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ECOLOGY

Ecology is an elective course for undergraduate studies for science and non-science students.
Ecology deals with the reciprocal relationships between the living organisms and their
physical environment. This subject is becoming increasingly important for furthering human
welfare and for improving the quality of life. In view of the growing population and finite
resources, ecological considerations help to develop a harmonious relationship between man
and nature. In addition, we can apply this knowledge in understanding environmental
problems that confront mankind. Therefore, the reference to ecology in newspapers, socio-
economic writings, in national and international environment planning meetings is becoming
more frequent these days.

Ecology is intimately connected with various disciplines of science, humanities and in fact
with all aspects of human endeavour. Ecology is primarily a field study. It is a science of
great practical significance having applications in the management of natural resources,
agriculture, control of pests and pathogens and in the conservation of soil, water, biotic
diversity and the life support systems of our biosphere. In the following Unils we have
discussed the basic ecological concepts and the philosophy of ecological concerns in a
holistic perspective. We hope you would enjoy going through this course. To get your
opinion and suggestions for this course, a feedback form is attached at the end of each block.
After finishing the block, kindly fill the form and mail it te us.

Course Objectives

This course will enable you to:

understand the concept of environment, ecology and ecosystem,
-discuss various biotic and abiotic environmental components like soil, water, light, in
relation to plant and animal communities,
describe the structure and organisation of ecosystem,
identify the types of ecosystems,
outline energy flow and nutrient cycling in ecosystem,
define and explain community,; population and the role of ecology in human welfare.

Study Guide

To get maximum benefit out of this study material please take note of the following points:

i)  Make anotebook with one side ruled and the other side plain, keep apen and some
coloured pens/pencils with you. '

ii)  Read the material slowly and attentively. Spend enough time on figures and flow
charts. Try fo draw the figures/flow charts and label them properly. This will help you
in better understanding of the text

iii) While studying the text, underline the important points with a distinct colour (red,
green, blue etc.} in the block itself. Write down salient points in the space provided on
each page, or in your notebook if necessary.

iv)  After finishing a section or subsection; ask yourself — what have Llearnt? Try to list
the important points in your notebook and compare them with the text and see if you
hav missed any.

v}  Attempl all the self-assessment questions (SAQs), wherever they appear. Don't skip
any of them as they are designed to assess your understanding of the subject. If you
cannot answer, read the text again.

vi) The answer o the SAQs and Terminal Questions are given at the end of each unit.
Don’'t get tempted to see the answers, before you try them.

vii) If you don’t understand any word in (he text, consult a dictionary. For scientific and
technical words consult the glossary given at the end of each block or-a scientific
dictonary if necessary.

fii} Incase you get stuck with some fundamental concept. consult NCERT school books.
You will find them very useful and easy to understand. For exploring the topics forther
‘we have given a list of suggested readmgs at the end of each block. These books and
NCERT bogks are available at your Study Centre.
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BLOCK 1 ENVIRONMENT AND ITS
COMPONENTS

Roots of ecology extend to origin of humanity itself. Man has subconsciously been applying
the principles of ecology in managing his natural resources. Recently, because of increased
problems faced due to degradation of our natural environment, this subject has been
systematised. Therefore, a working knowledge of the principles of modern ecology has
become essential.

In the first unit of this block we have explained briefly some of the basic terms and concepts
of ecology, such as environment, population, community, ecosystem and biosphere. An
ariempt has been made to give you a comprehensive view of ecology, its branches and its
interrelationship with other biological disciplines. Some historical perspectives of this
important field have also been included 1o give you an idea of the growth of ecology as a
discipline.

In unit 2, we have discussed environmental factors — light, temperature and atmosphere that
influence every organism. You will learn effecis of these Faclors on climate, which in turn
affects distribution, behaviour and survival of plants and animals. You will also learn that
different species develop special fean.ues in order to adapt to extremes of light, temperature
and atmospheric conditions.

The third unit deals with water as an ecological factor wherein its properties — surface’
tension, viscosity, buoyancy and transparency have been discussed in context of living
organisms. Comparative description of fresh water, saline water and brackish water and their
impact on the distribution of living communities have been dealt with. You will also learn’
about hydrological cycle and the ecological implications of droughtand water logging in
relation to adoption in plants and animals.

The last unit is devoted to the study of soil. First, we have explained the basic concepts and
terms related to this precious environmental resource. Then we have described the process
of soil formation, the various types of soils based on their mode of transportation and the
basic properties of soil, i.e., structure, texture and profile. Finally, we she!l discuss the
various physical and chemical properties of soil and see how soil biota 1m‘1uence the fertility
of soil.

After studying this block, you should be able to:

® define and explain environment, ecology and ecosystem,

@ describe various environmental components like light, heat, atmosphere water, soil and
their significance to ecosystems,

® describe the adaptations in plants and animals to light, temperature and water.

Dedicated to
Late Professor S. C. Goel
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"UNIT 1 ECOLOGY AND ECOSYSTEM

Structure
1.1 Introduction
Objectives
1.2 Ecology
" Definition

History of Ecology
Subdivisions of Ecology
Relationship of Ecology wilh (her Disciplines of Biology
1.3 Environment
External and Internal Environment ',
Natural ¥ersus Antificial (man-made) Environment
1.4 Population . R ’
1.5 Community
Types of Community
Growth-form and Swrueture
1.6 Ecosystem
Components of Ecosystem
Size of Ecosystem
Types of Ecosystem
Netural and Antificial Ecosysiem
1.7 Biosphere
1.8 Summary
1.9 Terminal Questions
1.10 Answers

1.1 INTRODUCTION

“You have already been introduced to the concepts of environment, ecology, ecosystem,
energy flow and nutrient cycling in the foundation course on Science and Technology. As
you are aware ecology is the scientific study of the reciprocal relationship between
organisms, including microbes, plants, animals as well as man, with their environment. It
deals with the ways in which organisms are moulded by their environment, how they make
use of environmental resources including energy flow and mineral cycling. Everything that

surrounds or affects an organism during its life time is coliectively known as its environment

which comprises both living (biotic) and nonliving (abiotic) components. The extinction of
many plant and animal species, pollution of the environment and population explosion are
some of the major ecological problems affecting the balance of nature on a global scale. In
order to manage the earth and its life support systems, it is thus imperative to understand its
ecological processes. '

In this unit, which is the first unit of the ecology course, we wiil begin by Brieﬂy explaining -

some of the basic terms and concepls of ecology. We-shall then discuss the comprehensive
definition, history, scope and the various branches of ecology. Besides, we will also describe
the basic features of ecosystem structure and function.

Before startin g this unit please go through Units 14 and 15 of the Block 4 (Envirofitffent and
Resources) of the foundation course to refresh your memory about ecology. These units will
help you understand the contents discussed in this unit.

Objectives
After you have studied this unit you would be able to:

@ define and use in the proper context terms such as ecology, environment, pdﬁulation.
community, ecosystern and biosphere,

@ outline the development of the discipline of ecology,

@ describe the three main subdivisions of ecology, namely autecology, synecology and
habiltat ecology, '

® show with the help of a diagram the interrelationship between ecology and other
biological disciplines,
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Environment and its
Components

‘Caraka’ is lo be pronounced as
Charaka i.c. @& and
‘Susruta” as Sushruta i.e, T

" Ecology is a familiar term today. Although ecological studies have been going on for many

_ nature and the consequences of man’s impact on nature — deforestation, soii erosion, the

distinguish between natural and man-made (artificial) environments,

enumerate the basic numerical and structural attributes of population,

describe the characleristic features of community and dlsungmsh between major and
minor commaunity,

@ describe the compongnts of an ecosystem.

1.2 ECOLOGY

' £
1.2.1 Definition o P

Very often a word has a precise well-defined meaning in scientific literature but is loosely )
used in everyday language. It is, therefore, necessary for you 1o be clear about a few ;
concepts and definitions before we begin the study of ecology.

years, however, it is only recertly that people have become aware of ecology as a part of '
their daily life. These days newspapers and magazines provide ample space to highlight the -

Bhopal gas tragedy, the Chemoby! disaster, ozone hole, global warming and many other
problems. Public outcry about such problems clearly emphasises the relevance of ecology
for our society. Ecology is now a well-developed branch of science having increasing
importance to human welfare and survival.

The term ecology was coined oaly as late as 1868. It has been derived from two Greek
words namely, *Oikos’ meaniny home or estate and ‘logos’ meaning study. Literally it
means the study of the home or household of nature. Ecology is defined “as the scientific
study of the relationship of the living organisms with each other and with their
environment.’

Ecological studies are aimed (o understand the relationships of organisms with their
environment. This could be best achieved by extensive field observations and experimental
studies to verify the field observations.

L Tk e B R

1.2.2 History of Ecology

The roots of ecology lie in Natural History.' which is as old as human civilisation itself. As a
matter of fact man indulged in ecology in a practical sort of way, though unknowingly, smce
early history. In primitive societies every individual was required to have intimate
knowledge of his environment for survival, i.e., of the forces of nature and of plants and
animals around him. Primitive tribes, which were dependent on hunting, fishing and food
gathering needed detailed knowledge of their environment to obtain their sustenance. Later,
the adoption of settled agricultural life further stressed the need to leamn practical ecology for
the successful domestication of plants and animals.

Our ancient Indian texts are full of references to ecological principles. The classical texts of
the Vedic period (1500 BC-600 BC} such as the Vedas, the Samhitas, the Brahmanas and

' the Aranyakas-Upanishads contain many references to ecological concepts.

The Indian treatise on medicine, the Caraka-Samhita (1st Century AD-4th Century AD)
and the surgical text Susruta-Sambhita (1st Century AD-4th Century AD), show that people
during.this period had a good understanding of plant and animal ecology. These texis
contain classification of animals on the basis of habit and habitat, land in terms of nature of
soil, climate and vegetation; and description of plants typical to various localities, Caraka-
Samhita contains information that air, land, water and seasons were indispensable for life

and that polluted air and water were injurious for health.

Similar awareness of ecological issues was prevalent in Europe in the 4th Century BC. The
early Greek philosophers were well aware of the imporiance of environmental studies.
Hippocrates in his work ‘On Airs, Waters and Places’ stressed the need for ecological
background for medical students, as he emphasised the effect of water, air and locality on
heatth and diseases in man, Aristotle classified animals on the basis of habil and habitar.

Theophrastus (370-250 BC) was the first person Lo intraduce ecological approach long

- before the term ecology was coined. He studied plant types and forms in relation 1o altitude,

moisture and light exposure.



* After a gap of several centuries European naturalists made significant contribution to
ecological thinking. The French Naturalist Georges Buffon (1707-1788) in his book Natural
History (1756) made a serious atlempt to systematise the knowledge concerning the relation
of animals to environment.

In the early eighteenth cenfury Anton-van Leeuwenhoek (1632-1723), the microscopist,
pioneered the study of food chain and population regulation which have grown into the
major areas of modem ecology.

It was Hanns Reiter who in 1868 appears to have coined the term ‘ecology’ by combining
the two Greek words Oikos (home) and Logos (study). However it was the German biologist
Emst Haeckel (1866 1870) who for the first time elaborated the definition of ecology as
follows:

“By ecology we mean the body of knowledge concerning the economy of nature —
the investigations of the total relations of animal both to its inorganic and to its
‘organic environment; including above all, its friendly and inimical relation with

* those animals and plants with which it comes directly or indirectly icto contact —
in a word, ecology is the study of all the complex interrelations referred to by
Darwin as the conditions of the struggle for existence.”

A few years earlier to Haeckel, the French zoologist Isodore Geoffroy St. Hilaire and the
English naturalist St. George Jackson Mivart had proposed the terms “ethology” and
“hexicology” respectively, which are almost similar to *ecology’. A British zoologist
Charles Eton (1927) in his pioneering book “Animal Ecology' defined ecology as scientific
natural history.

The concept of community in ecology was applied by Karl Mobius (187D to animals.
Whereas Forbes (1887), Warming (1909), Cowles (1899), Clements (1916) and many others
made notable contributions to the study of plant and animal communities.

The concept of ‘population’ and its several related aspects developed in the early part of the
© twentieth century. Mathematical techniques were used for understanding community
ecology. These mathematical and statistical methods have since been applied for an
understanding of population dynamics.

In 1935 a distinguished British bota.nist. Sir Anthur Tansley introduced the concept of the
ecosystem or ecological system. This was a major development in the history of ecology.

The concept of ecosystem alongwith the ideas on the trophic-dynamic aspect of community
developed by Lindeman (1942}, and biogeocoenoses by Sukachev (1944) stimulated
investigations on the organism — environment complex from a holocoenotic standpoint and
led to a major breakthrough in the progress of ecology. Recently, an American ecologist
Eugene P Odum (1971) has defined ‘ecology as the study of the structure and function of
nature’,

In India, ecelogical studies began as elsewhere with the descriptive phase at the end of the-
nineteenth century. Descriptive accounts of the forests were prepared by the forest officers
(1875-1929). However, the first comprehensive ecological contribution was made in 1921

by Prof P. Dudgeon of Allahabad Unwersnv who described the role of environment in the
succession of communities. .

By the 1940s there was sufficient ecological information of the descriptive and

observational kind. There was now a need for precise determination of the behaviour and
distribution of plants (individually or in groups) in relation to specific environmental factors.
This led to the expenmental approach (1940-1965). Extensive synecological studies were
carried out on forest afid grassland communities and autecological studies on trees, herbs .
and grasses under the guidance of Prof. R. Misra, who established a flourishing school of
ecology at the Banaras Hindu University, by the 1960s.

In the early sixties the need for developing a better understanding of the structure and
function of different ecosystems was considered necessary for the effective management of
natural resources, especially in view of the growing human population,

With this view, the International Biological Programme (IBP) was launched (1964-1974)
with a focus on the biological basis of productivity and human welfare. Under the aegis of
this programme, produclivity of different terrestrial and aquatic ecosystems was evaluated
apart from studies on human adaptability, conservation of ecosystem and the use of
biological resources. .

Ecology and Ecosystem

The IBP is a world-wide plan of
study of biological productivity |
and human welfare, initiated by
Intematiemal council of
Scientific Unions (ICSU) a non-
governmental organisation in
Paris. IBP was leunched with.the
aim of filling in the lacunse in
the knowledge of certain
ecological areas, by means of a
co-omdinated comprehensive
epproach including
standardisation of methods 1o
ensure comparable resulls. The
study wes divided into 7 sections
depicted below.

Areas Studied in the IBP

Programme

& Productivily of terrestrial

. communilics

#® Production process

@ Conservation of terrestrial
communilies

® Productivity of fresh waler
commuhities

® Produciivity of marine _
communitics

® Human adaptability

® Use and management of
biological resources
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Environment and ils
Componanis .

Much of the recent interest in ecology stems from the problems caused by rapid population
growth and widespread deterioration of environment due to pollution of air; soil and water.
Ecological studies are now increasingly geared to promote conservation and rational
utilisation of natural resources through international efforts such as Man and Biosphere
Programme of UNESCO (MAB), Uniled Nations Conference on Human Environment held
at Stockholm in 1972, United Nations Environment Programme (UNEP), International
Union for Conservation of Nature and Natural Resources, (TUCN) and World Wide Fund for
Nature (WWF). The science of ecology has much to oontnbule in solvmg the problems of

environment. . E
'IE_--————

:

-1:2.3 Subdivisions of Ecology - ' S
Ecology was.earlier.divided into plant. a.nd animal ecology. However, modem ecology does -~ E—-———-——--

not make any such distinction since plants and animals are indmately mterconnectod and .t
mlerdependent amongst themselves and on their environment.

The three main subdivisions of ecology today are givén below:
i) Autecology, ii) Synecology, iif) Habitat ecology.

Maln Subdivisions of Ecology

AUTECOLOGY ' - SYNECOLOGY HABITAT ECOLOGY

{sludy of the ecolagy {(study of the ecology ! (descriptive study

of an individual in ‘ of groups or communibas of both the organisms
relation to the in relation wo their and the kind of the .
cnvironment} : environment) environment or habitat

where orgapisms live)

Autecology Population Community . Ecosystem approach

ofa Ecology Ecology : (sludy of groups of

Species (study of ist iy of communities logether

(study of individuals individugl with theirnon-living

individual of a given communitics) environment, inleracting

specias) « . (species) . together 50 as to function
as a sysiem)

. . -
i) Autecology: It is the study of individual species or individuals in relation to the
environment. There are two approaches to autecological studies (a) autecology of
species where individoal species are studied (b) population ecology where individuals
of the same species are studied. .
ii) Synécology: It is the study of the community of living organisms as a unit. The
difference between autecology and synecology could be explained by the following
exan!ple. If a neem tree {(or several neem trees) or a crow (or several crows) are studied



in relation to the environment then this would be an autecological study. However, if the
study deals with a forest community as a whole in which many different birds, trees and .
animals share the same area, then it would be called a synecological approach.

Synecological studies can be of two types. a) community ecology is concerned with the
study of biotic (living) community comprising of interdependent plants and animals in a
particular area, b) ecosystem ecology which is a recent developrnent in ecology. It deals
with the community of living organisms and their environment as an integrated unit of
nature.

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

1.2.4 Relationship of Ecology with Other Disciplines of Biology

In order to understand the scope and relevance of ecology let us consider its position in
relation to other biological disciplines, with the help of a diagram in the shape of a cake see
Fgll.

: Basic Dhvislon “Layors
Hortzonlal layors #‘{/I A\‘ I_—_._.- Genptica
~~ é ' et MoloCular Bloiogy
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Fig L.1 : The layered biological cs.ke showing the relationship of ecology with other biological disciplines,

This hypothetical biological cake has several horizontal layers représenting the ‘basic’
divisions of biology, common to all organisms — morphology, physiology, genetics,
ecology, evolution, molecular biology, developmental biology etc. These horizontal layers
are divided vertically into unequal *taxonomic slices’ of biology as well, Each such slice is
labelled by ‘the specific kinds of organism. The thicker slices represent large divisions of
‘biology and are labelled Zoology, Botany, Bacteriology etc. The thinner slices are labelled a
Phycology, Omithology, Protozoology as they deal with specific type of organisms.

Let us consider slice ‘A’, i.e. ornithology — the ‘study of birds. This slice with its horizontal
layers of molecular biclogy, developmental biology, genetics, ecology etc. indicates that
there are different approaches to the study of birds. The approach may be molecular or -
ecological, or of any other type, or a combination of two or more approaches. The
*biological cake’ analogy helps us appreciate that ecology is a basic division of biology.

It is often important to restrict work to certain taxonomic species or groups because
different kinds of organisms require different methods of study. For example, one cannot
study pigeons and bacteria using the same methods. However, the modem ecological
principles have provided many unifying concepts such as energy flow, nutn ent cycling and
population dynamics for comparing diverse ecosystems. .

ISAQ2:

: :

+Fill in the blanks choosing appropriate words from th st given below;

 8), The study of a single population of a tree species i1 8 FOTESEIS -curyerrrer IN APPIOECH, SN

. £'b)"'The study of the aquiatic COMMUAILY Of A PONGIS w..ivieerrs i orsis cnin approdeh, .

. ©) The study of a biotic community in relation to its environment is reféred as .~ . . =7

approach. -

Ecology and Ecosystemn
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Environment and its
Components

1.3 ENVIRONMENT

All organisms are intimately dependent on the environment from which they derive their

sustenance. Organisms from virus to man are obligatorily dependent on the environment for
food, energy, water, oxygen, shelter and for other needs. The environment is defined as ‘the

sum total of living, non-living components; influences and events, surrounding an
organism'. The relationship and interaction between organism and environment are highly

complex.

For the convenience of study, environment is broadly classified into two components:
abiotic (or non-living) and biotic (or living), as shown in Table 1.1.

Table 1.1 : Components of environtment

Abiotic Components Blotic Components
. Energy Green plants

Radiation Non-green plants
Temperature & heat flow . Decompaosers

Water Parasites

Aumospheric gases and wind Symbioms

Fire Animals

Gravity Man

Topography

Geologic substraium

Soil

You should realise that the environment is not static. The biotic and abiotic factors are in a
flux and keep changing continuously. The organisms can tolerate changes in environment
within a certain range called ‘range of tolerance’.

-

1.3.1 External and Internal Environment

Let us try to understand the concept of environment with some examples. Consider Fig 1.2
Can you identify the environment of a single carp fish in the pond?

w_n_:nrfingi
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Fig12: A pond

Its environment consists of abiotic crmponents such as light, temperature, water in which
nutrients, bxygen, other gases and organic matter are dissolved. The biotic environment
consists of microscopic plankton as well as higher plants and animals and decomposers. The
plants are of different kinds such as phytoplankton, partly submerged plants and plants and
trees growing around the edge of the pond. The animals consist of zooplankion, insects,
worms, molluscs, tzdpoles, frogs, birds and various kind of fishes. The decomposers are the
saprotropns.

The environment of the fish described above is its external environmenl. Living organisms
10 also possess an internal environment, enclosed by the outer body surface. The body surface

T




[

' SAQ3

acts as an exchange barrier between the external and the internal environment (Fig 1.3a & Laolug; and Ecosystem
b). In the case of unicellular organisms however, the boundary of the cell is also the

boundary of the organism. The exchange of materials in single celled organisms is carried

out directly with the extemnal environment to which they are exposed (Fig 1.3a).

Reduced carbon compouncls;
{or energy 1o synihesize tham)

Usable nitreqsn
y compounds for
p.rol.e:n syrthosls

External Environment

" Exchanga of gases

“Inlernal Envirenment™

of the organism

Inside cf cell

Water ©alanco

Matebolic wastes
’ Chemical ond other
spercilic lon exchange

MuHJceIiula.[ Ormanism Unicallular Cinganlsm Coll Ehvironment
ar ) b
Fig 1.3a ; In multiceliular organisms except for ihe cells Fig 1.3b: Exchanges that are
forming the ouler body surface, mosi cells are exposed to the necessury between a living cell and ils
internal 2nvironment of the organism from which they Immediate environment.

exchange energy and materials, whereas in unicellular
organisms the cell surface is also the boundary between
organism and environment. All exchanges are made directly
between the cell and the external environment.

The internal environment is relatively stable as compared to the external environment,
However, it is not absolutely constant. Injury, illness or excessive stress upsets the internal
environment. For example, if a marine fish is transferred to a fresh water environment, it
will not be able to survive. .

1.3.:2 Natural versus Artificial (Man-made) Environment

The environments discussed so far are, natural environments. In several instances man has
greatly altered the natural conditions and created new situations known as artificial or man-
made environments. Exainples of artificial environment are cultivated fields or cities. Let us
see the difference between the natural and artificial environment by considering the city
environment.

The city environment is a preduct of man’s own design, The atmosphere of the city is
generally poiluted due to the emission of various gases from factories, motor vehicles and
electric power plants. Water is obtained not from streams directly but after it has been
filtered and disinfected in a water treatmept plant. The metabolic wastes and garbage are not
disposed of locally but have to be caffied through sewer lines for treatment or for dumping
in a remote place far away from the city. No food is grown in the city but is imporied from
rural areas for the city dwellers,

In a city people live in buildings made of bricks, stones and cement. Houses and offices of
well-off people are air-conditioned creating an atmosphere which remains free from the
influence of outside environment. Furthermore, to make life comforiable modern amenities
like fans, fridge, radio, television etc. are installed, requiring electricity which is  generated
by man artificially,

The man-made city environment consumes excessive amounts of energy and materials and

needs constant care, supervision and management Lo keep it habitable (Fig 1.4).

Define enwronmenl and explain the dlfferenr:e between internal and exlerna] envr.mnmem m 3
four lines. .- =
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Environment end its
Compopenty

Species ig defined es a group of
natural popularions consisting of -
sexuglly or potentially

interbreeding organisms of the

same kind, reproductively

isolated from other such gIoups.

A population has traits of its own
which differ from those of
individuals forming a
populaiton. An individual is bom
once and dies once but a
population continues, perhaps
changing in size depending on
the birth and death rates of the
population. An individual is
female or male, young or old but
a populalion has sex rano and
age structure

12

Materials
. o ' .
Msterlals _
A l ~ X " 4
TECEEF >
‘ %unuu%ﬁ
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Increased amounts of beat and waste sre returned to the environment. a) a small town, b} & large dty.

1.4 POPULATION

You must be familiar with the term ‘population’. It is one of the most talked about issues of
this century. It is feared that the rapid growth of the world population if allowed to continue,

might outstrip the food supply in the near future. The present high rate of population growth -

is a major concemn of the governments, scientists and administrators. Have you ever
wondered as to what is meant-by population?

In a technical sense ‘population’ is defined as a group of freely interbreeding individuals of
the same species present in a specific area at a given time. For example, when we say that
the population of a city is 50,000, we mean that there are 50,000 individuals of Homo
sapiens in that town. Other living organisms, for example cats and dogs present in the city
are ot included as they are populations of two different species.

In nature, population of a species is subdivided into a number of local breéding populations
called deme., Demes are geographically separated populations of the same species. For
example, the garden lizards of Qutub Minar, Delhi, form a separate deme from the garden
lizard of Lodi Gardens, Delhi or the garden lizards of Swaraj Bhawan, Allahabad. )

Consequently, in a deme each individual has an equal opportunity of mﬁﬁng with another
individual of the opposite sex, but nct with individuals in another deme. Because of frequent
mating and similar environmental conditions members of a deme resemble each other more
closely. ’

A population exhibits certain characteristics which can only be expressed at the population
level and not shared by the individuals of.the population. For example, individual organisms
are born, grow and die but characteristics such as birth rate, death rate, densny are only
meaningful at the population level.

The attributes of a population are of two basic types : i) Numerical attributes such as
density, natality (birth rate), mortality (death rate), dispersal and ii) structural attributes
like age distribution, dispersion and growth form. Some of the basic atiibutes of populntwn
are briefly described below. ,

a) Nuﬁ:erical attributes: -

Density : number of individuals per unit area.
Natality (Birth rate) : |.he rate at which new individuals are added to a population through

reproduction.




Mortality (Death rate) : the rate at which individuals are lost from a population by death.

Dispersal : the rate at which individuals of a population emigrate or migrate from an area.

b) Structural attributesﬁ

Population growth form : refers 1o the pattern of population growth. There are two basic
patterns of population growth represented by “T” and “S” shaped growth curves, see Figure
1.5 for explanation.
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Fig 1.5 : Two types of population (S-shaped and J-thaped) growth curves

Dispersion: the pattern of distribution of individuals in space,
Age distribution : the proportion of individuals of different age groups in a population.

Now you know some of the more important attributes of a population. It is reasonable to
ask: How populations are studied? Do all attributes have equal importance, or are some
more important than others? In analysing popuiation, the main attributes studied is the
density of the population which depends on four parameters: i) natality, i) mortality,

1) immigration and, iv) emigration (see below)

Immigration

Natality Mortality

Thus whenever the density of a population falls or rises, we try to find out which of the four
parameters have changed. .

1.5 COMMUNITY

-

If you look around yourself you will notice that populations of plants and animals seldom
occur by themselves. The reason for this is quite obvious. In order to survive individuals of
any one species depend on individuals of different species with which they actively interact
in several ways. A population of squirrels would require fruits and nuts for food and trees
for shelter. Even plants cannot exist by themselves; for example, they require animals for
seed dispersal, pollination and soil microorganism to facilitate nutrient supply to them
through decomposition.

In nature ‘an aggregation of populations of different species (plant and/or animals) in an
area, living together with mutual tolerance and beneficial interactions amongst themselves
and wilh their environment, form a biotic community,

Communities in most instances are named after the dominant plant form species. A
grassland, for example, is dominated by grasses, though it may contain herbs, shrubs, and
trees, alongwith associated animals of different species.

The definition and description of the community so far must have made you aware that the
size of a community is not fixed or rigid; communities may be large or smal).

Ecology and Ecosystem

The 1wo contrasting curves of
population growth may be
modified or combined er in
different ways depending on the
peculiaritics of different
OfEanisms &nu envimomenl.
Generally the "J" shaped growth
curve is (ypical of species which
reproduce mpidly and which are
greatly affected by scasonally
fluctuating environmental factors
such as lighl, 'mperature and
rainfall. In this type of curve the
population density increases
rapidly in exponcatial
(geomelric) progression 8, 16,
32, 64, 128 elc, manner 6l a

peak is reached. Afier ihis these

i3 a sudden crash or decline due
1o environmental or other factor.
The § shaped or sigmoid growth
curve is charecienistic of
biological population in general.
In this type of curve there is a
slow increase initially in the
population density, followed by

" exponential growth (similar to

that of *J' graph’s exponential
growih). After this the
population d2nsity growth slows
down gradually due to increass
in environmental resistance (sum
1otal of environmental limiting
factor which prevent the biolic
potential from being realised)
unlil an equitivrivin is reached
and maintained,

Active migration is not possible
in plants, though secds may be
dispersed over long distance by
wind, water and animals.

A mat of lichen on a rock
surface or a cow dung pad
covering only a few cenlimelres,
a forest or a coral reef exlending
over a considerable arca are all
examples of communilies as
each would contain several
interacling and interdependent
populations of different species
of organisms,
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clalive abundance is a measure
f relative proponion of dificrent
species occuIming in &

community
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L.5.1 Types of Community

On the basis of size and degree of relative independence communities may be divided into
two types:

i) Major Community : These are large-sized, well organized and relatively independent.
They depend onty on the sun’s energy from outside and are independent of the inpults and
outputs from adjacent communities. A tropical ever green forest in the North-East of Indla is
a good example of a major community.

ity Minor Communities : These are dependent on neighbouring communities and are often E
called societies. They are secondary aggregations within a major community and are not N
therefore completely independent units as far as energy and nutrient dynamics are |
concerned. A cow dung pad would be a good example of such 2 community.

1.5.2 Growth-form and Structure

In a community the number of species and size of their populations vary greatly. A
community may have one or several species. The environmental factors determine the
characteristic of the community as well as the pattern of organisation of the members in the
community, the characteristic pattern of the community is termed structure which is
reflected in the roles played by varicus populations, their range, the type of area they
inhabit, the diversity of species in the community and the spectrum of interactions between
them. As a result the siructure of community is as follows:

i) Dominance : In each community, a few over lopping species are present in greater bulk.,
By their greater number or biomass (living weight) the dominant species modify the habital ;
characteristic and influence the growth of other species in the community. In most
communities only a single species, being particularly conspicuous, is dominant and in such
case the community is named after the dominant species, as for example spruce forest
community. In some communities, however, there may be more than one dominant spectes,
as in oak-fir forest in the west Himalayas. ;

ii) Species diversity : An important atribute of a community is its species diversity. The
diversity is calculated both by the number of species (richness) and the relative abundance
of each species (evenness). The greater the number of species and more even their
distribution the greater is the species diversity.

It is important to realise that species diversity and dominance are interrelated, Communities
with one or a few dominant species are characterised by low species diversity whereas
communities where no single species is truly dominant and individuals are equally
distributed among all species, are characterised by high species diversity.

Diversity is also related to the stability of the community. A stable community is one which
is able to retumn to its original condition after being disturbed in some way. Communilies
with high species diversity are comparalively more stable because many alternative
pathways exist in such communities to enable the individuals to obtain the required energy
and nutrients. To put it differently, the presence of a large number of species would mean
that if one species disappears or declines, its function and place can be assumed al least in
part by another. It is now however, increasingly realised that in some situations greater
diversity does not necessarily resull in greater stability. Stability is more dependent on the
number of well adapted species than on the total number of species present.

Communities created by man such as lawns, or agricultural fields are very unstable and
require great deal of constant manipulation and maintenance.

iii) Mutual interrelationship among individuals of a community : Mutual
interrelationship includes zll the direct and indirect effects that organisms have upon each
other. The three relationship which we shall discuss are (a) competition, (b} stralification,
and (c) dependence.

a) Competition : Demand for a common resource by different organisms results in
compelition. Competition between individuals of different species is called interspecific;
when it occurs between individuals of the same species it is called intraspecific.

b) Stratification : Different organisms in a community develop a characleristic pattern of
stratification to minimise competition and conflict among the members of the community.
Planis and animals of each layer differ in size, behaviour and adaptation from those of other



il h

iayers. Tropical forests represent good example of vertical stratification as shown in the
Fig 1.6.
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Fig 1.6: In order {o avoid competition organiams in 8 community exhlbit vertlcal stratification, us shown

in a segment of a tropical forest, which may have as many es five or six sirata or vegetatlon,

providing a number of habitats for organism.

The tall growing trees form the overstory and medify the light and moisture conditions for
the shorter trees growing under them. These in tam determine the conditions for the ground
vegetation. In moist tropical rain forests upto five distinct strata can be formed.

Competition in the community is not limited within a species, Different species in the
community compete with each other for nutrients, space, light and other resources. Plants
and animals of each layer differ i in size, behaviour form and adaptation from those of other
layers. Stratification is a pracncal strategy to minimise interspecific competition i.e.
competition between different species. For example, if several different species develop
simultaneously and have similar demands, then they will all survive in approximately equal
numbers and occupy the same position (dominant or not dominant) and layer in the
community. Those species which do not have overlapping requirements will affect each
other much less and hence will occupy different functional positions or sub layers in the
community. For example, consider a tall growing tee which outgrows a potentially short
one under the same conditions. The former accupies a higher level. The tall rees with
widespread canopy dominate the area and influence light and meisture conditions. As a
result the 1all rees control the characteristic in a forest community. Only those species of
organisms can survive which can withstand the environmental conditions created by the
dominant species. The community characteristics changes if the dominant species is
eliminated due to some reason. This is because the position of dominance would be assumed
by other species. The non-dominant species present in the lesser strata probably offer little
direct competition to the dominant species. Indirectly, however, they may offer serious
competition to the domirnant species in matters of regeneration. For a dominant species to be
successful it should be able to compete with other species during its early phase of growth.
Competition for survival is most obvious between seedlings of different species since all
depend on the same restricted environment.

c) Dependence : In a community there are some species which are wholly dependent on the
dominant member for survival. Bryophytes, thallophytes and a few vascular small plants are
examples of such organisms. These dependent organisms require special conditions such as
shade and moisture provided by the dominant species. The dependent species will die if the
dominant species are eliminated.

Animals in a community are usually dependent on plants. Large mobile animats like deer are
not necessarily limiled to a single community. However, several less mobile species are
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definitely restricted to a single community. For example, certain species of insects and birds
have specific association with a particular vegetation type.

In addition to the mutual interactions among organisms of a community, they also actively
interact with their environment. In a community only those plants and animals survive
which are adapted to a given environment. The climate determines the type of environment,
and hence the type of organisms in a community. For example, it is the variation in the
climate which determines whether a given area becomes a desert or a forest, The
environment of an area in turn would determine the types of organisms which could survive
there. : :

iv) Trophic structure : Organisms in a community are closely interrelated with each other
through feeding relationships. ’

Another aspect which x5 quite obvious in a community is that in areas of extreme climatic
conditions both species diversity or the number of species are greatly reduced, This is
because only a few species are able to adapt 1o the difficult environment.

Communities which extend over a considerable area generally have also locally diverse

.conditions of soil or topography. Thus in a community local habitats may be supporting

markedly different species which are very different from the general community
cormposition.

Members of a community share the same habitat and its resources. A COMMUNItY represents
only the living organisms occupying a given area. When both the living and non-living
components are considered as an integrated unit we would be dealing with an ecosystem, a
concept which will be considered in the next subsection.

1.6 ECOSYSTEM

Plants, animals and human beings live in association with a wide variety of other plants and
animals. These communities of organisms are not mere ad hoe collections of individuals or
populations but they represent a highly ordered dynamic and complex organisation, Such
complex natural organisation with their living and non-living environments that controls
them and from which the living organisms derive their sustenance are technically called as
"ecosystem” or an “ecological system™.

The interaction between living organisms and their environment is very much a two way
process: organisms affect and are in turn affected by their surroundings. Pru}'essor Arnthur
Tansley, a British botanist, in 1935 proposed the term ecosystemn and defined it as the
“system resulting from the integration of all living and non-living factors of the
environment”. He regarded ecosystem as nat only the organism complex but also the whole
complex of physical factors forming the environment.

The concept of this interacting system has proved extremely valvable and the ecosystem is
regarded as a basic unit for ecological studies.-

1.6.1 Components of Ecosystem

The components of th: ecosystem can be categorised into abiotic or nen-living and biotic or
living components;




o

Abiotic components : The important abiotic components are Ecofegy sad Ecosystem

a)  Energy : basically from the sun is essential for maintenance of life. In the case of The biotic and abiotic
plants, the sun directly supplies the necessary energy. Since animals cannot use solar comportents of envimnment and
energy directly they oblain it indirectly by eating plants or animals or both. Energy ecosysiem are the same.
determines the distribution of organisms in the environment. :

b} Materals: (a) organic compomproteins, carbohydrates, lipids, humic substances
which are formed from inorganic substari H\c\l reconverted into them on .
decomposition. (b) inorganic compounds — oxygen, nitrogen, carbon, carbon dioxide,
water, sulphur, nitrates, phosphates, and ions of various.metals are essential for
organisms to survive. -

¢)  Climatic factors: light, heat, temperature, wind, humidity, rainfall, snowfall etc.

d)  Edaphic factors (structure and composition of soil along with its physical and chemical
characieristics) : also exert significant influence on the organisms.

Biotic components : Biotic components include living organisms comprising plants,
animals and decomposers and are classified according to their functional attributes into
producers and consumers.

a) Producers — Autotrophs (self-nourishing) are green plants as they synthesise
carbohydrates from simple inorganic raw materials like carbon dioxide and water in the
presence of sunlight by the process of photosynthesis for themselves, and indirectly for other
non-producers. In terrestrial ecosystem, producers are basically herbaceous and woody
" “plants while in marine and fresh water ecosystems producers are various species of
microscopic algae. Chemosynihetic bacteria are also producers. However, unlike plants
which constitute the major producers, these bacteria, which are found in deep ocean trenches
‘where sun energy is absent, derive energy by the process of chemosynthesis from the
hydrogen sulphide seeping through cracks in the sea floor.

b) Consumers — Heterotrophs (other nourishing) are incapable of pholosynthesls and
depend on organic food derived from animals, plants or both. Consumers can be divided into
two broad groups namely macro and micro consumers. (i) Macro consumers or phagotrophs
feed on plants or animals or both and are categorised on the basis of their food sources.

erbivores are primary mqsumeré which feed mainly on plants e.g. cow, rabbit.
Carmnivores feed only on animals. Secondary consumers feed on primary consumers e.g.
wolves. Camivores which feed on secondary consumers are called tertiary consumers e.g.
lions which can eat wolves. Organisms which consume both plants and animals are called
omnlvores ¢.g. men. (i) Micro consumers — Saprotrophs (decomposers or osmotrophs) are
chiefly bacteria and fungi which obtain energy and nutrients by decomposing dead organic
substances (detritus) of plant and animal origin. Sorne of the products of decomposition such
as inorganic nutrients released in the ecosystem are reused by producers and thus recycled.
Earthworm and certain soil organisms such as nematodes, and arthropods are also detritus
feeders and help in the decomposition of organic matter.

1.6.2 Size of Ecosystem

As you know an ecosystem may be as small and as simple as a cow dung pad or as complex
and large as an ocean or the biosphere itself, comprising a wide variety of species, An
interesting point to observe is that ecosysterns occur within ecosystem. To take an example,
cow dung ecosystem may be contained in a forest ecosystem which is contained in the
biosphere.

In some cases, like a pond ecosystern, the boundaries are well defined. In the case of forests,
grasslands and deserts there are no sharp boundaries. These ecosystems often are separated
from adjacent ecosystems by a transition zone or a diffused boundary zone called ecotone.
Organisms of adjacent ecosystems intermingle in the ecotone zone; consequently they may
have greater diversity of species than the neighbouring ecosystems.

1.6.3 Types of Ecosystem

Basically ecosystems are of two types : terrestrial and aquatic. If you travel from plains to

the mountains in the Himalayas, you notice significant changes in the landscape. Deserts,

grasslands, crop fields, forests and glaciers represent different terrestrial ecosystems.

Oceans, estuaries, mangroves, coastal marshes, rivers, lakes, ponds and swamps are )

examples of aquatic ecosystem. 17
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Material/nutrient cycling is -
exchange end recycling of
minerals and chemicals between
living and non-living
components of the ecosystem.

| .€) "“Energy is apturcd and convericd into food only by the ...
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.- , :
Ecosystems can also be grouped into two categories, namely natural and artificial or man-
made as shown below: :

Subdlvisions of Ecasystems

ECOSYSTEM
1
Natural Ecosystem Artificial Ecosystem
. !' | {Man modified ecosystem)
Termestnal X * (cultivated ficld,
(Tundra, forest, - - Aquatic city, village)
grassland) . | :
f 1
Fresh Water Marine
| : . ) (Sea, ocean)
I i
Lotic (Flowing water) Lentic (Stegnant water)
(River, siream) {Lake, pool, diich. marshes)

1.6.4 Natural and Artificial Ecosystem

i) Natural ecosystems are those which are mostly free from human disturbances, such as
tropical forests, grasslands, oceans, lakes and deserts, .

iiy Artificial or man-modified ecosystems are formed as a result of human modification of
the natural ecosystems. For example, man has transformed natural forests and
grasslands into crop fields. An extreme example of an artificial ecosystem is a city,
Increasing human interference has destroyed many natural ecosystems and replaced
them with artificial ex:osysterns.'such as crop fields, urban centres and industrial
estates. . o

All ecosystems are fully integrated with the neighbouring ecosystems and communicate with
each other in varying degrees through the import and export of both energy and nutrients.

An ecosystem is a dynamic system characlerised by energy flow and nutrients cycling.
Substances constantly flow through it, and there are sufficient supplies of energy within the
ecosystem to allow for this flow to take place. See Fig 1.7. Ecosystems also possess
considerable self-regulating ability, called homeostasis, due to which they tend to recover
from minor perturbations.

Ly ¥ SN
Nutrients
[

Fig L7: A disgram {llustrating the manner in which nutrients cytle through an ecosystem. Energy does
not cycle because all that is derived from (he sun eventually dissipates as heat.
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1.7 BIOSPHERE

Biosphere is that part of the earth where life can exist. It is a narrow layer around the surface
of the earth. If you visualise the earth to be the size of an apple the biosphere would be as
thick as its skin. ’ -

As you can see in Fig 1.8 the biosphere extends from the floor of the ocean some 11,000
metres below the surface of the carth to the top of the highest mountains, or about 9,000
metres above the sea level. Its most densely populated region is Jjust above and below the sea
level.

tormestrial
animals
o

Limit of
Lirnit of

human habitation #4505 g

{Guttivation

Fig 1.8: Vertical' dimensions of the biosphere, Life exists from the highest mountain peaks to the depths
of ihe gcean. Life at the extreme is however, rare, Most organisms are limited o a narrow region
depicted here between 6000 metres above sea level and 200 metres below sen Fevel.

Biosphere represents a highly integrated and interacting zone comprising of atmaosphere
{air), hydrosphere (waler) and lithosphere (tand) as you can see in Fig {.9.

Life in the biosphere is abundant between 200 metres (660 feet) below the surface of the
ocean and about 6,000 metres (20,000 feet) above sea level as shown in Fig 1.8.

Biosphere is absent at extremes of the North and South poles, the highest mountains and the
deepest oceans, since existing conditions there do not support life. Occasionally spores of
fungi and bacteria do occur at great height beyond 9,000 metres, but they are not
metabolically active, and hence represent only dormant life.

Feology and Ecosystem
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Fig1.9: The blasphere exists at the intersection of lthosphere, atmosphere and hydrosphere. Aa shown

bere the biosphere bs energized by sunlight. :

1

The energy required for the life within the biosphere comes from the sun, The nutrients
necessary for living organisms come from air, water and soil and not from outside. The same _
chemicals are recycled over and over again for life to continue. Living organisms are not
uniformly distributed throughout the biosphere. Only a few organisms live in the polar
regions, while the ropical rain forests have an exceedingly rich diversity of plants and
animals.

1.8 SUMMARY

In this unit you have studied the following:

@ Ecology : the study of relationship of living organisms to one another and to their
environmernt.

" @ History of ecology from primitive man to the present time with special reference to the

development of ecology in India.

® The subdivision of ecology into (i) autecology — study of individuals or populations of
a single species with respect to their environment, (ii) synecology — study of interacting
population of different species, (iii) habitat ecology — which deals with the study of
habitat and the organisms within it.

@ The relation of ecology with other biological fields such as botany, zoology,
protozoology elc.

® The environment, which consists of biotic, abiotic factors, influences and events
surrounding the organisms and may be artificial or natural, external or internal.

@ Population : a group of sexually or potentially interbreeding organisms of the same
species which has attributes of two basic types (i) numerical attributes — density,
natality (birth rate), mortality (death rate), dispersal and (i} structural attributes like age
distribution, dispersion and population growth form. :

@ Community is a localised group of several populations of different species and may be
classified into major and minor communities.

@ Community attributes consist of growth form and structure: dominance, species

diversity, mutual interrelationship among members of a community and trophic
structure,




Ecosystem, which is a localised group of community and their physical environment
maintained on energy flow and nutrient cycling.

Components of ecosystem such as i) abiotic or non-living environmental factors: energy,
materials, climate, and edaphic factors ii) biotic or living environmental factors: plants,
animals and decomposers.

Natural ecosystem which is unaltered or only slightly altered by man, and artificial
ecosystem which is a result of major alterations of natural ecosystem by man.
Biosphere, which contains all the living organisms on earth, together with their
interaction with global physical and chemical environment, and maintains a system of
energy use and material cycling. This systermn runs on energy from the sun which after
use is given up in space as low grade heat.

1.9 TERMINAL QUESTIONS

1}  Fillin the blanks choosing the appropriate words:

a) Biosphere consists Of ......cccoeiinnees y coverreveinneiennscns. 8 i

b) The density of population .........c.cne...... With increase in mortality and
emigration.

¢} The living organisms in a forest form a .........c.cesverveeees COMMUNity.

d) The density of population ....................... with increase in natality and
immigration.

¢) The community of organisms on a log form a .....eveenene community.

minor, lithosphere, major, atmosphere, increases, decreases, hydrosphere

2)  Label the hypothetical cake diagram showing the relationship of ecology with other

biological disciplines.

1
|

4
‘_
-

N ° ‘_
3)  State the difference between natural and artificial ecosystems in five lines and give
examples.

4)  State the difference between macroconsumers and microconsumers in five lines.

Ecol-gy and Ecosystem
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3)

Given below are important ecological terms and their definitions. What you have to do
in this exercise is to match the appropriate definition in column I with the ecological
terms in column I. Write the number of the appropriate match in the given box.

Colt_unnl Column 1

2)

3)

4

Ecology [ 1 It is an assemblage-of population of different
species inhabiting a particular area, living
together with mutual tolerance and beneficial
interactions amongst themselves and with their
environment.

Community [ ] Itis defined as the scientific study of the
relationship of living organisms with each other
and with their environment.

Ecosystem [ 1 It is defined as a group of organisms of the same
species occupying a particular area, at 2 particular
time, capable of mating freely.

Population [ 1 It is a unit consisting of a community in a given
area, interacting with the physical environment so
that a flow of energy leads to closely defined
trophic structure, biotic diversity and material
cycling within the system.

6)

7

8)

Describe in brief the contributions of ancient Greek philosophers in the development
of ecology.

State the various definitions of ecology given by the following ecologists.
a) Emst Haeckel
o . .
b) Charles Elton
¢) Eugene P. Odum

Outline the divisions of ecology.
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9)  Answer very briefly the following questions: .
a)} What do you understand by dominant species?

b) What is species diversity?

10) What are the vertical limits of the biosphere?

1.10 ANSWERS

Self-assessment Questions . :
1)  The Caraka-Samhita and Susruta-Sambhita have sufficient material 10 indicate that

people during this period had a good understanding of animal and plant ecology. Both
the Caraka-Samhita and Susruta-Sambita classify animals on the basis of habit and
habitat, land on the basis of nature of soil, climate and vegetation. Plants typical 10
various localities are also described. In addition the Caraka-Samhitas contain
information that air, land, water and seasons were indispensable for life and that
polluted air and water were injurious to health.
23
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3)

4)
5)

a) autecological, b) synecological, c) ecosystem.

Environment is defined as the sum total of living, non-living components, influences -
and events surrounding an organism, The environment external 10 an organism is its
external environment and the environment enclosed within the body of an organism or
in a living cell is referred as internal environment.

8) False, b) True, ¢) False, d) Faise, e) True, f) True, g) False, h) False.
a) saprotrophs, b) animals, ¢) producers, d) cycle, flows, e) ecosystem, d) ecotone.

Terminal Questions ' F

1)

2)

3)

4)

3)

6)

7)

a) Atmosphere, lithosphere, hydrosphere; b) decreases; c) major; d) increases;
¢) minor

T

Blological cake disgram showing the relationship of ecology with other bioogical disciplines.

Natural ecosystems are those which are undisturbed or relatively undisturbed by
humans, such as a natural forest, an estuary, whereas artificial ecosystem are those
ecosystems which have been significantly altered by humans or created with specific
objectives such as wheat field, tea garden, lawn.

Both are her.erotrdphs. but while macroconsumers feed on living planté or animals or
both for obtaining nourishment, microconsumers decompose dead bodies of plants and
animals and obtain energy from the decomposition of the dead bodies.

D— 2 '
) P |
) P
H___ 3

The carly Greek philosophers were well aware of the importance of environmental
studies. Hippocrates in his work on airs, waters and places, stressed the need for
ecological background for medical students as he explained the effect of water, air and
locality on health and diseases on man. Aristotle classified animals on the basis of
habit and habitat. Theophrastus studied plant types and forms in relation to altitude,
moisture and light exposure and is regarded as the first person to introduce the
ecological approach long before the term ecology was coined.

a) Ernst Haeckel defined ecology as the body of knowledge conceming the economy
of nature — the investigations of the total relations of animal both to jts inorgaric
and 1o its organic environment, including above all, its friendly and inimical
relation with those anirnals and plants with which it comes directly or indirectly
into contact — in a word, ecology is the study of all the complex interrelations
referred to by Darwin as the conditions of the stuggle of existence.

b} Charles Elton has defined ecology as scientific natural history.

¢€) Eugene Odum has defined ecology as the study of the structure and function of
" nature.



8) ~ The divisions of ecology.
Muain Subdivisions of Ecology
' .
[ ! |
AUTECOLOGY SYNECOLOGY HABITAT ECOLOGY
(Study of the (Study of the {(Descriptive study of both
ecology of an ecology of groups the orgenisms and
individual in or communiliey in the kind of the environment
relation to the relation (o their or habitat where organisms live)
environment) environment)
I | ! !

Autecology Population Community Ecosystem approach

of a species Ecology Ecology

(Study of (Swdy of (Study of {Study of groups of

individue! individuals individual communities logether with

given species) of a given COmmunities) their non-living environment,

~SpeCies) interacting together so as to
function as a system)

9) a) Inacommunity dominant species are afew overtopping species which by their
greater bulk modify the habitat characteristics they occupy and influence the
growth of other species of the community.

b) Species diversity is a measure of the number of species (richness) and the relative
abundance of each species (evenness).

¢} Inacommunity different species vary in (heir abundance, Relative abundance is a
measure of relative proportion of different species in a community.

10) The vertical limits of the biosphere extend from 9000 metres above sea level to the

floor of the ocean which is 11000 metres below the sea level.
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2.1 INTRODUCTION

In unit 1 we have given you a general introduction to the discipline of Ecology. You have
learnt about the eavironment and its biotic and abiotic componeats that affect the organisms.
This and the following two units deal with some of the abiotic components of the
environment and their mutual interaction,” '

Among the abiotic components a knowledge of physical environmental factors like light,
lemperahmre, winds, water, soil etc. is important if we wish to understand the survival,
distribution, abundance and adaptability of organisms in different ecosystems of the earth, In
this unit, we will describe the solar radiation reaching the earth, its qualitative and

- quantitative features, temperature and the atmosphere. We will also leamn about the

instruments used for the measurement of light. Vasiations in light and heat significanily
affect the distribution and behaviour of biotic communities. Green plants trap sun’s energy
and convert it to chemical energy through the process of photosynthesis. In animals, light
reception is the most important sensory modality in the explovation of environment. Most
animals are equipped with light receptors, which to a great extent influence their behaviour.

Organisms are adapted to a certain range of temperanure only in-which they can survive and
reproduce. Plants and animals tolerate extremes of temperature by developing special
structural and physiological adaptations or develop special strategies to avoid unfavourable
lemperature regimes. Wind is yet another importzmt factor which affects the distribution and
behaviour of organisms. The importance of wind is especially prominent in case of plants
whichl_]avespecialneedslowilhsmdhighwindvelocity.Someofﬂl&seadaptalionswﬂlbe .
briefly discussed in the unii.

We have discussed the abiotic factors separately for the sake of convenience but they
seldom operate independently. The discussion that follows in this unit and other vnits will
belp you 1o appreciale their integrated influence on the living organisms and ecosystem
processes.
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hd 1. ng'hl, Temperature and

\ o Atmosphere

After reading this unit you should be able to:

@ differentiate between quality, quantity and duration of light and its importance to various
ecosystems and describe instrumenis used for light measurement,

® outline global mdiation balance and explain variation in light climate in terrestrial and
aquatic ecosyslem,

@ describe the latitudinal and altitudinal variations in temperature and its influence on the .

formation of biomes,

describe the composition and stratification of the earth’s atmosphere,

outline the features of global wind circulation, inversion, monsoon,

explain the importance of adaptations in plants and animals to different light conditions

and extremes of temperature and wind,

@ use in proper context the terms solar constant, albedo, lux, photoperiodism, adiabatic
change, thermoperiodism, cardinal temperatures, homeotherm, pmkﬂolhenn, stenotherm
and eurytherm, exotherm and endotherm.

2.2 LIGHT - .

All of us know that the sun is the ultimate source of energy for all activities in our biosphere.
The electromagnetic radiations from the sun supply energy which warms up the earth and
the atmosphere Lo provide a favourable globat temperature for the living organisms. In
addition, light plays a variety of roles in the living world. It is essential for photosynthesis,
the process by which light is converted into usable chemical energy. It is involved in the
transmission of information, for instance, it helps plants and animals to programme their life
cycles, coordinates the opening of buds and flowers, dropping of leaves and a variety of
other physiological processes. Variation in the-amount of light generally affects the local
distribution of plants. In animals light regulates reproduction, hibernation and migration and
of course makes vision possible. Ali these biological phenomena are readily influenced by
variation in the intensity, and by seasoﬁal or diurnal variations of light.

In the following sections we will d15cuss briefly the properties of solar radiations, and their
global distribution. .

2.2.1 Electromagnetic Spectrum

In FST-1 (Unit 10, Section 10.2.1) you have learnt about the electromagnetic spectrum
which extends from gamma rays, x-rays, ulira-violet, visible, infrared to radiowaves. The
spectral distribution and the intensity of solar radiation incident on the earth surface is
known. As shown in Fig 2.1 the radiations that strike the earth extend from near ultraviolet
to beyond the red to infrared. You know that visible light is only one small part of
electromagnetic spectrum.

Electromagnetic radiation has a dual nature of wave and particle. Among the
photobiological phenomena caused due to light, many are best explained in terms of wave
nature of light, and many others by the particle nature. (If you wish to revise this concept,
please see section 1.1 Dual nature of matter and radiation, chemistry, class XiI-X1I,
NCERT). Electromagnetic radiation is a form of energy. It propagates in the form of discrete
packets of energy called photons. The photons of each wavelength have diffevent quania of
energy. The amount of energy of a particular wave depends upon its wavelength or

frequency and can be expressed as:
Favp E =energy of wave (joule/sec) v = procoumnced as Tue .
E=hp v = frequency of wave (Heriz cycles/sec)

h = Planck’s proportionality constant. It has a value of ~ 1.6 x 107 cal/sec.

= 6.6 x 10 joule/sec. 1 am = 10°% meter (m)

. 1 pm (micrometer) = 10" m
Frequency is inversely proportional to wavelength and can be expressed as I nm (cagometes) = 10 m

_C : 1 AfAngsuum)— 10" m
TR ' :
C = velocity of light (3.0 X 10'° cmy/sec or 3% 10* mysec) ' B

A = wavelength (in cm or m) 27
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Look at the visible region of électromagnetic spectrum in Fig 2.1. The varying wavelengths
of visible light are perceived as different colours. Blue light has shorter wavelength,
telatively higher frequency and high energy then red light which has higher wavelength
relatively lower frequency and lower energy. As indicated earlier, visible light has a
spectrum of colours and each colour has a specific range of wavelengths. Scientists use
special colour filters to obtain light of a particular wavelength and study its effect on the
various biological processes and behaviour of the organisms. '

The radiations which affect the photobiological phenomena lie between 300 nm and 900 nm.
In Fig 2.1 you will see the region of ulira violet, visible and infrared regions and the
photobiological phenomena caused by them. You may spend sometime studying this figure.
Before reading the next section we would like you to complete the following SAQ. You may
find it useful to consult the glossary to rerind yourself of some of these photobiological
phenomena.
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Fig 2.1 : Electremagnelic spectrum of solar radiations and the reglons effective for photobiological phenomen:
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22,2 Solar Energy Input

We have mentioned earlier that the spectral distribution and the intensity of solar radiation
incident on the earth’s surface are known. Of the enormons amount of energy that is radiated
by the sun (5.6 X 10* cal/min), only about one-half of | billionth of that amount is
intercepted by the earih. Not all the solar radiation can penetrate the earth's atmosphere;
however, the amount of solar energy received at the top of atmosphere is constant. This
energy is referred to as solar constant. It is defined as the rate at which solar radiation falls
on a unit area is a plane surface, which is oriented perpendicular to the solar beam, when the
earth is at its mean distance from the sun. On an average the value of solar conslant is 2 cal/
cm¥/min.

As the solar radiation travels through the atmosphere it interacts with it and gets diminished
in three different ways: by reflection, scattering and absorption. Fig 2.2 shows the result of
interaction of 100 units of solar radiation with earth and atmosphere, About 30% of the total
incoming solar radiaticn is reflected by clouds and a portion of it is back-scattered and lost
in space. About 19% of it is directly absorbed by oxygen, ozone, water, ice crystals and
suspended parlicles. This absorbed radiation is converted into heat energy and the air is
warmed 10 some exlent. The remaining 51% is absorbed or reflected by earth’s surface (hat
is converted 1o heat. Thus a total of 70% (19% by atmosphere and 51% by earth) of (he
radiation absorbed by earth and atrnosphere is involved in the functioning of our biosphere.

The earth has a variety of surfaces — rough, smooth, ice-covered, or water-covered and
areas with different types of vegelation. The amount of radiation absorbed or reflected
depends upon the nature of surface features i.e. topography of the area. The percentage of
reflectivity of the incident radiation in meteorology is called albedo, which is

Albedo = Reflected radiation % 100

Incident radiation

Albedo of snow covered landscapes is higher than vegetated Iaindscape or water column.
Freshly falten snow typically has an albedo between 75 to 95%. Ocean warters have low

“albedo and therefdre they appear darker than the adjacent continental land masses. Rough

surfaces have low albedo than smooth surfaces. Also the light coloured surfaces reflect more
than dark surfaces. Reflectivity also depends upon the angle of incident radiation. The
surfaces that are less perpendicular to the sun's rays are more reflective than surfaces that
make almost a right angle with the incoming solar radiation.

We have leamnt that earth and atmosphere receive solar radiation, absorb a part of it and get
warmed up. We also know that during night earth cools down. So where does the energy of

Envirozr:zztel Compohzaw &
1. Ligk;, Jemporatua < and
Atmusphere

The prescnt unit used for
measuring ¢nesgy is joulefmeire/

sec. 4.18 Joule (1) = | calorie (¢} .

=4.197 x 107 erg Walt =
Joulefsce.

The blue colour of the sky is due

" to the scatering of the blue

portion of visible sunlight by
nitrogen 2nd oxygen molecules
present in Lhe earth’s
atmosphedre,
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Distribution of Incoming Solar Radiation (100 Units)
100 UNITS

21 UNITS
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Fig 2.2 : The global disposition of solar radi.nlion_'and-f ic_rre:una! infrared rﬁmlﬁ, based on 100 units ol

" ineidend solay radiation, N
radiation absorbed by the earth go? Actually, the absorbed radiation in lumn is conlinually re-
radrated from the eanth as heat in the form of infrared radiation and is sent off to outer space
continually. If it had not re-radiated the air temperature would rise steadily day by day. Look
at Fig 2.2. Larger percentage of the infrared radiation is ahsorbed by the atmosphere, water
vapours, carbon dioxide and some other gases and so they impede its loss to space. Part of it
re-radiates back to earth surface and helps in maintaining global temperature. The value of
solar radiation at sea level is approximately 1.5 gefsq cm/min (~10,000 fc).

The speciral distribution of solar radiation is greatly altered as it passes through cloud cover,
water and vegetation. Short ultraviolet radiation is abruptly reduced by ozone layer in the
outer atmosphere. Visible light is broadly reduced by absorptions in the aimosphere. Fig 2.3
shows spectral distribution of solar radiation above Lhe aunosphere, after it passes through
the aumosphere and reaches earth during clear weather, and under plant cover. Study this
figure carefully before you move on to the next section.

2.2.3 Radiation Instruments

In this section we will learn about the instruments used for measuring solar energy, light
intensity and duration of light.

Measurement of solar energy input )
A varicty of instruments have been designed to measure the energy of solar radiations of all
wavelengths as well as of a particular range of wavelengths. Pyrenometer (Fig 2.4)
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Fig 2.3: Spectral disiribulion of solar radistion on earth during clear weather, under cload co-
under vegetation {Redrawn from Gates, 1965).

measures the energy of sunlight of short wavelengths, indirect sunlight and scaitered
skylight radiation. The receiver of radiation A has altemale black and white strips. These act
as hot and cold (hermocouple junctions respectively. This arrangement is enclosed in a
spherical glass bulb which shields the receiving surface from disturbances by wind. But the
glass container limnits the wavelength response to the range of 280 nm to 3,000 om.

Galvanometer Receiver .
Fig 2.4 : A Pyrenomeler

When the receiver is placed in the sunlight the temperature of black strips, increases because
it absorbs all radiations falling upon it. But the while strips remain cool as they reflect all
incoming radiation. Thus if we connect a thermocouple between these sirips, a thermo-emf
develops as shown in the margin (Fig 2.5). Galvanomeler B (Fig 2.4) shows a deflection
indicating this emf. In this way the radiations absorbed by Lhe receiver can be measured.
Normally, the galvanometer is calibrated to give a nearly linear vollage response to incident
radiation/fluxes absorbed by the receiver.

Radiometer measures the flux of energy of all wavelengths received on a single surface of
the receiver. There are also instruments that can measure the difference between the
downward incident solar radiation and upward streams of reflected re-radiation and gives us
the net value of radiation. This is called net radiometer (Fig 2.6 a). It has two exposed
surfaces one upward facing (x) and another downward facing (y). The principle of this -
instrument is similar 10 that of the pyrenometer. The receiver A is a long thin blackened
metal strip which is painted white on either side. The while and blackened parts of this strip
are connecled to a thermocouple.

Since the black receiver is not enclosed within a glass cover, it responds to all wavelengths.

However, exposed receiver may not give us very accurate value because its surface may
transfer heat to air by convection and conduction. Moreover, the moisture can also influence

Environmental Components :
L. Light, Temperature and
- Almesphere

Voitmeter

Copper Wire.

Fig 2.5 : A thermocouple

When two wires/suips ol
different materials/alloys are
joined 1ogether and their two
junctions are kept ai different
temperaturcs, an emil develops
between them, This is known as
themo-eml.
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Lux — pronounced as leoks

We can sce objects with about
0.25 ft-c of light and we require
about 20 lt-¢ for reading,
Temperate piants usc about 2,000
fi-c for photosynthesis and
tropical species use 8,000 fi-c ora
litde more. Sunlight al noon on a
bright day is about 10.000 (t-c.

L foot candle = 16.76 lux metre (Im)

3z

Galvanomenter

Flg 2.6b: Thermoelectric pyrenometer
(Couriesy, [ndia Metcorological Department, Pune)

it. To avoid such disturbances the receiver is either ventilated at a constant rate or it is
covered by suitable material which is transparent to visible as well as infrared radiations,

At meteorological department of India, Pune, solar radiation is measured by a thermoelectric
pyrenometer shown in Fig 2.6b. The sensor is made up of blackened copper constant
thermopile. When exposed it gives rise to g thermoelectric current proportional to the
incident radiation. The current is fed to a continuously recording millivoltmeter.

Measurement of Light Intensity

How do we measure the integsity of a source of light falling on a surface? You know that
light spreads out uniformly in ail directions from a source. The amount of light shining on a
unit area decreases with increasing distance. This decrease is equal Lo the square of the
distance away from the source. Fig 2.7 shows how the intensity of light decreases with
distance from the source,

¢ 1 I2 |3

Swurce of Light 2 times as far away,

1740f the light 3 times as far away,

1/9 of the light

Fig 2.7: Decrease in apparent brightness with distonce

Light intensity is measured in lux (meétre candle). A lux is the amount of illumination shed
on a square metre of curved surface, one metre from a standard candle. Previously, the unit
foor candle (ft-c) was used. A foot candle is the amount of illumtination shed on a square fom
of curved surface, one foot from a standard candle. To get an idea of the magnitude of foot-
candle, please read the accompanying margin remark.

Photometer (Fig 2.8) measures the intensity of light. The meiallic plate A is a photoceli
which emits electrons from its surface when light of sufficient frequency impinges upon il
The emission of electrons emerging from the irradiated surface constitute the current. This
current is measured by a sensitive ammeter which is calibrated o give the amount of current
grneraled as the value of light intensity in metre candle.

T



Environmental Components;

1. Light, Temperafure and
Atincaphere

Fig 2.8: A photometer

Duration of Light :

Sunshine recorder (Fig 2.9) measures the duration of sunshine. The recorder consists
essentially of a glass sphere of about 10 ¢m in diameter mounted concentrically in a
spherical metallic bowl (B) which itself is mounted on a marble base. The inner surface of
the bowl is flanged to take 3 sets of special cards for use at different periods of the year, A
semi-circular brass bar supports the bowl and sphere and has degrees of latitudes engraved
on it. It can be moved and set to any latitude in its range. The rays of the sun when focused
sharply on the card burn a trace on the card gradually. The length of the bum indicates the
duration of sunshine, which is read off the hour marks printed on the cards.

Glass
: H I ‘ bowl
- —»Meltalic
Bowl
Lyl
[*H=]
Fig 2.9a: Sunshine recorder Fig 2,5b: A photograph of sunshine recorder.

2.2.4 Periodic Variations in Light — Diurnal and Seasonal

We know that rotation of the earth on its axis accounts for day-to-night variations in the
amount of radiations falling at a given place and seasonal variations occur due to the
orbiting of the earth around the sun. Since the earth’s equatorial plane is inclined to its orbit
at an angle of 23°.27’, the rays of the sun do not fall vertically on all parts of the earth, From
March 22nd to Sept. 22nd (Autumnal equinox), the northpole is inclined towards the sun. So
the most intense solar beam is focused on the northern hemisphere. We in the northern
hemisphere, have summer season and on the northpole the sun shines for 24 hours of the
day. While on South pole it is dark for six months and the southern hemisphere has winter
season. The opposite situation exists on the poles from September 24 1o March 20 (spring
equinox) when the northern hemisphere has winter season and southem hemisphere has
summer season (Fig 2.10).

There is also horizontal variation in the distribution of radiation on the earth. Because the

earth is nearly spherical in shape, parallel beam of incoming sunlight does not fall vertically

on all parts of the earth. It strikes lower latitudes more directly than higher latitudes.

Therefore, at higher latitudes the incident radiation falls obliquely on the surface, travels

more through the atmosphere, and spreads over a greater area and thus is less intense

(Fig 2.11) than the vertical beam falling on or near the equator. 33
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Fig 2.10: Annuzl variation in the amount of incoming solar radialion, causes sersons.

2.2.5 Light and Distribution

We have mentioned in the beginning that the variation in the amount of light generally
affects the global and local distribution of plants and animals. Light plays a great role in
species composition and development of vegetation. We have already discussed the global
variation of light intensity. Let us study the causes of variation in light climate in terrestrial
and aquatic ecosystem. In order to provide a comprehensive idea of light climate of any
locality, information on the following three aspects needs to be provided: i) Intensity or
amount of light per unit area per unit time, ii) The quality or wavelength composition, and
iii) Photoperiod or duration. '

Significant local variation in the light in the terresirial ecosystems results due Lo the
interception of light by vegetation. In a forest, tall trees with fully expanded canopy receive
maximum sunshine and absorb a major portion of the incident light especially in the red and
blue regions. The undershrub and herb layers receiye only light filtered through the tree
canopy from above. In a thick forest the light interception by the multistoreyed vegetation
(Fig 2.12) is very efficient and on the forest floor light intensity may be only 1% of the
incident solar radiation received at the top of the canopy. .

Due to selective absorption, spectral light quality changes as it passes through the tree
canopies. Yet, we find that some plant species are adapted to functioning in such low light
intensities. On the basis of relative preference for natural growth in bright or diffused light
the plants have been classified into two categories — sciophytes (shade loving) and
heliophytes (bright-light loving). Some plants are more rigid in their preference for shade or
bright light. These are termed as obligate sciophytes and obligate heliophytes respectively.
There are some heliophytes that can also grow in shade but not so well. These are called
facultative sciophytes. Similarly, the sciophytes that can also grow in bright light are called
facultative heliophytes.

Planis can survive only when the total energy harnessed in photosynthesis exceeds that used
in respiration. The intensity of light at which energy hamessed through photosynthesis is
just sufficient to meet the energy requirement of respiration is called light compensation
point. In deep shade, under trees the amount of light is not enough to carry on
photosynthesis to satisfy the immediate need of the plants. Therefore, they lose leaves and
usually branches. The leaves in a tree canopy are arranged in a way so as to function above
light compensation point. '

So far we have discussed the influence of light on the distribution of species in terrestrial
ecosystem. Let us see the distribution of light in aquatic ecosysiems.

Vertical stratification of light intensity with increasing depth and accompanying changes in
jts spectral quality occur due to its limited penetration in water. Generally, less than 1% of
sunlight can penetrate upto a depth of about 30 metre in a water body. The light penetration
can be further reduced by suspended material in water like sili, clay, solute content, plankion
which significantly decrease the intensity of light and change the light quality. Often, planis
such as duckweed (lemna) which float freely on the ‘si.lrfacc of water can inlercept the
incoming light. Besides, pure water also absorbs light at a rapid rate and causes profound
changes in its spectral distribution. Red and blue wavelengths are mostly filtered out and the
remaining predominantly greenish light penetrates to a greater depth.




i 5

Fig 2.12 : StratlTeatlon of lght in multistoreyed vegetation.

We know that the amount of photosynthesis is directly related to the intensity of light and
thus the light compensation point in waler reaches at a certain depth which is called
compensation depth. The zones above and below this depth are called photic zone an
aphotic zones respectively. .

A lake has three zones as shown in Fig 2.13. The littoral zone includes all those areas where
light penetrates to the lake.bottom and where aquatic plants, aquatic animals and
decomposers grow. The profundal zone includes areas too deep (o be penetrated by light
useful for photosynthesis. This area is below the compensation depth. The limnetic zone is
open, sunlit water above the profundal zone. It extends cutward from the littoral zone. Tiny
free floating plankton especially phytoplankton dominate in this area.

- -
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Fig 2.13 : Zonation of a lake according Lo light penelration.

Fig 2.14 : Penelration of light at varicus depths in the ocean.
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Light is an important factor in regulating the distribution pattern of marine organisms. The
accompanymg Fig 2.14 shows various depths to which light penetrates in the ocean.

2.2.6 Photoperiodism

Activity like breeding and migration in animals; flowering, seed germination in plants are
regulated by the length of daily period of light and darkness. This behavioural phenomenon
is known as photoperiodism. For example, plants such as radish, potatoes and spinach bloom
when the light duration is more than 12 hours/day. Such plants are called long day plants.

Cereal, lobacco, dahelia and many other plants bloom when light duration is less than 12
hrs/day. These are called short day plants. Such responses show that plants have buiit-in
mechanisms for measuring the duration of illumination and darkness and hence flower in a
specific seasons,

Similar photoperiodic responses are observed in animals. These may be diurnal, lunar or
annual. Reproduction and migration in birds are such annual photoperiodic responses. From
such responses it seems that distribution of some plants and animals may be restricted
because the necessary photoperiodic stimulus is available only at certain latitudes.

A _bIe. sadlaunn can pass through cloud cover

visi)- ‘Misible/fi nfmred light. is] bmadly reduced byabsorpuon inthe: almqsphere*

H) Energy of shon wavelenglh and skyl:ght m uucm
By Irrénsity of ilfumination 5. e
c) ‘Difference belween Ihe energy ‘of downward mcldenl solar -
radmlmn and upward stream orreﬂecwd e radmuun. s
-’d) Vmanon in lhe :ntensuy of I[ghl dunng a day

2.3 TEMPERATURE

Temperature is a major physical environmental factor which profoundly influences the vital
activities of living organisms like, metabolism, growth and reproduction. The primary effect
of temperature is on the stability and activities of enzymes which carry out and regulate the

biochemical reactions in the cells. Temperature also affects the properties of biomembranes.

We know that there are large temperature differences over the earth to which organisms
muslt adapt. Temperature and availability of water in an area largely determine the types of
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plants and animals that can grow, survive and reproduce there. Every organism has a certain
range of tolerance for temperature delineated by an upper and iower lethal lemperature,
which vary from species lo species. Thus, temperature is one of the factors that limit the
geographical distributions of plants and animals. Temperature also indirectly influences the
availability of water which itself is an important ecological factor. Before we describe the

adaptations in organisms due to temperature stress let us discuss the temperature variation at

different latitudes and altitudes and examine the global picture of temperature.

2.3.1 Latitudinal Variations
The latitudinal variation of temperature over the earth is the result of two main variables

i) - incoming solar radiation and
ii) the distribution of land and water masses

What do you think could be the other factors influencing temperature?

“The movement of wind and water, and the direction of slopes of hills and mountains also

modify the temperature.

We know that the [ength of the day varies at higher latitudes. That means the incoming solar
radiation varies. However, if we compute the average, every point on the earth gets the same
total hours of daylight each year, an average of 12 hours per day, but not the same amount of
heat. The latter depends upon the amount of radiant energy delivered/unit area/hr and this
depends upon the angle of landing sunlight. You have leamnt in the previous section that
vertical beams are more intense than Lhe oblique beams that land on the higher latitudes.
Hence we find a gradual decrease in the amount of incident radiant energy/unit area along
the increasing latitudes, horizontally. Let us now Lake into account the oulgoing infrared
radiation. Look al the plot in Fig 2.15 which compares the abserbed solar radiation with the

Outgoing
Lengwave Radiation’ ,

Solar Hadiation

||lll]af(111_|ll|l|ln|||
o 100 2000 300

Watts per square meter

Fip 2.15 : Absorbed solar radietion and outgoing
infrared/radiation at various latitudes.

outgoing infrared radiations at varipus latinrdes. Notice that at lower latitudes the rate of
warming by absorption of solar radiations is greater than the rate of cooling by cutgoing
infrared radiations. You can see that thie reverse is true for higher latitudes where the rate of
cooling far exceeds the rate of absorption. At about 28° N and 33° S the cooling and
warming rates are equal. The poles get only about 40% of the radiant energy of that
delivered-to the equater. The heat changes in various latitudes are also brought about by the
movement of warm and cold water masses and by the exchange of cold and warm ocean
currenis.
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Table 2.1 : Comparison of Maximum and Minimum temperature of Calcutta (near 1he coast) and Nagpur {land
locked) located at the ~ 22° N latitude.

Temperalure —°celcius
Maximum = Max
Minimum = Min

Calcutta Nagpur
Month
* Max Min Max Min

Jen 26 12 29 13
Feb 29 15 33 15
March 34 20 36 19
April 36 24 40 24
May 36 26 43 28 '
June 34 26 38 27
Tuly 32 20 3l 24
Aug 32 26 .30 24
Sept 32 26 E] 23
Oct 31 24 32 20
Nov 29 18 30 14
Dec 27 ] 13 29 12

Besides the difference in temperature at different latitudes, we find a great difference in the
temperature of places located al the same latitude. For example, Calcutta and Nagpur are at
same latitude but the temperature at Calcutia is moderated by its proximity 1o the sea
(Table 1).

Can you tell the reason for this difference? This is because land and water absorb heat
differently and this produces more contrast even within the same latitude. The temperature

.of land locations/areas/stations have greater daily diurnal and seasonal temperature

fluctuations.

3

. On the basis of temperature variation three distinct heat zones can be distinguished in each

hemisphere (Fig 2.16). The hot tomrid zones are near the equator, moderate or temperate
zones are in the middi€, the cold zones are at ihe poles. Each zone is characterised by typical
plants and animal populations found in the area.

2.3.2 Altitudinal Variations

We know that temperature decreases with increasing altitude. This is mainly due to
convection currenis in the troposphere — the lowermost (and most dense) region of the
earth’s atmosphere. (You are lold about different regions of atmosphere in section 2.4.2). As
you know that the surface of the earth gets heated up on account of solar radiation and it also
heats the air which is in immediate contact with the surface. This gives rise to convection
currents which continuously transport air from lower region to higher ones and vice versa.
When the air from sea level rises to the upper atmosphere of lower pressure it expands i.e.
the volume increases. While expanding, the molecules push aside the reighbouring
molecules. In doing so the molecules lose their kinelic energy and it is this energy loss
which is reflected in a decrease in temperature. The same amount of energy is gained by the
gas molecules when they are compressed while descending and thus the temperature
increases. Such a change in temperature where no addition or substraction of heat takes
place berween the system and the surrounding is called adiabatic change.

2.3.3 Global Temperature
Let us now look at the glabal temperature in Fig 2.17

The i1sothermal map of the world shows the pattemn of annual mean lemperature on the earth.
We find that 1ke continental land masses have relatively broad lemperature ranges. The
southern hemisphere has less iemperature variation lhan northemn hemisphere because of .
more water mass in the former. Fig 2.18 shows the annual mean temperature in cities in India.
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* Fig 2.17 : Isothermal map of the world.

2.3.4 Temperature Stress

We have mentioned earlier that temperature alengwith water is an important influence on
the geographical distribution and range of organisms, Every organism is restricted to a
definite range of tlemperature, which may be quite dissimilar for different species. In other
words, there is an upper and lower lethal temperature above and below which a given
organism cannot perform the normal life activities and may suffer irreversible damage or
may die.

The lower minimum and upper maximum lethal temperatures and optimum temperature are
termed as cardinal lemperatures and these vary from species 10 species. Some organisms
have narrow limits of tolerance to high or low temperature (stenothermal) while some
tolerate a wide range of temperaire (eurythermal) (Fig 2.19). Besides tolerance temperaiure

] Environmental Components :

1. Light, Temperature and
Atmosphere
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Fig 2.18 : Annusl mean temperature in Indla. (These maps do not show the political boundaries))
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Fig 2.19 : Limil of toerance of stenothermal and eurythermal erganisms. Maximum, minlmum aod oplimum
lle in @ very narrow range in stenothermal specles. Eurythermal, show wide range of temperature tolerance.
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Fig 2.20 : Zones of vegetation change with altitude just as they do wilh latitude because vegetation is
pariially determined by temperature. The other factor is rainfall.

range, organisms have different optimunr temperature for growth, development and
repreduction i.e. at the specific temperature, they perform specific function with maximum
efficiency. The characteristics of terrestrial biotic communities are determined by the
temperature and rainfall. Thus we find that different biomes distributed throughout the globe
in accordance with the temperature which in turn is influenced by other factors. Since the
temperalure varies with altitudes as well as with latitude the variation in the vegetation from
equator to higher latitudes is somewhat similar to that from planes to higher altitude as
shown in the Fig 2.20.

The biomes in different regions have been named according to the kind of vegetation they
support such as coniferous forest, deciduous forest, grassland, savanna etc. The deserts and -
(he tundras experience extremes of tlemperature. The organisms of such biomes survive at
the limits of the temperature tolerance, We will now describe the temperature stress on the
organisms living in these biomes. .

Extremes of Heat and Cold

Deserts are regions of aridity with rainfall of less than 20 cm per year and the soil, though
fertile, is Loo porous to retain any water. In summer there is great diurnal variation in
temperature from 40°C during the day to below 15°C the same night. The light intensiry
reaches higher peak due to lack of cloud cover. The true deserts are Sahara in Africa and
Great desert in Australia where the annual rainfall is less than 2 cm. Plants and animals
which survive under such conditions have special features that allow them to withstand high
temperature and lack of water.

The other extreme of temperature is seen in the arctic and alpine tundras. The word {undra
means bare mountain tops in Finnish. Tundras are frozen most of the year round and are
very similar to deserts as the rainfall here is also about 20 cm per year. But during the short
summers, water is plentiful as the topmost layer of ice melts. The ground gets covered with
short grass and patches of moss and lichens. Beneath the thawed layer of 3-5 cm, the soil
called permafrost remains permanently frozen. Since the roots cannot penetrate deep in the
soil trees do no! grow here.

Now let us see how planis and animals adapt to these temperature extremes.

2.3.4 Adaptations

Every organism can live and reproduce within a certain range of climatic conditions.
Organisms that live in hot or cold environments have behavioural and physiclegical features
that enable them to survive extremes of temperature. As a survival strategy organisms either
tolerate these extreme conditions or evolve ways of avoiding them altogether. For example,
plants cope up with high temperatures in the desert by developing a thick layer of cuticle.

Environmentat Camponenls :
1. Light, Temperature and
Almosphere

The world's largest deserts are

located near 30° latitude both

nonth and south of the Equator.

Arctic tundras are restricted 1o
band across the northern
latitudes of the world, [1 is an

a

arctic grassland that runs along

the coasts and island of arctic
oceans in Asio, Europe and

Nonh America. Alpine tundras

ocoffr a1 high altiludes al vario
latitudes around Lthe warld.
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succulence i.e., water storage tissue in the leaves and stems. In many cacti the stem is green
and carry out the functions of leaf and makes food by photosynthesis. These plants also have
physiological adapiations. The stomnata remain closed during the day to prevent the loss of
walter due to transpiration. CO, diffusion cannot occur in stomatal closure in the day. To
carry on photosynthesis these plants have evolved special physiological adapiation. During
night when their stomata open they trap CO, and store it in the form of four carbon acid. The
CO, trapped in the leaf at night is subsequently released during the day and used in_
photosynthesis. This type of metabolism is called crusstulacean acid metabolism (CAM]).
The deiails will be covered in physiology course. Comparative study of plant responses to
constant Favourable temperature region verses alternating temperature shows that seed
germination, vegetative growth or fruit production is best under the latter conditions. This
shows that plants are adjusted to natural rythmic diurnal cycle temperature changes. The
regulation of plant responses to periodic thermal changes is called thermoperiodism,

Let us now see what sort of strategy animals adopt to cope with temperature stress. Animals
have advantage over plants as they can move from one place to another. They cope with
temperature stress by regulating their internal and external environment by physiological
and behavioural means. Probably you know that birds and mammals are capable of
maintaining constant body temperature. They do so by using the energy of metabolism
released during cellular respiratien. They are calied homeotherms or endotherms because
they control constant bedy temperature by internal means. The body fat, feather, fur or hair
etc. help to retain this heat. Some animals use a number of behavioural mechanisms 1o
regulate their body temperature. This type of regulation is termed as behavioural
thermoregulation. For instance, they can move to shady areas or take a dip in water during
the hot peried of the day. The desert animals such as snakes, lizards, scorpions, and rats are
mostly nocturnal i.e. they remain hiding during the day to avoid the scorching sun and roam
in search of food at night or early in the moming when temperature is generally low.
Reptiles like lizard and snake are considered cold blooded because they cannot control their
bedy temperature. However, experiments on these animals have revealed that they can also
control their body temperature effectively by behavioural means. Reptiles move in and out
of bumrow in such a way that their body temperature remains fairly constant. It has been
found that in spite of great temperature fluctuation of environment, desert lizard can
maintain its body temperature between 31°C to 39°C. These animals are called
poikilother ms or exotherms because they control body temperature to a considerable range
by behavioural means. Animals also regulate their body temperature by losing excess heat
by sweating and evaporation.

