general property damage, and collapse or destabilization (potentially leading to
future collapse) of buildings. The aftermath may bring disease, lack of basic

necessities, and higher insurance premiums.

5.6.3 TSUNAMI

A tsunami is a word which in Japanese means "harbour wave"; this is also

known as a seismic sea wave or tidal wave. It is a series of waves in a body of

water caused by the displacement of a large volume of water, generally in an
ocean or alarge lake. Earthquakes, volcanic eruptions and other underwater
explosions (including  detonations  of  underwater nuclear  devices),
landslides, glacier calving, meteorite impacts and other disturbances above or
below water all have the potential to generate a tsunami. In being generated by
the displacement of water, a tsunami contrasts both with a normal ocean wave
generated by wind and with tides, which are generated by the gravitational pull
of the Moon and the Sun on bodies of water.

Tsunami waves do not resemble normal sea waves, because their wavelength is
far longer. Rather than appearing as a breaking wave, a tsunami may instead
initially resemble a rapidly rising tide, and for this reason they are often
referred to as tidal waves. Tsunamis generally consist of a series of waves
with periods ranging from minutes to hours, arriving in a so-called "wave
train". Wave heights of tens of metres can be generated by large events.
Although the impact of tsunamis is limited to coastal areas, their destructive
power can be enormous and they can affect entire ocean basins; the 2004 Indian
Ocean tsunami was among the deadliest natural disasters in human history with
at least 2,30,000 people killed or missing in 14 countries bordering the Indian
Ocean.
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5.6.3.1 History of Tsunami

As early as 426 BC the Greek historian Thucydides inquired in his
book History of the Peloponnesian War about the causes of tsunami, and was
the first to argue that ocean earthquakes must be the cause.

The Roman historian Ammianus Marcellinus described the typical sequence of
a tsunami, including an incipient earthquake, the sudden retreat of the sea and a
following gigantic wave, after the 365 AD tsunami devastated Alexandria.

While Japan may have the longest recorded history of tsunamis, the sheer
destruction caused by the 2004 Indian Ocean earthquake and tsunami event
mark it as the most devastating of its kind in modern times, killing around
2,30,000 people. The Sumatran region is not unused to tsunamis either, with
earthquakes of varying magnitudes regularly occurring off the coast of the
island.

Tsunamis are an often underestimated hazard in the Mediterranean Sea region
and Europe in general. Of historical and current importance are: the 1755
Lisbon earthquake and tsunami (which was caused by the Azores—Gibraltar
Transform Fault), thel1783 Calabrian earthquakes, each causing several ten
thousand deaths and the 1908 Messina earthquake and tsunami. The latter took
more than 1,23,000 lives in Sicily and Calabria and is among the most deadly
natural disasters in modern Europe.

5.6.3.2 Generation mechanisms

The principal generation mechanism (or cause) of a tsunami is the displacement
of a substantial volume of water or perturbation of the sea. As discussed above
the displacement of water can be because of earthquakes, landslides, volcanic
eruptions, glacier calvings or more rarely by meteorites and nuclear tests. The
waves formed in this way are then sustained by gravity. Tides do not play any
part in the generation of tsunamis.

5.7 Biodiversity

The term biodiversity was coined by Walter G. Rosen in the year 1985. The
term has been defined variously by various scientists. A precise definition as
given by IUCN (UNEP, 1992) states that, “Biodiversity is the totality of genes,
species, and ecosystem in a region”. According to Technology Assessment
office of USA, biological diversity is the variety and variability among living
organisms and the ecological complexes in which they occur. The biological
diversity concept can be divided at three levels — The Genetic Diversity, The
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Species Diversity, and The Ecosystem diversity — as shown in the following

figure:

Ecosystem '
Diversity i

Speciea
Diversity

The Genetic Diversity: At this level of organization, the diversity includes the

variation within species.

The Species Diversity: This level of biodiversity includes full range of species

within a specified area and includes viruses, bacteria, plants and animals.

The Ecosystem diversity: On this scale the biodiversity includes variations in

the biological communities.

5.7.1 Functions of Biodiversity

Two main functions of biodiversity are:

1. Tt is the source on which the entire human species depends on for food,
fibre, shelter, fuel and medicine.

2. It depends on biosphere which in turn leads to stability in climate, water,
soil, air and overall health of biosphere.

5.7.2 Value of Biodiversity

Definition and estimation of the value of biodiversity is not easy. The value of

biodiversity is classified into:
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1. Direct Value and
2. Indirect Value
7.2.1 Direct value of biodiversity is of two types

1. Consumptive use value and
2. Productive use value

5.7.2.1.1Consumptive use value: The consumptive use value is the value
placed on nature's products that are consumed directly, without passing through
a market. Some of them are firewood, food, and game meat. Consumptive value
seldom appears in national income accounts, but could be easily included in
measures such as GDP. It is valued from the cost if resource was sold at market

value, rather than being consumed.

High consumptive use values on resources may lead to the following problems:

1. Over-exploitation of wildlife in developing countries
2. Loss of traditional controls on hunting and
3. Loss of wildlife populations at productive levels.

Consumptive use value benefits the communities closest to the resource if

harvested sustainably and managed efficiently.

5.7.2.1.2 Productive use value: Productive use value refers to products that are
commercially harvested (sold in a market). Its value is estimated at the
production end rather than retail end by adding an inflated cost to the finished
product. Productive use value is often the only value of biological resource
reflected in national income accounts and may have a major impact on the
national economy. Timber, fish, honey, construction materials, mushrooms,
fruits, medicinal plants and game meat sold in a market have productive use

value.

5. 7.2.2 Indirect value of biodiversity

Indirect values provide economic benefits without being harvested and do not
appear in GDP. However, they are crucial to other natural products which
influence the GDP. These values involve functions performed by biodiversity
which are not of any use e.g. Ecological Processes etc. Direct values are often
derived from indirect values because plants and animals are supported by the
services provided by their environments. Many classes of plant and animal
species are consumed by tribal and non-tribal communities. Some examples of

indirect values are:
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1. Ecological functions
Flood and storm protection

Waste assimilation

2

3

4. Microclimatic functions
5 Nutrient cycles

6 Photosynthesis

7 Carbon stores

8. Soil protection, etc.

Indirect value of biodiversity is of the following types:

1. Non-consumptive use value
2. Optional value

3. Existence or ethical value and
4, Information value

5.7.2.2.1 Non-consumptive use value: This indirect value deals with nature's
functions and services. It includes photosynthesis of plants which provides
support system for other species by maintaining water cycle, regulating climate,
production and protection of the soil, absorption and breakdown of pollutants,
recreational, aesthetic, socio-cultural, scientific, educational, spiritual and
historic values of natural environments. Recreational value is important with

regard to tourism and helps the national GDP.

5.7.2.2.2 Optional value: This refers to the potential of biodiversity that is
currently known and needs to be explored. This refers to the idea that there may
be several existing species that may prove to be important in future and their
usefulness needs to be studied with reference to a specific problem currently
plaguing the society. e.g.:

1. The growing biotechnology field is searching for the cure for diseases
like cancer and AIDS.
2. Medicinal plants and herbs play a very important role in the economic

growth of our country.

5.7.2.2.3 Existence value: This is the value gained from continuous knowledge
of existence. Also, this is the value that people are willing to pay to keep a
species/community/ecosystem from going extinct. Examples of this are high
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amounts being spent for animals like pandas, whales, lions etc. Our rich
heritage teaches us to worship plants, animals, rivers and mountains. Examples
being the Ganga river, trees like Banyan and Peepal and plants like the Vambu,
Tulsi and Vengai are worshipped.

5.7.2.2.4 Information value: This relates to the educational, scientific,

aesthetic and tourism values of biodiversity in an ecosystem

5.7.2.2.5 Aesthetic Values: Beautiful plants and animals inspire us to protect

biodiversity. The most important aesthetic value of biodiversity is eco-tourism.

1. People from distant places spend time and money to visit areas where
they can enjoy aesthetic value of biodiversity. This is called eco-
tourism.

2. The pleasant music of wild birds, beautifully colored butterflies, color of
peacocks and color of flowers are very important for their aesthetic

value.

5.7.3 Threats to Biodiversity

Any disturbance in a natural ecosystem tends to reduce its biodiversity. Waste
generated due to increase in human population and industrialization spoils the
environment and leads to decreased diversity in biological species. Any change
in the system leads to a major imbalance and threatens the normal ecological
cycle. Causes for loss of biodiversity are:

1. Habitat loss

2. Poaching of wildlife and

3. Man-wildlife conflicts
5.7.3.1 Habitat loss:
The loss of populations of interbreeding organisms is caused by habitat loss.
Factors influencing habitat loss are:

1. Deforestation: Loss of habitat is mainly caused by deforestation activities.
Forests and grasslands are cleared for conversion into agriculture lands or
settlement areas or developmental projects. Forests and grasslands are
natural home to thousands of species which disintegrate due to loss of their
natural habitat.

2. Destruction of wetlands: Wetlands, estuaries and mangroves are destroyed

due to farming, filling and pollution that cause loss of biodiversity.
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3. Habitat fragmentation: When the habitat is divided into small and
scattered patches the phenomenon is called habitat fragmentation. This
leads to the disappearance of most wildlife.

4. Raw material: To produce hybrid seeds, wild plants are used as raw
materials leading to extinction of many wild plant species.

5. Production of drugs: Pharmaceutical companies collect wild plants for the
production of drugs leading to extinction of several medicinal plant species.

6. Illegal trade: Illegal trade of wildlife reduces biodiversity leading to
extinction of species.

7. Developmental activities: Construction of dams in forest areas coupled
with the discharge of industrial effluents kills birds and other aquatic
animals.

5.7.3.2 Poaching of wildlife:

Poaching refers to killing animals or commercial hunting. It contributes to loss
of biodiversity. Poaching can be of two types:

1. Subsistence poaching: This refers to killing animals for survival.

2. Commercial poaching: This refers to hunting animals in order to sell their
products.

Factors influencing poaching

1. Human population: Increased human population in India has led to
pressure on forest resources, leading to degradation of wildlife habitats

2. Commercial activities: Although a ban has been imposed internationally
on the trade of products of endangered species, there is a continued
smuggling of wildlife products. Since trading of such products is highly
profitable, poachers continue to hunt endangered animals and smuggle their
fur, skin and tusks to other countries.

Wildlife products include furs, horns, tusks, live specimens and herbal
products.

Richest source of biodiversity lies in developing nations in Asia, Africa and
Latin America.
Advanced countries like Europe, North America, Japan, Taiwan, Hong
Kong are the major importers of wildlife products.
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5.7.4 Conservation of Biodiversity

The following measures should be taken to conserve biodiversity

1. Illegal hunting and trade of animals and animal products should be
stopped immediately.

2. People should boycott purchasing coats, purse or bags made of animal

skin.

3. Biodiversity laws should be strengthened and culprits should be
punished.

4. Adequate crop and cattle compensation schemes must be started.

5. Solar powered fencing must be provided with electric current proof
trenches to prevent animals from entering fields.

6. Cropping pattern should be changed near the forest borders.

7. Adequate food and water should be made available for wild animals

within forest zones.

8. Development and construction work in and around forest region must be

stopped.

Biodiversity is one of the important tools for sustainable development. The
commercial, medical, genetic, aesthetic, and ecological importance of
biodiversity =~ emphasizes the need for its  conservation.

5.7.5 Factors Affecting Biodiversity

1. Biodiversity is disturbed by human activity.

2. Poaching of animals, over-exploitation of natural sources
and degradation of habitats affect biodiversity.

3. Marine ecosystems are disturbed due to oil spills and discharge of
effluents.

4. Climatic factors like global warming, ozone depletion and acid rain
also affect biodiversity.

5.7.6 Need for Biodiversity

1.
2.

It provides recreation and tourism.

Drugs, herbs, food and other important raw materials are derived from

plants and animals.

It preserves the genetic diversity of plants and animals.
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4. It ensures sustainable utilization of life supporting systems on earth.

5. It needs to conservation of essential ecological diversity and life supporting
systems.

6. Loss of biodiversity leads to ecological and environmental deterioration.
5.7.7 Biodiversity Conservation
There are two types of biodiversity conservation:

1. In-situ conservation and

2. Ex-situ conservation

5.7.7.1 IN-SITU CONSERVATION

In-situ conservation involves protection of flora and fauna within its natural
habitat. The natural habitats or ecosystems under in-situ conservation are called
"protected areas".