In colder climates animals have adaptations to gather heat. Birds warm up their body by
increasing the muscular activity in their wings by shivering. The chameleons change their
colour to black, thus increasing their heat absorbing capacity, the ectotherms bask in the sun,
The animals also manipulate by exposing a certain portion of their body so as to acquire
desirable heat.

Another way to avoid adverse climatic conditions is through migration. Probably you know
that birds of norithern or colder regions migrate to warmer southern regions during the winter
season. Fishes also swim long distances until they reach water masses which have suitable
temperature for their survival,

_ Some animals such as bats, hedgehogs, ground-squirrels, lizards reduce their metabolic

activity and thus enter into hibernation to minimise their energy needs during winter. To -
overcome high temperature during sumuner insects, lungfish, amphibians etc. also suspend
their activities and lead dormant llfe This state is called aestivation.

i) The variations in temperature with increasing laumdes is due 10 the fact that

© 'a) Light shinies for less number of hours - - SRR A DR
b) There is decrease in intensity of solar beam " R 1= a
c)- Rate of mfrared cooling exceeds the rate of absorpuan of. solar rad.lauun { ] :

iiy The effect of i mcreasmg altitude on vegetahon is similar to lhe effeu of i mcreasmg
latitude because - L

) I'a) Mountains change the angle of sunlight - SIRE RN I N
‘b) Akitude and Jatitudes are higher up in ‘biosphere © -+ - - ey
c) Temperature decreases wxm bm.h lautude and almude A IR
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24 ATMOSPHERE

You have already studied (Unit 15 of the FST Course) that the earth is surrounded by a
gaseous envelope called atmosphere. The atmosphere is an essential part of our biosphere. It
is important to study the composition of the atmosphere because this cornposition is
responsible for the weather and climale on our planet and life supporting system.

2.4.1 Composition

The present day composition of atmosphere is the product of a lengthy evolutionary process
that began more than four billion years ago. It is composed of a mixture of many different
gases and suspended particles (Table 2.2). As you can see from the table there are about 12
gases in the atmosphere. However, most of them are present in trace amounts. Nitrogen and
oxygen are the major constituents while CO, is only 0.03%. Because of continual mixing of
atmospheric gases, this composition is almost constant for approximately 15 km height. We
may travel anywhere on the earth and be confident that we are breathing essentially the same

type of air.

Table 2.1.

The relative proporiions of gases in the lower atmosphere (below 80 kilometres),
excluding woler vapour :

Gas Per cent by Pars
Yolume per Million
Nitrogen 78.08 780,840.0
Oxygen 20.95 209,460.0
Argan 093 93400
Carbon Dioxide 0.03 340.0
Helium 0.00052 5.2
Neon . 0.0018 180
Keoypton 0.00010 Tl
Methane 0.00015 ' 1.5
Hydrogen 0.00005 05
Nitrous Oxide 0.00005 0.5
Xenon | 0000009 . 0.09
QOzone . 0.000007 0.07

" Envirormentat Components :
1. Light, Tamperafyre and
Atmasphere
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Atmosphere also contains minute liquid or solid particles in a suspended form which are
known as aerosols. Most of these are found in the lower ammosphere (up to 80 km) near the
earth’s surface. They originate as a result of forest fires, wind erosion of soil, as sea salt
crystals from ocean sprays as well as, from industrial and agricultural activities.

2.4.2 Stratification

On the basis of Lhe variation in air temperatul‘e. the atmosphere has been divided vertically :
into four layers: (see Fig 2.2 1] the troposphere, stratosphere, mesosphere and thermosphere. '
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Fig 2.21 ; The atmosphere is subdivided vertically into zones
_ that are based on the profile of air temperature.

Troposphere or the lowermost layer extends up to an altitude of 15 km at the equator
to 8 km at the poles. The temperature in this zone decreases with increasing altitude
or height.

The next Iayer, the stratosphere, extends up to an altitude of approximately 50 km. Here a
gradual increase in tem;ierature eccurs with altitude. Pilots of jet aircraft prefer to fly in the
stratosphere as it is relatively stable and free from weather fluctuations apart from providing
excellent visibility. Scientists are worried about the growing pollution in the stratosphere. As
pollutants enter into this zone, they are likely to rerain here for a long time. We shall be
elaborating this in a later unit.

In mesosphere, the next layer, temperature is constant in the lower portion but then rapidly
decreases with altitude. At 80 kan the ternperature is the lowest in the atmosphere (average
~90° C). Above Lhis is the thermosphere in which the temperature again increases at higher
altitudes. Human activiry at present seems to have little direct impact on the outermost
atmospheric layer.
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" b) Choose:the:correct term from each pair provi

- +). “As we.go higherup in the tioposphiers, s airfemperature (dec
i)y Yét planie pilots prefér to fly in.the (resospheré/siatosphere). .
+iif) In thérinosphere the air femperature (increases/decreases) with altifgde;

.5 iv). Tempetature is (lowest/highest) at 80 kth altitude in the atmosphiers. ~. 1

2.4.3 Pressure Gradient

You know that air pressure is the weight of the atmosphere over a unit area of the earth’s
surface. Tae average air pressure at sea level is approximately I kilogram per square
centimetre. At any point at sea level the air pressure is the same. We know that gravity
which holds everything on earth's surface, also holds the atmospheric gases in an envelope
around the earth. Gravity compresses the atmosphere on the earth’s surface so that air
pressure decreases with increasing altitude,

Weather forecasters on the TV and Radio usually report air pressure in mm i.e., in unit of
length. This in fact refers to the height to which a column of mercury can rise in the
barometer at a specific station at a given time. However, it is more appropriate to express
pressure in millibars (mb). The average pressure at sea level is 1013.25 mb.

Let us see what happens to the air pressure and density as we go higher up in the
aimosphere. Air density which is the mass per unit volume also diminishes with altitude,
Ninety-nine per cent of the atmosphere’s mass lies between the earth's surface and an
altitude of approximately 32 km. Approximately half of Lhe atmosphere’s mass lies between
the surface of the earth and an altitude of 5.5 km. At this altitude the air pressure too remains
only one-half of the pressure at sea level.

In most cases the reduction of pressure is not a limiting factor for the distribution of plants
and animals at high altitudes. There are other adverse conditions like low temperature, lack
of food, unsuitable soil etc. Many species of beetles have been found in the highest
meadows of Himalayas. While, earthworms have been found up to the snowline in the
Andes mountains. However, for warm blooded vertebrates reduced air pressure and density
at high altitudes causes impairment in respiration. '

The expansion and thinning of air accompanying the lower air pressure at high altitudes
#riggers physiological changes in human beings. For example, a person at high altitude may
experience dizziness, headaches and shortness of breath, but gradually adjusts or
acclimatises to the low oxygen levels. However, people cannot adjust to pressure at altitudes
higher than approximately 5.5 km.

Relatively a slight change in the air pressure can trigger important changes in the weather, A
large volume of air which is relatively uniform in terms of its temperature and water vapour
content is called an air mass. As air masses move from one place to another, surface air
pressure falls or rises causing changes in weather. As a general rule low pressure causes
stormy weather and when air pressure rises the weather improves.

2.4.4 Global Air Circulation

The major wind systems of the earth result because large masses of air around the earth’s
equator are forced to rise from the bottom due to surface heating (recail section 2.3.1 equator
gets maximum sunlight). Cold air from high altitudes rushes in to replace the void thus
created. The warm air from the equator mravels towards the poles where it descends and
returns towards the equator along the surface of the earth. This system is shown in Figure
2.22 and it is influenced by two factors:

1)  -The heat retention of airmasses is not the same as for oceans. You already know that
land cools as well as heats up more rapidly, and land masses are not distributed
uniformly. . :

2) A force associated with the earth's rotation deflects the air flow in the northern
hemisphere to the right and in the southern hemisphere to the left.

Let us now explain air movements at tropical latitudes. The surface nir that rushes to fill the
equatorial void from the north is deflected to the right and becomes the north-east trade
wind. It meets similar wind the south-east trade wind coming from the south that was
deflected to the left. But less land is present in the southern hemisphere 10 obstruct the path

Environmeatnl Cotmpopeats :

L. Light, Temparature and
Atmosphere

mm is a measure of one

dimension height while pressure
is weight/area end so a separate

unit miilibar was used, One

millibar is equal to 100 Newten/

square metre (Nfm?), Now-a-
days the wnit Pascal (Pa) is
used to denale pressure one

Pa =1 N/m? Newlon is unit of
force, The force required to give
amass of | kg an acceleration of

one metre per second.
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of the south-east trade wind so the trade winds do not meet at the equatorial plane but
somewhat to the north. This is called the inler-tropical convergence zone, a zone of heavy

rainfal .
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Fig 2.22 : Global wind p.atlerns. Wind is the moavement of pir coused
by temperalure differences and rotalion of earth.

The prevailing air currents also affect the distribulion of different ecosystems. At the equator
for example, the hot air gives up moisture, rises and undergoes adiabatic changes and the
resulting rainfall supports luxuriant forests. The drier air descends at about 30° latitude,
therefore, major desert regions of the earth like Sahara, and American south-west and 1he
Thar desert in India arc formed in this bell. The air again.becomes warm, picks up moisture
and ascends at 60° latitudes and then travels polewards. Almost no rainfall accompanies its

descent in the planar regions.
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Fig 2.4 : Changes in air temperature, As air rises it expands which causes it {o cool. Cool air holds less
moisture 5o clouds form. Thus it rains heavily on the windward side of the mountain, As the air descends
on (he other side of (he mountaln it becomes compact and tends to pick up maisture from iis
surroundings. Therefore some of the wettest pluces on earth are on (be windward side of mounlains and

some of the dricst places exist on the ather side of those mountains. -

Monsoon
"You have read in section 2.4 that coaslal areas do nol expericnce much difference in their

climate but striking seasonal changes are seen on the large land masses like Asia. Here
strong high pressure regions over Siberia in winter cause winds to blow out of the continent
towards the coast. But we in India are protected from these cold winds by the Himalayan
range of mountains. For this reason we do not experience a severe winter. In summer,
however, strong low pressure regions over Siberia draw great quantities of moist air over the
land from the oceans producing the preal summer monscon characteristic of south-castern
region countries. Again because of the Himalayan mountain range we get the heavy
maonsoon rains as the m ‘sture-laden winds strike against them.
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Inversion Environmentz) Components
We know that atmosphere is heated from below and warm air rises, but air can be 1. Light, Te“"’;:am"h“
prevenied from rising by a condition known as inversion. An inversion refers to a situation mosple
characterised by warm air floating over cool air. One of the causes of inversion is the flow

of winds across vast expanse of cold oceans. Here the moving air is cooled from the bottom

instead of being heated. These winds are comparatively dry even though they cross oceans.

Because of the low temperature of the surface winds the land under such an inversion can

become desent. The Galapago's Islands which Darwin visited are desert because they lie

under an inversion zone, even though they are at the equator, as they happen o be in the

path of stable inverted air moving towards the intertropical convergence. Local inversions

assume importance since pollution levels increase during such conditions. Because of low

wind velocilies, the air above the inversion is not able to mix with the low level air, making

it stagnant. This is common during low temperature conditions; dew, frost or fop often

forms. The ground thus remains cool and the trapped pollutants are unable to escape.
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Strong current of air is known as wind, it is an important ecological factor as it affects plant
life mainly on flat plains, along sea coasts and at high altitudes in mountains. It directly’
affects ranspiration, causes mechanical damage and is an important agent of dispersal of
pollens, seeds and fruits.

Plants in particular have a number of physical as well as anatomical and physioclogical
adaptation to windy conditions. For example, high velocity winds may cause the breaking of
branches of trees or even uproot the whole tree. In forests where there are trees of different
heights the wind velocity is reduced by about 80 per cent, and damage is much less. Such

. trees in forests serve as natural windbreaks or shelter belts. A windbreak is a densely
planted strip of tall trees usually between 15 m and 60 m wide, oriented at right angles (o the
direction of the wind so as to reduce the wind velocity near the ground. Windbreaks reduce
the rate of transpiration, evaporation, abrasion, breakage, and soil erosion by wind. Often
special trees and shrubs are planted around fields and orchards to provide protection against
the damaging effects of strong winds.

In windy areas such as high mountains and coastal regions the canopy of trees becomes
abnormal and becomes flag type or one sided (see Fig 2.24). Branches fail to develop on a
windward side but develop towards the leeward side due to the protection provided by the
stem, '

Adaptations to high wind velocity
- The mechanical foree of the wind and the grinding action of sand, dust, snow and other
materials driven by it cause the plants to adapt themselves if they have to survive.

Wind alone can influence the growth of plants in exposed regions. Trunks of trees often
bend along the direction of the wind to prevent damage by high velocity winds on exposed
mountain sides (Fig 2.24).

In the deserts where the strong winds carry fine grit and sand, only plants like the cacti
which have a thick cuticle can protect themselves from the abrasive action of the sand.

If you have seen a coconut palm or any other palm tree, you would have noticed that the 47




Environment and ils ' leaves are serrated and torn. This is again an adaptatioh 10 withstand the high wind velocity
Components : so that the leaves do not get broken and damaged.

Fig 2.24 Pine trees bend almost ot an angle on (he mountains of Gulmarg to adapt lo the
high velocity winds.

In the high mountain ranges of the northern latitudes, the plants species often form cushions
and mats thal can withstand buffeting from strong winds that sweep the mountains. For

instance, Rhododendron a kind of plant is found in the plains as well as high up in the . i
Himalayas. In the plains it grows into a shrub while at high altitudes it is stunted and almost i
creeps along the ground. :

Wind as a medium for Dispersal

Many microorganisms, fungal spores and bacteria are freely transported over long distances
even by moderate winds. In wind pollinated plants, the amount of pollen grains is relatively
large because a large fraction of it may be wasted. Pollen grains in some genera like Pinus
are specially adapied to float in air due to the presence of air bladders. Many plants produce
extremely small seeds, others develop winglike structures or fine silky hairs that help them
to float in air (Fig 2.25). T T

Wind is a universal agent for the dispersal of fruits and seeds which helps in better
establishment of seedlings resulling in greater success of survival and healthy growth by

avoiding compelition.

Dispersal of pollutants ] )
Fig 2.25 : Fruils (a) and seeds Wind determines the extent of initial dilution of pollutants, emission, direction and rate of
(b) of piants adapt for distance dispersal. The more widely and rapidly they are dispersed, lesser will be their impact on the
L _nsportation by wind. environment. If the wind speed is high, pollutant concentrations are likely to be relatively

low. while low wind or absence of wind builds up high concentration of pollutants.

SAQ 6
a) Why do only plants adapi to windy conditions and not animals?

b) Trees of different heights are planted to shelter orchards or planiations. They are known;

B aiueemmese et .
) Wind helps in wide dispersal of seeds and fruits leading 10 .......c... S—
AN oo esrsrnireesesreenees. GIOWILL

2.5 SUMMARY

f3 In this unit we have discussed the physical environmental factors — light, temperature and
wind that affect survival and distribution of terrestrial plants and animals. You have
learnt that:

® Electromagnetic spectrum has many kinds of radiation which differ in wavelength,
frequency and energy. The radiations affecting various photobiological phenomena have
43 wavelength in the range of 300 nm to about 900 nm.



The global distribution of solar radiation and its spectra distribution reaching on the
earth surface is affected by atmospheric conditions and vegetation. Quantity, quality, and
duration of solar radiation can be measured by instruments. :

Latirudinal, altitudinal and periodic changes in light along with wind circulation affect
the global temperature. The atmosphere is divided into horizontal layers on the basis of
variation in temperature.

Air pressure and density fall rapidly with altirude, end thinning of air with height triggers
physiological changes in organisms.

The atmospheric wind circulation causes redistribution of heat from the equator towards
the poles.

Organisms function at the limit of climatic tolerance. In tundras and desert regions or at
places where (here are larger fluctuation in termperature, plants and animals have
behavioural, physiological and structural adaptations that enable them to survive
extremes of temperature. Plants in regions of high wind velocity develap various
structural adaptations to enable them to survive under such conditions.

2.6 TERMINAL QUESTIONS

1)

2)

3)

4)

5)

6)

a) 'Write the following electromagnetic radiations in increasing order of their energy
and wavelength, visible, ultraviolet, X-rays, gamma rays and radiowaves.

¢) Calculate the energy per quantum of radiation of wavelength 1,000 nm in calories,
joules and ergs.

T T

Why do astronauts see earthshine from the space?

If you plan to spend your summer vacations in Argentina, what types of clothes would
you carry?

Why gradients of vegetation are similar with increasing altitude and increasing
latitude?

Explain the reason for decrease in temperatire when the air rises up.

e T

What is windbreak or shelter belt?

Environmenial Components :
1. Light, Temperaiure and
Atmosphere
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2.7 ANSWERS

Self-assessment Questions
C__3x 10®
1 === 2L
) @ v A 2x 1P
E=hv,6.6x 102 x 3X 10% _ g g5 1500 jopeg,

2)

»

4)

5)

6)

b)

b)
c)

b)

<)
a)
b}
a)
b)

a)
b)
c)

_ 2x10°
Divide this by 4.18 you will get 2.37 x 10-"? calories.
[Velocity of light and wavelength should be taken in same units.]
i)c, i) a,iii) b, iv) d
Right words :
i) reflects, ii) more, iii) reaching the top of atmosphere, iv) either less, obliquely
or more vertically, v) less, vi) ultraviolet, vii) visible
1} a,ii) b, iii) ¢, iv) d '
i) b, ii) c, iii) &, vi) d
De,di)c,iii)a, iv)a, v)b
As the air rises up it expands and pushes the neighbouring molecules. In this
process the molecules lose their kinetic energy and hence cool down.
i) daylight, ii) either gl:eater, lower or smaller, higher
jii) '

1) decreases, ii) stratosphere, iii) increases, iv) lowest

Above 5.5 km due to reduced air pressure and density the oxygen level is low.

i} True .
ii) The zone is somewhat to Lhe north because less land is present in the southem .

hemisphere to obstruct the path of the south-east trade wind.

iii) F, after leaving the moisture near the equaror the dry air descend at about -
30° altitude not at 60° altitude.

Because plants cannol move
Wind break or shelter belis
Better success of survival, healthy

Terminal Questions
a) Energy — Radiowaves < visible < ultraviolet < X-rays < gamma rays

1)

2)

3)
4)

5)

6)

For Wavelengths — reverse the above order

b) 200x107=2x 10" m=2x105cm

640x 10°=64x10*m=64x 10 cm
4000 % 10 =4x 10" m=4x 10~ cm

) 1.99% 107 J=4.75 x 10-® cal = 1.99 x 10~ ergs.

Earth and its atmosphere reflect or scatter 30% of the total incoming radiation and
hence astronauts find earthshine.

Argentina is in the southern hemisphere, therefore, you will need winter clothes.

There is decrease in temperature with increasing altitude and increasing latitude,
Thus the influence of temperature on distribution of species is same.

As the air rises up it expands and pushes the neighbouring molecules, In this process
the molecules loose kinetic energy and hence cool down.

In-order to reduce the velecity of wind near *he ground, tall trees are closely planted
at right angle to the direction of the wind.
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3.1 INTRODUCTION

—_—

In unit 2, you have studied about light, heat and atmosphere. In this unit, we propose to
discuss water which is another abiotic component of environment. In unit 4, we will deal
with another important abiotic component, the soil. These three units are designed to show
mutual interactions berween various abiotic components. Their study will help you to
understand the interaction between the abiotic and biotic components. Water covers about
three-quarters of the earth surface and constitutes about 70% of the total body weight of the
living organisms. Consequently, water has been termed as elixir of life.

This unit will first deal with the chemical structure and properties of water molecule which
make it so unique and their relevance to the living systems. The next section deals with
composition of waters in strearns, lakes, estuaries and oceans. Distribution of water on the
earth surface and (he hydrological cycle i.e. movement of water from ocean to the land and
back are discussed in a separate section. In the end, we shall look at the adaptations in plants
and animals which enable them to survive under conditions of scarcity or over-abundance of
water.

A study of this unit requires that you should be familiar with the basic concepts of atom, ion,

light and heat.

Objectives

After going through this unit, you should be able to:

define and use in the proper context the following terms: surface tension, precipitation,
fresh water, saline water, brackish water, hydrological cycle, evaporation,
evapotranspiration

distinguish between fresh, saline and brackish water and indicate how living organisms
are adapted to these conditions

oulline the hydrological cycle and distribution of water on the earth

indicate the ecological adaptations in plants and animals to scarcity and over-abundance
of water.
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3.2 STRUCTURE OF WATER

It may interest you to know that water is a universal solvent and is a major constituent of all
living organisms. Earth is the only planet where water exists in all its three phases,

" Auvailability and absence of water influence the distribution and aburdance of plants,

animals as well as human societies. The uniqueness of water is due to its structure and
properties which are discussed in the following lines,

A water molecule (H,0) consists of two atoms of hydrogen and one oxygen. The hydrogen
atoms share their electrons with the oxygen atom, The shared electrons become
asymmetrically distributed. The negatively charged electrons are attracted more towards the
oxygen nucleus which is more positively charged (8+) than a hydrogen nucleus (1+).
Consequently, the hydrogen nuclei develop a small (delta) positive charge and the oxygen
nucleus a small (delta) negative charge. Such a molecule is known as a polar molecule

(Fig 3.1). Remember that overall a water molecule is neutral since the number of elecirons is
equal to the number of protons.

[H
i /R { ,
\ O~
IH— o — . IH H .
s , - P _!H : H i H .
c\* Vs / \ =
! H, 0; / '
- h?
. e c—— . _..._.j o
| Becauss of the polar nature of water molecules, -
' they will cluster around ions and other polar

- - [ —,

Fig 3.1: A waler molecule.

The polar nature of H,0 molecule leads to the formation of a weak hydrogen bond between
two adjacent molecules. Many water molecules join to form a lattice structure (Fig 3.2)
which is responsible for the cohesive nature of water and many of its unusual properties like
high surface tension, specific heat and heat of vaporisation.

IJ Molacuias of water Joln tegether translantly

' in a hydrogen — bonded lettice. Even at 37°C,
15% of the water molacules are jolned to '

. 4 others In a short — lived assambly known as
a “flickering cluster"

Flg 3.2: Water structure.
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3.3 PROPERTIES OF WATER ' Ll 2 Water

In this section we will discuss the characteristics of water that are favourable to biological
systems. Most of the physical properties of water relevant to the living systems are due to its
hydrogen bonding and lattice structure.

3.3.1 Cohesiveness and Surface Tension

Water flows freely, yet water molecules do not break apart. They cling together particularly
to polar surfaces. Therefore, water can fill a tubular vessel and still flow so that dissolved
and suspended molecules are evenly dispersed throughout the water body. For these reasons,
walter is an excellent transport medium both outside and within living organisms.

The surface tension of water is very high as compared to other liquids except mercury. The
role of surface tension is obvious. Certain objects such as pollen and dust float at the surface
of water even though they are denser, due to its high surface tension. For similar reasons
significant amount of water is retained by the soil through capillary attraction for plant

growth.

3.3.2 Transparency

Water is a ransparent medium which enables penetration of sunlight to a considerable
depth. Different wavelengths of light are absorbed by water at different depths. The long
wave heat radiations are almosl completely absorbed near (he surface. Short wave radiations
penetrate to a relatively greater depth. The zone upto which light rays penetrate in a water
body is called photic zone and below this lies a zone of complete darkness called aphotlc
Zone.

3.3.3 Thermal Properties

The range of temperature variation in the aquatic environment is smaller in comparison to
air. This means the rate of change of temperature is slower in the aquatic environment than
in air. This is because of unique thermal properties that minimise temperature changes. The
temperature of liquid water rises and falls relatively slowly as compared to most other
liquids. One calorie of heat energy is required to raise the lemperature of one gram of water
by one degree Celsius. This is about twice the amount of energy required by other
covalently bonded liquids to bring about a similar lemperature change. The many hydrogen
bonds that link water molecules together absorb heat to a considerable extent without any
corresponding change in temperature. Temperature of water drops slowly on losing heat.

3.3.4 Specific Heat

The heating and cooling of the water is relatively slow as compared to most of the other
known liquids. This is mainly because the water molecules are linked with each other by
hydrogen bonds. If the water is to evaporate, the hydrogen bonds will have to be broken and
this requires energy. The specific heat of water is 4.18 joule (1 calorie per gram per degree
centigrade). This means that it takes 4.18 joule of energy to heat one g-ram of water from
4°C e 5°C. -

3.3.5 Solubility of Gases

Most gases which are important for biological processes dissolve readily. and specially in
water. The solubility of any gas in water generally varies between zero and a theoretical

" maximum saturation level. The latter represents the amount of gas that dissolves in water

when the atmosphere and water are in equilibrium with one another,

The oxygen readily dissolves in waters. The amount of dissolved oxygen varies with depth
in a water body. Dissolved oxygen is needed by living organisms for respiration and also for
the decomposition of dead organic matter in a water body.

Aqualic vegetation and phytoplankton require carbon dioxide for photosynthesis. The

carbon dioxide in aquatic environment is contributed by respiration of aquatic organism and

decomposition. Carbon dioxide can directly diffuse from the atmosphere into the water and

it readily dissolves 1o form carbonic acid (H,Co,) which effects the pH of the water. It is also

present in fresh water as carbonates and bicarbonates of calcium, magnesium and other . 53
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minerals, Nitrogen, hydrogen, sulphur dioxide and ammonia are some of the other gases
which dissolve in water readily,

3.3.6 Phases of Water

The state of water can be changed from gaseous o liquid and liquid to solid and vice versa
by the addition or removal of heat energy. To convert one gram of liquid to ice requires the
removal of 80 calories of heat energy. To convert one gram of water into steam requires an
input of 540 calories of heat energy (Fig 3.3). Change of liquid water into steam involves the
breaking of hydrogen bonds which normally join the adjacent water molecule.

800— . "steam
rr—/
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3 '
& 600 |
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@ I
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- |
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g 00 - \
£ 200 liquid \J
@
Q
80
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Temperature (°c)

Fizg 33: A gram of water ks sobid, liquid or vapour, depending on the bumber of calories of heat energy added.

Accordingly, a very large amount of heat erergy is needed for the evaporation of water. This
property of water is extremely helpful in moderating the earth's temperature and making it
suitable for origin and continuance of life,

3.3.7 Density of Water in Relation to Temperature

On cooling, water molecules come closer which makes water dense. It is most dense at 4°C
(Fig 3.4) but it is still a liquid and water molecules move freely. However, when temperature
drops below 4°C the movement of water molecules ceases and the bonds between molecules

10

liquid water

Density (g/cm?)

1 1 1
0 4 100
Temperalure {¢C)

Fi;3.4 Water freezes at 0°C, Im'lsa.t 100°C and is a Liquid between these two extremes.
Water is most dense at 4°C, therefore lce floats on liquid water.

T
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begome relatively less rigid and more open, this traps the air molecules in pockets formed
between water moieties which make the ice lighter than water. It is for this reason that ice
floats above the liquid water. Water always freezes in a top down manrner. Formation of an
ice sheet on the surface of a water body acts as an insulator and prevents freezing of the
water below. This is important for the survival of aguatic organisms in argas where surface

water freezes during Lhe winter period. .

3.4 GLOBAL DISTRIBUTION OF WATER

After studying the different properties of water, you would like Lo know about the
distribution of water on our planet (Fig 3.5). '

/

Ocoans
97.6 percent

ice sheets

and glaciers
’ '1.8699

percent

Groundwater 0.5 percent

Rivers, lakes, inland seas,0.02 percent @ .
Soil moisture- 0.01 percent
Atmosphere 0.0001 percent

Fig 3.5: Free water storage on 1he earth. The majority of Lhe world’s supply of water igin the oceans,
The readily available fresh water is found s ground water in porous rock beds. Although ice sheets
and glaciers hold a greal deal of fresh water, their turnover s too slow to be usable.

The water that precipitates in the form of rain is the primary source of fresh water on our
planet. Glaciers, rivers, lakes, springs and wells are secondary sources and all of them are
fed by rain or snow. These are only different forms of rain water and in the absence of rain

they cannot last long.

Most of the rainfall in India takes place under the influence of South-West monsoon
between June to September except in Tamil Nadu where it is under the influence of North-
East monsoon during October and November. The rainfall in India shows great variation,
unequal seasonal distribution, still more unequal geographical distribution and the frequent

Environmental Components ;
2, Waler
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departures from the normal. A careful study of the rainfall map of India will show the
marked disparity in the amount of rainfall received in different parts of the country,
(Fig 3.6). '
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Fig 3.6: Ralofall map of India.

In our country Cherapunji — a place in Meghalaya State, gets a bumper annual rainfall of 1§
metres while Jaisalmer gets a measly 0.2 metre per year. This is their usual share and they

‘have leamnt to live with ir.

The deserts have 0.25 metre or less rain per year, grasslands and open woodlands get 0.25-
0.75 metre per year, dry forests get about 0.75-1.25 metres per year and wet forests get over
1.25 metres per year. Some regions of our country suffer from floods almost every year due

_to heavy rainfall. Failure or delay in the monsoon causes drought. Sometimes both flood and

drought are experienced simultaneously in different parts of the country, Occasionally flood
and drought are experienced in the same region one after the other. We have no control over
rainfall pattern which is the basic cause of flood and drought. We do not know how to
prevent deluge or rainlessness.

The total quantity of water on our planet is fixed and its distribution is highly uneven.
Almost 95% of the total water present on this earth is chemically bound into rocks and does
not cycle. Of the remairder, about 97.3% is in the ocean, about 2.1% exists as ice in the
polar caps and permanent glaciers and the rest is fresh water present in the form of
atmospheric water vapour, ground water, and inland surface water. Thus, less than one per
cent of the total fresh water participates in the hydrological cycle.

’

3.4.1 Ground Water

Ground water represents a major subterranean reservoir of fresh water. In general, it is not
tapped by plants as it is too deep and does not suffer from loss due to evaporation. It slowly
flows through the underground porous substratum from one place to another under the



influence of gravity. Its flow may vary from a few millimetres to as much as a metre or so
per day. At some places ground water reappears at the surface in the form of a spring. The
zone of sub-surface formation that provides water to wells is called an aquifer. Some
aquifers exhibit an unusually high hydrostatic pressure to force water upto the soil surface
when a well is dug. Such a well from which water is pushed automatically to the soil surface

- is called an artesian well. In areas devoid of lakes and rivers ground water is the most

important source of water. The total exploitable polential of ground water amounts 10

. 42,3 % 10 cubic metres in India. A quarter of it is already being used in the country for

irrigation, industries and domestic uses. In many places ground water withdrawals have

" already exceeded the recharge rates causing serious problems.

The total amount of fresh water is more than encugh to meet the present and future needs of
marnkind. But due to its uneven distribution, wide seasonal as well as yearly fluctuations,
water shortage is a chronic problem in many parts of the world.

A close examination of the global distribution of water resources reveals three important
features. First, much of the water is stored on more or less permanent basis. The largest
quantity of water is in the oceans. The Arctic and Antarctic ice masses, glaciers and lakes
are also major waler reservoirs not available to man. Second, some of the Earth's water is in
constant flux represented by snow, rainfall, cloud drift and river flow towards the sea. Third,
the water on land is very unevenly distributed.

3.4.2 Water Cycle (Hydrological Cycle)

The movement of water on the earth is continuous and forms many complex inter-related
loops (Fig 3.7). Cycling of water involves atmosphere, sea, earth and the entire living biota.
The circulaticn of water is highly dynamic and global in extent. However, for 1he sake of
convenience it i- divided into different categories:

Atmosphere
0.15

Run-off (0.37)

Ecological
‘cycle Lands
"Lithosphere 250,000 .Ocean Water
Sedimentary 3,100
rocks ,
lce 255
Ground Water 76.6
Surface Water 2.041

Fig 3.7: The general paitern of the hydrological cycte and the distribution of water in 10" Kg, amounisin .

pareniheses are annual rates.

i)  Precipitafion literally means falling from a height. In case of water, precipitation
includes all forms in which atmospheric moisture descends to earth; rain, snow, hail,
sleel’and dew. The moisture that enters the atmosphere by the vaporisation of water
condenses either into liquid (rain) or solid (snow, hail and sleet) before it can fall
(Fig 3.8). Water returns to the land and the sea from the atmosphere by means of
condensation, deposition and precipitation. Condensation is defined as the process by
which waler changes from vapour phase to a liquid siate (in form of dew droplets).
Depaosilion is the process by which water changes directly from a vapour into a solid
(ice cryslals) phase. In the aunosphere tiny droplets of water and ice crystals produced
through condensation and deposition form clouds. You have to keep in mind that
vaporisation absorbs energy (evaporation of sweat cools your body by using up excess
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Water vapour holding capacity
-{grams walar vapour/kilogram air}
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body heat.) The energy used up in vaporisation is released when the water vapour
condenses. The major amount of water on earth, is received as rainfall.
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Fig 3.8: Relalive humidily for a given parcel of molsiure laden air varies with temperature. If the alr ks
cooled, the relative bumlidity increases. When the relative humidily exceeds 100 %, precipitation will occur.

The water cycle in nature is sustained by energy from the sun. Solar energy evaporates water
from the sea and the land. Water vapours condense in the atmosphere to form clouds which
are transported to long distance by wind currents. Rainfall and melied snow replenish water
in rivers, which carry it back to the sea.

-ii)  Run off: Some of the rainfal] is soaked into the soil and excess water flows over the

land surface along the natural slope of the area. Run off is the main source of water for
lakes and rivers which ultimately draip into the sea. Soil characteristics and the
topography such as smoothness and steepness of the slope influence the rate and the
magnitude of run off.

The flowing waler acts as an agent of soil erosion and weathering of the underlying rock.
Excessive tun off during the rainy season causes flood in many parts of our country.

iii) Sublimation is the process by which solid water changes directly to vapour phase
without passing through the intervening liquid phase. The gradual disappearance of
flakes of ice during periods when the lemperature remains well below freezing is an
example of sublimation.

iv) Evaporation is the process by which liquid water changes into vapour at ambient
temperature. Water evaporales from all aquatic bodies as well as from wet surfaces.
Evaporation from the ocean surface is by far the largest source of atmospheric water
vapour.

v)  Transpiration refers to the loss of water in vapour form from plant leaves. On land,
ranspiration is considerable. For example, the loss of water through transpiration
alone by one hectare (2.5 acres) of com approximately amounts to 35,000 litres (8800
gallons) of water each day. Vater loss from'a vegetated area lakes place both by
evaporation and transpiration and it is referred to as ‘evapotranspiration’.

After leamning the cycling of water in nature you would like to know about the different
Lypes of water found on the earth.

3.4.3 Fresh Water.

Water, a universal solvent, invariably contains many soluble salts. In fresh water the total
salt content remains under 15 per cent. Different types of soluble salts released by
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weathering of rocks, soil erosion and decay of organic matter, readily dissolve in water.
Dissolved salls are substances which have particular significance for floating aquatic
vegetation and phytoplankton, since these organisms do not depend on the subsiratum for
the supply of nutrients. Salts of nitrogen, phosphorus and silicon are most important
substances found dissolved in fresh water. Nitrates, nitrites and ammonium salts are
essential nutrients for plants. Dissolved silicates in (he water are readily utilised by diatoms
and sponges in the construction of their body structures e.g. shells in case of diatoms and
spicules in case of sponges.

Many other elements like calcium, magnesium, manganese, iron, sodxum potassium,
sulphur and zinc are found dissolved in water and influence the aquatic biota variously. Iron
being an essential nutrient exists as ferrous oxide or ferrous sulphide in ‘different fresh water
bedies. Its availability is greatly modified by the pH of medium. Calcium is an essential
element for plants as well as for animals. External coverings of arthopods and shells of
molluscs and tubes of some worms need caleium carbonate.

" 3.4.4 Brackish Water

The content of dissolved salts in brackish water is higher than the fresh water and ranges
between 0.5 to 35%. These walers of intermediate salinity range are distinct from fresh or
marine walers. In estuary which represents the tail end of a river, mixing of fresh water with
sea water results in brackish water. The salinity in an estvary increases from upp2r middle to
lower reaches and at the mouth of the estuary. the salinity is nearly equal to that of the sea.

34.5 Marihe Water

The sea water is highly salty. The average salinity of sea water remains almost constant at
35 parts of salt per 1000 parts of water by weight and written as 35%. The average salt
composition of the sea water is given in Table 3.1. Some salt lakes may also have salinity
between 25% to 35%. The biotic activity in such habilals is greatly restricted.

The absence of many fresh water animals and plants from the marine environment is largely
due to their inability to tolerate the high salinity of the sea water. Insects are mostly absent
frorn marine environment except Halobates and shore collembolans like Isotoma and
Sminthurus,

Table 3.1.
Composilion of the sea water

Salt Welght percent
NaCl 78.03
NaF 0.01
KCl 2.11
MgCl, 9.21
MgBr, . ’ 0.25
MgSO, 6.53
Ca$0, 3.48
§180, 0.05
CaCo, ; - . 0.33
100.00

| "SAQ2 ST S :
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3.5 WATER STRESS AND ADAPTATIONS

Water is seldom available in uniform quantities in all places or even at any given site
throughout the year. This is particularly so in our country due to wide geographical variation
in rainfall pattern and monsoon climate.

Both excess and scarcity of water create severe problems for the society. Plants and animals
develop various morphological, structral and functional adaptations to survive under
conditions of over-abundance and scarcity of water.

3.5.1 Drought

Drought refers to & condition of water shortage and it can result from many reasons.
Frequently less than the normal rainfall is a common cause of drought. Less than 75% of
normal rainfall may be defined as drought. We may, however, bear in mind that not only the
total rainfall but its distribution in time is vitally important for crops. Small deficit (or
surplus) in rain is not necessarily directly related Lo agricultural productivity. A severe
drought reduces stream flow and recharging of aquifer. This results in lowering of water
table, loss of agricultural crops, wild life and aquatic life. Waler level in lakes, streams and
reservoirs drops due to failure of rains. As a result crop yield and fodder production suffer
adversely resulting in food scarcity and human discomforl, and stress to livestock. The
incidence of foresl fire increases and overall condiions become difficult,

Due 1o the pressure of growing population over-cxploitation of water resources has become
a universal feature, Consumption of fresh water is due o rapidly growing urbanisation,
industrialisation and mechanised agriculnure which icads to over-exploitation of water.
resources. Over-exploitation of fresh water resources can create severe limitation to growth
and development. Excessive withdrawal of ground water in coastal areas of Gujarat has
resuited in salt water intrusion into the aquifers (Fig 3.9). Consequently, the ground water
has become unfit for human consumpiion and agriculture on account of high salinity. Ponds,
bogs and streams are sites where ground water appears at the tand surface. Excessive
withdrawal of ground water and averdrawing of ground water lower the water-table as well
as the level of water in lakes and streams and may completely dry them up.

3.5.2 Water Logging

Over saturation of soil with water is called water logging. If for any reason, the water-table
rises close to the ground surface it is bad for plants and soi! fertility. Under water-logged
conditions the air in the soil pores is repiaced by water creating anaerobic conditions in the
soil. Plant roots and aerobic soil biota will perish in oxygen deficient conditions and soil
fertility wiil be lost.
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Fig 3.9: Sall water infruslon. The figure illustrates how sali water can intrude upon fresh ground water. When
this occurs, the ground water becomes unusable for hutnen consumption and for many indusirial processes,

Rising of water-table upto the rool zone affects plant growth adversely. When the water-
table is near or just below the rool zone, water rises upte the soil surface through capillary
action. Water evaporates from the soil leaving behind the dissolved salts at the surface soil
making it saline (Fig 3.10). Unless the salts are somehow washed away or washed down, the
soil remains too saline to grow crops. It is imporiant Lo prevent excessive irrigation and
provide appropriate drainage facilities to prevent rising of water-table.
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Fig 3.10: Salinisatlion and water logping. Salls and other minerals accumulate in the upper layers of poorly
drained soil.

3.5.3 Water Adaptations

Afler becoming lamiliar with the two kinds of waler stresses you would like to know about
the adaptalions in plants and animals which enable them to survive under conditions of

waler stress.
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I Adaptations in Plants : .

Hydrophytes: Hydrophytes are those plants which grow in aquatic habitats like lakes,
ponds, rivers, seds. According to their habitat they are further divided into the following
categories. '

Free floating plants: These plants remain in contact with water and air, but not with
substratum. They float freely on the water surface. Leaves in some of these plants are very
minute, while others are quite large. Some of the free floating hydrophytes are WolfTia,
Lemna, Spolredella, Azolla, Salvinia, Pistia and Eichhornia (Fig 3.11).

floating
leaves

‘lamina

inflated
patiole

_ offset

. fibrous roots

Fig 3.11: Free-floating bydrophytes. A) Pistia, B) Elchhornia.

Rooted plants with floating leaves: These plants grow on margins and in shallow water
bodies. Roots of these hydrophytes are fixed in mud, but leaves have long petioles which
keep them floating on the water surface. The remaining parts of the plant except leaves,
remain in water. Some of the rooted hydrophytes are Nymphaea, Nelumbe, Trapa, and
Marsilea (Fig 3.12). : :

Submerged floating plahts: These plants remain in contact with only water, being
complelely submerged in water and are not rooted in the mud. Their stems are long and
leaves generally smrall. Some of the examples are Ceratophylium and Utriculalria
(Fig 3.13).

Rooted submerged plants: These hydrophytes are found completely submerged in water
but remain rooted in soil. Hydrilla is one of the examples which is a slender weed with
fibrous roots (Fig 3.14).

Rooted emerged plants: These are plants of shallow walers. These hydrophytes require
excess water but their shoots remain partly or completely exposed to air. The root system
emains completely submerged in water, fixed in scil. In some, like Ranunculus, and
Sagittaria shoots (Fig 3.15) are partly submerged and partly exposed out of water in air.
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Fig 3.15: Rooied emergent hydroﬁhyles. A. Ranunculus, B. Sagittaria,

Mesophytes: These plarfts grow in moist habitats and well-agrated soils. They prefer soil
and air of moderate humidity but fail to survive in areas with water-logged soils or over-
abundance of salts. In some respects they stand in between the hydrophytes and xerophytes.
Broad leaved plants growing in wet depressions, along lakes and rivers are mesophytes. In
general, mesophytes have well-developed root system. Stems are generally aerial, solid and
freely brinched. Mesophytes may show temporary wilting during noen hours.

Xerophytes: Xerophytes are sometimes loosely defined as "plants of dry habitats’. But
others have defined xerophytes as ‘plants which grow on the substratum that usually
becomes depleted of water to a depth of at least 2 decimetres during a normal season’, Thus,
in arid zones, all plants not confined to the margins of streams or lakes have been considered
as xerophytes. In heavy rainfall regions shallow-rooted plants of sandy soils, plants of dry
ridgepots, and algae, mosses and lichens which grow on tree bark, rock or similar surfaces.
On the basis of their morphology, physiclogy and pattern of life cycle xerophytes are
classified into drought evaders or drought escapers. They complete their life cycle within a
short period when moisture conditions are favourable but remain in form of seeds during dry
unfavourable periods (e.g. Argemone mexicana, Solanum xanthocarpur) succulents (e,g.
Opuntia sp., Euphorbia splendens) and non-succulents perennials (e.g. Calotropis procera,
Acacia nelotica) as shown in Figs 3.16 and 3.17.

In the emergent species which grow on shore habitats the under-mud parts of stem and roots
suffer from paucity of oxygen. Respiration is an essential function of all living cells and
tissues and oxygen is needed for aerobic respiration. In marsh plants like Oryza sativa (rice)
the roots have also developed the physiological adaptation of respiring anaerobically
(without use of external oxygen). Many plants normally grow in mesophytic conditions.
Mesophytes are plants that normally grow in habitats where water is neither scarce nor
abundant but can withstand iemporary submergence for a few weeks in the rainy season. In
such a case a new set of roots having hydrophytic characters may develop. In Saccharum
benghalense the old roots gradually die and new reots with abundant aerenchyma are

64 formed when planis are inundated or when the substratum is oversaturated.
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Fig 3.17: Non-succulent perennials A. Calotropis procera, B. Acacia nelotica.

The free floating species usually grow on the surface of water. The root system is greatly
reduced since the entire plant remains in an intimate contact with water and absorption
occurs through the surface of the plant body. The leaves have stomata only on surface not
touching water. An erect stem is also unnecessary for the aquatic plants. In most free
floating plants like Wolffia, Lemna, and Azola root and stem are very poorly developed.
Leaves are most prominent and wel] adapted to carry out absorption, photosynthesis, and -
rapid vegetative multiplication and provide buoyancy due to large air spaces in them.

In submerged water plants like Hydrilla the adaptations have developed in response to high
density of the surrounding aqueous medium and low light intensity. The stem organs
develop large air cavities or hollow spaces called lacunae. The airfilled lacunate tissues
provide sufficient buoyancy to pull up the shoot for maintaining the plant in a well expanded
shape in the water. Mechanical tissues such as sclerenchyma, woody xylem, secondary
wood, bark pormally present in the terrestrial plants 1o provide mechanical support are
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absent in hydrophytes. Therefore, the presence of lacunate tissue filled with air and the

‘absence of mechanical tissues are two chief adaptations (Fig 3.18). -

Fig 3.18: Transverse seciion of stem of Hydrilfls (submerged hydrophyte)

The floating leaves in most species are quite similar in shape and features of adaptation. The  \__
leaves are peltate, usually circular in shape and have a strong leathery texture. The upper

leaf surface is waxy and smooth as.a result water glides off and does not.adhere. The leaf

margins are strong enough to resist tearing due to the pressure of wind or water currents. :
Despite the abundance of air tissues in the floating leaves their shape is maintained due to
the presence of supporting mechanical tissues and chemical crystals like scleroids

(Fig 3.19). -

.UPPER EPIDERMIS
PALISADE TISSUE

}SCLEREIDS
[VASCULAR BUNDLE,

|LACUNAE
|LOWER EPIDERMIS

Fig 3.19; Transverse section of leaf showing presence of supporting mechanical tisswes ant scleroids.

You know that xerophytic plants which have adaptations to grow in dry or arid conditions
are called xerophytes. There is no hard and fast line between the water status as habitats for
meso and xerophytes and the term is only a relative one. Some biologists regard only those
plants which actnally suffer from deficiency of growth water as xerophytes. Deficiency of
water adversely affects both directly and indirectly, the normal function and structure of
plants. Xerophytes are only adapied to grow in dry habitats and assume characteristic
dominance in deserts due to absence of other types of plants. But when better moisture
conditions become available, the total biomass production in xerophytes increases. The
scarcity of water from the viewpoint of water availability to planis may be of two types:

1) dry habitats, and ii) wet habitats. Water is not available to plants on account of high
concentration of soluble salts in the water or freezing of waler in areas having sub-freezing
ambient temperature. Wilting is another important factor which controls the moisture
content of soil at which 2 plant fails to get sufficient moisture and begins to show permanent
wilting. This depends upon the moisture content and texture of the soil. In coarse soils even
a1 low moisture levels some water is available to plants and therefore, the wilting points of
sandy soils is lesser than clay rich soils.

B - -



On the basis of their morphology, physiology and life cycle partern, xerophytes are generally
classified into the following three categories:

a) Ephemeral annuals also called drought evaders or drought escapers are common in
arid zones. These annuals are able to complete their life cycle within a short period of
6-8 weeks during which'moisture conditions are favourable. As the moisture gets
depleled these annuals dry out leaving behind a crop of seeds to tide over the adverse
dry period. They actally avoid the dry period and form seeds which are highly
resistant to aridity. Argemone mexicana, Solannm xanthomrpum and Cassia lora
are good examples of drought escapers.

b)  Succulents: Plants adapted to hot and dry areas are called succulents. They have
fleshy stem, leaves and roots which are swollen and serve as water storage organs.
These plants are able to accumulale large amounts of water during the brief rainy
‘season. To minimise water loss from the plants leaves either become very small or
modify into tioms or are absent altogether to cut down water loss through
transpiration. The root system is shallow, with wide horizontally spread stem and
leaves are thick, swollen and leathery. Examples of succulents are Opuntia sp.,
Euphorbia splendens and various types of cacti, and Agave. In many cases stems
become succulent as in Opuntia and Euphorbia splendens. They are also called _
fleshy xerophytes. In such xerophytes, cuticle is thick with a well developed two to”
three layered hypodermis.

c)  Non-succulent perennials: These are actually the trze xerophytes or drought
resistants, because they possess a number of morphological, anatomical and
physiological characteristics which enable them to withstand critical dry conditions.
They exhibit rapid root growth and form an extensive root system 1o tap water from
the soil in a most efficient manner. The leaf size is greatly reduced and in many
xerophytic grasses, Ieaves roll on to reduce the leaf surface for restricting loss of water
due to transpiration. Some of the examples are Calotropis procera, Acacia nelotica,
Saccharum munja. In non-succulent xerophytes, root system is very extensive e.g.
Calotropis. Important adaptations to minimise the los§ of water through transpiration
are:

i)  thick waxy coating on [eaves,
ii) thick cuticular and epidermal layers,
iil) leaves small, sometimes scaly or survive for a short period only.
iv) leaves modified inlo spines or in extreme cases stem devoid of leaves.
v) dying back of leaves is a common phenomenon in many grasses.
vi) rolling and folding of leaves as seen in many grasses.

I Ecological adaplation in animals to aquatic environment
a)  In the aquatic environment animals are confronted with the problem of excess water.
Freshwater and marine animals try o maintain water balance in quite different ways.

On account of (ke difference in the osmotic pressure between body fluids of aquatic
organisms and their surrounding fluids aquatic orgamsms have developed osmoregulatory
mechanism to deal with this problem. The salt content to the body fluids in freshwater
animals is relatively high as compared 1o the surrounding water medium. Hence, the water
tends to diffuse continuously into the body. Extra water from the body needs 1o be removed
frequently. Most aquatic animals {e.g- protozoans and fishes) excrete the extra amount of

- water from the body by csmoregulation. Protozoa employ contractile vacuoles and other
multicellular invertebrates and chordates use excretory organs.such as nephnd:a and kidney
(Fig 3.20).

In marine animals the situation is just the opposite. The concentration of salts in the body
fluids is low as compared to the surmounding medium (t.e. hypotonic). Under these
conditions the body tends 1o loose water. But through metabolic osmoregulation water is
retained in the body and salt is excreted. Animals vary widely in their salinity tolerance.
Organisms which have a narrow tolerance and cannot withstand salinity fluctuation are
called stenohaline. Organisms which can survive under a wide range of salinity conditions
are termed euryhaline. Usually animals inhabiting cooler fresh water and marine
environments tend to-have large body size except in a few cases such as diatoms and sea
urchins which have relatively larger sizes in warmer walers.

,
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Fig M20: Osmoregulslion in (A) fresh water fish, and (B) marine fish.

Ecological adaptations in animals to desert environment

In response to scarcity of waer, animals adopt various strategies to conserve or prevent loss
of water. Most of the desert animals have burrowing habit and are nocturnal, i.e., they
become active after sunset to avoid warm day temperature. Some have impervious spiny
skins, (e.g., hedge hog) and while others have the capacity 1o store large amounts of water
(e.g. camel). Warer is produced during fat metabolism in camels called metabolic water. Dry
urine is discharged to conserve walter. Besides, they undergo aestivation to escape from
scorching heat. In grasslands and forests, water requirements of animals are met by the food,
water wells and streams. The moisture contents and the amount of intake and output of
water varies widely among the terrestrial animals and is greatly influenced by the habitat
conditions,
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/3.6 SUMMARY

In this unit you have learnt that:

'® Walter is a polar molecule and is absolutely essential for the continuance of life.

® Three-fourths surface of the earth is covered by water. Besides, the distribution of water
in the biosphere varies widely and fregh water represents extremely small quantity.

'@ Water is the universal solvent and facilitates chemical reactions both outside and within
living systems. ’

® Three types of waters can be distinguished on the basis of their salt content viz. fresh
water, brackish water and marine water. The salinity of water depends on the amount of
dissolved salts. All types of natural waters contain various amourits of different salts of
Sodium, Potassium, Magnesium, (chloride, sulphate, phosphate, carbonate, bicarbonate,
and nitrate).

® The hydrological or water cycle is a natural system for collecting, purifying and
distributing water. The two processes such as evaporation and precipitation of water
cycle are driven by the energy from the sun.

Drought occurs when rzinfall is 75% less than of normal rainfall. Plants and animals
suffer adversely under drought conditions and only those adapted to endure extremely
xeric conditions can survive.

@ Waier logging is another problem which is caused by irrigation of poorly drained fields
resuiting in the raising of the water table. Roots of plants may choke as water fills the air
spaces in the soil. The adaptation of plants to soils impregnated with salt depends on root

"distribution above or below the layers of salt concentration.

3.7 TERMINAL QUESTIONS

1) How can water serve as an excellent ranspoert system for living organisms?

') ' Why lakes do not freeze solid when temperature drops below 0°C?

3)  What attributes of water make it a good solvent?
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4) 'What role does solar energy play in global water cycle?

......................................................................................

3.8 ANSWERS

SAQ1

() One degree (ii) energy (iii) temperature (iv) continuance of life (v) boltom

SAQ2 ’ : .

i)  The salinity of fresh water is generally 0.50/00 (parts per thousand) that means if one
litre of water is evaporated, it would yield 0.5 g of inorganic residue.

ji)  An eshuary has mixed fresh and sait water called brackish water.
fi1) A high salinity of marine water is due to the presence of sodium chloride.

SAQ3 :
OQF@MTENFA) T (D F ) T(vi) F
SAQ 4

{DbG)c(idivib(¥b

Terminal Questions

1)  Waler molecules do not break apart and cling together because of hydrogen bonding.
‘Water molecules also stick to surface, particularly surfaces which are polar. Therefore,
waler can fill a tubular vessel and can flow so that dissolved and suspended molecules
remain evenly distributed throughout a system. Thus, waler serves as a very good
transport syslem.

2)  Water has its greatest density at 4°C. It expands and hence becomes lighter both above
-and below this temperature. This unique property prevents freezing.




3)

4)

3)

The properties which make water a good solvent are ils polarity and its hydrogen

bonding capacity. Water dissolves many compounds because it breaks molecules into

ions.

Waler continuously circulates between the atmosphere and the earth’s surface and this
circulation of water is known as water cycle. All the vaporised water forms clouds
which move by winds may pass over land where they are cooled enough to precipitate
the water as rain or snow. The ground water is returned to the surface by springs, by
pumps and by transpiration — the movement of waler in plants from roots or leaves.
Water again comes back to sea. This entire cycle of water flow from land to .
atmosphere is driven by solar energy. : . :
The salinization results from, the increasing salt concentration of soil. When plants
take water they need, the salts present in all natural water become concentrated. The
problem of salinity continues to increase as imigation increases, As a result of
salinisation the productivity of cropland falls, '
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4.1 INTRODUCTION

In the previous units you have studied about environmental components such as water, heat
and light. You have seen how these factors interact with each other and affect the
distribution and ecology of living organisms. Now, you are going to study yet another
important environmental component, that is, soil.

The soil is a dynamic, complex, constantly-changing part of the earth’s crust that extends
from a few centimeires deep in some places to several metres deep in others, It is a patural
medium for plant growth and is essential for the existence of living organisms including
humans.

The study of soil now ranks as a well developed, independent branch of science and is
known as Pedology. In this unit, we-shall discuss with you significant aspects of soil. The
first part of the unit deals with the formation of soil, followed by the types of soil based on
their mode of transportation. Then we take up certain basics such as soil texture, structure
and profile, for discussion. Having leamt about themn, you would find their implications in
the different physical and chemical properties of soil. In the last part of the unit we would
discuss with you the organisms inhabiting soil and their role in maintaining soil fermility.

Objectives
After studying this unit, you should be able to:

define soil, and describe its nature and composition

outline the process of soil fermation

list the different categories of soil particles and the various textural soil classes
differentiate between different types of soils

distinguish between light and heavy soils



describe soil-water relationship in relation to plant growth

explain the importance of permeability and aeration to plant growth and soil fertiliry
discuss the chemical properties of soil particularly the cation exchange capacity, and
nutrient availability and non-availability

® describe the role of soil biota in maintaining soil fertility.

4.2 WHAT IS SOIL?

The word soil is derived from Latin word ‘solum’ meaning earthy material in which plants

grow. The soil is the consolidated outer layer of the earth's crust ranging in thickness froma -

mere film to three metres or more. It provides mechanical anchorage to plants, besides being
a reservoir of water and plant nutrients. The soil also supports a rich and highly diversified
micro-flora and fauna. ’

Typically, soil is a complex mixture of inorganic and organic materials. The inorganic
materials, that is, the mineral constituents of soil are derived from parent material (the soil
forming rocks) by fragmentation and weathering. The pore spaces formed between the
mineral particles of soil are filled with water and gases. The organic components of soil -
comprise organic wastes, deed remains of plants and animals, and their decomposition
products. Besides, a 18rge variety of algae, bacteria, fungi and many small and large animals
are invartably present in a fertile soil.

4.3 FORMATION OF SOIL

The processes which are involved in the formation of soils can be studied under the
following headings:

4.3.1 Weathering of Rocks

The processes involved in the formation of soil are slow, gradual and continuous. The sum
total of natural processes resulting in the disintegration of parent rocks is collectively known
as ‘weathering’, and it involves physical, chemical and biological agencies.

Physical Weathering

Mechanical forces acting upon the rocks cause physical weathering. Temperature
fluctuations cause expansion and contraction of rock surface resulting in the formation of
cracks apd fissures. During cold weather, the water present in rock crevices gets frozen and
the formation of ice results in its expansion. The force of expansion causes breaking up of
rock. Broken rock fragments roll down the slopes and break further into smaller pieces.
Hails, rainfall and fast flowing streams are important agents of physical weathering. You
might have seen rounded stone pieces of varying sizes on the bed of Ganga river at
Rishikesh and Hardwar where fast flowing river reaches the plains from its place of origin at
Gangotri in the Himalayas. Wind is another agent of physical weathering particularly when
it carries sand particles which causes abrasion of rock surface, due to friction. In the
Vindhyan hill forests, it is commonly seen that tree roots oflen penetrate through the rock
crevices and in course of time, with the radial growth of roots, the rocks get disintegrated.

Chemical Weathering

The rocks while geiling disintegrated may also undergo chemical change. Water is an
important agent in bringing about chemical changes due to dissolution or reaction of one or
more components of rock materials. Presence of dissolved materials and warm temperature
favour chemical weathering. Some components of the rock may get dissolved and
reprecipitated. Some rninerals like feldspar and mica readily combine with water through the
process of hydration and become soft and easily weatherable. Another very important
process of chemical weathering is through hydrolysis in which water dissociates
{particularly in the presence of carbon dioxide and organic acids) into H* and OH-ions which
act on silicates like orthoclase Lo produce silicate clays. Oxidation and reduction reactions
and carbonation are other important means of chemical weathering.

It is important to realise that weathering of rocks is a continuous phenomenon, that helps in
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soil formation. It is, however, a very slow process, and may take hundreds or thousands of
years to make a few centimetres of seil, depending on the nature of the parent rock material.

4.3.2-Mineralisation and Humification

As a result of physical weathering, the rocks are broken down into smaller particles. But this
is not the true soil, and plants cannot grow well in the disintegrated rock material alone. The
weathered material, however, undergoes further changes, that you would study in this
section. You might have noticed that during weathering, mostly physical and chemical
factors are involved, whereas for the further development of soil, that is mmerallsauon and
humification, mainly the biclogical agents are involved.

During the early stages of soil formation, organic matter in the soil is not very high, as the
vegetation and the soil fauna are nol much developed. In such soils, algae, lichens, mosses,
and other small form of plants grow and contribute organic matier through their death and
decay. In due course of time, various types of plants, animals and microorganisms colonise
such soils. They also contribute organic matter to the soil, in the form of wastes or their dead
remains. This organie debris then breaks down into simpler products. This breakdown
process, also known as decomposition is brought about by different kinds of microorganisms
such as bacteria, fungi, and actinomycetes. They break the organic substances into various
compounds such as polysaccharides, proteins, fats, lignins, waxes, resins and their
derivatives. These compounds are further broken down into simple products such as carbon

.dioxide, water and minerals. This latter process is called mineralisation: The residual,

incompletely decomposed organic matter left after mineralisation is calied humus and the
process of its formation as humification. Humus is an amorphous, colloidal and dark
substance that is the source of energy and nutrients for most soil microorganisms. Humus is
imporiant, as it gives the soil a loose texture ensuring better aeration. Being colloidal in
nature, it has a great capacity for imbibing and retaining water and nutrients. Humus, greatly
improves the soit fertility.

4.4 TYPES OF SOIL

In the previous section you have seen how the mineral matter is derived by the weathering
of the parent rocks, and the soil formation is a complex process, involving a series of steps.
In this section you would study various types of soils categorised on the basis of their origin
and relationship with the parent rock.

4.4.1 Residual Soils

Residual soils are formed at the same site where the weathering of the parent rock has taken
place or soils formed in situ from the underlying rocks. These are also called sedentary soils.
In these soils the surface layers are most weathered but the degree of weathering decreases
with increasing depth, and the rock fragments become progressively larger and mostly
chemically unaltered until they finally integrate with the underlying parent rock.

In India, the principal residual soii types are : the reddish soils of the Vindhyas and south of
it covering most of the Peninsular India; and the black soif of south-west India, The red soils
are poor in calcium, magnesium, phosphorus and nitrogen and coloured red by the presence
of iron peroxide. The black soils, also called as biack-cotton soils, are rich in clay, well
supplied with potash, calcium, magnesium and iron. These are well suited to the cultivation
of cotton and are characterised by the development of wide and deep cracks during the
SUMMEr season.

4.4.2 Transported Seils

These soils are formed from the weathered material which is transported and deposited away
from the site of origin. Depending upon the nature of the transporting agent, the transported
soils are called.

i) Colluvial, ii} Alluvial, iit) Glacial and iv) Aeclian

i) Colluvial
These are the soils formed from the material wansported by the pull of gravity. Fragments
from cliffs or steep rocky slopes become dislodged from time to time and may accumulate




below. This material is characteristically very coarse, consisting mostly of large fragments - Environmental Companents :
of rock and has a rather steep and unstable surface. The other kind of movement of 3. Sait
weathered rock materials is due to landslides. These usually result from heavy rain or earth

tremors and as a resuit the materials start cascading down a steep slope. Colluvial soils are

devoid of any stratification and represent a random assortment of soil particles and rock

fragments. Particles of different sizes, including various kinds of rocks and soils derived

from slopes or cliffs are mixed indiscriminately.

it} Alluvial -

Materials of this category are deposited by running water in the form of flood plains, river
terraces, deltas and alluvial fans. These deposits have two outstanding characteristics by
which they can usually be recognised with ease. First, the individual particles tend 1o be
rounded and smoothed by the action of running water. Second, the layers are usually distinct
in that each contain particles of a particular range or size class depending upon the speed of
the transporting water. Coarse materials are laid by swift water currents, ‘whereas, fine -
particles are deposited by relatively calm waters. .

Alluvial soils are found bordering rivers and slow moving bodies of water. When first
formed, these deposits are so low that they are frequently flooded at high-water stages, and
at such times they receive additional increments of fine sediment, especially if they are well
vegetated. At this stage of development, they are called flood plains. As the stream cuts its
channel deeper, the flood plain is left above the reach of high water and is called a terrace.
Large streams are frequently bordered by a series of terraces, the oldest being at
considerable heights above the present water level. .

.Where streams enter a lake or a sea, the deposit of silt and clay that settles down at the edge
of the still water may build a delta which gradually lengthens until it extends beyond the
mouth of the stream. The Sunderbans in West Bengal and Bangladesh are examples of
deitas, which support mangrove type of vegetation,

Alluvial fans are formed where a stream descends from uplands, and a sudden chenge in
gradient may sometimes occur as the stream emerges at the lower level. Deposition of
sediments is thereby forced, giving rise to alluvial fans. They differ from a delta in their
location and in the character of their debris. Fan material is often gravel and stony in nature
and is well drained.

Among the transported soils, the alluvial soils of the Indo-Gangetic Plains are highly
productive and have been under cultivation for several thousands of years. The parent
material of the Indo-Gangetic altuvial soils is actually in the Himalayas. Mountain and hill
washes contribute huge quantities of sediments brought down by the rivers and deposited in
the plains below. Most of the ailuvial soils are under intensive crop cultivation,

iii) Glacial )
These are the soils which are formed by the grinding action of ice and snow. Moving, heavy
ice-masses and glaciers push before them and gather within themselves large amounts of
unconsolidated surface material. They also scoop up rock fragments which further scrape the
surface. Sharp corners and edges of even the hardest rock fragments are ground smooth by
Lhis abrasive action. Glacial soils are found in Dehra Dun region and parts of Kashmir.

iv) Aeolian
Wind transported materials constitute this category. This can be further divided into dunes
or loess. Dunes are found in three types of situations. Firstly, these may occur atong the
shores of water bodies like seas and lakes as a result of water currents eroding the land and
depositing the resultant sand particles on the strand in bays and the wind moving the
“material back to the land. Secondly, dunes formed along the river valleys, where flood
walers deposit sand on the flood plain which when dry is blown by the wind. In the third
case, in dry regions, the weathering of sandstone and other rocks may produce sand that is
easily blown away because of sparse vegetation. One interesting thing about dune sand is
that i is composed of particles of uniform size and composition. The finer particles are -
blown further, whereas the heavier ones. such as gravel remains at the same place. Dune soils
are of not much agricultural value. Such soils are commonly found in parts of Rajasthan,
south-west Punjab and parts of Gujarat.

Loess is a deposit of very fine unconsolidated and unstratified particles which have been

picked up and transported some distance by wind and, therefore, is more fine-textured than

dune soil. In some places, these deposits may attain a thickness of upto 70 metres.

Sometimes loess is derived partly from volcanic ash also. ' 75
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You have just studied about the various types of soils, based on their origin from their parent -
rock material. We would now advise you 1o have another look at Subsection 17.2.2 of FST-1
(in Block 4, Unit 17) to revise the types of soils found in the Indian sub-continent. While
going through this subsection you should study Fig 17.3 carefully and note the regions
having a particular soil type. Now, before we proceed further, how aboul trying a SAQ firs(?

TER

Coripléie the staterients given belo

4.5 SOIL TEXTURE AND STRUCTURE - :

From the discussion of the previous section, you have seen that soils are predominantly
composed of particles of various sizes derived from the disintegration or decomposition of
parent rock material. These particles that we see today may have been produced in early
geologic period and they continue Lo be preduced even loday and moved by agents like
wind, water or ice over considerable distances.

In this section, we shall discuss various lextural classes and structures of soil. Soil texture
refers to the relative particle-size composition of the soil. The particle size composition of a
soil is the percentage of the mineral matter by weight in each fraction. In a given sample of
soil, there may be present different sized particles in various proportions. Depending on their
size (in diameter) the International Society of Soil Science has given specific nomenclature
1o the various paniicle size classes which are as follows.

‘Table 4.1: Size classification of soil particles

S.No. Type of soil parlticle Size (diameter in mm)
1 Clay (colloids) Less than 0.002

2 Silt 0.002 - 0.02
3 Fine sand 0.02-0.20

4 Coarse sand 020-20

5 Sione and gravel 2.0 and above

Soil mineral particles smaller than 0.002 mm are colloidal in nature and are called clay (see
Table 1). They do not settle quickly when mixed with water, as they form a colloidal
solution or sol. The clay fraclion or Lhe soil is most active physiochemically.

You have seen that based on the size, the soil panticles are grouped into five categories. A
soil may not necessarily be made up of one type of particles, that is, it may contain particles
belonging to any of these categories, in varying amounts. Depending on the proportion of
silt, clay and sand that the soil contains, the soils may be grouped into a number of classes
such as sand, sandy loam, clay loam, clay eic. (see Fig 4.1)

A soil can be assigned to a textural class with the help of the triangular diagram as illustrated
above. All possible combinations of sand, siit and clay are condensed into twelve major soil

classes. The class to which a soil belongs can be closely approximated by examination in the
field but for accurate determination, mechanical analysis is carmied out to find out relative
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Fig 4.1: A soil textural triangte, To ltusirate how the triangle works, sssume that a aample of 50ll has been
analysed and found {0 contaln 47 per cent sand, 15 per cent clay and 40 per cent sill. Locate the 47 Per cent
value on the sand axis (bottom} on the triangle and draw & line parallel 10 the llnes in the direction
{ndicated by the arrow, Next, locale either the 15 per cent value for clay on the clay axis (lefl side of
triangle) or the 40 per cent silt on the silt axis (righl side of trinngle) and draw another parallel line along
either of the two axes in the direction indicated by the respecilve arrows. The two Lines iniersect in the loam
area of the triangle, hence this soil is classified as a loam. (" Loam may be defined as a mixture of sand, silt
and clay particles. A loam where sand is domInani is classified as a sandy loam, and In the same way there
may occur silt loam, slity clay loam, and ¢lay loam.)

amounts of particles of different sizes. The soil is assigned to a particular textural class after
studying its mechanical analysis fraction. An experienced field surveyor can grade soils into
these classes simply by feeling the soil when wet, between his fingers.

The term soil texture refers to different proportions of sand, silt and clay in a soil but the
arrangement or the state of aggregation of the soil particles in soil mass is referred to as soil
structure. The aggregation of sand, silt, clay into compound particles may be of (i) granular,
(ii) crumb, (iii) platy, (iv) blocky, (v} subangular blocky, (vi) prismatic and (vii} columnar
nanre (see Fig 4.2).

The aggregation of soil particies is brought about by the colloidal fractions including sticky
material of organic origin and very thin film of water molecules. Soil aggregates are called
peds. The study of soil structure is important as it influences various physical properties of
soil particularly aeration and water holding capacity.

4.6 SOIL PROFILE

You have already studied that weathering of rocks produces soil. The weathering process
has been described in Section 4.3. Soil formation over a period of time resuits in vertical
stratification of horizontal layers one over the other in the progressive state of macurity. The
vertical section of a soil upto unweathered rock is made up of a succession of horizontal
layers (horizons) of varying thickness but is reasonably differentiated on the basis of colour,
texture, structure and chemical characteristics. Such a vertical section of soil from top
malure soil to the underlying bed-rock is called a soil profile,

In a soil profile, the horizontal |ayers are named from top to botlom as A, B and C (see Fig
4.3). The top soil is called A-horizon and the sub-soil as B-horizon. The region of semi- . 77~
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Components S.No. Type Struclure Descriplion
i Granular . Relatively nonparous, small and
Qo o spheroldal peds, not fitled to

adjoining aggregates.

il Crumb Relatively porous, small and

sphercidal peds; not fied to
adjoining aggregates.

i Flaty ﬁ 'Peds ara plate - like. Plales oftan
. overlap.

iv Blocky Block-like peds bounded by olher
peds whose sharp angular faces
form the cast for the pad. The
aggregates ofen braak inlo smallar
blocky peds.

v Subangular

Block:like pads bo
o po unded by other

aggregates whose rounded subang-
ular faces form tha cast lor the
ped.

wi -Prismatic Column-like peds without
rounded caps. Olher prismatlc
aggregale form the cast for the
ped. Some prismatic peds braak

inlo smallar blocky peds.

Column-like peds wilh rounded
caps bounded latarally by olher
columnar aggregates that form
the casl for the pads,

vii Columnar

Fig 42 : Various types of soil structure

_ broken parent rock is called C-horizon. In the A-horizon, the top fertile soil is very rich in
organic matter representing different stages of disintegration and decomposition. A layer of
organic matter comprising of loose fallen leaves, twigs and organic debris still intact or
largely undeéomposed, accurnulated above the soil surface is referred to as Aoo layer.
Below it is the Ao layer comprised of partly decomposed organic matter, where identity of
the organic matter cannot be made out. Fully decomposed organic matler, i.¢., humus
enriches the soil by mixing with the mineral components to form soil aggregates or crumbs.
This is referred 1o as the A, layer ahd is dark in colour. A, and A, have a decreasing quantily
of humus and are less dark than the A, layer. In fact, in warm humid wopical soil the
distinction of the A-horizon into different sub-horizons is not clear because of the rapid
biological activity in soil and the consequent quick humification and mineralisation. The B-
horizon is also subdivided into B, B, and B, with decreasing degree of maturity. B, is
similar to the A, layer but some granular structures may be present, B, and B, horizons have
soil blocks often formed due to aggregation of iron and aluminium. Horizon C represents

78 weathered parent material which has not become true soil.
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4.7 PHYSICAL PROPERTIES

The physical properties of a soil have much to do with its suitability for the many uses to
.which man puts it. Properties like moisture storagé capacity, aeration, and retention of
nutrients are all intimately connected with the physical conditions of the soil. It is important
lo realise that the physical properties of soil exert a great influence on soil fertility and to
what extent human use can alter these properties. Physical soil properties are not only
important when soil is to be used as a medium for plant growth but also when soils are to be
used as a structural material for making highways, dams, foundation for buildings as well as
for the manufacture of bricks and tiles.

4.7.1 Light and Heavy Soils

The presence of silt and especially clay in a soil Imparts 1o it a fine texture, ard a slow water
and air movement. Such a soil is highly plastic becoming sticky when wet, and hard and
cloddy when dry unless properly handled. The expansion and contraction on wetting and
drying, usually are great. And the water holding capacity of clayey and silty soils generally
is high. In farming parlance, such smooth soils are known as heavy soiis and the coarse
sandy and gravel soils as light. This does not refer to their mass per unit volume, which may
be greater for a sandy soil than a clay one, but to the power required 1o draw agricultural
implements through the soil. This property is, therefore, a measure of cohesion between the

- soil particles, and although this is dependent on the particle size distribution in the soil, it is
also dependent on the Kind of particles present.

4.7.2 Soil Water

Soil water relationship is very important. In the first place the supply of large quantities of
waler is necessary to satisfy the evapo-transpiration requirements of growing plants.
Furthermore, this water must be available when the plants need it and most of it must come
from the soil. Second, water acts as a solvent, which together with the dissolved nutrients
make up the soil solution.

Forms of Soil Water

Gravitational Water or Ground Water ; After a heavy rain or imrigation, much of the
waler drains or sinks downwards. This is called gravitational water. This is of little
significance in most soils because it drains downwards rather quickly under the influence of
gravity.

Capillary Water : Some amount of water is retained against the pull of gravity in the
minute spaces between the fine so0il particles as thin fllms surrounding the particles and
thicker ones where the particles touch each other, and a part of water is absorbed by the soil
colloids. The downwards pull of gravity reduces these films to a minimum thickness. This
form of soil moisture is in such a state that its movement as a liquid in any direction is so
limited as to be praciically negligible. . ’
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Hygroscopic Water: Even air-dried soil contains appreciable amount of water. If we heat
apparently dry soil in a closed container, we can see drops of water deposited on the lid,
This relatively small amount of moisture is termed as hygroscopic water. It is held so
tenaciously by the soil colloids that,it is not available to plants.

Retention of Soil Moisture

The movement of water into and within the soil, moisture storing capacity of soils and the
availability of moisture to plants are governed by soil properties. Each of these factors is
related directly or indirectly to the size and distribution of soil pores and the affinity of
particles to moisture. To understand these aspects more clearly, we shatl now discuss a few
concepts given below,

Maximum Retentive Capacity: Let us take the example o1 a soil that is well granulated,
silt loam, and has a uniform texture and structure. After heavy rain or irrigation, as water
enters the soil, air is displaced and the soil pores whether large or small are filled with water.
At this point the soil is said to be saturated and is at its maximum retentive capacity

(se2 Fig 4.4a,d).

{a} Saturated Soif 1) Field Copacty {c) Witing Print
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Fig 4.4 : Dlagrams showlng the volumes of solid {soli particles), alr and water In a well granulated, sttt loam
al different molsture levels. Figures and show soll fs completely saturated with water. Figures b, e show Lhe
sltuation after the dralning of waler from the macropores. The soll Is then sald to be at the field capacity.
Plants will remove water from the soil qulte rapidly untl! willing coefficlent (¢ & ) is approached, though
there Is still censiderable moisture In the soil (see I). A further reductlon [n melsture content to the
hygroscopic coefficient is Hiustrated in g. At this polnt water is held very tightly, mostly by the soll colloids,

Field Capacity : In the same soil as above, if we cut off the supply of water, that is, if there
is mo further rain, or we shut off irrigation water, there would be relatively rapid downward
movement of some of the water. After a day or so, this rapid downward movement could
cease. At this point we can find that the water from the larger pores or the macropores has
drained out and its place is taken by air (see Fig 4.4b,e). The smaller pores or the micropores
are still filled with water, and it is the main source from where plant roots absorh water. So

the field capacity refers 1o the water content in the soil after gravitational water has drained
away.

Wilting CoefTicient : Plants absorb water from the soil and reduce the quantity of moisture
in (he soil as they lose water to the atmosphere by transpiration through their leaves. The
second avenue of loss is evaporation directly from the soil surface. Both these losses are
taking place simultanecusly and are responsible for a markedly rapid rate of water
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dissipatibn from soils. If this waler is not replenished, the soil dries out (see Fi g44c.f)and Envircnmental Components ;
the plants show the effects of reduced soil moisture. During the day time, the plants tend to . 3. So
wilt when the temperature is high and/or there is strong wind, but recover and regain

turgidity during the night But if the soil is not supplied with water, ultimatly a time would

come when the plants remain wilted both during day and night. Although the plants at this -

stage are not dead but remain in permanently wilted condition and will die if no water is

added. The amount of moisture content in the soil at this stage is called the wilting

coefficient or critical moisture (see Fig 4.4c,f). The water remaining in the soil is found in

the micropores and around the individual soil particles and is not available to plants.

Therefore, water must be replenished in the soil to revive the wilted plants.

Hygroscopic Coefficient : To have a more complete picture of soil moisture relations, letus
take a soil sample and oven dry it for 24 hours at 11° C. Now if this seil is kept in an
aimosphere which is completely saturated with water vapour, the soil will absorb some

water, which makes a thin film around the soil particles. The water is held tightly and can
move ontly in the vapour phase. The moisture at this point, absorbed by a unit weight of dry
soil is termed the hygroscopic coefficient (see Fig 4.4g). As might be expected, soils high in
colloidal materials will hold more water under these conditions than the sandy soils.

Soil moisture is sometimes expressed in terms of pF, which has a range from 0 to 7. The pF
is the logarithm of capillary potential. The pF-0 represents saturated soil, 2.7 represents the
field capacity, 4.2 the permanent wilting percentage, 5.5 the air dry level, and 7.0 the oven
dry.conditions. At the same pF, the actual amount of moisture content is higher in clay than
in sand. ’

Available and Non-available Water

You have seen above that water is present even in the apparently dry soils (see Fig 4.4¢), but
it is of not much vse as far as the plants are concemed. They cannot utilise the water that
remains tightly adhered on to the surface of soil colloids. Therefore, water remeining in the
soil at the time of permanent wilting is non-available to plants, For plant growth, only
available water is important and not the total amount of soil moisture. The amount of
available water varies in different soils. For example, a sandy soil may have a field capacity
of 12 per cent, of which only one per cent is non-available. A clay loam has a field capacity
of 35 per cent, and it may have about 10 per cent non-available water.

4.7.3 Permeability

Permeability is the ability of a soil to ransmit water or air. Permeability or infiltration rate
is measured in terms of the rate of water flow through the soil in a given period of time,
Sandy soils are highly permeable because water drains rapidly. But soils with relatively
small particle sizes are relatively less permeable. For example, water infiltration through a
clay soil is extremnely slow. This can cause water to accumnulate at the surface or within the
body of the soil resulting in water-logging. The amount of moisture capable of percolating
completely through the soil is largely dependent upon the permeability of the middle and
lower horizons of soil. When either of these is impermeable, (he upper layers can quickly
become saturated with water, resulting in runoff or lateral movement of water through the
s0il. Soil erosion is the normal consequence in sloping areas while flat sites may suffer from
flooding to various degrees. )

4.7.4 Aeration

A well -aerated soil is one in which gases are available to plant roots and other soil
organisms, in sufficient quantities and in proper proportions to support their normal
respiratory activities. It is important that oxygen which is necessary for soil biota is
continuously renewed to support metabolic activities.

A soil which is considered well aerated must have the following two characteristics. First,

 sufficient space for air movement should be present. Second, there must be ample

opportunity for the ready movement of gases into and out of the soil. Soil aeration is an

important factor having far reaching influence on the metabolic activity of plant roots and

other soil organisms. Continuous supply of oxygen in the soil is necessary to sustain soil

OIZanismis, "_ -

One of the most apparent effects of poor soil aeraticn is the reduciion in the rate of organic

matter decomposition, which you might recall is an essential process to maintain soil

fertility. The reduced rate of break down of organic matter is due to the lack of oxygen

rather than from the built up of carbon dioxide. Accumulation of Organic matter in swampy

areas shows that the lack of oxygen retards the decomposition of organic matter. . 81
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Aerabic soil organisms are unable to survive in the absence of gaseous oxygen. For
example, bacteria that are responsible for the oxidation of nitrogen and sulphur are relatively
ineffective in peorly aerated soils. This is also true for the symbiotic nitrogen fixers and
some of the free living nitrogen fixers such as azotobacler:

Higher plants are also adversely affected by poor soil aeration because the root growth is
curtailed; nutrient and water absorption is adversely affected; and certain toxic elements
accumulate in poorly aerated soils.

4.8 CHEMICAL PROPERTIES fi

Soilis a highl; dynamic system which supports complex chemical reactions. In this
heterogeneous systems, the soil solution acts as the medium for complex chemical reactions,
Soil colloidal components {clay and humus) bind the exchange cations on the surfaces,

Cation exchange is one of the most important soil reactions. Colloidal soil particles such as
humus and clay usuatly bear electronegative charge. The charge may be the result of the

adsorption of an excess of anions or the result of an imbalance in the atomic charges in the i
crystal lattice of clay micelle. To balance the negative charges, the particles tend to adsorb :
cations on their surface (see Fig 4.5). The balancing ions are called exchangeable cations
and are in kinetic equilibrium with the soil solution, 5

4.8.1 Cation Exchange Capacity

The adsorption of a cation by a colloid nucleus or micelle and the accompanying release of
one or more ions hetd by the micelle is termed as ‘cation exchange’. The major cations are
Ca?, Mg?, K*, Na*, and NH,*. Trace amounts of other cations such as Cu*, Mn® and Zn?
are also present in the soil. Let us understand this with the help of an example. Assume that i
the clay micelle has one-half of its capacity satisfied with calcium ions, one-quarter with
polassiurn jons, and one-quarter with hydrogen ions. The situation would be as shown in -

Fig 4.6. TE

¥y, Colloidal
Ca 1 o9KCl — Clay + 3Cac, -+ 3HCI
\ Micelle
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Fig 4.6; Depiction of cation exchange in a colloidal micelle.