1. Biosphere reserves
2. National parks

3. Wildlife sanctuaries
4. Gene sanctuaries

Biosphere reserves cover large areas (>5000 sq.km.). They are normally used

to protect species for a long time. The roles of biosphere reserves are listed

below:
1. Long-term survival of evolving ecosystem.
2 Protect endangered species.
3 Protect maximum number of species and communities.
4. Serve as site of recreation and tourism.
5 May also be used for educational and research purposes.

Biosphere reserves function as an open system and changes in land use are not
allowed. No tourism and explosive activities are allowed in biosphere reserves.

A national park is an area dedicated for the conservation of wildlife along with
its environment. It covers an area ranging from 100 to 500 sq.km. One or more
national parks may exist within a biosphere reserve. A national park is used for
enjoyment through tourism, without affecting the environment. It is used to

protect, propagate and develop wildlife. Grazing domestic animals inside
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national parks is prohibited. All private rights and forestry activities are
prohibited inside a national park

Wildlife sanctuary is an area that is reserved for the conservation of animals
only.
1. It protects animals only.

2. It allows operations such as harvesting of timber, collection of forest
products, private ownership rights and forestry operations, provided it does
not affect animals adversely.

Gene sanctuary is an area where plants are conserved. Main purpose of gene

sanctuaries is to conserve genetic diversity in natural habitats. India has setup
its first gene sanctuary in the Garo Hills of Assam for wild relatives of citrus.
Efforts are also being made to setup gene sanctuaries for banana, sugarcane,
rice and Mango.

Other projects for the conservation of animals are Project Tiger, Gir Lion

Project, Crocodile breeding project, project elephant efc.
Advantages of in-situ conservation
1. TItis cheap and convenient
2. Species get adjusted to natural disasters like drought, floods, forest fires etc.
Disadvantages of in-situ conservation
1. A large surface area of earth is required to preserve biodiversity.
2. Maintenance is not proper due to shortage of staff and pollution.

5.7.7.2 Ex-Situ Conservation

Ex-situ conservation involves protection of flora and fauna outside their natural
habitats. This type of conservation is mainly done for conservation of crop

varieties and wild relatives of crops.

1. Ex-situ conservation involves maintenance and breeding of endangered

plant and animal species under controlled conditions.
2. Itidentifies those species that are at a high risk of extinction.

3. It prefers species that are important for man in the near future among the
endangered species.

5.7.7.2.1 Important centers of ex-situ conservation:

1. Botanical gardens
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Seed banks
Microbial culture collections
Tissue and cell cultures

Museums and

S

Zoological gardens

5.7.7.2.2 Methods of ex-situ conservation: Government of India has

established certain centers for the conservation of its plant and animal

resources. These are:

National Bureau of Plant Genetic Resources (NBPGR): It is located in New

Delhi and uses the Cryopreservation Technique to preserve agricultural and
horticultural crops. Cryopreservation technique involves using liquid nitrogen
at -196°C. Varieties of rice, turnip, radish, tomato, onion, carrot, chilli, tobacco
have been successfully preserved for years using this technique.

National Bureau of Animal Genetic Resources (NBAGR): It is located in

Karnal, Haryana and preserves the semen and cell line of various livestock

animals.

National Facility for Plant Tissue Culture Repository (NFPTCR): In this
facility, conservation of varieties of crop plants or trees is done using tissue
culture. This facility has been created within the NPBGR.

5.7.7.2.3 Advantages of Ex-situ conservation
1. Physiology of animal is monitored for better reproduction.

2. Survival of endangered species increases due to special care and

attention.

3. In captive breeding the animals are assured of medical facility, food,
water, shelter and security thereby have a longer life span.

4. 1Tt 1s carried-out in cases of endangered species that do not have any
chance of survival in the wild.

5.7.7.2.4 Disadvantages of Ex-situ conservation
1. Itis an expensive method.
2. Freedom of wildlife is lost.

3. Animals reared in captivity usually cannot survive in the natural

environment.
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5.7.8 Biodiversity Act

Government of India, considering the consistent and persistent loss of
biodiversity came forward with Biodiversity Act, 2002. Main aim of the act are
to regulate access to genetic resources and associated sharing arrangements,
apart from developing policies and programs on long term conservation and
protection of biological resources and associated knowledge. The National
Biodiversity Authority (NBA) was set up at Chennai on 1st October 2003 as per
the provisions of the Biological Diversity Act, 2002 is mandated to facilitate
implementation of the Act. Notable Points of the act are: 1) All foreign national
require approval from NBA for obtaining Biological Resources, 2) Indian
individuals/entities to seek approval before transferring knowledge/research and
material to foreigners, 3) Prior approval of NBA before applying for any kind
of IPR based on research conducted on biological material and or associated
knowledge obtained from India, 4) Indians required to provide prior intimation
to State Biodiversity Boards for obtaining biological material for commercial
purposes. SBB can regulate such access, 5) Growers and cultivators of
Biological Diversity and vaids and hakims who are practicing Indian system of
medicines and local people exempted. Salient features of the Biodiversity Act,
2002 are:

e 1. Biodiversity Management Committees [The Biodiversity Act, 2002
(2)] — It defines the duties of The Central and The State Governments,
State Biodiversity Board, Functions and Powers of The National
Biodiversity Authority, Regulation of Access to Biological Diversity,
Definitions, Introduction, Contents.

e 2. References [The Biodiversity Act, 2002 (3)] It is about Conclusion,
Nagoya Protocol, Significance/ Role in Pharmaceutical Industry, Forms

etc.

e 3. The Biological Diversity Act 2002 was born out of India’s attempt to
realize the objectives enshrined in the United Nations Convention on
Biological Diversity (CBD) 1992, which recognizes the sovereign rights
of states to use their own Biological Resources. Developed countries use
the biogenetic resources accessed from the developing countries. It
results in beginning of the unprotected flow of genetic information from
the developing countries to the capital-rich west, and a protected flow in
the reverse direction mainly through patents and Plant Breeders’ Rights
(PBR)
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4. [The Biodiversity Act, 2002 (5)] It is about conservation of biological
diversity, sustainable use of its components and fair and equitable
sharing of the benefits arising out of the use of biological resources and
knowledge.

5. “Biological resources” mean plants, animals and micro-organisms or
parts thereof, their genetic material and by-products (excluding value
added products) with actual or potential use or value, but does not

include human genetic material;

6. “Commercial utilization” means end uses of biological resources for
commercial utilization such as drugs, industrial enzymes, food flavors,
fragrance, cosmetics, emulsifiers, oleoresins, colors, extracts and genes
used for improving crops and livestock through genetic intervention, but
does not include conventional breeding or traditional practices in use in
any agriculture, horticulture, poultry, dairy farming, animal husbandry
or bee keeping [The Biodiversity Act, 2002 (7)].

7. “Sustainable use” means the use of components of biological
diversity in such manner and at such rate that does not lead to the
decline of the biological diversity thereby maintaining its potential to
meet the needs and aspirations of present and future generations [The
Biodiversity Act, 2002 (8)].

8. Regulation of Access to Biological Diversity: No person shall,
without previous approval of the National Biodiversity Authority, obtain
any biological resource occurring in India or knowledge associated there
to for research or for commercial utilization or for bio-survey and bio-
utilization [ The Biodiversity Act, 2002 (9)].

9. The persons who shall be required to take the approval of the
National Biodiversity Authority under sub-section (1) are the following,
namely :-(a) a person who is not a citizen of India; (b) a citizen of India;
who is a non-resident as defined in clause (30) of section 243 of 1961 of
the Income-tax Act, 1961; (c) a body corporate, association or
organization (i) not incorporated or registered in India; or (i)
incorporated or registered in India under any law for the time being in
force which has any non-Indian participation in its share capital or
management [The Biodiversity Act, 2002 (10)].

10. No person shall apply for any intellectual property right, by

whatever name called, in or outside India for any invention based on any
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research or information on a biological resource obtained from India
without obtaining the previous approval of the National Biodiversity
Authority [The Biodiversity Act, 2002 (11)].

11. Provided further that the National Biodiversity shall dispose of the
application for permission made to it within a period of ninety days from
the date of receipt thereof. Process for approval: 1) Application shall be
made in form III for getting approval with fee of 500. 2) Authority
investigate the application and if satisfy approval shall be granted as a
written agreement [The Biodiversity Act, 2002 (12)].

12. The head office of the national biodiversity authority shall be at
Chennai. There will be Chairperson, Members ex-officio (10), non-
official (5) [The Biodiversity Act, 2002 (13)].

13. The Central Government may remove any member from NBA who
has — adjudged offence of an immoral act, physically or mentally
abusing its position, incapable financial or other interest [The
Biodiversity Act, 2002 (16)].

14. Functions and powers of the national biodiversity authority Sec. 18
(1). It shall be the duty of the National Biodiversity Authority to
regulate activities, and (2) grant approval for undertaking any activity
referred to in section 3, 4 and 6. (3) The National Biodiversity Authority
may — (a) advise the Central Government on matters relating to the
conservation of biodiversity, sustainable use of its components and
equitable sharing of benefits arising out of the utilization of biological
resources. (b) advise the State Governments in the selection of areas of
biodiversity importance as heritage sites and take measures for the
management of such heritage sites. (4) The National Biodiversity
Authority may, on behalf of the Central Government, take any measures
necessary to oppose the grant of intellectual property rights in any
country outside India on any biological resource obtained from India or
knowledge associated with such biological resource which is derived
from India [The Biodiversity Act, 2002 (18)].

15. State biodiversity board Sec. 22 (1). With effect from such dates as
the State Government may appoint, for the purposes of this Act, a Board
for the State to be known as the (name of the State)
Biodiversity Board. The Board shall consist of the following members,

namely:- a) a Chairperson, b) five ex-officio members, c) five members

209



Mz0-07

from among the experts in matters relating to conservation of biological
diversity, sustainable use of biological resources and equitable sharing
of benefits arising out of the use of biological resources [The
Biodiversity Act, 2002 (19)].

16. The functions of the State Biodiversity Board shall be to — (a) advise
the State Government, on matters relating to the conservation of
biodiversity, sustainable use of its components and equitable sharing of
the benefits arising out of the utilization of biological resources; (b)
regulate by granting of approvals or otherwise requests for commercial
utilization or bio-survey and bio-utilization of any biological resource
by Indians [The Biodiversity Act, 2002 (20)].

17. Procedure for third party transfer of accessed biological resource:
Person shall make an application to the Authority in Form IV,
accompanied by a fee of ten thousand rupees in the form of Bank draft
or cheque drawn in favor of the Authority. The Authority shall after
collecting any additional information, decide upon the application as far
as possible within a period of six months of receipt of the same. The
approval as may be granted in the form of a written agreement decided
by the Authority [The Biodiversity Act, 2002 (21)].

18. Duties of the central and the state governments: To develop national
strategies, plans, etc., for conservation of biological diversity:- (1) The
Central Govt. provides in-situ and ex-situ conservation of biological
resources, (2) To provide immediate measures for safety of biological
areas rich in biological diversity, (3) The Central Govt. shall integrate
the conservation, promotion and sustainable use of biological diversity
and provide measures for protection [The Biodiversity Act, 2002 (22)].

19. Powers of Central Govt. to designate Repositories: (1) Designate
institutions as repositories for different categories of biological
resources, (2) To keep safe custody of the biological material including
voucher specimens, (3) To keep safe custody of any new taxon
discovered by any person [The Biodiversity Act, 2002 (23)].

20. Chronicling of knowledge relating to biological diversity. The
Biodiversity Act, 2002 (24) is about conservation of land races, folk
varieties and cultivars, domesticated stocks and breeds of animals and
micro organisms, sustainable use and documentation of biological

diversity including preservation of habitats, promoting conservation.
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21. (a) “Cultivar” means a variety of plant that has originated and
persisted under cultivation or was specifically bread for the purpose of
cultivation, (b) “folk variety” means a cultivated variety of plant that
was developed, grown and exchanged informally among farmers, (c)
“landrace” means primitive cultivar that was grown by ancient farmers
and their successors [The Biodiversity Act, 2002 (25)].