Suppose that the soil ts reated with a strong solution of potassium chloride. After some
time, the potassium ions from potassium chloride will replace virtually all other cations and
the micelle will get saturated with patassium. The calcium and hydrogen adsorbed on the
micelle will be released and will enter the soil solution as chlorides. Since these cations (ie.,
H+ and Ca®) are rather easily displaced, they are termed as exchangeable ions. The
efficiency with which ions will replace each other is determined by (a) relative concentration
or number of the ions, (b) the number of charges on the ions and (c) the speed of movement
or activity of the different ions.

The capacity of soil colloids to adsorb cations can be determined easily. The commonly used
method involve replacement of adsorbed cations by saturating the exchangeable sites with
barium or ammonium ions, and then the amount of adsorbed barium or ammonium is
determined. The cation exchange capacity is determnined in terms of milliequivalent (m.e.)
per 100 grams of soil. The total cation exchange capacity of the soil represents the total
number of exchange sites both on humus and clay particles. I a clay has a cation exchange
capacity of 1 milliequivalent (1 m.e./100g), it is capable of adsorbing and holding a



milligram of hydrogen or its equivalent for every 100g of dry clay. You should note the term
‘equivalent’. It indicates that other ions also may be expressed in terms of milliequivalents.
For example, let us consider calcium. This elements has an atomic weight of 40 compared to
1 for hydrogen. Each calcium ion has two charges and thus is equivalent fo 2H*. Therefore,
the amount of calcium required to displace 1 milligram of hydrogen is 40/2 or 20
milligrams. This, then is the weight of 1 milliequivalent of calcium. If 100 grams of certain
clay is capable of adsorbing a total of 250 milligrams of calcium, its cation exchange
capacity is 250/20 or 12.5 m.e./100 g. The cation exchange capacity ranges from less than 5
for soils containing very little clay or organic matter to about 200 for soils richer in organic
matier.

The composition of these cations exert a powerful influence upon both the chemical and
physical attributes of a soil. In temperate and cold climates with moderate or high rainfall,
H* ions are formed in abundance in the soil. They are of no direct use 1o the plants, and
when they dominate the colloidal complex there is nothing to prevent the loss by leaching of
important basic ions especially Ca, Mg and K and fertility is consequently low. This
condition may arise as a result of the difference in the abilities of ions to replace each other,
the order being H, Ca, Mg, K, NH, and Na. The degree of saturation with basic ions can
always be reduced by cation exchange wherever there are enough H ions to bring about this
displacement. Once displaced, the bases are carried away in drainage waters. Colloids are
said to be unsaturated, when the adsorbed bases have thus been reduced to a very low level.

Cation Exchange Capacity = Exchangeable H + Exchangeable bases.

4.8.2 Nutrient Availability

You have seen that cation exchange plays an important part in nutrient availability to plants. |
Cation exchange functions in two ways as nutrients are released for the use of plants and
microorganisms, In one case, the nutrients freed by cation exchange find their way into the

soil solution. There they may ultimately contact the absorptive surfaces of roots and soil
organisms or they may be removed by drainage water. Second, if the contacts of root hairs

and microorganisms with the soil colloidal surfaces are close enough, there may be a direct
exchange of cations between the colloidal particles and the root hairs or microbes, Under

such a condition, the hydrogen ions, generated at the surface of root hairs or

microorganisms, are thought to exchange with the adsorbed cations on the colloidal micelle
withoul any of these jons having first been relcased 1o the soil solution,

Cation Saturation and Nutrient Absorption by Plants

The availability of adsorbed cations is not always so easy as the above explanation might
suggest. This is because, several factors operate to expedite or retard the release of nutrients.
First, there is the proportion of the cation exchange capacity of the soil occupied by the
nuient cation in question, For instance, if the percentage calciumn saturation of a soil is
high, the displacement of this cation is easy and rapid. Thus 6 milliequivalents of
exchangeable calcium in a soil whose exchange capacity is 8 probably would mean ready
availability. In another case 6 milliequivalents of Ca on the exchange complex in a soil
having a total exchange capacity of 30 may represent an opposite condition. This is for this
reason liming for alfa alfa crop (requires abundant calcium) should exceed 90 per cent
saluration with calcium,

Influence of Associated Ions

The second important factor influencing the plant uptake of a given cation is the effects of
the ions held in association with it. For instance, assume that suitable amounts of
exchangeable calcium are held by two soils and that the accompanying cation in one case is
dominantly hydrogen and in a second case mostly sodium. Since the strength of adsorption
is in general of the order H > Ca > Mg > K > Na, it is obvious that in the first case Ca ions
will be present in the soil solution in more quantity because they are held less tenaciously
than the associated H ions. In the second case, the concentration of Ca ions in the soil
solution will be relaiively low since they are more tightly held by the soil colloids than are
the sodium ions.

The Effect of Type of Colloid

Third, several types of colloidal micelle differ in the tenacity with which they hold specific
cations. This undoubtedly will affect the ease of cation exchange, For instance, the-tenacity
with which Ca is held by montmorillonite (a type of clay) is much greater than that of
kaolinite {another type of clay). As a result, it is suggested that a montmorillonitic clay must
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be limed to at least 70 per cent base saturation, before calcium will exhibit an ease and
rapidity of exchange that will satisfy growing plants. A kaolinite clay, on the other hand,
seems to liberate calcium much more readily, serving as a satisfactory source of this
constituent at a2 much lower percentage of base saturation. Obviously, the liming
programmes of the two soils will be different.

Effect of pPH or Nutrient Availability
One of the greatest influence of pH on plant growth is through its effect on the nutrient

. : l
availability. When base saturation is less than 100 per cent, an increase in pH is associated b
B o
calcium and magnesium are usually the dominant exchangeable bases. Many studies have

with an increase in the amount of calcium &nd magnesium in the soil solution, because E T

shown that plant growth is promoted with increase in percentage of calcium in plants, which
in turn is governed by the increasing pH or percentage base saturation. The general :
relationship between pH and availability of calcium and magnesium and other nutrients is
shown in Fig 4.7.
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Fig 4.7: Relation of soil pH 1o the relative availability of nutrient elements required by plants.

Availability of molybdenum increases at higher pH (see Fig 4.7). At low pH, molybdenum

. forms insoluble compounds with jron and is rendered unavailable. Under these conditions,

plants like cauliffower, clover and citrus will suffer from molybdenum deficiency but will
show better perfonance when soil pH is increased. Potassium availability is usually good in
alkaline soils that reflect the limiting leaching and removal of exchangeable polassitm,

The availability or solubility of some plant nuirients decreases at higher pH. Iron and
manganese which are generaily deficient in calcarecus soils are two good examples.
Phosphorus and boron also tend to be unavailable in acid soils. On the other hand copper
and zinc have reduced availability in both highly acidic and alkaline soils. The overall
nutrient availability is good at close to pH 6.5.

Another aspect of soil chemistry not indicated in the Fig 4.7 is that at exiremes of pH, the
balance among nutrients becomes unfavourable, and certain nutrients become excessively
soluble as to be toxic. For example, at low pH Al, Fe, Mn, Zn and Cu are excessively
released to become toxic. The H and OH ions themselves are directly injurious betow pH 4
or above 9. -

4.9 SOIL BIOTA AND SOIL FERTILITY

A great diversity of organisms exist in s0il, and they perform equally diverse functions.
Many of their activities help in building of soil and contribute to'its fertility. Salient features
of their role in soil are discussed in this section.
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4.9.1 Decay and Nutrient Cycling

Soil organisms are the chief agents of decay of organic matter. Decomposition and
mineralisation of erganic matter results in release of inorganic nutrients which can be
absorbed by roots to sustain plant growth. In seil, the decomposers, that include a vast
variety of bacterta, actinomycetes and fungi act on the organic matter. These organisms
bring about the hydrolysis and oxidation of crganic compounds through their enzymes,

~ Complex organic compounds are broken down into simpler compounds until at last, carbon,
hydrogen and oxygen are finally released as carbon dioxide and water. Other nutrients
contained in the organic matter are released in inorganic form. You might recall that the
conversion of nutrients present in the organic matter into inorganic form is lermed as
mineralisation. The whole process is as follows. Organisms like the fungi, ants, beetles,
mites, slugs and snails, sometimes invade fragments of litter even before they fall on the
ground, In subsequent transformations, each type of organic substance (carbohydrates,
proteins and fats) as well as each stage in the breakdown of these substances, has its own
specific set of saprophytes which act upon the organic material so that decay progresses by
stages. For example, proteins are broken down successively into amino acids, ammgnium
salts, nitrites and nitrates, each step being the result of action of a different organism or
group of organisms. Therefore, the process of decomposition consists of several overlapping
cycles. As a result of decomposition of organic matter humus is formed, which is quite
resistant to further alteration. You have already studied it earlier.

4.9.2 Production of Growth Substances

A wide variety of heterotrophic soil microorganisms including bacteria and fungi are known
to produce 3-indole acetic acid and other growth promoting substances. This is very
significant, as it govemns the subterranean environment of plants, The occurrence of such
growth regulating substances influence the growth and establishment of soil organisms on
and around the plant roots.

4.9.3 Nitrogen Fixation

You have already studied in FST-I, Block 4, Unit 14, (hat nitrogen is an essential constituent
of living organisms and there is an inexhaustible supply of it in the airmosphere in the free
form. Majority of living organisms including humnans are incapable of utilising gaseous
nitrogen but need organic nitrogen for their nutrition. It is for this reason that the nitrogen
fixation or availability of organic nitrogen is critical for the living organisms.
Fres nitro_gen is inert but certain groups of specialised organisms have the ability to utilise

. Baseous nitrogen from the atmosphere. The reduction of gaseous nitrogen or its conversion
(o organic nitrogen is called nitrogen fixation. The fixed nitrogen is readily utilised by other
organisms. Incorporation of aumospheric nitrogen into nitrogen compounds by nitrogen

- fixers such as Azorobacter in aerated soils; Clostridium in unacrated soils; Rhizobium in the
nodules of legume roots and by a number of blue green algae such as Nostoc and Anabaena
is the most important step to ensure nitrogen sufiply for the living organisms. The quantum
of biologica! nitrogen-fixation has direct effect on soil fentility. '

4,94 Soil Mixing

The larger soil organisms are responsible for considerable mechanical mixing and
weathering of soil. The wedge-like action of roots and other underground plant organs,
widens the fissures in rocks and the compacted soil so that they are more susceptible to other
forms of weathering. Rodents, insects and worms turnover great amounts of soil, with the
result that the material is repeatedly exposed to the physical and chemical agents of
weathering. One of the most important erganism in this regard is earthworm. These are
important in many ways. The amount of soil that these creatures pass through their bodies
annually may amount to as much as 15 tons of dry earth per acre, a startling figure! During
the passage through the worms, not only the organic matter which serves the earthworm as
food, but also the mineral constituents are subjected to digestive enzymes and to a grinding
action within the animal. There is usually an abundant growth of grass around earthworm
casts, this suggests an increased availability of plant nutrients therein. Thus the activity of
earthworm not only mixes the soil, but also makes it fertile by increasing its aeration and
drainage. They also bring the lower soil to the surface. They mix and granulate the soil by
dragging into their burrows, large quantities of undecomposed organic matter such as leaves
and grass, which they use as food. Y
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Environment end its : Buirowing animals also bring great quantities of subsoil to the surface. In addition, these

Compomenis animals cut and bury the litter of which some is used for food and some as nesting material,
The latter, together with their excreta buried below the surface, greatly increase the organic
content which contribute to soil fertility.

4.9.5 Improvement of Soil Aeration

Soil organisms greatly improve soil structure and facilitate aeration. Root decay leaves the
soil riddled with channels. and the burrowing of worms and other animals create
innumerable passage ways which help in gaseous exchange, i.e., diffusion of oxygen and
reiease of carbon dioxide from the soil. Growing rools often follow such channels on
account of better aeration.

4.9.6 Improvement of Aggregate Structure

Bacteria and blue green algae, both of which are abundant in the soil, secrete mucilagenous
excretions which cover their cells and colonies. Such muciliagenous materials along with
other organic excretions of the cells are very effective in cementing soil grains into larger
aggregates. A similar function is performed although in an entirely different manner by the
soil fungi which bind soil particles together
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,‘pmccsses respons:bfe for :he loss of water at a rapld rate fmm lhe sml

Ohsaquenﬂy'therc 18 Traeiseenmpioe
of sail fem.hty

The ovqra_] v»allabrlity f ) nmnents t'or plams and so:l rrucro rgamsms is goud in
gils hmimg pH of L L

¥ organic matter if soil,

[

4.10 SUMMARY - e

® Soil is an important constituent of our environment. It is a complex system consisting of
inorganic materials derived from parent rocks, organic matter of plant and animal origin,
water, gases and supporting a wide variety of living organisms.

® Soil formation is a slow, gradual and continuous process involving hundreds of years.
The basic framework of soil is made up of the weathered rock material. Processes like
mineralisation and humification make the newly formed soil suitable for the growth and
prosperity of living beings.

® Based on the sites of origin, the soils have been classified into two main categories,
namely, residual and transported. Residual soils are ones which develop at the very site
where their parental rock material is present, whereas transporied soils are ones in which
86 the rock materials are carried by various agencies to distant places where they develop
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further. Depending on the agent involved in the transfer of weathered material, the
transported soils are : colluvial (by gravity), alluvial (by water), glacial (by ice and .
snow) and aeolian (by wind).

Soil is made up of particles of varying sizes, mixed in different proportions. Based on
the diameler, soil particles have been classified into clay, silt, fine sand, coarse sand and
gravel. Twelve main classes of soils are recognised depending on the relative proportion
of soil particles of different sizes.

The presence of soil particles, i.e., relative proportion of clay, silt and sand imparis a
particular texture to the soil which greatly influences soil permeability to gases and
moisture, The arrangement of soil panicles into aggregates refers (o the soil structure. A
soil is said to be heavy, if it contains more of clay and silt. It is difficult to draw
agriculiural implements through such soils. On the other hand, seils having higher
proportion of sand and gravel are termed as light, as agriculteral implements can be
easily drawn through them.

Water in soil occurs in different forms. Gravitational water seeps through the soil under
the influence of gravity, and is not available to plants. Capillary water is held in-the soil
pores and is utilised by the plants and other soil organisms. Hygroscopic water refers to
the small amount of water that is tightly held on the surface of soil colloids, and is
unavailable to plants,

Permeability and aeration are important properties of a soil which influence the
availability of water and gases. The growth of plants, particularly their roots are
adversely affected in poorly aerated soils. Poor soil aeration retards absorption of water
and nutrients by roots and leads to the build up of certain toxic substances in the soil.

Cation exchange is an important chemical property of soil whereby nutrients such as Ca,
Mg, K, Na, Cu, Mn, Zn and NH, present in soil are made available to the plants and
other organisms of soil. The cation exchange capacity of a soil refers 1o the total number
of exchange sites on the soil colloids which include humus and clay particles. The
release of a particular nutrient in the soil depends on a number of factors such as
proportion of cation exchange capacity of the soil occupied by a given cation; the
influence of associated ions; the tenacity with which the colloid micelle holds the cation;
and the soil pH.

The diverse kinds of living organisms inhabiting the soil contribute immensely to soil
fertility in different ways. Soil microbes carry out organic matter decomposition, help in
nutrient cycling; production of growth substances and nitrogen fixation. Soil biota also
improve aeration and contribute organic matter through their death and decay. ..

. ¥ TH

4.11 TERMINAL QUESTIONS

1

a) What does the term ‘soil’ mean to you?

b) If you pick up a handful of soil, list what all you find in it?

¢) Soil formation proceeds in two steps or stages. What are they?
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Fili jn the empty columns in the table given below:

S.No. Soil Type

Salient Features

I RESIDUAL

I TRANSPORTED

a. Colluyial

b. Alluvial

. i) B T

H) i,
T ———
iv) reerestenee s vatesne s g

C. Glacial

i) -

) e .
i} ettt e nens e s
iv)

d. Aeolian

i)

. i-i)

iii)
iv)

3)

4)

88

a) Arrange the following categories of soil particles according to their diameter in a
descending order. Fine sand, clay, stone and gravel, silt, coarse sand.

b) On what basis a soil is assigned to a textural class?

a) What types of soil water are recognised? Wﬁich of them is available to the plants?

eyErTE— -
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5)

6

o

- b) How would you differentiate between heavy and hght soil? Suggest a sunple

method

¢) List two major features of a weli aerated soil. '

d) Poorly aerated soils get degraded in due course of time. Why?

The proportion of sand, silt and clay-in a soil determines (i) strucnure, (u) ﬁrafer

- holding capacity, (iit) texture, (iv) nutrient potenhal (v) fertility. Jevel. Tick mark [ V]

the correct answer.

a) ‘Whatdo you ‘understand by cation exchange capmiy of a soil? How it is
~ expressed? .

b) What factors govem the efficiency of replacement ut‘ mns from cation exchange
. complex of soil,

. ¢) Name few elements which accumulate in toxic concentrations at low pH.

7

8)

" Clay particles will artract and hold which of the @owiug 1008 1o their-surfaces?
. N0, ()NH', GHHPO, @v) Cg’* K

How does soil biota help in mamtmnmg the soil ferility? Resmcl your answer to the
space provided below.

¥ SRR

Functional Ultrasiructure -
_of the Cell
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9)

In order to grow good crops the soil is expected to perform certain functions. Which of
the following are the required functions? (Tick mark [V 1 the correct answer),

i) Store and exchange plant nutrients

ii) Actas areservoir and transport system for air and water

ili) Provide anchorage for the plants
iv) Al of the above.

— i bt d

4.12 ANSWERS '

Self-assessment Questions
N »

mineral matter, erganic matter, water, air, living organisms

ii) weathering, humification, mineralisation

iii) poor

iv) organic matter

_v) residual, transported
vi) dune

2y )

Soil lexture pertains Lo particle size composition of a soil whereas seil structure

refers lo the arrangement of soil particles into aggregates.

ii) False
iii) a.
3) i) clay
i) heavy, light
iii) transpiration, evaporation
iv) hygroscopic, capillary
v} increasing, small
vi} concentration, charges, activity
vii} leaching, loss
viii}6.5
ix) soluble, toxice
x) bacteria, actionomycetes, fungi

Terminal Questions

1) a) Hint :Itis the weathered outer crust of the earth that provides nurrients, water
and shelter to living organisms that dwell and prosper in soil.

Also see section 4.2 to formulate a crisp answer.

b) minerals,’organic matter, gases, water and various kinds of living organisms.

¢) i) Weathering of rocks
ii) Mineralisation and humification
2)

S.No. Soil Type

Salient Features

I RESIDUAL i)

whole process of soil formation takes place at in silu or

at the ¥ite of parent rock.

inlensity of wealhering is greatest near the surface, thus
a gradalion of weathered material can be secn in the soil
profile.

I TRANSPORTED i}

i)

" soil formed from the weathered material deposited

away, from Lhe sile of origin, by transporting agencics.
no regular gradation in the soil profite’is visible.

a) Colluvial i)
ii)

weathered material transponed by gravity.
composed of coarse malerialsy particles of vanous sizes
mixed indiscriminately. ’

TTmI e - -



iii)  lack of stratification Environmental Components :
iv)  found in hilly areas at base of mountsins and slopes. ) 3. Soll

b)

©)

d)

Alluvial ’ i) weathered materials transported by running water.

ii)  individual particles are rounded and smoothed by end
flowing water.

i)  distinct layers deposited depending on the speed of
waler.

iv) found bordering rivers and along flowing water bodies.

Glacial iy weathered material ransported by moving ice and stow.

ii)  component particles have smooth surface due 1o
abresive action of ice and mow,

ili}  soils comprised of weathered and unweathered materials
manging from fine rock powder 10 massive boulders.

iv)  devoid of stratification.

Acolian i) wealhered material ransporied by wind.

ii)  composed of particles of uniform size and compozition.

ii)  materials brought from great distances.

iv)  corurs along the shores of sea, [akes, rivers and in many
dry regions.

3)

4)

3)
6)

7
8)

9)

b)

‘9

d)

Stone and gravel, coarse sand, fine sand, silt and clay.

Depending on the proportion of clay, silt and sand that a soil sample contains, it is
assigned to a particular textural class: The triangular diagram helps to distinguish
between the twelve textural classes.

Water exists mainly in three forms : gravitational, capillary and hygroscopic
water. Of these, the capillary water is readily available to the plants.

Soils in which agricultural implements can be drawn easily are regarded as light

soils and the soils which offer some resistance to the agricultural implements are
designated as heavy soils.

i} Sufficient space for air movement, and

i) ample opportunity for the easy movement of gases.

Lack of oxygen retards the decomposition of organic matter, which adversely
affects nutrient cycling and soil fertility.

iii) Texture

a)

b)

c)

It refers 1o the total number of exchange sites of colloids in soil. It is expressed in
milliequivalents (m.e.) per 100 g of soil. ’

i) Relative concentration of ions, (ii) the number of charges of the ions, (iii) the
speed of movement of ions.

Aluminium, iron, manganese, zine and copper.

N'H+‘. Caz+' K+

)

ii)

iii)

iv)

v)

vi)

Soil biota constantly add organic matter in various forms to the soil.

Different kinds of soil organisms carry out sequential reactions to breakdown the
organic matter into its compenent simpler forms, so that they can be reused by
plants and other organisms.

Many soil organisms produce growth promoting substances that influence the
growth of several other microorganisms in their vicinity, which in tarn through
their activities improve the soil.

Numerous kinds of bacteria and blue green algae in soil fix atmospheric nitrogen
by converting it into organic nitrogen.

Due to the burrowing activities of various animals, the soils are constantly
uptumed and mixed, this increases their aeration and drzinage.

Organisms like bacteria, blue green aigae etc. also improve the agpregate -
structure of the soil. .

vii) Death and decay of soil organisms is a source of organic matter in soil.

iv)

;i

91

o T

AT



Envirvament and lis
Components

92

'GLOSSARY

adaptable : able to change, making an organism more likely to survive - -

adaptatlon : a genptically-determined characteristic that enhances the ability of an
individuatl to cope with its environment; an evolutionary process by which organisms
become better suited to their environment

aerosols uny solid and llqmd particles suspended in the atmosphere - s

" adsorption : the adherence of one particle, ion or molecule to the surface of another T

anthrepogenic : relating to humans :

artesian well : perpendlcular well producmg a constant supply of water rising to lhe surface :
without pumpmg _ ok

bedrock : unweathered solid rock underlying soil

biogeocoenoses : term equivalent o ecosystern used frequently by European and Russian
scientists

biota ; flora and fauna together
cation : an ion camrying positive electncal charge

catlon exchange capacily : a measure of the total amount of exchangeable cations that a
soil can hold, expressed in m.eq./100 g

chemosynthesis : a form of autotrophic nutrition in certain bacteria in'which energy for
manufacture of carbohydrates is obtained from inorganic materials instead of the sun

clay : sml particles less than 0.002 mm in diameter ..
covalent bond a chemical bond between atoms formed by sharing of electrons

emigration : outward rmgranon ofa spec1es or an individual from its normal area of
occurmrence :

estuary : a coastal reglon such as inlets or mouths of a river where fresh water and salt
water mix

fauna : a collective term for all lh_e animel types that occur in a region
field capacity : amount of water that soil can hold against the pull of gravity
flora : a collective term for all the plant tiypes that grow in a region

foot-candle (ft-¢) : a standard measure of light. It is the illumination-of a standard light
source of one candle, one foot away, falling at all points on a square foot surface

food chain : a specific nutrient and energy pathway in ecosystems, proceeding from
producer to consumer

' geologlc substratum : layer of the earth’s crust

gloho.l warming : heating of the earth’s atmosphere due to increasing concentration of
carbon dioxide and other greenhouse gases

habitat : a specific site or place where a plant or animal naturally or normally lives or grows

- heavy soil :a soil with a high content of the fine separates particularly clay, and hence

difficult wo cultivate

“holecoenotic principle : the principle that the environment acts as a whole because the

abiotic components, such as heal, light, temperature and the biolic components are
integrated and do not act in an independent manner

humus/humic : a black or brown complex soil organic matter resulting from the

. decomposition of dead plants and animals or their parts. Humus increases soil fertility,

aeration and water retention . - -

hygroscopic water : water held tlghtly by surface adhesion to soil particles generally
unavailable to plants

immigration : migration of a species or one individual to a new area

Inorganic compounds : chemical compounds which norrnally do not contain carbon, as
well as a few simple carbon containing subsiances, such as carbon dioxide and carbonates -



leaching : lhe process of downward rnovement of soluble nutrignts and other saits wuh Environment and ils
moving water through soil profile : . Components

light seil : a coarse-textured sand soil, hence easy to il

loam : a'textural class of soil with pmscnbed amounts of sand, silt and clay
' mangrove : a tidal forest vegetation in saline swampy sea shore aress, in the tropics
_'marsh : water-logged ground which is dominated by emergent vegetation

metabolism : a general term for chemical reactions eccurring in living cells, includes two
major types of reactions : breakdown (catabolic) reactions and synthesis (anabolic) reaction

micelle : a complex soil particle with negative electric charges at its surface’
organic compdund : chém.ica.l compound ooma'ming carbon or of non- -mineral origin

osmoregulation : the process by which living begins regulate the amount of water in I.hen'
bodies and the concentration of various solutes and ions in their body fluids '

peil : a unit of soil structure such as an aggregate crumb, prism, block etc.
pedology : the study of soil

pH : measure of acidity and alkanity on & 0-14 scale, with pH being neutral at 7. Numbers .
greater than seven, i.e., 8-14 pH bemg alialine (basic), and less than seven, i.e., 6-0 pH
being acidic

pholon : a quantum of visible radiation; é“packel" of light energy

photoperiod : the duration of a period of light, such as the Ienglh of time in a 24—hour cycle
in which daylight is present

pholosynﬂlesls the procass by whjch chlorophyll containing cells of plants utilize energy
of the sun to synthesise simple carbohydrates from carbon dioxide and waler Oxygen is a
by- product

photolaxls locomotory movement of an organism or cell to the direction of illumination,
e.g., movement of gamete in response to light

phototropism : in plants, a growth response to light stimulus

plankton : microscopic floating, aquatic plants (phytoplankton) and animals (zooplankton)
in merine and fresh water situation which float freely in water

polar bond : chemical bond in which an electron is ransferred from one atom to anpther,
the resulting ions being held together by electrostatic attraction

" pollution : an undesirable change in the physical, chemical or biological characlensucs of
air, land and water which affects life adverszly, either directly or indirectly

precipitation : moisture falling on the earth’s surface from clouds, it may be in the form of
rain, hail, snow or sleet -

productivity : amount of organic matter accumulated in the living component of an
ecosystem in unit time, i.e., the rate of conversion of sunlight by plants into chem.tcal bond
energy - .

range of tolerance : range of physncal and chemical factors within which an organism can
survive . )

recycle : to pass through a cycle again, to return to an original condition
sand : a soil partjcie between 0.02-2.0 mm in diameter
silt : a soil particle between 0.002 and 0.02 mm in diameter

soil : the upper portion of earth’s crust in which plants grow. It is composed of mineral
matter, air, water, 6rganic matter and various kinds of living organisms

soil aggregate : single mass or cluster of soil particles such as crumb, spheroid etc.

. soil horizon : a layer of soil, approximately parallel to the soil surface, with distinct
characteristics produced by soil forming processes ‘

soil profile : a vertical section of soil extending through all its horizons from the surface to
- bedrock : '

soil erganic matter : the organic fraction of the sil that includes plant and animal residues
at various stages or decomposition, and substances synthesised by various s0il organisms 93
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soil structure : the arrangement of soil particles into aggregates
soll texture : the relative percentage of sand, silt and clay in a soil

specific heat : the quantity of heat in calories which unit mass of that substance requires to
raise its temperature by one degree celsius

"™ succession : a natural ecological process by which different groups or communities colonise

successively the same area over a period of time in a definile sequence

taiga : the northern boreal forest zone, a broad band of coniferous forest south of the arctic
tundra

topography : the physical geography of the earth

tundra : treeless area in arctic and alpine regions, varying from a bare area to various Lypes
of vegetation consisting of grasses, sedges, ferns, dwarf shrubs, lichens and mosses

- water-logging : refers to a condition when a ground is completely saturated with water or it

has standing water

weathering : all physical and chemical changes produced in rocks at or near the earth’s
surface by atmospheric agents

wilting coefficient : the minimum water content of the soil at which plants can obtain water

wilting point (or permanent wilting polnt) : the moisture content of soil at which plants
wilt and fail to recover even when placed in a himid autmosphere

xerophjte : a plant able to inhabit places where water supply is scanty or where there is
physiological drought.
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Dear Student,

While studying these units you may have found certain portions of the text difficult to

comprehend. We wish to know-your difficulties and suggestions in order to improve the
course. Therefore, we request you to fill and send us the following questionnaire which

pertains to this block.

QUESTIONNAIRE

LSE-02
Block-1

Enrolment Ne.

1) How many hours did you need for studying the units?

Unit Number . .

No. of hours ‘

2) How many hours (approximately) did you take to do the assignments pertaining to

this block? |

Assignment Number

No. of hours

3)  Inthe following table we have listed 4 kinds of difficulties that we thought you might
" have come across. Kindly tick (¥ ) the type of difficulty and give the relevant page

number in the appropriate columns,
Types of difficulties
Page
Number Presentation Language Diagram Terms are
is not clear is difficult is not clear .00t explained

.4)  1tis possible that you could not attempt some SAQs and TQs.

In the following table are listed the possible difficulties, Kindly tick ( V) the type of

difficulty and the relevant unit and question numbers in the appropriate columps.

: Type of difficulty
Unit | SAQ | TQ | Notclearly | Cannot answer Answer given |- Answer
No. | No. No. | posed on basis of (at end of given is
’ information Unit) not
given not clear sufficient

{

5 Were all the difficult terms included in the glossary. If not, please list in the space

given below,
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6" Any Other Suggestion(s)

To, ’ , ’

.The Course Coordinator (LSE-02; Ecology)
School of Sciences '
Indira Gandhi National Open University

. Maidan Garhi
New Delhi - 110068
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BLOCK 2 ECOSYSTEM : FUNCTIONING
TYPES | |

4 the first block, we huave discussed the concept of ecosystemt and its components.
The various non-living components have been described in isolation in Units 2.3und
L We, from our study of ecosystem, know-that the biotic components depend on the
ibiotic components of the environment. In this block, we aim to draw together
-nformation and principles from the carlier units so that you begin 1o understand how
~he ecosystem functions on, the whole. From the previous block you would have also
;01 the idea-that our carth can be considered as a vast ccosystem, Since this complete
iystem is much too big and complex 1o be studied at one time. it is therefore, maore
:onvenient to divide it into two basic categorigs - the terrestrial and aqualic
scosystems. In this block, these.two major types of ccosysterns will be reviewed in
yrder to bring out the differences in their structure and functions.

Che first Unit of this block explores some of the ecological topics that are not
:xtensively discussed so far. First, we have dealt with the components of ecosystem.
[his is followed by trophic levels and ecological pyramids, Then cnergy input in the
*cosystem is considered. Next the concept of production, that is, primary production
— nel and gross; secondary production: and ecological efficiency are introduced.
(hen, the topics — energy flow and encrgy budgct are taken up. The unit concludes
vith a discussion on ecosystem control and feedback.

f)rganis'r:m are made up of matter and they need a constant supply of nutrients to
yrow, reproduce and regulate various bodily functions. Unit 6 discusses the flow of -
witrients from the living to. non-living components of the ecosystem and back in
serpetual cycles. The two basic types of biogeochemical cycles — gaseous,
‘epresented by carbon and nitrogen; and the sedimentary, represented by phosphorus
ind sulphur have been explained. The crucial role of micro-organisms in releasing the
autrients bound in living matter for reuse and the impact of human uctivities on
qutrient cycles have been discussed. Finally. the overall nutrient budget and cycling
n wropical forests have been compared to cycling in temperate forests.

The Unit 7 of this block deals with types of terrestrial ecosystem. Here. you would
study the different biomes in detail. It will be discussed as to how these biomes have

seen affected by some of the human activitics. Then. we will talk about the Chipko .

Movement and social forestry in the present day context.

Finally, in this block we will discuss about the global waters which cover about three
juarters of the carth’s surface. You will study that aquatic ecosysiems arc categorised
into {resh water, marine, and brackish water ecosystems. We will describe at length
the oligotrophic, mesotrophic, eutrophic lukes and impoundments.:Besides. you will
study the difference beiween the biota of lakes. rivers. estuaries and marine
zcosystems.

Objectives

After studying this block you would be able 10 -

® define and apply the terms and principles related to various aspects of ccosystem
functioning; o

» outline the course of various nutrients like carbon, nitrogen, sulphur and
phosphorus in biogeochemical cycles;

» describe the concept of biomes viz. grasslands. forests. deserts and relate the
importance of these biomes to human welfare:

* explain the general ecological features of aguatic ccosysiem with their
classifications. )

itudy Guide

¥e advise you to give a quick look to the Study Guide given in Block-1. before
eginning this block. Just like the previous block you would find a questionnaire at
fie end-of this block too, whergin we have soughlt your help to let us know your
lifficultics and suggestions for improving this block. It would be uscful 10 keep a
ecord of the time you spend studying each unit of this block. Also have a look ar
he questionnaire. this will give you an idea. as to which points you need to nots
own while reading the units.
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~ UNIT 5 ECOSYSTEM FUNCTIONING

Structure
5.1 Introduction ’
Objeclives -

5.2  Ecosystem as a Unit of Nature
53 Components of Ecosystem
Abiotic Components
Biotic Components
5.4 Tolerance Range and Limiting Factor
Tolerance Range -
Limiting Factor
5.5 Trophic Level
5.6  Ecological Pyramids
. Pyramid of Numbers
~ Pyramid of Biomass
Pyramid of Encrgy
Limitations of Ecological Pyramids
5.7 Energy Input in Ecosystem
5.8 Concept of Production
Primary Production
Secondary Production
5.9 Energy Flow
5.10 Food Chain and Food Web

Food Chain

Food Web
5.11 Ecosystem Control
5.12 Summary

513 Terminal Questions
5.14 Answers

5.1 INTRODUCTION

As you know irom your study of Block-4, FST-1; and Block-1, LSE-02, that an
ecosystem consists of the community of organisms in a given arca together with the
abiotic (non-living) componcnlé‘of the environment. The term ccosystem is applied
to both small and large ecological systems. Thus we might consider a small pond or
even a tree as an ecosystem. On a much larger scale’, we can examine a crop ficld, a
‘grassland, forest, ocean, or even our planet on the whole as an ecosystem.

Ecosystems have both structure and function. The structure of an ecosystem is
determined by the components that make up the system, while ecosystem funttion is
determind by the manner in which these components interact in a complementary
way. Let us examine these interactions in more detail.

In this unit you would find certain terms and concepts that you have studied before
(in the abuve units), Here, these concepts have been elaborated further, or they are
used as a background material for explaining other concepts. Before, you start going

_ through this unit, we'advise you to give a quick glance to the units mentioned below:
i) Unit-14, Block:4, FST-1; i} Unit-1, Block-1, LSE-02.

Objectives
Adter studying this unit you would be able to :
/
® explain why ecosystem is taken up as a unit of study.

¢ jdentify the various components of an ecosyslem and state the functional role of
produccrs, primary consumers. secondary consumers and decomposcrs in an
ecosystem, )

® summarise the concept of dimiting factors and tolerance range;

e recognise different types of ccological pyramids, and rcalisc the usefulness-and
limitations of ecological pyramids in describing ccosystem dynamics:

® describe gross primary production, net primary production and secondary
production;

® .expluin food-chuin, food web, and flow of cnergy through the ccosysiem; 5
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4 — without, bias - life

® define and use in proper context the terms ‘ecological cfficiency’, ‘energy budget’,

and ‘ecological feedback’.

5.2 ECOSYSTEM AS A UNIT OF NATURE

An ecosystem can be visualised as a functional unit of nature representing complex:
interactions hetween living and non-living components. The study of any ecosystem
involves systematic description of the components and understanding of the close
relationship between the biotic and the abiotic components. Why consider ecosystem
as a unit of study? This, perhaps, is the question arising in your mind presently. If
one wishes Lo study the various aspects of relationships of living and non-living
components of the environment, it would be easy to understand and interpret these
relationships in a smaller component of the biosphere, that is the ecosystem. We shall

elaborate this further with the help of an example. Let us consider a village ecosystem |

(see Fig. 5.1). It is depicted here by the area cnclosed within the dotted lines. The
boxes within the village ecosystem represent three sub-systems namely: producers or
“crop plants, cattle and humans. The solid lines connecting the boxes represent the

interactions. Solar cnergy, fertilisers and pesticides are the major inputs brought from [

outside the village ecosystem. These inputs determine the quantum of output, that
is, foodgrain, fodder and other animal products which are cxported from the village.

So, you see that, the village ecosystem could be considered as a model to study the
organisms and their environmient as an.integrated unit.

Fl

Fig. 51:4 model of vlllage ecosystem

" Ecosystems are conceptual models and these models can be applicd at any scalc, from

a bowl of water to ine whote earth. Ecosystems fepresent enormous contrast in size
and complexity. For the purpose of study, an ecosystem ¢an be delineated in almost
any way convenient to the interest of the investigator. In the case of some ccosystems
such as lake, river or pond, distinct boundaries can be recognised but in the case of
other ecosystems, such as a grasstand, forest, village or rown, boundaries are not so
sharp however, they can bt delineated according to the object of stydy or any other
practical consideration. -

5.3 COMPONENTS OF ECOSYSTEM

All ecosystems possess both biotic and abiotic components. Let us now examine these
two components. )

$.3.1 Abiotic Components
Three broad categories of abiotic components can be visualised.

i) Inorganic Substances : Therc are about forty ¢lements that are required in
various processes of living organisms. Some of thesc are macronutrients which the
plants need in relatively Jarge amounts, and others are micronutrients, that are
required in trace amounts. There are nine macronutrients : carbon, hydrogen and

[EEN T ok bl I



ii)

oxygen (the three elements found in all organic compounds), and nitrogen, Etosystem Funciioning
potassium, calcium, phosphorus, magnesium, and sulphur. Some examples of

micronulrients are : iron, chlorine, copper, manganese, zinc, molybdenum and boron.

Organic Subslances : Thesc include carbohydrates, proteins, lipids and their Detritus is derived from latin
derivatives which arc derived from the waste products of plants and animals or word "detere’ meaning wear away.
arc the remains of dead plants and animals. Organic fragments of different sizes

and composition formed as a result of decomposition of organic residues are

collectively called organic detritus. Decomposing organic matter relcases

nutrients along with the formation of a dark, amorphous, colloidal substance

called humus which is important for the fertility of soil (also see Unit-4, LSE-02).

New humus is added as old humus gets converted into mineral elements. ot

iii) Climalic Factors ; This includes temperature. rainfall, humidity, and light, and

5.3.2 Biotic Components

‘We calegorise the biotic components of an ccosyslem into three categorics on the

their daily and seasonal fluctuations. These abiotic constituents are very
important for the survival and continuation of tiving beings and Lhe ecosystem.

basis of how they obrain energy and nutrients.

i)

1)

Producers : Producers, also called autotrophs, are largely green plants that can Producer = Primary Producer
make food from simplc inorganic materials. Food refers to complex organic aut, auto-sell; trophos-feeding
compounds such as carbohydrates, {ats and proteins. Green plants accomplish

food making through the process of photosynthesis. In this process, green plants

use carbon dioxide, water and some minerais, to produce carbohydrates first. and
later various other organic compounds such as fats and proteins. Oxygen is given

off by plants as a byproduct of photosynthesis. During photosynthesis, radiant
energy of sunlight is converted into chemical energy and is stored in the chemical

bonds of thc compounds made by the plants (sec the equation given below).

Chlorophyll

. . (in green plants)
6C0O.+6H,0 + Light Enerpy ——— "5, CoH 20, + 60, !

Carbon Water  Sun Glucose Oxypen
dioxide {sugar)

The major primary producers of aquatic ecosystems (freshwater and marine) arc
various species of algae (see Fig. 5.2). In terrestrial ecosystems. the major

primary producers are predominantly herbaceous and woody plants, Some
photosynthetic prokaryotic organisms such as blue green algac and a few bacieria

are also called primary producers. Besides the green plamts there are certain
chemosynthetic bacteria that are also autotrophic. But they obtain the cnerdy for .
thesynthesis of organic compounds (amino acids, proteins) from sources other °

than solar energy. Some of these sources are : ammonia (NH;). methane (CH,). Fig. 5.2 : Marine algac .
and hydrogen sulphide (H,S). You can surely make a long list of animals that z’ i“m'"“"s':;ﬁ‘ﬁ:f:“
obtain their food from green plants. Can you also name a few organisms that ) Nereocy.

depend on the chemosynthetic bacteria for nutrition? We give you a few

examples of the same. Organisms like crabs, molluscs and giant worms, that arc

present at or near the oceanic floor where sunlight cannot penctrate. get their 4

food from chemosynthetic bactcria.

_Consumers : These are also called as phagotrophs or keterotrophs. The organisms  Phago - eat
- grouped under this category cannot manufacture fheir own food but obtain their

heteros = olher different:

energy and nutrienis by feeding on other organisms. Some eat primary producers trophos - feeding

(grecn plants) to get their food supply and arc called herbivores. In terrestrial Herbivores = Primary Consumets
ecosystem Lypical herbivores are insects, birds and mammals. Two important herba — grass, green crops;
groups of herbivores mammals are rodents and ungulates. Primary consumers vora — devour, eat

alsoinclude parasites (fungi. plants or animals) of plants (see Fig. 5.3}. In uquatic
ecosystems (freshwater and marine) the typical examples of herbivores arc - small
crustaceans and molluscs. Most of these organisms such as water fleas, copepods.
crab larvac, musscls and clams are filter feeders and extract the minute, primary

producers from water. 7
+
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Ungulates are hoofed, grazing
animals, such as horses, caille and
sheep that are adapted for running
on (he tips of their dipits

Carnis-flesh
secondary consumer=carnivore

. Ompnis — all
Sapros — decomposed, rolten;
traphos — feeding

Decompaoser grganisms secrete
SHVe enzymes from (heir

bodies into the dead organic

material and sbsorb the digesied

food. This is in contrase to

consumers which ¢

it interneily, o and digest

Fip. 5.4 : Detritivores. _

!

g

a) Earthworm, b) Millipede '

F-'ig. 5.3 : Some Parasites of Planls a} Dodder {CI.IS;H-.!IB sp.) b} MisUetoe (Viscum sp.)

Besides. there are animals which depend on herbivores for food and are called
secondary consumers . Since sccondary consumers feed on herbivores, they ure
therclore, carnivores. There are also animals that feed on secondary consumers.
Thev toe are carnivores. and are known as terliary consumers. Sccondury and
tertiary consumers may be : a) predators which hunt, capture and kill thetr prey;
b) carrion feeders which fecd on corpses; or ¢) parasites in which they are much
smaller than the host. and they live on it while the host is alive. They depend on
the metabolism of their host for their cnergy supply.. '

There are some animals that have quite flexible food habits as they cat plants,
(therefore are herbivores) and animals (therefore arc carnivores). They are
krown as ommivores of which man himsell is a good example.

iii} Decomposers : Also known as saprotrophs. Mostly, these are microsc'opic and are
heterotrophic in nature. Decomposer organisms obtain their enefgy and nutrients
by degrading dead orgunic matter. When planis and animals die, their bodies arc
still a source of energy and nuirients. as are their waste products such as urine
and facces which they discard throughout their life times. These organic remains
are decomposed by micro-organisms, namely fungi and bacteria which grow
suprophytically on these remains, They secrele digestive ¢nzymes [rom their
bodies on the dead and wasted materials, subsequently absorbing the products
ol digestion, The rite of digestion is variuble. The organic matter of animal
wasles such as urine. fueces and corpses is consumed within a matter of wecks
whereas fallen leaves and branches may take years to decomposes. During the
decomposition of wood. [ungitact and produce an enzyme cellulase, that softens
the wood. This enables the small animals to penctrate and ingest the material.
Fragments of decomposing material are called detritus, and many small animals
leed on these, contributing to the process of breakdown. They are called
detritivores. Because of the combined activities of the true decomposers (fungi
"and bacteria) and detritivores (animals), in the breakdown (decomposition) of
materials, they are sometimes collectively réferred to as decomposers. Although,
stricily the term décomposer rclates 1o saprophytic organisms. Some typical
terrestrial detritivores are : earthworm (see Fig. 5.4a), woodlice, millipedes (see
Fig. 5.4b} and other smallet (< 0.5 mm) animals such as miies, springtail and
nematodes. '

The importani end result of the decomposer activily is that inorganic nutrients,
originally bound up in the tissue of organisms are converted into simple forms
that arc usable once again by the producer organisms. Apart from processing and
clcaring the organic wastes, decomposers are vitally important for regencrating
ecosystem fertility by releasing nutrients for utilisation by plants, that were
locked up in the organic matter.

)

5.4 TOLERANCE RANGE AND LIMITING FACTOR

In the above section you have studied the biotic and abiotic components of the
ecosystem and their functional roles and relationships. You have also seen how
imporlant these components are for the survival and well-being of the organisms and
ultimarely the wilole ccosystem. These components are required in certain minimum
and maximum limits for the optimal functioning of the organisms.
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5.4.1 Tolerance Range

‘Organisms are able to survive only within certain maximum and minimum limits with
respect to cach environmental factor such as water. light and tlemperatiire. These are
called the tolerance limits and the range in between these limits is the tolerance
ranges (see Fig. 5.5). Different organisms have different tolerance ranges (see Fig.
5.6). Beyond the maximum and minimum limits ol this range. no member of u
particular species can survive. For example, fish generally lolerate a narrow range of
water temperaturc. If the water cools below the range ol tolerance. they die or move

o warmer walcrs, Murimum [ p—
) . Limat of Tolomnao um:tol Ioicmnc.n
H T
I 1
I |
1
. ]
I i
! !
' |
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I 1 I
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Fig. 5.5 : Range ol tolerance for a population of organisms of the same species, 1o an envirenmental factor
—in this case temperature. The organisms shown here are scarfel prawns,

30 35 40
Environmenlal Temperature {°C}

Fig. 5.6 : Tolcrance o temperature varies with species. Each bar represenis the temperalure range
that the organisms can telerule.

Note : The young ones of a species have narrower rané,e of tolerance than the aduli,

h
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Ecosystem : Funetlonkig and {ypes 5.4.2 Limiting Factor

In all ecosystems one factor, usually abiotic, limits the growth of organisms and is
therefore called a limiting factor. The limiting factor is one that outweighs all the
other factors that are necessary for the growth of organisms. It is the primary
determinant for growth because it lies beyond the minimum and maximum limits of
the range of 1olerance. For example. phosphorus 1s 2 limiting factor in certain aquatic
ecosystem. It is the first to be used up. When phosphorus is reduced, the growth of
algac is impaired. So, this is an example, where phosphorus is in short supply and i is |
thus a limiting factor. ’

As mentioned above, just as the shorlage of any abiotic factor impairs the survival
of organisms in an ccosystem, so can an excess. Any factor that is in excess may be
detrimental for the living organisms, directly or indirectly, You may be wondering,
how? Let us consider an example of a power plant from where the hot water pours
into a nearby stream. As a result, the temperature oi water in the area nearby shoots
up from 10° C to 30° C. This sudden thermal shock is fatal [or many fish and ather
aquatic organisms. The above example. illustrates the direct effect of excess of a
factor.

TTT T

How the factors indirectly affect living beings is illustrated by the following example.
" Il'we over-water or flood a patch of land having trees. on a pro]onned basis, then the
excess water saturales, the soil by displacing air needed by the trees rom the soil
pores, thus creating anacrobic conditions. As a result, the roots el deprived of :
uxygen leading to the death of the trees. The exeess ol the water thus indirectly alfects :
ie survival of rees .ld\t.rsLI\

SAQ 1. - e

.1} In the fnlltmmg 1 :tcmcnh pul a tu.k (\ i m.'.lk on th Lnnu.t Oncs .'.nd a crtw\
- ',(x) on the wrong ones n [hc uw.n hoxes. - o o

1) ' AT Lcc)wﬁlcm i i natur al anit of study: umslalmﬂ ofai c
o cummumw ol OTEANISMS (hmuc uunpomm-\} and-(he. _ CoT
‘.. hon- [wmg environmental f.u.wrs [uhmm mmpunc.m-.]

i) All cmw'-".u.m have, wc[l du.hm:d hmmd.tnes
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L) ECOSyatems fepresent cnormous contrast in size, - ST
-7 and complexlty A . . . , E:]
©iv). An ecosystem having: autotrophs and hctcrmrophq ' -
" but no dt.composcrs could be self- contamcd [
v) Eu}systcmq are bl.lf-susta:mng because they uare
well insulated from outside influences. : [ ]
b) -Arrangé the following sub-components of an ecosystem :
biotic COTMpOnEnts, ENeTgy, consumers, abIOUC cnwmnm:_nt inorganic elements.
decomposers. . . \

-. . -

' ~ Primiry producers
? ?
Ecosystem 0
? ’ L]
L ] - , ' = sutbstrite or medium

“¢) Can you give two examples of limiting factors not mentioned in the text?
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5.5 TROPHIC LEVEL

In an ecosystem. the various biotic components are related 10 cach other and form
food chains (see FST-1, Unit-14, Scction 14.3). If we group all the organisms in a
food chain according to their gencral source of nutrition, we can assign them different
trophic (fecdmg) levels ( Flg 5.7). The producer organisms belong to [irst {rophic

1-9 Faurth Trophie
C-onsumars Lavel
{Top Camnvorss)

s sar Third Trophic
Co Level
nsumers {Carnivores)
. ' : Secand Trophlc
3 Cg:;" ary Level
umars (Herbivores)

t

Primary . First Trophlc

Producers Level
JdPlants)

R Fig. 5.7 : Dl:igrnmmalic represeniztion of trophic levels in
an ecosysiem.

level, primary consumers {herbivores) to the second trophic level, secondary
consumers (carnivores) to the third trophic lcvel and tertiary consumers (top
‘carnivores) to the fourth trophic level. Man, who is an omnivore may belong to more
than one trophic level (see Fig. 5.8). There arc usually four or five trophic levels,
and seldom more than six — its reasons you would study in Section 5.9 of this unit.

e St K P
?EFounh Trophicd E- ¥ :2252 Tediary. —I
Leval Y, ;E;y&i Consumer +
s I TITI // 1
Y // %/ | S
LLLLLLLLL /4 4
_SeEoEd'TrB hic Primary
= Level‘P fsect Consun?t;r
......... 3= = T + .
A Grass Weed ' pﬁﬂirgr'

Fig. 5. 8 Three food chairL'i drawn scparately to show that an organism can occupy dlfferent trophic levels.
In this diagram, the position of man in different food chains illustrates this poinl. The arrows indicate ihe
direction of food chain.

~The study of trophic level gives us an idea about the energy transformation in an

ccosystem. It provides a useful conceptual basis to inciude all organisms that sharc
the same general mode of feeding into onc group and they together arc said to belong

"o the same trophic level. This feeding level concept implies that organisms obtain

food through the same number of steps from the producer. One thing should be clcar
to you, that is, the trophic levels are numbered according to the steps an organisms
is away from the source of food or energy, that is the producer.

5.6 ECOLOGICAL PYRAMIDS

. The ancicnt Egyptians constructed elaborate tombs called pyramids. The base of the

- pyramid is broad and it supports the upper levets of the structure, and it narrows Lo
a point at the top. A simular situatton is seen when we study and depict the trophic
relationships in an ecosystem. The different trophic levels of an ecosystem arc related
to one another and can be summarised in the form of ecological pyramids. The base
of cach pyramid represents the producers or the first trophic level while the apex
represents tertiary or high-level consumers; other consumer trophic levels are in

Eensystem Functloning
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Fig. 5.12 : Pyramid of biomass in an open oces. «cosystem at iwo different times of the year a) during
winlers, b) during spring season. The numerical figures as indicated above are hypothetical and the

The first law of thermodynamics
stales that energy may be
transformed from one form to
anoiher bul can be oeither
crealed nor destroyed.

The second law of
thermodynamics states thal the
conversion of energy {rom one
form to anmhér is never 109 per
cent efficient, thal is, some energy
is Mlways wasted in energy
conversions.
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organisms drawn are not (o the same scale.

For constructing the pyramid of biomass, the time of sampling is very important. You
could ask why? Let us discuss this point with a specific example, that is of ocean. In
open ocean, the producers are microscopic phytoplankton and consumers range from

-microscopic zooplankton to massive organisms like whales. Here, the biomass of

consumers may temporarily exceed that of primary producers, if sampling is done
when the number of phytoplankton is low such as in winters. During such sampling
periods, the pyramid of biomass would look as shown in Fig. 5.12a. However, if the
samples are taken during spring when phytoplankion populations are immensely
large, or if several generations of phytoplankton are included, the pyramid shape
would look like as shown in Fig. 5.12b. From this example, it should be clear to you
that the time .of sampling is very crucial. In the same ccosysiem, we can get an
inverted pyramid at one time of the year and an upright pyramid in a diffcrent season.

5.6.3 Pyramid of Energy

When we wish to compare the functional roles of the trophic levels in an ecosystem,

an cnergy pyramid is probably the most informative. It overcomes some of the
objections pertaining to the pyramid of numbers and biomass. An energy pyrarmd
more accurately reflects the laws of thermodynamics, with loss of energy belng
depicted at cach transfer to another trophic level, hence the pyramid is always upright
(see Fig. 5.13). Encrgy pyramids in the case of aquatic ecosystem are also upright,
even where the pyramid of biomass is inverted. In energy pyramids, a given trophic
level, always has a smaller cnergy content than the trophic level immediately below
it. This is due to the fact that some energy is always lost as heat in going {from onc
trophic Ievel to the next. Each bar in the pyl’dmid indicates the amount of energy .
utilised at each trophlc level in a given [ime; dnnually per unit area. The unit of
measurement is kcal/m%/yr.

A pyramid of energy must be bascd on determination of the actual amounts of energy
that individuals take in, how much they burn up during metabolism, how much
remains in their waste products, and how much they store in their body tissues. The
energy inputs and outputs are calculated so that energy flow can be expressed per
unit area of land {or volume of water} per unit time. Though, these calculations are a
bit difficult than for the other pyramids. the advantages of energy pyramid are many:
i) It takes into account the rate of production, in contrast to the pyramids of numbers
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Fig. 5.13 : Pyramid of energy. The cumulative energy content of primary producers is always higher as
compared to the energy in (he next trophic tevel and s¢ on and so forth, over a period of time. The numerical
figures as indicated above are hypotheticul, the erganisms are nol drawn (o the same scale.

and biomass which indicate the standing states of organisms at a particular moment
in time. Each bar of a pyramid of energy represents the amount of cnergy per unit
area or volume that flows through that trophic leve! in a given time period. i) Weight
for weight, two specics do not necessarily have the same cnergy content.
Comparisons based on biomass may, therefore, be mislcading. iii) Apart from
allowing different ecosystems to be compared, the relative importance of populations
within one ecosystem can be compared and inverted pyramids are not obtained. iv)
Input of solar energy can be added as an extra reclangle at the base of a pyramid of
encrgy

5.6.4 Limitations of Ecological Pyramids

The pyramid of energy is a significant improvement over the previous two types of
ecological pyramids, yet all of them overlook one or another important aspect. Somc
of these limitations are discussed bclow.

i) Some species practise morce than one mode of nutrition or belong Lo two or more
trophic levels. This is particularly true in the case of consumers of higher trophic
levels. Man is an cxampte. He gets his food from primary produccrs as well as
from higher trophic levels. Such organisms which feed at more than one trophic
level are extremely difficult to depict in ccological pyramids.

ii) Saprophyles play a vital role in ecosystem but they are not represented in
ccological pyramids.

jii) Detritus such as litter and humus is an important source of encrgy and exerls
considerable influence on ecosystem function, yet it is not depicted in ecological
pyramids.

iv) Ecological pyramids do not provide any clue to scasonal and diurnal variations.

v) The ratc of transfer {rom one trophic level to another is not reflected in the
ecological pyramids.

Ecesystem Functioning
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5.7 -ENER?GY INPUT IN ECOSYSTEM

L Lok i R

Survival and functioning of ecosystem is dependent on the input of energy.
Continuous availability of energy is essential for supporting diverse ecosystem
processes. For any ecosystem, the ultimate source of energy is sunlight. And as you
‘know, it enters the ecosystem through the producers. When a primary consumer
(herbivore) eats a producer, and is itself eaten by sccondary consumers, we can say
that energy is flowing through the ecosystem. You have already studied some aspects
of solar energy input in Subsection 2.2.2, Unit 2, Block-1 of this course. The

Table 5. information provided therein, would serve you as a base material for understanding

Mean total radiation of sun and © TS @d the subsequent sections of this unit.

g’ -"':f: herizontal surfzce (in As you already know that the amount of solar energy received at the outer boundary
cm'/day) (After Ramdas end of earth’s atmosphere is at the rate of 2cal/cm?min. This quantity is fixed and known

Yegnanarayanan, 1954)
TRIVANDRUM 487 as solar constant. You have also learnt that about 30 per cent ofthe sunlight reaching

BANGALORE P the earth’s atmosphere is reflected back into space, about 51 pei cent.is absorbed as
MADRAS 530 heat by ground, vegetation or water, and about 19 per cent is absorbed by the
DHARWAR 480 atmosphere. Only a small fraction of sunlight, that is, about 0.02 per cent reachlng
_BOMEBAY 499 the atmosphere is used in photosynthesis. Nevertheless; it is this small fraction on
i(lj-{?:z?)ABAD ggg which all the organisms of the ecosystem depend. The actual amount of solar flux’
JODHPUR 534 received at the surface of the earth is dependent on various climatic, geographic and
JAIPUR 495 other environmental factors. On an average the total amount of solar energy that
ALLAHABAD 511 réaches th® earth’s surface is about 3,400 kcal/m?/day. It varies significantly from one
CALCUTTA 485 place to another, for example, it decreases with latitude and its input also varies
DELHI 489 during different seasons at any given location. The solar flux values for fourteen
JULLUNDUR 494 - . . . h - - .
SRINAGAR 361 different siations in India are given in Table 5.1, and it varies from 361 to 543

cal/cm/day.

5.8 CONCEPT OF PRODUCTION

You have just studied that ecosystems are unable to function, unless there is a
16 . constant input of energy from an external source that is sun. Solar energy enters the



o

biotic components of the ecosystem through primary producers. And you know that
the plants store solar encrgy in the form of chemical bond cnergy thtrough the process
of photosynthesis. In the following subsections you would study about this stored
solar énergy in the plants and its availability to the next trophic levels.

5.8.1 Primary Production

Energy accumulated by plants during photosynthesis is called production or more
specifically primary production. It is the first and the basic form of energy stored in
an ecosystem. Production is defined technically as the amount of biomass or organic
matter produced per unit area in a given period. Tt can be expressed in terms of

weight (g/mz) oI energy {'kcab‘mz). The rateart which energy accumulates is

.know¢ as primary productivity.It is expressed in terms of kcal!mzfyr or g/mz.fyr.

In casc of plants, primary production is generally differentiated into two distinct

‘categories, namely gross primary production (GPP) and net primary production

(NPP). Gross primary production refers to the total amount of solar energy fixed into
organic matter by primary producers through photosynthesis. A considerable portion
of the solar energy fixed by plants (GPP).is utilised by plants themselves in respiration
(R) to get the energy needed for their metabolism and for other vital functions. The
amount of energy left after respiratory consuemption (R) is incorporated into new
body tissue (growth) or is used for producing new individuals (reproduction). The
amount of biomass or organic matter accumulated by plants per unit area in a given
period is called net prunary production. The overall relationship between GPP and
NPP can be written as ; -

GPP — R = NPP or GPP = NPP + R

From this equation, you might have noticed that whatcver energy is fixed by plants
(GPP) some of it is used for their own maintenance (R} and only remaining {(NPP)
is available for the next trophic level. So net primary production is the only energy
available for the next trophic level.

The annual net primary’productivity of the whole biosphere is approximately 170
billion tons (dry weight) of organic matter. Of this total, about 115 billion tons are
produced on land and about 53 billion tons in the oceans, despite the fact that the
oceans occupy about 70% of the earth’s surface. We the human beings harvest about
1.2 billion tons per year as plant food.

“Produection efficiency : The maximum amount of solar energy harvested by plants is

about 5 per cent but the average for green plants, on the whoie is only a small fraction
of sunlight, i.e., 0.02 per cent reaching the atmosphere. The production efficicncy,
that is the ratio of net primary production to gross primary production (of green
plants) is on the average rather high. It varies between 40 to 85 per cent. The most
efficient are those plants which have low maintenance requirement due to minimum
non-photosynthctic (non green) tissucs, such as in grasses, algac and phytoplankton.
Algac and crops like corn have an cfficiency of about 80 to 83 per cent, submerged

- aquatic plants 60 to 75 per cent, deciduous forests about 42 per cent.

Differcnt ecosystems have different productivitics (sce Fig. 5.14), Productivity of
ecosystems depends on a variety of factors such as sunlight, temperature, rainfall and
the availability of nutrients. Those situations that provide the best circumstances for
plant growth are the most productive. Warm, moist, sunny areas with high levels of
nutrients in the soil are ideal. Some areas have low productivity because one of the
essential [actors is missing. Deserts have low productivity because water is scarce,
arctic arcas too have low productivity because temperature is low, and open oceans
also have low productivity because nultricnts are in short supply. Coral reefs and
tropical rain forests have high producltivity. Marshes und estuarics are-highly
productive since waters running into them are rich in the nutrients and they also get
enough light,

You have just seen that some ecosystems have consistently high production. Such
high production usually results from an additional input of encrgy subsidy to the
system. The cnergy subsidy, as you have learnt may be in the form of high ambienl
temperature, rainfall, or inflow of nutrients. Some agricultural systems also have high
productivity. ¢.g., sugarcane has a productivity of 1.700 to 1,800 g/yr; corn [0.000
g/yr; and some tropical crops up to 3,000 g/yr. Can you now think ol the encrgy
subsidies that are linked to high production? In agricultural system encrgy subsicdy

.
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Fig. 5.14 : Comparative productivities of different ecosystems of the world. The numcrical figures writien
in baotd. are the average values and the ones writlen in parentheses represent ihe ranpe of productivily
(Data rom R.H. Whiltakar. Communitics and Ecosyslems, 1973).

5.8.2 Secondary Production

You have seen that net primary production is the only energy available to consumers
ar heterotrophs including man. Herbivores such as cow or deer graze upon grass
and utilise primary production. The food is psocessed in the stomach of animals.
Digested material is assimilated in the body and the unutilised material is excreted.
Some of the assimilated encrgy is used up in respiration to provide energy for the
mctabolic needs of body such as mainlenance and repair of tissucs. The remaining
part is utilised for producing new tissues for reproduction. Production of animal
biomass on account of growth as well as addition of new individuals of animals is
referred to as secondary production. And secondary productivity is the rate of
formation of new organic matter by heterotrophs,

Very little of the plant matter that is consumed is actually converted to animal tissue.
In terms of encrgy content. the conversion is only about {0 per cent. This encrgy loss
ts shown in Fig. 5.15, where a rabbit has 0.1 keal of secondary proguction for cvery
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5.9 ENERGY FLOW

1 keal of food eaten. What happeas to the othter 90 per-cent? Fig. 5.15 shows that . Ecosystem Finctionlrig -

most of this difference is used in respiration to power the animal’s movements and
maintain its body functions. A certain amount’is not assimilated at all and is therefore

- excreted in the facces. Thus relatively little energy is left for the production of new

body tissues.

2 xcal
1o the Ervironmednt . Pianl Respiralion
i2ikeal 10 Kcal
Gross Primary Prodiction Nel Poenary Production
Eélgn' .
_and ngl, Lost
Assimilaled . _via,

Raspiralion

Mol Ealan

9 kea)
Unsalen

: 0.89 keal Ealén,
0.01 kcal Eaten and used in Respiration
and not"Assim laled

o ...0005 kA _ .01 keal
Preduction by Camivires Secondary Froducton

Fig- 5.15 : Encrgy relationships [n an ecosystem. The average values for cnergy transier are illustrated,
the actual values vary from system (o system.

To put this concept on a familiar level, let us-consider an adult human. A
person eats daily, yet a healthy adult does not gain weight at all. To summarise,
although there are large variations from ccosystem to ecosystem, as a generalisation,
for every 10 keal of plant tissue, available to herbivores, about 1 kcal will be eaten,
and only abouf 0.1 kcal will b stored in the form of body weight.

It must be clear to you that in contrast to primary production, secondary production
is usually not differentiated into ‘gross and net’ categories because heterotrophs
consumc only already manufactured food.

Just as net primary production is limited by a number of variables. so is secondary
production. The quantity, quality (including the nutrient status and digestibility), and
availability of met production are the threc limitations.

As you know our world is a solar-powered system, and green plants are the entry
gates ot energy into ccosystcm. In Unit 2, Subsection 2.2.5, Block-1, LSE-02 you
have already learnt that out of the total incoming solar energy, only a very smail
fraction is absorbed by plants. And on this small fraction of sunlight trapped by plants
is buit the entire living world. In this section we shall discuss with you as to how the

-different biotic componcnts of an ecosystem are related in ferms of cnergy.

Fram your study of the First block of this course plus the Fourth block of FST-1, you
have sufficient background information on this topic. One thing you should
remember is that any organism derivesits cnergy from the ‘food’ it consumes. And
you know that all organisms cannot make their own food and only the producers have

.the capacity to do so. Therefore, various organisms in an ecosystem must fulfil their
.energy needs by relying on producers directly or indirectly. In other words we can

say that energy flows from the first trophic level, that is, from producérs to the
subsequent trophic [cvels. In an ecosystem encrgy is transferred in an orderly
sequence. See Fig. 5.16 carcfully before you proceed further.

Have you noticed the following two points in the figure? i) The flow of cnerg.y isin

- one dircction only, and ii) some encrgy is tost as heat at every successive step.

Now let us consider the first point, that is. the direction of flow of energy. Energy

. flows from lower (producer) 1o higher (herbivore, carnivore, etc.) trophic level, It

never flows in the reverse direction, that is, from carnivores to herbivores to green

plants. Organisms at each trophic level depend on those at lower trophic levels for 19
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the energy to sustain themselves and reproduce. For example, we cannot convert .
energy directly from the sun into food. We depend on green plants to make such
transformation for us. This is in accordance with the first law of thermodynamics,
that energy cannot be created nor destroyed but may be transforted from one form
“into another. For example, the energy of visible light is transformed into chemical
energy of the glucose molecule synthesised by green plants through photosyntliesis.
The living organisms including plants utilise glucose in respiration, which releases
chemical encrgy, and a part of which is ultimately dissipated as heat, that is, the third
form of energy. , o

Heel

Flrst Trophic Leve! Second Trophie Level Third Trophic Level Feurth Trdphic Level
Secondary Consumermn Tertiary Consumors

Producars Primary Consumars
{Plants) @ {Haiblvoros) {Camivaras)

Y
Y @
Decomposers ‘

Fig. 5.16 : Energy flow through an ecosystem. Producers capiure a small amount of solar energ& and make
it available for the subsequent biolic components of the ecosystern, whether they are herbivores,
carnivores, top carnivores or for that matter even the decomposers.

Let us now take the second point that i the loss of some energy at each trophicievcl.
You might recail that the second law of thermodynamics states that when energy is
transformed from one form into another, some of it is converted into unusablé -

“energy, such as heat. Let us understand this with another example. When you slide -

a box along the floor, some of the energy you are putting into pushing the box is
being converted into heat energy, due to friction. And this heat energy escapes into
the surrounding environment. In the same way when the energy stored in muscle cells
is used to contract arm muscles, some of the useful cnergy is lost as body heat from
the body. Since heat energy cannot be used to do useful work, more energy must be
supplied to a biological system from outside to compensate the inevitable energy loss.
In order to continue to function, organisms and ecosystems must receive energy
supply on a continuing basis.

Related to the various aspects of energy {low in an ecosystem is the question — why
only a few links in the food chain? The unavoidable loss of usable energy between
feeding levels explains why food chains are relatively short — at the most four or five
links. From your study of pyramids of energy you have seen that how the amount of
encrgy decreases from the first trophic level onwards. At the fourth or the fifth leve)
very little energy is left to support another irophic level. In general, there is about
90 per cent loss of energy mainly as heat as we proceed from one trophic level to the
next higher level. In other words, only 10 per cent energy of a particular trophic level
is incorporated into the tissues of the next trophic level. Thus, if 1,000 kcal of plant
energy were consumed by herbivores, about 100 kcal would be converted into
herbivore tissue, 10 keal to the carnivores and 1 kilocalories to the top camivore
tissues. Considering these aspects it is clear that in human communities, consumption
of food derived from animals such as meat, eggs and dairy products have high energy
cost as compared to foods obtained direetly from plants.

In energy terms it is more cconomical (o eat bread made from wheat than to feed
the wheat to ficns and then cat the eggs and chicken meat (also see Fig. 5.17). This
is becausc eating wheat as bread avoids using any part of its eneroy te kopm fha
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chickens apve and active, The crox of the whole discussion 15 the shorter the-food Ecosystem Funclioning
chain, the greater is the availability of usable energy.
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Fig- 5.17 : The relative energy-etticiency of dilferent t1ypes of foods tor human cansumption

This principle has also been practised by many animals in nature to fulfil their energy
needs. The example of baleen whale (Fig. 5.18) we shall discuss here. These whales

Fip. 5.18 : The largesl mammal — the balcen whale

are typically found in the open oceans, often in areas where obvious food sdurces are
insufficient to supply the energy needs of so large an animal. This animal has a special
adaptation that allows it to feed on microscopic zooplankton and tiny tish. A large
sheet of horny material called baleen, composed of a substance similar to our
fingernails hangs down from the roof of the mouth. These toothless animals can scoop
up a huge mouthful of water and then strain the water out through the fringed edge

of the balcen, trapping in its mouth ¢normous numbers of tiny plants and animals
that are then swallowed. In this manner a large carnivore is able to feed on primary
consumers of very small size in an ecosystem that is very poor in.sizeable prey
organisms, and thus fulfil its energy requirements,

Encrgy Budget .

We have seen that all living things must take in and usc energy to maintain their
bodies, to grow, 1o obtain more energy and to reproduce. Each individual has an
‘energy income’ of all the energy that it acquires during a specified period. It also has
an “encrgy budget’, its allotment of different amounts of energy for various activities.
Similarly energy budget for ccosystem as a whole can be prepared. One such example
is given below (sce Fig. 5.19}. From such studies one can know as to how much encrgy
input there is in an ccosystem and its subsequent transformation from one trophic
level Lo another. The energy values are generally expressed in terms of caloric. Let
us now discuss the Fig. 5.19 that you have just scen. Tt shows that most of the energy
input is in the form of solar radiation wkhile the output of energy is represented by
the waste heat dissipated from the system. Lt may be observed that the total energy
input amounts to 410486 kcal/m>/yr (410,000 kcal/m? solar cnergy and 486 keal/m?/yr
in the form of organic matter imported into the system) matches with the output of

21
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Fig. 5.19 : Energy flow diagrarm for Silver springs, Florida. All the encrgy figures are cxpressed as
kcal/m?/yr. (Alter Odum, 1957).

energy (407986 kcal/m™/yr) lost as waste heat and {2500 keal/m™/yr exported from the
svstem in the form of organic matter),
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.5.10 FOOD CHAIN AND FOOD WEB

You are familiar with the concept of food chain and food web that you have studied
earlier in FST-1, Unit 14. Based on that we would discuss these in mor® detailin the
following sections.

5.10.1 Food Chain

In a food chain, the food energy is transformed from a given source through a series
of species, each of which eats the one before itself in the chain. This repeated series
of eating and being eaten is alWays initiated with-green plants, which convert radiant
energy into chemical energy which is stored in food. A very simple food chain is :

Sun » grass » goat + man

In the previous sections, you have also studied that at each transfer a proportion of

the food energy is lost as heat. This limits the number of links or steps in a food
chain, usually to four or five. In aquatic ecosystems, microscopic green plants called
phytoplankton and algae play the same role as grasses in a pasture or trees in a forest.

Based on the kinds of organisms that constitute the first trophic level, three types of
food chains can be distinguished. These are : i) grazing food chain, it) detritus food
chdin, and iii) auxiliary food chain.

i} Grazing Good Chain : Grazing food chains are quite familiar to most of us. Cow
or deer grazing in a field represents a grazing food chain. Similarly, eating of
" phytoplanktonic algae by zooplankton and fish is another example of grazing
food chain. In most ecosystems, only 2 small proportion of the total community
encrgy flows through grazing focd chains. Also at-each step, significant amount
of organic matter is shunted to detritus food cham through death, decay and
excretion by living organisms. L

The grazing food chains in forest and ocean represent two extreme (ypes. Ocean
food chains are among the longest, up to five links, in contrast to forest types

- which mostly consist of three or rarely four links. One of the reasons for the
longer length of grazing food chains in aquatic ecosystems is the small size of the
phytoplankton and zooplankton that chiefly comprise the first two trophic levels.
[f there are many small herbivores at level two, this means that the carnivores at
level three also can be relatively small and numerous, and an additional carnivore
level can be accommodated before the last level, represented by a relatwely small
number of large carnivores. '
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i)

iii)

Detritus Food Chains : Detritus food chains bégin with déad organic matter which
is an important sourcc of energy. A large amount ol organic matter is coatributed
by the death of plants, plant parts, animals and their excretion products. These
types of food chains are present in all ecosystems but they are over domip-ring
in forest ecosystems and shallow water communitics.

Various specics of microscopic fungi, bacteria and other saprophytes play a
prominent role in decomposing organic matter to obtain encrgy needed for théir
survivatand growth. In this process they release various nutrients, locked in dead
organic matter, which are used readily by the green plants. Detritus food chains
are interconnected with grazing food chains and other auxiliary fond chains
through certain specific common organisms to permit crossing over of energy and
material flow from one circuit to another. For example, cattle do not assimilate
all of the cnergy stored in plants, undigested residues in faeces become available
for the decomposers and the detritivores. '

Detritus food chains are located mainly in the soil or in the sediments of aquatic
ccosystems. They form an essential component of natural ecosystems and are
necessary for self-sustenance and for maintaining ecological balance, Detritus
food chains can be of great practical value for modern man for sewage treatment
and control of water pollution.

Most of the natural ecosystems possess both grazing and detritus types of food
chains. Their relative impotrtance however, varies from one'ecosystem to .
another. In terrestrial and shallow water ccosystems, detritus food chains

‘dominate because a major proportion of the annual energy flow passes Lhrough

this circuit. In case of tidal marshes, almost 90 pgr cent of the primary production
is routed through the detritus food chains. In decp water aquatic systems rapid
turnover of organisms and high rate of harvest are responsible for the dominance
of grazing food chains. - o

Auxiliary Food Chains : 1n addition to grazing and detritus food chains there are

other auxiliary food chains operated through parasites and scavengers. Some

-parasitic food chains'may be quite complex and may involve unrelated organisms.

A deer fed upon by internal roundworms and external ticks or 4 man with
malarial parasites in_his. blood are examples of parasitic food chains. Ol
parasitic relations are quite involyed as parasites are Lransmitted through a
variety of vectors or through unrelated intermediary host organisms. Like the
other food chains, the ultimate source of encrgy for all auxiliary food chains is-
solar encrgy orginally. harvested by plants,. .

5.10.2 Food Web

In nature no food chain is isolated or is simple as described in the above examples.
A plant may. serve as a food source for many herbivores simultanecusly, e.g., arass

plants cun support decr, cow. grasshopper or rabbit. Similarly, a herbivore may be

foed source lor-many different carnivorous specics (see Fig. 5.20). Also food

Fig. 5.20 : A simplified version-of o faod web.
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(e.g., we eat mangocs in the summer and oranges in the winter).

LU B T

In an ecosystem, when all interconncctions between food chains are menped out, they
form a food web (see Fig. 5.20). A food web illustrates, all possible transfers of
energy and nutrients among the organisms in an ecosystem, whereas a food chain
traces only one pathway in the food web.

The food web for most communities is very complex, mvolving innumerable kinds of
living organisms. With many interlocking food chains the community remains stable
cven if one or more of these relations are altered. For example, in a stream-side
ecosystem if the grasshoppers become scarce or their population is wiped out because
of some calamity, the frogs preying on grasshoppers are not forced to die or move
out of that place. They can instead feed on other organisms such as flies or butterflies
(see Fig. 5.20). Obviously, then a food web introduces a strong ¢lement of stability
into an ecosystcm. Larger the number of components involved, the more stable the
ecosystem is.

5.11 ECOSYSTEM CONTROL

In this section, let us discuss about yet another important aspect of ecosystem

functioning, that is, how it maintains’its ecological balance. By now, it must be

obvious to you that an ecosystem is a dynamic system, wherein a lot of events take |

place. For example, animals cat and.in turn are eaten, moisture and nutrients flow

in and out of the system, and weathers change. In spite of all thcse happenings the

ecosystems persist and recover from the slight disturbances. This capacity of an

geosystem to self-regulateor self-maintain is called homeostasis. 1sn’t this ability of Homeo = same;
ecosystems to recover from certain perturbations remarkable? Let us take a simple Stasis = standing
example to see that how is this balance maintained in spite of the slight disturbances '
in the ecosystem. Consider a grassland, when there is a drought, plants do not grow

well. The mice that eat the grass become malnourished. When this happens, their

birth rate decreases. And also the hungry mice retreat to their burrpws and sleep. By

doing so, they need less food and are less exposed to predators, so their death rates

decrease. Their behaviour protects their own population balance as well as that of

the grasses which are not being consumed while the mice hibernate. Such a )

mechanism is known as feedback regulation and is very important to maintain the

ecological balance. It is the prime regulatory mechanism for the ecosystem as a

‘whole. You may know that there are several kinds of organisms comprising an

ecosystem. So all the organisms in dn ecosystem are part of several different feedback

"loops. A fecdback loop may be defined as relationship in which a change in some

original rate, alters the rate of direction of further change. In the above example, we

had deliberately taken a very small group of living beings, that has primarily the mice

.and the plants.

Now we take up, another parameter of ecosystem balance. One factor that aftects
the stability or persistence of some ecosysterns under small or moderate
environmental stress is species diversity <— the number of species and their relative
abundance in a given ecosystem. High specics diversity tends 1o increasc long-lerm
persistence of the ecosystem. It is because with so many different species and the
linkages between them. risk is spread more widely. An ccosystem having a good
varicty of species has more ways available to respond to most cnvironmental stresses.
For example, the loss or drastic reduction of one species in an ccosystém, with
complex food web usually does not threaten the existence of others, because most
consumers have several alternative food supplies. In contrast, the highly specialised
agricultural ccosystem, planted with only one type of crop such as wheat or rice is
highly vulnerable to destruction from a single plant disease or insects. Therefore, the
essence of the whole discussion is that most balanced ecosystems contain many

. different species.

The discussion so far. might have led you to conclude that the ecosystems have the
ability to cope up with any disruption. You should realise that this ability is limited.
Extremilies like fires {(destroy the landscape), over-exploitation {e.g.. rampant
deforestation. mining) or excessive simplification (monoculture, plantation,
cropfields) or too severe and prolonged stresses (like drought, pollution} seriously
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farmysiea : £unctuning aod Types hamper the control mechanism, resulting in ecosystem degradation. The lesson is

obvious. We should, LhECk and control our actions. so-that, we do not overload the
ccosystem. ’ ’ : '

'SAQ 4.

a)

LI

b) -

' '--n} a natural céosystenr mlght be dmrup:ed

(4}

£

26

i)' Who are the .c"t}ns].qmr;"rs'."
. H) Wha is the hérbivore?

- viii) Who: are lhe prcdamrs

be- migre Sldble than a food chdm" S

In your food chain, . - o
i) . Who is the producer? -

i) ‘Who are the, c;j‘rniv_dr'es?
v) Who arc the dcédm'puse-ré"' "
) 'Who is the autmmph" I
,vii) Who arc thc hetl.rolruph{

f-nod ch'uns are ordmanlv !'()und in. fond webs Why do

o

If qomc blfd‘- w:.rc calmg whedt ‘in. [hc ﬁclds .Jnd f'lrme
1) the natural’ CLOWhtEm would be undl’fcaui .

i) the b:osphere would tend ro uahilm. :
iv) the b|osphcn. would tend. 10 be dmrupn.d
v) both ii and iv. - :', R '

('llck mark the correcl i\m’iwch . R T L

A pruduccr is . ‘ . PR
) at the start of 4 food chain R
it) at the bottom of the t(.‘UlOUILM p\'mmld - ' ' I
i) an aumlmph
iv) all of 1hese
(Tick the corect answer)
A detritus food chain begins :
i) always in the occan
i) with a producer o .
ii) with decaying organic matter N
iv) with 'ltr poilution | I ’
(Tick th(., correct answer)

A natural food web : . -
i) contains only grazing food chains
ii) contains several lrUphIC levels
ili) is usually unstable
iv) all of these :

(Tick the correct answer)

. In what way arc dccompos‘.ra like producers?

i) euhcr one may be the First member of a graving lood chain
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5.12 SUMMARY

In this unit we have cxamined various aspects of ccosystem functioning. So far you
have learnt that : '

® Ecesystems are considered functional units of nature having no specified size or.
limits. i

® Ecosystems comprise different biotic and abiotic components which are |
functionally coordinated and operate in an integrated, holistic manner. )

|

® Every organism has a capacity 1o tolerate a certain range of a particular . *:
environmenial factor. This range is known as the tolerance range. At the .
extremities of the tolerance range the factor becomes limiting.

e The concept of trophic level tells us as to which organisms share the same genceral
source of nutrition. - ‘

¢ Trophic relationships of an ccosystem car? be represented graphically in the form
of ccological pyramid. The basc of the pyramid represents the producers and the
successive tiérs represent the subsequent higher trophic levels.

yEe-

® Ecological pyramids are of three types : one ~ pyramid of number depicts the
number of individual organisms at each trophic level; second — pyramid of
biomass represents total weight of the living organisms at each trophic level, third
pyramid of energy shows the amount of encrgy utilised at successive trophic
levels. ‘

& Ecological pyramids give useful information about the functional structure of an
ccosyslem,-but they also have some limitations. Important among them are :
a) decomposers are not represcnted; b} organisms which take food from different
trophic levels are not accounted for; ¢} one gets no idea about the seasonal and
daily variations and also about the detritus litter as an energy source; d) the rate
of lr‘ansfer from one trophic level to another is not known.

e Energy is transferred in an erderly sequence, i.c., from sun to producers, to
consumers,.to decomposers. Energy flow is always downhill and unidirectional.
Heat is constantly lost during the process of énergy transfer as expressed in the
first and the second laws of thermodynamics. In an ecosystern, encrgy flow can be
quantified. Energy budgelt refers to the cnergy entering and leaving an ecosystem
in a given span of time.