22. Application form (Form I) for access to Biological resources and
associated traditional knowledge, Application for seeking prior approval
of National Biodiversity Authority for transferring the results of
research to foreign nationals, companies, NRIs, for commercial
purposes (Form II), for seeking prior approval of National Biodiversity
Authority for applying for Intellectual Property Right (Form III), form
for seeking approval of National Biodiversity Authority for third party
transfer of the accessed Biological resources and associated traditional
knowledge (Form IV), memorandum of Appeal Within 30-45 days
(Form V), notice for hearing of the appeal (Form VI) must be submitted
before NBA [The Biodiversity Act, 2002 (26)].

23. Significance/Role in Pharmaceutical Industry: The NBA deals with
the requests for access to bio-resources and associated traditional
knowledge by foreign nationals, institutions or companies, and all
matters pertaining to the transfer of research findings to any foreign
national, imposition of terms and conditions to secure equitable sharing
of benefits, establish sovereign rights over the bio-resources of India and
approval for seeking any form of Intellectual Property Rights (IPRs) in
or outside India for an invention based on research or information

pertaining to a biological resource [The Biodiversity Act, 2002 (27)].

24. The Act imposes certain restrictions on request made by industries
related to access to biological resources and traditional knowledge if the
request is on: a) endangered taxa, b) endemic and rare taxa, c) likely to
have adverse effects on the livelihood of the local people and adverse
and irrecoverable environmental impacts, d) cause genetic erosion or
affect ecosystem function [The Biodiversity Act, 2002 (28)].

25. Establishing more predictable conditions for access to genetic
resources and implementation of Nagoya Protocol (The Nagoya
Protocol is a supplementary agreement to the Convention on Biological
Diversity). To access genetic resources and the fair and equitable
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sharing of benefits arising from their utilization to the Convention on
Biological Diversity. The Nagoya Protocol will create greater legal
certainty and transparency for both providers and users of genetic
resources [The Biodiversity Act, 2002 (29)].

e 26. Access obligations:- Domestic-level access measures are to: a)
Create legal certainty, clarity and transparency, b) Provide fair and non-
arbitrary rules and procedures, c¢) Establish clear rules and procedures
for prior informed consent and mutually agreed terms, d) Provide for
issuance of a permit or equivalent when access is granted, e) Create
conditions to promote and encourage research contributing to
biodiversity conservation and sustainable use [The Biodiversity Act,
2002 (30)].

e 27.a) Pay due regard to cases of present or imminent emergencies that
threaten human, animal or plant health, b) Consider the importance of
genetic resources for food and agriculture for food security Benefit-
sharing obligations:- Domestic-level benefit-sharing measures are to
provide for the fair and equitable sharing of benefits arising from the
utilization of genetic resources with the contracting party providing
genetic resources [ The Biodiversity Act, 2002 (31)].

5.7.8.1 Biodiversity hotspot

A biodiversity hotspot is a biogeographic region with a significant reservoir
of biodiversity that is under threat from humans. Norman Myers wrote about
the concept in two articles “Hotspots: Earth’s Biologically Richest and Most

Endangered Terrestrial Ecoregions”.

To qualify as a biodiversity hotspot on Myers 2000 edition of the hotspot-map,
a region must meet two strict criteria: it must contain at least 0.5% or 1,500
species of vascular plants as endemics, and it has to have lost at least 70% of its
primary vegetation. Around the world, 34 areas qualify under this definition,
with nine other possible candidates. These sites support nearly 60% of the
world's plant, bird, mammal, reptile, and amphibian species, with a very high

share of endemic species.
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South Asia: In South Asia four hotspots have been recognized, which are as

follows:
. Eastern Himalaya, Nepal
. Indo-Burma, India and Myanmar

Western Ghats, India
. Sri Lanka, Sri Lanka

Out of these four two are found in India and adjoining countries. These are
western Ghats and the Indo-Myanmar border.

Hotspot conservation initiatives

Only a small percentage of the total land area within biodiversity hotspots is
now protected. Several international organizations are working in many ways to

conserve biodiversity hotspots.

® (ritical Ecosystem Partnership Fund (CEPF) is a global program that
provides funding and technical assistance to nongovernmental
organizations and participation to protect the Earth's richest regions of
plant and animal diversity including: biodiversity hotspots, high-
biodiversity wilderness areas and important marine regions. It works in
more than 40 countries on four continents, with headquarters near
Washington, D.C.
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® The World Wildlife Fund has derived a system called the "Global 200
Ecoregions", the aim of which is to select priority Ecoregions for
conservation within each of 14 terrestrial, 3 freshwater, and 4 marine
habitat types. They are chosen for their species richness, endemism,
taxonomic uniqueness, unusual ecological or evolutionary phenomena,
and global rarity. All biodiversity hotspots contain at least one Global
200 Ecoregion.

® Birdlife International has identified 218 “Endemic Bird Areas”
(EBAs) each of which hold two or more bird species found nowhere
else. Birdlife International has identified more than 11,000 Important

Bird Areas all over the world.

® Plantlife International coordinates several organizations all over the

world aiming to identify Important Plant Areas.

® Alliance for Zero Extinction is an initiative of a large number of
scientific organizations and conservation groups who co-operate to
focus on the most threatened endemic species of the world. They have
identified 595 sites, including a large number of Birdlife’s Important
Bird Areas.

® The National Geographic Society has prepared a world map of the
hotspots and Arc View shape file and metadata for the Biodiversity
Hotspots including details of the individual endangered fauna in each
hotspot, which is available with Conservation International.

5.7.9 Biodiversity hotspots of India
5.7.9.1 The Western Ghats

The Western Ghats are a chain of hills that run along the western edge of
peninsular India. Because of their proximity to the ocean, they receive high
rainfall. These regions have moist deciduous forest and rain forest. The region
shows high species diversity as well as high levels of endemism. Nearly 77% of
the amphibians and 62% of the reptile species found here are found nowhere
else. The region shows biogeographical affinities to the Malayan region, and
the Satpura hypothesis proposed by Sunder Lal Hora suggests that the hill
chains of Central India may have once formed a connection with the forests of
northeastern India and into the Indo-Malayan region. Hora used torrent stream
fishes to support the theory, but it was also suggested to hold for birds. Later
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studies have suggested that Hora's original model species were a demonstration
of convergent evolution rather than speciation by isolation.

More recent phylogeographic studies have attempted to study the problem
using molecular approaches. There are also differences in taxa which are
dependent on time of divergence and geological history. Along with Sri Lanka
this region also shows some fauna similarities with the Madagascan region
especially in reptiles and amphibians. Examples include the Sinophis snakes,
the purple frog and Sri Lankan lizard Nessia, which appears similar to the
Madagascan genus Acontias. Numerous floral links to the Madagascan region
also exist. An alternate hypothesis that these taxa may have originally evolved
out-of-India has also been suggested.

Bio-geographical quirks exist with some taxa of Malayan origin occurring
in Sri Lanka but absent in the Western Ghats.

5.7.9.2 The Eastern Himalayas

The Eastern Himalayas is the region encompassing Bhutan, northeastern India,
and southern, central, and eastern Nepal. The region is geologically young and
shows high altitudinal variation. It has nearly 163 globally threatened species
including the one-horned rhinoceros (Rhinoceros unicornis), the Wild Asian
water buffalo (Bubalus bubalis) and in all 45 mammals, 50 birds, 17 reptiles, 12
amphibians, 3 invertebrate and 36 plant species. The relict dragonfly
(Epiophlebia laidlawi) is an endangered species found here with the only other
species in the genus being found in Japan. The region is also home to the
Himalayan newt (Tylototriton verrucosus), the only salamander species found

within Indian limits.
5.7.10 Kaziranga National Park

Kaziranga National Parkis anational parkin the Golaghat and Nagaon
districts of the state of Assam, India. A World Heritage Site, the park hosts two-
thirds of the world's great one-horned rhinoceroses. Kaziranga boasts the
highest density of tigers among protected areas in the world and was declared
a Tiger Reserve in 2006. The park is home to large breeding populations of
elephants, wild water buffalo, and swamp deer. Kaziranga is recognized as
an Important Bird Area by Birdlife International for conservation of avifaunal
species. Compared to other protected areas in India, Kaziranga has achieved
notable success in wildlife conservation. Located on the edge of the Eastern
Himalaya biodiversity hotspot, the park combines high species diversity and
visibility.
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Kaziranga is a vast expanse of tall elephant grass, marshland, and dense tropical
moist broadleaf forests, crisscrossed by four major rivers, including
the Brahmaputra, and the park includes numerous small bodies of water.
Kaziranga has been the theme of several books, songs, and documentaries. The
park celebrated its centennial in 2005 after its establishment in 1905 as a
reserve forest.

The history of Kaziranga as a protected area can be traced back to 1904,
when Mary Curzon, Baroness Curzon of Kedleston, the wife of the Viceroy of
India, Lord Curzon of Kedleston, visited the area. After failing to see a single
rhinoceros, for which the area was renowned, she persuaded her husband to
take urgent measures to protect the dwindling species which he did by initiating
planning for their protection. On 1 June 1905, the Kaziranga Proposed Reserve
Forest was created with an area of 232 km’.

Over the next three years, the park area was extended by 152 km’, to the banks
of the Brahmaputra River. In 1908, Kaziranga was designated a Reserve

Forest. In 1916, it was redesignated as a game sanctuary—7The Kaziranga
Game Sanctuary—and remained so till 1938, when hunting was prohibited and

visitors were permitted to enter the park.

The Kaziranga Game Sanctuary was renamed the Kaziranga Wildlife Sanctuary

in 1950 by P. D. Stracey, the forest conservationist, in order to rid the name of
hunting connotations. In 1954, the government of Assam passed the Assam

(Rhinoceros) Bill, which imposed heavy penalties for rhinoceros
poaching. Fourteen years later, in 1968, the state government passed the Assam
National Park Act of 1968, declaring Kaziranga a designated national park. The
430 km® park was given official status by the central government on 11
February 1974. In 1985, Kaziranga was declared a World Heritage
Site by UNESCO for its unique natural environment.

Kaziranga has been the target of several natural and man-made calamities in
recent decades. Floods caused by the overflow of the river Brahmaputra, lead to
significant losses of animal life. Encroachment by people along the periphery
has also led to a diminished forest cover and loss of habitat. An ongoing
separatist movement in Assam led by the United Liberation Front of
Asom (ULFA) has crippled the economy of the region, but Kaziranga has
remained unaffected by the movement; a commendable instance of rebels from
the United Liberation Front of Assam protecting the animals and, in extreme
cases, killing poachers, have been reported since the 1980s.
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Kaziranga is located between latitudes 26°30' N and 26°45'N, and longitudes
93°08"' E to 93°36'E within two districts in the Indian state of Assam—
the Kaliabor subdivision of Nagaon district and the Bokakhat
subdivision of Golaghat district. The park is approximately 40 km in length
from east to west, and 13 km in breadth from north to south. Kaziranga covers
an area of 378 km’, with approximately 51.14 km’ lost to erosion in recent
years. A total addition of 429 km’ along the present boundary of the park has
been made and designated with separate national park status to provide
extended habitat for increasing the population of wildlife or, as a corridor for
safe movement of animals to Karbi Anglong Hills. Elevation ranges from 40 m
to 80 m. The park area is circumscribed by the Brahmaputra River, which forms
the northern and eastern boundaries, and the Mora Diphlu forms the southern
boundary. Other notable rivers within the park are the Diphlu and Mora
Dhansiri.

Kaziranga has flat expanses of fertile, alluvial soil, formed by erosion and silt
deposition by the River Brahmaputra. The landscape consists of
exposed sandbars, riverine flood-formed lakes known as, beels, (which make up
5% of the surface area), and elevated regions known as, chapories, which
provide retreats and shelter for animals during floods. Many
artificial chapories have been built with the help of the Indian Army to ensure
the safety of the animals. Kaziranga is one of the largest tracts of protected land
in the sub-Himalayan belt, and due to the presence of highly diverse and visible
species, has been described as a "biodiversity hotspot”. The park is located in
the Indomalaya ecozone, and the dominantbiomes of the region are
Brahmaputra Valley, semi-evergreen forests of the tropical and subtropical
moist broadleaf forests biome and a frequently flooded variant of the Terai-
Duar savanna and grasslands of the tropical and subtropical grasslands,
savannas, and shrublands biome.

The park experiences three seasons: summer, monsoon, and winter. The winter
season, between November and February, is mild and dry, with a mean high of
25°C (77 °F) and low of 5 °C (41 °F). During this season, all water channels
dry up. The summer season between March and May is hot, with temperatures
reaching a high of 37 °C. During this season, animals usually are found near
water bodies. The rainy monsoon season lasts from June to September, and is
responsible for most of Kaziranga's annual rainfall of 2,220 mm. During the
peak months of July and August, three-fourths of the western region of the park
is submerged, due to the rising water level of the Brahmaputra. The flooding
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causes most animals to migrate to elevated and forested regions outside the
southern border of the park, such as the Mikir hills. 540 animals, including 13
thinos and mostly hog deers perished in unprecedented floods of
2012. However, occasional dry spells create problems as well, such as food
shortages and occasional forest fires.

Kaziranga contains significant breeding populations of 35 mammalian
species, of which 15 are threatened as per the [IUCN Red List. The park has the
distinction of being home to the world's largest population of the Greater One-
Horned Rhinoceros (1,855), wild Asiatic water buffalo (1,666) and eastern
swamp deer (468). Significant populations of large herbivores include elephants
(1,940), gaur (30) and sambar (58). Small herbivores include the Indian
muntjac, wild boar, and hog deer. Kaziranga has the largest population of the
Wild water buffalo anywhere accounting for about 57% of the world
population.

Kaziranga is one of the few wild breeding areas outside Africa for multiple
species of large cats, such asIndian tigers and leopards. Kaziranga was
declared a Tiger Reserve in 2006 and has the highest density of tigers in the
world (one per five kmz), with a population of 118, according to the latest
census. Other felids include the jungle cat, fishing cat, and leopard cat. Small
mammals include the rare hispid hare, Indian gray mongoose, small Indian
mongooses, large Indian civet, small Indian civets, Bengal fox, golden
jackal, sloth bear, Chinese pangolin, Indian pangolins, hog badger, Chinese
ferret badgers, and particoloured flying squirrel. Nine of the 14 primate species
found in India occur in the park. Prominent among them are the Assamese
macaque, capped and golden langur, as well as the only ape found in India,
the hoolock  gibbon. Kaziranga's rivers are also home to the
endangered Gangetic dolphin.

Kaziranga has been identified by Birdlife International as an Important Bird
Area. It is home to a variety of migratory birds, water birds, predators,
scavengers, and game birds. Birds such as the lesser white-fronted
goose, ferruginous  duck, Baer's  pochard duck, lesser  adjutant, greater
adjutant, black-necked stork, and Asian openbill stork migrate from Central
Asiato the park during winter. Riverine birds include the Blyth's
kingfisher, white-bellied heron, Dalmatian pelican, spot-billed
pelican, Nordmann's greenshank, and black-bellied tern. Birds of prey include
the rare eastern imperial, greater spotted, white-tailed eagle, Pallas's fish
eagle, grey-headed fish eagle, and the lesser kestrel.
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Kaziranga was once home to seven species of vultures, but the wvulture
population reached near extinction, supposedly by feeding on animal carcasses
containing the drug Diclofenac. Only the Indian vulture, slender-billed vulture,
and Indian white-rumped vulture have survived. Game birds include the swamp
francolin, Bengal florican, and pale-capped pigeon. Other families of birds
inhabiting Kaziranga include the great Indian hornbill and wreathed
hornbill, Old World babblers such as Jerdon’s and marsh babblers, weaver
birds such as the common baya weaver, threatened Finn's
weavers, thrushes such as Hodgson's bushchat and Old World warblers such as
the bristled grassbird. Other threatened species include the black-breasted
parrotbill and the rufous-vented prinia.

Two of the largest snakes in the world, the reticulated python and rock python,
as well as the longest venomous snake in the world, the king cobra, inhabit the
park. Other snakes found here include the Indian cobra, Russell's viper, and
the common krait. Monitor lizard species found in the park include the Bengal
monitor and the water monitor. Other reptiles include fifteen species of turtle,
such as the endemic Assam roofed turtle and one species of tortoise, the brown
tortoise. 42 species of fish are found in the area, including the Tetraodon.

Four main types of vegetation exist in this park. These are alluvial inundated
grasslands, alluvial savanna woodlands, tropical moist mixed deciduous forests,
and tropical semi-evergreen forests. Based on Landsat data for 1986, percent
coverage by vegetation is: tall grasses 41%, short grasses 11%, open jungle
29%, swamps 4%, rivers and water bodies 8%, and sand 6%.

There is a difference in altitude between the eastern and western areas of the
park, with the western side being at a lower altitude. The western reaches of the
park are dominated by grasslands. Tall elephant grass is found on higher
ground, while short grasses cover the lower grounds surrounding the beels or
flood-created ponds. Annual flooding, grazing by herbivores, and controlled
burning maintain and fertilize the grasslands and reeds. Common tall grasses
are sugarcanes, spear  grass, elephant  grass, and the common reed.
Numerous forbs are present along with the grasses. Amidst the grasses,
providing cover and shade are scattered trees—dominant species
including kumbhi, Indian gooseberry, the cotton tree (in savanna woodlands),
and elephant apple (in inundated grasslands). Thick evergreen forests, near the
Kanchanjhuri, Panbari, and Tamulipathar blocks, contain trees such
as Aphanamixis polystachya, Talauma hodgsonii, Dillenia

indica, Garcinia tinctoria, Ficus rumphii, Cinnamomum bejolghota, and
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species of Syzygium. Tropical semi-evergreen forests are present near Baguri,
Bimali, and Haldibari. Common trees and shrubs
are Albizia procera, Duabanga grandiflora, Lagerstroemia speciosa, Crateva
unilocularis, Sterculia urens, Grewia serrulata, Mallotus philippensis, Bridelia

retusa, Aphania rubra, Leea indica, and Leea umbraculifera.

There are many different aquatic floras in the lakes and ponds, and along the
river shores. The invasive water hyacinth is very common, often choking the
water bodies, but it is cleared during destructive floods. Another invasive
species, Mimosa invisa, which is toxic to herbivores, was cleared by Kaziranga
staff with help from the Wildlife Trust of India in 2005.

Kaziranga National Park has been granted maximum protection under the
Indian law for wildlife conservation. Various laws, which range in dates from
the Assam Forest Regulation of 1891 and the Biodiversity Conservation Act of
2002 have been enacted for protection of wildlife in the park. Poaching
activities, particularly of the rhinoceroses for its horn, has been a major concern
for the authorities. Between 1980 and 2005, 567 rhinoceroses were hunted by
poachers. Following a decreasing trend for the past few years, 18 one-horned
rhinoceroses were killed by poachers in 2007. Reports have suggested that there
are links between these poaching activities and funding of terrorism
Organization. But these could not be substantiated in later years. Preventive
measures such as construction of anti-poaching camps and maintenance of
existing ones, patrolling, intelligence gathering, and control over the use of
firearms around the park have reduced the number of casualties. Since 2013,
the park used cameras on drones which are monitored by security guards to
protect the rhino from armed poachers.

Perennial flooding and heavy rains have resulted in death of wild animals and
damage to the conservation infrastructures. To escape the water-logged areas,
many animals migrate to elevated regions outside the park boundaries where
they are susceptible to hunting, hit by speeding vehicles, or subject to reprisals
by villagers for damaging their crops. To mitigate the losses, the authorities
have increased patrols, purchased additional speedboats for patrol, and created
artificial highlands for shelter. Several corridors have been set up for the safe
passage of animals across National Highway—37, which skirts around the
southern boundary of the park. To prevent the spread of diseases and to
maintain the genetic distinctness of the wild species, systematic steps such as

immunization of livestock in surrounding villages and fencing of sensitive areas
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of the park, which are susceptible to encroachment by local cattle, are
undertaken periodically.

Water pollution due to run-off from pesticides from tea gardens, and run-off
from a petroleum refinery at Numaligarh, pose a hazard to the ecology of the
region. Invasive species such as Mimosa and wild rose have posed a threat to
the native plants in the region. To control the growth and irradiation of invasive
species, research on biological methods for controlling weeds, manual
uprooting and weeding before seed settling are carried out at regular intervals.
Grassland management techniques, such as controlled burning, are affected
annually to avoid forest fires.

5.8 Summary

This chapter includes Major terrestrial biomes,Theory of island
biogeography,Bio-geographical zones of India,Environmental pollution — air,
water, noise and radiation (electromagnetic and ionizing),Global environmental

changes — El Nino and La Nina,Natural Disasters — Earthquakes and Tsunami.

The Biodiversity part incudes — status, monitoring and documentation, major
drivers of biodiversity change; biodiversity management approaches; Outline
knowledge of Biodiversity Act of India. Biodiversity hotspots in India- Western
ghats and north East (ecology and major fauna); UNESCO heritage sites
(special mention of Kaziranga National Park).

5.9 Glossary

® Alpine: Part of mountain above tree line, but below permanent snow.

® Altitude: Height above sea level.

® Anthropogenic emission: Emissions of green house gases, green house
gas precursors, and aerosols associated with human activities.

® Arid Zone: A zone of very low rainfall.

® Atmosphere: The gaseous envelope surrounding a planet.

® Bioaccumulation: An increase in the concentration of a chemical in

specific organs or tissues at a level higher than would normally be
expected.

® Biodegradation: Oxidative breakdown of synthetic or natural organic

substances by microbial activity.
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Biodiversity: Refers to the variety and variability among living
organisms and the ecological complexes in which they occur. Biological
diversity is at three levels: genetic diversity, species diversity and
ecosystem diversity.

Biome: A major ecological community of organisms (a complex of
several communities may be under different succession stages)
maintained under a particular climate zone with a distinct vegetation
type. It includes desert, grasslands and forests.

Biosphere: The planet earth along with its living organisms and
atmosphere which sustains life i.e. the earth and atmosphere in which
organism live.

Biosphere reserve: Protected land, water and/or coastal environments
with their living organisms that together constitute a world-wide
network of scientific information and include significant example of
natural biomass and/or unique representative biological area throughout
the world.

Climate: Long-term weather condition and factors peculiar to a given
environment segment/area due to its geographical situation.
Deforestation: Destruction of forest cover and the undergrowth.
Ecological balance: Maintenance of equilibrium between living
components of any ecosystem, so that it remains in stable conditions.
Environment: The sum of all physical, chemical, biotic, and cultural
factors that affects life of organism in any way.

Environment science: Interdisciplinary study that uses information

from the biological, physical and social science to learn how we interact
with the earth, and how to deal with environment problems.

Fauna: Species content of animals present in any area.

Flora: Species content of plants present in any area.

Forest: A biome in which dominant plants are trees.

Genetic diversity: Variability in the genetic makeup among individuals
within a single species.

Glaciers: A slowly moving mass of snow and ice which occurs in high
mountain region or Polar regions.

Grassland: Herbaceous vegetation dominated by grasses.
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® Green house gases (GHGs): Greenhouse gases are those gaseous
constituents of the atmosphere, both natural and anthropogenic
generated, that absorb and emits radiations at specific wavelength within
the spectrum of infrared radiation emitted by the earth’s surface, the
atmosphere and clouds. This property causes the green house effect. Six
gases have been listed as GHGs in Kyoto Protocol — carbon dioxide,
nitrous oxide, methane, hydroflurocarbons, perflurocarbons and sulfur
hexachloride. Moreover, there are number of entirely human made green
house gases in the atmosphere such as the halocarbons and other
chlorine and bromine containing substance, dealt with under the
Montreal Protocol.

® Marsh: Water logged ground with large quantity of minerals.

® National Parks: Relatively large land or water areas which contain
representative samples and sites of major natural regions, features,
scenery, and/or plant and animal species of national or international
significance and are of special scientific, educational and recreational
interest. They contain one or several entire ecosystem that is not
materially altered by human exploitation or occupation. National park
are protected and managed by the government in a natural or near
natural state. Visitors enter under special conditions for inspirational,
educational, cultural and recreational purposes.

® Ozone hole: Thinning or break in ozone layer in the stratosphere.
Designation of amount of such depletion as “Ozone hole” is made when
detected amount of depletion exceeds fifty percent. Seasonal ozone hole
have been observed under both the Antarctic region and part of Canada
and the extreme Northeastern United States.

® QOzone layer: A layer of atmosphere (above 30-50Km from earth
surface) which contains ozone produced by UV radiations.