® Ecosystems are solar-powered systems. Green plants capturc solar energy and
store in the form of organic substanccs. Gross primary productivity of an
ccosystem is the rate at which organic matter is produced during photosynthesis.
Ner primary productivity represents the rate at which some of this mauter is
incorporated into plant bodies. Net primary productivity is less than gross primary
productivity because of the losses resulting from plant metabolism. Increase in the
weight of consumers which depend on organic food is termed as secondary
production. ' Py

® Productivity varies from one kind of ccosystem 10 another and from one time to
another. The availability of water, the amount of minerals and many other factors
in addition to incident radiation limit productivity in different ecosystems. 27
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Encrgy passes from one trophic level to the next. Approximately 90 per cent of
the energy is lost at each transfer. On the average, about 10% of the energy
entcring a particular trophic level is available to the next level in an ecosysicm.
Therefore, the biomass that an ecdsysten} can supportl at each trophic level declines
rapidly. The loss of energy ai each trophic level, limits the number of trophic levels
in a food chain to four or five.

Organisms of various trophic levels are related to each other through feeding
relationships, that can be represented in terms of food chain. Three main types of
food chains can be distinguished namely grazing, detritus and auxiliary food
chains. The relative importance of these chains may vary in different ecosysiems.

Ecosystems are highly dynamic entities. They have evolved cffective homeostatic
mechanism for self-regulation through feedback coatrol.

5.13 TERMINAL QUESTIONS

) a) Fill in the blank spaces with appropriate words.

All ccosystems have the same three categories of organisms; ..................
which -use abiotic sources of energy and nutrienits to synthesise organic
molecules; ................. » which acquirc cnergy and nutrients by digesting the
organic molecules of living organisms; and .................. , which obiain
energy and nutrients by digesting the organic molecules of dead organisms,
thetr excretions and other organic (but no longer living) materials. Of the
three categories, an ccosystemn could persist without ...................

2) a) Discuss the concept — range of tolerance. Can you think of any examples in

which the range of tolerance was exceeded in ecosystems you are faniliar
with? What happened during these incidents?

....................................................................................................
....................................................................................................
....................................................................................................
....................................................................................................

b) What js a limiting factor? What is the limiting factor in most terrestrial
ecosystems?

3) a) Which of the following pyramid can never assume an inverted shape?

pyramid of biomass, pyramid of number, pyramid of energy.

AEL § o ot Tl
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4 a)

i) a)

b)

Why pyramid of biomass in some.aquatic ecosystems like lakes and oceans
acquires an inverted shape? ' ’

The net primary productivity of an ecosystem is the total amount of producer
lissue formed per unit area per unit time, or the .................. productivity,
minus the chemical energy used in .................. . The-amount of chemical
encrgy deereases with cach step in a foed chain, since ecach organism uses
some of the energy to .................. , 4 process that converts chemical energy
... ST . and this form of energy is lost from the food chain.

(Fill in the blank spaces with appropriate words)

Productivity can be expressed in terms of kcal/m®/yr or g/m%yr. Discuss the
differences and the similarities between these two expressions.

Fill in the blank spaces with appropriate words :

Energy enters an ecosyslem primarily as ........coveeeeens and leaves an
ecosystem primarily as .................. . Within the ecosystem, it is transfcrred
from arganism 10 organism in the formof ... energy.

Can energy be recycled through an ccosyslcm?l Yes or No?

Assume that a plant converls | per cent of the light energy it reccived from
the sun into plant material and that an animal stores 10 per cent of the food
cnergy that it cats. Starting with 10.000 calories of light energy, how much
energy is available to a person who eats :

i) Wheat....................... catories
i) hen...................... calories
tii) frog.......................calorics

i Ecosysiem Functioning
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d) A group of explorers is stranded on a barrer island. All they have in their

6)

stores are some hens and some wheat. To make these resources last as long
as possible, should they :

1) eat the wheat and when it is finished, kill and eat the hens, or

ii) fecd the whcat to the hen, collect and eat the eggs laid and when the
wheat is gone, kill and eat the hens, or

* 1ii) kill and eat the hens first and when they are finished eat the wheat?

Choose the correct choice and write its number in the box provided below.

Also justify yow answer, in not more than 4 to 5 lines.

During the 19705, shark-killing expeditions became a fad. Why are sharks
important in the food chain of 1he ocean, and what do you suppose-might
happen to other fishes if a large number of sharks disappeared?

In what way food web relationships promote ecosysiem stability? Support
your answer with a suitable example.

5.14 ANSWERS

Self-assessment Questions

ik

b}

a)i) v

i) x

iii) v

iv) %

v) X

— primary producers
biotic components ————— consumer

L_ decomposers

. — encrgy
abiotic components — — | inorganic clements

L. substrate or medium
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2)

.3) a) Inanecosysiem the producers ulilis

¢) Write from yoaf own experience
Hint : i) water in a desert
i) salinity in an aquatic ecosystem

a) wheat, corn (first trophic level)
goat, rat (second trophic level)
lion, cat (third trophic level)

b) Himt : e:g., bear.
Second trophic level (herbivore) as it eats tubers and various other plant
products; third trophic level (carnivore) as it eats animals like deer which is
2 herbivore; fourth trophic level (top carnivore) as it eats animals like frog
whichi are carnivores.

c) In_situations wherg the number of prodﬁccrs is less than the subsequent
trophic levels, we get an inverted pyramid, c.g., a large number of inscets
feeding on a single tree.

2 v

d) g/m~.

e) In energy pyramids, a particular trophic level always has a smaller energy
content than the wrophic level immediately below it. This is because some
energy is lost while transfer from one trophic level to the next, Since the
amount of energy decreascs from the first trophic level onwards, therefore the

energy pyramids are always upright and never inverted.

e solar encrgy and store it in the food they
prepare which are mainly carbohydrates. The plant tissues that have the
stored solar c¢iergy in them serve as a source of energy for the herbivores.
And the herbivores pass on the energy to the carnivores and so on and so
forth. Thus the ultimate source of energy for our planet which on the whole

“can be  onsidered as a large ecosysiem. is sum.

b)
-25'"
Consumers
c) i) *
d) ii)
e) iif

f) desert and semi-desert areas (7)
savanna (5)
open ocean (6)
estuary (3)
temperate deciduous forest #)
tropical rain forest (2)
voral reefs (1).
extreme desert (8)

Ecoaysietm Funcuonlr{g
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Ecosysiem ; Funcimalng end Types 4) a)
b)

nona

h)

Your choice.

Hint : If onc population of a food chain suffers a decline; then this particular -
_food chain could disappear.

v)
iv)
iii)
i)
iti)
ii)

Terminal Questions
1) _producers, consumers, decomposers, consumers,

2y -a)

Every living organism can tolerate certain range of a particular environmental
factor. Beyond this range the organism is unable 10 survive, e.g., onc of the
factors that.influence the life in Jakes is pH. Due to acid rain, the pH of the

- lakes becomes low, consequently most of the living organisms perish, The

-

b)

4) a)

5) a)

TR

water of such lakes appear transparent as the lake becomes devoid of life.
(Recall from FST-1, Unit 16, Sub-section 16.2.1)

Another exarilple is the accumulation of hazardous wastes in the bodies of
organisms like birds, man, etc. who are at the Lop of the food chain. (See

\FST-1, Unit 16, Sub-section 16.2.1)

Living organisms are dependent on certain envirenmental facters for their
survival and well being. If any of these factors is in short supply, or even in
an cxcess, it becomes a limiting factor. In most terrestrial ecosystems. water
is a limiting factor.

pyramid of encrgy
decomposers

In Takes and sca. most primary producers arc single-celled algie which are
very small and short-lived. These producers have rapid turnover as compared
lo the animals of secondary and tertiary trophic levelsse.g.. various kinds of
fish. These organisins of secondary and tertiary trophic levels are large in size
and outweigh the produccers. So if we caleulate the biomass of various trophic
levels in conditions when the biomass of producers is less than the consumers,
the pyramid assumes an inverted shape.

gross, respiration, do work, heat »
Similarities — both are the units 1o measure primary productivity.

Differences — primary preductivity in terms of we1ghl is expressed as g/m/yr.
and in terms of energy is expressed as keal/m™fyr.

Productivity is influenced by a varicty of factors such as sunlight. lumpt,rdlure
rainfall and availability of nutrients.

Ecosystems like coral reefs, tropical rain forests and cstuaries have high net
productivities.

Secondary production refers (o the production by consumer organisms. In
primary production, the solar criergy is trapped by producers resulting in the
increase of their biomass: whereas in sccondary production, the consumers
utilise the stored energy of plants, for building their bodies.

Light. heat, chemical
No

iy 10 calorips

ii) | caloric

iii) 0.1 calorie

If we sustain-the population of men as well as hen or the stored wheat, the
stock would exhaust faster. So first. hens be eaten and then \\vheat This will
enable the wheal stock to last longer,

L J
wheat hen » man . (1)
wheat ——— man (2

[EEN § S LR TR



.o

G)

In food chain (2) since man is nearer the producers therefore, the energy loss Ecosystem Functioning

would-be minimum and they can be sustained on the available wheat stock
for a longer_period.

e) One food web

f) Disappearance of shark would lead 10 a massive increase in the number of
small fish. This would exert tremendous pressure on the phyteplankton
population. In times. when the phytoptankion number is very low, there won't
be encugh foedTor the fish. and result would be increased mortality of small
fish. Thus the entirc food chain would be disrupted.

A food web shows the feeding interrelationships which exist between various food

- chains found within an ecosystem. A food web. has & number of alternative

routes for energy flow, which help in promoting ecosystem stubility. Give an
example of your choice.

A




UNIT 6 NUTRIENT CYCLES

Structure
6.1 Introduction
Ohjectives

6.2 Biogeochemical Cycling

6.3 Curbon Cycle

6.4 Nitrogen Cycle .
6.5 Sulphur Cycle

0.0 Phosphorus Cyele ' .

6.7 Nutrient Butigets.and Cyceling in Forests
Nutrient Budgets :
Nutrient Cycling in Tropicul and Temperale Forests

0.8 Sumumary

6.9  Terminal Questions
6.10 -Answers

6.1 INTRODUCTION

You have already learnt in the earlier units {Units | and 5) that all ecosystems have
certain commpn basic features of structure and function. They all have living and
non-living components through which there 15 a flow of cnergy and exchange of
materials, Birth, growth, death and decay arc the four pillars that keep life going on
the planel. The soil does not offer an endless supply of minerals to land living .
organisms nor do fresh water and sea to their inhabitants. Yet in the millions of years
during which life evolved and flourished or land, the soil has nol been ¢xhausted of
the nutricnis required by plants. Similarly. the atmosphere has not run out of its
oxygen or carbon dioxide. Shortages of these substances are prevented because they
are circulated and recycled in a community in a delicately balanced cycle of events.

In this unit we will consider the dynamics of major nutrient elements in the biasphere.
We will study the various chemieal forms in which they oceur in nature and the way

. they cycle. You will learn specifically about the cycling of carbon, nilrogen, sulphur

and phosphorus through the abiotic and biotic components of the ecosystem. The
role of decomposers in liberating the nutrients back into the cavironment for their
reuse is crucial in the cycling of these nutrients. The nutrient cycles are delicately
balanced and each step is critical for their normal functioning. However, man is
seriously influencing the rate and quantum of these nutrient cycles through his
activities. Suitable examples are provided to show the impact of human activitics on
the nutrient cycles.

A sludy of this unit will help vou to understand that a community of planis and
animals m an ccosystem survives primarily by a combination of material cycling and
enerpy flow,

Objectives
Alfter reading this unit you will be able to:

¢ delinc and use in proper context the term biogeochemical cycle and explain the
importianee of the coneept.,

distinguish between gaseous and scdimentary cycles,

outline the course of carbon, nitrogen, sulphur and phosphorus cycles,

describe the imporiance of micro-organisms in nutricnt cycling,

differentiate between nutrient cycling in tropical and temperate forest,

¢ idenlify the consequences of human intervention in nature in terms of nutrient
cycles., '

6.2 BIOGEOCHEMICAL CYCLING

You have studied in Unit 5 that cnerpy flows through ccosystiems enabling the
arganisms to perform various kinds of work, and is ultimately lost as heat. It is gone

1-.
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for ¢ver in terms of usciulness 10 the systcm. On the other hand. nutrient materials Nulrient Cycling’

never get "used up”. They can be recycled again and again indefinitely. For example.
when we breathe, we inhale several million atoms that may have begn inhaled by say.
Akbar or any other person you may carc to choose (rom history. First let us explain-
what we mean by mineral nutrients. As you hive learnt in Unit 5. of morc than 100
chemical elements, about 40 are present in living organisps. Some are needed in
relatively Lirge amounts and so are called maeronutrients white some are needed in
only trice amounts and so named micronutrients (sce Table 6.1),

Talyle 6.1

Relative umounts of some chemical clements that muke up living things

Element Maln Reservolr
Mujor Mucrenutrients . Carbon Almosphere
(= 1% dry organic weigln} Hydrogen Hydrosphere
Oxygen " Awmosphere
. Nitrogen Atmosphere and Soil
I'hosphorus Lithosphere
Relatively Minor Mucronutricnis Calcium © Lithusphere
(11.2 - 1% dry orginic weight) Chlorine Lithosphere
Copper Lithosphere
Iron Lithosphere
Magnesium Lithosphere
Sulphur Lithosphere und
Atmosphere
Sodium Lithosphere
Potassium Lithosphere
Some Micronutrients Aluminium Lithosphere
(< 0.2% dry organic weight) Boron Lithosphere
Bromine Lithosphere
Zine Lithosphere
Cubalt Lithosphere
ludine Lithosphere
Chromium Lithosphere

-4
Individual nutricnis can exist in combination with other elements forming diflerent
compounds. But living organisms may not be able to obtain the essential nutrients
from all those compounds. For example, plants can use carbon only in the form of
carbon dioxide (CO,). Simiarly all organisms need nitrogen but most of them are
incapable of utilising the gaseous N, present in the atmosphere unless it is available
in form of soluble nitrates (NO7T) or ammonia (NH;).

The mineral nutrients move from the non-living to the living and then back 1o the
non-living components of the ecosystem in a morc or less circular manner. This is
known as hiogeochemical cycling (bio for the living: geo for atmosphcre, water, rocks
and soil and chemical for the elements and processes’ involved). We generally call
(hem nutrient or mincral cycles. You should, however. remember the important rolc of

a) green plants which organise the nutrients into biologically useful compounds,
b) decomposers which ultimately return them to their simple elemental state,

¢} air and water which transpor( the nutrients to long distances between the abiotic
and biotic components of the ecosystem,

You'should also pet familiar with the two important lerms associated with
biogcochemicul cyeles @

a)  the difierent reservoirs or pools of nutrients like the atmaosphere und rocks. These
are large and the relative size of these pools is important when onc¢ assesses the
effect of human activities on nutrient eveles.

b} the compartments of 4he eyeles through which the nuirients move. They are
relatively shorl-term stores of nutrients in compurison witle reserveirs; {for
cxample, the plants and animals through which the nutrients mave and in which
they are stored for short periods in a cyele.

n

Fig. 6.1 shows a model. The reservoirs are the atmusphere and rocks: the major 3

i
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Ecosystem ; Functioning and Types compartments are sea and sediment, freshwater and soil. These include the primary

' producers and consumers and dead vrganic matter in the decomposer system.

ATMOSPHERE
TN
SEA - LAND
(AQUATIC ANIMALS AND FLANTS) [PLANTS AHD ANIMALS)
[l 1
$v ly
ROCK

Fig. 6.1 1 A model of 1he biogeochemical cycle. The arrows indicale the outgoing and incoming of minerals.

Now let us study two types of hiogeochemical cycles,

Types of Biogeochemical Cycles :: There are two basic types of biogeochemical cycles;
paseous and sedimentary. In the gaseous type of biogeochemical cycle there is a
promincnt gaseous phase. Cycling of carbon and nitrogen represents paseous
biogeachemical cycles. In sedime ntary cycles the main reservoir is the lithosphere
from which the nutricats are refe ased largely by weathering of rocks. The
sedimentary cycle is exemplilied by phosphorus and sulphur.

When we describe biogeachemice ] cveles we often say that 2 cycle is perfect or

imperfect. A perfect nuirient cyele is one in which the nutrients are replaced as fast’

as they are used up. Mostgascous cycles are generally considered perfect. In contrast,
sedimentary cycles are considerec! relatively imperfect, as some nutrients are lost
from the cycle into the soil and sediments and beceme unavailable for immediate
cycling i.c.. there are more stages #n which short-lerm or long-lerm stagnation occurs.

. Most significant of the stagnation stages is sedimentation in occans and deep
continental lakes. So if portions of nutrients. such as phosphorus or sulphur are lost.
they are unavatlable to organismis for comparatively longer periods.. Human beings
have so speeded up the movement of many nutricnts thad the cycles tend to become
imperfect or rather acyelic resulting in too much of nutrients at one.stage or oo little:
at another. We will discuss this in detail when we come 1o the phosphorus evele.

Fuactors or processes which promaote nutrient loss lrom the compartments of
biogeochemical cycles to tne reservoir can impoverish ecosystems over long run. For
example. continuous cultivation and cropping without the use of fertilisers is bad for
the soil. Smal! particles and nutrients wash with runoff waters or leach down to
groundwaler and rivers through subsoeil to the sea. where they may get buried with
sediments which muy cventually be incorporated into rocks.

Agriculture. forestry operalion (e.g. deforestation), and other aclivilies can
profoundly affect the rales of nutrient cycling. Forinstance, burning of fossil fuels
contributes towards the build up of carbon dioxide in the atmusphere. We will learn
more of this as we discuss cach cyele individually

f_'-
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Nutrient Cycling

6.3 CARBON CYCLE

Carbon is the basic constituent of all organic compounds. Next to water, carbon is

_ the most significant clement constituting 49 per cent of the dry weight of organisms.

The carbon cycle is essentially a perfect one, that is, carbon is returned to the
environment about as fast as.it is removed. The sourcc of ail carbon in living
organisms, dead.organic material and fossil deposits is carbon dioxide found in the

atmosphere.

Table 6.2 : Carbon in major blospheric compartments
Major Compartments in the Biospherc Carbon in 10° tons
Armosphere 711
Terresirial ' . 3,100
Oceans (mostly as carbonates) 39,000
Fossil fuels 12,000

Source : Data fram 1981 reporl of the Council on Eavironment Quality.

The atmosphere has an average concentration of about 0.032 per cent or 320 ppm of

CO,. Apart from the atmospheric pool, a considerably large amount of CO, is found
dissolved in the occans. It is estimated that the oceans contain more than 50 times as

much carbon as there is in the atmosphere. The oceanic reservoir.tends to regulate

the amount in the gtmosphere. Table 6.2 shows the major biosphere compartments '
involving carbon. The cycling of carbon involves the atmospheric reservoir, from

where it is taken up by the producer to consumer and from both these groups to the
decomposer and then back to the reservoir (Fig. 6.2)..Let us now consider each stage

of the g:ycle. C{, w atmaspharo

Photosyninesis

{leresirial food chains) Buening of foresls, Combustion of fossil fuels
fualwood and for vahiclas_ebeclricity

organlc debris  ° and haat,

Respiration

and
Decomposition

3_“ Photo‘sjnlhesis — =~ _Planktor,~
~_ {aqualic l00d ~fam —  ~
¢Q,in~. chens) G o

waler - ~ -~

décay_- "
Organisms . -
— - OverTlme - . T 3
TGPy Caldaégus T ’ 107 .
sgdimonts R
[l ppr————

Fig. 6.2 : Simplified carbon cycle

Through photosynthesis, green plants pick up carbon from carbon dioxide they take
i from the atmosphere. As much as 4 to 9 10"*kg of carbon is fixed in the
biosphere through photosynthesis annually.

Respiratory activity in the, producers and consumers accounts for-the.return of a
considerable amount of carbon as CO; to the atmosphere. The most substantial 37
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Turnover Rate : Rate of replace-
ment of a substance or a species
when losses to a system are
replaced by additfon.

A number of aquetle plants
occurring in alkalne water release
calcium carbonate (CaCOj)asa
byproduct of photosynthesis. For
example 100 kg of Elodea
cannadensls can precipitate 2 kg .
of CaCO4n 10 hr of sunlight
-under na conditions. This
pure CaCOj fmixes with clay io
from Hmestione over @ bumber
of years.

return, howevet, is through the activity of decomposers in their processing of the
waste materials and du #d remains of other trophic levels.

Burning of wood, forest fires and combustion of organic matter also arc additional
man-made sources for releasing CO, into the atmosphere.

The rate of release of carbon depends on environmental. conditions such as soil,

.moisture, temperature and precipitation. In tropical forests most of the carbon in

plant remains is quickly recycled, for there is little accumulation in the soil, The
turnaver rate of atmosphcric carbon over a tropical forest is about 0.8 year. In drier
regions such as grasslands, carbon is stofed as humus. In swamps and rrarshes where
dead material falls in water and is not completely decomposed, carbon is stored as
humus or peat and circulated very slowly. The turnover rate here is of the order of
3-5 years.

More than 99 per cent of the total carbon is present in the carth's crust as deposits
of coal, petroleum, peat and limestone. These as you know are deposits of plant and
-animal remains. On weathering of carbonate rocks, burning of fossil fuels and
volcanic activity, the bound carbon is returned to the atmospheric-aquatic reservoir.

-In aquatic environments, the phytoplankton ulilises the CQ; that is dissolved in the

water, or is present as bicarbonates and carhpnates and convert this CQjy into
phytoplankton biomass. The phytoplankton is used as food by the aqualic food chain.
The CO, praduced in respiration is reutilised by the phytoplankton 1o produce more
biomass. The carbon bound in the shells of snails and foraminifera as carbonatcs is
deposited in the sediments when these -anitnals dic. In this manner 4 significant

-portion of the carbon gets buried in the sediment and is removed. from circulation.

This may later surface as limestone rock or coral recf.

The atmospheric gascous CO, remains in dynamic equilibrium with the CO, )
dissolved in oceans. The interchange between the two phases occurs due to diffusion,
the dircction of which depends on the relative concentrations of carbon dioxide.
Curbon dioxide dissolves in water easily And some of it enters the aquatic phase
through precipitation. A litre of rain water contains about 0.3 ml of gaseous CO,.

The CO; dissolved in the water, in soil or in oceans forms carbonic acid (H-COy). -

The carboric acid dissociates into hydrogen and bicarbonate ions (H* and HCO?),
The bicarbonale jons can furthe: dissociate into hydrogen and carbonale ions. All
these steps are fully reversible as shown in the following cquation.

Dissolved CO; + H,0 — H,CO; == H* + HCO; = H' + CO7?
1}
Atmospheric CO,

The dircction of the reaction depends on the concentration of the critical component.
For example, a Jocal depletion of CO, would result in thé movement of CO, from
the dissolved phase into the atmosphere. Similarly the assimilation of bicarbonate-

-ions {HCO3) through photosynthesis by aguatic plants would tend to shift the

cquilibrium in the other direction. The equiltbrium system actually is not as simple
as it scems. It depends on several factors, pH of the water being once. At higher pH
values i.e., alkaline conditions more.carbon is present as carbonates; in acidic
conditions more ¢arbon is in the dissolved phase.

It may now be apparent to you that what scemed like a simple cycle is actually quite
complicated. Howcver, it is important to recognise that there are limited avenues by
which carbon is utilised and a much larger number by which it is restored to the
atmosphere.

Human Impact on Carhon Cycle

Human activities have greatly influenced the carbon cycle. The discharge of CO, into
the atmosphere is steadily increasing owing 1o burning of fossil fuels and destruction
of forests. At the beginning of the Industrial Revolution about 1800, il is believed
that CO, copeentration in the atmosphere was 290 ppm (parts per'million) which is
cqual to 0.29 per cent. In 1958 when accurate measurements were first taken, the
concentration of CO, was already 315 ppm, whilc in (988 it had risen.to 350 ppm. A
major concern over the increasing concentration of COs; in the atmosphere is its
possible effect on the average ambient globil temperature. Carbon dioxide is one of
the gases that helps to produce the *greenhouse effect’ (recall FST-1 Block 4,-Unit
£6). Rise in the ambient global tcmperature would have pronounced ecological
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effects. The warming wouid sause icecaps to melt and occan ievels to rise, as aresult
the continental coastal regions would be flooded. The rise in temperature would also
change the rainfall and vegetation patterns which would disrupt agricultural
‘production. This has been verified by comparing with predictions of climatic patterns
of the past through computer modelling studies.

" sAQ2

‘- b) " Fill in the blanks using suitable words frdr_n the text.

. a)_ Choose the correct answer. _ : - R
" - Which of the following contribute to the carbon eycling?  © ..o .
- .1} Respiration : ' . '
if)  Photosynthesis '
- i) . Fossil fuel combustion Lo .. .
L iv) Al of the above L _ i

N ..., fvaeeae.. :

Increasing carbon dioxide_bonéentration in the atinosphere can lead to a rise
i . e e, -» as.carbon dioxide is one

- ofthe ... ++-+»-+-«Bases. This rise could cause ................... to

melt resulting in a flooding of the ..

, R - =,

6.4 NITROGEN CYCLE

You have already learnt that nitrogen is an essential constituent of prdtein — the

. building block of all living cells. It is also a major constituent of the atmosphere 79

per cent). Although organisms live in an atmosphere. rich in gaseous nitrogen vet the
organisms cannot use this niirogen. It can be utilised'only after gaseous nitrogen has
been ‘fixed’ into some hh.é’mically usable form. The transformation whereby
molecular nitrogen is converted into a variety of nitrogenous compound and its
release again into the atmosphere, is what constitutes the nitrogen cycle (Fig. 6.3). _

Nutrient Cyeling

- ~— NIUOE'G-D ﬁ.;ingh“" e

‘R; I atmosphere
<y AN
e
o o
h__v‘\:,_
o [ .
& [~ Amifo soi 4 .
M¢ = — _— ,.._!__, ~ s e =~
Uring Death v — N\

=% — Aun af
} ° '

!aem -~ Eutrophication and
N\ .- sadimeniaton . T=_"T
w _—— e el e
Nitrogen fudng bacteri \\ =
1 ] ana T - e el
n 8ol and x Denititytng '

el badona = Nrat e imonia, Ammo;iufm
ot nodulss N v e e
\\ i ’ - ’3; Nitrale ferl.izers
\\ \
. bacisria bactarls y R
- A A ; Infilt-ation of
' \ \ il o™ @rou owaler
. .. iltrig —
. NG, // ) .
-~ B

-""-.._______I_____,_.-_

Fig. 6.3 : Nitrogen cycle. A simplificd diagram representing major steps in the cicculatipn ofnilrogcn
involving various organisms und different forms of inorganic and organic nilrogen.
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Acrobic bacleria == ‘F’Azorobamr}

The largest reservoir of ditrogen is the atmosphere but the critical pools are
represented by its organic and inorganic forms that can be used by plants and animals.

Nitrogen Fixation ' 2
As we have said before, atmospheric nitrogen cannot be used by plants or ammals
It has to be first fixed. The term nitregen fixation refers to the oxidation or reduction
of almosphcnc nitrogen to nitrates (NOj) and ammonia (NH,) which can be used by
llvmg organisms. In nature nitrogen fixation into these compounda ocecurs pnmdnly
in two ways :

i) High energy fixation : Through cosmic radiations, hghtmng, volcamc actlwly and
meteorite trail$ which provide the high encrgy needed to combin’e atinospheric

N; with oxygen and hydrogen of water. The resulting ammonia and mtrates are

brought to the earth by rainwater.

ii) Biological fixation : Approximately 63% of all mtrogen fixed is through ‘hiological
fixation. Nitrogen fixing orgamsms are primarily- prukaryoles, bacteria and blue
green algae. Nitrogen fixation requires activationtof molecular nitrogen by
splitting nitrogen into two atoms of free nitrogén Ny — 2N. This is an energy
requiring step, which in biological fixation requires 160 kcal/mole. The actual
fixation siep, in which two atoms of nitrogen combine with three molecules of

H, to form two molecules of ammonia (NH3) relcasés 13 keatfihole. Therefore, -

the net energy requ1rement for mtrogen fn(auon is 147}cala’mole -
s
A
Except for the pholosynthetlc ones, all mtrogen t“xmg orgamsms need an externa]

source of carbon compounds to provide the energy for this enflothermic reaction, It

is an interesting fact that nitrogen fixation regulated by two enzymes nitrogeriase ang
hydrogenase in nature requires low energy. In contrast; industrial nitrogen fixation
requires very high temperature (400° C) and pressure (2 X 107 Pascal). Table 6.3
illustrates the kind of organisms known (o fix nitrogen: Symblollc nitrogen fixation

occurs largely in terrestrial situations whereas, fixation by free living organisms occurs

in both terrestrial and aquatic situations.

Table 6.3 : Examples of symbiolic and free living mitrogen fixing organlsms

Symblotic L.
HOST PLANT ’ N, FIXING ORGANISMS
Legumes !

{pea, alfalfa, pulses like arhar, beans, clover, clc) Rhizobr'uml

Non-legumes .
(Alnus, Myrica, Gasuarina, Hippophee, Elaeagnus, Corigria, eic.} Actinomycelcs

Trapical grasses

e

(Paspalum, Digitaria, maize, sorghum) - Azotobacier, Spirillum
Kliebsiella

Cycads Bluc grecnalgac -

Ferns, (Azolia} Bluc green algac {Anabaena)

Lichens . Bluc green algae

Free-living - - - . '

Anacrohlc b:lclena fC!osmdrmn) . S ' ; o oo LT
Anacrobic — phblosynthcuc bacleria — { C hro..'na.'r.um Rhodospm.-'."um C!rforabmm)

Blue green a]g.u: — (Nos.'oc) ' e o _'

i) Symbmtu: Nitrogen Fixers . =~ . b
Of the symbiotic nitrogen fixing bacteria spcc:es of Rh:zobmm forrn root nodules in

legumes and-are the most studied nitrogen fixers and the best understood. Species of
Rhizobiunt are host specific to particular species of legumes. The rhizobia penetrate -
the root hair and once inside the root, the bacteria rapidly multlply and form swollen,
irregular — shaped bodies in roots of legumes.

Some non-legume woody plants also have root nodules and fix nitrogen symbiotically.
The organisms that cause the formation of nodule and fixation of nitrogen are
actinomycetes (a kind of primitive fungus). Some examples of non-legumes are
species of Alnus, Elaeagnus Myrica, Aravcaria, Ginkgo, Casuarina. Unlike legumes,
which are largely tropical in origin, these nitrogen fixers orginale in the temperate zone.
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Nitrogen [ixation by blue green algae or cynobacteria may take place in free living Nutrient Cycling
forms or in symbiosis with fungi as in certain lichens, mosses, lerns and at least one '
sced plant. The fronds of the small free Moating aquatic lern Azelfa contain small

pores filled with symbiotic blue green algue Anabaena that uctively fix nitrogen. For

centuries this fern has played an imporant role in the rice fields of China. Before

1he rice ficlds are planted. the water filled paddy lickls are covered with the aquatic

lern which fixes enough nitrogen [or the crop as it matures. This practlice permits oce

10 be grown without further addition of nitrogen flertilisers,

Symbiotic nitrogen fixers are more efficient than [ree living oncs.

ii) Non Symbiotic Nitrogen Fixers

There are certain groups of free living bacteria both acrobic and anaerobic and blue
grecn algae that [ix nitrogen. Acrobic nitrogen fixing bacleria such as Azotobacrer
and anaerobic form Clostriditnn are widely distributed in soils as well as in [resh and
marine waters, In [act accumulating cvidence indicates that many soil and water
bacteria are capable of nitrogen fixation and because they occur in abundance the
total amount of nitrogen fixed is considerable,

The N, fixed in’the soil and root nodules is uscd by the plants to form numerous
nitrogenous compounds mainly proteins which then enter the food chain. Nitrogen is
returned 1o the soil in the form of organic compounds through manure, dead plants,
and animals and micro-organism. But most of this nitrogen is insoluble and not
immediately available {or plant us¢, The organic nitrogenous compounds have to be
changed to inorganic compounds to be uscd by plants. This is done by two processes
— ammonification and nitiification.

Ammonification

Many helerotrophic bacteria, actinomycetes and fungi in soil and water, metabolise
the organic nitrogen and release it in an inorganic form as ammonia. This process is
known as ammonification or mineralisation. This is an energy releasing reaction. For
cxample, glycine-based protetn releases 176 keal/male. This energy is used to

maintain the lile process of the organisms that accomplish the transformation.
' Becawse the ammonium ion has a

Nilrification . positive charge it tends to be

) ; ; ; : : : d on Lhe cl articles
Ammonia or ammonium salts, are converted into nitrate in a process termed retained on the clay p
which are negatively charged as

nitrification. to be useful to most autotrophic and heterotraphic organisms. This soon 1L is formed, tll it is oxidised.

process occurs in warm moist soil with near neutral pH and takes place in two steps : The nitrate {on being negatively
charged moves [realy through the

1) ammontia salt or ammonia is oxidised and converted into nitrile by Nirresomonas sail and readlly travels down 10

INH; + 30, —— 2NOj + 2H* + 2H,0 65 kcal/mole the rool zone.
11} Nitrite is further oxidised and converted into nitrate by Nitrobactor
2ZNOs; + O3 ——— 2NO3 17 kcal/mole

Thesc nitrifying bacteria obtain their cnergy from this oxidation process. Now let us
sce how nitrogen is converted back into its gaseous form.

Denitrification
Nitrates are readily leached from the soil and also lost through denitrification the
process by which molecular or gascous nitrogen (N,) as well as nitrous oxide (NO)

“and nitric oxide {N,O) and nitrogen dioxide (NO,) are formed from NO3 by bacteria

(such as Pseudomaonas) and fung;, They use the nitrale as a source of oxygen in the
presence of glucose and phosphatc. Denitrifing bacteria prefer anaerobic or partially
acrobic habitats such as estuarics. bogs. lake bolloms and water-logged soils. The
bacteria reduce the nitrates to nitrites which arc finally converted to free nitrogen.

Figure 6.4 shows the pracesses involved in Ny cycle namely fixation. assimilation.
denitrification, decomposition, leaching, runoff in rainwater, etc., along with some
estimates of annual globul movements. The magnitude of the two flows is direatly
rclated to human aclivities — emmissions into the atmosphere and industrial fixation
that is largely added to farms in the form of nilrogen fertilisers are also shown.

The total annval nitrogen fixation is estimated to be 92 X [0 metric tonnes. whereas
total amount denitrificd and returned to the atmosphere is only 83 x 10° metric tonnes.
The extra nitrogen added each year in the biosphere causes disbalance of nearly

9 X 10” metric tonnes and is being largely built up in groundwater, reservoirs, rivers,
lakes and the ocean. 41
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Elg. 6.4 : Estimates of the magnilude of key Mows [n the nitrogen cycle. Numbersin parentheses are in 10t
metric tonnes per year (Data from Detwich 1970 Scientlfic American)

The self-regulating feedback shown in Fig. 6.4 makes the nitrogen cycle a rélativély

perfect one when a large area or the biosphere as a whole is considered. Some.
nitrogen is lost to the ocean sediments and gets out of circulation bat this is
compensated by nitrogen cniering the air by volcanic. gases. Let us now assess the
impact of human activities on this cycle.

Human Impact on Nitrogen Cycle

Human activities are profoundly affecting the cycling of nitrogen in nature. Over
30 % 10° metric tons/yr. of N, is fixed in the commercial production of fertilisers, an
amount ahnost equal to that fixed biologically. The use of N, fertilisers affect the
distribution of N, on earth. Much of. the nitrogen in the harvested crops becomes
animal and human waste in sewage waters and eventually enters the aquatic
ccosystem through runoff and leaching. Nitrogenous compounds leached into the
groundwater may be abundant in irrigation and drinking water where they can cause
serious health hazards. Nitrogenous compounds entering the lakes have fertilising
effect resulting in algal blooms and promote cuitural entrophication. You already
have an idea what eutrophication means (from Uit 26 Block 4 of FST-1). Excessive
growth of phytoplankton in cutrophic lakes produces huge quantities of biomass and
finally coliapse due to nutrient exhaustion. The dead organisms arc consumed by

detrivores which use up the oxygen supply. This problem of cultural eutrophication
is, however, more severe in the case of phosphorus additions rather than nitrogen.

When fossil fuels are burned we add nitrogenovs compounds to the air. Large

quantities of nitrogen oxide (NO) are released from vehicles and most of the'NU is
converted to NO, by combining with ozone (O,) in the atmosphere. NO, is a toxic

pas for humans and a cause of smog. It comhines with water to form nitric acid,
HNOj, which forms 30% of the strong acids in the acid rain. You will read me
about acid rain in Scction 6.5,

Now that you have learnt about the biogeochemical cycles where the main reservo
are in gaseous phase, we will discuss two sedimentary cycles namely phosphorus ar
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sulphur. These are different from the earlicr two gaseous cycles because the main
reservoirs and major reactions involving their transformation are largely confincd 1o
the sediment, '

. 6.5 SULPHUR CYCLE

The sulphur cycle is mostly scdimentary except for a short gascous phasc (Fig. 6.5).
The large reservoir of sulphur is in the soil and sediment where it is tied up in organic,
(coal, oil and peat) and inorganic deposits (pyrite rock and sulphur). It is released
by weathering of rocks, erosional runoff and decomposition of organic matter, and
is carried 1o terrestrial and aquatic ecosystems in salt solution. The smaller reservoir
is in the atmosphere. Sulphur can circulate on a global scale along with carbon,
oxygen and nitrogen because of its gaseous phasc.

?
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Fig. 6.5 : The Sulphur eycle linking air, water and soil. The centre circular arrows show oxidation (0) and
reduction (R) reactions that bring about key trarsformations between available sulphate (S0,) poaol,
arganic sulphur and iren sulphide deep in the sediment and soil.
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Sulphur enters the atmosphere as hydrogen sulphide (H,S) and sulphur dioxide (SO,)
from several sources like combustion of fossil fuels, volcanic eruptions, and the

- surface of occuns and gases relcascd by decomposition. Hydrogen sulphide also

oxidises into sulphur dioxide (SO.). Aumospheric’ SO, is carried back to the earth -
dissolved in rainwater as weak sulphuric acid (H.SQy). Sulphur in the form of

_sulphates (SO3%) is tuken up by plants and incorporated throuph a series of metabolic

processes into sulphar bearing aminoucids. From the producers the amind’ acids are’
taken up by the consumers.

Sulphur bound in living organisms is carried ‘back to the soil, 1o bottoms of ponds

and lakes and scas through excretions and decomposition of dead organic material E
by bacteria and [ungi. The oxidation-reduction transformations have been :
summarised in Table 6.4. These are carried out by specialised bacteria thal obtain .

their energy from these transformations. .

Table 6.4 Role of some microbes in lh-e sufphur cycle (O—represents oxidalion while R—represents
reduction reaclions)

Microbes Reactlans, itransformaiions
Colourless, green and purpl;: sulphur bacterta H.5 :..(_)_. S ..(i. 80, 3
Desudphovibrio (unucrobic) bacieria SO, —R-—- H,S :
Thiobuciffus (aerobic) H.8 i- 50, 3
Acerobic Hetcrmrop;hs ’ Qrpanic § —0» 50,
Anacrobic Hclcrolrnph-s ’ Organic § —R-—- H.5-

Look at Fig. 6.5 again. From the reactions shown in the figure and thé table you ‘
can sce some parallel with the nitrogen cycle, since the sulphate is used as a hydrogen
acceptor by the heterotrophic sulphate reducing bacteria just as.the denitrifying

bacteria usc nitrite and nitrate.

o

Species of colourless sulphur bacteria such as Beggiatoa oxidises hydrogen sulphide
to elemental sulphur and species of Thiobaciflus oxidise it to sulphate. For some

species oxidation processes can occur only in the presence of oxygen; for others

oxygen is not necessary. These bacteria are chemosynthetic autotrophs. They obrain

their carbon from the reduction of COa,

6CO; + HsS ——  CiHpO, + 6H,0 -+ 128

These bacterta arc again comparable to the chemosynthetic autotrophic nitrifying
bacteria that oxidise ammonia to nitrite and nitrite to nitrate. The green bacteria
apparently arc¢ able to oxidise H,S 10 elemental sulphur S, whereas purple bacteria
can carry the oxidation to sulphate stage.

6CO, + 12H,0 + 3H;S — CH,;0, + 6H,O + 38032 + 6H'

The sulphate may be recirculated and taken up by the producers or used by sulphate
reducing bacterra. The sedimentary aspect of the cycle involves the precipitation of
sulphur in the presence of iron (Fe} and calcium (Ca} as highly insoluble ferrous
sulphide (FcS) and ferric sulphide (FeaS,) also known as pyrite; or relatively insoluble
calcium suiphate (CaSO,) thus contributing to 4he reservoir of sulphur. From this it
enters the cycle through weathering and crosion. Not as much sulphur is required by
the ecosystem as nitrogen and phosphorus. Nonetheless sulphur cycle is important in
the general patiern of production and decomposition. For example when iron
sulphides are formed in the sediments, phosphorus is converted lrom insoluble into
soluble form as shown in the Fig. 6.7, and phosphorus enters the pool available to

the living organisms. This is an.cxccllent example of how one cycle regulates another.

Human Impact on Sulphur Cycle

On account of combustion of large amounts of fossil fuels sulphur dioxide is
emitted. Globally some 147 million tonnes of SO, are poured into (he atmosphere each
year. Normally oxides of nitrogen (NO; and N,O) and sulphur (S0,) are only
transitionary steps in their respective cycles and are present in most environments in
low concentrations. Combustion of fossil [uel, however, has greatly increascd the
concentration of these oxides in air especially in urban and industrial areas to a point



where the biotic components are adversely affected. SO, is damaging to

the soil are replaced by harmful diseasc causing fungi.

salts and other bascs.

SAQ4

Com-plele the diagrams (i} and (ii) which explain the subeycles of the sulphur cycle.
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-photosynthesis, it is onc of the most potent phytotoxic pollutant. Furthermore it
interacts with water vapour to produce H,SO, and ultimately returns 1o earth as acid
rain, (You have already read about the effects of acid rain in FST-1 Block 4 Unit
16). Acid rain affects the land, vegetation and aquatic systems in a variety of ways.
Importapt plant nutrients like, calcium, magnesium and potassium are progressively
leached out of the soil, aluminium and zinc accurnulate. Useful micro-organism in

- Acid rain is no longer a local problem, of urban areas. Iis impact is greatest on lakes
or streams and already acidic soils that lack pH buffers such as carbonates, calcium

.

.Sulph'a'ile S

reducing *;,
™ bacteria

Nutrienl Cycllng

Theoretically normal raln hasa |
PH ol 6.5, slighily more acidic than
saliva and milk. Acld rain is
precipitallon..........rain, snow"
sleet, fog that contains dilute
solutiens of sulphuric and nitric
acids.
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6.6 PHOSPHORUS CYCLE

Phosphorus is a very important nutrient because of its role in the form of phosphate,

. in reacuons that store and release energy. The availability of phosphates often

becomes a limiting factor in ecosystem productivity. The reservoir pool of phosphorus
is in crystalline phosphate rock and the compartments in phosphorus cycling involve
organisms, soil and shallow marine sediments.

The natural form in which phosphorus is available.is inorganic phosphate. Through
erosion and weathering of rocks, inorganic phosphate is made available to plants that
absorb it from soil or in the case of aquatic plants from the water. Once taken up by
the plant the phosphate may become part of ATP (adenosine triphosphate}, nucleic
acid or some other organic compound. The phosphate may be returned to the soil or
sediment when the plant dies and decomposes. Phosphorus may also be passed to the
consumer or get incorporated into the cell body of the decomposers.

In consumers the phosphorus may be incorporated into the bones and teeth and thus
it remains bound for a long period of time. Some of it is excreted as waste and is
immediately available to the decomposer. It may by a short loop be converted back
to inorganic phosphate and be assimilated by the plants (see Fig. 6.6). On the other
hand, it may be tightly bound to iron, calcium and aluminium as insoluble compounds
and be washed off or lost in sediments.

Organic Phosphalos \
Consumars
/ (animtatc}

Pm-ducaf-s {Piants} Excration/Death

\ » o
Inorgenic Phosphales 4/

Fig- 6.6 : A short loop in the cycling of phosphorus in the terresirial ecosystem

In marine and fresh water ecosystems the phosphorus cycle moves through three
compariments.

Inorganic Phosphate

Dissolved Organic phosphale .<—_— Particulate Organic Phosphale

Inorganic phosphates are taken up rapidly by the phytoplankton which in turn may
be ingested by zooplankton or detritus feeding organisms. Zooplankton in turn may -
excrete as much phosphorus ddily as stored in their biomass. More than half the
phosphorus excreted is inorganic which is again taken up by the phytoplankton thus
keeping the cycle running.

The rest of the phosphorus in aqua'tic systems isin the form of organic phosphates
that may be utilised by bacteria, that in turn may be consumed by microbial grazers
which then excrete the phosphorus they ingest.

Part of the phosphorus is deposited in shallow sediments and part in the deep water
because phosphorus is precipitated largely as calcium compounds much of which
become immobilised for long periods in the bottom sediments from where it is later
recirculated by upwelling. Figure 6.7 shows the phosphorus cycle in terrestrial and
aquatic ecosystems. )

Phosphorus is the key limiting factor in aquatic systems. The turnover rate may
aclually determine the productivity in many aquatic systems. For example, excess
phosphates can stimulate explosive growth of algae and photosynthetic bacteria
populations, resuliing in disruption of aquatic ecosystems.
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Fig, 6.7 : The phospaorus cycle 1n terrestrial and aquaric ecosystems. The rote of cycling of phosphoiis. is
' extremely impartant for growth and activity in living things.

Human Impact on the Phosphorus Cycle

Like other biogeochemical cycles, human activities have altered the phosphorus
cycle. Human beings mine phosphate rocks and guano deposits to make phosphorus
available for production of fertilisers, detergents, animal feed, medicines, pesticidcs
and aumerous other products. This mining exposes phosphate deposits made over
millions of years. :

Phosphates are removed from soil through cropping of vegetation and to replace it
phosphate fertilisers have to be added. Becausc of the abundance of calcium, iron
and aluminium in the soil much of the phosphates get immobilised as insoluble salts.
Thus more fertilisers have to be added. This results in high concentration of
phosphales in agricultural runoffs. Similarly concentration of phosphorus in
detergents, wastes of food processing plants, animal feed lot, sewage, etc.,, addtoa
considerable quantity of phosphorus poured in natural waters. This problem becomes
acutc in urban areas, :

As said earlier, in aquatic ecosystems the phosphorus is taken up rapidly by the
vegetation resulting in a sudden explosive growth of algac. Like nitrogen, this leads (o

- cultural eutrophicalion of the water body. The producers cloud the water and forms

a scum on the surface, blocking sunlight for the submerged plants. This is ane
example of the result of accumulation of nutricnts at one stage of the nutrient cycle.
It is important to note that the means of returning phosphorus to the cycle are
inadequate to compensate for the loss. Sea birds have traditionally played-an
important part in returning phosphorus to the cycle via their droppings (for example
guano ueposits off the coast ot Peru} but apparently not at the rate at which it has
occurred in the past. .

Unfortunately human activities appear to hasten the rate at which phosphorus is lost
and thus make the cycle ‘less perfect'. You could think our present use of phosphorus
which is washed out into the rivers and finully into the oceans as an accelerated
‘pouring’ of phosphorus from the source to the sink.
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6.7 NUTRIENT BUDGETS AND CYCLING IN FORESTS

In this unit we have so far considered the movement of individual nutrients with,
major emphasis on their global, biological and chemical aspects. We will now study
the nutrient dynamics in terms of input, output and flows of nutrients technically
called nutrient budget with particular reference to forest ecosystem.

6.7.1 Nutrient Budgets

) Nutrients are constantly being added and removed by natural and artifical processes
(see Fig 6.8). The measure of the input and outflow of nutrients through the various

components of an ecosystem form its nutrient budget. The nutrient budget of an
ecosystem can be considered under two sections.

2)

Internal budget : This is concerned with the circulation of nutrients through
various biotic and abiotic compartments of a given ecosystem. In other words the
input and output that occurs along the producer ———» consumer ——
decomposer food chain and the exchanges between the reservoirs and sediments
within the gcosystem.

External budgets : In contrast the external budgets pertain to the input and output
of the entire ecosystem in relation to other ecosystems. For instance volcanic
eruplions throw materials into the atmosphere or spread lava over a terrain, thus
distributing nutrients over large areas. Wind and water transport nutrients to long
distances and serve as carriers for their actions such as weathering of rocks or
wind that carries nutrients between different ecosystems. Animals feed in one
ecosystemn defecate or die in another, or trees grow in one ecosystem and are
burnt elsewhere. Humans are without question the most powerful agents that
affect the internal and cxiernal nutrient budgets.

6.7.2 Nutrient Cycling in Tropical and Temperate Forests

From this study of the nutrient cy
rolc of green plants that take upn

cles you must have realised the importance of the

utrients from the substratum andl qir, representing
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Fig. 6.8 : Nutrient buélgcl In forest ecos‘yslcn:l. ll'lpl._ll of nuirients is through precipitation, dust, Titterfall
and, through weathering and root decomposition. Outflow is through wood harvest, hunting, runoll,
erosion and leaching.

. the abiotic components and decomposers that release the nutrients back into the

abiotic pools for reuse by, the plants. i .

In tropical forests a large percentage of the total nutrients are held in the biomass
and-not in the soil, but in the temperate regions a large portion of organic matter
and available nutrients is at all times in the soil and sediments. Figure 6.9 shows ihe
contrast in the distribution of organic carbon matter in a northern coniferous and a
tropical rain forest. Interestingly both ecosystems contain the same amount of organic

carbon but niore than three fourths is in vegetation in the tropical forest.

Recycling of nutrients in the organic structure of the tropical forests is aided by a
number of nutricnt conserving, biological adaptation. These adaptations depend on
the geology and basic fertility of the region and some of the mechanisms that are
especially well developed in tropical rain forests are:

i) Root mats consisting of many fine feeder roots which penetrate thesurface of
the litter and quickly recover nutrients from leaf fall and rain before they are
leached away. Rool mats also inhibit the activity of denitrifying bacteria, thus
preventing loss of nitrogen.

ii) Mycorrhizal fungi associated with root systems act as nutrient traps and help in =

the, recovery and retention_of nutrients. This symbiosis is also present in
temperate forests of areas that arc basically poor in nutricnts.

Recycting of nuirfents within the

organic struclure means thal

nuldenls move within the plant
in the leaves and woody lissue.

Watever nulrients are washed

away [rom the leaves by air,

waler or losl fram the plant in

litter is quickly taken up by the

plants again so thal very litde

nutrients remain in the soil.

T
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iii) Evergreen leaves have thick waxy cuticles that retard loss of water and nuirients,

also leaves have pointed tips or ‘drip tips’:that drain off water fast, thereby
reducing leaching of teaf nutrients.

iv) Algae and lichens that cover surfaces of many leaves pick up nutrients from
rainfall some of which becomes available to the leaves immediately. Lichens also
Tix nitrogen. :

v} Thick bark inhibits diffusion of nutrients out from the phloem and subsequent
loss by stem flow i.e., rain running down the trunks of trees.

]
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MORTHERN CONIFEROQUS FOREST TROPICAL RAIN FOREST

Fig: 6.9 : Distribution of organic carbon accumulated fn abiotlc (soil and litter) and
biotic (wood and leaf) compartments of a tropical and a temperate forest. Note that the
tropical forest has a much larger percentage of organic carbon In plant biomass.

Although soils of tropical forests are generally poor in nutrients they are able to
maintain high productivity under natural conditions due to these nutrient-conserving
mechanisms that almost bypass the soil by having a plant to plant é}cling. When such
forests are cut or cleared for agriculture these mechanisms are destroved and
productivity declines very rapidly. Forest removal takes away the land’s abiiity to hold
nutrients as well as to combat pests in the face of year round high temperatures. Crop
production declines and in a few years the land is abandoned. ' -

Soils in temperate forest have relatively large nutrient pools and when these forests
are cleared, the soil retains nutrients and may be cultivated for many years by
ploughing one or more times a year, planting short scason annual plants and applying

inorganic fertilisers. During winter, freezing temperatures help hold in nutrients and
combat disease and pest.

s

It is for thesc reasons that agricultural practices suitable for temperate areas may be
inappropriate for tropical areas and should not be applied unmodified in the tropics.

6.8 SUMMARY

In this unit you have studied that :

® Nutrients circulate from the environment to organisms and back to the
environment in perpetual cycles referred to as biogeochemical cycles or nutrient
cycles. There are two types of cycles: gaseous, where the major reservoir is the
atmosphere, these are represented by carbon and nitrogen and sedimentary cycles,
represented by sulphur and phosphorus with major reservoirs in the earth’s crust.

® The carbon cycle involves the assimilation and respiration of carbon dioxide by
plants, its consumpltion as carbohydrates in plants and animal tissue and its release
through respiration and decomposition and combustion. Carbon is also withdrawn
from the cycle into long-term reserves. The equilibrivm of carbon dioxide between -
the sea, atmosphere and land is being disturbed by rapid release of carbon dioxide
into the atmosphere by burning wood and fossil fuels. Increased carbon dioxide in
the atmosphere has the potential to raise.the ambient global temperature of the
earth with serious ecological implications. ST
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® Nitrogen cycle is characterised by fixation of atmospheric nitrogen by nitrogen
. - fixing organism and industrial processes, its assimilation by plants in the form of
nitrate and ammonium ion. Involved in the nitrogen cycle are the processes of

ammeonification, nitrification and denitrification. Human intrusion into the nitrogen

cycle mvolves release of oxides of mtrogen into the atmosphere which cause air
pollution and smog. Excessive nitrates released into the aqualic ecosystems cause.
"cultural eutrophication.

® Sulphur cycle is a combination ot gaseous and sedimentary cycles. It involves a
long-term sedimentary phase in which sulphur is tied up in organic and inorganic
deposits irom wnere it is released by weathering and decomposition and takén up
by the plants as inorganic sulphates. Sulphur enters the atmosphere as SO,
‘released during fossil fuel combustion and as H,S released during decompositio..
of organic matter. Sulphur dioxide, soluble in water is carried to earth as sulphuric
acid in acid rain.

® The phosphorus cycle is wholly sedimentary with major reservoirs in phosphate
rocks. It is released by weathering and taken up by plants as inorganic phosphates.

* Major part of the phosphates added as fertilisers are immobilised in the soil but
great quantities used in detergents and in wastes are carried in the sewage
effluents. These ultimately become part of shallow sediments of the sea and a large.
portion is lost into the deep sediments. Phosphorus is carried back to the terrestrial

- ecosystems torough fish. meal and bird droppings but the amount returned is not
enough to compensate the loss.

® -Green plants, by taking up nutrients and decomposers by releasing the nutrients
for reuse, play an important role in nutrient cycling. Nutrients are constantly being
added or removed from the ecosystems. A measure of the inflow and outflow
forms the nutrient budget of an ecosystem. C

e In tropical forests a large portion of the nutrients are held in the biomass and not
in the soil. This is due to the plant to plant recycling of nutrients aided by various
nutrient-conserving biological adaptations. Therefore, if tropical fgrests are
cleared the soil’s ability to hold nutrients is lost, making it unsuitable for long-term
agriculture. '

® In temperate forests a large ortion of the nutrients are in the soil rather than in
plant biomass. Therefore, if.these forests are cleared, the soil still retains nutrients
and may be farmed for many years. ’

6.9. TERMINAL QUESTIONS

1) ‘What are the two types of biogeochemical cycles and what are their distinguishing
teatures?

2) Describe three pathways whereby atmospheric nitrogen is converted into fixed

forms that are usable by plants, and two pathways whereby fixed nitrogen is
returned to the atmosphere,

Nuotrient Cyding ~
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.....................................................................................................

b) Phosphorus is often one of the limiting factors in aquatic ecosystems yet heavy
discharge of phosphates into a cleay lake ‘kill’ it. Comment.

......................................................................................................

land.

6.10 ANSWERS

Self-assessment Questions
1) ii} compartment; iii) reservoir
iv) biogeochemical cycles
2) a) iv)
b) ambient global temperature;
. greenhouse gases; icecaps;
continental coastlines
-3) a) i)
b} ammonium (ion);
" ‘ammonium {fon);
nitrate;
amino acid;
dinitrogen (N5)
4) 1) b) HyS; ¢) 8.
ii) a) 8O,; b) SO3; ) H,80,
5) i) b) weathering; . d) organic phosphate
- &) consumer; -g) morganic phosphate

Terminal Questions
1) a) Gaseous cycles where the primary reservoir is the atmosphere ag faras hvmg
52 ' ' orgamsms are concerned, examplcs carbon and mtrogen
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2)

3)

4)

5

b) Sedimentary Cycles where the principal reservoir lics in the earth’s crust and
is released into the ccosystem by, weathering, mining and erosion. Examples
are phosphorus and sulphur.

Atmosphceric nitrogen is fixed (i} into ammonium by biological fixalion through
nitrogen fixing bacteria and blue green algac. (ii) by lightning as photochemical
fixation into nitrates, (i} by industrial fixation in the form of nitrate and
ammontum fertilisers. :

Nitrogen is returned to the atmosphere through the process of denitrification of

nitrates and as oxides of nitrogen in automobile exhaust and industrial

combuslion.

Hints :

i} burning of wood and fossil fuels (coal, oil, gas) adds more CO, 1o the
atmosphere which may lead to rise in global temperatures. Higher
temperatures can causc increased melting of polar ice, milder winters.and
changed rainfall patterns. '

ii) clearing of forests would remove carbon-sinks.

iii) increased relcase of SO, in atmosphere duc to burning of fossil fuels and
heavy industry. SO, is a toxic component of smog and forms H,SO, with
water vapour and falls to earth as acid precipitation.

a) because more phosphorus is lost from the cycle m deep sediment than is
returned-to the cycle.

b) addition of phosphates to lakes leads to cultural cutrophication i.c. algal
blooms and most of the oxygen requiring organisms die, as the oxygen in the
water is used up by detrivores for the process of decomposition.

Hints :
i) nutrients at any time are circulating in the biomass rather than residing in soil.

ii) various biological adaptations in tropical plants conserve the natricnts.

Nolrient Cycling
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UNIT 7 TYPES OF ECOSYSTEMS :
TERRESTRIAL ECOSYSTEMS

Structure
7.1 - Introduction
Objectives .

.7.2  Biomes of, the World

7.3  Forests
Types of Foresis
Importance of Forests
Deforestation and its Causes
Consequences of Deforestation
Social Forestry and Forest Conscrvation
7.4 . QGrasslands
Types of Grasstands
Economic Importance
7.5 ‘- Deserts ’
Desertification
" Indian Deserts
7.6  Summary
7.7°  Terminal Questions
7.8  Answers

7.1 INTRODUCTION |

In the previous units you have studied what our ecosystem is and what constitutes
this systemn. As you know the world itself is very vast, and it represepts.a big

‘ecosystem called biosphere . In an ecosystem there is continuous functional ¢

interaction between the living organisms 2nd the non-living materials., The:
interrelations between organisms and environment on the land constitute “Terrestrial
Ecology”. However, due to variation in the topographic features of vaileys,
mountains and slopes, certain differences are bound to.eccur. These differences are

reflected in both the material and biotic diversities. Altitudinal and latitudinal

variations cause shifts-and differe aces in the climatic patterns. Due to varied climate
the plant and animal life existing in different terrestrial areas diversify which result
in differentiation of biomes as segments within the large biosphere. In the present
unit we shall discuss various types of biomes. Besides, you will learn about the
importance of the forests, consequences of deforestation, chipko movement,
importance of grasslands and the phenomenon of desertificatjon.

Objectives _
After reading this unit you will be able to :

® explain the concépt of biome and identify various biomes of the world,

e differentiate between the major types of tcrresmal ecosystems such as grassland,
forests and deserts,

relate the importance of forests to human welfare,
identify the causes and consequences of deforestation,
describe the concept of social forestry and chipko movement,

describe the distribution and classification of Indian grasslands, econemic and
ecological importance of grasslands, ecological features of Indian deserts and
understand the process of desertification,

¢ understand and explain the concept of wasteland and methods of their
rehabilitation.

7.2 BIOMES OF THE WORLD

As you know, the land mass constilutes%—th of our planet. A large varllety of planis

and animal communities have developed in relations to climatic and’ edaphic
variations.
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classifications given earlicr were found to be inadequate because plant and animal
distributions do not coincide. Another approach was to accept plant formations as
the biotic units and to associate animals with plants. This approach is fairly workable
because animal life depends on plants. These broad integrated natural biotic units
are called biomes. Thus a biome is a large community unit characterised by the kinds
of plants and animals present. Each biome consists of a distinctive composition of
plant and animal species, the climax communities in each are of uniform life form of
vegetation such as grasses or coniferous trees. It also includes stages in the
development of the comrnumty towards its final form, which may be dominated by
other life forms.

On’a local and regional scale, communities are considered as gradients in which the
combination of species varies as the individual species respond to environmental
gradients. On a larger scale one can consider the terrestrial and even some aquatic

"ecosystems as gradients of communities and enwronments on a world scale. Such
_gradients of ecosyslem are ecolines,

Apart trom gradual changes in vegetation other ecosystem also changes Significantly.

" As one goes from highly mesic and warm temperatures to xeric situations or cold

temperatures, productivity, species diversity, and the amount of biomass decreases.
There is a corresponding decline in the complexity and organisation of ecosystems,
in the size of plants, growth form and in the number of strata in the vegetation.

The following three major biomes. recognised by ecologists as forests, grasslands and
deserts occur as belts around the world (Fig. 7.1).

T
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Mesophylic lorest | " Oak- -Hickary {ores. Oak woodland Prairie Dry grasslands Daosert

Fig. 7.1  Three major types of biomes, i.e., forest, prassland and desert.

SAQ 1 . . .
a) Wntc answer of the followmg qucstlons m the 5pace gwen he!ow ‘ |
b) Comparc your answers w1th those glvcn at the cnd of the umt .',- S : ,

) Whal is blome’ )
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Subtropical forest Temperale’ " Mixed temperate

7.3 FORESTS

Now let us sce as to what a forest is. The word forest is derived from the Latin word
‘foris” meaning outside, the reference being 10 village boundary fence and must have
included all uncultivated and uninhabitated land. Today a forest is any [and managed
for the diverse purpose of [orestry whether covered with trees, shrubs, climbers etc.

or not. The forest biomes include a complex assemblage of different kinds of biotic
communities. Optimum conditions of temperature and ground moisture responsible
for the growth of trees contribute greatly to the establishment of [orest communitics,
The nature of soil, climate and local topography determine the distribution of trecs
and their abundance or sparseness in the forest vegelation. Forcsts may be evergreen
or dectdrous. They are distinguished on the basis of leaf into broad-leafed or needlc-
Ieafed conifcrous forests in the case of iemperate areas. Characteristics of different
tvpes of forests are described below.

7.3.1 Types of Forests -

The forest biomes of the world have been classified into the three major catcgories:

coniferous forest, tropical forest and temperate forest (Fig. 7.2). All these forest
biomes are generally arranged on a gradient from north to south or from high to
lower altitude. We shall discuss each category in detail, .
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deciduous forest forest
Fig. 7.2 : Types of Forests

i) Coniferous forest : Cold regions with high rainfall and strongly seasonal climates
with long winters and Fairly short summers are characterised by boreal coniferous
forest which is transcontinental. For example, adjacent to Tundra regions either
at latitude or high altitude is the northern coniferous forest, which stretches
across both north America and Eurasid just south of Tundra (i.c. Canada,
Sweden, Finland and Siberia). The term faiqa is applied to the northern range of
coniferous forests. This is characterised by cvergreen plant species such as Spruce.
(Picea glauca), fir (Abies balsamea ) and pine trees (Pinus resinosa/ Pinus strobus)
and by animals such as the lynx, wolf, bear, red fox, porcupine, squirrel, and
amphibians like Hyla, Rana, etc.

Boreal forest soils are thin podozols and are rather poor both because the
weathering of rocks proceeds slowly in cold environments and because the litter
derived from conifer needle is broken down very slowly and is nét particularly
rich in nutricnts. These soils are acidic and are mineral deficient. This is due to
movement of large amounts of water through the soil, without a significant
counter upward movement of evaporation, essential soluble nutrients like
calcium, nitrogen and potassium which are lcached sometimés beyond the reach
of roots. This process leaves no alkaline oriented cations to encounter the organic
acids of the accumulating litter. The productivity and community stability of a -
boreal forest are lower then those of any other biome. KRR

it) Temperate deciduois forest : The temperate forests are characterised by a’

moderate climate and broad-leafed deciduous trees, which shed-their legvésTin -~
fall, are bare over winter and grow new foliage in the spring. Thesc forests. aré -

characteristic of north America, Europe, Eastern Asia, Chile, part of Australia
and Japan, with a-cold winter and an annual rainfali of 75150 ¢m. and a

temperature of 10-20°C. The precipitation may be fairly uniform throughout .

—

n-pEriee



year. In Himalayas occur Temperale vegetation including pines, fir and juniper yper ot
\rees with an undergrowth of scrubby rhododendrons at elevations of 2743-3658 ”“'fﬁ"““ Feos) slems
metres. :

Trecs are quite tall about 40-50 m in height and their leaves are thin and broad.
The predominant genera of this biome arc maple (Acer), beach (Fagts), 0ak
(Quercits), hickory (Carye), basswood (Tilia), chesinul (Castnea), and cotion
wood (Poptdus). In some locations, coniferous vegetation may be guite
predominant and that includes white pines (Pirnus strobus), and willow (Salix).
Soils of temperate forests arc podozolic and {airly deep.

The animals inhabiting the temperaté forests arc deer, beers, squirrels, gray
foxes, bobcats. wild turkey and woodpeckers. Common invertcbrates include
earthworms, snails, millipcdes, colcopterd and orthoptera and vertebrates like

. amphibians. such as toad. salamanrier. cricket and frog, reptiles, such as turtle,

iii)

iv)

lizard and snakKe, mammals such as racooti, opossum, pig, mountain lion, €tc. and
birds like horned owl, hawks, cic. The range of animal size and adaptations 13 '
wide; the larger animals include such as deer and black deer. The dominant
carnivores are large including the wolf and mountain lion although smaller
carnivores such as fox and skuok are also commok. Plants and animals of
temperate forest aliow a profound seasonality in behaviour, some even hibemnate:
throughout the winter.

Temperate evergreenforest Many parts of the world have a mediterranian type

of climate which is characterised by warm, dry summers and cool, moist winters.

These are commonly inhabitated by low evergreen trecs having broad leaves. In-
a woodiand, Lrees arc essentially lacking although shrubs may range up to 3-4m
in height. Fire is an important hazardous factor in this ‘ecosystem and the
adaptation of the plants enable them to regenerate quickly after being burnt. The
characteristic animals of temperate evergreen woodland chaparral are mule,
deer, prush rabbit, wood rai, chipmunk, lizard, e1c.

Temperate rain forests : The temperate rain royests are colder than any other rain .
forest and exhibit 2 marked seasonality with regard 10 temperafure and rainfall.

Rainfall is high, bul fog may be very heavy which may actually represent a more

important source of water than rainfall itself. The biotic diversity of temperate

forests is. high as comparced to tcmperate forest. However, the diversity of plant

and animals 1 much low as compared 10 their warmer counterparts. The animals

of 1emperate rain forests are similar to thosc of deciduous forests, but show 2

somewhat high diversity.

Tropical rain forests: Tropical rain forests occur near the equator. Tropical rain
forests are among the most diverse communities on the earth. Both temperature
and numidity remain high and more OT less uniform. The annual rainfail exceeds
200-225 cm and is generally distributed thronghout the year.

The flora is highly diversified : a sq km may contain 300 different species of
1rees — a diversity unparalied in any other biome. The cxtremely densc
vegetation of the tropical rain forests remnains vertically stratified with tail trees
often covered with vines, creepers, lianas, epiphytic orchids and bromeliads.

_ Under the tall trees there is a continuous evergreen carpet, the canopy layer,

some 25 to 35 metres 1all, The lowest layer is an understory of trees, shrubs,
herbs. like ferns and palms, all of which become dense where.there is a breakin
the canopy. Soils of tropical rainforests are red latosols, and they may be very
1hick. The high rate of leaching makes these soits virtually useless for agricultural
pUrposes, but if they are left undisturbed, the extremely rapid cycting of nutrients
within the litter layer which is formed due 10 decomposition can compensate for

- the natural poverty of the soil.

The common vertebrates of tropical rain forests are the arboreal amphibian

Rhacophorus malabaricus. aquatic repties, chameleons, agamids, geckos and

many Species of snakes and birds, social birds being dominant, and a variety of

mammals. Nocturnal and arboreal habits are most common in many mammals

such as insectivores, leopard, jungle cats, anteaters, giant flying squirrels, '

monkeys and sloths. 57 .
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vi) Tropical scasonal forests : Tropical seasonal forests occur in regions where total
annual rainfall is very high but segregated into pronounced wet and dry periods.
This kind of forests is found in South East Asia, central and south America,
northern Australia, western Africa and tropical islands of the pacific as well as

- India. In exceedingly wet tropical seasonal forests, commonly known as monsoon
forests. the annual precipitalion may be several times that of the tropical rain
forests. Teak is often a major large tree in the best known tropical scasonal
forests of India (central India) and south east Asta. Barnboo is also an important
climax shrub in these areas.

vii) Subtropical rain forests : In regions of fairly high rainfall burt less temperatire
differences between winter and summer and broad-leaved evergreen subtropical
biome is found. The vegetation includes mahogany, gumbelimbe., bays, palms.
oaks, magnolias, tamarind, all laden with epipliytes {of pineapple and orchid
families), ferns. vines and strangler fig { Ficns, aureus). ‘Animal life of subtropical
forest is very similar to that of tropical rainforests.

7.3.2 Importance of Forests

In Units 17 and 18 (Block [V) of FST | vou have alrcady studicd that forests arc
renewable resources which provide us u wide variety of commeditices.

For man, forests have been a source of recreation and the development of his culture
and civilisation. Apart from the source of fuelwood. they are raw matcrials (o various
waod industries like pulp and paper. composite wood. rayon and other man-made
fibres. matches, furniture, shultles’and sport goods. Indian forests also provide many
other minor products such as essential oils, medicinal plants. resins and turpentines.
lac und sheltac, katha and catechu. bidi wrappers, tasser silk, ete.

India and other tropical countrics have particutarly abundant timber and heartwood
resources. Timber accounts lor 25% of all photosynthetic materials produced on the
carth and about hall ol the total biomass produced by o [orest, Forests have great
biological importance as reservoirs of genetic diversity apart from plaving an
important role’in regulating carth’s climate.

Forests prowdc habitat, and food as well as protection to wildlife spccics against
extremes of climate and help in ba];lncmb carbon dioxide and oxygen of the
atmosphere. Forests enhance local precipitation and improve water holding capacity
‘of soil, regulatc water cycle, maintain soil fertility by returning the nutrients to the
soil through litter. Forests check soil-erosion, landslides and reduce intensity of flood
and droughts. Forests, being home of wildlife are imporiant assets of.acsthetic,
touristic and cultural value to the society.

Sometimes back. a movement known as ‘Chipko Movement” was launched by the
village tolk to save the trce from felling. Chipko Movement — the movement to'hug
trees is probably the world’s most well-known grassroots ecodevelopment-movement.
The genesis of the Chipko Movement has both an ecological and an economic
background. The Alaknanda vallcy in which the movement originated was the scene
of an unprecedented flood in 1970. The tragic aftermath of this flood lcft a deep
impression on the hillfolk and with it, soon followed the appreciation of the vital
ccological role that forests play in their lives.

The non-violent, action-orienied Chipko Movement has preatly helped to unite the
people and focus attention on the mismanagement of forest resources. Its Gandhian
character of defending withowt inflicting violence has brought it considerable.
sympathy. The Chipko Movement has not only helped to preserve our biosphere but
it also inculcates social and politicat awarcencss among women and men as well.

Due to continuing deforestalion we are faced with a major ccologit:‘al and
socio-economic crisis. To reverse this trend of deforestation a National Wastelands
Development Board was established in May, 1985, with the aim of bringing under
productive use wiaslelands in the country through a massive programme of
afforestation and tree planting. While doing so, it was aimed at restoring the
disturbed ecological balance and providing employment opportunitics in rural areas.
It was thought that this would lead to development of aiforestation movement.
Initially this programme was taken up with the object of bringing five million hectares
of land every year under fuelwood and fodder plantations. .
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The first major source of fuelwood can be our farm lands, and the second major
source of fuclwood can be the vast tract of barren and wastelands amounting to nearly
80 million hectares, which are idle at the moment. It includes about one million
hectares along the country's roads, rail lines, canals and drains. This entire land may
not be available for tree planting as large areas have-been cencroached upon for
various purposes. Even if 15 per cent of the country's barren and wastelands can be
planted with fuelwood species, there would be 12 million hectares of land under
fuclwood plantations. These lands would yield about another 96 million tonnes of
fuelwood per anmum, assunting an annual yield of eight tonnes per hectare,

Two biomass research centres set up by the Department of Science and Technology,
at the National Research Institute, Lucknow and at Kamraj University, Madurai, are
investigating to identily tree specics that can give high yields in saline and alkaline
soils. For example, in tiie Kutch disrict of Gujarat, with a total area of 3.2 million
hectares of barren and uncultivable land, energy plantations of prosopis and other
species can be casily raised.

Exploitation of our forests for commercial purposes and for food and fodder cannot

‘be stopped completely because of symbiotic relationship between forest and

mankind. However, commerctal exploitation can be minimised and 1llegal smuggling
of forest assels can be curbed and put to an end by effective laws in this behalf.

The early forest legislation, namely, Forest Act 0f 1927 was aimed at preservation of
forest and eco- balancmg This legislation which had its origin in old British colonial

" era looked at forest as a source of revenue and not as a decisive elements in

environmental preservation. The Wildlife (Protection) Act of 1972 and Forest
(Conservation) Act of 1980 are steps in this direction: The objective of this Act is to
restrain the use of forest for non-forest purpose, which reveals that the law only
regulates, and does not totally prohibit forest destruction.

Afier studying the varioug aspects with regard to importance of forest, we will discuss
the human pressure on forests and the extent of deforestation. :

7.3.3 Deforestation and its Causes

Indiscriminate felling of trees as a result of urbanisation, industrialisation, mining
operations, and use of wood (or domestic and other purposes, have caused heavy
depletion of forests as snown 1n Table 7.1. India, alone is losing more than 1.5 million
hectares of good forest cover.cach year. If the present state of depletion is aliowed
to continue unabated, the country, will be heading towards nightmarish situation of
zero forest in about 20 years. Also all the tropical forests in the world will probably
disappear in next 50 to 75 years.

* Table 7.1 Diverslon of Forest Land for Non-fﬁml Purpeses

Year . Lass of Forest land (hectares)
1980 Nil
1981 2,672.04
1982 "3;246,54
1983 5,702.01
1984 7,837.59
1985 10.608.07
1986 ) 11,963.11
1987 ' 72,780.50
i988 ’ 18,765.35 .
1989 _ 20,365.05

India is'lo-sing forests at an extremely rapid rate. The data released in mid 1984 by
the National Remote Sensing Agency (NRSA) shows that Irdia lost 1.3 million
hectarés of forests every year in the approximatefy séven year period between 1972-75
to 1980-82.

The NRSA study classifies the forest cover intq tlirce categones (Table 7.2) : closed
forests open or degraded forests and mangrove forests. Closed forests diminished
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from [4.12 per cent o 10.96 per cent, degraded forests increased from 2.67 per cent
to 3.06 per cent and mangrove forests decreased from 0.099 per cent to 0.081 per
cent, Thus, during the two periods India lost 10.4 million hectares of closed forests
and 63,000 hectares of mangroves and 1.29 million hectares of closed forests got
converted into degraded forests.

Tahle 7.2 Yital Foresl Statistics

Type of Forests 197275 1980-82

Forest cover (million hectare) 3552 46.35 l;
Closed forests {million hectare) ' : 46.42 36.02 .
Open forests (million hectare) ] 8.77 ’ 10,06 :
Mangrove forests (million heciare) 0.33 0.26 !:
Foresi cover (% of totat land area) [6.89 14.10 }

The problem of deforestation is one of the main environmental problems facing the
country. There are various reasons attributed to this phenomenon of deforestation.
The indiscriminate deforestation by agricultural practices, Jand mining. road
construction, etc., which result not only in an immediate lowering of ground water
level, but also in long-term diminishing of raintall. Forests recycle moisture back into -
their immediate atmosphere by transpiration where it again precipitates as rain. Due i
to deforestation, this natural reuse cycle is broken and water is lost through rapid run
off. Forests are also necessary to check the floods and soil erosion and are important
for wildlifc,' human recreation, ftesh air and water sheds.

Much of the mining activity'in India is being carried out in forest repions. The obvious
result is deforestation and erosion. Underground mining also significantly denudes
forests because timber is used for supporting the roofs of mine galleries. In Goa,
mining leases are spread over 43 per cent of.the forest area. Because mining leases
do nbt bind the mine owners Lo undertake any soil conservation measures or refill
the worked over mines, a large number of abandoned mines are lying in bad shape
and are under extensive gully erosion.

[EE o e Bt

7.3.4 Consequences-of Deforestation

" The destruction of natural vegetation cover causes the loss of top soil. Tt is virtually
_irreplaceable and takes nature, 1000 years to build 2.5 em. of topsoil. 12000 million

tonnes of India’s top soil is washing down the rivers every year, skimming 15 cm. of
soil off 1,000 lakh hectares due o deforestarion and run off. The country loses
300-500 lakh tonnes of foodgrains every year as a result of-soil erosion. The cntire
Himalayan ccosystem is threatened with severe imbalances as snow-lines have
thinned and perennial springs have dried up. Rajasthan’s already poor land is getting
further degraded, turning large portion of the state into wasteland. Chronic drought
conditions occur in areas like Tamil Nadu and Himachal Pradesh where they were
unknown.

Deforestation results not only in an immediate lowering of groundwater levels but
also in long-term lowering of rainfall, Forests recycle moisture back into their
immediate atmosphere by transpiration where it again falls as rain. Due to
deforestation, this natural reuse cycle is broken and water is lost rapidly as run off.

7.3.5 Social Forestry and Forest Conservation

Social forestry is a term used by the National Commission on Agriculture in 1976 to
denote tree-raising programmes to supply firewood, fodder, small timber and minor
forest produce to rural populations. Social forestry programmes have mainiy three
components; a) farm forestry, encouraging farmers to plant trees on thair nwn farms
by distributing tree or subsidised seedlings, b) wood lots planted by the forest
departments for the needs of the community, especially along roadside, canal banks
and other such public lands, and c) community wood [ots planted by the communities
themselves on community ]ands to be shared equally by them.

Social forestry programmes have been launched by several states to promote
afforestation on essentially non-forest lands that is, on private farms and village
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comons. Several state governments in our country have stepped up thier own

--afforestation efforts and are also planning to hand over large tracts of degraded

government forests lands to industrial firms for afforestation.

Since 1976, social forestry programmes have been taken up in Bastar, Madhya

. Pradesh. Derelict patches of forests near villages are being rehablhtated by planting

fruit.and other. economically valuable species. In 1983 a new approach to social
torestrv was taken up in Bastar. as well as in other parts of Madhya Pradesh. Under

_ the Hitagrahi scheme, the 60 poorest families of a v1llage were selected, and each

given a hectare of derelict fand for growing fruit trees. The forest department
provides saplings, fencing and any other required materials. Thus the mcent’ ive piven
to-the landless farmers by the forest department has brought about tremendous
increase in social forestry.

Certain forest conservation and management processes have to be employed in the-
forests to maintain them. To get the desired quality of timber or pulp for paper’
industry, monoculture forests of fast growing trees such as poplars. certain conifer,
‘teak and eucalyptus have been cultivated by man. Existing forests are strongly
manipulated in order to increase their yield of desired benefits. It includes weeding
(the elimination of species-which might compete with the seedlings of the desired -
specu:s) thinning (eradication of individuals of the same species) and brashing -
(removal of leafless lower branches especially in conifers). Chemical technology may

| _be applied to forestry to control insect parasites and pathogenic fungl Forest

Mahagement also includes the controlling of forest fire. Silviculture is a branch of
forestry which' is concerned with the establishrhent, development, care and
reproductlon of monocultures of valuable timber trees such as teak, sal, sheesham,

: kel etc.
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7.4 GRASSLANDS

The grassland biome is found where rainfall is about 25-75 cm per year, not enough

to support a forest, but more than that of a true desert. Typical grasslands are
vegetation forinations that are generally found in temperate climates. In India, they
are found mainly in the high Himalayas. The rest of India's grasslands are mainly
composed of steppes and savannas."Steppe formations occupy large arcas of sandy -
and saline soils in western Rajasthan, where the climate is semi-arid, average rainfall

is less than 200 mm a year with a dry season of 10 to 11 months, and a large variation

in rainfall. The soil is always exposed, sometimes rocky but more often sandy with
fixed or mobile dunes. Forage is available only during the brief wet season. The grass
layer is sparse and consists mainly of annual grass species.

In the central and eastern parts of Rajasthan, where the rainfall is about 500 mm per
year and the dry season is of six to eight months, dry savanna grazing ecosystems
have developed. The light shade cast by the sparse population of trees like Prosopis
cineraria favours the growth of the grasses which in the best-watered areas can reach
up to a height of 100 cm to 120 cm. :

The major difference between steppes and savannas is that all the forage in the steppe
is provided only during the brief wet season whercas i the savannas forage is largely
from grasses that not only grow during the wet season but also from the smaller
amount of regrowth in the dry season.

Under heavy grazing pressure, the quality of grasslands also deteriorates rapidly. In
arid to semi-arid tracts, active growth of vegetation is triggered each year by the
advent of the mondoon during June or early July. The biomass increases to its peak.
value around September to October. Fruiting is completed by September and
subsequently the plants dry up-In subtropical parts of northern. India which recetve
winter rains, there is usually a second flux of growth in December and January.

7.4.1 Types of Grasslands

Grasslands exist in both temperate and tropical regions where rainfall is relatively
low or uneven. Based on climatic conditions there are six types of grasslands found
in the different regions of the Indian subcontinent (Fig.7.3). Here we will discuss only
four major types of grasslands.
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1) The Sehima-dichanthium type covers the whole of peninsular India (dry subhumid
zone except Nilgiri). The thorny bushes of the savanska range land, are Acacia
catechu, Mimosa rubicaulis, Zizyphus and sometimes fleshy Euphorbia, along
with low trees of Anogeissus latifolia, Soymida febrifuga and ether deciduous
species. The floristic list includes 24 perennial grasses and 129 other herbaceous
species of which 56 are legumes. Sehima is more prevalent on gravel and the
cover may be 27% . Dichanthium flourishes on level soils and may cover 80% of
the ground.

2) The Dichanthium-cenchrus-lasiurus type (semi-arid zone) extgnds to the northern
portion of Gujarat, Rajasthan (excluding Aravallis), western Uttar Pradesh,
Delhi and Punjab. The topography is broken up by hill spurs and sand dunes,
Eleven perennial grasses, 45 other herbaceous species (including 19 of the
leguminosae) are listed. To this list may be added shrubby growth of Acacia
senegal, Calotropis gigantia, Cassia auriculata, Prosopis cineraria, Salvadora '
oloides and zizyphus Nununularia which make the savanna rangeland look like
scrub.