® Sanctuary: An area, usually in natural condition which is reserved or
set aside by a governmental or private agency for protection of natural
fauna or particular species of animals.

® Smog: A term applied to fog heavily polluted by smoke, such as used to
occur in London, particularly under condition of temperature inversion
in winter. The term is also applied to the Lachrymatory haze (such as
occurs over Los Angeles) produced by photochemical reactions that
occur under the influence of strong sunlight in air polluted by
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automobiles exhausted gases under temperature inversion condition. The
latter type of smog is usually referred to as photochemical smog or
oxidant smog. The irritating, visible haze resulting from the sun’s effect
on certain pollutants in the air (photo-chemical) and particularly those
pollutants from transportation (exhaust) and industry. Also, a mixture of
fog, smoke and gaseous waste. It is smoke arising from nitrogen oxides
and hydrocarbon emitted by motor vehicles and photochemical action of
sunlight.

Steppe: The amount of inorganic substance present at any given time in
the environment of an ecosystem.

Toxicology: Study of the harmful effects of toxic substance on living
organisms in any ecosystem.

Vegetation: The collective and continuous growth of plant in species
i.e. totality of plant growth or sum total of plant population covering a
region. It is descried, where as flora and fauna are listed.

Wetland: An area that is saturated by surface or ground water having
life adapted under those conditions. Swamps, bogs, fens, marshes and
estuaries are examples of wetland. These are a major refuge for wildlife
including many rare species.

Wildlife: Includes any animal and aquatic and land vegetation, which
form part of any habitat. In practice it is used for a particular animal
species.

Zoogeography: The study of the geographical distributions of animal.

5.10 Self-Learning Exercise

el A o D e

Section -A (Very Short Answer Type):

What are biomes?

Who coined the term Island Biogeography?

Any unfavourable alteration of our surroundings is known as......

..1s the unit of measurement of Noise Pollution.

What is El Nino?
Name two types of Disasters.

What are two important ways of biodiversity conservation?
What does IUCN stand for?
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Section -B (Short Answer Type) :

Define the Desert biome. What are the adaptations found among animals of
the biome?

What are the major factors that influence species abundance on an Island?
What are applications of Island biogeography in conservation biology?
What are major sources of Air Pollution?

What are effects of Noise pollution on Humans?

What are major effects of El Nino?

Discuss various effects of Earthquakes.

What measure can help us in conservation of Biodiversity?

Section -C (Long Answer Type)

What are major terrestrial biomes of the World? Discuss important plant

and animal life found in them.
What is biogeography? Describe various biogeographic regions of India.
What is pollution? Discuss various types of pollution and their effects.

Define Biodiversity. What are various values of Biodiversity? Describe

important threats to Biodiversity.

Write an account of El Nino and La Nina and their impact on global

climate?

Answer Key of Section-A

Biomes are very large areas on earth’s surface with flora and fauna
adapted for that particular environment

Robert H. MacArthur and E. O. Wilson

Pollution

Decibel (dB)

The periodic warming in the Pacific near South America, often noticed
around Christmas, is known as El Nino.

Natural and Man-made

In-situ conservation andEx-situ conservation

International Union for Conservation of Nature and natural resources
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Unit-6

Conservation Biology

Structure of the Unit

6.1
6.2
6.3
6.4

6.5
6.6
6.7
6.8
6.9
6.10
6.11

6.12
6.13

Objectives

Conservation of Biology

Major conservation strategy to management
Conservation Management

6.4.1 In-situ Conservation
6.4.1.1 Protection of habitat

6.4.1.2 National parks and sanctuaries
6.4.1.3 Biosphere Reserves
6.4.1.4 Species-oriented projects
6.4.1.5 Project Tiger
6.4.1.6 Sacred forests and sacred lakes
6.4.2 Ex-situ Conservation
6.4.2.1.Gene Banks
6.4.2.2.Cryopreservation
6.4.2.3.Conservation at molecular level (DNA level)
6.4.2.4.Legal measures
Wildlife Acts and Schedules
Hot Spots
CITES (Convention on International Trade in Endangered Species)
The World Wide Fund for Nature (WWF)
Traffic
Environmental Information System:

IUCN (International Union for Conservation of Nature and Natural

Resources)
Zoological Survey of India

Ramsar Convention

227



Mz0-07

6.14 Summary

6.15 Glossary:

6.16 Self-Learning Exercise
6.17 References

6.1 Objectives

After going through this unit you will be able to understand

®  Universal Interaction of Conservation with bio-diversity
®  Major conservation strategy to management bio-diversity
®  (Conservation Methodology to manage bio-diversity

® [ndian Wildlife Acts and Schedules

®  Major Organizations working to manage bio-diversity

®  Ramsar Convention with special mention of Sunderbans

6.2 Conservation of Biology

A wide variety of living organisms including plants, animals, and micro-
organisms on planet earth makes the world a beautiful place. The huge diversity
of living organisms form an inseparable and significant part of our planet,
however, though increasing human population is posing serious threats to bio-
diversity. There has been a direct loss of species during the development
activities; the new environment is unsuitable for the many species to survive.
Over-exploitation of recourses reduces the size of the population of a species
and may push it towards extinction one day. We can conclude
that”Conservation biology is the study of nature and biodiversity with the aim
of protecting species, their habitats, and ecosystems from excessive rates of
extinction and the erosion of biotic interactions”. The Conservation biology and
the concept of biodiversity emerged together which helps to emphasize the
modern era of conservation science and policies. The major objectives of
Conservation biology is protection, upliftment and scientific management of
biodiversity so as to maintain it at its threshold level and derive maximum

sustainable benefits for the present and future generation on this planet.
Mainly the conservation of biodiversity has three basic Principles as-
(a) To maintain essential ecological processes and life supporting systems.

(b) To preserve the diversity of species.
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(c) To make sustainable utilisation of species and ecosystems.

6.3 Major conservation strategy to management:

Conservation is the planned management of natural resources, to retain the

balance in nature and retain the diversity. It also includes wise use of natural

resources in such a way that the needs of the present generation are met and at

the same time leaving enough for the future generations. The following

strategies should be undertaken in order to conserve biodiversity:

All the possible varieties may be old or new of food, forage and timber
plants, live stock, agriculture animals and microbes should be
conserved.

Critical habitats for each species should be identified and safeguarded.
Priority should be given to preserving unique ecosystems.

There should be the sustainable utilisation of resources.

International trade in wild life should be highly regulated.

The poaching and hunting of wildlife should be prevented as far as
practicable.

Care should be taken for the development of reserves and protected

arcas.

Efforts should be made to reduce the level of pollutants in the

environment.

Public awareness should be created regarding biodiversity and its

importance for the living organisms.

Priority should be given in wildlife conservation programme to
endangered species over vulnerable species and to vulnerable species

over rarc species.

The habitats of migratory birds should be protected by bilateral and

multilateral agreement.

The over exploitation of useful products of wild life should be
prevented.

The useful animals, plants, and their wild relatives should be protected
both in their natural habitat (in-situ) and in zoological-botanical gardens
(ex-situ)
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® Efforts should be made for setting up of National parks and wild life
sanctuaries to safeguard the genetic diversity and their continuing
evolution. Environmental laws should be strictly followed.

6.4 Conservation Management:

To protect and manage the biodiversity & to acchive the Conservation efforts,
conservation methods can be grouped into the following two categories:

6.4.1. In-situ methods

In-situ conservation includes the protection of plants and animals within their
natural habitats or in protected areas. Protected areas are land or seas dedicated
to protecting and maintain biodiversity.

6.4.1.1. Protection of habitat

The main strategy for conservation of species is the protection of habitats in
representative ecosystems. Currently, India has ninety-six National Parks, five
hundred Wildlife Sanctuaries, thirteen Biosphere Reserves, twenty-seven Tiger
Reserves and eleven Elephant Reserves covering an area of 15.67 million
hectares or 4.7 % of the geographical area of the country. Twenty-one wetlands,
thirty mangrove areas, and four coral reef areas have been identified for
intensive conservation and management purposes by the Ministry of
Environment and Forests, Govt. of India.

6.4.1.2. National parks and sanctuaries

India is unique in the richness and diversity of its vegetation and wildlife.
India’s national parks and wildlife sanctuaries (including bird sanctuaries) are
situated Ladakh in the Himalayas to Southern tip of Tamil Nadu with its rich
bio-diversity and heritage. Wildlife sanctuaries in India attract people from all
over the world as the rarest of rare species are found here. With 96 national
parks and over 500 wildlife sanctuaries, the range and diversity of India’s
wildlife heritage are unique. Some of the main sanctuaries in India are The Jim
Corbett Tiger Reserve- Uttaranchal, Kanha National Park, Madhya Pradesh,
Bandhavgarh National Park- Madhya Pradesh, Ranthambhor National Park-
Sawai Madhopur, Gir National Park-Sasangir (Gujarat) etc.

Wildlife lovers eager to see magnificent Bird Sanctuary at Bharatpur, Rajasthan
as it is the second habitat in the world that is visited by the Siberian Cranes in
winter and it provides a vast breeding area for the native water birds, Great
Indian bustard is found in the Indian deserts. In western Himalayas, one can see
birds like Himalayan monal pheasant, western tragopanm koklass, white crested
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khalij pheasant, griffon wvultures, lammergiers, choughs, ravens. In the
Andaman and Nicobar region, about 250 species and subspecies of birds are
found, such as rare Narcondum horn bill, Nicobar pigeon, and megapode.
While the national parks and sanctuaries in South India, too. For e.g.
Madumalai in Tamil Nadu and Bandipur Tiger Reserve and Nagahole National
Park in Karnataka. Many National Parks and Sanctuaries have been established
to preserve wildlife in their natural environment. Wildlife Conservation Society
(WCS) India in association with other NGO partners and tribal people, is
making every possible effort to develop new models of wildlife conservation to
preserve India’s most treasured fauna and to protect the environment. Some of

them are given below along with important species found there.

 Kaziranga sanctuary (Assam) — One-horned rhinoceros

* Manas sanctuary (Assam) — Wild buffaloes

* Gir forest (Gujarat) — Lions, chital, sambar, wild bears

» Kelameru bird sanctuary (Andhra Pradesh) — Pelicans and marine birds

* Dachigam sanctuary (Jammu and Kashmir) — Kashmir stags, Himalayan

tahr.

* Bandipur sanctuary (Karnataka) — Indian bison, elephants, langurs

* Periyar sanctuary (Kerala) — Elephants, barking deer, sambhar

» Kanha National Park (Madhya Pradesh) — Tiger, leopards, wild dogs

 Simipal National Park (Orissa) — Mangroves, marine turtles lay eggs

 Bharatpur bird sanctuary (Rajasthan) — Ducks, herons

* Corbett National Park (Uttaranchal) —Tigers, barking deer, rhesus

monkey.

+ Jaladpara sanctuary (West Bengal) — Rhinoceros
6.4.1.3. Biosphere Reserves
These are representative parts of natural and cultural landscapes extending over
large areas of terrestrial or coastal/marine ecosystems which are internationally
recognized within UNESCO’s Man and the Biosphere Program Thirteen
biodiversity- rich representative ecosystems , largely within the forest land
(total area — 53,000 sq. km.), have been designated as Biosphere Reserves in
India. The concept of Biosphere Reserves (BR) was launched in 1975 as a part
of UNESCQO’s Man and Biosphere Program, dealing with the conservation of
ecosystems and the genetic material they contain. A Biosphere Reserve consists
of the core, buffer and transition zones. (a) The core zone is fully protected and
natural area of the Biosphere Reserve least disturbed by human activities. It is
legally protected ecosystem in which entry is not allowed except with
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permission for some special purpose. Destructive sampling for scientific

investigations is prohibited.

Human settlement

Buffer zone

Transition zone

Figure 6.1: Human Settelment (A terrestrial Biosphere reserve).

(b) The buffer zone surrounds the core zone and is managed to accommodate a
greater variety of resource use strategies, and research and educational
activities. (c) the transition zone, the outermost part of the Biosphere Reserve,
is an area of active cooperation between the reserve management and the local
people, wherein activities like settlements, cropping, forestry , recreation and
other economic that are in harmony with the conservation goals. Till date, there

were 553 biosphere reserves located in 107 countries.

The main functions of the biosphere reserves are:

® Conservation: Long term conservation of representatives, landscapes and
different types of ecosystems, along with all their species and genetic
resources.