3) The Phragmities-sacchrum-imperata type (moist subhumid zone) covers the
Ganga alluvial plain in Northern India. The topography is level, low lying and
ill-drained. There are 19 principal grass species and 56 other herbaceous ones
including 16 legumes. Bothriochlon pertusa, Cynodon dactylon and Dichanthium
annulgium are found in transition zones. The common trees and shrubs are
Acacia arabica, Ahogeissus, latifolia, Butea monosperma, Phoenic sylvestris and
Zizyphus, nummularia. Some of these are replaced by Borassus sp in the palm
savannas especially near Sunderbans.

4) The Themeda — Arundinella grass eover extends to the humid montanc regions-

and moist sub-humid areas of Assam, Manipur, West Bengal, Uttar Pradesh,
Punjab, Himachal Pradesh and Jammu and Kashmir. The savanna is derived
from the humid forests.on account of shifting cultivation and sheep grazing.

- 7.4.2 Economic Importance

After the land, pcople and cattle, the second major component of the grazing
ecosystem is the vegetation. Its herbaceous layer and non-ligneous organs of the
woody shrubs and trees constitute the fodder. The richness of the fodder depends
upon its chemical constituents especially protein and minerals like phosphorus,
potassium and calcium, lignin, silica, etc. The young and green succulent shoots of

. 'grasses and forbs of the leguminosae family, constituting the ground cover or the
lower stratum of grazing land, provide the best choice for grazing material.

India teems with animals of all shapes and sizes from the lumbering black buffaloes
to the ever nervous sheeps and there are millions of them. India with just a fortieth
of the total Iand area of the world supports more than half of its buffaloes, 15 per
cent of its cattles, 15 per cent of its goats and 4 per cent its sheeps. The livestock
wealth plays a cruciaf role in Indian life; it is a major source of fuel, draught power,
nutrition and raw material for village industries. But this huge mass of livestock needs
fodder for sustenance while there is not enough of it. Only about 13 million hectares
in the country are classified as permanent grazing lands. On top of it, they exist in a’
highly degraded state. The animals scrounge for whatever they can get on millions of
hectares of fallow and uncultivated land and uncultivable wastelands, as well 36
million hectares of tropical forest lands. In all, almost all accessible vegetation in
more than half the total land area of the country is grazed by livestock — which snap
up almost everythmg except non-palatable weeds.

Grassland blomes are important to maintain the crop of many domesticated and wild
herbivores such as horse, mule, ass, cow, pig, sheep, goat, buffalo, ¢amel, deer,
zebra, etc. which provide food, milk, wool, hide or transportation to man.

In India, most of the grasslands represent the serial stages in succession and they are
not maintained by grazirig and fire. However, they would develop into forest
communities. A team of scientists at Indian Grasslands and Fodder Research
Institute, Jhansi and Central Arid Zone Research institute, Jodhpur, is mainly
entrusted with such responsibility. Some species are more palatable to the
livestock and are very sensitive to grazing and thus overgrazing usually results in their
disappearance from the area. Now some unpalatable weeds and shrubs start to grow
and turn the area into man-made desert.

Types of Ecos}slems :
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" Ecosystem : Functoning and Types  ~ OQvergrozing has certain other ecological effects — the mulch cover of the soil reduces
' - . mucrochimate becomes more dry and is'readily invaded by xerophytic plants. Due to

~~-absence of humus cover, mineral soil surface is heavily trampled when wetness

- produces puddling of the surface layer, which in turn-reduces the infiltration of water
into the soil and accelerates its run off, producing drought. These changes contribute
to the reduction ot the rate of energy flow, and the disruption of the stratification
and periodicity of the primary producers results in a breakdown of the
biogeocliemical cycles of water, carbon and nitrogen. Water and wind erosion
completely breakdown a very dry grassland microclimate. Further, intensive grazing
results iri increased areas of bare soil, which creates a new habitat for burrowing
animals such as mice, jack-rabbits, gophers, prairie dogs, locusts etc., which render
large areas of forage lands sterile..

B

In the management of grasslands, fire plays an important role. Under moist &
conditicns fire favours grass over trees whereas in dry conditions fire is often ' X
‘necessary to maintain grassiands againét the invasion of desert-shrubs. Burning of
Cynoden daotylon increases forage yields.

Thus you can realise the importance of the grassland and now after having read about
- this biome you would like to know what desert biome is and wﬁer_e it occurs? But
-before that you try SAQ. :
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7.5 DESERTS

pescns are formed in regions with less than 25 cm of annual rainfall, or sometimes
in hot regions where there -is more rainfall, but uncvenly distributed in the annual
cycle. Lack of rain in the mid latitude is oficn due to stable high- pressure zones;
deserts in temperate regions often li¢ in “rain shadows™, that is, where high
mountains block off moisture from the seas. These arcas thus receive meagre rainfall,
Along with' low rainfall there are fluctuations in temperature. The climate of these
biomes is modified by altitude and fatitude. At high altitudes and at greater distance
from the equator the deserts are cold hot as in other places. Deserts are found in
L ~Australia, Arabia, Turkestan and Argentina. Thar desert in Western India and
64 I Pakistan, Gobi desert of Mongolia, South Africa, Iran are also well known deserts.



The pesennial plant spectes like creosote bush (covillea), inesquite organ cactus,
ferrocactus are scattered throughout the desert biomes. In shallow depressed areas

-with salt deposits (sarcobatus), geesewood, seepwood and salt grasses are copimon.

The annuals wherever present germinate, bloom and reproduce only during the short .
rainy season, and not in summer and winter. This is an adaption to desert condition.

Animals such as reptiles and some msects are adapted to aeserts, because their
impervious integunents and dry excretions enable them to get along on thf. small
amount of water. Mammals as a group are poorly adapted to deserts but somie spec:es
have become secondarily adapted. A few species of nocturnal rodents; for example, -

- excrete very concentrated urine and do not use water for temperature regulation, and

can live in the desert without drinking water. Other animals such as camel piust drink -
periodically but are physiologically adapted to wnhstand tissue dehydra| bon for
appreciably long periods of time.

Because water is.the dominant iimiting factor, the productivity of a given desert i is

‘almost directly dependent on the rainfall. Where soils are suitable, irrigation can

convert deserts into some of our most productive agricultural land. Whether "
productmty is continuous or is only a temporary ‘bloom’ depends on how well man

. is able to stabilise biogeochemical cycles and-energy flow at the increased irrigation

rates. As the large volume of water passes through (he irrigation system, salts may
be left behind that will gradually accumulate over the years until they become i

. L
Jimiting, unless means.of avoiding lhlS difficulty are devised.

7.5.1 Desertlﬁcatlon

What is desertification? It is ‘the diminution or destruction of the blologlcal potential
of the land which can ultimately lgad 1o desert like conditions’. In arid and semiarid
regions, where restoration -of the: fragile ecosystem is very slow, minifig adds
51gmf1cantly to other desertlﬁcalton pressures.

Seven thousand years ago the Thar desert received abundant ramfall hosted shrubs

and trees'including the jamun, was crisscrosscd with rivers and lakes and was home
of a thriving civilisation. Today, however, it is a barren desert. There have been
expressed fears that the Thar i$ spreading. But the main problem faced by this desert
area which stretches across parts of Rajasthan, Gujarat, Punjab and Haryana, 1s

" desertification in areas where there was some vepetation.

Recogmsed as a- worldw1de environmental problem, desemﬂcanon 1hrealens the

future of about 628 millign people around the world. ‘An area.twice. the size of
- Canada—or 20 mllllon sq km — is inimminent danger of being turncd into adesert.

“The cause of this process is not climatic changes, droughts, \etc "but human actions.
Increase in populatlon and lack of alternative employment opportunities have left the

people living in the Thar with no choice but to continue grazing cattle, $ven in its -
inhospitable conditions. The Thar desert has seen unprecedented growth in its

 population in the last 70 years — from 3.57 million in 1901 to 10.24 'million in 1971.

A commensurate rise in-the catile population has put unbearable pressute on the -
Testricted grazing area that exists in the desert. In 20 years the cattle population.shot

“up from 10.27 million in 1951 to 16.44 milliom in 1971. Additionally there has been

an increase of 25.3% in the net sown area betwéen 1951-71, therefore, decreasing
tne grazing lands. Development activities-such as road building, urbanisation, canal

and rail track construction have increased leading to a further spread of the desert. -

Deforestation — in this case the felling of few trees that exist for fuel — has also
added to the overall thrust of the desert. :

According to studies conducted by the Central Arid Zone Research Institute
(CAZRI) in Jodhpur, 9,290 sqg km or 4.35% of western Rajasthan has already been
desertified and a furtheg 76.15% on 1,62,900 sq. km is yulnerable to desertification.
The Thar desert already covers 3,17,000 sq. km and supports a populahon of 19

. million, a density of 61 PErsons per sq. km compared to three persons persq. kmin -
arid regions elsewhere in the world — making it probably the most densely populated -

desert'in the world.

Unless swift-conservation measures are taken and proper employment opportunities
are found for the local people, the increasing density of the human and cattle’

“population in this desert arca will inexorably lead to further desertification.
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7.5.2 Indian Deserts

The Indian desert forms the cast end of the greatest desert district of the world,
extending from the Atlantic coast of Africa including the Sahara, part of Arabia,
South Persia and Baluchistan. The climate of this region is characlerised by excessive
drought, the rainfall being scanty and irrcgular. The winter rains of northern India
rarely penetrate into the region, and there is thus only rainy season. The cold season
starts from about the middle of November to the middle of March. This season is
characterised by extreme variations of temperalure and the temperature is frequently
below freczing point at night. During April, May and June the heat is intensc, trying
and scorching winds prevail with great dessicating action being frequent. The relative
humidity of the atmosphere is always low.

A considerable portion of Western Rajasthan is covered by blown sand chiefly
consisting of weil-ground quartz grains, but also flakes of horn blonde and felspar,
as well as fragments of the local rocks. In addition, grains of carbonate of lime have
been found, some of which are casts of minute foraminifera, proving that some of
the sand, at least, has been carried by the wind from the distant hills in Kutch. The
action of the wind on the sand results in the formation of dunes of various shapes
(Fig.7.4). Where a dunc is advancing, its leeward slopes are invariably steep and
without vegetation, if the motion is rapid enough. Another characteristic action of
the wind on the surface of the sand is the sorting of the sand particles, resulting in
the formation of wind ripples. Where these ripples are formed they have constant
forward motion as long as the wind is strong enough. Under such circumstances,
germinalion of seeds is impossible.

Fig. 7.4 : Formation of sand dunes of various shapes

Now it is clear that the climate of Indian desert is hostile to all végetation, only plants
possessing special adaptations being able to establish themselves, These adaptations
arc in general of two types, having two distinct objects in view : to enable the plant
to obtain water, and o retain it when obtained. The bulk of the vegetation consists
of a kind of scrub made up of shrubs and perennial herbs, capable of great drought
resistance. There are a few trecs and these.are stunted and gencrally thorny or prickly
thus protecting themselves against plant feeding animals. Of the latter, there are vast
herds of camels, cattles, sheep and goats, forming the chief wealth of the rural
population, and appearing to thrive in spite of the arid nature of the-desert.

The proper descrt plants may be divided into two main groups. Those depending
directlv unon rain and rhose depending on the presence of sub-terranean water,

The first group consists of two Lypes: the ‘ephemerals’ and the ‘rain perennials’. The
ephemerals are delicate annuals. apparcntly free Irom any xerophilous adaptations,
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“Tick mark the correct -answer in the space provided, ..

C2) 1\"\r’hich.l:-io_m:.: experiences intense heat and scorching wind \i/itl) a preat

_‘_3) How much area 1s covered by Thar desext?

having slender stems and root-systems and often large flowers. They appear almost Types of Ecosystems :
immediately alter rain, develop flowers and fruits in an incredibly short time, and die ' _ | Terrestriat Ecosystems
as soon as the sarface layer of the soil dries up. The rain perennials are visible above

the ground only during the rainy season, but have a perennial underground stem.

Bulbous monocotyledons of which Dipcadi erythroeum is a representative from this _

region, and also varions cyperaceae grow. By far the largest number of indigenous.

plants arc capablc of absorbing water from deep below the surface of the ground by

means of a well-developed root system, the main part of which generally consists of

a slender, .woody tap root of extraordinary length. Generally, various other

xerophilous adaptations are resorted to such as reduced leaves, thick hairy prowth,

succulence, coatings of wax, thick cuticle, protected stomata, etc., all having for their

object a reduction of transpiration. The plants belonging to this category are more

ar less woody perennials. A few annuals occur, however, such as the rarec Monsonia

heliotropiodes.

Among reptiles there occur two species of testudines {Loricata), 18 species of lizards,
and [8 specics of snakes, of the lizards, some species like Calotes versicolor,
Uromastix dardwickii are predatory on the desert locust inhabiting localised areas in
Thar desert. Among predominant predatory birds are two species of the vultures,
namely, Gyps bengalensis and the white vulture, Neopliron.

The mammalian fauna of Indian deserts includes many species, some of which are
rat-tailed bat, longer hedgehog, Indian hairy-footed gerbil, wild boar, jungle cats,
panthers, etc .

saQs . . : T

1)  Which animal drinks water periodically and is physiologically ad%nptéd_ o
- withstand tissue dehydration for long period? =~ .. - - . - :
a) Lion . | '
tfi)_ 'figer
-c) C_émel
d) Elephant

desi cating action during April to June?
a) Tundra biome
B) Desert biome
¢) Forest biome
v d) Grassland biome

a) 5,17,000 sq km

b) 6,00,150 sq km

¢) 2,50,000 sq km

. d) 317,000 sq km . \

4) When did Thar desert-host shrubs and trees including Jamun?

a) 10,000 j}cars ago ’ )

b) 8,000 years ago

c) 7,000 yedrs ago

d) 5,000 years ago _
5) On which animal Calotes and Uromastix are predatory in Thar desert. ?
" a) desert locust

b) desert gerbil

c) desert dragonflies
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7.6 SUMMARY

In thrs unit you have learnt that :
¢ Biomes are recogmsable community units formed as a result of interaction of

regional climates with regional substrate. Some of the brornes are recognised as
forest biome, desert biome, grassland biome.

Grassland biome is found where rainfall is about 25-75 ¢m every year. Grassland
biomes are important to maintain the crop of many domesticated and wild
herbivores such as horse, buifaloes, camels, deers, zebras, which provide food,
milk; wool, leather, transportation to man. :

Forests occupy approximately 40% of the land. The forest blornes are classified as .

'coniferous forest, temperale deciduous forest, temperate evergreen woodland .

forest, temperate rain forest, lroplcal rain forest, tropical seasonal forest
sub -tropical forest etc.

The data released by NRSA in 1984 showed that Indla lost1.3 lTIIlllOl'l hectares of
forest every year.

Social forestry is a tree-raising programme to supply firewood, fodder small -
timber and minor forest produce to rural populatmn

The Chlpko Movement—the movement to hug trees is a grassroot
eco-development movement.

Desert biomes occupy 17% of land occurrmg in the reglons with annual ramfa]l of

less than 25 cm.

Desertification is the process of the diminution or destruction of the blOlOglt.dl
potential of land that can ultimately lead to desert like conditions.

7.7 TERMINAL QUESTIONS

1) Describe a biome and state the changes brought about by destruction of ﬁoresr

biome in global ecolog}'

...........................................

...........................................
e

%_17? ~4) 'What do you understand by ‘Chipko Movement’? State your opinion with regard
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to contribution it has made in checking the felling of the trees.
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7.8 ANSWERS

SAQ 1

. i) A biome is a large community unit characterised by the kinds of plants and
animals present.

11)‘ The terrestnal and even some aquatic ecosystems are considered as gradients
‘of communities and environments on a world scale. Such gradients of
ecosystems are called ecolines.

iii) There are three major types of biomes such as forests, grasslands and deserts.

SAQ 2
i) Biotlc communities
ii) Deciduous
, iif) Equator
iv) Economic background
v). Forestand mankind
vi) Closed forests, open'or degraded forests and mangrove forests
vii) Run oft

SAQ3
i) . The destruction of forest cover causes (a) loss of top soil, (b) soil erosion,
" (c) perennial springs to have dried up. (d) chronic drought conditions. -
(e) lowering ground water levels and in long-term lowering of rainiall,
(f) disruption of natural cycle, (g) floods, etc.
ii) Social forestry-is-atree raising programmes'to supply firewood, fodder, small
timber and minor forest produce to rural populations.

SAQ 4

1) The grassland biome occurs where rainfall is about 25-75 cm per year, not
enough to support forest.

. 2) " In places where the rainfall is about 500 mm per year and the dry season is of

6-8 months dry savanna grazing ecosystems develop.

3) The major ditterence Between steppes and savanna is thac all the forage in the
steppe is provided only during the brief wet season whereas in the savanna
forage is targely from graéses that grow only during the wet scason but also
from the smaller amount of regrowth in the dry season.

4) Ovcrgrazmg causes reduction of the mulch cover, microclimate becomes dry
andjs readily invaded by xerophytic plants Besides, due to absence of humid-
cover, mineral soil surface is heavily trampled when root produces puddling
of the surface layer, which in turn reduces the infiltration of water into the soil
and accelerates its run off, causing drought.

SAQ S
i)

i)
i)
iv)

v)

RO LD
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Terminal Questions

1). For biome refer 10 answer { of SAQ 1. The destruction of natural cover causes
the loss of Lop soil. The cntire Himaluyan ccosystem is threatened duc (o thinning
of snow lines and drying up of springs. Because of deforestation the natural reuse
cycle is broken and water is lost rupidly through run off. Deforestation causes
ltoods, soil crosion and changes the climate. Thus deforcsiation can change
global ecology. - .

2) The main aim of the social forestry is 1o supply firewood, fodder, small timber
and minor ferest produce to rural populations. Social forestry programmes have
mainly three components. (a) farm forestry (o encourage farmers to plant trees
on their own farms {b) woodlots planted by the forest depurtments for the needs
of the community particularly along road side, canal banks and other such lands
(¢) community woodlots planted by the comnrunities themselves on community
land to be shared equally by them.

3) Deforestation can be checked by cnacting effective laws and pearing up
awareness among masses, Chipko Movement is as a result of mass awareness
towards environment.

4) The movement to hug trees is a grassroot ecodevelopment movement. You have
to write your opinion whether this movement has significantly checked the
deforestation or it has been mere slogan.

5) India teems with animals. The livestock wealth plays a crucial role in Indian life.
But this huge mass of livestock needs fodder for sustenance. Therefore, grassland
viomes are important to maintain crop of many domestic and wild herbivores
such as horse, mule, ass, cow, shecp, goat. buffalo,camel.etc. Due to overgrazing
microclimate becomes dry, reduces the infiltration of water into the soil and
accelerates its run off. producing drought.

6) Scven thousand years ago, Thar descert received abundant rainfall, hosted shrubs
and trees including Jamun, was crisscrossed with rivers and lakes. Today it is a
burren desert. The causc of this desertification is not climatic changcs, droughi,
etc. but human actions which include deforestation: overgrazing by cattles. cic.
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UNIT 8 TYPES OF ECOSYSTEMS:
AQUATIC ECOSYSTEMS

Structure

8.1  Introduction
Objeclives

8.2  Aquatic Ecosystems
Classification of Aquatic Organisms
Factors Limiting the Productivity of Aquatic Habitats
Classificalion of Freshwaler Ecosystems

8.3  Lentic Ecosystemns
Lakes, Impoundments and Wellands
Characteristics of Loke Ecosysiems
Biota of Lukes
Types of Lakes

8.4 Lotic Ecosystems — Rivers
Characteristics of River Systems
Biota of Rivers

8.5 Marine Ecosystems
Salient Fealures of Marine Ecosyslems
Lilc Zones of the Occan
Biola of Occans

8.6  Estuaries
Fealures of Estuaries
Biola of Estuarics

8.7 Summary

8.8 Terminal Questions

8.9  Answers
Glossary

8.1 INTRODUCTION

In Unit 1 you have learnt that ecosystems arc classified into terrestrial and aquatic.
In the previous unit you Have studied in detail the characteristic featurcs of the
various terresterjal ecosystems. In this unit we will be discussing the aquatic -
ecosysiems.

You have studied in the previous units the gencral striclure and functions common
to all ecosystems and how the ecosystems operate as self-sufficient interacting systems
in the biosphere. Ecosystcms consisting of waler as the main habitat are known as
aquatic ecosystems. There are three kinds of aquatic ecosystems : Fresh water. saline
and brackish water ecosystems. Freshwaters are again of two types, the static water
ecosystems are called lentic systerns and flowing water ccosysiems are called as lotic
systems. You will read about these in this unit.

Objectives

After studying this unit, you should be able to :
® describe the general ecological features of the aquatic ecosystems and their
" classification;

® explain the process of spring and fall overturn;

compare oligotrophic, mesotrophic and eutrophic lakes and impoundments;

differentiate between lentic and lotic freshwater ccosystems;

define wetlands and differentiate between marine ccosyslems and estuaries;

explain the difference between the biota of lakes, rivers estuaries and marine
ecosyslems,

8.2 AQUATIC ECOSYSTEMS

Global waters cover about three quarters of the earth’s surface cither as [resh water
where salt content is less than 0.5 per cent or as salinc water where the salt content
L Fl
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is more than 3.5 per cent or as brackish water where salt content is intermeaq,.
between fresh water and saline water. On the ‘basis of their salt content aquatic
ecosystems can be divided in saline water bodies and fresh water bodics. The salt
_content of fresh bodies is very low, always less than 5 ppt (parts per thousand). As
against this the water bodies containing salt concentration equal 1o or above that of
sca water (i.e., 35 ppt or above) arc called as saline water bodies or marine water
bodies. Scas and oceans of the world come under this category. Estuaries and
brackish water bodies huve sall content somewhere in between 5 1o 35 ppt. Because

of their salt content estuarics and oceans bear different kinds of organisms ‘and will
be discussed separately under sections 8.5 and 8.6. I is on this basis, thar aqgualic
ccosystems arc categorised into 1) Fresh waler ccosystems — lakes. ponds, swamps,
pools, springs, streams, and rivers 2) Marine ecosystems — shallow seas and open
ocean and 3) Brackish water ecosystems—estuaries, salt marshes, mangrove swamps
and forests. :

8.2.1 Classification of Aquatic Organisms

After discussing the common 1ypes of the aquatic ecosysiem let us now study in brief
the ecological classification of aquatic organisms. In the present unit we will provide
you a sample of diversity of organisms that exists in various types of aquatic
ecosystems in which we focus on their distinctive characteristics. The aquatic
organisms of all the three types of ceosystems Lo, marine. Iresh water or brackish,
are classified on the basis of their zone of occurrence in the aquatic system and their
ability to cross these zones.

The organisms in the aqualic ccosysiem are unevenly distributed but can be classified
on the basis of their life form or location into five groups as shown in Fig. 8.1. The

five groups arc given us under :
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Fig. 8.1 : Life Styles of Aquatic Organisms

i} Neuston : These are unattached organisms which live at the air-water interfacoe
such us floating plants and several lypes of animals (sce Fig. 8.1). Some spend
most of their lives on top of the air-water interface, such as water striders,
while other spend most ‘of their time Just beneath the air-water.interface and
obtain most of their food within the water, e.g., bectles and back-swimmers.

ii) Periphyton : Thesc are organisms which remain attached or clinging to stems and
keaves of rooted plants or substances cmerging above the bottom mud. Usually
sessile algae and their associated group of unimals fali in this group.

cladocera
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i) Plankton : This group includes both microscopic plants (phytoplankton) and
animals (zoopltankton) found in all aquatic ecosystems, except certain swift
moving waters. The locomotory power of the planktons is limited so that their -
distribution is controlled, largely, by currents in the aquatic ecosystems.
Planktons are divisible into : : :

1) Plants (chicfly algac)} known as phrytoplankron ; and
2) Animials (primarily crustaceans and protozoans) known as zooplankton. -

Most phytoplanktons and zooplanktons are capable, however, of at least some
movement. Certain zooplanktons are extremely active and move relatively large
distances, considering their small size, but they are so smail that their range is
still targely controlled by currents.

iv) Nekton :This group contains animals which are swimmers. The nektons are
relatively large and powerful as they have to overcome the water currents (see
Fig. 8.1). The animals range in size from the swimming insects, which may be
only about 2 mm long, to the largest animals that have lived on earth namcly the |
blue whale.

v) Benthos :The benthos or the benthic organisms are those found living in or on
the bottom or benthic region of the water mass. They exhibit a variety of
adaptations to the environment. The reason for this is that the bottont is-a more
heterogeneous habitat than cither the open waler or the surface and this diversity
is reflected in the organisms. Practically every aquatic ecosystem contains well
developed benthos. The adaptations of the erganisms in the benthic community
reflect the composition of the bottom, its stability or tendency to shift, and its
depth.

You should realise however, that each system has certain uniquc characteristics.
Despite there being 2 common factor ~ water in all aquatic ecosystems and similar
limiting factors and life forms — there are three types of as a typical aquatic
ecosystems, namely, the fresh water marine and brackish water system. All vary
is size, depth, gradiemt of light penetration, temperature, amount of dissolved
oxygen, etc., which are responsible for a particular type of environment and
biota and hence a specific type of ecosystem,

-8.2.2 Factors Limiting the Productivity of Aquatic Habitats

Sunlight and oxygen are the two most important limiting faclors of the aquatic
ecosystems. This distinguishes them from the terrestrial ecosystems where moisture
and temperature are the main limiting factors. We will now consider some of the
important limiting factors which exert controlling influence on productivity of aquatic
ccosystems, namely sunlight, transparency. temperature and oxygen.

i) Sumlight : Sunlight is a major limiting factor for water bodies, since light rapidly
diminishes as it passes down the column of water. The upper layers of the aqualic
ecosystems, up to which light penetrates and within which photosynthetic activity
is confincd forms the photic zonc. The depth of this zone depends on the
transparency of water.

i) Transparency : Transparency affects the extent of light penctration. It is

indirectly related to turbidity. Suspended particulate matters such as clay, silt and
phylopiankion make the water turbid, consequently limiting the extent of light
pencetration and this photosynthetic activity in a significant way.

tii) Temperature : The water temperature changes less rapidly than the temperature
of air becausc water has a considerably higher specific heat than air, that is larger
amounts of hcat energy must be added to or taken away from water to raise or
lower its temperature. Since water [cmperatures are less subject to change, it
follows that aquatic organisms have narrow temperature tolerance. As a result,
cven small changes in water temperatures are a preat threat to the survival of
aquatic organisms than comparable changes in air temperaiures are in terrestrial
organisms. '

iv) Dissolved oxygen : Oxygen in the terrestrial ecosystems occurs in the atmosphere
along with other gases in u certain fixed concentration however, in aquatic
ecosystems it is dissolved in water, where its concentration varies constantly
depending on factors that influence the input and output of oxygen in water. In

Types of Ecosystems ;
2 Aquallc Ecosysterns
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fresh water the average concentration of dissolved oxygen is 0.0010 per cent (also
expressed as 10 parts per million or 10 ppm) by weight, which is 150 times lower

than the concentration of oxygen in an equivalent volume of air.

Oxygen is found in waters in dissolved form. It enters the aquatic ecosystem through

the air water interface and by the photosynthetic activities of aquatic plants.

Therefore, the quantity of dissolved oxygen present in an ecosystem depends on the

rate at which these two processes occur. For example, the turbulence that occurs in

waterfalls as well as wave activity that occurs in open water, increase the rate of
oxygen transfer from air to water (unless the water is already saturated with oxygen).

The transfer of oxygen is also affected by the surface area of the waterway. A wide
shallow section of a river has a larger surface area of oxygen transfer than a narrow

deep segment. Further, the quantity of oxygen that is produced per unit area due (o

photosynthesis is related directly to the density of aquatic plants that are present in

water.

Dissolved oxygen escapes the water body through air-water interface and through
respiration of organisms (fish, decomposers, zooplanktons, etc). The amount of
dissolved cxygen retained in water is also influenced by temperature as oxygen is less

soluble in warm water. Warm water also enhances decomposer activity. Therefore,

increasing the temperature of a waterbody increases the rate at which oxygen is
depleted from water.

In certain instances, large populations of decomposers remove nearly all the dissolved

oxygen in surface waters (such as lakes, streams and rivers) through respiration. Such
situations are more likely to gccur during late summer, when low stream flow and

high water temperatures reduce the level of dissolved oxygen even more. When the

dissolved oxygen level falis below 3-5 ppm, many aquatic organisms are likely to die.

The limiting factors discussed here'apply in general to all aquatic ecosystems — lakes
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8.2.3 Classification of Freshwater Ecosystems

Fresh water ecosystems depend on the terrestrial ecosystems for large quantities of

organic and inorganic matter which arc constantly added into them by the , -
74 communitics growing on nearby land.
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The [resh water ecosystems can be conveniently divided into two main divisions

i) Lentic {from 'lenis’, calm) or standing or basin series ecosystems. Examples of
this division are lakes, pools, ponds, swamps, marshes clc.

i) Lotic (from ‘lotus’, washed) or running or channel series ecosystems. Examples
of this division are rivers, streams, springs etc.

These two fresh water ccosystem have been extensively treated in the following two
sections, i.e.,Sections 8.3 and §.4.

8.3 LENTIC ECOSYSTEMS )

Lakes are inland, depressions containing standing water. They vary considerably in
area and depth. The largest lake in the world, the lake Superior in North America
has a surface aréa of 83,000 km? and a maximum depth of 307 metres (5,000 feet).
Whereas the deepest kake, in the world, lake Baikal in Siberia is nearly half the area
of Lake Superior, i.e., 31,500 km?. It has, however, more than twice its depth (706
melres). :

Fresh water lakes of this earth hold 125 x 10 km® of water and have inflow as well

as outflow. In addition Lhey have various patterns of circulation within their
boundaries and so their water is nol totally static. However, they do lack the constant
linear or turbulent flow of the rivers.

8.3.1 Lakes, Impoundments and Wetlands

Lentic ecosysiems include all those sysiems which have a static body of water. Lakes,
impoundments and wetlands are all lentic ecosystems. Let us see how do they differ
from each other.

Lakes : Most lakes occur in regions which have recently been subjected to geological
changes; say within the past 20,000 years. However, a few lakes, such as lake Baikal

in Russia and Lake Tanganyanitia in Africa are ancient and arc cslimated to have
originatcd twenty million years ago.

Lakes arisc in several ways. Some, like the tectonic lakes, are formed in basins
created by geelogical activitics such as warping and faulting of the earth’s crust. Most
of the Himalayan lakes are tectonic in origin. Some are formed in crater depressions
of extinct volcanoes and are called crater lakes, for example lake Kounsaranag in
Kashmir, Qthers may be a result of glacial activity. For example most lakes of North -
Amcrica originaled due 1o glacial erosions and deposition, whereby glacial abrasions
of slopes in high mountain engraved basin which later became filled with melting
snow and rain. Still others have been formed by deposition of silt, drift-wood and
other debris in beds of slow moving streams. Lakes may also arise by landslides
blocking off streams and valley.
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Fig. 8.2 : A reservoir formed behingd Shastri Lake showing two
possible means of releasing water [rom impoundments

You ShOI:lld be aware that lakes are not evenly distributed on the earth but are
grouped in certain regions called ‘lake districts’. Howéver, in a given area all natural
lakes have the same geological origin and same characteristics, though they may
represent several stages-of succession due to varying depths at the time of origin.

Types of Ecosystems ©
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Tmpoundments : We have so far discussed natural lakes. In addition to these there
are a number of lakes both small und large antificially created by man called reservoirs
or impoundments {Fig.8.2a). These have been built to fulfil specific requirements —

'hydmelectnc power generation, fisheries, water supply irrigation, industrics,

recreation, control of floods, ete.

Impoundments may be called offstem or onstcm depending on how they have been
created. Onstem reservoirs — these are located in upland areas and are formed by
damming a stretch of river or siream in a suitable river valley. In-India only these
types of impoundments are found. Offstem reservoirs are built in fow land areas by
pumping water some distance from a river or from an underground source.

Wetlands : Wétlands are permancitly or periodically water covercd areas. They can T
be defined as submerged or saturated lands either artificially or naturdlly, and either
periodically or permancntly up to a depth of six metres by water which may be fresh
brackish or saline. -

These wetlands may be classified into two categories : 3
Inland wetlands which occur inland and contain fresh water e.g. bogq swamps. elc.

Coastal wetlands which occur near the coast and contain’ salme or brackish waters,
e.g. mangrove swamps, mangrove forests. You will read about these in Section 8.6
in-greater detail.

8.3.2 Characteristics of Lake Ecosystems

The environment of static waters of lakes and ponds sharply contrasts with those of .
lotic ecosystems. Light penetration in lakes is usually up 10 a certain depth which as

you know is affected by turbidity. Termperaturé and dissolved oxygen also vary with
depth. Dissolved oxygen in stagnant water is generally less compared to lotic systems
becausc only a relatively smull surface of the water body is in direct contact with air.
Decomposition of organic matter usually takes place at the boliom of the lake. The
oxygen content usually decreases with depth. The gradations of temperature, sunlight
and oxygen are dirccily responsible for vertical zonation or stralification. occurring - R
in lakes. They are also responsible indirectly for horizontal zonations of lakes as they 2
profoundly influence the distribution of lake organisms which contribuie to the

characteristic horizontal zonations.

A) Thermal Stratification : Shallow lakes show no thermal stratification as their
waters are well mixed. resulting in uniform temperature throughout. However lakes
with depths of more than 15 metres exhibit fairly pronounced temperature
stratification.

a) Summer Stratification : Thermal stratification is [airly pronounced during the
summer seasons in most lakes of the temperate (cold) regions but is rarc in lakes
of tropical (hot) and subtropical regions where it occurs only in very deep
lakes. This is so. because the rate of mixing of layers is very fast in case of tropical
lakes whereas, the lemperate lakes retain well defined layers showing different
temperaturds. These layers do not mix rapidly. Thercfore the 1emperate lakes
exhibit clear stratification with respect lo 1emperature.

Let us understand how thermal stratification develops in water bodics and why
it is maximum during the surgmer seasons. In lakes the top one metre of the
water surlace directly absorby around 90 per cent of the total solar radiation
falling on it and is considerably more heated in the process. Consequently, the
lower sub-surface layers receive progressively less radiation and remain relatively
cool. Thus, 1he lake becomes thermally stratified, with its water forming

laycrs due to tempcrature differences or thermal gradicnts (see Fig. 8.3)

Thermal stratification is maximum during the summer season, primarily due 10
two reasons. Firsily, due to the fact that solar intensity increases during this
period and it heats the surface laycr greaily while the lower layers remain
comparatively cool. Secondly, the thermally stratified layers offer resistance to
mixing by wind. The fairly pronounced stratification of lakes developed in
summer is called summer stratification or stagnation. The various stratified layers
which arc formed as aresult (Fig.8.3) can be delincated as follows (Fig.8.3.a.1).
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iii)

Epilimnion : This forms the uper layer of the lake and consists of freely-
circulating warm water which is well lighted though poor in nutrients. Most
of the phytoplanktons grow in the epilimnion which is well aerated both due
to photosynthetic oxygen production by plants and mixing by wind.

Metalimnion : This zone lies below the epilimnion and above the
hypolimnion and thus forms the intermediate layer which is non-circulating,.
The metalimnion is characterised by steep and rapid fall in water temperature
with increasing depth. ‘Within the metalimnion is present the ‘thermocline’,
the plane at which the temperature drops most rapidly — at least 1 celsius
for each metre of depth.

Hypolimnion : This zone forms the bottom layer which is deep, cold and non-
circulating. The hypolimnion is generally rich in nutrients though its oxygen
content is low due to its utilisation by decomposition process which as you
know generally occurs here and uses up oxygen. Temperature fail here is
gentle,

Stratification of certain temperate lakes is not limited to the summer season
as they undergo stagnation or stratification in winter also which is called
winter stratification or stagnation and is described below (Fig.8.3 a,b).
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Fig. B.3 : Showing seasona] stratification of temperalurd.and oxygen os well as distributlon of aquatic -

life in a temperate lake. The disiribution of temperature and oxygen in a lake affects the distribution of
fish and other nquatic life. The narrow fishk oulline depicts the cold water specles (trout). The broader
oulline represents the warm water species namely bass

a) Shows the three well defined layers due to summer siratificaillon — epilimnion, thermocline in

metalimnion, and hypolimnion b) shows the seasonal siratification in winter c} and d) show the fall -
and spring everturns, respectively, when stratification is destroyed and fishes occur at almost all depths.
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b} Winter Stratification : During extremes of winter the surface layer of the lake
freezes or attains ‘a temperature close to 0° Celsius. Under thesesconditions an
inverse stratification develops. The water beneath the ice absorbs solar radiation
passing through the ice and so remains relatively warm. When this warm water
allains a temperature of 4°C it becomes dense and hcavier. Consequently it sinks _
to the bottom where it mixes with bottom water of the lake-which is warmed by
heat conducted from the bottom mud. The result is higher temperature at the
bottom, though the overall stability of water remains undisturbed. That is, the
less dense’surface water in the form of ice or at 0°C floats on the top of the warm,
heavier water which is at an appropriate temperaturc of 4°C. Both of these layers
remain stratified and do not mix during the winter season so that the lake is sa:d
to have undergone, winter stagnation or stratification.

¢) Overturn : The summer or winter stratification is seasonal. Circulation of lake watér
occurs twice a year, in the spring and autumn (fall) seasons by a process called
overturn. This circulation is important for lakes which.undergo stratification as

it allows thorough mixing of oxygen, phytoplankton and nutrients within the..

the lake. Let us now understand the process of overturn both in the spring and:
autumn seasons.

Spring overturn : In spring and early summer séason the increased solar radiation
melts the ice cover, which, as it attains a temperature of 4° Celcius, becomes
dense and heavy and sinks to the bottom, displacing the lower water which moves
up. This circulation of water'is further helped by-the prevailing summer winds
and is called spring overturn (Fig.8.3.¢,d)

Autumn (fall) overturn : In autumn or carly winter the air temperature falls,
resulting in the ¢ooling of the surface waters. When the surface water cools to
4°C it becomes densc and heavy and sinks to the bottom displacing the bottom
warm water which nises to the surface. This mixing of the surface and bottom
layers is further facilitated by strong winter winds and is called ‘fall overturly’
(Fig.8.3c and 3c¢,d).

B) 'Light Stratification _

As you have alfeady read, the penetration of light in water bodies is limited
depending on the transparency of water and its ability to absorb light. On the basis
of light penetration lakes become vertically stratified into two basic layers (1) the
upper trophogenic zone \correspondmg roughly to the phOth zone about which you
have read in section 8.2.1 in which photosynthesis dominates and the lower, and

(2) tropholytic zone where decomposmon is most active and which corresponds '

to the aphotic zone (Fig. 8.3). -

Between these two zones is the compensation depth — the depth at which light
intensity-is such that the photosynthetic production is just enough to balance
respiratory losses and beyond which light penetration is so low that it is no longer
effective. Generally compensation depth occurs where light intensily is about 100 foot
candles or approximately one per cent of full noon sunlight incident to the surface.
C) Oxygen Stratification .
In most lakes, oxygen stratification nearly parallels that of temperature during the.
summer season (Fig.8.3a). The amount of oxygen is greatest on the surface, gradually
decreasing with depth. The surface layer has the maximum oxygen content due to
two main reasons. First, being well lighted, maximum photosynthetic oxygen is
produced here. Secondly, being in intimate contact with the atmosphere, it permits
free diffusion of oxygen into it from the air. The oxygen content, beneath the surface
water decreases, as both these oxygen sources disappear. At the bottom the oxygen
content decreases further due to utilisation of oxygen by decomposers occurring here.

8.3.3 Biota of Lakes

Lakes exhibit life zones. So far you have been reading about the vertical zonation of
lakes. The lakes can be divided into horizontal zones as well. This division is on the
basis of life forms existing in lakes. The penetration of sunlight in the lake infhiences
the vertical gradient of sunlight, temperature and oxygen. The horizontal gradation
of lakes is affected by distribution of organisms in the waters. This results in definite
zones which are shown in Fig.8.4 and are as foliows :

i) Littoral zone : This is the shallow water zone, near the shore, where light

penetrates to the bottom. Rooted plants can grow only in this region.
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F!g: 8.4 : Four major life zones in & lake in summer showing ihe representative animals in cach zone.

ii) Open Water Zone : This cxtends beyand the littoral zone and is 100 deep for light
to penetrate till the bottom and for rooted plants to grow. This zong is divided
on-the basis of light penetration and distribution of organisms into :

a) limnetic region which is photic
b) profundal region which is aphotic

iii) Benthic Zone : This forms the floor of the lake and underlies the littoral and
limnetic zone.

Let us now see how the types of plants and animals occurring-in the various horizontal
zoncs are classified.

LITTORAL ZONE

A) Plants of the littoral zone

Two types of plants oceur here:

i) Non-rooted phytoplanktons which mclude all kinds of algac occurring in the
limnetic as well as those found only here. Certain species of green algae, blue

green algac and diatoms remain attached to plant surfaces and are collectively
called periphyton (Fig.8.5 a)

i1) All rooted or benthic flowering plants, attached to the substratum which occu
in concentric zénes within the littoral region. A gencral represcentative
arrangement of rooted plants proceeding from the shallow towards the deeper

lake area includes the following three sub-zones. (Fig.8.5b). ’.!9
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Fig. 8.5 : Some plants of Jitloral zone a) Floating vegetation of the littoral zone b) Rooted plants showing

zonaiion in the littoral repion of the lake

a) Zone of emergent plants : consisting of plants whose roots and stems remain
submerged in water and whose upper leaves and stems protrude above the water
level €. g. cat’s-tail, arrowheads, ctc. This is followed by '

b) "Zone of plants with floating leaves : containing plants ecologically similar to the
previous types of plants though the photosynthetic area of these plants is much
more wide. Water shields, and water lilies abound here.

¢} Zone of suhmergcd vegetation : includes plants which are completely or largely
submerged in water. Plants of this zone have highly divided leaves ta overcome
the tearing of lcaves by strong water currents for maximum absorption of
nutrients as their root system is poorly developed. Pond weeds are usually

prominent in this zone.
Herbivaraus Forn

Predalons

\ g

Predulory
bectle
larm

* moquilo,

Mrsyuitn D - Damselll
Larva Muylhy nymph, - ;:ﬂ’:: ¥ aymph Y

Fig. 8.6 : Some represenialive inveriebrate animals of the littoral zone

B} Animals of the littoral zone

Animals of this zone may be herbivores, carnivores or detritus feeders and are as
diverse as plants (Fig.8.6).

Many of them such as rotifers, protozoans, insect larvae, hydras and bryozoa are
neuston as they spend their lives attached to the stem or leaves of rooted plants.
Others such as snails, flatworms, and many types of insect nymph and larvae spcnd
their lives moving about the plants. Zooplankton here include species also found in
the limnetic as well those that are not. The latter include larger forms that rest on
the rooted vegetation, while they are not actively swimming. The nckton here is rich
in small swimming insects particularly such as diving beetles, back swimmers, water
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boatman, etc., many of which occur also in streams. Many species of fishes like oo
. [ 2 Aquatic Ecosysioms

i

mirrows, sunfish and northern pike are restricted to just this zonc, while others move
frecly between here and the open waler zone. Vertebrates living on the lake shore
are found here and include amphibians, ¢.g., frogs; reptites, e.g., turtles and snakes
and mammals like beavers and musk rat. Benthos found in or on the floor underlying
the littoral zone are diverse. Most of them are detritus feeders' though some arc
carnivores.

OPEN WATER ZONE

A) Plants of the apen water zone

In this zone plants are restricted 1o the limnetic one and gencrully consist of
phytoplankion (Fig.8.7) such as dinoflageltates. bluc green algue and green algae. Of
these the single celled planktonic algae arc the main producers for the Jake as a whole.

colomal green calontal
algae diatoms

' solitary
diatoms

h diatom
¢ — o
i'j blue green m
algac : s gametophyte

of algae

Daphnia
crustacean  vorticella

Fig. 8.7: Plankton of the limnelic region of the open water z one of lakes: (a,b) colonial green algae, (c,d,e,N)

colonial diatoms; (g,h) solitary distoms {i,i) blue green algae (k,),m) protozoa. ’

The profundal region of the open water zone has no green plants as it is dark and so
cannot support photosynthesis.

A crusiscean

b

(2em)
==
valvare \‘) Peuvhell milge
{10.7 oo} clam thna

1) emd {1.% cm}

Fig. 8.8 : Representatives of benthic invertebrates found in the profundal region of lakes (n) Mysis, a mysid
crustacean; (b) Tubilex, the lubeworm of sludgeworm; (c) Valvata; (d) Bithynia; (e) Musculium, the
Pea-shell clam, (I} Chironomus, the blopdworm, a midge larva. -

B} Animals.of the open water zone

The limnetic region of this zone contains certain fishes as well as a rotifers,
zooplankton such as crustacean and protozoan (Fig.8.6). In the profundal zone occur
chemosynthelic autotrophs as well as heterotrophs. The latter may be carnivores or
detritus fecders. Further the larger fishes of the lakes are restricted to the profundat
zone which also has a well developed serics of decomposer population present from
top to the bottom. The bottom which underlies the open water zone contains benthos

*whose diversity is low. Benthic animals found here are larvae of several insect species

such as midges and burrowing {lies as well as clams, snails, tube worms and
‘ecomposers (Fig.8.8).

8.3.4 Types of Lakes =

Lakes of the world exhibit a great diversity of shape, size and combination of
properties. However, on the basis of nutrient status and primary productivity they
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Ecosystem " Funcuontng and Typs can be divided into three categories (1) Oligotrophic (nutrient poor) lakes

(Fig.8.10a), (2) Butrophic (nutrient rich) lakes (Fig.8.10b) ans{ (3) Mesotraphic
(medium nutrient) lakes. '

4
_Narro }j ¥ f,
Little shore ) —>littoral 2&“‘«‘ té_—_—._-—:_,:
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gy b nutrients and plankion R J\gj} AU
Sl T Limnetiozone” 7T T TS S 1S S s T = SN /
Profundal zone Steeply §loplng
) s Sparse {ish shorelines
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f
Oligotrophic”
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Much shore
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\l h““l g
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Eﬂ“"‘ﬂh\[‘;"‘lu’tum
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Fig. 8.9 : A summary of the biota of lakes and thelr zones of occurrence
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Limnetic Zone) Cladocerans
Rotifers)
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in Profundal zone
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Cladocerans,
Rotifers)
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I
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Fig. 8.10: Comparison of oligotrophlc and eutrophic lakes, (a) The ollgotrophic Luke is deep and has
relatively cool water In the epllimnlon.. The hypolimnlon is well suppHed with oxygen. Organic water that
drifts to the bottom falls through a relatively large volume of water. The watershed surroundiog the lake Is
largely oligotrophic, dominaled by conlferous forests on thin and acd soil. (b) The eutrophic lake'Is shalloy
and warm, and oxygen in the deeper water Is.nearly depleted. The amount of organic deh-ltgs'ls large

relation o the volume of waier. The watershed surraunding the lake is eutrophic consistine of antiient-ric
farmland and deciduous forest. '

[

Eutrophication . - )
The nutrient content of lakes thus acts as a limiting factor for organismmas the
“quanlity and diversity of organisms in a lake is dependent on the rate at which
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nutrients are cycled within it (sce Unit 16, scction 16.2.2 of the 4th block of FST
course). Some lakes arc cutrophic from their formation but most lakes were originally
wligotrophic and have become eutrophic, naturally, over many thousands of years.
The process of aging of lukes through nutrient earichment is called ‘eutrophicalion’.
Many lakes today arc underaoing cutrophication at a very rapid pace due to human
interventions. Activities such as industrialisation. intensive agriculiure, etc. result in
the rapid addition of nutrients such a nitrogen, phosphatcs etc. from agricultural run
off, sewage drainage and industrial effluents. This cutrophication which is caused by
cultural activitics is called “cultural eutrophication’.

Fig. 8.9 : Comparison of olipotrophic and culrophic lakes

Criteria Oligotrophic Eutrophic Mesatrophic
1) Depthsurfuce Oligotrophic lakes are Eutraphic lakes are Mesotrophie Jakes are
ired ralios . deep olien with steep shullow ind their surface  intermediale between the
sides. Their surface 1@ 10 volume ratiois high olipotrophic and eutrophic
valume raio s low {surface areais large lakes. (surfage area and
{surfitce arca is small relitive to depth) depth ure proportional).
compared Lo depth). )

) Mulricht stalus These Lithes itre poor in These lakes are rich in They arc mildly cutrophic
nuirents particularly nutrtents such as mitrogen, and have characleristic
nitrogen. phasphorous phosphorous and organic  Teatures intermediale
and urgmic maller. subslances, between the Oligotrophic

and eulraphic lakes,

31 Primary Primiry productivity in Priniiry praduchivity is They comain mederine

Prodduction these labes is low, high in these Takes due 1 quaatities of nutrients and
presence of excess have moderate primary
nuirienls productivity.

4) Species diversity  The number ol organisims The number of organisms,
occurring here are low, that is, biomiss is high.
thouph their specices thewgh species diversity
diversity is high. s Loy

3) Oxyeenconient Onygen contentin wich Oayvgen content here is Oxypen conlents is

6) Transparency of
walter huady

Likes is ]lll.h and extends
1 the hotlom.

Warers of oligotrophic
lukes ire transparent,
appearing hlue W green
in sunlight.

v vn e whole, Tuis -~
particularly low in the
botom Livers either sca-
sanally or throughoul
the vear. Iinsome cises
wmaerobic conditions
Jevelop in bottom Livers
of the loke resulting in
the eliminition of aerobic
organisms especially
fishes.

wWiters of cutrophic lakes
are cloudy, due to excess
ilgal and plant growth,

[n (e siumneT season

the Bake wilers assume i
e sOUup OT precn paint
colour due 1o inereased
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Fill in the l)l(m]\s using approprise words :

mediom.

Medium wrbidity
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d) In order, © be called as wetland an area has to bc LOVtrLd hv 'tl lcasl

a} On the basis of thermal stratification in {cmpn.rau. h]\eb dunnb summer the
hkes have been divided inte three zones i) [ET) PP and m)

b)Y Tit apy lake between the trophogenic zone andd tropholytic zone, there exisisa -
_thin surface where light intensity is such that the photosynthetic produclidn is

just enouph to balance the losses due to r-.bpudlmn Thlb dcplh at whlch thts e

zone 38 situated 15 known as ..ol

c) On the basis ol the biotic forms occurring in different Iakes lhc l.ikes havc
heen divided into three hurlmnldl ZODCS 11 ll) R .zmd

1 oo P L A PP
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8.4 LOTIC ECOSYSTEMS — RIVERS ' ‘

The Iotic or Rowing water habitats include rivers. sireams, brooks ete. The most
outstanding features of such habitats is the continuously flowing water which moulds j
the characteristics of the watér bed and influences the distribution of organisms :
within,

In order to differentiate between the Jotic and lentic habitats It us see how nvers
{lotic habitats), differ from lakes that represent the lentic hubitat.

@ The rivers have a coutinuous — one directional flow with the entire voltune of
water flowing unidirectionally. In large rivers, the flow may be from one climatic
zone to another. :

The volume of river water keeps changing. causing variation in its velocity. '

The water level of the rivers exhibit wide range of fluctuations.’

Generally as a rule the depth of rivers is small as compared (o lakes.

River waters usually flow in a narrow-channel. though oceasionally their chunnels
may cxpand. 10 form river lakes.

e The physical. chemical and biological conditions of the river gradually change with
distance along the main channels in a definite direction.

e The material transporied or eroded by the rivers at any potnt. is transported by
them downstream with no supporting for return, thus causing their permanent
removal.

e In rivers prolonged stagnation is absent. Rivers in comparisan. 1o lakes depend
more on the surrounding lund for nutricnts. manutacturing ittle basic food
materials themselves.

The two most important points are that :

1) Rivers arc open or heterotrophic systems whercas lakes are closed
or self contained sysiems cxcept for some gains or losses from
inflowing or outllowing streams; and

2) Nutrients in a lake may be used several times whereas in rivers, at
any poinl. plants and animals must avail of temporirily available
nutrients.

.8.4.1 Characteristics of River Systems

The basic funclion of the rivers is to convey surplus rain water from land Lo sca.
Annually the rivers carry [resh water. equivalent to 25 cm ol ritin. evenly distributed”
over Lhe whole Tand surface.

The poini of origin of the river is the “source’; the path it takes. is (he ‘course™; the
streams which pin it along the course are the “tributaries’s and the channel within
which it flows is the *bed’. Its paint of eatry into the sei or lake or estuary is called
its mouth {Fig.8.11}.

Classification of the river zones .
The course of a river can he classified in two ways (A) firstly by its physical
characteristics and {B) secondly by the presence or absence of fish species which
indicate dillering physical, chemical and biological [catures of the niver.
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Fig. 8.11 : Three phases in the flow of waler downhill rom mountain headwater stream to wider ==

lower clevation streems to rivers which emply inlo oceans, A, The upper course, B. The middle course - i
and C. The.lower course, L

A) Classification of the river course on basis of physical characterislics
The river is divided into three parts (Fig.8.11)

i) The uppér or mountaio course : Here the water is fast flowing and runs through- i
4 "V’ shaped valley with unstable banks. The fast flowing water has greai erosive :
powers, particularly after rains, being able to move large stones and roll them
along. Angular stones washed into the river are rubbed against onc another, to :
form rounded pebbles.

ii) The middie course : The middic course of the river occurs over the foothill belt : B
wuere e velocity of water is comparatively less wnich moves a ntile slowly. :
However, the waters are still fast enough to transport sand, silt and mud in
suspension, and (o roll pebbles along its bed. In this part of the river course, the
valley is broad with stable sides, so that the'river cannot erode the land, as much
as it does in the mountain course. Most of the transportation of silt is achieved
by this part of the river.

iii) The lower course : The lower course of the river occurs in the plains, across which
it meanders or zigzags slowly. The river here loses much of its velocity and thus
much of its ability to carry heavier sand and siit in suspension. It, therefore,
deposits part of its silt load as sand banks or shingle beaches and builds up large
flat plains by spreading alluvium over a wide flood plain or delta.

- ey -

Fig. 8.12 : The lotic ecosystem classified on the basis of [ish species found in dilferent zones.

B) Classification of the river zones on the basis of presence of certain fish species
A river is-classified by this method into four zones (Fig.8.12). -

i) Head stream of Highland brook zone : This is formed by a number of small

streams, which originate from a marsh, a spring or a glacier. This is a smlall
shallow zone with an irregular course. It is formed after torrential rain with no 85
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pools and has a low water temperature. The only plant life forms are mosses or
liverworts. Fish arc absent in this zone.

ji) Trout beck zone : This is larger and more constant than the head stream. The
greater volume of torrential water carves channels into exposed rock floor (bed
rock). Compared to the head stream the water is deeper and current more rapid
and is capable of carrying matter in suspension. A typical trout beck has a steep
slope gradient and its sides are lined with coarse pebbles and rough boulders,
It deposits grit in the sheltered part of the coursc where flow is less. There is
little plant growth in the trout beck zone due to the presénce of strong current
and rocky conditions here. The water in this zone is oxygen-saturated and cold.
Arcas of fast water alternate with irregular pools. The fish occurring here are the
powerlul swimming brown trout, the miller’s thumb and the stone loach.

iii) The mirrow reach or grayling zone : This zone has a less steep gradient, than the
trout beck. The, river here still flows swiftly, though the curreal is not fast and
conditions are not torrential. Erosion is thus comparatively less. Some silt may
be deposited in the quicter-flowing areas. In areas with moderate currents
filamentous algae may grow in summers. Other plants can gain a foothold where
silt is deposited with further silt accumulating among their roots. The presence
of these quiet areas with water plants is characteristic of this stretch. The water
is still well oxygenated though its temperature is more variable. Areas of fast
flowing water or riffles now alternate more regularly with long pools. Fish
characteristic of this zone are mirrow and in some regions grayling. The fish
of the trouf beck zoné are also found here and so is the cel and in some rivers
young offspring of salmon.

. iv) Coarse fish reach or lowland course zone : This zone corresponds to the lower

course of the river. Here the river is deep and slow moving. Its sluggish flow
results in the deposition of silt forming muddy bottom on which- many
hydrophytes can grow. In this zone compared to other zones, the oxygen contenl
is less and the temperature is moré*variable. Although some of the fish,
characteristic of the upper reaches of the river may be present in this zone, but
conditions here are not suitable for them to complete their life cycle successfully.
For example, salmon and trout require silt-free gravel in which to lay their eggs
and cold, well oxygenated water for their young offspring. Conditions are now
more suitable for other fish species such as cyprinids, the roach, the chub and
the, bream. These fishes can tolerate low concentration of dissolved oxygen and
higher water temperature and need water plants on which they can lay their egps.
In the lowest reaches of a river running into an estuary the sea occurs to flow
under, during the summer months.

The courses described above do not occur in all rivers. The first zone depends
obviously on the existence of fairly high hills, not permeable to water such as the
chalk hills or the later zones may be absent in some cases, while in others a
torrential zone may run into the sea with no slackening of current.

8.4.2 Biota of Rivers

The biota of Both the rapidly flowing and the slowly flowing sections of the river are
very distinct and so studied separately. Let us study the biota characteristic of each
habitat. '

i) RAPIDLY FLOWING WATERS

in thie rapidly flowing section of the river, the water current is the dominant feature.
Everything that is not attached or weighed is swept away, including organisms and -
sediments alike. The substratum tends to be either gravel or rock whose fragments
are smoothed and rounded by the water. The habitat itself is diverse, as different
microhabitats occur here — a) on the surface of rock fragments b) between rock
fragments and c) beneath rock fragments.

The differences in these microhabitats are due to the diffcréntes in the force of water
currents occurring in each of them. As a result each microhabitat houses different
types of organisms.

a) Animals : In the exposed rock surface habitats only those organisms are found
which have an efficient mechanisms for staying in one place. In fact despite
adaptations for staying pui, many individuals of spccies do get swept away
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Animals found here (Fig.8.13) include fresh water limpet, larvae or water penny ?ﬁ,ﬂfﬁ-ﬁﬁfﬁ;
(riffle beetles), fresh water sponges and caddis flies, all specially adapted to this
environment.

The microhabitat formed in the spaces between rock fragments is slightly
sheltered. Here occur the stone fly and dragonfly both of which are flattened and
have behavioural adaptations to hold them in place.(i.e. clinging by instinct 1o
hard surface and orienting themselves along the current). In addition to these,
the larvae of insect hellgramite is found here, which avoid being swept away by
being large and covered with spines.

o 1] T e

In the Microhabitat bencath rocks, where current is weak, occur animals which
though they have basic adaptations for staying in the rapidly flowing water, are :
not as highly adapted as members of the two other microhabitats. Animals found : 5
here are annelids, flatworms, clams, some snail species and other insect larvae

In the rapidly flowing habitat, nekton occur only in areas where current is not
' loo strong and include cold water fish species such as trout or salmon. In areas X
where the current is very strong nekton are absent and in such cases, the benthos :

may be many and varied and may form the entire community. e

b) Plants : Among the plants ohly small, well attached forms, such as sessile algae
can survive here. Thus, due to the presence of only a few plants, the nutrient ?
base for animals here is organic detritus washed into the river from the drainage 3

area. - |

T cuddisfly Larvac

;

i} SLOW MOVING WATERS ' feech

The habitat of a slowly moving part of the river is very different from the one just .":‘f&w

described. Here the water flow is comparatively slow and so current is less. As a TS

result the erosive power of the water is greatly reduced, resulting in the deposition mayfly naiag

of smaller sediments on the bottom, instead of being carried away by the stream. The

organisms due to changed habitats are also different (Fig.8.14) and are as follows:
a) Animals : Zooplankton are common here and inclede an assemblage of protozoa E

and smaller crustacean, such as water flies, and copepods. Neuston occurring
here are several insects such as water striders, water boatman, backswimmers and
predaceous diving beetles, all of which spend most of their time at the surface of
the stream. The nekton are numerous and include large crustaceans like the fresh e

water shrimp and many types of insects and fishes such as carp and catfish all of Plantian @/-m-chcd
which are different species from those of the fast water regions. The benthos here

include the snowbugs, mayfly naiads and dragonfly naiads which occur on the

surface of the benthic region and the tubeworms, naiads of burrowing mayflies
and rotifers which bury into it.

burrowing dragoo My
naing

wnail

b} Plants; Plant life is abundant in this habitat and includes rooted vascular plants
such as pond weeds and grasses, firmly attached aquatic mosses and multicellular
filamentous algae. Minute floating plants such as duck wceds may cover most of
the surface of the slow moving streams especially in the slowest backwaters. '“";‘I*:iwﬂ capepods
Motile algae, such as diatoms and flagacllates may abound in the open water.

Organiam found in slow Nowing walcrs of fivery
As plants are more in this habitat the productivity is comparatively higher Many of these are by found in lakes and pondy
than that of the rapid waters and so the community herc is relatively less dependent

on nutrients from outside. : " Fig. 8.14 : Some organisms found

While in the fast-water streams the main controlling factor is the current, in the i':;hw ""w}L:frme: .MTH: of
slow-water streams the main-limiting factor is the concent rationtf dissolved oxygen. em are 8 ud':n e
In this ecosystem a large quantity of oxygen can be withdrawn by the high leve] of and pon

animal activity coupled with active detritus food chain. In addition, the low level of

turbulence means that less oxygen is incorporated into the water at the surface. Thus, g

the concentration of dissolved oxygen in a slow moving stream can be substantially

less than saturation and 50 the community must be much more tolerant of low OXygen

conditions as a result. For example the salmon and trout occurring in fast water need

high oxygen levels while the most common fishes of slow water are often low oxygen
concentration tolerarit species such as, carp and catfish.
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a) In the rqpldly flowing water, £hosc animals eiTe found which have efﬁuent

_ mechanisms for staying put;

. b) Slow moving waters, have much greater leCl’S]lV of neuston and nekton than

_ rapidly flowing waters.

¢) The main factor limiting the growth of organisms in slow -moving walcrs is

. concentration of dissolved oxygen.

d) The basic function of rivers is to convey surplus rain waler from the land 1o sea.

ll) Fill in the bIank.spaces using appropriate words :

a) Based on the presence of certain fish species river ecosystems have been

calegonsed into .......... Tevreie e

zones. On the basis of their physical

i:haracteristics they have been divided into ...:.. c.ooovvvvaninne. courses.

b) In fast moving waters the limiting fdctor is the speed of water .......... reedeens
c) Compared'to stalic waret bodies, the water level oP the rivers exh:blts a

................. \..... range of fluctuations. .
d) Rivers, in comparison to lakes, depend more on surroundmg

far nutnems

8.5 MARINE ECOSYSTEMS

Marine ecosystems cover 70 per cent of the earth’s surfacc and have an average depth
of 3,750 m (the greatest known depth being 10,750 metres in the Marianas Trench).
Marine ecosystem as you know is onc of the largest reservoirs of water, living things
and essential nutricnts needed by both the marine and land organisms. The total
biomass in the marinc ccosystems far exceeds that of all fresh water ecosystems put

togcl:hcr

8.5.1 Salient Features of Marine Ecosystems

Marine ecosystems are of great ecological significance and havc certain salieat
features which we have briefly claborated below :

Physico-chemical factors

1) Salinity : The sca is salty and its salinity is fairly constant, averaging about 3.5
per cent usvatly written as 35 (parts per thousand). Sodium chloride is the main
salt being 27 per cent while the rest are calcium, potassium and magnesium salts.
Odum (1971) gives the {ollowing percentage of thousands/kg. as shown in Table T.

‘Table 8.1

Posilive 1ons
{cinions)
Sodium 10.7
Mapgnesium 1.3
Calcium 0.4

Polassium

; Cliemistry of the Sen Waler

Nepalive ions

{unions)
Chloride 19.3
Sulphur 2.7
Bicarbonale 0.1
Carbonate 0.007
Bromide 0.07

2) Lighy is a limiting factor in the occan as it contributes significantly to organic
producllon and distribution of marine life. The occan is divisible as shown in
(Fig. 8.16) on thc basis of the light penetration into two horizontal zones :

i) The lighted photic or eupholic zone cxtending from the sea surface up to a
depth of 200 metres, where sufficient light reaches to support photosynthesis.
This photic zone. also calted the epipelagic onc, is characterised by sharp
gradicnts or light, temperature and salinity. The amount of light reaching the
lower fevel of this zone rarely exceeds 0.0001% of what is received at the

surface. Below Lhis is the

ii) aphotic or lightless zone whirh distinguishable into three further sub-zoncs
(a) mesopelagic which extenas from 200 metres to 1,000 metres. This zone 1s
1n semi-darkness as very little light penetrates jt. Here temperatur: gradient
is more even and gradual, without much seasonal variation. Further this zone

[l £ AR



3)

4)

5).

6)

7)

8)

9

10)

contains a minimum of oxygen and a maximum of nitrates and phosphates. ' Types of Ecasystems :
2 Aquatic Ecosysiems

Next is the {b) batfiypelagic zone which extends from 1,000 metres to 2,000
" metres and where darkness 15 virtually complete, for humans though some
fishes and crustacean do respond to dim light.

The third and the lower most zone is the (c) abyssopelagic zone where
permanent darkness prevails and where temperature is uniform at 3°C and
liydrostatic pressure is enormous.

Temperature like satinity remains almost constant in the oceans in contrast to the
land or terrestrial ecosystems ranging from about 2°C in the polar seas to 32°C
or more in the tropics. The annual variation in any part of the sea is usually not
morc than 6°C,

Concentration of Nuirients : The marine environment is low in concentrations of
dissolved nutrients, which since they occur in very little amount are measured in
parts per billions (ppb) in contrast to salts, such as sodium chloride which is
measured in parts per thousand (ppt). This low guantity of nutrients acts as a’
major limiting factor in determining the size of marine populations (see Table8.1)
Dissolved Gases : The marine environment serves as a gigantic reservoir of
dissolved oxygen and carbon dioxide, which respectively help regulate the
composition of the air we breathe and the temperature of the atmosphere.

Alkalimity : The sea is alkaline, as the clectrical dissociation force of cations
exceeds that of anions. Further it is buffered and has a pH of 8.2 normally, and
so resists changes in pH.

Pressure : Water pressure increases with depth which varies in the ocean from 1 |
atmosphere dt the surface to 1000 atmosphere at the greatest depth. Pressure
changes in the sea are Several times greater than those on land and so have a
pronounced cffcct on the distribution of life. Since organisms are limited tp
surface waters, where pressure is not so great, others are adapted to life at greater

depths.
Continuity : The sea 1s a continuous bedy of water. All the uceans : Pacific,.

Indian, Arctic and Antarctic are connected together. However, temperature,
salinity and depth seem to act as barrier to free movement of mgarine organisms.

Depth : The sea is very deep vatying in different regions. Generally life extends .
to ail depths but is confned more to the continental stielf and islands.

Currents : The sea is in continuous circulation by means of currents. These may
be either, wind driven surface currents of deeper currents, resulting from
variations in temperature and salinity.

11) Waves and tides : The sea is dominated by several kinds of waves and tides, which

are produced by the pull of moon and sun.

12) Circulation of nutrients in the coastal zone : Circulation of nutrients from the sea

bottom to the upper surface, occurs in the coastal regions by two processes

(i) upwellings — where the winds cause the surface waters to be blown offshore,
which are replaced then by the cold nutrients rich waters from the dgep (Fig.8.15)
(ii) outwellings — where the sca is enriched by nutricnt rich estuarine waters

ntering it. .
¢ g wind
warm water
shore
. increasing
-__.-—-—l-
surface water depth
nutrient poor —" |
water, cold water

Fig. 8.15 : Coasial upwellings in Northern Hemisphere. During upwelling-the sea walér rich in nulrients
moves above the nuirient poor upper surface waters. The circolation of nutrients along the coast favours
dramatically the number of producers and inen consumers. Thus, the reglons of upwellings are (ull of )
marine organisms. 89
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(Lit.)
Inter tidal

Organisation of the Marine Ecosystems

You have read in Unit 15 of Block 4 of the Foundution Course in  cience and
Technology that oceans like lakes, exihibit zonations. We will first .lescribe lhc.
various zones or regions of the oceans and then later deal with the biota occurring in
them.

The marine habitat is distinguishable into two different zones (1) Benthic zone —
which forms the basin or floor of the ocean, regardless of de_pth (2) Pelagic zonc —
which represents the free water zone, filling the basin sec (Fig.8.16).

i) Benthic Zone : The iJgnthic zone is divisible int(_) sub zoncs ho_ri_zontally. _The;se
are depicted in a cross séction portion of the marine habitat, adjacent to a continent
in Fig.8.16. '

Pelagic

- . : S >
Light

itic Open Oceanic zone
neriti

- : s\ Euphotic
____ Eeipelagic _______ 200 m

Mesopelagic
SESSSSISTSSSSSISIS LSS SIS 2000
Bathypelagic Aphotic
COFSSSITSSSISSL - 4000

Benthic

\
|

— 6000

Abyssopel

W 10000 |

Fig. 8.16 ; Organisation of the Marine BEcoseatem

The shapc of the benthic zonc is roughly the form of an inverted hat. The upper
most portion is called the (i) supra littoral zone, comprising the beach down 1o
the edge of the ocean. Beyond this is the (1i} littoral zone which represents the:
area between the upper and lower tide levels and is, therefore, also known as
intertidal zone. Littoral zone is the shore of the ocean. Next to this is the .-
(i) sublittoral or continental shelf which extends from the hittoral zone to the
beginning of the contincental slope. The continental shelf is the underwater
extension of the continent and extends to a depth of 125 to 200 melres. After the
continental shelf, a rapid descent occurs and this is called the (iv) continental
slope. The continental slope after some distance forming the (v) continental rise
which may be ‘geologically active. This region has canyons and trenches which
are subject to underwater cruptions and avalanches. The region-of the
conlinental stope and rise together comprise the bathyal zone. The bathyal zone
which is 200 metres deep descends rapidly to a depth of 3,000 or 4,000 m. From.
this the bottom drops for further several thousand metres and levels off around

6,000 m to form the broad flat (vi) abyssal plains where temperature is never
above 4°C, .




LI |

Pelagic Zone : The watérs contained in the sea basin, constitute the pelagic zone
(Fig.8.16) which is divided into (i) the neritic zone situated above the sublittoral
zone or thecontinental shelf starting from the edge of the littoral sea and
extending up to the edge of the continental shelf, to a depth of 230 m. Beyond
this is the (ii) deep, dpen sea of the oceanic zone which is divided on the basis
of light penetration as discussed in carlier secttons the physico-chemical property
of light of the occans.

The upper illuminated zone of the open ocean is also called cpipclagic zone. So
the euphotic pclagic ocean is named a epipelagic one. The aphotic pelagic
province .has been divided into the following three horizontal zoncs :
mesopelagic, bathypelagic and the abyssopelagic zone. There is no light in the
bathyprelagic and abyssopelagic zones. The mesopelagic zone is comparatively
less dark but light is not sufficicnt to carry out photosynthesis.

8.5.3 Biota of Oceans

Life in the sea is not particularly abundant, though the diversity of organisms is very
_high (Fig.8.17). Almaost every major group of animals and cvery major group of algae
occur somewhere in the oceans, with the exception of vascular plants and insects.
These two have a few marine representatives though they are abundant in estuaries.
On the basis of depth-wise differences int life forms, the expansc of marine ecosystems
has been divided into littoral, neritic, pelagic and benthic zones. Let us now read
about biota of each one of these.

Types of Ecosystems @
2 Agualic Ecosysiems
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i) Biota of Littoral Zone : This zone is the shore region of the marine ecosystems

and is subject to violence of waves and tides, fluctuation of water level and
variability of temperature, light, salinity and moisture. In common language .

supra littoral zone is termed as a beach. Considerable light penetrates the bottom_
of this zone which is exposed and submerged twice a day except for tide pools.
Thus, "animals living here exist in a difficult environment dnd so must be either
resistant to periodic drying or able to burrow to water level. This zone is thus

also called intertidal zone.

This intertidal zone or the littoral zonc is a region of high productivity with a
simple community, many of whose members may be exceedingly abundant:

There is no typical littoral zone, there are two types of beaches ; a rocky intertidal

beach (Fig.8.18a) is different from a sandy beach or a mud flats (Fig.8.18b).

However, aill have certain things in common. The wave action is stronger here

than anywhere else in. the sea. The turbidity is high and the substrate erodes

rapldly There are few species of plants. Those that oecur are attached securely

to the substrate and may be present in large numbers. The energy requirements

of the animal community here depends on the large amount of detritus washed *

in by the wavcs. Common animals found here are snails, clams, barnacles,

crustaceans, annelids sea anemones and sea urchine..The animals here exhibit
zonation with respect to tides— (Fig.8.18) Animals more resistant to desiccation.

.usually occurring at higher levels than those that are less resistant.

ii) Biota of the Neritic Oceanic Zone : This zone constitutes 75 per cent of the total

oceanic area and is relatively rich in species and high in productivity owing to
factors such as penetration of light to considerable depths and high
concentrations of nutrients (Fig.8.17). '

Communities in this region are both richér and more diverse compared to those
.of the open ocean (Fig.8.17). No other region has such a variety of life, not even
‘the tropical rain forests. The most productive phytoplanktons are the

dinoflagellates and diatoms, though red, brown and green algae attached to the .
bottom in the shallow regions may be 51gmﬁcant The zooplanktons are usually

similar to those of the pelagic zone though some purely open- sca species are
replaced by ncritic species. Temporary zooplanktons are more numerous here
than in the open sea.

Nekton in the ocean over neritic zone or theé continental shelf are diverse and
commonly known, for they include almost all commercial specics .as well as

whalcs, scals, sea-otters, sea snakes and large squids. Fishes are numerous and

include several shark species as well as herring-like species (sardine, herring)
cods and their relatives (haddock and pollack), sea trout and salmon, flat fish
(sole, halibut) and mackerals including tuna and bonito.

The benthic part of the neritic zone is called the sublittoral zone which has a wide
variety of animals among which are clams, shrimps, snails, lobsters, crabs, sea

cucumber, starfish, brittle stars, ancmones, sponges, bryozoa, annelids and -
toraminifera. These animals exhibit more diversity than those of the deeper
walers, since the physical factors here are more variable. The bottom may be
rocky, sandy or muddy and the temperature difference i in the sublittoral zone of

this region is greater as compared to the deeper ecosystems. The difference in-

the physical environment is reflected in the benthic community occurring here.

iii) Biota of Pelagic Zone : Pelagic region constitutes 90 per cent of the total ocean

surface and is less rich in species and numbers of organisms than the two regions
discussed before (Fig.8.17). The species of this zone arc characteristic. The
environment due {o the continuity of the sea waters is uniform and stable for the
organisms occurring here. .

The most abundant pelagic phytoplanktons are still the dinoflageilates and diatoms

which are the chief photosynthetic feeders, other are carnivores. Detritus feeders
such as sca lillies nisc above the sea floot while clams and tubeworms remaifi

burrowed in mud. Sea cucumbers and sea urchins crawl on the floor eating detritus

and bacleria and serve as food for the carnivorous brittle stars and crabs.
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8.6 ESTUARIES

All the rivers and lakes ultimately drain into the sea. However, many rivers develop

a highly specialised zonc before joining the proper sea. This zone is called estuary.

An estuary is a transitional zone between Tivers and sea representing an ecotone
possessing unique ecological fealures and biotic communities. Estuaries, are the most
productive ecosystems of the world. An estuary.is semi-enclosed part of the coastal
ocean containing brackish water that has free connection with the sea on one side

and on the other side it is connected with a river mouth and receives fresh water. In
India, estuaries can be seen in plenty along the coast of Kerala.

8.6.1 Features of Estuaries

The physico-chemical properties of the estuaries have large variation in several
parameters and this often creates stressful environment for organisms. This is the one
cause that large organisms are less in number in this area than smaller organisms.

The most dominant feature of the estuarine environment is the fluctuation in salinity.
Though salinity gradient exists sometime in an estuary but the pattern of gradient

Types of Ecosysiems
2 Aqualic Ecosystems
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varies seasonally, with the topography. with the tides and with the amount of fresh
water.

The estuaries arec dominated by muddy substrates. which are ofien very soft. The
deposition of particles is also controlled by curremis and size of particle. If the strong
currents prevail, the subsirate will be coarse (sand) whereas where walters are calm
and the currents are weak only fine silt will settle out. These particle in the
estuary are of many organic origin derived from both the lerrestrial and marine
movements. As a result, the accumulated substrate is very rich.

Another important variable is temperature.” The temperature of estuary kecps on
fluctuating. it heats up and cools down more rapidly under prevailing atmospheric
conditions. Another reason for this variation is fresh water input. Temperature also
varies vertically. The surface waters have the greatest temperature range and the
decper waters the smallest. : 1

All the variation i.e. the salinity. the wexture of substrate, temperaturc, organic
matter content and available oxygen are controlled by wave action and currents, The
wave action in the estuaries is small. As a result there is deposition of fine sedimenis
and development of rooted planis.

Currents in estuarics are caused primarily by tidal action and river flow. Currents are
gencrally confined to channels. but velocities upto several knols can occur. The
higirest velocities occur in the middle whereas in the bottom and side bank the
velocity is lowest, The erosion and deposition in the cstuaries aré due (0 currents
which is a natural cycle. However, in estuaries deposition exceeds erosion so there is

a net accumulation of silt. During dry part of the year, water movement is severely
reduced. leading to stagnation, reduced oxygen content, formation of algal blooms -
and incidence of fish kills.

The walter of estuaries is turbid because of the great number of particulates in
suspension in the water. The turbidity is minimum near the mouth znd increases with
distance inland. The major ecological effect of turbidity is 2 marked décrease in the
perietration of light. This. in turn, decreases photosynthesis by phytoplankton and
benthic plante, thereby reducing productivity. One of the most important factors in
estuary water is oxygen. Since the solubility of oxygen in water decreases with
imcreased temperature and salinity, the precise amount of oxygen in water varies with
these parameters.-Oxygen is severely depleted in the substrate. The high organic
content and high bacterial population of the sediments exert a large oxygen demand
on water. Estuarine scdiments are, therefore, anoxic below the first few centimetres
unless they have large particle size and/or large number of burrowing animals such
as:ghost shrimp Callianassa and the hemichordate worm Balanoglossus which by their
activities oxygenate lower sediment layers.

- 8.6.2 Biota of Estuaries

The estuarine community is a mixture of three components : Marine, Fresh water
and Brackish water. but overali estuarine diversity is still lower than that of the river
or marine community. This is because of tremendous variation in the estuary’s
physical environment. Thus. ihe great productivity of estuaries is built on a narrow
base.

The plants of the estuary are of four basic types : i) Phytoplankton, ii) marginal marsh
vegetation, iii) mud-flat algae and iv) epiphytic plants growing on the marginal marsh
vegetation. Because of the turbidity in water, phytoplankton are normaily
uncommon. However, great blooms of certain algae are well known which include
Spartina and Salicornia. Most of the estuarine algae are of marine origin common
genera include Ulva, Enteromorpha, Chaeromorpha and Cladophora. These are often
seasenally abundant. disappearing during certain seasons.

The obvious estuaring plants are the marginal and marsh vegetation. These include |

mangroves and marsh graSscs and marsh submerged filamentous colonial green alpae.
A few animal-feed on them directly but a large proportion is consumed as detritus.
The mud-flats which are uncovered at low tide may be sites of intense photosynthesis
by diatoms and filamentous blue-green algae. The brown colour of a mug-flat may
be due as much to number of diatoms as to the presence of organic malerial in the
mud.
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The animals of estuarics and related wetlands such as marshes and swamps are
tremendously imporiant not only as denizens of their environment but also for their
role in marine communitics and in human economies. The best known estuarine
animals are detritus feeders such as oysters, clams, lobsters and crabs. Several insect
larvae, annelid worms and mollusks enter the estuary from fresh water, most
ncarshore marine zooplankton can also be found partway into the estuary along with
several types of lurger animals. Most umportant of all this is that cstuaries are the
nursery ground for a vast number of marine animals ranging from shrimps and crabs
to fishes. :

The presence of high nutrient level in the estuaries results in a very high level of
production within the detritus food chain, Nutrient matter is broken down by bacteria
al a very high rate, and recycled into soluble form. Plants adapted to the difficult
conditions of salinity found in the estuary can maintain a high level of productivity
The amount of nutrient rich organic detritus also allow a high level of productivity
for detritus eatfnp animals.

The estuarine ecosystem is complex and significant. It is also vulnerable since
estuaries have served as conduits for shipping and as sites for cities throughout human
history. Estuaries are inhabited by animals that arc adapied to a changeable
environment, to be sure, but their strategic location has led to a substantially greater
degree of human alterations than in any other ecosystem. Many people look upon
estuarics as area whosc greatest value is to be [illed and built upon, or to serve as
dumping grounds for garbage, sewage and industrial wastes. This is not true a.nd their
tremendous productivity can be made to serve as a food source for people — mdt_eed,
it is already a very important food source in the far East — and almost all the major
marine fisheries of the world arc totally dependent on the cstuaries for their
continuance, because the-adult fishes often resort to estuaries for laying eggs, i.e.,

spawning.

he. following stalemients arctrue or false 2, o oo
e;characterised by-high'salt-content in‘their substratum.: -
QROL support. Jarge, orginisms. . . .

i

£ .éstuaries are the"most productive ecosystem of the biosphere. -+
. Estuaries are a1

i ' '

Urscr,y"érpﬁ}id for a-large riiirnEEr. of fishes.

]

fil). Fill.in tlic’blank. spucés tsing appropriate words ;- e

;< a) ‘There dre four categories of plants that are found in estuaries ;-

Y the e e ) RE T i) the e
corrand (i) Ll plants. e L s
+.b)-Estuaries ‘aré a ........ “rvivienn .. and complex eégsysl’enﬁ as their ecology i

. 'J"Ilikély.'tb get easily imbalanced by hum-'._lh activities:

8.7 SUMMARY

® Ecosystems consisting of water as the main habitat are known as aquatic

ccosystems. There are threc kinds of aquatic ecosystems — fresh water, saline and
brackish water ccosystens.

® Fresh walers are again of two types. The static water ccosystems are called as lentic
systems and are exemplified by various lakes impoundments and wetlands. The
lotic systems arc characterised by flowing water and arc exemplified by rivers.

® Eutrophic lak_cs are age old lukes with, rich nutrient content, low dissolved oxygen,
shal[_ow margincs and high productivity. Oligotrophic lakes are deep, less warm,
low in oxygen content and low in productivity.

. R_ivers are main channels which supply surplus rainwater from land to sea. Each
river has a slow moving and a fast moving zone, In slow moving one main factor
limiting the growth of organisms is the availability of dissolved oxygen. In the fast
moving waters the speed of water current is the main factor limiting the growth.

Types of Ecosysierns
2 Aqustlc Ecosystems
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Ecosystem : Functlonlng and Types e Saline ecosystems comprise all the oceans of the world and contain a r_najor Porticm
' of the total biomass of the carth, Oceans are also the main reservoir of air and

water vapour in the atmosphere.

e Eswuaries are examples of brackish water ecosystems. Their salt content varies
between 5 10 35 ppt. They are the most productive ecosystems of the world. They
are also the most delicately balanced ecological systems, because the factors
governing the functions of estuarine ecosyslems are intricately dependent upon
each other. One should be careful before deciding to dump garbage, sewage or
industrial wastes into such ecosystems.