® Development: Encourages traditional resource use and promote economic
development which is culturally, socially and ecologically sustainable.

® Scientific research, monitoring and education- Support conservation
research, monitoring, education and information exchange related to local,

national and global environmental and conservation issues.
6.4.1.4. Species-oriented projects
Certain species have been identified as needing a concerted and specifically

directed protection effort. Project Tiger, Project Elephant and Project crocodile

are examples of focusing on single species through conserving their habitats.
Project Tiger — A success in species conservation: Tigers which were once

abundant in Indian forests have been hunted. As a result tiger population within
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the country declined drastically from estimate of 40,000 at the turn of century
to 1200 by the 1970. This led to initiate the Project Tiger in 1973 with the
objective of conserving and rescuing this species from extinction. In 2007, there
were more than 40 Project Tiger wildlife reserves covering an area of 37,761
km?. Project Tiger helped to increase the population of these tigers from 1,200
in the 1970s to 3,500 in 1990s. However, a 2008 census held by Government of
India revealed that the tiger population had dropped to 1,411. A total ban has
been imposed on hunting of tigers and trading in tiger products at the national
and international levels. Elaborate management plans are made for each of the
tiger reserves for tiger habitat improvement and antipoaching measures.

6.4.1.5. Sacred forests and sacred lakes:

A traditional strategy for the protection of biodiversity has been in practice in
India and some other Asian countries in the form of sacred forests. These are
small forest patches protected by tribal communities due to religious sanctity.
These have been free from all disturbances. Sacred forests are located in several
parts of India i.e. Karnataka, Maharashtra, Kerala, Meghalaya. Similarly,
several water bodies for example, Khecheopalri Lake in Sikkim, have been
declared sacred by the people, leading to protection of aquatic flora and fauna.

6.4.2 Ex-situ Conservation

Ex-situ conservation of plants and animals outside their natural habitats. These
include botanical gardens, zoo, gene banks, seek bank, tissue culture and
cryopreservation.  To complement in-situ conservation efforts, ex-situ
conservation is being undertaken through setting up botanic gardens, zoos,
medicinal plant parks, etc by various agencies. The strategies for ex-situ
conservations are:

® [dentification of species to be conserved.

® Adoption of Different ex-situ methods of conservation.

® [ong-term captive breeding for the species which have lost their
habitats permanently.

®  Short-term propagation and release of the animals in their natural habitat
®  Animal translocation

®  Animal reintroduction

® Advanced technology in the service of endangered species.

® [t gives longer life time and breeding activity to animals.
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® Genetic techniques can be utilised in the process.

® (Captivity breed species can again be reintroduced in the wild.
Some disadvantages of this method are:
(a) The favourable conditions may not be maintained always.
(b) Mew life forms cannot evolve.

(¢) This technique involves only few species.

6.4.2.1. Gene Banks

Ex-situ collection and preservation of genetic resources is done through gene
banks and seed banks. The National Bureau of Plant Genetic Resources
(NBPGR), New Delhi preserves seeds of wild relatives of crop plants as well as
cultivated varieties; the National Burecau of Animal Genetic Resources at
Karnal, Haryana maintains the genetic material for domesticated animals, and
the National Bureau of Fish Genetic Resources, Lucknow for fishes.

6.4.2.2. Cryopreservation

(“freeze preservation”) is particularly useful for conserving vegetative
propagated crops. Cryopreservation is the storage of material at ultra low
temperature of liquid nitrogen (-196 C) and essentially involves suspension of
all metabolic processes and activities. Cryopreservation has been successfully
applied to meristems, zygotic and somatic embryos, pollen, protoplasts cells
and suspension cultures of a number of plant species.

6.4.2.3. Conservation at molecular level (DNA level)

In addition to above, germplasm conservation at molecular level is now feasible
and attracting attention. Cloned DNA and material having DNA in its native
state can all be used for genetic conservation. Furthermore, non-viable material
representing valuable genotypes stored in gene banks can all be used as sources
of DNA libraries from where a relevant gene or a combination of genes can be
recovered.

6.4.2.4. Legal measures

Market demand for some body parts like bones of tiger, rhino horns, furs, ivory,
skins, musk, peacock feathers, etc results in killing the wild animals. The
Wildlife Protection Act (1972) contains provisions for penalties or punishment
to prevent poaching and illegal trade. India is also a signatory to the Convention
on International Trade in Endangered Species of Wild Fauna and Flora
(CITES).

234



Mz0-07

6.5 Wildlife Acts and Schedules:

The Wildlife Protection Act, 1972 is an Act of the India enacted for protection
of plants and animal species. Before 1972, India only had five designated
national parks. Among other reforms, the Act established schedules of
protected plant and animal species; hunting or harvesting these species was
largely outlawed. The Act provides for the protection of wild animals, birds and
plants; and for matters connected therewith or ancillary or incidental thereto. It
has six schedules which give varying degrees of protection. Schedule I and part
IT of Schedule II provide absolute protection - offences under these are
prescribed the highest penalties. Species listed in Schedule III and Schedule IV
are also protected, but the penalties are much lower. Schedule V includes the
animals which may be hunted. The plants in Schedule VI are prohibited from
cultivation and planting. The hunting to the Enforcement authorities have the
power to compound offences under this Schedule. The Penalties are prescribed
in section 51, in which againt victim, the Forest Department, the Police, the
Wildlife Crime Control Bureau (WCCB), the Customs and the Central Bureau
of Investigation (CBI) can filed Chargesheets directly .

In the another act as Biological Diversity Act, 2002, provides for setting up of a
National Biodiversity Authority (NBA), State Biodiversity Boards (SBB) and
Biodiversity Management Committees (BMC) in local bodies. The SBB may
prohibit the import if found to violate the objectives of conservation,
sustainable use and benefit sharing. The monetary benefits, fees and royalties,
as a result of approvals by NBA are to be deposited in National Biodiversity
Fund which will be used for conservation and development of areas in
consultation with local self government. The Wildlife Protection Act (1972)
and Biodiversity Act (2002) at the national level and The CITES and The
Convention on Biodiversity at the international level regulate the trade in
biodiversity and promote its conservation and sustainable use.

6.6 Hot Spots

Hot spots are the areas with high density of biodiversity or mega diversity
which are most threatened at present. Biodiversity Hot Spots features are
1.Locations around the world that is characterized by exceptional levels of
endemic species and critical levels of habitat loss.

2. At least 1500 species of vascular plants are endemic 3. The region must have
lost at least 70 percent of its original habitat. There are 34 hot spots in world,
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out of which four are located in India namely(1) Western Ghats (2) North-East
Himalaya(3) Indo-Burma Region and (4) Andaman and Nicobar Islands of
Sundaland. The hot spots are determined considering four factors:

(1) Degrees of endemism;
(i1) Degree of expectation
(1i1) Degrees of threat to habitat due to its degradation and fragmentation and

(iv) Number of Species diversity.

6.7 CITES

The CITES is a Convention on International Trade in Endangered Species of
Wild Fauna and Flora that is a multilateral treaty to protect endangered plants
and animals. it also known as the Washington Convention that was drafted as a
result of a resolution adopted in 1963 at a meeting of members of the
International Union for Conservation of Nature (IUCN). Its aim is to ensure the
international trade in specimens of wild animals and plants that does not
threaten the survival of the species in the wild, and it accords varying degrees
of protection to more than 35,000 species of animals and plants.

6.8 The World Wide Fund for Nature (WWF):

It is an international non-governmental organization, working in the field of the
biodiversity conservation, and the reduction of humanity's footprint on the
environment. It was formerly named the World Wildlife Fund. The group's
mission is "to stop the degradation of the planet’s natural environment and to
build a future in which humans live in harmony with nature." Among other
issues, it is also concerned with endangered species, sustainable production of
commodities and climate change. WWF's current strategy for achieving its
mission specifically focuses on restoring populations of 36 species (species or
species groups that are important for their ecosystem or to people, including
elephants, tunas, whales, dolphins and porpoises), and ecological footprint in 6
areas (carbon emissions, cropland, grazing land, fishing, forestry and water).
The organization also works on a number of global issues driving biodiversity
loss and unsustainable use of natural resources, including finance, business
practices, laws, and consumption choices. Local offices also work on national

or regional issues.
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6.9 Traffic

It is a joint program of World Wide Fund for Nature (WWF) and the World
Conservation Union (IUCN). It is a wildlife trade monitoring network that is
leading as non-governmental organization working globally on trade in wild
animals and plants in the context of both biodiversity conservation and
sustainable development. TRAFFIC also works in co-operation with the
Secretariat of the Convention on International Trade in Endangered Species of
Wild Fauna and Flora (CITES). The main objectives are as :

® [nvestigating and analyzing wildlife trade trends, patterns, impacts and drivers
to provide the leading knowledge base on trade in wild animals and plants;

® [nforming, supporting and encouraging action by governments, individually
and through inter-governmental cooperation to adopt, implement and enforce
effective policies and laws;

® Providing information, encouragement and advice to the private sector on
effective approaches to ensure that sourcing of wildlife uses sustainability
standards and best practice;

® Developing insight into consumer attitudes and purchasing motivation and
guiding the design of effective communication interventions aimed to

dissuade purchasing of illicit wildlife goods.

® Developing insight into consumer attitudes and purchasing motivation and
guiding the design of effective communication interventions aimed to

dissuade purchasing of illicit wildlife goods.

6.10 Environmental Information System:

ENVIS is serving the interests of policy formulation and environment
management at all levels of Government as well as decision-making aimed at
environmental protection and its improvement for sustaining good quality of
life of all living beings. The purpose has been to ensure integration of national
efforts in web-enabled environmental information collection, collation, storage,
retrieval and dissemination to all concerned, including policy planners,

decision-makers, researchers, scientists and the public.

The major objectives of the Scheme are as follows:

® To build up a repository and dissemination Centre in environmental science

and engineering.
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® To gear up state-of-art technologies of information acquisition, processing,

storage, retrieval and dissemination of environmental nature.

®To support and promote research, development and innovation in

environmental information technology.

® To provide national environmental information service relevant to present
needs and capable of meeting the future needs of the users, originators,

processors and disseminators of information.

® To build up storage, retrieval and dissemination capabilities, with the ultimate
objective of disseminating information speedily to the users.

® To promote national and international cooperation and liaison for exchange of

environment-related information.

® To promote, support and assist education and personnel training programmes
designed to enhance environmental information processing and utilizing

capabilities.

®To promote and exchange of environment-related information amongst

developing countries.

6.11IUCN (International Union for Conservation of Nature and Natural

Resources)

The International Union for Conservation of Nature and Natural Resources is
an international organization working in the field of nature conservation and
sustainable use of natural resources. It is involved in data gathering and
analysis, research, field projects, advocacy, lobbying, and education. IUCN's
mission is to "influence, encourage and assist societies throughout the world to
conserve nature and to ensure that any use of natural resources is equitable and
ecologically sustainable." IUCN was established in 1948. It was previously
called the International Union for Protection of Nature (1948—1956) and the
World Conservation Union (1990-2008). The organization is best known to the
wider public for compiling and publishing the IUCN Red List, which assesses
the conservation status of species worldwide.

The IUCN Red List of Threatened Species founded in 1964, is the world's most
comprehensive inventory of the global conservation status of biological species.
The International Union for the Conservation of Nature (IUCN) is the world's
main authority on the conservation status of species. A series of Regional Red
Lists are produced by countries or organizations, which assess the risk of
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extinction to species within a political management unit. The IUCN Red List is
set upon precise criteria to evaluate the extinction risk of thousands of species
and subspecies. According to IUCN (1996), the formally stated goals of the
Red List are (1) to provide scientifically based information on the status of
species and subspecies at a global level, (2) to draw attention to the magnitude
and importance of threatened biodiversity, (3) to influence national and
international policy and decision-making, and (4) to provide information to
guide actions to conserve biological diversity. Collectively, assessments by
these organizations and groups account for nearly half the species on the Red
List. These categories are defined below in Table.

Table 6.1: The IUCN Threat Categories

List Category Definition
) A taxon is extinct when there is no reasonable
Extinct e .
doubt that the last individual has died.
) ) A taxon is extinct in the wild when exhaustive
Extinct in the ) .
d surveys in known and/or expected habitats have
wi : g
failed to record an individual.
. A taxon is critically endangered when it is facing
Critically L . e .
high risk of extinction in the wild in immediate
endangered
future.
A taxon is endangered when it is not critically
Endangered endangered but is facing a very high risk of
extinction in the wild in near future.
A taxon is vulnerable when it is not critically
Vulnerable endangered or endangered but is facing high risk of
extinction in the wild in the medium term future.
A taxon is lower risk when it has been evaluated
Lower risk and does not satisfy the criteria for critically
endangered, endangered or vulnerable.
A taxon is data deficient when there is inadequate
Data deficient information to make any direct or indirect
assessment of its risk of extinction.
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A taxon is not evaluated when it has not yet been
Not evaluated

assessed against the above criteria.

The IUCN Red List is an authentic source of information for this purpose. The
2000 Red List is the latest available. It uses a set of criteria, relevant to all
species and all regions of the world, to evaluate the extinction risk of species.
The 2000 Red List contains an assessment of more than 18,000 species; 11,000
of which are threatened (5,485 animals and 5611 plants). Out of these, 1,939
are listed as critically endangered (925 animals, and 1,014 plants).According to
the Red List, in India, 44 plant species are critically endangered., 113
endangered and 87 vulnerable. Amongst animals, 18 are critically endangered,
54 endangered and 143 Vulnerable. A few examples of these plant and animals

are given in table:

Table 6.2: Examples of threatened species in India

Category Plant species Animal species

Critically Berberis nilghiriensis Sus salvanius, (Pigmy hog)
endangered

Endangered Bentinckta nicobarica Allurus fulgens , (Red Panda)
Vulnerable Cupressus cashmeriana Antilope cervicapra, (Black buck)

6.12 Zoological Survey of India

The Zoological Survey of India (ZSI) is a premier Indian organization in
zoological research and studies. It was established on 1 July 1916 to promote
the survey, exploration and research of the fauna in the region. The activities of
the ZSI are coordinated by the Conservation and Survey Division under the
Ministry of Environment, Forest and Climate Change, Government of India.
The annals of Zoological Survey of India (ZSI) reflect an eventful beginning
for the Survey even before its formal birth and growth. The major objectives of
the ZSI are as follows:

° Exploring, Surveying, Inventorying and Monitoring of faunal diversity
in various states, selected ecosystems and protected areas of India.
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° Taxonomic studies of the faunal components collected.

° Status survey of Threatened and Endemic species.

° Preparation of Red Data Book, Fauna of India and Fauna of States.
° Bio-ecological studies on important communities/species.

° Preparation of database for the recorded species of the country.

° Maintenance and Development of National Zoological Collections.
° Training, Capacity Building and Human Resource Development.

° Faunal Identification, Advisory services and Library Services.

° Publication of results including Fauna of India, Fauna of States and

Fauna of Conservation Areas.

° GIS and Remote Sensing studies on recorded animal diversity as well as
on threatened species.

° Chromosomal Mapping and DNA Barcoding.
° Environmental Impact Studies.
° Maintenance of Musea at Headquarters and Regional Centres.

° Development of ENVIS and CITES Centers.

° Research Fellowship, Associateship and Emeritus Scientists
Programme.
° Collaborative research programmes on Biodiversity with other

Organizations in India and abroad.

6.13Ramsar Convention

The Ramsar Convention is an international treaty for the conservation and
sustainable use of wetlands. It is also known as the Convention on Wetlands. It
is named after the city of Ramsar in Iran, where the Convention was signed in
1971. Every three years, representatives of the Contracting Parties meet as the
Conference of the Contracting Parties (COP), the policy-making organ of the
Convention which adopts decisions (Resolutions and Recommendations) to
administer the work of the Convention and improve the way in which the
Parties are able to implement its objectives.

Wetlands are vital for human survival. They are among the world’s most
productive environments; cradles of biological diversity that provide the water
and productivity upon which countless species of plants and animals depend on
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for survival. Wetlands are indispensable for the countless benefits or
“ecosystem services” that they provide humanity, ranging from freshwater
supply, food, and building materials, and biodiversity, to flood control,
groundwater recharge, and climate change mitigation. Yet study after study
demonstrates that wetland area and quality continue to decline in most regions
of the world; 64% of the world’s wetlands have disappeared in the last century.
As a result, the ecosystem services that wetlands provide to people are
compromised. Managing wetlands is a global challenge, and the Convention’s
169 Contracting Parties recognize the value of having one international treaty
dedicated to a single ecosystem. By setting international standards for wetland
conservation and providing a forum for discussing global wetland issues, the
Convention enables Contracting Parties to share information on wetlands and
address issues together. The Convention uses a broad definition of wetlands. It
includes all lakes and rivers, underground aquifers, swamps and marshes, wet
grasslands, estuaries, deltas and tidal lats, mangroves and other coastal areas,
coral reefs, and all human-made sites such as fish ponds, rice paddies,
reservoirs and salt pans. The Convention’s mission is “the conservation and
wise use of all wetlands through local and national actions and international
cooperation, as a contribution towards achieving sustainable development
throughout the world”. The Ramsar Convention works closely with six other
organizations known as International Organization Partners (IOPs). These are

mainly
o Birdlife International
° International Union for Conservation of Nature (IUCN)

° International Water Management Institute (IWMI)
° Wetlands International

° WWEF International

° Wildfowl & Wetlands Trust (WWT)

In India, The Sundarbansis anatural region comprising southern
Bangladesh and a small part in Eastern India that was also designated a Ramsar
sitton 21 May 1992.1t is the largest single block of
tidal halophytic mangrove forest in the world. The Sundarbans covers
approximately 10,000 square kilometres (3,900 sq mi) most of which is
in Bangladeshwith the remainder inIndia. The Sundarbans is a UNESCO
World Heritage Site. This region is densely covered by mangrove forests, and is
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the largest reserves for theBengal tiger. The Sundarbans National Park is
a National Park, Tiger Reserve, and aBiosphere Reserve located in the
Sundarbans delta in the Indian state of West Bengal.

The Sundarbans freshwater swamp forests are a tropical moist broadleaf forest
ecoregion of Bangladesh. It represents the brackish swamp forests that lie
behind the Sundarbans Mangroves, where the salinity is more pronounced.
According to Champion and Seth (1968), the freshwater swamp forests are
characterised by Heritiera minor, Xylocarpus molluccensis, Bruguiera
conjugata, Sonneratia apetala, Avicennia officinalis, and Sonneratia caseolaris,
with Pandanus tectorius, Hibiscus tiliaceus, and Nipa fruticans along the
fringing banks. The Sundarbans Mangroves ecoregion on the coast forms the
seaward fringe of the delta and is the world's largest mangrove ecosystem, with
20,400 square kilometres (7,900 sq mi) of area covered. The dominant
mangrove species Heritiera fomes is locally known as sundri or sundari.
Mangrove forests are not home to a great variety of plants. They have a thick
canopy, and the undergrowth is mostly seedlings of the mangrove trees. Besides
the sundari, other species that make up the forest include Avicennia spp.,
Xylocarpus mekongensis, Xylocarpus granatum, Sonneratia apetala, Bruguiera
gymnorrhiza, Ceriops decandra, Aegiceras  corniculatum,  Rhizophora
mucronata, and Nypa fruticans palms. Twenty-six of the fifty broad mangrove
types found in the world grow well in the Sundarbans. Presenting Flora: A
total 245 genera and 334 plant species were recorded by David Prain in 1903.
While most of the mangroves in other parts of the world are characterised by
members of the Rhizophoraceae, Avicenneaceae or Combretaceae, the
mangroves of Bangladesh are dominated by the Malvaceae and Euphorbiaceae.
There is abundance of dhundul or passur (Xylocarpus granatum) and kankra
(Bruguiera gymnorrhiza) though distribution is discontinuous. Among palms,
Poresia coaractata, Myriostachya wightiana and golpata (Nypa fruticans), and
among grasses spear grass (Imperata cylindrica) and khagra (Phragmites
karka) are well distributed. The varieties of the forests that exist in Sundarbans
include mangrove scrub, littoral forest, saltwater mixed forest, brackish water
mixed forest and swamp forest. Presenting Fauna: The Sundarbans provides a
unique ecosystem and a rich wildlife habitat. According to the 2015 tiger
census, the Sundarbans have about 170 tigers (106 in Bangladesh and 64 in
India). There is much more wildlife here than just the endangered Royal Bengal
tiger (Panthera tigris tigris). The forest also contains leopard (Panthera pardus
fusca) and several other smaller predators such as the jungle cats (Felis chaus),
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fishing cats (Prionailurus viverrinus), and leopard cats (Prionailurus
bengalensis). Unlike in other habitats, tigers live here and swim among the
mangrove islands, where they hunt scarce prey such as thechital deer (Axis
axis), Indian muntjacs (Muntiacus muntjak), wild boars (Sus scrofa), and even
rhesus macaque (Macaca mulatta). 1t is estimated that there are now 500
Bengal tigers and about 30,000 spotted deer in the area. Some reptiles are
predators too, including two species of crocodiles, the saltwater crocodile
(Crocodylus porosus) and mugger crocodile(Crocodylus palustris), as well as
the gharial (Gavialis gangeticus) and the water monitor lizards (Varanus
salvator), all of which hunt on both land and water. Sharks and the Gangetic

dolphins (Platanista gangetica) roam the waterways.

Presenting Avifauna: The forest is also rich in bird life, with 170 species
including the endemic brown-winged kingfishers (Pelargopsis amauroptera)
and the globally threatened lesser adjutants (Leptoptilos javanicus) andmasked
finfoots (Heliopais personata) and birds of prey such as theospreys (Pandion
haliaetus), white-bellied sea eagles (Haliaeetus leucogaster) and grey-headed
fish eagles (Ichthyophaga ichthyaetus). Some more popular birds found in this
region areopen billed storks, black-headed ibis, water hens, coots, pheasant-
tailed jacanas, pariah kites, brahminy kites, marsh harriers, swamp partridges,
red junglefowls, spotted doves, common mynahs, jungle crows, jungle
babblers, cotton teals, herring gulls, Caspian terns,gray herons, brahminy ducks,
spot-billed pelicans, great egrets, night herons, common snipes, wood
sandpipers, green pigeons, rose-ringed parakeets, paradise flycatchers,
cormorants, white-bellied sea eagles, seagulls, common kingfishers, peregrine
falcons,woodpeckers, whimbrels, black-tailed godwits, little stints, eastern
knots, curlews, golden plovers, pintails, white-eyed pochards andlesser
whistling ducks.

Presenting Aqua fauna: Some fish and amphibians found in the Sundarbans
are sawfish,butter fish, electric ray, common carp, silver carp, barb, river
eels,starfish, king crab, fiddler crab, hermit crab, prawn, shrimps,Gangetic
dolphins, skipping frogs, common toads and tree frogs. One particularly
interesting fish is the mudskipper, a gobioid that climbs out of the water into

mudflats and even climbs trees.

Presenting Endangered and extinct species: The endangered species that

live within the Sundarbans and extinct species that used to be include the royal
Bengal tigers, estuarine crocodile, northern river terrapins (Batagur baska),
olive ridley sea turtles, Gangetic dolphin, ground turtles, hawksbill sea turtles
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and king crabs (horse shoe). Some species such as hog deer (Axis porcinus),
water buffalos (Bubalus bubalis), barasingha or swamp deer (Cervus
duvauceli), Javan rhinoceros (Rhinoceros sondaicus), single horned rhinoceros
(Rhinoceros unicornis) and the mugger crocodiles or marsh crocodiles
(Crocodylus palustris) started to become extinct in the Sundarbans towards the
middle of the 20" century, because of extensive poaching and man hunting by
the British. There are several other threatened mammal species, such as the
capped langurs (Semmnopithecus pileatus), smooth-coated otters (Lutrogale
perspicillata), Oriental small-clawed otters (4donyx cinerea), and great Bengal

civets (Viverra zibetha).

20.10 Summary

The Conservation concept is a protective, scientific management for
biodiversity to maintain it for the present and future generation. The process
can be managed via the Insitu and Exsitu management process for biological
diversity in nature.The present study revealed on the standard facts of
Conservation with details about some projects and processing organizations and
biological acts.

21.11 Glossary

® Adaptive management: An experimental approach to management, or
"structured learning by doing".