8.8 TERMINAL QUESTIONS

1) Why tropical lakes do not show a pronounced thermal slraliﬁcition during
summers '

2) How are impoundments different from lake? What are their similarities?
3) What is the difference beiween lentic and lotic ecosystems?
4} "How is a river differcnt from a lake?

5). What are the six features based on which oligotrophic lakes can be compared with
eutrophic lakes?

6} Namec the important physico-chemical factors affecting marine ecosystems.

8.9 ANSWERS

Answers to Self-assessment Questions

5AQ1
i) aT b
i) a
b
c
d
e
SAQ2
i) a) epilimnion, metalimnion, hypolimnion
b) compensation point
c) littoral, open-water and benthic
d) six
e) limnetic, profoundal
i)a)T b) T )T dT
SAQ 3
pav BV ogVv dVv
ii) a) four, three
b} current .
¢) wide . e
] d) land
’ .SAQ 4
1) a) T b) T T d)T
ii) a) i) supra littoral, i) littoral, iii) sublittoral, iv) continental slope,
v) continental rise, bathyal, 6,000 m vi) abyssal plain

o

T oT d&T __

= IR s T 4

.b) i) epipelagic, - ii) mesopelagic, iii) bathypelagic, iv) abyssopelagic

TTH I

2 e

- 3 d
4 b
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SAQ 5

n ayT b)) T T d)T

i) a) i) phytoplankton, ii) marginal marsh vegetation
iii) mud-flat algae, iv) epiphytic.

b) vulnerable

Answers to Terminal Queslions
1) Thermal stratification mcans distribution of water lavers with respect to

temperature gradient. Tf, however, the layers having different iemperatures ger -

mixed up,-the lake will be lell with no gradient. In case of tropical lakes the rate
of mixing of layers is very [asL, except in very deep lakes.

2} Impoundments are small or lurge reservoirs of water artificially creuted by man,
Lakes are waler bodies arising from nutural causes such as warps or folds in rocks.

3) Both lotic and lentic systems ire aguatic ccosysiems. Stationary water systems are
called us lenjic ecosystems. such as a lake, whereas running water systems are
called lotic ecosystems, such as a river.

4) Rivers are open heterotrophic systems, whereas lakes are closed, self contained
systems. Nutrients in a lake may be reused several times, whercas, in a river plants
and antmals musl avail of temporarily available nutrients, which are most likely
10 be used only once.

5) The six fealures based on which oligotrophic lakes are compared with eutrophic
lakes are : depth/surface-area ratio, nutrient status, primary poduction, species
diversity, oxygen content and transparency of water body.

6) The twelve physico-chemical [actors effccting marine ccosystems are @ salinity,
light. temperature, concentration of nutrients, dissolved gases, alkalinity,
pressure, continuity of oceans, depth of the seu, sea currents. tidal waves and
circulation nutrients in the coastal zone.

GLOSSARY

“abiotic : nonliving organisms

abyssal : deep water, i.e., approximately below 1.000 metres

alluvium : deposits of fincly divided material (such as grit. silt and shingle) left by
floed

benthic : on or near the bottom of an ocean or lake
hiomass : weight of living material

biota : the organisms of an area

biotic : pertaining Lo life

calorie : the quantity of heal required to raise the temperature of 1 gram of water
through 1° celsius

carnivore : unimals which feed on other amma]q
climbers ; climbing plants

consumer : organism that ingest organic foed or other organisms as food source

decomposer : organisms such as bacteria. fungi and maggots, etc. that obtain energy

from breakdown of dead organic maiter and convert them into more simple
substances’

deforestation : removal of lorest
detritus : [resh or decaying organic matter of plant and animal origin
dunes : low stretch of loess, dryland formed by wind

ccological pyramid : a triangular graphic form showing number of individuals,
biomass, or available energy at successive trophic levels in the ecosystem

ecosystem : the biotic community and its non-living environment as an interacting
system. A functional unit of natlure

ccotone : a zone of inlcgralion between ceological communities

‘ Types af Ecosystems :

2 Aquatle Ecosysterr
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Functionlng and Types

estuary : a coastal ecosystem where fresh-water meets salt water specially the wide
mouth of a nver, where the tide mects the current

faulting : discontinuity in a solid material such as a rock

food chain : a sequence of organisms each of which feeds on the preceding one
food web : the complex interlocking pattern of food chains in a biotic community
grit : particles of coarse sand i

gross primary production (GPP) : the total amount of solar energy fixed by plants
through photosynthcsis over a unit area (or volume) and time. Itis also called gross
production

habitat : place where a plant or animal lives
Lerbivore : organism that feeds on plants

heterotroph : an organism which depends on organic matter for food or as a source
of energy

homeostasis : the capacity of ecosystem to resist changes due to disturbances or to
return to balance state

humus : dark amorphous colloidal material derived from partial decay of organic
debris

mangrove vegetation : common name for species of inshore tropical trees or shrubs -

that dominate estuarine association
nutrient : a chemical substance that contributes to the growth of-an organism
prairie : wide area of level land with grass but no trees

primary production : the energy accumulated and stored. by plants through
photosynthesis

producer : organisms that convert light energy from the sun into chemigcal bond
energy. Green plants are the producers

produclivity : the rate of production of organic matter per unit area in a community
riffle ; to. make special grooves in water course

savanna : grassy plain with few or no trees in tropical and sub-tropical regions
shingle : pebbles : |

silt : a type of soil with particle size and propertics intermediate between sand and clay
solar radiatfon : any radiation from sun, for example high energy, ultraviolet, vlslble

.or long wavelength radiation

- standing crop : biomass present at a given time in a specified area

steppes : level grassy plain devoid of forest

trophic leve! ;: functional classification of organisms in an ecosystem according to

feeding relationship from first trophic level through succeeding levels of herbivores,

carnivores, etc.

warp : a gentle fold in rock
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Dear Student;

While studying the units of this block, .you may have found certain portions of the text difficult to comprehend.
We wish to know your difficulties and suggestions, in order (o improve the course. Therefore, we request you to

ill and send us the following questionnaire, which pertains to this block. If you find the space provided insufficient,
<indly use a separate sheet, : :

QUESTIONNAIRE

LSE-02
Block-2

_ Enrolment No. LTTTITTITTTd

"'-l) How many hours did you need for studying the ‘units?

Unit No 5 6 7 8

.| No. of hours .

') How many hours (approximately) did you take to do the assignments pertaining to this block? i

Assignment Number

No. of hours

1) Inthe following table we have listed 4 kinds of difficulties that we thought you might have come across. Kindly ;
tick (V) the type of difficulty and give the relevant page number in the appropriate columns. . X

Page Types of difficulties
Number Presentation Language i Diagram Words/Terms are
and line is not clear is difficult is not clear " not explained
Number - v

-) It is possible that yqu could not attempt some SAQs and TQs. In the following table are listed the possible
difficulties. Kindly tick () the type of difficulty and the relevant unit and question numbers in the appropriate

columns, ’
_ Type of difficulty
Unit | SAQ | TQ [ Not-clea rly Cannot answer Answer given Answer given is
No. | No. | No. | posed on basis of (at end of Unit) not sufficient’
information given not clear

.

Were all the difficult terms included in the glossary. If not please list the words in the space given below.
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o) Any Other Suggeston(s)

To, l_ —_— — — J
The Course Coordinator (LSE-02; Ecology)
School of Sciences
Indira Gandhi National Open Universily
Matidan Garhi
New Declhi - 110 068
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BLOCK 3 COMMUNITY ECOLOGY

As we have seen, the science of ecology encompasses the study of all the relationships
among living things and between each of them and the non-living environment. These
relationships can be considered mainly from two viewpoints. First, one may study the
ecology of individual species in response to environmental ¢onditions, This approach
is known as autecology. Secondly, one may view these relationships as a whole — as
they exist within a biological community, In such an approach we study the groups
of organisms or community in relation to their environment. This is known as
synecology. The approach of this block would be synecological, focussing primarily
on the relationships organisins have with one another and examining the communities
of organisnis established by the intricate network of these relationships.

In this block of four units we will present an overview of some major aspects of
community ecology. As with the previous blocks, we would emphasise on the
ecological concepts and information. The study of this block would prepare you to
understand and apply these concepts in your day to day life.

Unit 9, explains that all the populations inhabiting a given place at same time
constitute a biological community. The nature and structure of community is
determined by both the physical conditions present and the interactions among
members of the community. Communities can be analysed and compared on the basis
of certain characters such as diversity, lifc forms, biomass and many such parameters.
In this unit we have discussed some important parameters that are used in the study
of a community.

In Unit 10, you will study that communities exhibit several small scale and large scale
changes. The large scale changes, also known as ecological succession are discussed
here in detail. The basic processes, mechanisms and the various kinds of succession
are described. The characteristic changes and the trends of succession are also
highlighted. '

Unit 11, discusses how a community is organised and the kinds of intcraction that
develop between the organisms that make up the community. Two important
concepts in community ecclogy — habitat and niche have been explained. The
gencral categories of interactions and the eventual outcome of the participants have
been explained briefly while interactions like competition, predation-and herbivory
(a special type of predation) have been discussed at length as these are important in
organising the community as a whole.

In Unit 12, you will study about the population parameters and its regulation.
Density, natality, mortality, age distribution, biotic potential, dispersion and growth
are characteristic featlures of the populations. These are unique possessions of the
group and not of the individual in the group. Growth of population is limited by
carrying capacity of the environment. The inberent tendency of all populations to
increasc with size is reguiated by various density dependent and density independent
factors. Genetic diversity and evolutionary trends in a population are also dealt with
in the same unit.

After reading this block you-would be able to :

& define a biotic community, and apply the various characters for assessing the
nature and structure of community;

® recognise and describe the stages of succession and its trends in a community;

® describe community organisation and the various interactions among the
organisms;

® discuss population parameters and various factors which limit and regulate
population size;

® appreciate the importance of genetic diversity and evolutionary trends of a
population. ‘

Study Guide
For a meaningful study of the ecological concepts dealt with in this block, you must
actually try to use them in your life by relating them to your surroundings. It would
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be useful to jot down your observations in a small booklet. You can also record the -

data, and make some pictorial manifestations. This way you would have a clear
picture of what you have learnt so far.

While reading the block if you are stuck up with any fundamental concept, we advise
you to consult the NCERT textbooks. And if you wish to explore the topices further,
you may consult the books as mentioned in the last page of the block.

Like the previous two blocks there is a feedback form at the end of this block too.
We expect that you would fill it up and mail it to us, to enable us to know your
opinion and suggestions about this block.

Hope you would enjoy reading this block
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UNIT 9 NATURE AND STRUCTURE OF
COMMUNITY

Structure
9.1 Introduction
Objeclives

9.2 What is Community?

9.3 Community Gradients and Boundaries
Ecotone

9.4 Analytic Characters
Qualitative Characters
Quantitative Characters

9.5 Synthetic Characlers
Presence and Constancy
Fidelity
Dominance
Physiopnomy and Pattern
Frequency
Importance Value Index (IVI)
Specics Diversity

9.6 Summary

0.7 Terminal Questions

0.8 Answers

9.1 INTRODUCTION

Every place on earth — grasslands, forests, ponds, edge of the river or sea is shared
by many coexisting organisms. Plants, animals and microorganisms which occur
together are related to one another by their feeding relationships and many other
intcractions, forming a complex whole, gencrally referred to as a biological
community. Interrelationships between the organisms in a communily determine
several functional attributes of the ecosystem such as : flow of energy and cycling of
elements. Therefore, lo have a better understanding of an ecosystem, we should have
aclear idea aboul the nature and structure of community. Thus, in this unii, we shall
discuss with you some main fealures of the community level of orpanisation, with
cmphasis on some important community characters. After studying the section 9.2,
you should be able to develop a clear understanding of the terms individuals, .
populations, community and stands and the distinction between a community and an
ecosystem. Having understood the above terms, it would be easter for you 1o [ollow
the remaining scctions. After studying this unit you should be able to understand the
various terms and concepis pertaining Lo the study of biotic communities. Go slowly,
and try to relate each of il to your surroundings. This will help you to build a clear
picture of a biolic community in your mind.

Objectives

After studying this unit you would be able 10 :

¢ cxplain 1he concept of a biological community

® describe the main features of a biotic community

® define and describe the various analytical characters used to study a biotic
community

¢ define and describe the different synthetic characters used to study a biotic
community

9.2 WHAT IS COMMUNITY?

In nature different kinds of organisms occur in association with each other, sharing
the same habitat. Let us consider the example of a ficld to illustrate this point further.
In a field different kinds of grasses, insects, worms, birds and mammals interact in
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Fig. 9.1 : A deodara (Cedrus
deodara) tree

various ways. Grasses provide food for certain insects and mammals; insects provide
food for birds; and birds prey on small mammals and worms. The various kinds of
organisms in this field thus constitute a community, which is also known as field
community, Similarly a forest, deser(, pond, marsh and stream — are examples of
natural communities. After discussing briefly what a community is, we would now
discuss six main features of a community.

First, a community represents the biotic or living component of the ecosystem. If the
non-living (abiotic) factors, together with the living (biotic) entities. are considered,
then we would be dealing with an ecosystem rather than a commiunity.

LT 1T 00 L Lt

Secondly, considering the functional aspect, communities are made up of organisms
with interlocking food chains and each species depends on many other species in a
communily which are taxonomically unrclated. Try to recall a food web, this will help
you to understand this concept more effectively. Food web is a representation of the
food relationships belween various types of species found in an ecosystem, and as
you know these biotic components constitute a community. While a species may not :
relate to every other species directly in a community, nevertheless. they all are T
indirectly interrelated. This situation can be comparéd with an engine in which :
various components are interrelated and they together-make the working of an engine
possible.

= g

Thirdly, a community ‘may be of any size. A temperate forest of deodar trees is an
example of a large community. (Fig. 9.1 shows a deodar tree). In contrast to this, a
rotting log of wood harbouring many insects and worms represents a small
community. So the size of a communily may vary widcly.

Fourthly, just like the concept of ecosystem, that it can be applied to any scale, that
is, the earth as a whole can be considered as a large ¢cosystem, on the other hand,
a bowl of water with various living organisms in it is an example of a small ecosystem.
Similarly, a forest is a community, so is a rotling log in that forest containing fungus,
insects like termites, and even mice. Similarly, a large number of microorganisms
within the gut of termite, that occurs in the rotting log of wood, also constitute a .
community. This suggests that there is a community within a community, and the
situation is just like the toys shown in Fig. 9.2.

— &

Fig. 9.2 : Wooden toys used as an example of community within
A community

Fifthly, some communities may be autotrophic, in the sense that they include
photosynthetic plants and obtain their energy from the sun. Other communities such
as those found in springs and caves are heterotrophic, as they depend upon organic
material such as detritus as a source of energy.

Sixthly, interrelated with the idea of community is that of the stand. In some
situations these two terms mean different things; and in some other situations these
two terms mean the same thing, and are used interchangeably. In order to avoid any
confusion in the usage of these two terms, we shall iltustrate these two siluations with
the help of two examples, that are discussed below.

" The first example is of a temperate forest consisting of deodars, pines and

rhododendrons (see Fig. 9.3). Have you noticed in the figure, that at places, the

plants of a particular species are forming groups. These groups are indicated in the
figure by the areas enclosed by the dotted lines. So-each of this area containing plants
of same species and almost of the same age is called a stand. You can also observe
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-Fig. 9.3 : Diagrammalic represenlation of a temperate forest

-from the figure that stands A, B and C of deodar trees are different from each other

as far as their number is concerned. The term stand is applied to a more or less
uniform area of vegetation. While studying a community, when we talk of a stand, it
means we are talking about a group of plants of a species in that community. Alter
going through this example, you would have seen that, here community and stand
refer to different things. '

The second example is of a cultivated wheat field. The wheat plants in this field
constitute the wheat field community. Since, this field has a uniform vegetation, and
plants are of the same age, this can also be called as a stand of wheat. This example
shows one of the situations where the term stand and community mean the samne thing
and can be used interchangeably.
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Community Ecology

9.3 COMMUNITY GRADIENTS AND BOUNDARIES

It is often difficult or impossible to determine where one community ends and the
next begins. Many communities, in fact, grade continuously into each other with no
sharp boundaries. For example, if two forests, pine forest and spruce forest are
nearby, one cannot see the boundaries between them. But if one moves from one
end of the pine forest to the other end of spruce forest, one can observe difference
in species composition between the two; yet one cannot demarcate a sharp boundary
between these two forest communities. There are, however, instances where sharp
boundaries between the communities are seen, especially where the physical
environment changes abruptly — for example, at the transition between aquatic and
terrestriat habitats between distinct soil types, or between north-facing and
south-facing slopes of a mountain. ’

Ecotone — The zone of vegetation separating iwo different types of communities is
called ecotone. It is also known as a transition zone. The border between forest and
grassland, the bank of a siream running through a meadow are examples of ecotones.

Ecotone is a region where the influence of two different patterns of environment
work topether and hence the vegetation of ecotones are highly specialised. An
ecotone may be narrow or wide. For instance, the ecotones between adjacent
plots—one fenced and protected from grazing, and other without fence and openly
exposed to grazing; or between a pond and an adjacent upland are quite sharp and

narrow whereas among many other types of communities ecotones are very wide
and community boundary differentiation is not easy.

A general characteristic of ecotone is thal it has sufficiently greater number of species
and the diversity of most of the species at times is higher than that in the neighbouring
commubnities (also see Fig. 9.4}. The phenomenon of increased variety of plants al
the boundary is called the edge effect and is essentially due to wider range of suitable
environmental condilions. The ccotone area contains organisms from both of the
adjoining communities and besides there are organisms which are confined to the
ecotone and can exploit the special conditions there.

Transitien zone

Zane A Zonc B

Number af speaies

O. Species in Lane A
] M Specicain Zone
A Species I rransilion 2ane only
Fig. 9.4 : Ecotone — where iwo communlty types come (ogether, such as a forest and field, species

in the zone between them Include both forest and field species and some additional species
that do nol exist in elther forest or field

Some ecologists have introduced the continuum concept that means that there are no
distinct communities with well defined-boundaries but there is a gradual change in
space and time along a gradient which may be of moisture, temperature, soil type,
altitude or any combination thereof. There are no sharp borders or changes in species
composition in areas, according to the continuum concept.
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9.4 ANALYTIC CHARACTERS

As you know, a community has its own churacteristics, which are nol shown by it
individual component species. These characteristics have meaning only with reference
to community level of organisation and-are discussed in this and the subsequent
sections. .

The community characters, mainly are of two types: analytic and synthetic. In this
section we shall discuss the analytic characters. These are categorised as : qualitative
and gquaniitative. Qualitative characters are difficult 10 measure, whereas the
quantitative characlers can be measured rcadily. We shall now take up these
characters one by one.

9.4.1 Qualitative Characters

Given below is a discussion on six important qualitative characters of a community.
[_et us take them up one by one.

i) Floristic Composition — One of the important qualitative characteristics of a
community is its floristic composition. This broadly refers to the kind of species
occurring in a community. Here, we would likc to make a point, Most communitics
are named after the dominant plant specics that occur there.

You may be thinking that why plants and not animals? The reason is that the plants
are stationary, they remain at a particular place throughout their life. In contrast, the
animals are mobile and they do not stay at a place for long, so they are not taken as
representalwes for naming a community.

The next aspect that we will take up for discussion is how to study the floristic
composition of a community. The first thing done is to prepare a list of specics
comprising that particular communrity. In practice, it is nearly impossible to name
each and every organism, as some of themn are very minute. Amongst plants, usually
the vascular plants are counted. In order to make a complete list, species appearing
in different seascns arc also considered. Although all the species in a community are
significant, but only a single species or a few species are often used in naming a
community, because of its (their) abundance or dominance.

The next point is what does one know or learn from these floristic lists? It gives the
idea about the following : One, the relationship of a particular species to the
environment and to other species; fwo, (he habitat of different species, three, the
ccologicul amplitude of species, and four, the present conditions and future trends of
the community.

Now we shall take up these four points one by one. Let us now take the first point.
We shall elaborate this with the help of an example, that is of Adhatoda vasica (Fig.
9.5a) it is a winter annual. It normally occurs with a co-dominant shrub Capparis
sepiaria (Fig. 9.5b). So, as far as the relationship of Adharoda species to environment
is concerned, it grows when temperature is low and it grows in association with, C.
sepiaria. 50 this shows ifs relationship to the environment and to another species.
Sometimes, the association berween 1wo specics is so strong that a certain species
may indicate the presence of other species, so prediction is possible to some extent,
i.e.,if species A is found in a certain arca, then species B can also be expected there.

Second point is, A. vasica occurs on hilly tracts and similar rocky areas: Th|s indicates
its habitat.

Third point, each species has its own ragge of tolerance to certain environmental
conditions. The abundance or sparseness of certain species indicates the prevailing
favourable or adversc conditions in cefation to their ecological amplitudes.
Association of species may be brought about by the similarity in the ecological
amplitudes of two or more species.

Fourth point, such floristic lists not only tell us about the absence or presence of
species in a particular community, but also indicate the present conditions and future
trends. For instance, a decline in the number of species from one area as compared
to other, may indicate increasingly adverse conditions.

Nalure ard Mructure of Commonity

In each communily (here are
diverse species, All these species
are not equally important, but
there are only a few overtopping
species which by their butk and
growih modify (he habitat and
controf the grawth of other species
in the community, thus forming a
sorl of characteristic nucltews in
the community. These species are
called dominants, Generully, in
mast of the communities, only a
single species due Lo being
particularly conspicuous, is
dominent, and in such case the

communily is called by the name”

of dominant specles as lor
example, Spruce forest
communily. In other communi-
lies, there moy be more that one
dominants as in Oak- Hickor_',
forest communities.

¥ascular Plants — plants having a
well developed conducling system,
having xylem and phloem
elements.

Ecological Amplilude — it is the

range of the environmental faclors
that a parilcular specles can
tolernle,
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Com i'nuniiy Ecology -

ii) Stratification of Vegetation — Stratification of vegetation is_another important
feature of plant conmunities. There are different vertical strata in different
communities. You have already some idea about this from the Course FST-1. Unit
[5, Section 15.4, wherein we have discussed the example of a forest in'this context.
You might recall that in forests, we find several storeys or layers of plant species.
Stratification usually occurs because of life forms such as trees. shrubs. herbs and
mosses differ in theif requirements and ecological amplitudes with regard to light
mtensﬂy, temperature moisture conditions. soil and biotic factors.

Now let’us have a closer look at the vegetation of a forest: Awell develop-.d forull

may havefour 1o five layers of vegetation. (See Fig. 9.6). From 10p to bottom, they

are : the canopy, the underslory the shrub, the herb or, ground laycr and the foreql
. floor. . . :
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Fig 9. 6 Segmeni of Foresl deplcllng verncal slraufcallan
diagrammailcally .

In a tropical rain forest, vertical stratification is very clearly seen. In addition to the

different layers described above, there are lianas and climbers that twine around the
trees. A forest with feur or five strata can support a greater diversity of life forms as
compared to a grassland with only two strata. Stratification is also seen in the

] _ underground plant parts, that is, the root and the rhizome systems. Root systems of
o , different plant species tap moisture and nutrients from different soil depths. This

Fig. 5.5 : 2 Adhatoda vasica, and enables them to avoid competition and téo much cxploitation of a particularsoil layer.
" b. Capparis sepiaria. ) .

SeTis s

Coming back to the above- -ground parts of vegetation, the canopy which is the

-primary site of encrgy fixation, it has a major influence on the rest of the forest
community. - :

A canopy is said to be open when considerable sunlight reaches the lower layers. In
such cases the shrubs and understory tree strata are well-developed. In a closed forest.
most of the sunllghl is intercepted by tree canapics. The underslory plants rematn
deprived of dircct sunlight consequently. the lower strata is comprised of shade
tolerant species with poor growth of herbaceous layer. In such situations species

- requiring intense sunlight are absent or flourish only in the gaps created by the death :
of top canopy trees.

Aquatic ecosystems also exhibit marked stratification. In lake and océan cecosystems
light penetration, tempefature and availability of oxygen varies with depth, (also see
Unit 8, of this course). In summer, a well stratified lake has a layer of freely
circillating surface water with uniform température known as the epilinntion. A
second layer called metalimnion which is characterised by a thermoclin€ (a very steep
and rapid decline in temperature). The third layer — the Ziypolimmnion, is a deep. cold
layer of dense water, often low in oxygen; and a layer of bottom mud. In terins of
availability of light, a water body is divided into two layers: an upper lighted zone
which is dominated by phytoplanktons.afid where photosynthesis occurs vigorously.
-and a lower layer in which decomposition is most active. The lower lay:.r roughly
corresponds to the hypolirinion and the bottom mud. -

Let us now see what is common between a terrestrial and an aquatic ecosystem. Both
have similar type of trophic structure. They possess an autotrophic layer concentrated
where light is most available, which fixes energy of the sun and manufactures food from

) inorganic substances. In forests this layer is represented by tree canopies; in grasslands

10 : : by herbacéous vegetation; and in lakes and seas by the upper layer of walér.



Ecosystems also possess a heterotrophic layer that utilises food stored by autotrophs,
transfers energy and circulates matter by means of herbivory, predation and
decomposition. :

We shall now discuss the vertical stratification in relation to animal life. The degree
of vertical stratification has a pronounced influence on the diversity of animal life in
the community. A strong correlation exists between foliage height diversity and bird
species diversity. Increased vertical stratification increases the availability of
resources and living space, which favours a certain degree of specialisation. Grassland
with their two strata, hold about 6 to 7 species of birds, all ground nesters. A
. deciduous forest may support 30 or more species occupying different strata. Like
birds, insects too show similar stratification. :

iii} Periodicity (Phenology, Aspection) — It refers to the study of seasonal changes
in the community, that is, the periodic phenomena of organisms in relation to their
climate. Periodicity is a strongly fixed characters in plants. Different species of plants,
have different periods of seed germination, vegetative growth, flowering and fruiting,
leaf fall, seed and fruit dispersal, and dissemination of seeds. Such data for each
species in a community is recorded. A study of the data and time.of these events is
termed as phenology. In other words, phenology is the calendar of events in the lifc
history of a plant. Diagrammatic representation of such events is known as
phenograms. In Fig. 9.7 phenograms of some Indian grasses and sedges are shown.
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Digitarie marginara v Jay n o
Eragrostis viscosa O d o « X xXr
Fimbrittyl podocarps v & « Q0 0
Hetcropogon contartus oo o QU
Kyllings triccps vV X X Vv O
S s v 4 RO O
Sporobetinsp ° oo XX U
Paspalidium fiavidum X L0 RO G|
g, e,
5@ Qe M R o,
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Fig. 9.7 : Phenograms of some Indlan grsssés and sedges

“The phenology of different species present in a community may differ from each other -

significantly. It is these phenological changes which give a definite look toa -~

community. Aspection is the appearance or aspect of the community as a whole at

different seasons. We shall further elaborate this point by an example. There is a
community having four different plant species. And these four component species
flower in the months of January, April, July and August successively. So the
community has a characteristic appearance during the different months of the year.
And in the subsequent year too, the same pattern can be seen. But now if somehow
another species, i.¢., the fifth specics comes in this community, and it flowers in June,
the whole appearance ofthe community would be markedly different now. After
going through the above example it may be clear toygu iow that the appearance of
two different communitics may be different. - ’

So, what does one learn or know by studying such seasonal shifts in a community?
Firstly, we come to hayc a calendar of different events in the life of the component
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species. From this calendar we can deduce as well as predict the appearance of the
community during different periods of the ycar. We can also know about favourable
and unfavourable seasons for the different phases of plant life.

So far we. have talked about plants only. The animals in the community are directly
or indirectly dependent on the plants also time their activitics in such a ranner that
it coincides with the maximum activity of plants. For example, associated with the
tree Terminalia arjuna is a psyllid (an insect) Trioza fletcheri minor. This insect forms
galls on the leaves and flowers of this plant. During the season, when the plant puts
on new leaves, this psyllid too grows actively. If forms new galls on the young, tender
blant parts. The young ones of the insects develop in the galls thus formed. This
example shows how the insect has timed its reproductive phase with that of the plant.
It also shows the association of an insect with a plant. But in nature there are
instances, where more than one species of insects and other organisms are associated
with a species of plant. '

1v) Vitality and Vigour — Vitality is related 1o the condition of a plant and its capacity
to complete its life cycle, while vigor refers more specifically to the health or
development within a certain stage. We can say that a seedling or a mature plant may
be vigorous or- it may be feeble or poorly developed. A number of criteria may be
used in determining the vigour of plants such as the rate and total amount of growth
especially in height; rapidity of growth renewal in spring or following mowing or
grazing; area of foliage, colour and turgidity of leaves and stems; degree of damage
caused by diseases or insects; time of appearance and number and height of flower
stalks; rate of growth and extent of root system, appearance and devclopment of new
stems and leaves. For classification of vitality the following groups as given by
Daubenmire (1968) are used : '

V| — Plants whose seedlings die
V, — Seedlings grow, bu‘g, unable to reproduce
V3 — Reproduce only végetatively

'V4 — Reproduce sexually, but are uncommon

Vs — Reproduce sexually and grow regularly.

v} Life Forms — The form and structure of terrestrial communities are determined
by the nature of vegetation. Vegetation may be classified according to growth form.
The plants may be tall or short, herbaccous or woody, evergreen or deciduous. We
might speak of trees, shrubs; and herbs, and then further sub-divide these categories
into needle-leaved evergreens, broad-leaved evergreens, broad-leaved deciduous,
shrubs, ferns, grasses and so on and so forth.

A more useful system was proposed by a Danish botanist, Christen Raunkiaer in the
year 1903. In this system, instead of considering plants’ growth form, he classified
plants by life form, the relation of their height above ground to their perennating
organ. A perennating organ is one that survives from one growth season to the next,
remaifling inactive over winter or dry periods. Percnnating tissue is the embryonic or
meristeimatic tissue of buds, bulbs, tubers, roots and seeds. Raunkiaer recognised
five principal life forms that we shali discuss below :

The five life form classes (see Fig. 9.8) are : a) Phanerophytes, b) Chamaephytes,
¢) Hemicryptophytes, d) Cryptophytes, and e) Therophytes. We shall take up these

" five classes one by one:

Fig. 9.8 : Raunkiser’s Life Forms : a) Phanerophytes, b) Chamaephytes, c) Hemlcryptophytes,
' d) Cryptophytes, and e) "I'hernphyla.
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a) Phanerophytes (Greek word, Phancros — ‘visible’) : The pereﬁnating buds in this Nature nod Sorocture o 4

case are present on erect, negatively geotropic shoots, much above the ground (se¢
Fig. 9.8a). These buds are naked or least protected and are exposed 10 varying
climatic conditions. These life forms include trees, shrubs and climbers. These are
‘generally common in rropical climates, and their number progressively decreases
when we move from tropics to polar regions.

b) Chamaephytes (Greek word, Chamai — on the ground) : The perennating buds
and organs are borne on shoots close to but just above the ground (se¢ Fig. 9.8b)-
The buds receive protection from fallen leaves and snow cover. These life forms
include creepy. woody plants and herbs. These plants are typical of cool diy climaie,
that is the arctic and alpine regions.

") Hemicryptophyles {Greek word, hemi ——partly; kryptos——hidden) : In this case

the perennating buds or organs arc situated at the soil surface (se€ Fig. 9-8¢) where

they are prolected by soil and fallen leaves. These include herbs growing in rosettes

and tussocks. These plants are found in cold, lemperate ZOones, where aerial parts die

at the onset of unfavourable conditions. Most of the biennial and perennial herbs .
come under this calcgory- ' -

d) Cryptophytes {Greek word, kryptos — hidden) : Perennating buds or shoot apices

are buried in the ground at a distance from the soil surface (see Fig. 9.8d) that varies

~ in different species. The buds are buricd where they are protected from [reezing of

' drying. Examples are tuberous and bulbous herbs. Many of these aré found in arid

sones. Hydrophytes aré the cryptophyles whose buds are found below the water
surface.

¢) Therophytes (Greek word, theros-summer) : These are annual plants of the
summer season or of the favourable seasorl- They complete their life cyclesina single
‘favourable season and overwinter as seeds (see Fig. 9.8e), which remain dormant
during the unfavourable period of the year. Therophytes complete their life cycle
within a few months only and occur commonly in deserts and grassiands.

The relative proportion of different life forms in a vegetation, tells us about the
geo-climatic conditions. For example phanerophytes comprise about 60-90% of the
flora of humid tropics. Chameophyles' are characteristic of arctic and aipine IGEIONSs.
and in cool temperate regions about 50% species are hemicryptophytes.

_ vi) Sociability (Gregariousness) . Sociability refers to the nature of grouping of
individual plants, that is, whether they grow singly, In patches, 1n colonies or evenly
intermixed. This is dependent upon the life form and vigor of the plants, habitat
conditions, and competitive and other relations between the individuals. Sociability

expresses the degree of association between species. The five sociability groups given
below are used for rating the sociability of species.

5, — Plant (stems) found quite separately from each other, thus growing singly
§, — A groups of 4-6 plants at one place

S, — Many smaller groups at one place

Sy — Several bigger roups ‘of many plants at on¢ place

g — A large group occupying larger area

9.4.2 Quantitative Characters

i) Population Density — Density denotes the everage number of individuals of a
particular speciesin a unit area. In other words, it represents the numerical strength
of a species In 2 community. A study of density makes it possible 10 have accurate
and direct comparisons of the abundance of species betweetl different areas. Density
also gives an idea of the degree of competition between the members of the same
species a8 well as of one species with the other. Itis caleulated as follows

Density = Total number of individuals of 2 species in all the sampling units
Total number of sampling units studied '

The value thus obtained is expressed as number of individuals per unit area.

Crude density -.—_is'the density of individuals of a species throughout the habitat and
is determined by random samphing.
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Ecological density — refers to the density of individuals of a species, determined at
the place wherc they actually occur in a community.

We shall elaborate it with an exampie, consider a small patch of land where there
are a few water-filled ditches, and rest is dry land. Now, if we want to determine the

parts of the plants, as viewed from above (see Fig. 9.9). Each layer of vegetation is
considered separately, since overlapping usually occurs, so that a tail plant is rated
apart from one growing under it. Basa/ area, refers to the ground actually penetrated
by the stems (see Fig. 9.9). This can be readily seen when the leaves and stems are
clipped at the ground surface. (sce Fig. 9.9,

T e ——
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Fig. 9.9. : Disgrammatic skeich showing herbage cover and hesal area in different plants

Herbage arca or vegetation cover is an important aspect of vegetation Study.in

1ii) Height of Plants — The height of a plant‘j&:@ very good indicator of their general’
performance and therefore, can be employ€lis a criterion of the success of a species

species of trees.

iv) Weight of Plants — Weight is one of the most important quantitative
characteristics of plants. Quantitatively growth is best measured on the basis of dry
weight, since it expresses the total mass of the vegetation or the biomass,
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Biomass or the weight of plants can be measured separately for the above ground
plant parts and for underground parts, i.e., by drying them'at 86°C in an oven. The
data from such studies provide us valuable information about the yield of that species.
For example evaluation of the above ground plant parts that are useful provide an
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9.5 SYNTHETIC CHARACTERS

To make comparisons between different communities, one needs to make a study of
their synthetic characters. What are these synthetic characters? We shall discuss them
now,

. 9.5.1 Presence and Constancy

Presence and constancy refer to how uniformly a species occurs in different stands in
a community. For example, when a species is found in 15 out of the 20 stands in a
community the presence or constancy is 75 per cent.

The terms presence and constancy are used in more or less in the same sense but they

are however not synonyms. The term constancy is used when equal, measured sample

areas are used for stady, and presence is used when the area of sampling unit varies
from stand to stand and especially when it is not measured. Many times, the sampling
units do not have the same area, because of the nature of vegetation, as for example,
small irregular stands in rock crevices or on sand deposits along a stream,

Species in a community can be classified into five classes of constancy, according to
the percentage of occurrence in sampling units or stands. These classes are:

Class]  — 1-20% of the sampling units of a community
Class1I — 21-40% of the sampling units of a community
Class III — 41-60% of the sampling units of a community

Class IV — 61-80% of the sampling units of a community-
Class V. — 81-100% of the sampling units of a community

You might have noticed that Classes IV and V include those species that occur in a
large number of stands. The species that occur in over 80-90% or in more sampling
units are called constani species. These species are important as they characterise and
help to distinguish a community type. The species bélonging to class IV and V
indicate two possibilities : 1) the species have a wide ecological amplitude and are
therefore capable of growing in various micro-habitats, and ii} the various sampling
units are very similar in environmental conditions, so that species of narrow
amplitude can grow in all of them.

9.5.2 Fidelity

Fidelity refers to the degree to which a species is restricted in its occurrence to a
particular kind of community. The species with low fidelity occur in a number of
different communities, and species with high fidelity are restricied to few or only one
community. The following five fidelity classes can be recognised:

A) Characteristic species (Character, [aithful species)

Fidelit-y 5 — Exclusive, completely or almost completely restricted to one kind of
community

Fidelity 4 — Selective, occurring most frequently in one kind of community, but also.
though rarely, in other kinds




AL

Fidelity 3 — Preferential, ovcurning more or less abundantly in several kinds of
communi}ies but with optimum conditions for abundance and vitality in

cne kind of community. r

B) Companion Species
Fidelity 2 — Indifferent, occurring without pronounced affimty or preference for any
particular kind of community

C) Accidental Species
Fidelity 1 — Strange, rare and accidental intruders from another community or
relicts from an earlier stage of succession

You have seen that some species cannot grow or are not found in other communities,
because species differ in their ecological amplitude or in their capacity to tolerate a
wide range of ecological conditions. Some species are able to associate with others,
whereas others are not.

Fidelity and constancy are independent characteristics. Fidelity being concerned with
the occurrence of a species in different kinds of community types, constancy with
various stands in the same community. Fidelity is primarily a sociological quality. A
species which has high fidelity or belonging to class § is known as indicator species.

9.5.3 Dominance

It is a characteristic of vegetation which expresses the predominating influences of
one or more species in a stand so that the population of other species is more or less
repressed, or is reduced in number and vitality. Dominants are those species which
arc highly successful in a particular habitat. Cover and population density are the
chief qualities determining dominance, but parameters like frequency, height, life
form and vitality are also important. The dominants exercise a controlling influence
in the habitat while modifying the microhabitat which permits the growth of many
different species which otherwise cannot survive in"the absence of dominants.

Let us consider an example, a dominant species occurring in pastures, say Cyrodon
dactylon. It owes its success to excellent vitality, rapid multiplication and growth,
possessing deep penetrating root system. All these features make it a dominant

, species in many grasslands.

9.5.4 Physiognomy and Pattern

Physiognomy is the general appearance of vegetatlon as determined by the growth
form of dominant species. It may be considered .a synthetic character because the
appearance is bascd on a number of qualitative characteristics such as the kind of
dominant species, life form, population density, cover, height, sociability,
stratification, and association of species. For example, if we look at a community
where large trees are dominant -and some shrubs are also present we would
immediately say that it is a forest. Similarly on the basis of appearance one can
identify a community as grassland or desert community.

Pattern refers to whether the vegetation occurs in the form of groups or clumps of
individuals or in any other non-random arrangcment.

9.5.5 Frequency

This term refers to the degree of dispersion of individual species in an area, and is
usually expressed in terms of percentage. Frequency can be studied by sampling the
study area at several places at random or in a desired pattern, so that the site is
covered adequately and the names of the species that occur in each sampling unit are
recorded. Let us now see how frequency of a species is determined. Consider a
species that occurs in flive sampling units out of a total of 20 sampling units, then its
frequency (F) is 25%. 1t is calculated by the following formula :

— Number of sampling units in which that species occurred
F = _ - : x 1060
Total number of sampling units studied

A species most abundantly. spread all over the area will have chance of occurring in
all the sampling units, and therefore, its frequency will be 100%. A poorly dispersed
spectes, with large number of individuals aggregated in one place will have a chance
of occurrence in only a few sampling units and its frequency value will be low. Thus

Nalure ood Structure of Commumity
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a high frequency value shows a greater uniformity of its dispersion. Have you noticed
that for determining the frequency, the presence or abscnce g¢f a species in the
sampling units is recorded and not the number of individuals of each species, and
thus, you should be able to differentiate it from density for which the number of
individuals per unit area is recorded.

Frequency of a species relative to other species in a community is cailed rclative
frequency, and is calculated as :

Frequency of a species 100

Relative Frequency =
clative rrequency = = i frequencies of all species

9.5.6 Importance Value Index (IVI)

In any study of community, the quantitative value of cach of the {requency, density, -
and cover has its own importance. But the total picture of ecological importance
cannot be obtained by any one of these alone. For instance, frequency gives an idea
as to how a species is dispersed in an area but we do not gel any idea about i1s number
or the area covered. Density gives an idea about the numerical strength and so on.
To have an overall picture of ecological imporiance of a species with respect to the
community structure, the percentage values of the relative frequency, relative density
and dominance are added together and this valuc out of 300 is called the Importance
Value Index or IVI of the species.

IVI can also be ascertained by using diagrammatic representation in the following
manner. Draw a circle and divide it into four equal segments by drawing two lincs at
right angles to each other passing through the centre. (See Fig. 9.11).
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Fig. 9.11 : Polygraphic method of showing sociclopical charactérs of individual
species (afler Ambashth, R.S., 1986).

Each of the threc radii is divided into 100 parts from the centre to the circumference
and the fourth into 300. On the 0-100 scales are marked the values of relative
frequency on A, relative density on B, rclative dominance on C, and the VI value
as the 0-300 scale on D. All these points arc joined as shown in the figure. Such
illustrations help to appreciate sociological features and IVI of a species at a glance.

The IVI as such, gives the composite picture of sociological status of a species in a
community but it does not provide an idea of relative values of frequency, density
and dominance.

9.5.7 Species Diversity

It is one of the most important and basic characteristics of a community. There are
various ways of measuring species diversity, the simplest is 10 cnumcrate the number
of species present in a given area. This is relatively easy to achicve for plants, and
large or sedentary animals but it is generally difficult to enumerate the various insect
species accurately. For large areas such as forests, islands cte., it may'lake many years
to prepare a reasonabte estimate of species numbers. Assessment of species diversity
on Lhe basis of species list is not fully satisfactory because drawing of an exhaustive
and accurate species list is often an involved cxercise. And, unless an elaborale
exercisc is undertaken there is a good possibility that a number of species may be left
out. Since so many spccies in a sample are likely to be rare, we should not ignore
this fact while measuring diversity. For cxample, compare iwo imaginary samples of

=TT

e o R

Rl L I



100 individuals each with two species A and B. The details of number of species of Naldre and Structure of Community
each sample arc given in Table 9.1.

Table 9.1 : Number of Specles In Two Sampling Units

Sample Nuntber of Species

A B
! . 50 50 -
11 99 1

In sample I there are 50 individuals of A and 50 individuals of B, but in sample II

there are 99 A and 1 B. Is the diversity of these two samples really same? If we choose
to measure diversity as the numbers of species present in each sample then the answer
is yes, but most ecologists would consider the community with 50A and 50B to be

more diverse than the one with 99A and 1B. Let us see how.

To determine species diversity, the most widely used index is Shannon's Index of
Diversity (H') and it is calculate as below -

=5
H'=— % p; log, pi

H'" = Index of species diversity
S = Number of species

p = Proportion of the total sample belonging to the ith species (in rank), which is
calculated by dividing the number of individuais in species f by the total number
of individuals in the sample.

e = base of natural logarithms (log, p; = 2.302 x log,, p:)

=35 .
(Remember that Z means that — add up the following expression, for values of i
=

fromi=1toi=29)

The larger the value of H', the greater the uncertainity about predicting the next
species to be encountered and so the greater the diversity. Let us now compare the
two samples I and II, each of 100 individuais, and see whether sample I has higher
index of diversity H’ or sample [1?

Sample I ;"
H' = - [(0.50 x log} 0.50) + (0.50 x log, 0.50))
© = —[2(0.50 x —0.69)]
= 0.69
Sample II :
H' = ~[(0.99 x log, 0.99) + (0.01 — log, 0.01)]

= —[(0.99 x —0.01) + (0.01 x —4.61)]
- [(=0.01) + (—0.05))
= 0.06

Sample I has the higher index of diversity.
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9 6 SUMMARY

In this unit you have learnt some aspects of nature and structure of cummumly So
far you have learnt that :

® Communities are made up of populations of organisms, occupying and mteractmg
in a given area. They constitute the biotic component of ecosystems.

® Communities have several group characteristics which are not exhibited by either
its individuals or populations.

® The size of community may vary. Just like an ecosystem, a bigger community too
may be sub-divided into smaller communities.

® Based on the source of energy, a community may be autotrophic or heterotrophic.

® Rarely, can different communities be sharply delimited, because.they blend
together to form a continuum along some environmental gradient. Sometimes,
because of severe environmental disturbance(s), sharp boundaries between the
communities can be seen.

® The area where two communities blend is an ecotone. This zone has a high species
richness. It not only supports the species of the adjoining two communities, but
also a few species found exclusively in this zone.

e To get a complete picture of a community, a stidy of its analytlc and synthetic
characters is necessary.

® Qualitative analytic characters include : floristic composition — kinds of species
occurring in a community; stratification — layering of vegetation, that influences
the nature and distribution of animal life; , periodicity — periodic changes in a
community in a year; vitality and vigour — the rate and amount of growth; life
form — the location of perennating tissue in plants; sociability — nature of
grouping of plants.

® Quantitative analytic characters include : Population density — the number of
individuals of a species within a unit area; Cover-area of ground covered by the
above-ground plant parts (herbage cover), and the area of ground actually covered
by stem (basal area); height of plants; weight of plants — measured as biomass.

® The synthetic characters are : presence and constancy — the uniformity with which
a species occurs in different stands in a communily; fidelity — <gree to which a
species is restricted in a particular community; dominance — the .cological success
of species in a community, and influencing the occurrence of other species in the
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of 1 i ' unicy
" community; physiognomy and pattern- — the ggneral appearance of vegetauc;]n . MNature und Structare of Communi;
based on a number of qualitative and quantitative characters; frequency — ; te
degree of dispersion of species in an area; Irfportance Va!ue- Indc:.c —;]Foml?[ee_
picture of sociplogical structure of a species 1n a community; species diversity
number and kind of species in a community.

- -

. :
9.7 TERMINAL QUESTIONS e
1) Comment on the following statement -

“*Community is an association of mteracting populgtions. ™

................................................ L' - -‘E

2) Fill in the blank spaces with appropriate words -

a) The area where two adjacent communities blendisan ...

b) A refers to an area of vogetation having species o

same kind and age.

c) In situations where there is a wide ra

nge of environmental conditions it the
junction of two communities

......... v, 15 SEOR,
........................... concept implies that there is no distinet
community with well defined boundaries, but there is a gradu

al change in
space and time, along some environmental gradient,

L have four or five layers of vegetation and
.............................. have (wo layers,

) of plant species in a community can be made only
after we have the complete calendar of events of thejr life history.

B) e plants have high fidelity and occur in 5 particular type

of community only.

h) For determining the Importance Value Index of Species, data of relative

.............................. s
required. ‘

9.8 ANSWERS
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Community Ecology iii) a) represents biotic components of an ecosystem
b) consists of organisms with interlocking food chains
c) may vary in size -
d) concept can be applied to any scale
€) may be autotrophic or heterotrophic
f) may consist of stand(s)

2) i) species of a community
iiy different layers of vegetations, and dependent animal hife
iii) changes in vegetation in a year
iv) rate and amount of growth
v)  kind of vegetation based on the position of perennating bud
vi} nature of grouping of piants
vii) the numerical strength of species in an area
viii) area of ground, and above ground regions covered by plants
ix) tells about the suitability of plants to its environment
x) total biomass of vegetation.

3) i) how uniformly a species occurs in a community
ii) to what degree a species is restricted to a community
jii) the predominant influence of one or more species in a communify
iv) the general appearance and kind of distribution of organisms in a community
v) Lhe degree of dispersion of individual species in an area
vi) total picture of the ecological importance of a species
vii) the number and kinds of specics in a community.

Terminal Questions

1) Hint : Community is an assemblage of populations of various kinds of organisms
in a preseribed area. Community is the biotic component of an ecosystem. And
in an ccosystem, the various kinds of organisms are related in terms of food and
they form a food web. So the populations interact with each other directly or
indirectly not any for food, but also influence the existence of other populations.

2} a) ecotone
b) stand
c) edge effect
d) continuum
e) [orests, grasslanas
f) phenograms
g) indicator
h) density, frequency, dominanca
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UNIT 10 COMMUNITY CHANGE

Structure
10.1 Introduction
Objectives

10.2 What is Succcssion?

Primary and Sccondnry Succession

Autotrophic and Heterotrophic Succession

Autogenic and Allogenic Succession
10.3 Processes in Succession

Nudation

Invasion or Migration

Ecesis

Aggregation

Compctition

-Reaction

Siabilisation — Climax
10.4 Kinds of Succession

Hydraren

Xerarch
10.5 Models of Succession

The Facililation Model

The Tolerance Model

The Inhibition Model
10.6 Trends 1n Succession
10.7 Summary
10.8 Terminal Questions

10.9 Answers

10.1 INTRODUCTION

You know ecosystems are dynamic'entities in which a number of cvents take place.
Associated with the biotic communitics of the ecosystem are some changes, which
may be either small-scale changes or large-scalc changes. Small-scale changes may be
brought about by natural causes or by the activilies of man. One of the cxamples of
small-scale changes is a stream, in which some sgwage is accidentally dumped. In such
a case there would be an increasc in the organic and inorganic chemicals in the water.
The organiz molecules are consumed by bacteria. With he increased availability of
organic matter, the number of bacteria would incrcase. Bacteria use up oxygen as
they consume organic materials, thus the level of oxygen in the stream usually drops.
This can kill the fish and other organisms o causc them 10 migrate to new arcas. In
due course of time, the sticam will return to normal. The bacteria will die if the level
of organic matter falls off, and dissolved oxygen will return to normal, thus allowing
fish to return. This example, clearly shows that the biotic community of an ecosysiem
may be temporarily affected by the small scale changes.

On the other hand, there arc certain long-term changes in the ccosystem which can’
permanently change the organisation and composition of biotic comniinitics. These
long-term changes may be caused by factors like volcanic eruptions, landslides,
carthquakes, floods, hurricanes, and of course human interventions such as mining
and deforestation. All these disturbances, change the habitat considerably. A variety
of specics invade the changed or disturbed site, and eventually over a period of time,

a new community develops there. This process continues — one community replacing
another community, until a stable, mature community develops.

In this unit, we shall focus our attention, primarily on the large-scale changes ina

community. Such large-scale changes are collectively known as ecological succession.

We shall discuss the basic processes involved in succession. Then we shall take up

two specific cxamples to explain how succession takes place in nature. Subsequently

you would study, modcls of succession. We shall also talk about the characteristics

and trends in succession. . . 23
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Object'ivos_:', o
After studying this unit, you would be able to
¢ define succession
¢ recognise differences between primary and secondary succession
& contrast autogenic and allogenic succession

® compare autotrophic and heterotrdph-ic succession

® describe the basic processes involved in succession

® describe the process and various stages of succession in aguatic and terrestrial
habitats, and explain why animal life changes with seral stages

¢ discribe the facilitation, inhibition and cyclic models of succession
® discribes the charz_lcterislics and trends in succession.
Study Guide

While studying this unit, if you are not able to fully understand subsection 10.2.2 and
10.2.3, at the first instance, do not be disheartened. We advise you to continue your
study of the subsequent sections, and after you have completed section 10.4, come
back to these two subsections.

ATTEETE

10.2 WHAT IS SUCCESSION?

As we have discussed in the previous section that factors like fire, floods and human
interventions affect an ecosystem considerably. They often lead to the depletion or
stripping off of original vegetation of an area, The eventual result is the formation of
bare ground or area. But this bare area does not remain devoid of life for long. It is
rapidly colonised by a variety of species that subsequently modify one or more
environmental factors. This modification of the environment may in turn allow
additional species to become established. So, a biotic community destroyed by
natural or human causes is gradually replaced in a series of changes, until a mature
or climax community is reached. The process of community development, through a
series of intermediate successional stages leading to climax community is known as
serai stage and all such intermediate stages from bare area to climax community are
collectively referred as ‘seres’.

Succession is a universal process of diregtional change in vegetation, on an ecological
time scale. If said in another way, succession is a progressive series of changes which
leads to the establishment of a relatively stable climax community.

Having discussed as to what succession is we shall now take up for discussion various
kinds of succession in the following three subsections:

10.2.1 Primary and Secondary Succession

Succession occurring in bare areas where no community existed before is called
Primary Succession. For instance, primary succession would take place on new
volcanic flows, islands, deltas, dunes, bare rocks and in newly formed lakes.
Secondary Succession occurs at a site from where an already developed community
has been destroyed by some natural catastrophc such as fire or flooding; or by human
activity (such as deforestation, ploughing, grazing etc. and a series of communities
subsequently develop at the site. Secondary silccession also occurs on abondoned
farmlands, in overgrazed areas and construction projects.

In primary succession on a terrestrial site (see Fig. 10.1) the new site is first colonised
by a few hardy pioneer species, that are often microbes, lichens and mosses. The
pioneers over a few generations alter the habitat conditions by their growth and
development. '

These new conditions may be conducive Lo the establishment of addijtional oFganisms
that may subsequently arrive at the site. The pioneers through their death any decay
leave patches of organic matter in which protists and smail animals can live. “The
organic matter produced by these pioneer species produce organic acids during
decomposition that dissolve and etch the substratum releasing nutrients to the
substratum.-Qrganic debris accumulates in pockets and crevices, providing soil in
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Fig. 10.1 : Primary succession on a terrestrial site developed through five seral stages (a-e), from
left 1o right, beginning wiih bare rocks, colonised by lichens nnd mosses, and developing a
: relatively stable climax forest communlty,

which seeds can become lodged and grow. As the communily of organisms continues
to develop, it becomes more diverse and competition increases, but at the same lime
new niche opportunities develop. The pioneer species disappear as the habitat
conditions change and invasion of new species progresses, leading to the replacement
of the preceding community. Similarly, primary succession in aquatic habitat also
develops through a number of seral communities. We shall discuss this with an
example in- the Subscction [0.4.1.

Secondary succession is the sequential development of biotic communities after the
complete or partial destruction of the existing community. A mature or intermediate
community may be destroyed by natural events such as floods, droughts, fires, or
storms or by human interventions such as deforestation, agriculture, overgrazing, etc.
Let us look briefly at an cxample of secondary succession occurring on an abandoned
agricultural farm where soil has been already formed before cultivation started (see
Fig. 10.2).
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Fig. 10.2 : Secondary succession in an abandoned farmlond shown in six stages (a-f).
First grasses appear (g, b}, and through the intermedisle stages (b-e}, inally a woodland
ccosystem wevelops() -
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Autogenie = self-generaled
Allogenic = externally generated

This abandoned farmland is first invaded by hardy species of grasses that can survive
in bare, sun-baked soil. These grasses may be soon joined by tall grasses and
herbdceous plants. These dominale the ecosystem for some years along with mice,
rabbits, insects and secd-eating birds. Eventually, some trees may come up in lhlS
area, seeds of which may be brought by wind or animals. And over the years, a forest
community develops. Thus an abandoned farmland over a period say 30 to 40 years
becomes dominated by trees and is transformed into a forest -

When talk of the differences between primary and secondary succession, one obvious
difference between the two is that the secondary succession starts on a well developed
soil already formed at the site. Thus secondary succession is relatively faster as
compared to primary succession which may often require hundreds of years.

10.2.2 Autogenic and Allogenic Succession

In many cases the living beings of an ecosystem, modify their environment
considerably by their growth, death and decay. The changed conditions lead to the
establishment of new kinds of species in that area. The whole process goes on and
on, that is, there is replacement of one kind of community with another. Such a
succession process is called avtogenic succession. To sum up, autogenic succession
results because of the changes brought about in the habitat by the members of the
commumty themselves.

In some cases, the changes brought about in the habitat are causcd by external
agencies and not by the existing vegetation itself. This is called as allogenic .
succession. Such a succession may occur in a highly disturbed or eroded area or in
ponds where nutrients and pollutants enter from outside and modify the environment
and in turn the communities.

10.2,.3 Autotrophic and Heterotrophic Succession

The succession where initially the green plants are much greater in quantity than the
animals, is known as autotrophic succession. Such a succession takes place ina.
medium rich in inorganic substances. Since there are green plants, there is gradual
increase in the organic matter content and enerpy flow in the ecosystem. On the other
hand, in heterotrophic succession, the populations of heterotrophic organisms, like
bacteria, actinomycetes, and fungi are present in greater quantity in the initial stages.
Such a succession begins in a medium rich in organic matter such as the rivers and
streams which are polluted heavily with sewage, or in small pools receiving leaf litter
in large quantities. As indicated earlier, it begins, prominently in organic
environment, and lhere is a progresswe decllne in lhe energy content.

a) the season; of the year
b) eoo]oglcal time . s
c) -'mjcro evoluuonary tlme L
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4) Autogenic succession is brought about by :
a) human activities S
b) physical conditions of the environment
c) Ii_ving inhabitants of that area
d) natural disasters

5) The kind of succession, in which the grcen piants constitute the initial stages aré
known as :

a) heterotrophic

b) allogenic

c) autotrophic

d) both {(a) and (b).

10.3 PROCESSES IN SUCCESSION

Whether succession is primary or secondary, in terrestrial or aquatic ccosystems, the
basic processes involved in succession are similar. There are a number of sequential
steps in succession. In this section we shall discuss them in detail. These steps or
processes are : nudation; invasion or migration; ecesis; aggregation; compeltition,
reaction; and stabilisatiod ~climax.

j.3.1 Nudation

The first step or requirement is the availability of the right kind of habitat, primary
succession takes place in a bare.area, that is, without any life form; and secondary
succession occurs in area where soil is already formed, but the vegetalion is
destroyed. The bare area may. develop due to several causes, some of them are :

i) Topographic — factors like soil erosion by gravity, water or wind, may destroy the
exisling vegetation thus creating a bare area. Other topographic causes include
deposition of sand, Jandslide and volcanic activity.

it) Climatic — glaciation, long dry periods,hails and storm, frost and fire are the
agents that destroy vegetation. :

iii) Brotic — One important agent is man that causes destruction of forests, grasslands
and othef stretches of vegetation for agriculture, industry, housing and several other
purposes. Overgrazing by animals, diseases caused by organisms like bacteria, fungi
and insects too destroy vegetation of an area to produce bare areas.

10.3.2 Invasion or Migration

When a habitat is changed it can be a potential sile for the establishment of many
organisms. Many species actually invade or reach this new site from any other area.
The seeds, spores or other propagules of the plant species reach this area. This
process is known as rigration, and is generally brought about by air, water and
various other agents.
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Comaunity Ecology

Interspecific compelition-:
competilion between two different
species A and B.

Interaspecliic competition:
compelition amongsi the
individuals of the same species,

10.3.5 Competition

The aggregation of individuals in an area leads to interspecific and intraspecific
competition. The competition is usually for i) water, particularly when there is
shortage of water; i) nutrients, particularly when they are in short supply;

iii) radiant energy, if one plant grows in the shade of another plant; iv) carbon
dioxide; v) oxygen, and vi) space. Success of a species during competition depends
on scveral (catures, e.p., strong and ¢fficient rool system, capability to trap nutrients,
endurance to drought and poor soil aeration, and efficiency of reproduction of the
plant.

10.3.6 Reaction

This is the most important stage in succession. The mechanism of modification of
environment, through ihe influence of living organisms on it is known as reaction.

. As a result of reaction, changes take place in soil, water, light conditions,

temperature and many other factors of the environment. The environment thus gets
modified, and becomes unsuitable for the existing commaunity, and is eventually
replaced by another community. The old occupants are ousted and- fresh migrants
establish themselves. Thus, through a series of invasions, a sequence of plant ~
communities marked by changes from lower to higher forms establish themselves in
the course of time. Each slage of succession plays some part in reducing the extreme
condittons in which the sere began. Thus, gradually the conditions of the area are
modified by the scral communities to suit the ‘growth of a wider range of species.

-

10.3.7 Stabilisation — Climax

The whole process of succession resulls in stabilisation of the vegetation which isnow
in complete harmony with the cnvironmental complex of that place. And it i§ likely
to persist as long as the climatic and physiographic conditions remain unchanged. The
soil is fully occupied by plants and the community is closed. Only those species, which
are capable of completing their life cycles, despite the intense competition, establish
themselves, the homeostasis is thus attained. This final community is not replaced,
and is known as climax community and the stage as climax slage.

The kind of succession that takes place from simple, few forms to complex, several
Kinds of forms are known as progressive succession. In some cases, reverse situation

is seen, that is, the process of succession, instcad of being progressive becomes
retrogressive. This may be due to the destructive effects of organisms. For example,

a forest changing into a grassland community is an example of retrogressive
succession.

10.4 KINDS OF SUCCESSION

The ecological succession can be broadly classified into two kinds, on the basis of the
nature of the habitat.

i} Hydroscre
— A. Hydrarch _:ii) Haloscre

Succession—

- 'B. Xcrarch__I: ') Ll_lhoscre
it) Psammosere

A. Hydrarch — When succession takes place in a wet area, that is, succession
progresses from hydric to mesic Tonditions. This can be further subdivided as:

i) hydrosere — when succession starts in fresh water ecosystems like ponds, pools,
lakes and marshes; if) halosere — when succession starts in saline water ecosystems,
€.g., mangroves, coral reefs, estuaries.

B. Xerarch — When the succession takes place in drier area, i.e., the succession
progresses from xeric to mesic conditions. It is further subdivided as : i) lithosere —
when it takes place on bare rocks; ii) psammoscre — when succession takes place in

a sandy area, like sand dunes. In this section, we shall discuss in detail, an example
each of Hydrarch and Xerarch.
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‘ 10.4.1 Hydrarch Communlly Chanp

Its various stage are well studied in ecosystem like ponds, pools and lakés. In this

_ subsection, we shall discuss, succession in a pond. Since pond is a fresh water -
ecosystem, the succession in it is also referred to as hydrosere. Succession in pond,
begins by colonisation by the pioneers like the phytoplanktons, and finally terminates
into a forest which is a climax community. As succession progresses, changes take.
place in the kind of vegetation as well the associated animal life (see Fig. 10.3). The
whole process of succession or the hydrosere. is further subdivided into a number of
stages depending on the kind of organism(s) dominating a stage. We shall now discuss
these stages one by one, in detail.
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Fig. 10.3 : Hydrosere in a pond ecosystem. The pond is greduvally converted into a
foresl ecosystem. Sedimerts begin (o accumulate, ond a series of biotic communilies
develop until the mature ccosystem is reached

i) Phytoplankton Stage : In this initial stage, the pond water is poor in nultrients and

is devoid of much life. At this stage, the water is incapable of supporting larger life
forms. So, in such situations, phytoplanktons consisting of microscopic algac, begin
to multiply and-they quickly become the pioneer colonisers. As the phytoplanktons
and the dependent animal population dies, decomposer organisis like bacteria and
fungi increase in nitmber and bring about decomposition of the organic material.
Dccomposition results in the. release of minerals and enrichment of aquatic habilats.
Besides 1his, someé 'silt may be brought to the pond, by the rain water from the
surrounding land. By now the pond becomes shallower, and the mud at its bottom is
rich in nutricnts, Now it can support somc rooted hydrophytes, thus imitiating the
next stage.

it) Submerged Stage : This habitat which is now shallower and is richer in nuirienls,
and where light is available uplo a ceriain deplh, becomes suitable for the growth of
reoted, submerged hydrophytes like Myriophylfum, Elodea, Hydrilla, Potamogeion 29
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Vallisnerta, Utricufaria and Ceratophyilum. These grow at various depths, mostly
rooted in the muddy or sandy bottom depending on the species, and also on the
clearness or turbidity of water. Year after year, this vegetation éxpands and covers
large areas, and brings about marked changes in the habitat. Materials eroded by
streams, rainwater or surface runoff ar¢ brought to the pond, and some of it are
deposited on the plants because they form a direct obstacle in its advance, and
especially because they slow down the currents, when the plants and the associated
animals die, they sink to the bottom, where because of the insufficient oxidation, this
organic matter is partially decomposed. Thus humus is formed which cements the
mucky soil together making it firmer. The result of these reactions is the building up
of substratum and shallowing of lake. Obviously, this process is disadvantageous (o
the present occupants and these are eventually replaced by another type of plants,
which are of floating type. o .

iii) Floating Stage : The pond is now colonised by plant species which are.rooted in
mud but their leaves reach water surface and float. These are species of Nelumbo,
Nymphaea, Trapa, Monochoria. Somc free-floating species that are not fixed in the
mud, also make their appearance. Examples are Lemna, Wolffia, Pistia, Salvinia,
Azolla and Eichhornia. Due to the growth, and death and decay of these organisms,
the water level by now becemes very much decreased, making the pond much more
shallowet. Evaporation of water, along with the addition of silt from the adjacent
arca also contribute in making the pond shaliower. The pond, now does not remain
suitable for this kind of plants and the next stage appears. '

iv) Reed-Swamp Stage : This stage is also known as amphibious stage, as the plants
of the community are rooted but most parts of their shoots remain exposed to air.
Specics of Typha, Sagintaria and Phragmites are some examples of this stage. These
plants have well developed root system and they form dense patches of vegetation.
The reaction of the reed-swamp plants is not only to shade the surface of the water
but also to build up the pond margins by retaining the sedimentary materials washed
into the lake and by the very rapid accumulation of ‘plant remains. Not only is the
plant population much denser than before but also mechanical tissues, which resist
decay, are much more highly developed in plants with aerial organs. After the
invasion and activities of these plants, the water level is very much reduced, and
finally it becomes unsuitable for these plants also.

¥) Sedge-Meadow Stage : Favoured by an increasing amount of light, as the former
occupants disappear, they gradually change the reed swamp into a sedge meadow.
And now spccies of Cyperaceae and Gramineae such as Carex, Juncus, Cyperus and
Eleocharis colonise the area. They form a mat-like vegetation with the help of their
much branched rhizomatous systems. All these react upon the habitat by binding
water-carrted and wind-borne soil, accumulating plant debris and transpiring
enormous quantities of water. There is much rapid loss of water, and sooner or later
the mud is exposed to air. As a result nutrients like ammonia, sulphides become
oxidised to nitrates and sulphates. Thus the conditions in the area gradually change
from marshy to mesic, and the marshy vegetation shows a decline. Upto the end of
sedge-mcadow stage, the climate of the region has no control over the succession
because the water content of soil is high, irrespective of rainfall and climate of the
regton. At the end of this stage, the soil becomes dry and its water content will
henceforth be dependent upon rainfall and climate of the region. The plants which
succeed the sedge-meadow stage are therefore controlled by the climate to a very
large extent. In dry climates the next stage may be grassland or some other xeric
climax but in more moist climates it is woodland.

vi) Woodland Stage : When the lowland has been built uplo an extent where the soil
is saturated perhaps only irf spring and early summer, certain species of shrubs and
trees may appear. Those that can lolerate waterlogged soil around their roots will be
the pioneers. Various species of Salix, Cornus, Cephalanthus, Alnus and Popufus may

- form dense thickets. Some shade-tolerant herbs may also grow among the trees an
"shrubs. These woody plants react upon the habitat by producing shade and by

Jowering the water table both by further building up the soil and by vigorous

transpiration. By this time of succession there is much accumulation of humus wit
rich flora of microorganisms like bacteria, fungi and others. Thus mineralisation o
the soil favours the arrival of-new tree species in the area leading to climax stage.
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vii) Climax Stage : A variety of trees invade the woudiand community which soon
develop into the climax community. The nature of the climax is dependent upon the
climate of the region. In tropical region, where rainfall is high, dense rain forests
develop, and in temperate regions, mixed forests of trees like Quercus, Ulmus, Acer
may develop. In regions of moderate rainfall the climax stage consists of deciduous
forests or monsoon forests.

Commundty Chs-nge

Thus in the hydrosere youn have just studied, stage i} is the pioneer community stage,
vii) the climax commumty, and stages ii) to vi) as the seral communities or seral
stage.

Successive Changes in Animal Life. During Hydrosere
So far, we have discussed the successive changes in plant communities in the different
seral communities of a hydrosere. The question arises, is there any change in the
animal life along with the different seres. There are certainly changes in the animal
life also, but these may not be as obvious as in case of plant community. In an aquatic .
ecosystem like this, protozoans like Paramecium, Amoeba, Euglena and many others
are the pioneers. When the planktonic growth forms are very rich, then animals like
blue gill fish, sun fish, large mouth bass etc. start appearing. Some caddisflies are
also found. In the second stage, that is, the submerged stage, the caddisflies are
replaced by other animals that may creep over the submerged vegetation. Thus

" dragoriflies, mayflies and some crustaceans as Asellas, Gammarus, Daphnia, Cypris,
Cyclops inhabit the pond at this stage. At the floating stage, the animals life is chiefly
represented by Hydra spp., gill breathing snails, frogs, salamanders, diving beelles,
and other insects. There also appear some turtles and snakes.

At the reed-swamp stage, the pond becomes shallower, and the bottom starts
becoming exposed. The floating animals are replaced by different species of mayflies
and dragonf(lies, whose nymphs remain attached to submerged parts of the
vegetation, and adults present on the surfaces of exposed parts of vegetation.
Gill-breathing animals like snails are replaced by lung breathers as Lymnea, Physa
and Gyraulus. Among insects, water scorpion, giant water bug, scavenger beetles etc.
are present at this stage. The bottom of the pond is now inhabited by some annelids,
mud pickrel and bull-heads. Red-winged black birds, kingfisher, great blue heron,
swamp sparrow, ducks, musk rats, and beavers become common in the area.

At the sedge-meadow stage, the animals like snails as Anodonta, Psidiium become
common. Finally, at the woodland stage, under terrestrial conditions, most of the
terrestrial forms of animat life appear in the area.

10.4.2 Xerarch y

Successions initiated on bare rock, wind-blown sand, rocky talus slopes, or other
situations where there is an extreme deficiency of water are termed xerarch. Here,
we shall discuss the example of a bare rock. It is not only deficicnt in water but also
tacks any organic matter, having only minerals in disintegrated, unweathered state.
The pioneers to colonise this primitive substratum are crustose type of lichens, and
through a series of successive seral stages, the succession finally terminales into a
forest which constitutes the climax community (also see Fig. 10.1}. As in the
hydrarch, successive changes take place in both plants as well as animals, but changes
in plants are more obvious than animals. Now, we shall take up the various stages of
xerosere for discussion.

i) Crustose Lichen Stage : On bare rocks, conditions are inhospitable for life, as there
is extreme deficiency of water and nutrients, great exposure to sun, and extremes of

temperaturc. Crustose lichens alone are usually able to grow in such situations. Some Lichen — an alga and a fungus
examples of these pioneering species are, Rhizocarpon, Rhinodina, Lecidea and thal live in symbiosis, forming o
Lecanora. These plants flourish during periods of wet weather and remain in a slate distinclive structure or thallus tha-

of desiccation for very long periods during drought. During the wet weather they :“r:”p'l’:ni’;“r:'in":;::rz‘r L':;';f_"‘

rapidly absorb moisture by their sponge-like action. Mineral nutrients arc obtained surfaces.

by the secretion of carbendioxide which, with waler forms a weak acid that slowly

cats into the rock into which the rhizoids sometimes penetrate for a distance of

several millimetres. Nitrogen is brought by rain or by wind-blown dust. Thus all the

flife requirements of this simple, crust-like species is met with. Thus, lichens help

corrode and decompose the rock, supplementing the other forces of weathering. And

by mixing the rock particles with their own remains, make conditions favourable for 31
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growth of other organisms. Thus, a thin laver of soil is formed. The rapidity with
which a small amount of soil is formed is controlled largely by the nature of the rock
and by the climate. On quartzite or basalt rocks in a dry climate, the crustose-liciien
stage might persist for hundreds of years. But on limestone or sandstone in a moist
climate, sufficient changes permit the invasion of foliose lichens, and all this may
occur within a life time.

ii) Foliose Lichen Stage : As mentioned earlier, the weathering of the rocks and the
decaying of the crustose lichens results in the formation of soil on the otherwise bare
rocks. The foliose lichens make their appearance on such spots on the rocks which
have accumulated some soil. These lichens include Dermnatocarpon, Parmelia and
Umbilicaria. These lichens have large, leaf-like thalli, which overlap the crustose

lichens. The latter arc thus cut-off from direct light. This results in death and decay

of the crustose lichens. The mass of foliaceous lichens can absorb and retain more
water to some extent. Wind and water-borne dust particles are trapped by these
lichens. This heips in the further building up of substratum. All these processes result
in the accumulation of more and more humus. The rocks are weathered by the acids
secreted by the living and the decaying plants. The weathering of the rocks and the
rapid addition of humus to it result in the increase in thickness of soil layer. Thus, a
considerable change in habitat is brought about.

iii) Moss Stage : The accumulation of soil, particularly in the crevices and depressions
of rock favours the growth of certain xerophytic mosses., e.g., species of Polytrichum,
Tortda and Grimmia. The spores of these mosses are brought by the blowing wind.
They have more or less the same power of withstanding desiccation as that of foliose
lichens. The lichens and mosses grow together and compete with one another. The
rhizoids of mosses andifoliose lichens compete for water and nutrients, and the stems
of the former attain greater height than the latter. The plants in the lower strata, i.e.,
the lichens die, and the mosses grow. The mosses form cushion-like structure, that
may be a few centimeters in thickness. The substratum is thus gradually built up and
is widened. The foliose lichens gradually give way to mosses that overtop the lichens.
Many times, all three stages may be found on a single rock surface, the pioneers
occupying the most exposed places.

iv) Herb Stage : The Soil-fo\rming and soil-holding reactions of the mosses are so

pronounced that the seeds of various xerophytic herbs, especially short-lived annuals,

are soon able to germinate and grow. The plants mature, although the first
generations, because of the drought and sterility of the soil, may make only a stunted
growth. Their roots continue the process of corroding the rock, and eack year the
humus from their decaying remains enriches the soil. Gradually, biennials and
perennials begin to invade the area and with the habitat becoming more and more
favourable, their numbers also increase.

The processes of rock disintegration and humus and nutrient accumulations are
greatly increased, as the tangled network of roots increases and the soil becomes
shaded. Evaporation and tcmperature extremes are decreased, humidity is slightly
increased, and drought periods are shortened. The bacterial, fungal and animal
populations of the soil increase and cofiditions gradually become less xcric. Upto
now, some xerophilous, shallow rooted prasses like Aristida, Festuca and Poa were
growing. As the conditions improve, then some drought-enduring species like
Potentilia, Solidago and many others invade the area. As a result of growth of the
herbs, the smaller plants like mogses and lichens-do not get enough light. So these
conditions are detrimental for their growth, they gradually start perishing.

v) Shrub Stage : Sufficient Soil is formed in the herbs stage, for supporiing the woody
plants or the shrubs. They migrate with the help of seeds or rhizomes from the
adjacent areas. Examples are : species of Rhus and Phytocarpus. The shrubs soon
develop imto dense vegetation. The habitat is considerably modified. The herbs are
shaded by the overgrowing shrubs. They no longer find it possible to thrive in such
a'situation and are, therefore, completely replaced by the shrubs. The shrubby
vegetation adds a lot of organic matter to the soil, through leaves and other plant
parts. The soil is thus enriched with considerable amount of humus. The huge mass
of roots of the shrubs Lorrode the rocks. The enriched soil attains greater capacity
for holding water. The soil is shaded, and, therefore, evaporation of water is
considcrably reduced. The humidity is increased over such areas. All these favour
the growth of seediings of trees which <tart invading the area.
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vi} Climax Forest : First, some xerophytic species of trees, establish in this area. They
are sparsely distributed and are stunted because the conditions are still not very
congenial for them. With passage of time, the rocks arc further weathered and a deep
layer of soil is formed. This favours vigorous growth of a much larger number of
trees. The moisture in the soil is conserved because of the shading of soil. The climax
forest is thus developed. The vegetation becomes more and more mesophytic with
the accumulation of humus.

Thus, in the xerosere, as in the hydrosere the habitat has changed from one extreme
condition to a medium situation which permits the development of a mesophytic type
of vegetation.

Changes in Animal Life During Xerosere

-Just like the hydrosere, there occur successive changes in animal life during the

xerosere. A few mites are usually found associated with the lichens. Inpitially, the
fauna is sparse in terms of species composition. There are a few ants or a few spiders
present in the cracks and crevices of rock. These pioneer animals are exposed to harsh
environment particularly the thermal extremes. As succession progresses, the mites
become more varied in terms of specics and small spiders, springtails as well as
tradigrades become associated with the mosses. At ]ater stage of succession, when
grasses start appearing, the fauna increases markedly, both in qualitative and

] quantitative terms. Nematodes, larvel insecis, collembola, ants, spiders and mites

“m. space prowded )

B), aggrcgation of spec:cs i & given. arca

appear in this new environment. With the development of forest climax community,
there develops a rich fauna cogsisting of invertebrates as well as vertebrates, These
include springtails, mices, squirrels, shrews, mammals like fox, chipmunk, mouse and
mole, birds, reptiles like turtles, snakes, and amphibians like salamenders and frogs.
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10.5 MODELS OF SUCCESSION

After studying the processes and kinds of succession, there remains a question as to
why succession happens; what mechanisms operate so that a bare rock is colonised
by lichens and mosses; why does shrub stage succeed grassland; and some type of
woodiand (that is often predlctable) succeeds shrub stage? This is an area of
long-standing controversy in ecology, its resolution is hampered because of lack of
sufficient field data and experimentation. Currently, it is believed that different
mechanisms operate at different stages during primary succession and for different
types of secondary succession, but there is disagreement about the relative
importance of these different mechanisms. -

There are two main points of debate in successional mechanism; one, whether the
effects of early species on the environment is the critical factor determining succession
of species; or whether what matters most are life history characteristics of species,
such as longevity. Below, we describe three mechanisms, (see Fig, 10.4) the first one
erhphasises on environmental modification, while the other two emphasise on the
life-history characteristics.

. I.Facilitanon model

]

TI_Tolerance model

Fig. 10.4 ; Three Models of Successlon. The four specles are
*  represented by A,B,C and D. The arrows Indicate
*Is replaced by'. (ARer Krebs, C.J., 1985).

10.5.1 The Facilitation Model

This is considered as the classical model of succession. It is based on the assumption
that species of a previous stage are replaced by the-succeeding stage. And at each
stage the species modify their own environment to make it progressively less suitable
for themselves and increasingly more suitable for succeeding colonisers. Based on
these characteristics Connell and Slayter (1977) proposed the facilitation model (sew
Fig. 10.4, I). To explain it better let us consider the example of succession in a pond.
You may have noticed that due to the death and decay of different species of plants,
siltation takes place and bottom of ponds is raised and the conditions become less
suilable for their own survival and more suitable for the establishment of succeeding
species. The essence of the facilitation model is that species of early stages of
succession modify their own environment in a way that inhibits their own
regeneration but facilitates the entry and survival of species of next hlgher stage of
succession.

For many years this-mode] was considered to be the only one. For the early stages
of primary succession, it still seems to provide the best explanation of what is actually
observed. But for later stages of primary succession and for secondary succcssmn in
forests or grasslands this model is not fully tenable

]
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10.5.2 The Tolerance Model

In this model, the prcépnce of early successional species is not essential, that is, any
species can slart succession (see Fig. 10.4, II). Some species are competitively
superior and they eventually predominate in the climax community. Species that are
more tolerant of limited resources, replace the other species. Succession proceeds
either by the invasion of.later species or by a thinning out of the initial colonists,
depending on the starting conditions. The crux of the whole thing is that there is a
competitive hierarchy in which latér species can outcompete earlier species (see Fig.
10.4, II) and can also invade in their absence.

10.5.3 The Inhibition Model

According to this model, succession is very heterogenous because the development
at any one site depends on who gets there first. Species replacement is not necessarily
orderly (see Fig. 10.4, III) because each species tries to exclude or suppress any new
colonists. Thus succession becomes more individualistic and less predictable because
communities are not always converging at climatic climax.-In this model, no species is
competitively superior than another. Whoever colonises the site first holds it against
all new comérs. Succession in this model proceeds from short-lived species to
long-lived species and is not.an orderly replacement. The essence of this model is
that during succession, all replacements are possible, and much depends on who gets
there first.

The three models of succession agree that the pioneer species will appear first because-

these species have evolved certain colonising characteristic such as rapid growth,

abundant seed production, and means of efficient dispersal. Early colonising species

are not well adapted to establish in occupied sites, on account of root competition

with the established species and the reduced availability of light. In the different

models of succession, the early colonisers, are fugilive species that create conditions
which makes the habitat progressively unsuitable for themselves.

The main distinction between the three models is in the mechanisms that determine
subsequent establishment. In the facilitation model, species replacement is facilitated
by the species of the preceding stage. In the inhibition model, species replacement is-
inhibited by the present residents until they are damaged or killed. In the third model,
species replacement is not affected by the present residents.

10.6 TRENDS IN SUCCESSION

Succession is an important aspect of change in ecosystems and a simple description
of successional communities {as in Section 10.3 and 10.4) is only the beginning of the
story. We need to know at a more fundamental level what is happening during
succession bgcause this might give some clue as to why it happens.

During primary succession, for example, from an aquatic habitat or a bare rock to
climax woodland, there are certain obvious changes in the vegetation and soil. For
example, increase in community biomass, and development of soil containing dead
organic matter mainly from a largely mineral substrate. These changes are linked with
many- other ecosystem features. For instance, energy flow and nutrient cycling.

Succession may begin with a bare area colonised by small plants and may culminate
in a community of large plants whose growth form results in increased vertical
stratification and a marked influence on the environmental conditions within the
community. Many such changes, enumerated in Table 10.1, are quite characteristic
" of ecological succession.

You have leamnt from your study of Section 10.4 that the early successional stages’
are characterised by a few species, low biomass, and dependence on abiotic sources
for nutrients. In the early stages, the net primary production is greater than
respiration, resulting in increased biomass over time. Energy is channelled through
relatively few pathways to many individuals of a few species, and production per unit
biomass is high. Food chains are short, linear and largely. grazing.

The mature stages. in succession are characterised by a greater species diversity,
greater biomass, gross production that almost equals total community respiration

Community Change
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Table 10.1 : Changes in Ecosystems Durltg Succession (Modified -from Odum, 1969)

Characteristlcs Immature (carly) ecosystem 'I}\'jl:alllu'i:e_ (late) ecosysiem

Gross production/Respiration -High, > 1, (P>R) Apprb'-nchf-:s 1, balance (P=R)

(P/R ratio) _.

Net community production High : Low

Food Chains Linear, muinly grazing Web-like, mainly detritus

Total organic matter {biomass) Small Large

Species diversity Low High

Structurg of community Simple Complex (stratification with

many microhabitals)

Total organic matter Small Large

Inorganic nutrients ' Moastly found in physical Large amounts, locked in
cnvironment organic matter

Mineral cycles Open Closed

Siability Low High

Size of Organisms Small Large

Gross Preductionfslanding High Low

crop biomass (P/B ratio)

TTEITT AR T T

{P=R), substratum rich in organic matter. Food chains are tomplex and largely
detrital. Large amounts of inorganic nutrients locked in organic matter in the soil,
and the vegetation.