® Biodiversity: The variability among living organisms from all sources
including, inter alia, terrestrial, marine and other aquatic ecosystems and
the ecological complexes of which they are part; this includes diversity
within species, between species and of ecosystems.

® Biome: the largest ecological regions distinguishable by characteristic
plants and animals. There are six: tundra, conifer, deciduous forest,
grassland, tropical, and desert.

® Biosafety: The policies and actions taken to manage risks from the
intentional introduction of new organisms, including genetically
modified organisms, that could adversely affect biodiversity, people or
the environment.

® Biosphere: taken together, the troposphere, oceans, and land surfaces
where things live. Also called the Ecosphere.

® Conservation: the preservation and protection of natural and historic

resources for the purpose of maintaining their intrinsic values, providing

245



Mz0-07

for their appreciation and recreational enjoyment by the public, and
safeguarding the options of future generations.

Ecosystem management: A management philosophy intended to
sustain the integrity of ecosystems.

Ecosystem: An interacting system of living and non-living parts such as
sunlight, air, water, minerals and nutrients.

Endemic Species: An indigenous species which breeds only within a
specified region or locality and is unique to that area.

Ex situ conservation: The conservation of species outside their natural
habitat (Convention on Biological Diversity).

Exotic Species: those not native to an ecosystem.

Germ Plasm: the hereditary material in germ cells (e.g., genes).

Habitat: The place or type of area in which an organism naturally
occurs.

Indigenous species: A plant or animal species which occurs naturally in
New Zealand. A synonym is "native".

In-situ conservation: The conservation of ecosystems and natural
habitats and the maintenance and recovery of viable populations of
species in their natural surroundings and, in the case of domesticated or
cultivated species, in the surroundings where they have developed their
distinctive properties (Convention on Biological Diversity).

Protected area: A geographically defined area that is protected
primarily for nature conservation purposes or to maintain biodiversity
values, using any of a range of legal mechanisms that provide long-term
security of either tenure or land use purpose.

Protected Natural Area (PNA): A legally protected area, haracterised
by indigenous species or ecosystems or landscape features, in which the
principal purpose of management is retention of the natural state. In this
Strategy, the term is used synonymously with "protected area".

Ramsar Convention: An international convention to protect
internationally important wetlands. It was agreed in 1971 and signed by
New Zealand in 1976.

Species: A group of organisms capable of interbreeding freely with each

other but not with members of other species.
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® Sustainable use: The use of components of biological diversity in a
way and at a rate that does not lead to the long-term decline of
biological diversity, thereby maintaining its potential to meet the needs
and aspirations of present and future generations.

® Wetland: Wetlands are rich in nutrients, unique in ecosystems, and

hospitable to many forms of life, including birds on long flyways.

2.12 Self-Learning Exercise

Section -A (Very Short Answer Type):

1. Conservation is

2. Ramsar Convention was agreed in --------------------- .
3. IUCN is -

4. CITES -

5. Germ Plasm is ---- -

6. Two Insitu conservation method are --

Section -B (Short Answer Type):

p—

Define the difference between Insitu and Exsitu conservation methods.
Define the Conservation Biology.

A Short note on Ramsar Convention.

Explain a key note On Tiger Project.

Describe a key note on Biosphere.

A i

Explain a key note on Exsitu Conservation.
Section -C (Long Answer Type)
1. Define the Conservation System In Biodiversity.
Write about IUCN and their threates with appropriate examples.
Write on Wildlife Acts and Schedules in India.

Cal

Write about Ramsar Convention with a example of sunderbans concept

in India.
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Unit- 7

Introduction to the Study of Animal

Behaviour

Structure of the Unit :
7.0  Objectives
7.1  Introduction
7.2  Historical perspective, aims of behavioural research.
7.3 Diversity of animal behaviour
7.4  Scientist and their work:
7.4.1 Konrad Lorenz,
7.4.2 Niko Tinbergen,
7.4.3 Karl Von Frisch,
7.4.4 B F Skinner
7.4.5 Herry Harlow,
7.4.6 Richard Dawkins,
7.4.7 E O Wilson,
7.4.8 Desmond Morris
7.6  Summary
7.5  Glossary

7.6  Self-Learning Exercise

7.0 Objectives

This unit will introduce you to (i) what is ethology ( study of animal behaviour)
(11) its brief history(iii) why it is useful to study behaviour of animals. (iv) and
who are the pioneer scientists in this field and their work.

7.1 Introduction

Behaviour is everything an animal does. Behaviour includes all gestures,

postures, expressions, movements animals make. All vocalization, colour
change, emission of light and pheromones. Ethology is the systematic
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scientific study of animals behaviour. A behaviour is performed by organism

using its muscular, nervous , hormonal systems.

Scientists who study animal behaviour are called as Ethologists, they work in
forests, in national parks and in reserves using camera, binocular and stop
watch. They Watch animals in their natural habitat. Study wide variety of
animals from ants to elephants, from weevil to whales and from protozoa to
primate. They deal with visible actions which includes innumerable types of
behavioural acts and correlate behaviour with environment or vice-versa.
Ethologists let their study animals roam around freely in natural habitat, they
watch them from hides, they never kill animals.

7. 2 Historical perspective, aims of behavioural research

Paleolithic art from 40,000 years ago provide indirect evidence that primitive
humans observed the behaviour of animals. Cave paintings portray herding
animals in groups, animal migration, certain predators hunting in packs, and
solitary animals alone. Aristotle ((384 BC — 322 BC) was intrigued by the
natural world around him , Aristotle provided the first written records of

mutualism between organisms, use of tools by animal and brood parasitism .

Reasons to study Ethology

1. To satisfy our Curiosity about animals all around us.

2. To achieve a better understanding of the species we share the Earth
with. Our survival dependent on knowledge of other animals .

3. Management of those species we depend for Food and recreation (
game species); to control agricultural pests; to maintain ecosystem, we
must know to protect endangered species, and our future generation to
see them too.

4. Understanding our own behaviour- Studies of how animals make social
groups, learn and develop vocalization, and many other behavioural
acts provide unique insights into the development and neural control of

speech in humans.

5. It has formed an important bridge between the molecular and
physiological aspects of biology and ecology ;

6. It has become a link between organisms and environment and between
the nervous system and the ecosystem.
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Behaviour is recognized as one of the most important function of animal
life; it plays a critical role in animal adaptations and evolution because

through behaviour an organism interacts with its environment.

This science has made important contributions to other disciplines like
anthropology, sociology, psychology, environment, evolution and

sociobiology.

Ethology today, has applications to human behaviour, to
neurosciences, to the study of animal welfare and to the education of
future generations .

Basic behavioural studies on reproductive behaviour have led to
improved captive breeding methods for near extinction species like
whooping cranes, golden lion tamarins, cotton-top tamarins, and many

domestic animals.

Study of behaviour of animals has benefitted human in many ways. One
recent example is the potential to successfully predict earthquakes
through the use of toads (Bufo bufo), which were found to detect and
respond to a seismic event before it happened ( Grant & Halliday 2010).

7.3 Diversity in animal behaviour

There are two types of behaviour-

)

Innate, also called inherent, inborn, pre programmed, genetically
determined called Fixed Action Patterns. They are automatic,
developmentally fixed.They are non variable. Despite different
environments, all individuals exhibit the same behaviour. Instinctive
behavior is something the animal is born knowing how to do. Sexual,
nest building, maternal, aggression, eating ,drinking are all innate
behaviours. Sequence of behaviors that are essentially unchangeable and
conducted to completion once it is started , Triggered by a sign stimulus.
EgGraylag goose rolls the egg back to the nest using side-to-side head
motions its a classical example given by Konrad Lorenz is designated as
Fixed-Action Pattern (FAP). And a Sign stimulus is a stimulus in the
surrounding that triggers the retrieval process in goose, here it is the
site of an egg outside the nest. As the goose sees the egg outside the
nest, it gets up and brings the egg back to the nest in a fixed stereotype
manner. No matter where these geese are, their behaviour of bringing
the egg back to the nest remains same.
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In this case sight of an egg outside the nest acts as a sigh stimulus to
release retrieval of egg behaviour. Niko Tinbergen was the one who had
discovered this phenomenon while studying three spined sticklebacks.

He had observed that during breeding season male fish developed red
belly, blue dorsal and green eyes; he constructed a nest of weeds ,
females did not change colour. He invited females to nest and chased
away males. he discovered that it was the red colour of belly that
released aggression in territorial male.

realistic
maodel

(=} '! ’.l- b3 (
Ly -
VUnreahEuc

models

—

A realistic model without red belly was allowed to come closer to nest,
whereas, absolutely un realistic models, having red belly were fiercely
chased away from territory. It was the red colour which acted as sign
stimulus to release aggressive fixed action pattern.

Kinesis and taxis are two movement-related fixed behaviours. Kinesis
is an increase in random movement and Taxis is movement in a
particular direction either toward or away from a stimuli.

Learned behaviours - if all behaviours in animals had come fixed, they
could not have survived in ever changing surroundings.Therefore, some
behaviours are flexible, they can be modified by experience, they are
Variable, they can be changed by practice or experience by watching
individuals of the same species ( conspecifics). You will be studying

learning and its various forms in unit 11. It must be clearly understood
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here that most of the behaviours are completed or performed using both

components ie innate and learned.

Mechanisms controlling behaviour:

(@)

(i)

(iii)

Genetic mechanisms- Animal behaviour is the result of multiple
interacting forces related to an individual's genes, physiology, and
development and the internal and external environments in which they
live. There is genetic variation among individuals of a population for
behaviours related to survival and reproduction. Successful behaviours
are passed on to the next generation and may evolve over time.
Researchers employ the scientific method and standardized protocols to
measure and, thus, understand behaviour. The results of animal
behaviour research inform ecology and evolution and assist in solving
problems related to conservation. Many organizations and institutions
specialize in providing information on animal behaviour and
opportunities for professional experiences . Both genes and the
environment influence behaviour, and scientists studying behaviour
focus on the interaction between these two factors. Genes, via their
influences on morphology and physiology, create a framework within
which the environment acts to shape the behaviour of an individual
animal. The environment can affect morphological and physiological
development; in turn behaviour develops as a result of that animal’s
shape and internal workings.

Physiological mechanisms- Corticosteroids often become elevated in
individuals during stressful conditions. Under these circumstances
reproductive and territorial behaviours are suppressed and escape
behaviours are promoted .

Development from embryo to juvenile stages influencesbehaviour in
the adult. Resource availability in early development in two species of
primates, bonobos (small sized chimpanzee) and chimpanzees |,
influences whether adults are prone to sharing food . Bonobos live
where food is plentiful and do not compete with each other or other
species for this resource. They grow up sharing food with other
individuals and sharing is maintained into adulthood. On the other hand,
chimpanzees compete with each other and gorillas (Gorilla gorilla) for
food throughout their lives. Juvenile chimpanzees do not share food
with other individuals and adults retain this non-sharing behaviour.
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7.4. Scientist and their work

The study of animals behaviour is still in its infancy, nevertheless, considerable
research has been done in laboratory and in wild. The major works come from
European and American scientists. The classical ethology has its roots in
Europe and modern ethology found bearing in USA.

There are many  Psychologists, Naturalists and FEthologistswho have
contributed significantly in initiating study of animal behaviour. William
James (1842 — 1910) , Charles Otis Whitman (1842 — 1910 ), George Romanes
(1848 — 1894) , Ivan P. Pavlov (1849 — 1936) , Sigmund Freud (1856-1939),
Thomas Hunt Morgan(1866 — 1945 ), Oskar Heinroth (1871 — 1945 ), Edward
Thorndike (1874 —1949) , John B. Watson (1878 —1958).

More known scientist are Karl von Frisch (1886 - 1982), KonradLorenz (1903
— 1989 ) , Skinner (1904 —1990) , Harry Harlow (1905 —1981), Niko
Tinbergen (1907 — 1988), Desmond Morris (Born 1928), E.O. Wilson (born
1929) , William D. Hamilton (1936 — 2000) and Richard Dawkins: ( born
1941).

Konrad Lorenz,Niko Tinbergen and Karl Von Frisch jointly won The Nobel
Prize in 1973"for their discoveries concerning organization and elicitation of

individual and social behaviour patterns" They are called Founders of Ethology.

7.4.1 Konrad Zacharias Lorenz (1903 — 1989 ) :

He was an Austrian zoologist, ethologist, and ornithologist