The trend of most successions is towards a more complex and longer-lasting
ecosystem, in which less energy is wasted and hence, a greater biomass can be
supported without further increase in the supply of energy. Actually, succession may
be very complicated because stages may be skipped, telescoped or extended, Human
activities retard or reverse this succession back — due to agriculture, farming,
lumbering, urbanisation and environmental pollution. If any habitat is left
undisturbed, then eventually a stable cllmax community will be formed.
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10.7 SUMMARY

® Succession occurs when a series of communities replace one another, as cach
community changes the environment to make conditions favourable for a
subsequent community, and unfavourable for itself. The first plants to colonise an
area make up the pioneer community. The final stage of succession is called the
climax community. The stage leading to the climax community are called
successional stages or seres,

® Primary succession occurs when plants colonise bare rocks or other areas where
there is no soil. Secondary succession occuars when plants recolonise an area in
which the climax community has been disturbed.

® When succession is brought about by living inhabitants, the process is cailed
autogenic succession, while change brought about by outside forces is known as
allogenic succession.
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‘Succession in which, initially the green plants are much greateris quantity is known
as autotrophic succession; and the ones in which the heterotrophs are greater in
quantity is known as heterotrophic succession.

The basic processes of succession are more or less the same for any kind of
succession. These processes are; nudation; invasion or migration; ecesis;
aggregation; competition: reaction: and stabilisation — climax.

Succession in aquatic ecosystems like pond begins with increased nutrient
sediments, encroachment by shore plants, and a general increase in both numbers
and kinds of organisms. The continued trend results in the pond filling in and later
blending in with the surrounding terrestrial community.

Succession in xeric habitat like a bare rock begins by pioneer plants. These
establish on the substratum with hostile conditions, like deficiency of water, too
much exposure to sun. By the activity of the pioneers, some soil is formed on the
bare area. This area is subsequently colonised by various kinds of plants, and a
considerable amount of soil builds. The overall xeric conditions change to mesic
conditions.

There are three popular models to explain the mechanism of succession. The
facilitation model suggests that the species in the early stages of succession modify
the habitat in a way that inhibits their own regeneration, but is suitable for the
growth of species of the subsequent stages of succession. The toleranace model
says that there is a competitive hierarchy in which the later species can outcompete
earlier species and can also invade in their absence. The inhibition model suggests
that during succession, all replacements are possible and much depends on who
gets there first.

Succession is characterised by the following: increased productivity, the shift of
nutrients from the reservoirs, increased diversity of organisms with increased niche
devclopment, and a gradual increase in the complexity of food webs.

- | .
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10.8 TERMINAL QUESTIONS

1) Give an example that illustrates each of the following: (Do not use examples

given in the text).

a} Primary succession
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where would ane expect 10 look for signs of secondary succession? What does
secundary succession end? .

Imagine two volcanic areas, both the same size. In both areas, a fresh lava flow
has spread newly formed rock over the land. One area is an island, far [rom land,
and the entire island has been covered with lava. The second area-exists in the
middle of a large continent. Would succession occur faster on island or on the
continent: or would the two be the same? Defend your answer.

10.9 ANSWERS

Self-Assessment Questions
1) 1} b 2} a 3)b ¢ 5ec

2) »d ¢ 3)c,e,f,b,agd

3) 1) facilitation, inhibition, tolerance
2) increases, increases, increases, equal

Terminal Questions
1) Write the examples from your experiences.

2) Primary succession on land occurs in areas, where there is deficiency of water,
and the soil is not formed. Succession in this case proceeds from xeric to mesic
conditions. On the other hand, succession in lake or pond proceeds from a -
situation where there is plenty of water and very less soil to the mesic conditions.

3) Secondary succession occurs in disturbed areds, where soil is often in place,
eliminating the long soil building stages as seen in primary succession. Some
planis like weeds grow profusely and their growth is not checked. As secondary
succession progresses, the initial invaders are eventually replaced by plants from

-the surrounding community. Larger, fast growing trees block the sunlight and a
new generation of shade-tolerant shrubs emerges below the conopy, eventually
the lines between the area in succession and the surrounding community begins
to fade. At this stage the last stage of secondary succession is reached.

4) The availability of nutrients determine the rate of succession in fresh water
bodies. By the growth and development of different seres, the nutrient content
in the ecosystem increases. The rate of succession is also enhanced if the nutrient
supply is increased; such as in the case of eutrophication in ponds and lakes.

5) Succession would occur faster in area existing in the middle of the large

- continent. This is because, here all propagules or seeds of plants belonging to the
different seres would reach much faster, establish and ultimately result in climax

. community.
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UNIT 11 COMMUNITY ORGANISATION
AND INTERACTION AMONG
ORGAN ISMS

Structure ’ . ) .

11.1 Introduction -
Objectives
11.2 Community Organisation
Habitat and Niche
Functional Roles and Guilds
Keysione Specics
Dominant Species
Stability
Views of Communily QOrganisation
11.3 Species Interaction
11.4 Competition - i
Competilion in Laboratory Populalions
Competition in Natural Populations
Resulis of Competition
Evolution of Compelilive Ability
-11.5 Predation
Predation in Labaratory
Predation in Ficld Studies
Co-cvolution of Predator-Prey Sysicm
11.6 .Herbivory
Delence Mechanisms in Plants
Herbivore Countermeasures
Herbivore Interactions
11.7 Summary
11.§ Terminal Questions

11.9 Answers )

11.1 INTRODUCTION

In Units 9 and 10 you have learnt about the structure of 4 community. You learnt
that communities change over time and uninterrupted succession ends w1th a
relatively stable group of organisms — the climax commumty

Although seemingly calm and quiet an ecosystem can be as busy as any large city
during rush hours — minus the noise. Let us consider a forest as an example. The
soil teemns with bacteria, fungi,.insects, mites, slugs, worms, spiders and scores of
other organisms that dig up the ground as they move and reproduce. Delicate
seedlings errupt through the surface, absorb nutrients recycled by the decomposers
and eventuaily grow into shrubs, trees elc., that manufacture food for herbwores
Carnivores devour the herblvores as well as other carmivores.

The organisms will vary from one ecosystem to another and the example here of the
forest illustrates how some organisms interact with each other. Some interactions
benefit one or both participants whereas, some harm one or both participants. In this
unit we will first discuss the various approaches used to explain community
organisation. The following sections would deal with the interaction among OTganisms
that make up the community.

In the next unit we will explore the various parameters that affect the populations in
a commumty

Objectives
Alfter reading this unit you should be able to:

® describe the processes that affect community organisation and define niche, guild,
keystone and dommant species

¢ defipe the vanous 1ntcrspec;f1c and intraspecific interactions gmng examples of
each 39
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Resource Utilization

The difference belween habilat
and nlche can be made clear I we
Lake a simple example, To become
aguainted -with a person we need
to know his address, 1.2., where he
would be found, i.e. habitat. To
really know (he person well we
would want to know about his
occupation, interests, assodatlons
and his role in community, Lhis
would be his niche.

Species

Fig. 11.1 : Niche parameter
in 8 community.

40

® explain compctitive exclusion principle and how potentially compeling species may
coexist . :
® define various forms of predation and explain the predalor-prey system

o describe the relationship of plants and herbivores alongwith some e¢xamples of
plant defence systems ' .

11.2 COMMLINITY ORGANISATION

You have learnt in Unit 9 that a community contains populalions of many species.
We shall now see how a community is organised in the ecosystem. Three processes
—competition, predation and symbiosis help to organtse communities. For instance
competition among plants, herbivores and carnivores could control the diversity and
abundance of species in a community. Predation could organise the community along
feeding lines while symbiosis which includes important interdciions like mutualism
that link species could help to increasc community organisation in a positive way.
This would be made clear as you study these interactions in later sections.

Before we examine the various factors that influence the organisation of a communily
we should first review the important concepts of habitat and niche,

11.2.1 Habitat and Niche

The habitat of an organism is where it lives, you could say its mailing address. When
we describe an organism’s habitat it is best to be specific and describe in as much
detail as possible the exact location.

Although the word niche recalls to mind a small space, in ecology it means much: -

more. The niche of an organism refers to the role it plays in the ecosystem. It includes
tolerence of physical factors such as temperature, light, soil, moisture, pH and
nutrient requirements. It also includes biological aspects such as — how it acquires
its food, what season of the year it reproduces and how it interacts with other
organisms in the community. In short the niche defines a particular species role in
the community, and is unique for each species. Table 11.1 lists some of the factors
that should be taken into account when describing the niche of a species.

Table 11.1 : Aspects of Niche

Fra I Ty 1 e i

Plants Animals

L B

Scason of year [or growth and reproduction Time of day for feeding and season for reproduction

Sunlight, water, soil, pH. temperature Habitat and food requircments

requirements
Relationship with ather organisms Relationships with other organisms

Effect aon abiotic environment Effect on abiotic environment

In a community {wo niche dimensions usually taken into consideration are — niche
width and niche overlap (Fig. 11.1). Niche width or niche size is the sum total of the
different resources exploited by the organism. Measurement of niche usually involve
the measure of some ecological variable such as food size or habitat space. Niche
width may be described as narrow or broad. A narrow width indicates a specialised
species while a broad width would indicate that the species is a generalist and can use
a wide range of resources. Niche overlap indicates that two or more species use a -
porcion of the available resources, such as food, or space, simultaneously. You can
see in the figure that some niche space is shared and some is exclusive.

The concept of niche suggests thal related species that differ with respect_to niche

are able to coexist in a habitat or community because their niche difference partitions
the resources and thus compelition is avoided. This is true for both plants and animals
and we shall discuss this in more detail in section 11.4.

11.2.2 Functional Roles and Guilds

To find out how a community is organised we can use several approaches. The
simplest approach would be to group the species present in the community according
to feeding habits. In this way we can get information about the food web und then



subdivide each trophic fevel into guilds. These guiids are groups of species expioiting
a common resource base in a similar fashion, For instance all organisms Jike monkeys,
parrots or other birds that eat fruit in a forest can form a guild; or ants, rodents, and
birds that eat seeds in a desert habitat can form a single guild. Guilds may serve to
pinpoint the basic functional roles of the species and different guilds interact amongst
.themselves and provide the organisation that we see in a community. The guild is a
convenient unit for studies of interactions between species in a community and should
help us.to study its organisation better by making it unnecessary to study each and i
every species as a scparate entity.

11.2.3. Keystone Species

When the activitics of a species determines community structure that species is called
keystone species. For example, consider the case of the starfish, Pisaster ochraceous.
When this starfish was removed from the rocky intertidal areas of western north
America, the mussel Mytilus californianus was able to occupy the space and excluded
other invericbrates and algae which require attachment sites. However, under natural
conditions, predation of mussels by starfish keeps their population under control and
does not allow it to become dominant. This permits other species requiring
attachment sites to survive in such habitats.

Another example of a keystone species could be of the African elephant. By their
feeding habits clephants destory shrubs and small trees and push woodland habitats
towards open grassland. Large mature trees can be destroyed by elephgnts feeding

on their bark. As more grasses invade the woodland habitats, the freqdeacy of fires .

increases, which accelerates the conversion of woods to grassland. This works to the

disadvantage of the elephant, because grass is not a sufficient diet for elephants, and

they begin to starve as woody species are eliminated. However, other ungulates that

graze the grasses are favoured by the elephants' activities. Thus in this community
clephants play an important role in shaping the community organisation.

Rcstone species may be relatively rare in natural communities or may not be casily
rcecopnised. At prescnt, few terrestrial communities are believed to be orpanised by
zcystone species, but in aquatic communities keystone species may be common,.

11.2.4 Dominant Species

‘Ihese are recopnised by their greater number or more biomass and in general, are
described separately for each trophic level. Dominance is related to the concept of
species diversity. This means that some of the measures of species diversity could be
considered as measures of dominance. we may thus defing simple cormmunity
dominance index as follows:

Community dominance index = percentage of abundance contributed by the
1wo most abundant species.

= ¥t ¥a
Y

Where y; = abundance of most abundant species
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abundance of second most abundant species

total abundance for all species

(3
It

Abundance may be measurcd by density, biomass or productivity.

Dominance, however, is not always closely related to diversity, Dominant species are
usually assumed to be competitive dominants. However, dominant species in some
communities may be a matter of chance. For example, of the many invertebrates
species present in a rotting log community, many species may be dominant at least
once but none would be dominant in every log. Thus a species could be dominant in
one log while very rare in the adjacent log. It seems thar the determining factor is
very much a question of who gets there first.

Available data suggests that dominance can be achieved in three ways; i) the first
species to reach-a new resource like in a rotting log, may become dominant, ii) a
species may become dominant by specialising on one part of a resource set that is
widely distributed, and iii) a species may generalise. so that it could use a wide variety
of resources.

Communily Organisation nnn
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" “*Dominance is an important component of community organization, although it is still

poorly understood. Dominant species may affect :3Conly the organisation of a
commuaity but also its stability. Therefore, let us now investigate comimnunity stability.

11.2.5 Stability

It is a dynamic concept that refers to the ability of a system to absorb change and
return back from disturbance. Let us look at figure 11.2, It explains the concept of
stability in an ecosystem. The black ball represents the community on a surface which

represents environmental conditions. In (a) the community is stable as the system will -

return back to point I after disturbance. In (b} the community is locally stable but if
perturbed beyond a limit it will move to other positions of relative stability (II and
II). In (c) large disturbances will cause extinction of some species and recolonisation
by newer species.

Range of environmental conditions

IT
Range of environment conditions

Colonisation
by new species

Extinction of species

I
Range of environmental conditions

Fig. 11.2 : Stability concepl in an ecosystem

Thus stability is 2 dynamic concept but is equilibrivm centercd. There must be one
or more equilibrium limits or points at which the system remains when faced with a
disturbing force. Stability may be local or global. Local stability is the tendency of
the system to return to its original position from a small disturbance; gaps in forests
filling in with similar species of trees are examples of local stability. Global stability
is the tendency of a community to return to its original condition from all possible
disturbances. Eucalyptus forest's return to its original condition after an outbreak of
fire represents global stability. Communities show resistance and resilience.
Resistance is a measure of the degree to which a system is changed from an
equilibrium state after disturbancé. Resifience is the speed with which a perturbed
system returns to equilibrium. A rapid return is an evidence of high resilience.

The simple and appealing notion that diversity of species causes stabilily is incorrect.
Infact increasing complexity reduces stability in mathematical models and therefore,

if diversity causes stability as is often said for tropical communities, it is not an
automatic conscquence of species interactions. Natural communities are products of
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evolution where nonrandom combination of interacting species are produced in which
diversity and stability are rclated. The stability of whole communities has rarely been
studied in detail inspite of the great number of perturbations caused by man.

Aquatic communities have been disturbed by pollution of human origin and the
stability of aquatic systems under pollution strees is a critical focus of applied ecology
today. We have seen an example of how nutrient additions affect lakes in Unit 6. It

is imporant that we acquire information on how much we can perturb the community
before it changes to a less desirable configuration. At present, itis done by trial and
error method only. -

Let us now take a look at the two opposing views about community organisation.

11.2.6 Views of Community Organisation

The conventional {(older) view is the equilibrium hypothesis where local populations
are controlled by competition, predation, and mutualistic interactions. Global
stability is the rule, and disturbances are suppressed. Species diversity is determined
by diversification of niche, thercfore, each species is competitively superior in
exploiting a particular habitat. The newer and less accepted view is the
nonequilibrium hypotheis. This onc states that the species composition of a
community is always changing and no balance remains. There is-no global stability
for communities in the world and persistence or resilicnce is a more relevant measure.

Nonequilibrium hypothesis can be explained if we assume that high species richness
is maintained in communities which suffer from medium to moderate levels of
disturbances. If disturbances like fires, frost, landslides, windstorms etc., are very

frequent, only those organisms will occupy a site, that mature quickly. At the other

extreme if no disturbances will occur then the competitor which is more aggressive
will eliminate the other species.

Tropical rain forests and coral reefs are two communities that have always been
considered to represent the equilibrium hypothesis. But in a rain forest, canopy trees
do not replace themsclves locally and small trees at the site are rarely the sargl species
as the canopy trees. Therefore, the community at a site 1S seemingly not in

equilibrium in the-rain forest. Coral reefs also seem 10 retain high diversity only in -

areas of frequent hurricancs.

Mor2 experimental work will have to be done before we know better which of the
two views given abovce is more appropriate for natural communities.
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Communlty Organisation and
Interaclion Among Orpanisms
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11.3. SPECIES INTERACTION

Now that we have lcarnt how communities arc organised. Let us sce how populations
of plants and animals interrelate within the community. Individuals in a species
population interact amongst themselves — intraspecific interactions as well as with
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individuals of other specics popularon — interspecific interaclions. Some have
minimal influence on one another while some such as parasites and their hosts,
predators and their prey, have, very distinct and immediate relationships. At an
individual level thesc relationships can be harmful or beneficial; at a population level
they can reduce, stabilise or enhance the rate of population growth

The cffects of these interactions can be positive, negative or neutral (see Table 11.2).
Neutral interactions (O0O) have no affect on the growth of population. Positive
interactions (+ +) benefit both populations and if the relatioriship is mutually
detrimental then the interaction is negative (- ). When' one species maintains or
provides a condition necessary for the welfare of the other but does not affect its own
well being by doing so, the interactions is called commensalism (O+). An example is
an epiphytic plant growing on the trunk of a tree. The tree provides support and the
cpiphyte gets its nourishment through its aerial roots. The interaction (O—), in which
one species reduces or adverscely affects the population of another but remains
unaffected itself is called amensalism. An cxample may be the rclease of toxic
substances by one organism that inhibits the growth and survival of another. This is
known as allelopatiny. An example is juglone a chemical substance released into the
soil by black walnut'tree which suppresses the growth of other plants near it.
Amensalism may be considered a form of competition.

Table 11.2 : Interspecific Relationships

Typeof Interactlon Species Nature'ol Interaction
1 2 " R

Neutralism o o Neither population aflecis the other
Competition - - Direct inhibition of each species by

the other
Predation (including hervibory) + - Population | predator kilis prey species 2
Parasitism + - Population 1 parasite lives on pepulation

2 prey without killing it
Cummcnsﬁsm + o Population | éo-_rn;pl':zisal benelits

. population 2 is unaffected

Mutualism + o+ Interuction favourable 1o both
Amensiulism o - Population | unaffected

population 2 harmed

Ecologically more important than both amensalism apd commensalism is the
relationship which benefits both population (++). Such interactions are termed
mutualism. For ¢xample, bacteria present in termites and stomachs of ruminent
animals help in the digestion of cellulose. The bacteria get a warm environment and
help their host to extract nutrients. The nitrogen fixing bacteria Rizobiun found in
the root nodules of leguminous plants arc another common example of mutualism.

Negative interactions are competition (— —), which is detrimental to populations ot
both species and predation and parasitism (—+), in which the population of one
spectes benefits at the expense of another. Parasitism involves one organism’s feeding
on another and the prey or ‘host’ is seldom killed outright. The host survives, though
its fitness is reduced and when it dies it is due to reduced resistance to other
infections. Familiar parasites are tapeworm, fleas, Plasmodium and numerous other
disease causing microorganisms.

Ecologists have studied negative interactions involving competition and predation
much more than positive ones, because impacts of positive interactions are not easily
demonstrated. In this unit we will study interactions between two species involving
compctition and predation. '

11.4 COMPETITION .

\I

Competition occurs over resources. For plants light, nutrients, and water may be
important resources. Plants may compete for pollinators or for attachment sites.
Water, food and mates are possible resources for animals, and they may compete for
space such as nesting sites, wintering sites or places that are safc from predators. Thus
we see that resources can be complex and diverse.
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® There are two types of competitive interactions: Exploitative or scramble ‘Communﬂy Orpanbsation a
.. . . ; oy teracti Organlsm:
comperition occurs when a number of organisms of same or different species utilise ateraction Among Organlsms
common resources that are in short supply.

® [nterference or contest competition occurs when organisms secking a resource will
harm onc another in the.process even if the resonrce is not in short supply.

When a shared resource is sufficient like oxygen in terrestrial environment or in the
aquatic habitat there is no competition for it amongst organisms. But most resources
are generally in short supply, therefore, organisms with niche overlap enter
competition. The greater the niche overlap, the more intense the competition (Fig.
11.3). Because members of the same species require many of the same resources
intraspecific competition is more intense than interspecific competition between
members of different species.

Species | Moderate niche
A y overlap

Species A
V//M////////;

arge niche

% lap %4 -
)

\Species B

\

Range /of habitat - - -Range of habitat Range of \ habitat

Swmall niche
~ overlap

Species B

Range of Food
Range of Food
Range of Food

INTENSITY OF COMPETITION High

Fig. 11.3 : Niche overlap and intensity of compelition. Each graph compares food and%biml
requirements for (wo species A and B.

Simplified communities and laboratory experiments allow ecologists to single out and

study qualitatively the various interactions. Mathematical models have been used
extensively to build up hypothesis about what happens when two species live together

either sharing the same food or occupying the same space or preying on one another. -
The best known models were developed independently by two mathematicians Lotka

(1925) in U.S. and Volterra (1926} in Italy. Lotka-Volterra equations apply to
predator-prey situations and non-predatory situations involving competition for food

and space.

The Lotka-Volterra equations for competition between organisms based on the
logistic growth equation, one for each species, can be written in the following form.

dN, _ K; —‘N| — alN,
i TN T T
dN, K, — Ny — BN

= = 1,N, 2 = 1
dt 22 K,

where Ny, N, = population of species | and 2
K,, K; = Equilibrium population size for cach species in the
’ absence of the other
[ = time ’
r, Tz = per capita rate of increase of species | and 2 respectively.

o is a constant representing the inhibitory cffect of species 2 on species [ and B is the
constant signifying the inhibition of species 2 by species 17 Lotka-Volterra models
assume that: 1} the environment does not change, 2) migrations are unimportant,
3) coexistence requires stable equilibrium points, 4) compétition is the only important
biological interaction. Now if we put these two species N, and N, together what might
be the outcome of this competition? ’

1) both specics coexist ‘ 45
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Competition becomes so intense that one species is finally eliminated. Greater

2) species 1 becomes extinct or

3) species 2 becomes extinct

The theoretical Lotka-Volterra equations stimulated studies on competitions in the
laboratory where under controlled situations the outcome is easily determined.

11.4.1 Competition in Laboratory Populations

Although species with small niche differences are able to co-exist in a commuhity,
those with identical niches cannot, even if only one shared resource is in short supply.

i

number of offsprings of the ‘winner’ species with better suited traits gradually displace
members of the less efficient species. This is known as the competitive exclusion
principle. It was first demonstrated in the laboratory by G.F. Gause (1934) in mixed
cultures of closely related paramecium species. Although each population survived a
when grown individually, only one survived when grown together'with a fixed amount

of food (Fig. 11.4). .
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P. ¢audatum alene '
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- 30 P. caudatum in mixed culture
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Fig. 11.4 ;: Competition between two species of paramecium. When grown in pure culture, P awrelia and P
mudslum exhibit rapld growth. When grown in mixed culivres P aurelia is the beiler competitor and P
caudatum dies oul. (Alter Gause 1934).

Competition between species does not always lead to expansion of one population
and restriction of another. Gause showed in another experiment that when (wo

" different species of paramecia P. aurelia and P. bursaria occupy the same tube, both

survived because P. aurelia could feed on the yeast suspension in the upper layers of
the fluid whereas P. bursaria could feed on the yeast in the bottom layers. This
difference in the feeding behaviour between these species allowed them to coexist.
It was thus demonstrated thar two or more similar species can live together only if their
niches differ.

11.4.2 Competition in Natural Populations

Now let us see if these laboratory results apply to populations in nature. There is a
wide range of opinion on the importance of the competitive exclusion principle.
Although this principle has been repeatedly demonstrated in laboratory experiments,
it is not the rule in nature or rather it is not easy to see in natural communities.

Let us first examine situations where competitive exclusion would not be expected to
occur. These situations are:



1) When the critical resource is in abundance. For example, six species of the
leathopper Erythoneura can live on the same tree and fzed on the same leaves.
Not only are their habitats and food source same but their life cycle phases are
similar. Apparently competitive exclusion is avoided because of an abundance of
resources,

2) When environmental conditions are unstable and change frequently. There is )
just not enough time for one species to replace the other during the short period
when resources become limited, For example, in oceans and temperate lakes,
changes sometimes occur so suddenly that there is no time for one species of
phytoplankton to increase so much in numbers so as 1o exclude the other, despite
intense competitions for limited nutrients. Because stcady changes take place
during primary and secondary succession, competitive exclusion has not been
seen in communities undergoing succession.

Another reason why the process of competitive exclusion may go unriaticed in nature
is that is tckes time for one species fo exclude another. If researchers are unable to
observe the community continuously then they may miss the process entirely. There
is an interesting example to illustrate this. Goats were introduced on the island of
Abingdon in the Galapagos Archipelago in 1957, The goats browsed on the same
low-growing grass as the native tortoise, as well as other leaves and higher stems. In
the absence of any predators, the goats multiplied rapidly.and the low growing food
that the tortoise required got exhausted. By the time the research team revisited in
1962 all the tortoise were gone. Here competitive exclusion had caused the extinction
of the Abingdon tortoise.

11.4.3 The Results of Competition

Competitive exclusion is not the only outcome of competition. Sometimes a shared
resource can be partitioned in such a way that potential competitors use different
portions of the resource. Let us take a hypothetical case of 4 species of birds that live
in a similar habitat. They would feed on different positions in the canopy and thus
avoid competition. In addition to partitioning of space, a shared resource may be
exploited ar different times.

These are example of resource partitioning. A study involving closely related species
of birds to test Gauses’ hypothesis was done on the cormorant (Phalacrocorax carbo)
and the shag (P. aristorelis), see Fig. 11.5. These species occur in similar habitats and

Cormorant Shag

® Mixed diet but no sand ® Eats mostly sand eels
ecls or sprats and sprats N
g
® Fishes in shallow estuaries ® Fishes out to sza
#® Nests high on cliffs ® Nests low on cliffs or
or broad ledges on shallow ledges

Flg. 11.5: C[DSEI}' related Phalacrocorax species get their I[vlng in different
ways and so do nel compete.
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appear to have a wide niche overlap. They are both chiff nesters and eat fish. It was
shown that coromorant nests chiefly on flat broad cliff edges and feeds chiefly in
shallow estuaries and harbours; the shag nests on narrow cliff edges and feeds mainly
out at sea. Thus because of these differences competition is minimised.

A similar partitioning of resources exists among plants. Species of plants cultivaled
together exploit different soil depths (Fig. 11.6).*Some have shallow fibrous roots
that draw water from the soil top. Another species may have sparsely branched
tapreot that extends to an intermediate depth. Yet another may have a taproot that

is moderately branched in the upper layers but develops primarily below Lhe rooting
zone of the other species.

LT L LRI LBt A

In addition to spatial partitioning a shared resource may be exploited at differcnt
times. This is known as remporal partitioning. An example can be seen in grasslands
where a species of buttercup Ranunculus grows only in early spring before compeling
perenial grasses begin to grow.

T
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T

T

Fig- 11.6 : Resource partitioning of the soil by a group of desert plants. Root system morphology
is species specific. Species (A) are shallow surface rooters, able to take vp moisture quickly during
occaslonal rains. (B) have more spreading roots at intermediate depths. Plants
such as {C) have deep tap roots,

Another alternative to competitive exclusion is character displacement where intense -
competition affects evolution, leading to displacement or change in a characteristic

rather than extinction of a species. An example is seen in the forests of Europe, where

six species of a small bird called titmice (Parus) coexist because each species has a

slightly different beak size. These differences in beak size prevent any two species

from secking the same food in the same feeding area. For example, titmice with

longer beak catches larger insecis. Biologists have found out that all the six species

evolved froman identical ancestor and that variations in beak size are the result of

churacter displacement.

11.4.5 Evolution of Competitive Ability

It would be obvious from the cxamples discussed in carlier subsections that if two
species are competing for a resource that is not abundant, then it would be
advantageous 1o both specics to evolve differences — structural, physiolegical and
bchavioural — that would reduce competition. However, it is not always possible to
evolve such mutually benelicial changes because the species may have other possible
competilors.,

So the anly way 10 survive is to evolve competitive ability or *stay and fight’. This
concept is not very casy 1o define. But in short it means that any mechanism that



prevents a competitor from gaining access to a limited resource will improve
competitive ability. Territerial behaviour in birds is a good example. In arimals, the
evolution of a broad array of aggressive behaviour has been critical in substituting
ability in combat for ability in utilising resource in competition. On the basis of this
we can recognise an idealised evolutionary gradient.

Low density _leadsto | Colonisation and growth
. . leads to ‘l -
High density —_— Resource competition
High density _leadsto | Interference mechanisms that prevent

resource competition.

Populations may exist at all points along this evolutionary gradient.

11. S PREDATION

.l'l -
In add:uon to competing for food. or space, species in a community may interact by
predation which literally means plundering, Most of us would associate predation with
a hawk swooping on a mouse or a tiger killing a deer. That is a narrow view of
predation while it implies much more. A fly laying its egg on a caterpillar to develop
there at the expense of the victim is also an example of predation called parasitoidism.
A deer feeding on shrubs and grass or a mouse or bird feeding on seeds and fruit is
a form of predation called herbivory. A special form of predation is canaibalism in
which the predator and prey belong to the same species.

The effect of predation on population has been studied theorelically and practically
because it has economic implication for our own species. Predation may affect
populations mainly in three ways:

® restricts distribution or reduces abundance

® affects structure of community

® is a major selective force, and many adaptations that we see in organisms such as
mimicry or warning colouration have their explanation in predafor — prey
coevolutions.

We begin our analysis of the predation process by considering theoretical models.
The underlying assumptions of these models are that prey populations grow
exponentially and that reproduction in the predator population is a function of the
number of prey consumed. As a single predator population increases, the prey
decreases to a pomt at which the trend is reversed. The rise and fall of the two
populations results in oscitlafions in each (Fig. 11.7).

The cycle or oscillations may continue indefinitely. The prey is never destroyed by
the predator; the predator never completely dies out.

Cameunlly Organisation und
Interacilon Amoeng Organisens

In animals apgressive behaviour
Ieads to establishment of
dominance hlerarchies or rank
order. The duminance is
determined by aciual fighting or a
rilupl contest in which one
frightens the ather away. The
dominant animal eals and mates
first, and drives the other away
from his territory.
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Fig. 11.7': The abundance of predator (H) and prey (P)
populalion s plotted agalnst time. An Incrensed
abundance of prey is followed by Increased predators

11.5.1 Predation in Laboratory

In general laboratory experiments for the study of theoretical predator — prey
systems result in the extermination of the prey. G.F. Gause (1934) reared
Paramecium caudatum (prey) and Didnium nasutum (predator) tdgether in a closed
system. Didinium always ate the Parameciurn and then died of starvation. The result
was same even if the culture vessel was very large or number of predators introduced
was small and so on (see Fig. 11.8a).

(8)
= ,
_g .
2120 o Reaudatum
=
u 80 .
2 40 D. nasutum
E . — D
=z B o el T~
6o I 2 3 4 5
Time indays
(b)
50+
E
2 40 P. caudatum
9 30|
4
° 20
2
E 10 - D, nasutum
Z - |

Time in days

Fig. 11.8 : Predator — prey Inleraction between Parsmeci/uin caudafum and
Didinfum pasutum in two situstlons
a) cat medlum without sediment b) oal medium with sediment

However, if Gause provided a refuge for the prey, in this case sediment on the bottom
of the culture vessel, part of the prey population survived (Fig. 11.8b}. This suggests
that predator — prey relationship can stabilise when predator pressure eases when the
prey population decreases in-size. However, predator-prey interactions may show
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cyclic fluctuations ot both populations when the predator depends exclusively ou a
single type of prey species. In another experiment, a system of azuki bean weevil as

a host (prey) and a wasp (predator) parasitic on the larvae of weevil was maintained
in the laboratory. Figure 11.9 shows the oscillations. The wasp lays its eggs on the
larvae of a large prey population ensuring the survival of the wasp offspring thus
increasing the predator population. But as the predator population increased the
weevil population crashed, reducing the survival of the next generation of wasp
population, The reduced wasp population again allowed the prey species to increase,
and 5o on. It was noted that over 12 generations a long-term trend was seen, the host
population gradually increased in density and the parasite population gradually
deciined. : ,

l

—« — predator

|- —— PICy

Adult population

.

Generation

Fig. 11.9 : Cyclic Auctuations in laboratery populations of the azuki bean
weevil and its wasp predator”

You would now naturally like to know whether short term predator-prey experiments
can lead to evolutionary changes in the two organisms. Lotka-Volterra models,
however, assume that prey and predator species are constant and unchanging.

Experiments using housefly and a parasitic wasp maintained for 20 generations
showed distinct changes to reduce the intensity of predation. In short, we can assume
that prédators determine the abundance of their prey and vice versa and that as a

- result of evolutionary changes fluctuations of the predator-prey numbers occur. Now
let us consider whether this generalisation is true for situations in nature.

11.5.2 Predation in Field Studies

How can we find out whether predators determine the abundance of their prey? The
logical suggestion would be to remove predators from the system and observe the
response. In Australia, when the dingo, a wild dog was killed off because it attacked
sheep, the rabbit and red-kangaroo populations increased. It was then concluded that
dingo predation limits the density of rabbits red kangaroos. Let us examine another
case, of moose population on an island in Lake Superior of USA.

It was supposed that a small group of moose arrived on the island in 1908, In the
absence of a predator the moose population grew rapidly and in 1935 was 30,000.
This proved too many for the vegetation, resulting in starvation and death of about
90% of the moose. ‘With the numbers reduced, the vegetation recovered and so the
number of moose also started increasing reaching a peak of 30,000 in 1948 and then

" crashed again. In 1949, a group of wolves reached the island and started to prey on
tire moose mostly attacking the old, infirm and the young. Soon a stable balance of
two dozen wolves, 800 moose and a healthy crop of grass was reached.

This example shows that predator-prey relationship can lead towards a dynamic
balance. However, such clear cut evidence of predators controlling the population of
prey is not widely available.

11.5.3 Co-evolution of Predator-Prey System

The above example illustrates that to survive the predator must feed and the prey
must avoid becoming food. Because if the prey becomes exterminated then the -
predator will naturally starve. How is this stable predator-prey relationship

Cammunity Organlsaiian and
Intcractlon Amoeng Organisms

Some farmers now récognlsc the
benelits of maintaining owl
populations, because they caplure
rodents. In other instances
predaters have becn used 1o
conire] pest population. The
cotony cushlon scale, a small sap
sucking inseci named for the lorge
white cgp mass deposiled by the
fenale on tree limbs threatened
the California citrus [ndusiry. Tt
was brought under control by
importing ils natural predator, a
lady-bird beetle called Vedalfa.
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The coevolulionary adaptations of
predators and prey are beauiifully
illustrated by the relationship of
an insect-assassin bug and the
desert camphor weed. The
camphor weed exudes a sticky

- harmful resin from its leaves that
discourages herblvoreous
predators. The assassian bug is
not discouraged by the sticky glue.
The female bug scrapes off the
substance and smears it on her
abdomen where it coals her egps
as they come out. This makes them
undesirable to predaters. This,
however, does not complete the
story, the young bugs soon afier
hatchlng, scrape the glue from the
discarded egg shells and transfer it
to thelr forelegs where it | =lps ta
calck thelr own prey. In ilis
complex association, defences
evolved by the plant are used by
the bug agsinst its predators as
well as prey.

In many game ranges in South
Africa, hundreds of kudu a kind of
antelope, died during each dry
season. The killers were Acacia
leaves, Acacig Is normally a prime
source of food for kudu and it
produces tannins for its defence
againsi herblvores. Under normal
condltions the tannin levels do not
harm kudu. But under dronght or
vxtensive foraglng the leaves
incresse the production of lanoim,
enough to inaclivate liver enzymes
of kudu. When antelopes forage
on an Acacia tree its leaves emil
ethylene which appears to signal
ather (rees to step up their
production of tannin. The short
term Increase in tannin production
acts as a natural population
regulatory mechapism.
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maintained? One may suggest that natural selection changes the characteristic of both
so that their interactions produce populations stability.

Prudent predators would kill and eat individuals that have crossed the reproductive
age, the weak and (he young. Young individuals in nature have a high death rate due
to one cause or another. In the wolf-moose example many moose in the breeding age
group are ‘tested’ by the wolves and quickly ignored because they are difficult to
catch and kill.

Evolutionary change in two or more interacting species or coevolution occurs most
tightly when predators regulate the prey population. In some predator-prey systems
where the predator does not regulate the size of the prey population evolutionary
pressures are reduced. Much of the stability we see in nature probably results from
continued coevolution of predator and prey. Foolish predators that kill all their prey. L
exist for a short time in evolution, with the result that we are left today with highly :
sclected predator-prey systems. '
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11.6 HERBIVORY

Herbivory is just a special kind of predation and in this section we will cover some
very specific relationships that herbivores have with plants. Predation on plants by
herbivores involves defoliation and consumption of fruits and seeds. Defoliation is
the destruction of plant tissue like leaves, bark, stem, roots etc. Even though plants
may persist and regenerate, defoliation has an adverse effect. Plant biomass is
decreased; removal of leaves and subsequent death of some roots reduce the vigor
of the plant; its competitive ability and its fitness. In case of seed predation, even if
only a few seedlings survive then seed predation has no real impact; only if seeds are
removed from an expanding population, then seed predation reduces the rate of
increase. On the other hand if consumption of seeds is a mechanism for dispersal of
seeds then predation works to the advantage of the herbivore. We all realise that
plants cannot move so to ‘escape’ from herbivores they must evolve some clever
adaptation. Thus herbivores can be important selective agents on plants. Let us now
examine some of these adaptations. o

ma - -

11.6.1 Defence Mechanisms in Plants

Some plants use mechanical means to discourages predation. The sharp spines of
cacti, the thorns in the rose bush, leathery leaves of oak trees are some examples.
Plants may use a variety of chemical weapons that we are only jusl starting to
appreciate. These chemicals are known as secondary plant substances. These
substances are by-products of the primary metabolic pathways in plants.

Secondary plant substances are not waste or excretory products but have an
ecological role as anti-herbivore components, and have rapid turnover rates in the
metabolic pool. Some of these chemicals are familiar to us, species hke. cinnamon
and cloves are phenylpropanes; peppermint oil, and catnip are terpenoids; nicotine,
opium, marijuana and caffine are alkaloid secondary plant subslance.

Tt is believed that antagonistic plant-herbivore interactions just like the predator-prey
interactions, co-evolve. Based on this a general defence theory has been formulated
from the observations that defences are costly in terms of fitness to organisms. The
cost is due to the diversion of energy and nutrients from other needs and we can
expect that when enemies are absent less-well defended indivi_duals will have better
fitness. The following points emerge from the above observations.



® More predators result in more defences.

@ More defences are allotted within an organism to valuable tissues that are at risk.
For example, young growing leaves and shoots, seeds etc.

Defence mechanisms are absent when enemies are absent.

Defence mechanisms cannot be maintained if plants are severely stressed by
environmental factors.

Defence mechanisms in plants may be of two types:

1) Quantitative : that are most expensive and not easily mobilised. They are most
effective against the specialist herbivores. Tannins and resins concentrated near
the surface of the leaves, in barks and in seeds are examples. They form
indigestible complexes with leaf proteins, reduce the rate of assifilation of
dietary nitrogens, and the ability of gut microorganism to break down leaf protein
and lower the palatibility.

2) Qualitative : present in low concentration (less than 2% of dry weight). Examples
are alkaloid and cynogenic compounds that interfere with metabolism. These
compounds can be synthesised quickly at low cost, are effective at low
concentrations and are readily transported to the site of attack. They can be
shuttled about in the plant from growing tips to leaves, stems, roots and seeds
and they can be transferred from seed to seedling. They protect the plants from
generalist herbivores,

11.6.2 Herbivore Countermeasures

Herbivores of course do not sit idle while plants evolve defence systems. Animals try
to overcome plant defences by evolving. mechanisms to render them harmless. The
coevolution of plants and animais can thus occur. Let us examine some examples. A
milkweed (Asclepias curassavica) containing a chemical that affects vertebrate
heartbeat is not eaten by cattle. But certain insects for example, the larvae of the
familiar monarch butterfly, eat it without any harmful effect. In fact they set apart
the poison in their bodies as a chemical deterrent to predation! These milkweed
eating butterflies are avoided by birds because they find them distasteful. This is
because of the heartbeat affecting chemical stored in the tissue of the butterflies.
Obviously the butterflies have evolved a mechanism to remain unaffected by the
chemical and to be able to store i, giving themselves chemical protection against the
birds.

11.6.3 Hervibore Interactions

As we have said el:arlier, the plant-herbivdre interaction is thought to be of the
predator-prey type, in which the predator (animal) gains and the prey (plant) looses.
But it may not always be so. It can be mutualistic in which both benefit. A very
interesting example is seen in the ant-acacia systém. The swoller thorn acacia
provides ants a place to live and food to eat (Fig. 11.10) and the ants in turn provide

Communily (drguaisalion und
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Acacia (rees and shrubs have
thorns in (he tropical and
subtropical regions (o protect
them From browsers. In Australia,
where there are no browsers, most
species of Acacio lack thorns,

Fig. 11.10 : Swollen thorns of Acacia cornigera on o lateral branch. Each thron Is occupied by
20-40 Immature ants and §0-15 worker ants, Ah ant entrance hole 15 visible In ihe ligure.
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117 “SUMMARY

protection to the plant by attacking any herbivore that attempts to eat the plan!. The
ants thus reduce herbivore destruction and serve as a living defence mechanism.

The best worked out example is of the grazing system in the plains of East Africa.
First, the migratory zebras come and eat away long grasses. Then come large hordes
of migratory wildebeest which graze the grasses to short heights. These in turn are
followed by gazelles which feed on short grasses during the dry scason. Gazelles eat
grass sheaths and herbs, wildebeest cat sheaths and leaves and zebras eat grass stems
and sheaths leaving the grass alone. Obviously, a beautiful example of feeding
differences. There is no competition between the three herbivores, in fact the feeding
activity of one herbivore species improves the food supply available to the second
species. This is what is known as grazing facilfitation. However, competition for grass
in the above region occurs between very different types of herbivores, apart from the
large ungulates there are grasshoppers, rodenis, ele. Obviously in showing such a
system we should always be aware of the presence of many different types of.

the whole herbivore-
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¢ Communities-can be organised by competition, predation and symbiosis among
organism working within the physical environment, Two important concepts in
communily ecology are habitat and niche. Habitat is where the organism lives and
niche is its functiongl rofe in the community.

® Species in a community are organised into food webs and further into groups or
guilds that exploit a common resource base. Keysione species are those species
that can determine the community structure and can be recognised by removal
experiments. Dominent species are those that have maximum abundance or
biomass in a community and may affect the stability of the community.

® Stability is the ability of a system to come back to the original condition after a
disturbance. The ecological generalisation that diversity causes stability is not
supported by field or laboratory studies.

® There are two opposing views on community organisation. The equilibrium
hypothesis suggests that natural communities are stable and the nonequilibrium
hypothesis suggests communitics are never stable and always recovering from
disturbances. High species richness is maintained in communities that face
moderate disturbances. :

® The organisms of a community interact in a variety ot ways that may be classified

as negative, positive or neutrat interactions. Competition occurs over resources.
Theoretical models indicate that in case of competition between similar species,
one species may be displaced or both may reach a stable equilibrium. Possibility
of displacement gave rise to the competitive exclusion principle which states that
complete competitors cannot coexist. Species can coexist in the same community
only if they have slightly different niches. Intensity of competition increases with
niche overlap. '

@ The results of competition are resource partitioning and character-displacement.
Organisms evolve competitive ability by becoming more efficient resource users
and by developing interference mechanisms that keep competing species from
using the same resources.
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® Species may interact by predation. Mathematical models suggest regular oscillation
.of predator and prey numbers. This is supported by laboratory experiments and

laboratory systems may show gradual evolutionary changes towards greater
stability over a short number of generations. In nature, evidence suggests that

predation tends to control prey numbers but there are other environmental factors
involved too. Predators-prey systems always involve a coevolutionary race. Just as

predators are adapted to catch prey so are the prey adapted to escape the
predators. These sysiems stabilise when prey have a safe refuge from predators or

when predators ar
value.

¢ prudent and hunt old or juvenile animals of little reproductive

® Herbivory is a special type of predation involving plants and herbivores. Plants
have evolved special types of structural and chemical defences that discourage
herbivores from eating them. Secondary plant substances are chemical defences

i against the herbivores. Herbivores have responded to these by evolving

) detoxifying enzymes or by timing their life cycles in such a way so as to avoid the

- chemical threats. Herbivores-may compete for plants but they may also facilitate

each other so that in'some cases grazing may increase plant production,

11.8 TERMINAL QUESTIONS

: -1) Fill in the blanks with suitable community interactions.

Y. ORGANISM INTERACTIONS | -

2) A certain inland has two closely species of birds, one of which has a slightly
larger beak than the other. Interpret this finding with respect to competitive

— both unaffected .......... P (a)
- bothharmed ... (b}
L one harmed ... (9]
...................... (d)
- one benefits e rerrr et (e)
- oﬁe benefits
- one unaffected ... )
bothbenefit  ....coociein ()

exclusion principle and ecological niche, defining both terms.

3) Why would you recommend that animals such as wild dogs be not kil!éd even

though they sometimes prey on farm animals?

4) How does predation of animals on seeds and fruit differ from predation of
animals on leaves and stems of plants? !

.........................................................................................................

Cammunity Organisatlon and
Inieroction Among Organisms
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11.9 ANSWERS

Self-assessment Questions

1)

2)
3)
4)

iy False, a guild consists of groups of species that may not be taxonomically
related but have similar or comparable feeding roles in a community.

ii) True
iii) False. Habitat describes the place where an organism is to be found. Niche,

however, includes the physical space the organism occupies as well as its
functional role in the community.

iv} True

v) Stability in a community means its ability to return 1o the original condition
after disturbances. It does not mean that stable communities never face any
fluctuations.

i) d, ii) (a) scramble, (b) contest, iii) partition, character displacement

d)

i) plants; animals; detoxifying; storing.

ii) Defences are costly as precious nutrients are diverted from growth and
reproduction.

Terminal Questions

1)

2)

3

4)

a) neutralism; b) competition; ¢} predation
d) parasitism; ) herhivory; f} commensalism
g) mutualism

Competitive exclusion principle states that no two spectes can occupy the same
niche. If closely related speciés are to survive, they must show some difference,
however, smail in their niches. Ecological niche refers Lo the role that the
organism plays in the ecosystem. It dcfines the physical and biological
requirements of the organism. The related specics of birds coexist because a part
of their niches i.e. beak size, differ so they cannot exploit the same food resource.

In nature predalor-prey populations often show oscillations. Predators help
control prey population. If all the wild dogs are removed then their natural prey
species like rodents, rabbits etc. will increase tremendously and cause damage to
the food crops. '

Predation of animals on fruit and seed does not eliminate the plant because cven
if a few seeds survive then new plants can appear. Consumption of seed and fruit
is often the means for dispersal and infact beneficial for the plant. On the other
hand predation on leaves and shoots results in defoliation, loss of competitive
ability and vigour and reduction in fitness of the plant,
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12.8 Terminal Questions
12.9 Answers

12.1 INTRODUCTION

In Unit 11 you have studied how communities are organised -through interactions

among organisms that constitute the community. Interspecific interactions like

predation, competition and symbiosis have also been dealt with. In the present unit -
you will study the population as a collectjve group of organisms of the samc species

which occupy a particular space at a particular time. The population is attributed with

various characteristics that are unique possessions of the group and are not

characteristics of the individuals'in the group. We will discuss here some of these

properties like density, natality, mortality, age distribution, biotic potential,

dispersion, and growth form. It is also known that populations possesses genetic :
characteristics which are directly related to their ecology, such as adaptiveness,

reproductive fitness, persistence. The persistence means the probabilily of leaving
descendents over long periods of time. Also, you will study the parameters of

population estimation, demographic techniques, various approaches employed for

population regulation and evolutionary implications of natural regulation,

In the next block you will have an overview of human evolution and human
population in relation to environment. Pollution, degradation of ecosystem and its
impact on wildlife and its cons¢rvation and ethics for a better environment shall also
be dealt with in the foregoing block.

Objectives

After reading this unit you will be able to:

® define population and understand the concepts of density, natality, mortality,
dispersal, population distribution, age distribution,

® explain that growth is the fundamental feature of the population which is limited
by the carrying capacity of our environment and population size is regulated by
various density dependent and independent factors,

® appreciate the importance of genctic diversity for the future survival of mankind
and nature and how systems of natural regulations are affected by cvolutionary
changes,
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12.2 DEFINITION

. Population, as you have already read in Unit 1, can be defined as a group of

organisins of same species occupying a specific area at a particular time, such as all
the deer or all the pinc trees in a certain wood land. We may even speak of human
population of the world, of India or of Declhi, simply by shifting the borders that
enclose the group. Individual organisms that interbreed are the ultimate constituent
of the population and share a common gene pool. Gene poof is the sum total of the
genes of all the individuals in a population. Populations may be further subdivided
into demes or local population, which are the smallest collective group or unit of
interbreeding individuals. You have already read about demes in Unit 1 of Block 1
of this course.

A population has a number of group characteristics, that are statistical measures
unique to the population group and are not the characteristics of the indtvidual. These
group characteristics are densily, natality, mortality, immigration and emigration, age
distribution, disperson, growth, regulation and genetic composition. Density or size
of population, however, is its basic characteristic and is affected, by cther group
characteristics such as natality, mortality, immigration and emigration. Any change
in the density of the population implies a change in one or more of these four
characteristics. The relationship between these factors is expressed as follows:

Immigration
| &

(+) Density (=)
Natality E — ofa e — Mortality
population

(=)
Emigration

The study of the group characteristics or parameters of the population, their changes
over time and prediction of future changes is known as demography. Techniques used
for quantitative analysis of these statistics are known as demographic fechniques. In
ihe following subsections we will discuss various statistical parameters of population.

12.2.1 Density

Density is defined as number of individuals or population biomass per unit of area
or volume at any given time. Biomass refers to the total weight of all the organism
or of a specific group of organisms in a given area. Density is gencrally expressed in

terms of biomass when the size of individuals in a population is quitc variable. This

measure of number or biomass of individuals per unit tolal area is called crude
density. However populations do not occupy all the space within the unit arca because
whole of it is not a suitable habitat. Each organism occupics only areas that can
adequately meet its requirements, resulting in patchy distribution. No matter how
uniform a habitat may appear, it is not uniformly habitable, sometimes because of
even micro differences in-light, moisture, temperature eltc.. Density, thus measured
in ferms of the amount of arca as habilat or-living space is ecological densiry.

To cite an example we may talk.of density of a goat population in a given area as
500 individuals per hectare, but goats might not utilise the entire area because of
various factors such as human habitation, lack of vegetation cover or lack of food.
Other examples can be of mango trees as 50 trees per acre, of diatoms as 5 million
diatoms per cubic metre of water, of fishes as 200 pounds of fishes per acre of water
surface, of human population as hundreds of individuals per square kilometres as it
is in modern cities, etc. These examples indicate the range of figures we have to study.
Techniques to study density that work nicely with goats cannot be applied to diatoms.
The choice of technique is influenced by the size and mobility of organism with
respect to man. We will briefly discuss some of these methods here.

1) Total Counts : The most direct way to find out how many organisms are living in
an area is to count them. It is possible with large or conspicuous organisms or
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with those which aggregate into colonies. The best example of this is human
population census. Periodic head counts are made as we have recently done it in
India. India’s population stood at 843.93 million on March 1, 1991, with
territorial birds, one can count all the singing males in the area. Some animals,
such as northern fur seal, may be counted when they are all gathered in breeding
colonies. Large plants on small areas can somelimes be counted in total.

2) Sampling Method : In this method a small proportion of the population is counted
and this sample is used to estimate the total. There arc two ways of sampling
which are piven as follows:

Use of quadrais involves counting or weighing organisms in several quadrats, i.e. plots
or transects of known size and number to estimate the average density. This average
density is then extrapolated to the whole area. For example, if you count 9 individuals
of beetle species in a soil sample of 0.01 m?, you could extrapolate it 1o 900 beetles
per square meter of soil surface. In another example, as shown in Fig. 12.1 there are
30 individuals (centipede) in 37 hexagonal quadrat. The mean deasity is

30 individuals
37 quadrats

= 0.811 individual per quadrat

Since each quadrat is 0.08 m?, estimated density is 10.1 individuals per square meire.
This sampling of centipedes was done by Lloyd in 1967 in central England.

Fig. 12.1 : Sampling of centipedes in 37 hexagonal quadrais. The estimated population came out (o be
10.1 individuals per square metre

Quadrats have been extensively used in plant ecology and are most common method
for sampling plants. By doing the quadrat sampling for old trees and then for
seedlings in the same quadrat, one can determine if the populations were likely 1o
change with time. Foresters have deviced various ingenious quadrat sampling
techniques for estimating the forest trees.

Caprure-recapture Method involves capture, marking, release and recapturing of
samples of a population. The proportion of marked individuals in the recaptured
samples helps in determining the population as follows:

Marked individuals Marked individuals in

in total population _ the sample caught
Total population size Total caught in the sample

~

For example, if 100 individuals of a population were marked and released and 10 out
of recaptured sample of 100 were found to be marked, then the population would be

as follows:

100 _ 10

P 100 .
Therefore, total population (P} is of 1000 individuals. Capture-recapture method
does not work well when population is open, i.c. the density is undergoing a rapid
change due to death and emigration. This method is used in animal ecology for the
estimation of the population of mobile and conspicuous animals Jike butterflics,
snails, lizards, birds etc.

Populatlon Paramefers and
Regulalion

A quodrat is a sompling area of
any shape. Although the word
literally indicales a four-sided
figure, in ecology it has been used
for all shapes of arcas, including
circles.

A population is closed if it is net
changing in size during the period
of capiure, marking and
recapluring. A population is open
if it is changing in size during this

period of study. Real populations

ure cleprly open, unless we sample
them for a very bricl period.
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Natality is Lhe ecological concept
which means number of offsprings
produced during a period of time.
Ferlility is a physiologicol notion
thal indicates thut the organism is,
capahble of breeding.

Symbol A (delta) represents ‘fthes
change in'? something, and by
writing it in front of the letter
indicates that the thipg is
changing.
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Before proceeding further try the following SAQ to see whether you have unders'tood

.12.2.2 Natality _
Natality is the ability of a population to increase. Natality rate is equivalent to birth
rate which means the production of new individuals by birth, hatching, germination,
or fission. Maximum production of new individuals under ideal conditions of
ecological and physiological factors is always theoretical and is calied maximum
nataliry. It is constant for a population. However, the actual increase in a population
under a specific environmental conditions is referred to as reafised or ecological
natality. This is not congtant for a population and may vary with the size and
composition of the population, i.c. the number of females in reproductive age at a
particular time. It also varies with the physical environmental conditions of the
habitat a population is acquiring. For examaple, the realised natality rate for the
human population may be only one birth per five years per female in the child bearing
ages, whereas the maximum natality rate for humans is one birth per nine to eleven
months per female in child bearing ages. .

-

Natality rate or birth rate is determined by dividing the number of individuals born
by unit time and is expressed as follows:

. _ A Nn .
Natality rate = NI
A Nn = production of new individuals in a population

At unit time

Natality rate can also be determined as the number of new individuals per unit of
time per unit of population. This is called specific natality rate and can be expressed
as:

A Nn
N At

N may represent the total population or only the reproductive part of the population,
i.e. females, for example, in higher organisms natality rate is per female. Natality
rale is zero or positive but never negative.

" Natality rate per unit of population =

The measurement of natality or birth rate is highly dependent on the type of organism
being studied. Some species breed once a year, some breed several times a year and
others breed continuously. Some producc many seeds or eggs, and others few. For
example, a single oyster can produce 55 to 114 million eggs, whereas birds usually
lay between 1 and 20 eggs. Also the specific natality rate differs for individuals of -
different age groups in the population. For example in a rabbit population for 1 to 2
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year old females the specific natality rate is average 4 young ones per year per female,
while for females of less than 1 year the rate is 1.5 on an average. Since natality is
the concept referring to the population and not to the isolated individuals, the
average reproductive capacity should be taken as the measure of natality, and not
the capacity of the most productive or least productive individuals.

12.2.3 Mortality

The death of an individual in a population is known as mortality. Morlality rate like
natality rate can be expressed as the number of individuals dying per unit time.
Specific mortality rate is expressed in terms of units of total population. Again like
natality, mortality ¢an also be potential or ecological. Porential mortality also called
ntinimum mortality represents the death of an individual living under an ideal or non
limiting environmental and physiological conditions. It is constant for a’ population.
+ Ecological mortality also called realised mortality is the loss of individuals in a
population under a given environmental and physiological conditions. It varies with
populations and environmental conditions. This means that under the best
environmental conditions individuals will die of old age detenmined by their
physiological longevity. In most populations in nature the average lengevity is far less
than the physiological inherent longevity and so the realised mortality rate js much
greater than the potential rate.

Only few organisms in nature attain their ;\)'otential longevity. In most of them the
life span is shortened by predators, diseases and other hazards long before they reach
their old age. Measurement of mortality may be done directly or indirectly.
Capture-recapture method is a direct method about which we have discussed earlier
in this unit. One of the methods of indirect measure is that if one knows the
abundance of successive age groups in a population, one can estimate the mortality
between these ape groups.

What is really vital for the population is not which members die, but which member
survive? Consequently specific mortality rate of a population is expressed by
survivorship curve. To construct a survivorship curve, we start with a cohort of many
individuals newly added to the population and follow them to determine the age of
death of each member of cohort. The study is completed when the last individual
dies. We then plot number of survivors against ages. As shown in Fig. 12.2
survivorship curves may be of three types. :

1000 {— Type 1

8

Number of Survivors
—
=

—

Type 111

0.1

Ape———»
Fig. 12.2 : Three moin types of survivorship curves. In type I curve most of the mortality occurs towards

the end of the life. In type IT curve age specific survival remains constant. In type I curve mortalily is
very high during the young siages.

In type I survivorship curve, most individuals of the cohort find environmentai
conditions ideal and live out full physiological life and die as a result of old age.
However, a perfect type.] curve never accurs because there is always some early
mortalily. Most of the modern industrialised men approach a type I curve after their
first year of life. In first year the high infant mortality is from genetic or
developmentai defects or birth accidents. '

Population Paramclers and
Regulation
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Community Ecalogy In type II curve which falls between Lypes I and II the rate of mortality is constant
al all age groups, so that an individual’s chance of living another year is just as good
- at one age as another. This curve is typical of several birds and of human beings
exposed to poor nutrition and hygiene.

In type III survivorship curve, most individuals dic at an early age as eggs or larvae,
for example in many invertibrates, bony fishes plants and fungi. But those few
individuals that survive have a high life expectancy. Most survivorship curve observed
under natural conditions are intermediate between these types.

Life tables for human populations Survivorship within a population can also be represented in the form of a life table.
are used by Nationzl and regionat /A life table is an age-specific distribution of a population that gives picture of

T T T T T b R

planeers and Life Insurance mortality and survival. An example of life Lable is given in Table 12.1.
companles to predict how much ’
longer people of a given age are Table 12.1 : Life Table for the Talal Population In a Developed Country
likely to live. This is helpful in : -
determining the price of insurance  Age Inlerval OF 100,000 Borne Allve ’ Average Remainaing life span
for people of various ages. N
Life span Between Number ol living Number Dylng Mortallty rale Average Number
two exact ages at the start of During age of Yenrs of Life
{in Years) age Inlerval Interval dx _qx at the Beginning ol
(x) (Ix} {dx) Ix Age Inlerval
0-1 100,000 1,107 ¢.0110 T3.6
1-5 . 98,893 269 0.0027 73.7
5-10 98.624 175 0.0017 7.7
&
) 10-15 08,449 181 0.0018 64.6
1520 98,263 497 0.0050 59.7
20.25 08,771 673 0.0068 55.0
25-30 597,098 663 0.0068 50.4
30-35 96,435 725 0.0075 . 45.7
35-40 95,710 986 0.0103 41.0
4045 94,724 1,483 0.0156 36.5
45-50 ) 93,241 2,352 ) 0.0252 321
50-55 50,889 3,483 0.0383 27.9
. 55-80 87,406 . 5,063 0.0579 23.9
60-65 82,343 7,281 0.0884 203
65-70 75,002 - 9,005 0.1196 17.9
70-75 66,057 12,214 0.1849 13.8
75-80 53,843 » 14,455 0.2684 10.4
80-85 39,388 14 467 0.3672 10.1
85and over . 24,921 24,921 [ 9.2

- ——rwiE e

To set up a life table, we must decide on age intervals to classify the population data
into groups. For example age interval for humans is generally 5 years, for deer 1 year
and for fleld mice 1 monlh

"sAQ2 - e

Tick mark (V) for lhe correct statements a.nd (x) for w:ong statements _

i) Ecologlcal natality is always, constant forapopulahon o : " I - ']

i), Natality rate measurement is dependent on the type of orgamsm T X

' beingstudied. - . L]

iii) Potential mortality is the death of an 1ndw1dual under a gwen : T "‘\- ;
environmental condition. - = [ . : : T \\ ]!

iv) Veryfew orgamsms in natural populatlons attam thelr potenual e N
longewty , . | [ \] g

12.2.4 Populatlon DlSpersal

Population dispersal is the movement of individuals into or out of the population or
62 the population area. It occurs in three followmg ways in a popu]auon
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® emigration — one way outward movement of individuals from an area.
e immigration — one way inward movement of individuals into an area.

# migration — periodic departure and return of individuals to same area.

A population is inherently dynamic in nature since individuals are always leaving or
entering the populations. But such changes normally do not affect the size of a
population. [t is because emigrations balance immigrations or because gains and
losses in terms of entry and exit of individuals are compensated by changes in natality
and mortality. However, mass dispersal may bring oul rapid changes in the
population e.g., immigration may speed up poputation growth or in case of extreme
reduction may prevent extinction. Mass dispersal affects the balanced population in
other ways also e.g., the immigration of large number of blue gill fishes into a pond
already full of blue gill population may result in reduced growth of the fish population
and also result in smaller average size of fishes due to environmental limitations. So
even though the biomass density remains unchanged, the size of fishes may be much
reduced affecting the fishing process.

Dispersal is affected by the presence or absence of the barrier and vagility which
means inherent power of movement also called dispersal powers. Many plants and
lesser form of animals have greater dispersal power, 2lthough we all know that birds
and insects are much known for their ability to move around.

Migration is a special type of population dispersal process often involving the mass
movement of entire population. It occurs only in motile organisms and is best
developed in arthropods and vertebrates like certain fishes, birds and mammals. Due
to seasonal and diurnal migrations the organisms are able to occupy the regions which
would be otherwise inhabilable during unfavourable conditions. In most cases
migration of population may-occur for food, shelter or reproduction and various
ecological hazards such as temperature fluctuation, predation etc. Non-migratory
populations in such unfavourable periods assume some form of dormancy or undergo
considerable reduction in number, for example, frogs hibernate during winter scason

Apart from its influence on the size and density of a population, dispersal has few

.advantages. It is the means by which new or depopulated areas are colonised. It also
contributes in gene flow and brings about gene exchange between populations and
#cnce the process of speciation.

12.2.5 Age Distribution

It is obvious that individuals in a population will be of different age groups. Relative
numbers of young and old individuals in a population will significantly influence the
behaviour of a population such as natality and mortality. The age structure of any
poputation can be classified into three categories, i.e. pre-reproductive, reproductive
and post-reproductive ages.

Mortality usually varies with age as chances of death are more in early pre-

reproductive and late post-reproductive periods. Likewise, natality is restricted to the:

reproductive age of individuals in a population. The relative duration of these ages
in proportion to life span is different in different organisms. For example, in modern
man the three ‘ages’ are relatively equal in length, about one third of the life span.
In comparison, the primitive man had much shorter post reproductive period. Many
animals and plants have quite long pre-reproductive period. For example, a locust
in its seventeen years of life has an cxtremely long development history with adult
life Jasting only less than a year.

Functional age breakdowns can be useful to understand the importance of specific
environmental factors on the population as a whole. If we know both the time spent
by an organism in specific functional age groups and environmental factors Lhat have
greatest effect on each age, we'can gain a considerable insight into the characteristics
of that. particular species. For example, this knowledge is essential if we are {rying to
control an economically important crop and it is necessary to know which stage in
life cycle of the pest is most vulnerable to, attack and by which means.

The casiest and convenient way to picturc age distribution in a population is 10
arrange the data in thé form of age pyramid. An age pyramid is vertical bar graph in
which the number or proportion of individuals in various age groups at any given
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time is shown from youngest al the botlom of the graph to oldest at the top. Fig. 12.3
shows the three types of hypothetical age pyramids which are as follows:

1} A pyramid with a broad base, indicating a high percentage of young individuals
in a population, This shows that population is expanding exponentially.

2} A triangular or belf shaped pyramid indicating moderate proportion of young to
old individuals. This is the characteristic of a stable population where natality
equals mortality.

3} Anurnshaped figurc indicating a low number of young individuals. This pyramid
is the characteristic of aging ar declining population.

Also shown in the figure is the example of age pyramids of iaboratory populations of
the vole (Microtus agrestis). Pyramid a shows the expanding population with an
cxponential expansion by increased number of young ones produced in unlimited
environment, Pyramid b shows the stable population where birth rates and death
rates are equal. Stable populations maintain the same age structure and may be
steadily increasing, decreasing or remain stationary. A stationary population is the
one in which number of individuals remain same over a period of time and birth rate
equals the death rate during the same period.

Type of Age Pyramibds
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Fig. 12:3 : Three types of.nge pyramid showing large {1} moderate (2} and small {3} number of young
individuals in 8 population. Vole population under laboratory conditions [s shown expanding
{a), and stable {b} age pyramids.

12.2.6 Population Distribution

Dispersion or distribution refers to the pattern of distribution of individuals of a
population. As shown in Fig. 12.4 , individuals in a population may be distributed in
three broad patterns; a) uniform, b) random, and ¢) clumped. Uniform distribution
is more regular than random and may occur where competition between individuals
is severc or where there is antagonism which promotes even spacing. Random
distribution occurs where environment is very uniform and there is no tendency to
aggregate. This type of distribution is relatively rare in nature. Clumping of

individuals in groups is the most common pattern. In this case the groups could be
nf same or of varying size.

i) Uniform b) Random x) Clumped

Fig 12.4 : Distribution patterns of Indivlduals in & populailon. Nole that each rectangle contains
spproximately the same number of Individuals.
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- Again these groups could be randomly distributed, umtormty distribuied Or tUrtier
clumped with each other” All thése ways of dispersions are found in nature. It is

" obvious from the figure that if we examine small samples of dispersion from each
-population, the results will be very different. For example, a sample from a

; ‘population with clumped distribution will give either too low or too high a density,
“when the number in the sample is multiplied to obtain the total population. So we
can say that clumped populations require larger and more careful techniques for study
of populations than non-clumped ones.

saQ3 - o

7) " State the ways of population dispersal.

12.3 POPULATION GROWTH

By now you arc aware that size of a population-depends upon the balance between
natality and immigration thrcugh which individuals are added to a population and
mortality and emigralion which remove them. If natality and immigration exceed
mortality and emigralion, population will grow, if these are equal population will
remain same size, i.e. static and if death and emigration exceed population will
decrease.

Let us discuss the growth of population by taking few examples. The size of a
population of mice in a field seems (o vary little from year to year despite the fact
that these organisms produce so many offsprings that their population could increase
greatly from one year to the next. The size of such type of natural populations is
limited by environmental factors. Now consider another example of Paramecium,
caudaturn population studied by Russian ecologist G.F. Gause to se¢ how rapidly
population could increase’if nothing stopped their growth. Every few hours a well
nourished Paramecium divides to form two new individuals. Gause set up tubes
containing sufficient bacteria for food and introduced one paramecium into each. If
nothing checked the growth of paramecium, population showed exponential growth,
that is as time went on the number of individuals added in each time period kept on
increasing. When this type of increase in population size is graphed on a linear axis,
the exponential growth is plotted as a curve that shows steep growth. When the
population size is plotted on a logarithmic axis, the exponential growth plots as a
straight line (sec Fig. 12.5 a,b).

[N
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Regulation

Linear scale on the axis of a graph
is tuken when change in variables
is nol lorge and gan be
accommodated on the axis. But il
the change in voriables is very
lorge viz. upto 10 or more, it is
ndvisable to plot iton a
logarithmic scale by taking the log
of the variables.
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Fig. 12.5 : Exponential growth of a populaiion expressed ol a lincar scole
(a) and logarithmic scale (h}.

This type of exponential growth can be expressed in the form of following equation

dN

=Ym N
dt m

dN

Where N is the number of individuals in a population, an is increase (or change) in

number of individuals per unit ime and Ym is the maximuin rate of population growth
per individual and is known as innate capacity for increase or biotic potential of the
population. This is achieved when environment does not impose any limitations, i.e. -
food and space are superabundant and there is no interference from the members of
other species. .

Biotic potential also called reproductive potential is difficult to measure because
optimum conditions for growth almost never occur except under artificial laboratory
conditions. What we see in nature is the outcome of interactions between a
population’s biotic potential and various environmental factors that restrict the actual.
growth. The actual rate of population increase is rcpresented by r which is the
difference between birth rate and death rate per individual per unit of time. In most
natural populations ¥ varies in response to interactions between a population and its
environment. Exponential growth ovcurs in nature when a population has abundant

-supply of resources e.g., population explosion occurs when bacteria invade the

intestinal tract of an animal or when decomposcrs invade a freshly dead animal or
plant. However, exponenlial growth does not necessarily mean that the populauon
is growing at its biotic potential.

12.3.1 Factors Affecting Biotic Potential

Biotic potential differs from one species to another e.g., bacterial populations can
grow faster than populalion of oak trees. The rate of reproduction of any individual
can be increased in any or all of three fo]lowmg ways:

& by producing a large number of offsprings each time it reproduces,
® by having a long reproductive lifc, and
& by reproducing as early in life as possible,

Of these three faciors, the last one is mosl important. Let us takc an example (o
understand this. A bacterium neither lives for a long time nor produces many
offsprings each time it reproduces. Its reproductive potential is higher than that of 2
dog because most bacteria can reproduce within an hour after being formed by cell
division, whereas a dog is not able to reproduce until it is at least 6 months old. So
we can say that shorter the generation time of a species, the higher its reproductive
potential. In case of organisms with equal generation time, the number of offsprings
produced determines which has higher potential for population growth.

Thus (he population of a plant that produces 100 seeds a year can potentially grow '

faster than the population of a plant that produces 10 seeds a year. However, with ’
longer pre-reproductive period, number of offsprings produced does tol affect much
the biotic potential of a population.
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12.3.2 Carrying Capacity

No population can grow cxponentially for long. Gause found that his Paramecium
populations eventually stopped growing after reaching a certain level. So the level
" beyond which no major increase can occur represents the saturation level or carrying
capacity which is represented by letter K. It is the number of individuals of a
particular species that a particular environment can support iQdefinitely.

Accordingly such type of population grox;.'th can be explained by following logistic
cquation and the curve pletted is called logistic curve (see Fig. 12.6).

where N

= population Number
% = change in Number per unit time

Ym =innate capacity for increase . - -
K = Carrying Capacity .

The term (%) indicates how much of the resources are still available to
populations. When N is much less than K, the term (K;Iy) becomes approximately
1 and the equation becomes % = ¥m N (equation for exponential gfowth). AsN
/ - U '
almost beconl'ncs equal to K, the term (K—kN-) is almost zero and %—N i.e. the growth
rate also becomes zero. t
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Fig. 12.£ = S-shaped curve ébtained as o result of growth of Paramecium pepulation in & ¢ * e medium
with constant supply of bacleria as food each day. Population grew exponentially at first ‘entunlly

reached zero as its numbers (N} appronched the carrying capacity (K).

Another type of population growth curve called J-shaped curve is obtained when the
"density of organisms increases rapidly and then stops abruptly as environmental
resistance or other limits become effeclive more or less suddenly. Carrying capacity
is determined by various factors including predation, competition and climatic
conditions. All factors which limit a population growth are collectively known as the
_environmental resistance \o population growth. Since such factors are many and
varied, it is clear that the carrying capacity of any area for a population may vary
over a period of time. In the next section we will discuss regulation of population .
size, but before that try the following SAQ.

SAQ 4 ,
Strike off the incorrect word in the following statements. ' e
1} *The size of natural populations isfis not limited by environmental factors. -

1!) Biotic potential is the innate caﬁa(fity for decreasefincrease of a pdpula'ﬁon.:'_ ;
i) “The length of the reproductive life of an individual .aff;cisfdoés not affct;t the

"+ biotic potential of a population.

iv) Carrying capacity isfis not the saturation level beyond which a population does.
not grow. ' . . ’ S
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12.4 POPULATION REGULATION

The number of individuals in a natural population varies with time. If the size of a
population declines too drastically due to some reason, it may become extinct, but
may later be re-established by immigration from other populations. On the other
hand, increase in size of a population is not infinite since the carrying capacity of the
environment always imposes a resiriction upon it. In spite of such fluctuations,
however, an outstanding feature of most large populations is that their average size
changes relatively little over the years and certainly less than is expected from their
biotic potentials. This indicates that population sizes are regulated in such a way that
small population grow fast, larger populations grow more slowly and still larger
populations decline. Let us see what brings about such ecological homeostasis. In
low-diversity, physically stressed ecosystems or in those subjected to irregular or
unpredictable external perturbations, populations tend to be regulated by physical
components such as weather, water, chemical limiting factors, pollution etc. In high
diversity ecosystems, or in those which are not physically stressed, populations tend
to be biologically controlled. In all ecosystems there is a strong tendency for all
popu!~*inns to evolve through natural selection towards self-regulation such as failure

of reproduction and self-inflicted mortality. Fv2n though this is difficult to achieve

under external stress. It is because over-population is not in best interests of any
population. Thus it can be said that limitation of number in any population is brought
about by the action and interaction of two basic regulatory processes namely density
dependent and density independent factors. We will discuss these processes in the
following subsections.

12.4.1 Density Dependent Factors

The density dependent factors are ntrinsic or biotic factors and they depend on
interactions between individuals within same population or populations of different
species. Density dependent factors may stabilise the population at the level determined
by carrying capacity of the environment. The important density dependent factors
are reproductivity, emmigration, competition for resources, predation, parasites, and
diseases. The contribution of these factors may vary from species to species. You
have already rcad how in large populations the number of offsprings produced are
less, thus self-regulating the population size. You have also read how emmigration of
individuals from a population reduces its density. Competition can be between
individuals of same species called ineraspecific competition and between individuals
of different species called interspecific competition. Generally, members of the same
species nced same resources and are bound to compete for them. In some bird species
males and females have different beak lengths enabling them to feed on different.
insect prey.

Lct us take an example, where seeds of white clover, Trifolium repens, were
planted at three different densities. Half of the plants at each density were ‘watered
throughout the experiment but other half were watered only for first 18 days. After
seven weeks, the densities of the surviving secdlings were measured. As shown in
Fig. 12.7 among the seedlings that were watered regularly, mortality was low
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Fig. 12.7 : Effect of sced density on survival of while clover scedlings subjected (¢ water shoriage. Solid’
Bars show that mortality wns siime at all population densities when water was available, Unshaded bar
represent (he mortality of seedlings not watered after 18 days.
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regardless of densify. However, the proportion of seedlings killed among the
deprived ones was three times greater in the high density plots than in the
intermediate denstty plots.

Interspecific competition occurs when ccological niches of the species overlap.
Predation and diseases are a part of this type-of competition and are partly density
dependent factors. It is because a disease causing organism is more likely to
encounter a host, or a predator a prey, when there are more hosls or prey per unit
area. In dense animal populations individuals have decreased health and vigour which
make them more susceptible for predators and diseases. You have already read about
interspecific competition in Unit 11,

‘12.4.2 Density Independent Factors : -

Density independent factors are the extrinisic factors which tend lo regulate the
density of a population in ways that arc not correlated with its density. Environmental
factors such as bad weather and scarcity of space, pollution etc. are some factors. A
hurricane, a severe winter, or a drought may kill most of the individuals in a
populatior irrespective of its density. In a bad weather only some individuals may be
able to shelter from it; if the number of shelters is limited. Thus only a fraction of a
large population will be protected. However, we cannot pinpoint one or two factors
and say that they determine thesize of a particular population. Often the sizes of
natural populations are affected by many different factors whose inleractions can be
complex. '

196

12.5 GENETIC DIVERSITY OF THE POPULATION

You will be aware that reduction in species and genetic diversity in historical times
has produced short-time benefils in agriculture and forestry. This can be evidenced
by the propagation of specialised, high yielding varieties over large areas of the
world's crop and forest land. To call attention to the overall threat posed by loss of
diversity, biologists are organising gene resources conservation programmes.

The biological diversity of animals, plants, and microorganisms is of fundamental
importance to human survival. The term “gene resources’ may be defined as the
genetic diversity that is very essential for meeting the society’s needs in perpetuity.
This diversity is expressed in the differences belween species as well as in the
variation among individuals that comprise a species. Gene resources include wild and
domestic species having many species of no commercial value. Every year gene
resources are utilised to provide crores of rupees worth of new and familiar products
e.g., food, clothing, shelter, pharmaceuticals, energy and hundreds of industrial
products. You will be aware that a wide range of species and their products are
required. for medical and other research. Agricultural, forestry and related industries
are dependent, whenever needed on appropriate diversity as for example resistance
to plant diseases. It is this diversity that sets the limits to which both wild and
domestic species can successfully adopt to changes involving: 1) weather, insects and
disease, 2) technology, 3) demand and, 4) human preferences. Most of the biological
diversity is still found in natural ecosystems whose survival is dependent, in large part,
on the diversity within them.

Good:area and regional planning can compensate to some extent for the reduction

in local diversity which tends to accompany intensive agricultural, forestry and urban
: / .

development. If crop and forest monocultures as well as tract housing (rows and rows
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- industrial development. Thus the diversity is necessary for the future-survival of

. evolution.

.of similar houses on small, un-covered plots), are intersporsed with more diverse

natural or seminatural ecosystems, the ecosystem can be preserved in perpetuity as
park, nature centres and so on. If floodplains and other wetlands together with steep
slopes and ravines are lcft underdeveloped, not only will there be a pleasing
landscape full of rccreation possibilities, but also a high level of diversity will have
been safeguarded. :

Landscapes can be planned to preserve diversity and yet accommodate urban and

humans and nature.

T AT

-2

12 ¢ EVOLUTIONARY IMPLICATIONS OF
NATURAL REGULATION

TArTT

You would like-to know that how systems of natural regelation are affected by
evolutionary changes. You will be aware of the interaction involved in co-evolution
of predator-prey systems and herbivore-plant systems. In many of these interactions,
cvolutionary changes operate very slowly and are difficult to be detecled. But recent
studies have shown that evolutionary changes may occur very rapidly, so that the
evolutionary time scale approaches the ecological time scale. Thus natural selection
may impinge upon natural regulation. :

Many changes in abundance can be attributed to changes in extrinsic factors such as
weather, disease or predation. But some changes in abundance are the result of
changes in the genetic properties of the organisms in a population. Such evolutionary
changes are produced by the genetic feedback mechanism. It is believed by the
biologists that natural population regulation has its foundation in the process of

We will illustrate the type of systematic changes by a simple model which could be
involved in the genetic feedback mechanism. Consider a (two-species system of one £
plant and one herbivore, and to make the model simple, let us focus on only one !
gene on one chromosome in the plant. The hypothetical gene has a major effect on

1) the ability of the plant to survive in its environment and 2) the palatability of the

plant to the herbivore. Two diffcrent alleles (A and a) occur at the hypothetical gene
locus, and the properties of the genotypes are as shown in Table 19.2,

Table 19.2 : Genotype of Plants

AA Aa an
Ability of plant ta survive ) Goad Poor Very poor l

Palatability to herbivores _ High Low Verylow j

Thus plants of genotype AA are to survivc'very well but attract many herbivores
because they are desirable foods. Each plant genotype can support only a limited
number of herbivores before it is killed by overgrazing. Finally we assume that the
reproductive rate of the herbivore will be affected by the genotype of plant on which
it lives, so that highly palatabie plants are best for herbivore reproduction.

We can give here some examples of genetic changes of this type playing a role in
population regulation. For example, the Hessian fly population was reduced
drastically in Kansas after 1942 when resistant varieties of wheat were introduced.
The herbivore population of Hessian flies was significanily reduced by changing the
genetic makeup of the wheat plant. Another example is the myxomatosis-rabbit
interaction in Australia. The European rabbit was introduced into Australia in 1859
and increased to very high densitics within 20 years. After World War II, an attempt
was made to reduce rabbit numbers by releasing a viral disease from south America,
myxomatosis. The myxoma virus was highly lethal to European rabbits, killing over
99 per cent of infected individuals. Since myxomatosis was introduced into Australia
in 1951 evolution has been going on in both the virus and the rabbit. The virus

has become attenuated so that it_kills fewer and fewer rabbits and takes longer to
cause death. Since mosquitoes are a major vector of the discase, the exposure time
before death is critical to viral spread. ‘ '



Rabbits have also bccome more resistant to the virus. By challenging wild rabbits Fopulalion Parnmelers and
with a constant laboratory virus source, we can detect that natural selection has Regulation

. produced a growing resistance of rabbits to this introduced disease. Evolution in the

rabbit myxoma system has thus been towards an intermediate rate of increase. This
is explained by selection operating at the individual level for the rabbit but at the

level of the group for the myxoma virus. Group selection occurred because less

virulent viral colonics are favoured over more virulent viral colomes because they
take longer to kill the host rabbit.

Self—regulatory populations present yct another problem not covered by the genetic
feedback mechanism. How does a population evolve the machinery to be self-
regulatory? Sclf-regulation is clearly a-desirable adaptation for any population that
has the potennallty of destroymg its resources: '

T, ) ghl
2l !:iil__gq,.E{nroncmniﬂi' Lsg'k%mng:
Sl Rt

Pl
.

In this unit you have studied that: ' .

® Population is a group of interbreeding 1 mchvlduals occupying a particular space .
a particular time. Density, natality, mortahty are some characteristics which arc
‘attributed to the whole group and not to any individual.

8 Density of any population is influenced by natality rate, mortality rate,
immigration, emigration and dispersal of individuals in the population. Lifé table
tabulates the statistics of mortality for various age groups in a population. P[oltmg

~<. of these dala gives a survivorship curves for various species.

® Populations have relative numbers of young and old individuals with different
distribution of pre-reproductive, reproductive and posi-reproductive stages. Age
-pyramids are the vertical graph of horizontal bars showing the number or
proportion of individuals in various age ranges with youngest at the bottom and
oldest at the top. '

© Individuals in any population may be distributed in uhiform, random or clumped.
pattern. These three patterns of distribution are much dependent upon the various
resources such as food and space. '

- ® Growth is the most fundamental feature that a population displays. Populations
have innate capacity to increase and can attain exponential growth. However,
there is a level beyond which no major increase occurs due to environmental
limitations representing the saturation level or carrying capacity.

® There isinherent tendency of all populations to increase their size. However, this
increase is not infinite and is regulated by various-density dependent and density
independent factors. '

& Genetic diversity of a population can be evidenced by the propagation of
specialiscd, high yielding variettes over large areas of world's crop and forest land.
Landscapes can be planned to preserve diversity and yet to accommodate urban
and industrial development. Genetic diversity is necessary for the future survival

of human race and nature as well. 71
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Communily Ecalogy ® Recent studies have indicated that evolutionary changes may occur very rapidly,
so that the evolutionary time scale approaches the ccological time scale and
thereby natural selection may affect the natural regulation.

12.8 TERMINAL QUESTIONS

1) Discuss very briefly in the space given below the role of quadrats in measuring
the density of a population, :
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12-9 ANSWERS I Regulation

Self-assessment Questions
1) a)ii, b)iii, c}i, d) iv
2) i) %, i) v, i) x, v) v
3) i) a) Emigration — One way outward movement of individuals.
b) Immigration — Onc way inward movement of individuals.
¢) Migration — Periodic departure and return of individuals. '
ii}) Stationary population remains the same size over the period of time. Stable
population may be steadily increasing decreasing or remain stationary.

iii) Random distribution — occurs in very uniform environment.

Uniform distribution — occurs where competition Petween individuals is
severe,

Clumped distribution — individuals are distributed in group forms.
4y i) is, ii) increase, iii} affects, iv) is
5) 1) regulation, iy intrinsic, size, iit) interspecific competition,
* iv) density independent
6) i), ii) : b) Evolutionary implications
ii1) : a} Genetic Diversity

Terminal Questions

1) Quadratis the sampling arca of any shape in ecology. To measure the density of
a population the individuals are counted or weighed in various plots of known
size and number to estimate the average density. This average density is then
extrapolated to whole area.

2) Survivorship curves describe mortality in relation to age by plotting number of
survivors against the age groups. These curves are of three main types. In type I
maost individuals live for a long time. In type I1I most individuals die at an early
stage. Type II is in between these two.

3) Age pyramids arc of three types:
i} Pyramid with a broad base indicating a high percentage of young individuals.

ii) Triangular shaped pyramid showing the moderate proportion of young to old
individuals. .

iii) Urn shaped pyramids indicate a low number of young ones.

4) Carrying capacity is the saturation level in the density of a population, beyond !
which no substantial increase occurs in size and is represented by letter K. The
relationship of the number of individuals per unit time in a population and its
carrying capacity is shown by the following equation.
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Carrying capacily—maximum number of organisms of a population the resources of

GLOSSARY

Allogenic succession—ecological change or development of species structure and
communily composition brought about by some externally generated force such as
fire or storm

Autogenic succession—ccological change or development of species structure and
community composition brought about by the existing vegetation itself

a given area can support indefinitely

Chamaephyte—perennial shoots or buds on the surface of the ground to about 25 cm
above the surface

Characler displacement——divergence of characteristics in two otherwise similar
species occupying overlapping niches; brought about by selective forces of
competition ’

O arr L SR St 23 =T 14 B

Climax—stable, and community of succession that is capable of self-perpetuation
under prevailing environmental conditions

Community—also called a biological community. The population of plants animals,
and microorganisms living and interacting in a given area :

Coevolution—joint evolution of two or more non-interbreeding species having aclose |
ecological relationships. The interacting species act as agents of natural selectionon [
one another over evolutionary time

Cohort—group of individuals of same age -
Crytophyte—buds buried in the ground in a bulb or rhizome

Deme-—local population er interbreeding group within a larger population
Density dependent—varying in relation to population density
Density independent—unaffected by population density

Diversity--—a measure of the number of different species in a biotic community. ‘@
Diversity is high when there are many different species, and low when there are few £
|

Dominant species—population possessing ecological dominance in a community
present in largest numbers or greatest biomass

Ecesls—establishment of a species
Ecotone—transition zone between adjacent ecosystems

Facilitation model—model of succession in which previous community prepares or
“facilitates” the way for succeeding community

Fugitive species—species characteristic of temporary habitats
Gene pool—sum of all the genes of all individuals in a population
Guild—group of populations which utilises a2 gradient of resources in a similar way

Hemicryptophyte—perennial shoots or buds close to the surface of the ground, often
covered with litter

Hydrarch—succession on wetlands

Imporiance Valve Index—sum of relative density, relative dominance and relative
frequency of a species in a community

Inhibition model—model of succession proposing that the dominant vegetation
occupying a site prevents colonisation of the site by other plants of the next -
successional community

Keystone species—particular species whose presence is necessary for the organisation
of a'.community '

Life table—tabulation of mortality and survivorship schedule of a population

Logistic curve—s-shaped curve of population growth which slows at first, steepens
and then flattens out

Logistic equation—mathematical expression for the population growth curve in which
rate of increase decreases linearly as population size increases

Microhabitat—that part of the general habitat utilised by an organism



Model—in theoretical and systems ecology, an abstraction or simplification of a Communalty Ecology
natural phenomenon developed to predict a new phenomenon or to provide insights
into existing ones

Mortality—death of individuals in a population
Natalitys—production of new individuals in a population

Niche—functional role of a species in the community including all its activities and -
relationships

Niche breadth—range of a single niche dimension occupied by a population
Oscillation—regular fluctuation in a fixed cycle above or below some sct point

Pioneer species—plants that are initial invaders of disturbed sites or early seral stages
of succession

Population—group of related individuals capable of interbreeding

Primary succession;Vegetalional development starting from a new site never before
colonised by life '

Resilience—abilily of a system 10 absorb changes and return to its original condition
' Secondary plant—organic compounds

Secondary succession—plant succession taking place on sites that have already
supported life

Sere—A series of stages of community change in a particular area leading toward a
stable state

Stability—ability of a system to resist change or recover rapidly after disturbance
Succession—the natural replacement of one biotic community by another

Tolerance model—of succession that proposes that succession leads 1o a community
composed of species, most efficient in exploiting resources; colonists neither increase
or decrease the rate of growth of new colonists

Xerarch—succession in dry or desert habitats

Suggested Reading

A textbook of Plant Ecology, R.S. Ambasht, Dev Jyoti Press, Varanasi, 1976.
Basic Ecology, E.P. Odum, Holt-Sauders, Japan, 1983.

Communities and Ecosystem, R.H. Whittaker, Macmillan, New York, 1975.

Concepi of Ecology (third edition), E.J. Kormondy, Prentice-Hall of India Pvt. Ltd.,
New Delhi, 1586.

Ecology {(Modern Biology Series-Holt, Rinchart and Winston Inc.), 2nd Indian
Edition, E.P. Odum, Mohan Primiani, Oxford and IBM Publishing Company,
New Delhi, 1975.
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Dear Student,

While studying these units you may have found certain portions of the text difficult to
comprehend. We wish to know your difficuities and suggestions in order to improve the
course. Therefore, we request you to fili and send us the following questionnaire which

pertains to this block.

1)

2)

3

4

5)

. Enrolment No.

How many hours did you need for studying the units?

QUESTIONNAIRE

LSE-02
Block-1

Unit Number

No. of hours

How many hours (approximately) did you take to do the assignme=ts pertaining to

this block?

Assignment Number

No. of hours

In the following table we have listed 4 kinds of difficulties that we thought you might
have come across. Kindly tick (V) the type of difficulty and give the relevant page

number in the appropriate columns.

Page
Number

Types of difficulties
Presentation Language Diagram Terms are
is not clear is difficult is not clear not explained

it'is possible that you could not attempt some SAQs and TQs.

In the following table are listed the possible difficulties. Kindly tick ( ¥ ) the type of

difficulty and the relevant unit and question numbers in the appropriate columns.

Unit | SAQ
No. No.

Type of difficulty
TQ | Notclearly | Cannotanswer | Answer given | Answer
No. | posed on basis of (atend of given is
information Unit) not
given not clear sufficient

Were all the difficult terms included in the glossary. If not, please list in the space

given below,

T A TSI T

T



6) Any Other Suggestion(s)

I |
| 1 |
To, |
The Course Coordinater (LSE-02; Ecology)
School of Sciences
Indira Gandhi National Open University
Maidan Garhi

New Delhi - 110068
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BLOCK 4 HUMANS AND ECOLOGY

.. This is tlhc Iast block of the. course. Here you-would study three important aspecis of
humans and ecology. In the three units of this block you would be mainly using and

applying the ecological principles and concepts developed in the carlier units of the -

course,

The block starls with an overview of human evolution and poputlation. The changing
environment has lltcrally formed humankind in a pracess spanning nearly 4 million
years. But only since the onset of industrial revolution has the human population
expanded al~a rapid rate. We have examined this explosive growth and ils associated
problems int the light of various concepts ol population ecology. The differcnces
between the developed and developing nations and the possibic future scenarios of
world population have been highlighted.

The second. unit deals with two broad issucs—ccosystem degradation and the
wildlife. The first issue deals with the depradation of ecosystems caused by various
aclivilies of man. And the second issue is about the elfect of ecosystem degradation
on the wildlife. The safety and well-being of wildlife species is the cause of concern
today, as many of them-are at the brink of cxtinction, and several others are likely
to reach the same slate if proper measures are not taken at the right time. In this
unit you would study about the various categories of threatened species and the
conservation measures laken or necded to save them. You would also lcarn about
the advantages of wildlife 10 us..

. In the last unit of this block we discuss the causes and consequences of the rapidly
‘growing pollution which has deteriorated the quality of our air, water and food. In
the last two centuries our environment has been severely damaged due to growth in
populqtibn. industrialisation, technological advancements and expanding human
_ activilies,. We would discuss the damages caused by different pollutants to
* atmosphere, aquatic bodics, forests and material with special stress on living
' organisms mcludmg human beings. *

' Aftcr studying this block you would be able to:

- ® discuss human evolution in re]alwn to changing environment and give reasons for

the rapid growth in human population in the present’ times

. ® give réasons for the variations scen in population growth in different regions and

:  relate population growth to resource usc and environmental degradation

¢ identily and describe the various causes of degradation of ccosystems

e describe the factors that have endangered certain wildlife species;, and the -
conservation measures needed/taken for their protection

* explain the advantagt.s ol wildlile to us

* discuss (he generation of ¢xcessive gascous, liquid and solld wastes and how' they
resull in pellution of air, water and land

® describe the effects of various pollutants on human health, plants, ecosystem,
materials and climate, _

Study Guide
Unit 14 is a long unit requiring a study time equivalent to two units but it is not
formally divided into two units. As you know, Lhe relationship of the abiotic
_components of the ccosystem and the life therein is very intricate one. Therefore, we
thought it would be appropriate to cover the degradation of ecosystem and its effect
on the wildlife in a single unit, Similariy, Unit IS5 is also a long unit and would.
require more study hours. We have deait with pollution of air, water and land
" logether as the pollution in all three is closely related.

We would like to remind you to go through the figures and tables critically and also
read the margin remarks carefully though, you are not expected to memorise Lhe
statislical fjpures and data given in the units. Like the previous blocks of this course,
you would find a fcedback form at the end of this block too. It would bec veuy
helpful if you would fill it up and send it to us. This will enable the course team to
know about your opinions and suggestions for the improvement of this course.
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“The following remarks pertain to .naps' shown in Figure 14.11 and 14.12,

I

2

Based upon Survey of India Map with the permission of the Surveyor General
of India. : :

The territorial waters of India extend into the sea to a distance of twelve
nautical miles measured from appropriate base lific.

The boundary of Meghalaya shown in this map is as interpreted from North-
Easlern Areas (Reorganisation) Act; 1971, but has yet to be verified.

. Government of India

Copyright 1990




UNIT 13 AN OVERVIEW OF HUMAN
EVOLUTION AND HUMAN
- POPULATION

' Structure
13.1 Introduction
Objectives

13.2 Trends in Human Evolution in Relation to Environment
13.3 Human Population—Historical Overview

13.4  Characteristics of Human Population Growth
- Exponentia] Growth
Age-Sex Dintribution
Trends in Growth of Human Population
135  Population Growth by Region
13.6  Problems of Resource Use Related to Populatior Growth

13.7  Predicling the Future Population of Earth

138 Summary
13.9  Terminal Questions
13.10 Answers

13.1 INTRODUCTION

In Unit 12 you studied population parameters and became familiar with some of the
terms and indices used to gauge population trends in genera} In this unit you will
learn about the evolution and population ecology of human beings. It is important
for you to appreciate how the stage was set for humans by prehuman evolution and
how our species was literally shaped by the environment e)usung throughout the
history of evolution. : .

Man's evolutionary history extends back in time to about 4 million years. We will
trace this evolutionary history briefly to the present times, During this period several
adaptive radiations like stereoscopic vision, upright posture, bipedal locomotion,
dexterily of limbs and most of all development of the brain, all Ied to the evolution
of the first Homo sapiens. The Homo sapiens flourished and reproduced slowly in
the early period and later assumed a rapid rate of growth.- -

The later part of the unit gives an overview of the world population and the
associated problems of rapid population growth. Various concepts in population
ecology that have been developed in the earlier block will be elaborated with the
‘example of human population.

In this unit we will also explore some of the causes of the recent population _
explosion, we examine the differences in population characteristics of developed and
less developed nations with & discussion on the methods for pro_]e-ctmg the future
world population.

Objectives
After reading this unit you will be able to:

® discuss human evolution in refation to the changing environment, explzining the -
importance of bipedal locomotion, erect posture, flexible hands and opposable
thumb, stereoscopic vision and large brain size

e explain the cause of rapid growth of human population fol.lowmg agncu]tura.l and
industrial revolutions

¢ explain and use the basic measures of population growth like, birth rate, death
rate, annual rate of increase, total fertility rate and age-sex gtructure to predict
the growth of a population

. give reasons for the variation in population growth in different regions and
explain the role of demographic transition and

® discuss the relationship belween human population size, resource use and
environmental degradation.

W




Humang and Ecology

-‘13 2 TRENDS IN HUMAN EVOLUTION IN

-

RELATION TO ENVIRONMENT

You have already got an idea how human bemgs evolved in FST-l ‘Block 3, Unit-13.
Let us recapitulate briefly.

Homo sapiens belong to the mami:nalian order Primai&s, 'which- also includes tree
shrews, tarsiers, lemurs, lorises, monkeys and apes (see Table 13.1). -~

Table 13.1 : Classification of the order Primates

A. Suborder-—Prosimii : (bcforc apes)
Tree shrews, lemurs, lorises, bush baby, tarsiers

B. Suborder Anthropoidea : Monkeys, apes, humans
1. -Superfamily Ceboidea : New world monkeys.
2. Superinmily Cercopithecoidea : Old World monkeys

3. Superfamily Hominoidea
Family Anthropoidii : Anthropoid apes:
Gibbouy,-orang-utan, gorilla, chimpanzee -

Family Hominidac :
Ausiralopithecus (extinct prchumans)
Hamo habilis, IT. erectis, H. sapisns - -

The most distinct primate adaptations are found in the development of the nervous-
system and' parts of the brain which are rcspon51ble for greater muscular dexterity
and intelligence.

The adoplion of a hand "ver hand locomotion in early primates required many
muscular changes and changes in the placement of interpal organs. These -
adaplalions led to the upright posture, and bipedal locométion characteristic of
human beings today. Primates have 5 digils (fingures and toes) on each limb with
at least one digit opposable to the rest, to help in grasping the trze limbs or food. The
digits end in sensitive pads with nails rather than claws. Figure 13.1 shows the
gradation in the grasping ability in primates. Note that humans-have a completely
opposable thumb. ’ -

Tree shrew Tarsier Macque Human

Fig. 13.1 ; Primate hands from the redatively immobile fingers of & lru shrﬂr to the compieiely opposable
thumb In humans,

At one point in the history of primates it was necessary for some of them to come
down from the trees. This move is belicved ta be related to the then existing

.environment, a prolonged dry spell which lasted from 60 million to about 4 million
~years ago. This period favoured low forms of végétation, such as those Seén in )

prairies or savanna. As the trees receded the arboreal habitat must have become .
overcrowded and- less desirable. Perhaps the climatic'changes produced a decline in
fruit yields, What happened really, was that as the niche of dense forests receded,
another one that of savanna expanded. Thus adaptive fcatures that began in tree
dwelling primates underwent further changes in the expanded hiche of the savanna.
The environment was giving birth to Honto sapiens. The adaptations that enabled
primates to graps tree branches eventually led to the abilily Lo make and handle
tools and to perform delicate manipulations requiring hand-eye coordination. This
evolution of the nervous system is linked to the arboreal or tree-dwelling life style of
early primates. An animal living on trees requires muscle dexterity to jump from
branch to branch-and a keen and sharp vision. In most primates both eyes face

= ‘I I'"—r-'._‘——'_".”‘fl_-_'.':ml‘(‘r'ﬁ' -




forward and therefore, see the same thing; the two superimposed images provide - An Overview of Human Evalution
stereoscopic vision or ability to perceive depth. During evolution the snout of %] Human Popadation
primates became progressively shorter. This was probably an adaplation which -gave

the forward looking eyes a better view. The jaws got shortened with a change in

dentation.

The fossil record of evolution of humans is quite incorﬁplete and we have much to You could compare your depth
“learn yet. A tentative scheme of how primates emerged during the Cenozoic era and  pereeption by using one eye wilh

 the relationship of modern human beings to various fossil forms is given in Fig. 13.2. ‘h;I"Si"g both cyes ta thread &
. I T needle

| _ 0.045 MYBP . Modermm Honio sapiens

0125 MYBP
Exr.u\uit Homo sapiens
|_0.7 MYBP AN
"N
Homo erectus

| 1.6 MYBP ~

Extinct
Extinct R

| 50MYBP ~ g
: Homo habilis

. /
A. robustus 2

. A. alricanus
3.0 yYBP \ Earliest stone too’
: A afarensis (Lucy)
, -
| Bipedal Australopithicus
3.5_-4.0 MYBP . in East Africa_

Great changes in
habitats/ climate and ’
— . hominid diversity

- 6.0MYBP

— 7.5 MYBP

Fig'. 13.2 : Plamible patiern of buman evolotion and some famous ancestors of
modern man n time (MYBP s mAlon yesrs before present)

Some time after Australopithecus afarensis about 500,000 to 1000,000 years ago-
Homo erectus appeared as the first species in fossil records to-live a human type of
existence. Homo sapiens appeared sometime as recently as 160,000 to 40,000 years
ago. Homo sapiens survived as a resull of the competitive advantage it gained due to-
better dcveloped brains and tools (Fig. 13.3). M | M
Reconstructionof .~ Cro-Magnon Man
Female Chunpanzee ﬁf,‘:';‘f:,‘;;,,"‘;;:uf Homo erectus, (carly Homo sapitns )

()
L --

Fig. 133 : Changey in the skull from chimpanzee to human, Size of the brain ncressed progressively” D
foc=cubic centimetre); the place where the neck joins the head (shown by Arrow) moved as hominlds - -
- _berame more upﬂght lnd the size of the teeth and jaws was redoced with the chmge from a Ilublytl'oll
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"Humans and Ecology Changes in the outward appearance of our human ancestors were slow and subtle.
The further evolution of the species was fzvoured by intraspecilic cooperation and
cullure leading to a gradual increase in reproductive success.

The success of the human species can also be attributed to ecological adaptablhty
We have no special physical abilities but a little of every ability present in other
animal species. Humans can swim, run, climb, but there are other organisms that can
"do it much better. However, no other species can do all we can. Because of the

- cooperative-interactive way of life only one of us had to invent the wheel for all of
us to use it.

Archeological records of human campsites indicate that early humans started out as
small bands of hunters who supplemented kills with foraged and gathered edible
items. The hunter-gatherer cultures allowed humans to exploit agricuiture, once it
was discovered about 10,000 years ago. Humans began to farm seriously around
8000 BC in parts of the Middle East and South Weslern Asia and there was full-scale
agriculture in many places just after 4000 BC.

“Turning to agricullure for food was extremely important for the human species, since
plants are the primary producers and form the base of the food chain as you have
learned in'Block 2 . As food energy moves {rom one trophic level to another about
90% of the available energy is lost with each transfer. It remains true to this day that
a vegetarian diet can support many. more people than if the crop was fed to sheep
and these sheep were eater by humans. Apart from this, grain and beans are more
easily slored than meat fo1 unfavourable periods when huntmg may not be possible,

- For these and many more reasons agriculture permitted the establishment of stable
populations with mgre free time from the process of providing a subsistence. This
gave humans greater‘opportunities for inventiveness and development ‘of technologies
whlch have greatly influenced the survival and growth of human populallon

o e e \-'\____..-...-.P_,y__,_.z._,. —
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133 HUMAN POPULATION—HISTORICAL
" OVERVIEW

Throughout history, the human population has been quile small. It has grown
relatively slowly and even experienced occasional declines. Fig. 13.4 shows the
general trend of population growth in the last half million years. As said earlier, the
dawn of agriculture, triggered a series of major global environmental changes. Aﬁ'
agriculture became more efficient, women began to bear more children and the
human population increased. It was possible to grow more {ood in a piven area of
land. Hunter-gatherers were mostly nomadic and in their way of life, infants were a
liability as children could not become very good hunters. Whereas, in 2 statiopary
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agricultural society, babies are not much trouble and children can help in the farm.
_Therefore, the population increase between 10,000 BC and about 1800 AD was largely
the result of increasing birth rates that coincided with the growth of agriculture, .

An Overview of Humsn Evolutioo
and Human Popuistion’
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Fig. 13.4 : Growth of human poputation. (x) In ibe last half mflllon years, note ithe rapld uptum in the
world population In the last 2000 years. (b) During the past 400 years,

But our early ancestor were vulnerable to hostile environments, food was often scarce
and famine and outbreak of diseases often took heavy tolls. Thus population growth
remained low due to high death rates. For example, it is believed that during the
14th century the bubonic plague killed more than half the population of Europe and
Asia. This is shown in figure 13.4(a) as a depression. '

Alter 1800, a second and more dramatic increase in the rate of population growih
occurred. This coincided with the industrial revolution. Cities grew rapidly, goods,
and services became more readily available. Progress in medical sciences and
improved sanitation brought down the death rates drastically resulting in exponential
iricrease in human population. From Fig. 13.4{b) we can also see that it took several
thousand years for the human population to grow to I billion which occurred
sometimes around 1850. In marked contrast, the population doubled to 2 billion
persons in only 80 years and redoubled to 4 billion in hardly 45 years. Therelore, we
are living in an era of populalion growth that is unequaled during the span of
human existence.




Ec-_w lel'?ﬁs' Stl:ldy- thé principles of human population growth and then we shall
examine the implications of ¢ :
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. Humans and Ecol;:)g;y ’

GROWTH

Human pepulations grow in much the same way as the populalit_m-of any other _
organism. Thus the principles of population growth that you have studied ir Unit 12
also apply to humans,

For example, the simplest way to measnre the growth is by subtracting the
population at an earlier date from that at a later date. Let us take the example of

\ populations of India and the United States of America during a 36 years period from
1950-1986. )
Popalation in Milliors
) India USA
To compute doubling lime from
rate ol growth, let us Lake an 1986 v, 185 241
analogy from the compound 1950 360 152

interest in the bank. If the rate of
growth (inierest rate in the bank)
is applied once ayeartoa .
population of size Po (capital in | pr 0 0 these differences indicate? They show that even though USA has many
the bank}. The population .

(capital) dt the end ofghe year is  DI0€S the wealth of India and three times the land area yet it’s population increase

r

Increase ’ 425 . 86

Py = Po+ Por = Po(I1) ‘was one fourth that of India. However, population growth is not usually measured in’
= = I B
"-'th; p::pul;rinn g:‘(mh s .E.Lbsolute numbers but the anpual average growth rate is calculated as:

compounded n times a year the:

the pomulation 1 Ui Average annual Population - Population
© population :'n yeartis growth rate +  in final year -in initial year
P, = Po{!+r{n) (pﬂl’ cenl) — _ . . X 100
Tt is reasonable to assume that Populationin - X  number of years
Popul.n_non Erows continuqusly initial year .. .
LEn=ga . R
From’ . . )
li::] déngcnmgf:::;iui ¢ - The average annual growth rate for Indian population from 1950-1986 was
The doubling time td is thenthe ~ Average annual growth rate (785X 10°—360X 105) X 100 -
solution of the equation (1950-1986) = 0
2P0 = Pac'd - 360 X 10¢-X 36
or Laking logrithms on both sides of = 3.3% per year-
the equation - ) : ) ’ )
1d —0.693 -70 You can calculate thé average annual growth rate for USA during the same period.
2 =0.693/r or P . (It was 1.6%/ year). While a growth rate of 1, 2 or even 4 per cent does not sound
or 70/ per cent growih rate. enormous, thesesmall numbers make a big difference. The significance of a per cent

annual growth rate is easier 1o visualise when we consider the corresponding
-doubling time that is, the time needed for a population to double in size if the
present annual growth rate continues unchanged. For example if a population is
growing at 1% a year then it will double in 70 years, if at 2% a year then ‘it will .
double in 35 years and so on. A convenient method to calculate doubling time is to
divide the number 70 by the per cent growth rate i.c. : S

. 70

Doubling time = ____ where
"X

' 10 : X = percent growth rate.

A




For example : in 1987 the doubling time for the world population was 41 years An Overview of Haman Erohqﬁn
(70/1.7 = 41). o . ad Human Popuistion

Average rates of growth and doubling time tell us how fast the population has been
growing but this information is not enough for predicting the future of populations:
A demographer is interested in the number of vital evenls that occur in a given '
population i.e. births, deaths, marriages, migrations—that occur in a given period of
time.

_As you already know from Unit 12, two basic measures of population growth are

" birth rate and death rate. For human populations, demographers use crude birth
rates and crude death rates rather than total live births and deaths to describe
population changes. The crude rates give the numberof live births and deaths per

~ 1000 persons at the mid point of a given year (July 7) since (hat should represent the
average population of the year. The dilferences between these is the mte of natural
Increase. T .

Rate of natural increase = birth rate — death rate.

Suppose in year x there are about 225,000 people in a country. There were 2600
births and 1600 deaths. '

number of live births '
The birth rate was = X 1000.

mid year population

2600
225,000

Or

X 1000 = 11.1 births per 1000 people.

Lo number of deaths
. 'The death rate was = X 10040,

mid year population

1600
Or - > [000 = 7.1 deaths per 1000 people.

225,000

and rate of natural increase = 1.1 — 7.1 = 4 per thousand or 0.4%. Fig. 13.5 shows
the crude birth rates and death rates for the world and various groups of countries in
1987. “

) Average crude birth rate [ Average crude death rate

World m 27
All MDCs | é 15
All LDCs w 32
. Africa @ 44
“ _ 'Latin America Pjﬁ@w 30 ‘ . o
) Asia @ 28
| (?ceania . # 20
USSR W 19
North_ America F 15
Europe _ Eﬁl?;

- Fig- 135 : Average aude birth rates and aode dexth rates per 1000 of various countries in 1987. MCD is

more developed countries. LDC is less developed countries Oceania comprises klands of pacific and ’ T

adjzcent sexs (Data [rom Populstion Reference Bureau).
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Humans and Ecology

. To understand how populations grow, it will be hclpl’ul first to rccall the concepl of .-
exponential growth {rom Unit [2. You must remember that exponential growth can
generate enormous numbers in'2 short time. For example, if the doubling time for
the world’s population is 40 years then at this rate by 2090 the populalion will be 32
“billion persons.

Exponentially growing animal populations can overshioot the carrying capacity of
their habitat, so can human population in terms of certain resoureces. It would be
useful to understand that as the population grows exponentially with it, the demands
for resources such as water, food, fertilisers, housing and medical care, minerals, elc.,
also grow exponentially and so do the wastes, organic and inorganic, released 1iito
the air, soil and water, with consequent poliution of the environment. Thus even
small reductions in exponential growth rates are important contributions towards
efforts to maintain the human population within the earth's carrying capacity.

13.4.2. Age-Sex Distribution

While .sludying exponential growth we need to know more than just the birth and

- death rates because Lhese rates vary with age and sex.

Age structure in a population is imporiant because individuals vary in their age and
many functional aspects are linked with age. For example, women cag, bear children
only between ages of 1544 years, also infants (children under | year of age) and
older people have higher rates of mortality as compared to individuals of

intermediate ages. Accordingly a population can be subdivided into three sub groups.

® prereproductive  (0—I4 years)
o ‘reproductive (15 — 44 years) i
¢ post reproductive (45 years and above)

For a more detailed understanding of the age-structure individuals of a population
are divided into age groups with 5 or 10 year interval.

Further, males and females can be shown separately in a diagram, Alternately
age-sex distributions are also drawn by plotting the percentage of the population of
each sex in each group.

Fig. 13.6 shows the age-sex distribution of three nations India, France and West
Germany in 1984. Now let us see what kind of information can be obtained from
these.

The age-structure diagram thal has a very broad base, like the one for India ~
(Fig. 13.6 a) tells that

a) birth rates have been very high in the recent past, that the populaiion has many
young children and these young children will reach the reproductive age in the
near future. Such a population can be expecled to cxpand rapidly.

b) ' the narrow upper part of the diagram indicates that a small percentage of the
population is at, or approaching old age. Hence, the total number of deaths over
a short period will be relatively small. Thus when the number of births increase

and number of deaths remain stable, the population can be expected to grow
rapidly.

In France (Fig. 13.6 b) birth rates have geclined so that there are equal number of
people i in each age group between zero and 33 vears of age. Ten years later there will
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be about the same nl._lmber of men and women in the reproductlive age group. The pi b -
population will be [airly constant in the near future. uman Populat

In West Germany in 1984 (Fig. 13.6 c) births rates have been quite low in the past

few decades so there are fewer infants and children than young adults. Ten years

Inter there will be fewer people in the reproductive group than before. If this trend
continues the population of this region will eventually decline. -
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FFig. 136 Age-sex diaribution for three nations, India () an expanding popalstion; France (b) a stable
popalstion; West Germany (c) a declining! popolation. (Source : UN Demographic Year Book 1934)

Estimation of the size of child bearing age groups provides useful clues but not-any
definate information. For example, the age distribution of women in Sweden had a
»road base in 1910. One could expect a similar age distribulien pattern of women in
Sweden for 1930 also. However, in 1930 the base was pinched (Fig. 13.7). Because of
World War I there were fewer eligible males and thus fewer marriages and fewer
sirths. Therefore, additional indicators are needed to foresee future change.

Death rates give only the overall idea in a population. However, deaths of
individuals in prereproductive or reproductive age group will have a very different
impact on the growth of population. The rete of infant mortality alongwith death
rate provides much greater information. Infant mortality is expressed as:

Number of infant death
Tnfant mortality (%) = _ mber of infant deaths

Number of live births

Similarly birth rates tell us the number of births in the population as a whole but
not-the current feriility patterns. Therefore, total fertilily rate (TFR) and replacement
level are important factors affecting the future growth of a population. o . ) 13
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Fig. 137 : Femule age distribution In Sweden 1918, 1930,

Total fertility rate (TFR) is the total number of children a women can be expected to
bear in 2 given population il birth rates are constant for at least one generation.
Replacement level, is a value of TFR and is the number of children a couple must.

- have to replace themselves. You miight think that two parents would have to have
only two children to replace themselves. The actual average replacement level is, .
howevef, slightly higher, primarily because some children die before reaching their
reproductive years. In developed countries the replacement level is fixed at 2.1. In
developing countries where infant mortality rates are high and life expectancies are
shoxt, replacement level is about 2.7. H replacement level is low—below 2 1.e. each
cotiple has children less than those required to replace themselves, then the
population will actually decline as in the case of Sweden and Germany.

If a demographer knows the number of females of reproductive age in & population
from the age-sex distribution and the dverage number of hirths.per female from TFR
and if birth rates do not change for a generation then it is relatively easy to predict

the future behaviour of the population. But in reality vital rates do change. They are
influented by war, famine, migration, medical care, natural disasters and diseases. If  _

-— --TFR changes unpredictably then demographic predictions will be wrong.
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13.4.3 Trends-in Growth of Human Population

'In the beginning of Section 13.3 we looked at the size of human popu[anon through
{out history in Fig. 13.4 but that does not provide enough ;nforrnatlon to extrapolate
ifor the future. Look at Fig. 13.8 and compare it with Fig. 13.4. Figure [3.8 shows the
‘global rate of growth of human population. The growth rate reacht:d a peak value of
2 06% in 1970 and then declined to 1.7% in [986.

An Overview of Hr.lln._in Evolution
and Humsn Populstion

25 |
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Figure 13.8 : Tbe rate of growth of the world p-opuhtlon from 1700 to 1986

_I The decline in the rate of populatmn growth was due to the reduction in birth rate in many
regions in the world. You vould ask, if the rate of growth declined why has the population
' continued to increase? There are two reasons for this.

a) Any positive growth rate will lead to an increase in population. I the growth
" rate declines but is still positive the increase in population will be less than what
it would have been otherwise, but it will contmuc to grow. _‘ .

b} In recent years even though growth rate has declined the number of new born -
infants has increased steadily every year. This is because the base population is
increasing. For example when the population was 3.8 billion, the growth rate
was 2% therefore 3,800,000,000 X 0.02 = 76 million new individuals were added.
In 1986 the growth rate had decreased to 1.7% but the population was already 5
billion leading to 5,000,000,000 X 0.017 = 85 million new individuals. Look again
at Fig. 13.6. The age-sex distribution for India, a less developed nation.is '
different from France and Germany that are developed nations. Because this is a
general observation demographers study developed and developing nations
scparately

- T L L

13.5 POPULATION GROWTH BY REGION

. .The overall pattern of population growih shown in Fig. 13.8 is not representative of
.all the regions of the world. In general, the wealthier industrialised developed nations
are experiencing a low growth rate of 0.6% while the rate of growth in most less
developed countries is still high, 2% or more, which means that their populations
-double every 35 years or less. Many African nations (such as Kenya, Ghana,
Uganda) and Middle East nations (such as Jordan, Syria and Kuwait) have growth
rates higher than 3%. Thus their population will double every 24 years. Table 13.2
rellects the annual increment in population for slow growth and rapid growth
regions at 1988 growth rate.

What are the reasons lor these dramatic differences?

As we saw carlier, death rates and birth rates have been nearly equal (hroughout

much of human history. However, in Western Europe, death rates began to [all in

|the I7th and 18th centuries but birth rates were still high therefore the population
increased. However, birth rates also began to decline and today birth rates and death :
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Table 132 : World Population Growth of Selected Countries (1988)

Reglom Populstfon Popalstion Anhusl
(million) Growth Rate Incresse
(per eent) (milton)
SLOW GROWING REGIONS
Western Europe 159 0.2 03
North America 2712 0.7 19
Soviet Unjon 286 1.0 . 9
Australia 17 08 0.1
China i087T . 14 152
Japan . 173 03 0.6
RAPID GROWING REGIONS
South East Asia’ 433 21 9.1
Latin America 429 22 94
India 817 20 16.3
Western Asia’ 124 . 28 3.5
Africa 623 29 18.1

1, Mainly Burma, Thailand, Vietnam, Indonesia, Philippincs.
2. Mainly Iraq, Syria, Turkey Saudi Arabia,

rates are nearly equal in Europe. This decline in death rate followed by decline in
birth rate leading to low populalion growth is called demographic transition. These
declines in birth and death rates were generally concurrent with economic
development in Evropean nations. Thus this transition also refers to changes in
economics from primarily agrarian to a more urban, commercial and eventually
industrial system. An understanding of demographic transition is useful to see clearly
what has brought about the rapid growth of world population especially in the last
50 years. Demographic transition takes place in four distinct phases.

1. Pre-industrial stage in which harsh living conditions lead tohigh birth rates to
cgmpensate for high infant mortality and high death rates. This leads to little
population growth.

2. Transitional stage which starts shortly after industrialisation begins. At this stage

death rates drop as a result of increased food.production and better sanitation
and health care. Birth rates remain high, population grows at a high rate (2.5-3%
per year) for a long period but begins Lo level off later as living condilions
improve.

3. Yndustrial stage in which industrialisalion is widespread. Birth rates fall and
eventually approach death rates, as people after moving to cities realise that it is
more to their advantage 1o raise small families in an expanding economy.
Population growth continues but atl a lower rate. U.8.A., Japan, Soviet Unien,
Canada, Australia and most industrialised western nations are in this stage,

4. Posl-industrial stage in which birth rate equals death rate thus leading (o zero
population growth (ZPG) Birth rate continues to fall so that the population size
begins to decline slowly. Population of some countries, namely, Australia,
Denmark, Hungary started declining by 1987 and many other European nations
are approaching ZPG.

.As a result of demographic transition the more developed rations are now growing

at the rate of 0.6% per year with a doubling time 118 years. In less developed
countries better heallth care and improved sanitation led to a steady decline in death
rate without bringing down the birth rates sufficiently. Consequently populations
have continued to increase rapidly.

Almost 80% of current world population growth can be attributed to the
developing nations. It is predicted that of the 6 billion people expected to occupy
this planet by the year 2000, 5 billion would belong to the developing countries.




According to a US government study, developing nations had 66% of the world’s AnOverview of Humman Evoluticn
population in 1950, had 72% in 1955 and are likely to have 79% in the year 2009. In #nd Humen Population
1986, the world's population was 5 billion persons with an annual growth rate of

1.7% resulting in the addition of 85 million during that year. The contribution of

India alone amounts to 16 million persons every year. Figure 13.9 shows the growth

of the population of India from 1911 to 1991, ' ‘

Population

in millions

548.2
6852
8439
1L~

439.2

/|
=T | —

1911 1921 1931 1941 1951 1961 [971 1981 1991

318.7
361.1

2521
251.3
279.0

Fig. 13.9 : Populatlon of Indls from 1911 to 1991

_ If economic growth leads to zero population growth, then economic development

_ should reduce population growth in the developing countries. Many demographers
disagree with this view and give several reasons for their argument. The economic

resources of many developing countries are too small to build industries that ushered

in demographic transition in USA and Europe. The demographic Lransition in

" developed nations took more than 200 years in spite of all the other developments
and favourable conditions. The developing nations simply do not have the time. The
rapid growth of population in these countries far exceeds their ability to raise their
‘standard of living. Even-to maintain the prevailing low standard the developing
nations must double each and every resource and facility by the year 2000 which
may be difficult in the wake of rapid pepulation growth. Demographic rransition,
therefore, must come about-in other ways, especially through population control.
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136 PROBLEMS OF RESOURCE USE RELATED TO -
'POPULATION GROWTH |

What would the state of our planet be if there were two or three times as many
people as there are today? Famine, crowding, inflation, unemployment, pollution and
decteasing resources are all tied up to the fact that there are too many people -
competing for limited resources and opportunities.

Because the world population is growing, the demand fér goods is also rising-and it
is becoming increasingly difficult to enhance the supply of available resources (such
as water, food, wood, minsrals, fuels) to meet the demands. . e
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Humans and Ecolagy Fig. 13.10 indicates that almost all future population growih will\;occur in the Tess

developed countries yet many of them do not have the resources to meet the'
demands of their current population leave alone the additional millions that will be
Aadded. In India we will have to double every facility and resource within the

B ) doubling time of 33 years lo even maintain the present unsatisfactory standard of
N living. :

A related concern is I.hf.- growing disparity between the developed and developing
nations. In 1960 the difference in per capita income between them was $1240, in 1980
it was $5700 and in the year 2000 it is expected to he $8000.

I2- ]
11 world total |
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=
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3 Less developed nations
= (including China)
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The environmental impact of population in a given area depends on three factors
(I) number of people; (2) the average amount of resouree cach person uses; and

(3) the environmental degradation and pollution resulting from each unit of'
resource used.(Fig. 13.11).

’ - Environmental
Enyironglel}_tal Number X Resource X dg;lgrzdauon a.llc_lt
umpact o use per person polleuon per uni
population of people perpe of resource used

Fig. 13.11 : Simplified moddofth-pe[ldmﬂm:ﬂ'mtheotm.ﬂmﬁmddhq-ddm

We can say that over population occurs when people in a country or a region or the .
world as a whole are using non-renewable and renewable resources to such an exl.en_:t
that the resources are degraded or depleted and pollution of air, water and soil begin
to harm the life supporling systems of the biosphere.

Differences in the relative importance of each factor shown in Fig. 13.11 have b(?en
used to djsunguish between two types of overpopulation. -
. I. People overpopulation refers to a situation where there are more people than the
supplies of food, water and other vital resources i.c. population growth exceeds
the rate of economic growth and people are too poor lo grow sefficient food or
buy essential commadities. In this type of overpopulation the size of population
and the resulting degradation of potentially renewable resources such as soil,
: ' grassland, forests, fisheries tend to be more important in determining the total
18 environmental impact. In the world’s poorest less developed countries people
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People overpopulation ael Hiwpsn Popotation

Environmental
impact per
unit of
resource used

Consuinption Overpopulation

Fig. 13.12 : Two types of overpopulation based on refative importance of faclors shown in Fig. 13.11.

overpopulation results in the premature death of 12-20 million human beings per
year due lo hunger and nutrition stress and famine induced diseases. Some
regions, stressed by overpopulation, overgrazing, severe soil erosion—are
reducing the land’s productivity. Thus many subsistance farmers and nomads are
loosing their means of livelihood and source of food.

2. Consumption overpopulation is 2 phenomenon seen in technologically advanced
and affluent countrics such as U.S.A_, Fapan, West European nations etc. A
small number of people are using disproportionalely large amounts of resources. .
This results in resource depletion and environmental degradation at a much
higher rate than if more people were using the resources at a lower rate of
consumption. In this type of overpopulation resource use per person and
resulting high level of pollution per person are the important factors that
determine the environmental impact of population.

The three factor model shown in Fig. 13.12 is rather simple. The actual situation is
much more complex with many differcnt interrelated factors. Another cause for
concern regarding population growth is, where will all these people go? The average
-density of population in India now is 267 persons per square kilometer with urban
population growing from one-seventh of Lhe total population in 1950 to one-third in
1990. Apart from pollution of air and water, overcrowding creates mental, physical
and social stress. The entire ecosystem is under stress. Not only are soll, water and
air polluted as you will learn in Unit 15 but all other living beings, plang; and
animals-arc affected. The price of unchecked buman population growth is the near
climination of nature with all its wealth and diversity produced and finely balanced
over millions of }cars of evolutlon
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China has a population of 1
billion individuals whicl; is one-
fiftth of world papulation. In mid
19805 the Chinese Government
staried an ausiere birth control
program of one child per

couple, The rate of growih
reduced drastically and TFR
reached replacement level in |985.
Sull the population will continue
1o grow and will level off 1o [.5
billion only by the year 2075,

13.7 PREDICTING THE FUTURE POPULATION OF
EARTH

By 1987 the size of human population had increased to 5.03 billion and was still
growing at the rate of 1.7% annually. More than 85 million people are being added
each year. If the earth was infinitely large, the human population might continue to
increase indefinitely. Qur planet and the resources are finite hence continued
population growth cannot be sustained. Therefore, population growth must be
contained and determined effort must be made to achieve zero population growth at
the earliest. The important question is when will this zero population growth be -
realised? What will be the population size when ZPG is altained.

Imagine for a moment that birth rates were reduced to the replacement level today.
Even if this were to-occur by some miracle, population would still coatinue to
increase because 35% of the human populaticn is under 15 years of age while only

" 6% is older than 64 years of age hence many more persons will be entering the

reproductive age as compared to the number of people dying in the same period. In
most countries, especially in the less developed ones, a large number of women are in
the reproductive and prereproductive ages. For example, in India in 1985 nearly 40%

- of the [emales were in prereproductive age and even larger number were between |5-

39. Even if these women began to bear children at the replacement level immediately,
ithe population would rise until it is 1.6 times greater than the 1985 level.

Table 13.3 : Tolal fertility rate by region
tPopulation Reference Bureau 1986
Washinglon D.C.)

Alrica 6.3
Latin America - 4.1
Asia ’ 317
Oceania® 2.7
USSR 24
Nonh America 1.8
Europe 1.8

* Islands of pacific and adjacent seas,

Sce Table 13.3. There are marked differences in the TFR among the developing and
developed nations. Fig. 13.13 shows the TFR rates of some countries from the
developed and less developed regions. Note that the TFR rate for China is falling
faster than any other nation. Significant though less dramatic changes are seen in
India and Indonesia alsa, '

Indig_

Total fertility rate

ol -
1950 1955 1960 1965 1970 1975 1980 1985

Fip. 13.13 : The TFR for some developed and less developed countries.
TFR in China is dropping significantly.
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In contrast TFR is constant or even rising throughout Africa, South West Asia and An Overview of Humen Evolutio :
= 4 n

parts of Latin. America. Therelore, the actual population of the World will continue
Lo increase. Fig. 13.14 s_hows UN projections for the world population and eventual
stabilisation based on different assumptions about when the TFR will drop to
replacement level of 2.1

In the [igure when popuadiion groweh 5

high— replacement levei reached in ) : VRN

year 2065; estimalted popula- i T High

fion in year 2100 is 14.2 14 % Disastrous

billion. - : ", Change
medium-— replacc[‘ncnt level reached 1s \‘.

year 2035; estimated popula- Medium

tion in year 2100 is 10.2 ! i

billion. 2 K
low— replacement level reached in 2

year 2100; estimated popula- ',;:; Low

tion in year 2100 s 7.5

billion, ’
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1950 2000 2050 2100 2450
C vear

Fip. 13.14 : Four dilferent predictions far the world population gesveth {Data from United Nations).

You should, however, remember that such a transition is not guarantecd. There is

always the possibility of disaster. In such a scepario, Lhe population will continue 1o

- grow rapidly until the carrying capacity of the earth is greatly exceeded and the’

combined effects of starvation, strife, pollution and resource depletion will bring a
population crash. Such a pessimistic and catastrophic ouicome is shown by the

" dotted line in Fig. 13.14.

"No one knows-whether these predictions will prove to be accurate. The only thing

that all would agree upon is that the world population cannot grow indefinitely.
Some countries will make the transition smoothly while others may experience
periodic crashes due to war, famine, or epidemics of discases in crowded urban
areas. It remains 1o be seen whether we will achieve population stabilisation by
deliberate reduction in birth rate or through chaos resulting in faminc and natural

disasters.

13.8 SUMMARY

¢ Human beings probably evoived from tree-dwelling ape like ancestors. The change
from arboreal habitat to the ground caused distinct>adaptations like slereoscopic
vision, bipedal posture, opposable thumb and enlarged and more devetoped brain.

e The advent ‘of agriculture led to stable populations and triggered a series of
environmental changes.

& Throughout history, the human population has been quite small but since the
onset of industrial revolution it has been increasing steadily and now in an
‘explosive manner. ) '

* A study of human population or demography involves the measurcment of the
growth of popuiation or annual average growth raie; its doubl.og time; vital
events like birth and death rates, in[=nt mortality ratz and rate of natwral :nciease
which is the birth rate minus death rate.

and Human Population
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Human population grows exponentially and the shape of age-sex distribution
diagram- reflects past history and provides nsight into the future growth. The
total fertility rate (TFR) is the total number of children a woman is cxpecled to
bear during her life time if birth rates remain constant for one generalion,
Replacement level is a value of TFR which corresponds to a population cxactly
replacing itself. 1t is 2.1. .
The growth rate of global population is declining but is still positive which means
that the populztion will continue to grow. Growth rates of developing countries
are much higher than those of developed countries.

Earlier in history, birth rates were high apd in the absence of adequate health care
and sanitation, death rates were also high resulting in very little population
growth. Modern medicines and improved sanitation leads to rapid decrease in
death raltes but with little effect on birth rate hence population increases rapidly.
Slowly with improved economic situations birth rate also declines and population
stabilises. This pattern of change in death and birth rates leading to Zero
Population Growth is called demographic transition. Most developed countries
have arrived at or are past the demographic transition stage.

The increasing human population strains the world’s resources. The environmental
impact of population in a given area depends on three factors, number of people,
Iesource use per person and environmental degradation per unit of resource used.
This leads to people overpopulation seen in less developed nations and
consumption overpopulation seen in developed nations.

Birth rates are falling in most developed nations but an increase in world
population is definite. In 1986 the population was 5 billion. Demographers predict
the world population to : Labilise somewhere between 7.5 to 14 billion with most
of the population increase coming from less developed countries. .
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13.9 TERMINAL QUESTIONS

!

1. List the major adaptations in primates that ultimately led to the first Homo
species.

2. According to the 1991 population census, India’s. population had increased by

160 million people since the 1981 figure of 683 million. Calculate the average
annual growth rate and the doubling time for the population.
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5.

What is replacement level? If women in India were to bear child-ren at the \

ccpl.cement level, will zero, population growth be realised immediately? Why or
why not. Explain. -

What is meant by demographic transition? Compare birth rates and death rates,
belore, during and after démographic transition.

e L LR LEL R

Draw a graph showing the hypothetical population if the rate of growth is
a) high, then decreases but remains positive. :
b) negative then becomes positive.

_c) positive then becomes negative.

13.10 ANSWERS

Self—Assmment Queslions

L.
2.

).

a) v b) iv; c) ii
c)

Rate of natural increase.

for Africa = 44-16 = 28 per 1000.
or 2.8%

for Asia = 28-10 = I8 per 1000
or 1.8%.

for Europe = 13-10 = 3 per thousand
or 3%.

a) The TFR of Sweden is well below the replacement level of 2.1 i.e. not even
enough children to replace their parents. Hence the population will decline
eventually. On the other hand the population of Kenya will continue to
expand as the TFR is much above the replacement Jevel. '

b) Death rate is the number of deaths occurring per thousand people in &°
population, it includes people of all ages. Infant mortality rate is nuimber of
deaths among individuals below one year divided by number of live births.
Infant mortality is an important consideration because-high infant mortality
means less people reaching reproductive stage also it indicates the health
status of the population. -

5. A — transitional stage

B — industrial stage
C — post industrial stage
D —pre-indusirial stage.

" _An Qverview of Human Evohrtion |
and Hurrz4 Population
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Small number; high; environmentaj degradation; people; resources; population;
environment; less developed nations. :

Terminal Questions

L.

Stereoscopic vision; change in musculature and placement and orientation of
internal organs which made upright posture possible; bipedal locomotion;
opposable thumb; enlargement and development of brain.

average annual growth ratz = 2,39
doubling time = approx 30 years.

a} Replacement level is the value of total fertility rate which if continued
unchanged for a generation would result in zero popuiation growth.

b) No, because there is a very large population in the pre-reproductive and
reproductive ages. (see the age-sex diagram in Figure 13.6 a)

When death rates decline and birth rates aiso decline IN response to economic

trends the population stabilises. This pattern of changing vital rates is

demographic transition.

a) before transition — death rate and birth rate both high,
b) during transicion — death rate declines, birth rate high and then stabilises.
) after transition  -- death rates and birth rates both decline leading to ZPG.
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14.1 INTRODUCTION

Man is an animal with ecological requircments just like any other animal. Tt
constantly needs a source of energy and- mineral nutrients for its survival. It also
nceds optimum levels of, and a limited range of certain cnvironmental factors, for its
survival.

Human beings are peculiar, in the sense that they have the capacity to modify the

. global ccosystems on a considerable scale. This is in order to redirect the products of
the various ecosystems to fulfil the needs of human society. No other organism has

* produced such an impact on the physical, chemical and biological constitution of the
" earth. For this reason, it is necessary to look carefully at the relationship between.
man and nature from an ccological viewpoint. Such a study would help to locate

. those areas in which the stresses created by human beings are becoming intolerable
and are threatening the future of certain species and habitats. This would also help
in predicting the outcome of some of Lhese harmful activities, and it may supply
answers o a number of issues which are creating environmental dilemma.

Tn this last but ong unit of the course, we shall discuss with you the role man has
played in degrading the ccosystems and some of the resultant effects, particularly on
the biological components. How the wildlife has been affected and the measu:c:
taken to conlain or minimise the damage are also discussed. This unit is a bit
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lengthy, as several examples, figures and tables are included to concretisc the
learning tasks. You are not expecled o memorise the mathematical data presented in
the tables but you should go through it critically. We hope you would enjoy reading
this unit, as you might have experienced scveral situations or you may be l2miliar
with several instances mentioned herc.

Obijectives

After studying this unit you would be able to:
® describe the main causes and consequences of ecosyslem degradation -
e define wildlife )

® list and explain the main threats to wildlife

® .explain the concepl of extinct, threatened, endangered, rare, depleted,
indeterminate, and out ol danger species

list and explain the measures required for wildlife conservation

» explain the importance of wildlife to human beings.

—y—

142 DEGRADATION OF ECOSYSTEM

Ancient man was simple-minded [ood gatherer and hunter. He looked upon nature
with awe and respect and in fact he worshipped it. But from the time he began to
use his superior iniclligence and began to understand nature, he-became progressively
sell-centred and in the process started disrespecting and destroying/degrading the
natural environment. Today, he is aitémpting (0 dominate nature, shape the
environment to suit himsell and use everything around him for his benefit. And he
has not thought much about the [ragile balance of the nature. Only in the past lwo
or ithree decades, as some of 1he ominous signs of environmental degradation have
started showing up, has man realised the gravity of the situation. Tt has now become
very clear to him that the humans should not put the planet earth, which is the
ecosystem that he lives in, in an impossible position, so that a point of no return is T
reached.

In this section we shall list and discuss.the various activilics of man that have led to
degradation of the ecosysiem. This section is a bit long, but it would form a base for
the subsequent seclions of this unit.

We list and explain below the important causes that have lead to the degradation of
the ecosystem.

14.2.1 Deforestation
14.2.2 Overgrazing
14.2.3 Agriculture
[4.2.4 Mining
14.2.5 Urbanisalion

Let us discuss each cause in detail with the help of relevant illustrations.
14.2.1 Deforestation

We shall discuss three aspects under this heading. One, what is meant by this term?
Second, what are the causes of deforestation? And third, how does deforestation
degrade or affect the ecosystem,

Taking up the first point, deflorestation is a broad term. It means the

removal/ destruction of the forest cover or the vegetation of an area. 1t includes
repeated lopping, felling, removal of forest litter, browsing, grazing and trampling of
seedlings.

Now the second point, that is, what causes delorestation? The following are the mair
causes of deforestation:

1)  Shifting cultivation
ii) Development project

dii)  Fuel requirements

iv) Raw materials for industry
v}  Other causes



I} Shifting cultivation : This method of cultivation is practised all over the globe, but
is more prevalent in Lthe tropical countries. In this practice a patch of land is cleared,
vegetation is burned and the ash is mixed with the soil thus adding nutrients to the
soil. This patch of land is used for raising crops for two to three years, and the yield
is modest. Then this area is abandoned and is left to recover ils fertility, and the
same practice is repeated elsewhere on a fresh picee of land. All that is required for
this method of cultivation is a set of simple tools, not high level of mechanisation. In
India it is widely praclised in the North-Eastern region comprising the states of
Assam, Meghalaya, Nagaland, Manipur, Tripura and the Union Territories of
Arunachal Pradesh, Mizoram, and Andaman & Nicobar islands. The practice is also
prevalent in Andhra Pradesh and Orissa and to a lesser extent in Bihar, Madhya
Pradesh, Kerala, Kamataka, Maharashtra and Sikkim. This is locally known as
Jhum in North-Eastern region, Podu in Andhra Pradesh, Bewar or Dahza in
Madhya Pradesh. In Orissa’it is known as Dahi (firing), Gudia, and Chas. On the
whole about 5 lakh hectares of forest is cleared annually for this kind of cullivation
in the country.

Now he question arises as to how it degrades or affects the ccosystem. As the land
is cleared for agriculture, and bicmass is burned, and the resultant ash enriches the
soil. Alter burning the vegetalion in the area, although the rain continues to fall but
'the addition of leaves and other organic debris that enriches Lhe soil, is stopped (see
Fig. 14.1.). Without the protecting layer of tree cover, the heavy downpours pelt the
bare soil. Because of this, not only there is soil erosion, but the existing nutrients are
also Mushed away into rivers and out to the sea. Besides that, the decreasing amount
of organic matier in the soil and the loss of vegetation cover binding the soil also
reduce the moisture-retention capacity of the soil considerably. Moreover, the
cultivation and harvest of two or three crops also takes away many nutrienls from
Lthe soil.

1
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Fig. 14.1 : Status of biomass before, at the lime of, and afler slash and burn method ol cultivation.
Crucis! changes take place in (he biomass when primary forest is cut down, used for sgricutture, and then
abandoned. Nufrients are stored in the living biomass and forest floor litter. When the forest ls cut and
burned its mass is reduced to almost nothing and its nutrients exploited briefly before the plot is Ooally
abandoned. Even 30 years Iater, (he secondnary forest that takes iis place bears litfle resemblance to the
original. It is poor in total biomaess and also in species diversily. (After Armnold Newman, Tropical
Rainforest, 19940).

Many a time the area may be used Loo soon, thus there is a permancnt degradation.
Another very important gffect is seen in the vegelation pattern that develops in the
abondoned land. It is seén that jhummed sites encourage more of annuals
(therophytes) at the expense of perennials and Lrees {(phanerophytes) as removal of
forest cover makes soil open and changes the microclimate of the site, Many such
sites which were initially phanero-therophytic after shifting cultivation turned to the
thero-phanerophytic. It is scen that the cffeet of short jhum cycles is the rapid
growth of various weeds such as Parthenium, Eupatorium and Eichhornia. This
results in the depletion of germplasm because of the drastic changes in the
microclimate and oiher clements of the habilat.

In aur country the present forest
cover is aboul 67.2 million
hectares constituting around 22%
af the total area. In the recent
years vast areas have undergone
dcforestation, A statewise
breakup of the area deforested
between 1972-75 to 198082 is
given below (Source: National
Remote Sensing Agency).

. Suate Forest Arca
Union {million hect.)
Tervilory 1972-75 1980-82
Andhra Pradesh 490 4.04
Assam 211 193
Bihar 227 201
Gujarat 0.95 0.51
Haryana 0.08  0.04

Himachal Pradesh 1.51 0.9}
Jammu & Kashmir 2 1.44

Kamataka 295 259
Kerala 08 074
Madhya Pradessh 1086  9.02
Maharzashtra T 407 304
Manipur 1.51 1.38
Meghalaya 144 1.25
Nagaland 082 03l
- Orissa 484 394
Punjab ol 0.05
Rajasthan LI13 0.60
Sikkim 0.18 0.29
Tamil Nadu 1.67 1.32
Tripura 0.63 0.51
Uttar Pradesh 259 210
West Bengal 0.83 0.65

Anbmm&Niobar  0.33 0.64
Asunachal Pradesh 5.14 5.21
Dadra & Nagar

Haveli 0.02 0.01

Goa Daman-Diu 0.12 0.11

Mizoram .39 1.20
27
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ii) Development Projects : The use of science'and technology Lo support the cver-

increasing needs of man is termed s development. In the recent years, the human

populations have increased considerably, so have their requirements. Any country,

especially the developing countries like ours would have to undergo the process of
development at a much rapid rate to [ulfil the requirements of its people. Likewise,
in the recent years we have witnessed a number of developmenl projecls compieted
and scveral others coming up.

Development projects like the hydroelectric projects, large dams and reservoirs,
laying down of railway lines and roads are not-only extremely beneficial, but they
also are linked with several environmental problems. Many of these projects require
immense deforestation. For the various development projects, infrastructural facilities
like buildings, townships, elcetric supply etc. require clearing the land. And also for
the various development projects, the forest products like wood etc. are used in the
project itsell. Deforestation begins much before the actual commissioning of the
project and continues even after the completion of the project. Deforestation affects
not only the biota and neighbouring ecosystems, but the soil is eroded, land is
degraded, ground waler channels are aliered, and water becomes polluted and scarce.

All that we have mentioned above are not merely the theoretical possibilities but
such events have been seen in actual. We shall mention a few examples to concretise
the points mentioned above.

During recent years, a number of new roads have been constructed and some old
roads have been widened for two-way tralfic. This aclivily has promoted
deforestalion, landslides and erosion. 1t is well known thai, a few years earlier there )
was almosl no landslide between Rishikesh and Byasi on Badrinath highway. During
the 1985 rainy scason, more than 15 landslides were observed in this short diélqncc
of about 30 km only. Roads have no doubt provided [acilities for transport and
modem tourism and nobody would speak against road construction, but the manner
in which mountain roads have been made has been defective and objectionable.
During road construction, huge portions of fragile mountainous regions are cut or
destroyed by dynamite and thrown into adjacent valleys and streams. These down-
falling land masses not only weaken the already weak mountain slopes but also
increase the turbidity of the streams. -

The conslruction of dams which are necessary for hydroelectric power generation,
has also affected the mountain ecosystems. . Tehri dam across the river Bhagirathi at
about 1.5 km down stream of Tchrt has becn a subject of controversy in the recent
years. It has a reservoir of 42 sq km arca. The total capacity of the power house is
1000 MW and it is to be doubled in the second stage of Lhe project. As a result of

" dam construction activities the geomorphology of the Bhilganga and Bhagirathi is

altered to a greal extent. During tunnelling activities, the rocky materials, ranging in
size from dust particles to one cubic metre rock pieccs, were thrown into the rivers.

"The total material thrown into Lhe river by the end of July 1981 was 38.42 lakh cubic

metres. 1n the process of tunnelling, 18.95 tonnes of explosives have be¢n used for
blasting. The tunnelling material and the by-products of explosives arc disturbing the
natural set-up of the Bhagirathi near the dam site in a stretch of about 2 km. The
most drastically changed physio-chemical parameters of water downstream the dam
sitc are flow specd, transparency, lemperature and dissolved oxygen (see Table 14.1).

Table 14.1 : Physio-chemical paramelers of the Bhagirathi water at Tehri (After Singh, H.R., 1987),

S.No. Place Waier Temp, Turbidity Velocy DO. BOD
Gy (NTU) (m/sec) - {ppm) {ppm)

L Tchri{bcforcdam)

Winier 11.25+287 10.5+7.51 1444048  10:26+0.69 215+032

Summer . 1575+0.96  50.17+76.07 1.7+0.1 9.75+1.55 287+0.64

Monsoon 16.75+2.06 188.75+154.38 1L.BI+0.17 - 9.55+1.11 345+ 111
- -

2 Tchn (aficr dam)

Winter 12.33+2.31 17.17+15.69 0.36+0.19 10.07 +0.B5 2.45+0.21
Summer 16.25+1.26 11500+141.03 0.93+027 9.48+0.53 3.85+1.51

Monsoon 1688202 ML75+13506 0.99+0.07 8.4+0.97 158+ .66
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Along with thesc parameters, the planklonic and benthic life and fisheries of the Ecosystems Degradation and

river are also depleting in the areas affected by dam construction. the Wildlife

The above examples of dcgradatic;n of environment as a result of the development
projects is nol the only onc. We discuss below another exampie thal is of Sarda
Sahayak Canal Imrigation Project. This was commissioned in eastern U.P. in 1974,
-The irrigation potential of this project is about 16 lakh hectares and is vital for the
rabi and kharif crops of the area. The operation of this canal has created serious
problems of environmental degradation in the command area. The problem of
seepage started from the beginning and at present it has created a serious situation.
As a result of seepage from this canal about 385 villages, 13,677 houses, and 2,200
cattle have been damaged upto the year 1984. And about [,42,000 hectares of land

Sccpage is defined as slow, lateral

has gone out of cultivation (data from Singh, P.P. & Afroz, A., 1987). Besides this,  ovement of water through the
vast (racts of natural forests containing about a million mature sal (Shorea robusta)  soil. Scepage, invariably lcads to
trees have been killed by canal seepage. Such massive destruction of trees in a irreversible change of the soil and

creates anacrobic conditions in

natural forest also affects the dependent animal and plant |ife.
. the crop root zone.

All these resuit in loss of germplasm which is of immense value to the mankind. The
canal seepage and high water table rendered vast tracts watcr-logged. Due to
continuous water-logging in the command area, incidence of diseases like malaria,
filaria, skin and several other diseases has increased in the recent vears. This example
clearly shows that the introduction of irrigation does not -always have positive effects
but sometimes produces adverse elfects on soil and ground water table. During most
of the development projects only the beneficial effects are taken into account and
their adverse impacts on the environment are not considered. Therefore, development
without concern for environment can be development for short-term, and in the long-
term it will become anti-development.

i) Fuel Requirements : The increasing demand for fuelwood is one of the major
factors leading to the degradation of the forest ¢cosystem. Fuclwood is of such major
importance as a forest produce that about one-half of all the wood cut in the world
is used for lighting, cooking or heating purposes. Even today more than one third of
humanity still relies on wood for fuel. In the recent years, Lhe oil crisis and the sharp
increase in the prices of oil have further escalated the demand {or wood as fuel.

In India about 135-170 million tonnes of firewood is consumed annually and about
10-15 million hectares of forest cover is being stripped off every year to meet these
* needs. The fuelwood consumption has gone up from 86.3 million tonnes in 1953 to
about 135 million tonnes in 1980, and it is believed that by the year 2000 A.D_, the
" demand for firewood would be in the range of 300 to 330 million tonnes. The
increasing demand for firewood with CVErY passing year means greater pressures on
the forests, which also means increased intensity of delorestation.

iv) Raw Malerials for Industry : Wood is not only used as fucl, bul it also has%
variety of other uses. It is used for making boxes, crates, packing cases, match’
boxes, furniture, paper and plywood. About 1.24 lakh hectares of forests have been
cut for various industrial uses during the period 1951-1971. The industrial
requirement for wood in 1970 was about 16 million cubic melres, which has risen to
25 million cubic metres by 1980. Paper industry consumes about 2 per cent of Lthe
country’s annual consumption of wood. In 1983, there were about 175 paper mills
requiring 3.1 million tonnes of wood as raw material. Fiflty onc per cent of this
requirement was being met by the use of bantboo. This exerted tremendous pressure
on the bamboo plantations of the country. Besides this the apple inqusli'y in
Himachal Pradesh requires a vast number of packing cases for the transportation of
apples and their products. For this purpose wood of Abies sp- and other species are
used for making packing cases. ’

Packing cascs made of plywood are also used extensively in the tea industry.
Presently, there are about 52 plywoed factories in Assam. Today the state is such
that the forests of Assam can provide only 22 per cent of the raw material for the
plywood industry, The rest of the raw material comes from Arunachal Pradesh,
Mecghalaya and Nagaland.

Industries that manufacture drugs, scents and perfumes, resin, gums, waxes, ,
lurpentine, latcx and rubber, lannis, alkaloids, bees” wax-—all obtain their raw 39
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"malteriais from plants, exerting tremendous pressure on plants, ultimately leading to

their destruction.

From the discussion so far, you have seen that a large number of industries arc
dependent on forests, The thoughtless and unresiricted exploitation of forests for
various raw materials is Lthe main cause of degradation of the forest ecosystcm.

v) Other Causes : Natural enemies like termites, pests and several kinds of discases
aflfect the forests adversely. There is also massive destruction of forests because of
floods and fires. Some forest fires are not natural, but they are due to deliberate
burning of trees by smugglers. Defence activitics like preparing ditches and bunkers,
movement of heavy armoury and their testing and use, also affects the ccosystem
considerably.

In addition to the above causes, deforestation also results from overgrazing,
agriculiure, mining and urbanisation. All these topics are deall with under separale
subsections because of their complex impact on Lhe ¢cosystem.

14.2.2 Overgrazing

It refers Lo the condition when the prazing pressure on Lhe vegelation is so inlense
that it does not recover. Ultimately, there is a loss of the soil binding cover
(delorestation), and it lcads to soil crosion and desertification. Deforestation and
overgrazing combined make desertification intense. As vegetation retrogresses, with
continued overgrazing, the srucial soil and water relationships fail, ullimately
reducing the area’s carrying capacily, of the animals. Rate of waler infiltration is
proportionally related to the: grazing intensity. Water infiltration is low in heavily-
grazed areas and high in lightly-grazed areas. Heavily-grazed areas also have high
rates of runoffs. In the overgrazed arcas, the amount of water storing capacity of (h
soil declines. The moisture available at a particular time is so less that il is not -
enough to meet with the regeneration needs of the plants that are left. All the events
described above degrade the quality of soil and eventually the ecosystem.

In India, livestock wealth plays a cruciai role in rural Indian life. Over the years, the
livestock population has continuously increased. A total increase of 42 per cent was
registered in a span of thirty years, that is, from 1951 to 1981. The number of cattle
heads increased from 292.02 million to 415.95 million in the above said period. On
the other hand, in the same period, the land resources available in the form of
grazing lands for producing fodder declined from 14545 million ha to 129.26 million
ha. This accounts for the shrinkage of habitat by 11.03 per cent. Thus, the land
available per animal declined from 0.5! to 0.32 ha i.e., a reduction of 37 per cent.
These figures clearly show that the livestock resources have increased and the
available land resources have decreased. So there is tremendous pressure on the
grazing lands. You can have a better idea of the situation from the following data.

Under normal grazing conditions one ha of grazing land can support an average

3 livestock heads in rainfed areas and 6 livestock heads in extensively irrigated areas.
Actually, the number of animals which depend on each ha of such lands is much
higher—any thing from 2.4 to 4.5 times their carrying capacity. In Jammu and
Kashmir, for example, 16.8 animals are supported by each ha of grazing and forging
land. The grazing and foraging lands are thus being overgrazed.

.14.2.3 Agriculture

Agriculture whether traditional or modern involves intervention and modification of
the natural ecological systems. Ever since man has started practising agriculture, his
main aim has been lo modify the agro-ecosystem in such a way as to remove or
diminish natural limitations upon productivity and to provide a more favourable
environment for crop growth. These modifications include the introduction of new
species or varieties of crop plants and livestocks, the elimination of competing plants
(weeds etc.} and other organisms by the use of pesticides and removal of habitats,

‘the use of high level of fertilisers, manipulation of soil conditions by tillage, and

control of soil moisture by irrigation and drainage. Though the achievements in this

field have been astonishing, the other side of the picture has often been ignored, that
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is, its impact on the environment. The various agricultural practices adopted by mar
bave considerably degraded the environment over the years.

Degradation of the ecosystem due to agriculture can be on the following accounts :

a) Removal of trees (deforestation) and -clearing the land for agriculture destroy the
habitats of many kinds of living organisms. Deforeslation ultimately leads to problems
like soil erosion, loss of nutrients and desertification.

b) Cultivating the land intensely wilhout proper soil management, leads to problems like
soil erosion, desertification, and depletion of plant nutrients.

c¢) Imgation without sufficient drainage leads Lo excessive accumulation of water (water-
logging) or salts (salinisation), rise in water table in the soil, ultimately leading to the
degradation of the quality of soil.

d) Indiscriminate use of agrochemicals—fertilisers and pesticides. leads to Lheir
increased build up, often reaching harmful levels in the soil and the underground water
resources. This causes their bioaccumulation in the food chain. Not only that, these
chemicals often degrade the quality of soil and ultimalely the ecosystem.

14.2.4 Mining

Mining may be delined as the removal of minerals and other materials from earth’s
crust for the welfare and prosperity of nran. Modern industrial, economic and
commercial activity depends a lot on the exploitation and consumption of minerals.
The process of extraction of mineral resources and its use in various wWays generates
a wide range of environmental changes—oflen leadlng to degradalion of ecosysiem
and other [ar-reaching conscquences.

.More than 80,000 hectares of land in the country (see Fig. 14.2) are presently under
‘stresses of mining activitics of various kinds

. Bhlllal :-H rk- i
Vo ~—_ “Hourkela
< Nagpur "’a

ARABIAN SEA

INDIAN OCEAN

Fig. §4.2 : Aress afTected by mining activities {From K.5. Valdiya, 1987).

Ecosyslem Degradation and
the Wildlife
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The recovery of minerals and construclion material requires removal of vegetable
cover (deforestation) with underlying soil mantle and cxcavating overlying rock
masses (known as overburden). The amount of overburden commonly exceceds the
volume of materials or minerals sought. The result is reshaping of the topography, -
generation of greal volumes of debris (wastc) and disruption of surface and ground
waler circulations, These [urther lead to soil erosion, increased incidences of
landslides and ultimatcly land degradation. The network of roads constructed,
further aggravates the problem of land degradation.

Limestone mining at Mussouric, in Doon Valley provides good iflustration of the
devastation caused by mining activities. Here intense mining and its associaled
activities have greatly affected the area and the living beings there. Mussouric—the
queen of hill stations is being stripped off the forest cover duc to limesione
quarrying. The hills which were once thickly wooded with shisham and sal near the
‘river beds and with firs, birch and pines in the higher slopes arc gradually being
denuded, exposing large patches of white rock and dust-limestone which is abundant
in this region. The once varied fauna which included foxes, dceers. goats, pigs, jackals
and monkeys as well as a wide variely of birds are steadily getting depleted.

Near the limestone quarrying area, animal husbandry was an important enterprise
because there were vast expanses of grassiand for the animals and most-of the
villagers were involved in production and trade of milk. Now, due Lo limestone
quarrying, pastures have vanished and fodder has become a very scarce commodity,
or this has reduced productio 1 of milk in the arca. The decrease in the number of -
domestic animals has also triggered off a shoriage in organic manure and the felling
of pine has affected the produclion of resin used in the manufacture of turpentine.
‘The springs too have dried up as a result of the deforestation. The oak trec is said 1o
store rain water which is released to the springs in the dry season. It is believed that
one oak tree slores about 500 to 1,000 litres of water.

Another important factor Ieading to environmental degradation in this arca, is the
construction of extensive network of roads connecting the quarrying areas. Thesc

roads have not only scarred these hills and the beautiful landscape, bui also have

resulled in repeated landslides affecting the ccosystem there:

In addition to the above, extensive damage is caused by rock blasting too. In the
hills of Mussoorie, explosives are being used in large quantities. On an average there
are three blasts per day per quarry (in the 80-odd quarries). These blasts not only
cause annoyance because of the noise, but the more important problems are; hazards
from flyrocks and damages due to ground vibrations. Thesc are contributed to the
destabilisation of the hill tops. There is not only increased incidence of fandslides,
but also drying up of spring in places and increased discharge clsewhere, For
instance, there is drying up of springs feeding the streams such as Kakbari, Derinala,
Kempty and others. Till today the discharges of many springs in more than a dozen
valleys have diminished and many streams which bear evidence of flow of water in
recent years arc now quite dry.

The above example clearly lllustrates the environmental problems leading Lo Lhe
degradation of land in Mussorie, which is a terrestrial ecosystem. Similarly, mining
aclivity in oceans which is having immense potential has increased considerably in
the last few years. It is also causing concern because of its effect on the area and
ultimately the life.

Ocean floor mining on an extensive scale to recover polymetallic nodules {containing
sulphides of Zn, Ni and others) will have considerable effect on the benthic ‘biotic
community, owing to the stirring up of sediments and formation of (lumes of
suspended materials. Disposal of deep sca sediments brought out with the ores will
be a big problem. As the harvest of.a target 1,000 tonnes per day of dry nodules will
entail disposal of 9,000 tonnes of sediments brought Lo the land every day. The i
sediments and the wasles remaining afler processing the nodules, if allowed o be
washed down back Lo the sea, would affect the life on the shallow se=iic ooastal
belts. Particularly the spawning of lishes and other faupa wit = : seriously aflecled.,
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14.2.5 Urbanisation

For more than 200 years, the world’s population has tended 10 concentrate in a
relatively small pari of 1he carth’s stirface in lowns and cities. But the pace of this
process called urbanisation has accelerated sharply during the 20th century. In 1985,
urban dwcllers comprised an estimated 41.6 per cent of the world population
compared to 33.6 per cent in 1960 and 13.6 per cent in [900. Dunng the past 25
years, virtually all countries have expericnced an increase in the propomon of the
population living in the urban centres.

Environmental degradation dug to urbanisation has occurred in a number of ways
such as :

i) Encroachment of fertile agricultural and forest land for housiné, industries,
construction of roads and dams. As towns grow, they invade the productive crop

lands and sich forest land causing deforestation. Thus the biological diversity of that

area is lost for ever. Since 1950, about 1.5 million heclares of fertile land has been

lost to towns and cities. It is estimated that by 2000 A.D. an additional eight million

hectares of such land would be diverted for the devclopment of cities and towns.
For examgle, Delhi city has expanded by 33% within the last 20 years, the cities
which are about 36 years or older, have practically lost all wildlife from their
suburbs because of the destruction of their habitals.

ii) Far construction purposes large quantities of building materials are required.
Kilns, where bricks arc made, not only pollute the atmosphere, but also use a huge
amount of nutrient rich soil for brick making. Thus, fertile land which would have
been good.for agriculture is degraded and is lost for goad!

jii} Development of industry gocs hand-in-hand with urbanisation. Cities like
Bombay, Calcutta, Madras and Delhi are heavily industrialised. About 60% of the
industry of Maharashtra is siluated in Bombay alone. Some industries due to their
by-products/ emissions and excessive utilisation of natural resousces, affect the
ecosyslem considerably. You would study more about the effect of industry and
pollution on the ecosystem in Unit 15 of this block, ‘

iv) Slums represent the worst type of environmental degradation. Development and
proliferation of slums is concomitant with urbanisation and industrialisation. About
18.8% of India’s urban population lives in slums, The slum dwellers.have an

environment with inadequate living space, water supply, sewerage {acilitics. This, not

only causcs detcrioration of surrounding regions. but also ol human health as well.
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Humans and Ecelogy 14.3 WHATIS WILDLIFE? :

The term wildlife probably originated in 1913 in a book, Our Vanishing Wildlife by
William Hornaday, Direcior of the New York Zoological Park. The main focus of
this book was on the over-exploilalion of game birds, mammals and [ishes: and also

. the harvesting of some birds that were not game, notably the song birds that the
European immigrants often hunted. By 1937, the term wildlife had been contracted
into one word.

Though the word wildlife was coined and contracted as one word by the nincteen
thirty seven, it was not defined in the well known dictionaries. It was, however,
included in the Webster's'dictionary in 1986. Webster's dictionary defines wildlife as
“living things that are neither human nor domesticated™, and the Oxford dictionary
says (hat the wildlife is “the native flora and fauna of a particular region”.

[l £:te —'.1—-'-1!‘1‘?.'1:{-1 T

Il we are asked to prepare a list of wildlife species, the list would be dominated by
examples of animals, birds and occasionally fishes. Generally, we all think that only
large animals, carnivores, game animals and birds constitute the wildlife. In the :
. present times, the term wildlife encompasses much more than the above mentioned |
life forms. Now plants, microorganisms and all other lesser known living beings too '
fall within the purview of wildlife. One essential characteristic feature of wildlife is
that they grow and survive in a particular area, without the care of human beings.
They are well adapted to the soil, light and temperature conditions of that particular

area. All our garden flowers are descendants of the wild flowers. The wild flowers
grow on their own in nature, complete their life cycles and grow again the next

SeaAsSOn. N

144 THREATS TO WILDLIFE - .

As many as 500 million kinds of plants, animals and microorganisms have made earth
their home since life began, over 3.5 billion years ago. Presently, it is believed that
there are only 5 to 10 million species alive. We, however,.do not have an exact figure
because there are many areas on the earth that are brologically unexplored. Tropical
rain forests are examples of such areas, aboul which we know little. About 90% of
the organisms living there remain unclassified. Thus, since life began about 490
million species have become extinct.

In the present age of environmental awareness we often hear of or read about the
threat of extinction of many wildlife species. Some such examples are the pitcher
plant, several species of orchids, rhododendrons, rhinoceros, Indian pangolm and

* flying fox. In the present section, we would discuss with you the causes that lead to
such situations. We shall be discussing them under.the following headings:

14.4.1 Hunling the export

14.4.2 Elimination or disturbance of wildlife habitats
14.4.3 Selective destruction

14.4.4 Domestication

14.4.5 Introduction of new species

1446 Pesticides

14.4.7 Pests, medical research and zoos

14.4.1 Hunting and Export

The hunting and export of excessive numbers of certain animal species is another
important factor leading to dangerous reductions in numbers.-There are three main

types of hunting : i) commercial hunting—in which the animals are killed for profit
from sale of their furs or other parts; ii} subsistence hunting—the killing of animals -
to provide enough food for survival;. and iii) sport hunting—the killing of animals
for recreation. Although subsistence hunting was once a major cause of extinction of
. some species, it has now declined sharply in most areas. Sport hunting is now closely
. ) regulated in most countries; game species are endangered only when prolcctwe
4 . rcgulatmns do not exist or are not enforced.



On a worldwide basis, commercial hunting threatens a number of large animal Ecosystem Degradation and
species. ‘The jaguar, tiger, snow leopard, and cheetah are hunted f{or their skins, ) the Wildlife
elephants for their ivory tusks (accounting for the slaughter of about 90,000

clephants a year) and rhinoceros for their horns. Single rhino horn—which is a mass

of compact hair—is worth as much as $ 24,000 in the black market. It is used to

make handles for omamental knives in North Yemen, and ground into a powder and '
used in parts of Asia for medicinal purposes, especially reducing fever. It is also
-thought to be an aphrodisiac or sexual stimulant even though it consists of a

substance (Keratin) Lhat can be obtained by eating hair trimmings and finger nails.

Although 60 countries have agreed not to import or export rhino horns, illegal

trafficking goes on because of its high market value. The number of black rhinos in

Africa dropped from 65,000 to about 5,000 between the years 1970 and 1986. And

about 100 white rhinos were left by 1986. If poaching continues at present rates, all

species of rhino will be extinct within a decade.
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Another highly publicised commercial hunt is that of the whale. The whaling
industry has generally concentrated its efforts on the large, profitable baleen whales,
which were slaughtered for their blubber and baleen, the bony sieves they [ilter sea . i
water with. From the blubber, a high grade oil was made for lamps and for i
lubricating machines. The baleen or “Whalebone™ was used Lo make corset slays,
combs and similar products.

The history of whaling is one of over-exploitation followed by abaridenment.
Whalers harvested a species until it approached extinction and then moved on 1o
another profitable one, repeating the patterns many times.

Thekblue whale, the largest animal that has ever lived, once numbered around
2,00,000 but by the mid 1950s it has been reduced to about 1,000. Many scientists ;
telieve that the blue whale population, although now protected, may not recover.

14.4.2 Elimination or Disturbance of wildlife Habitats

Habitat refers to the area where specics seck food, get shelter, and reproduce. The ; .
greatest threat to wild plant and animal species is due to destruction or alteration ol ’
their habitat. Il an animal’s habitat is destroyed or disrupted, it must cither adapt to

the new changes, move elsewherc or die. When it is forced out of its territory, and il

it finds a suitable habital there is a possibility thal the habitat is alrcady in usc.

Consequently, it must compete with Lhe existing animals of the same spccies or

animals in similar niches. The other option is that it must migratc into a marginal

_ habital where it may succumb to predation, starvation or diseasc. Some organisms

such as pigeon, house sparrow, rodents (like rat and mice) and deer flourish in the

modified habitats provided by human activitics but many others do not. -

Habitat is disturbed or destroyed due to various factors such as deforestation,
drainage or {illing of wetlands, overgrazing, expanding agriculture, urbanisation,
various development projects, mining and several others. The Great Indian Bustard
has been exterminaled because of habitat destruction and hunting (for more details
see Section 14.5.2., ii) Similarly, the Bengal tiger faces extinction as its jungles arc
‘torn down to supply timber and farm land.

Pollution also disturbs the natural habitat considerably. Industrial wastes caust
severe impact, particularly on the aguatic habitats. For example, although the impact
of acid rain is far irom being understood, it may be a slow, subtle agent that is
driving some species in the lakes and streams Lo extinction. Furthermore, during the
1950s and 1960s, inscclicides particularly chlorinated hydrocarbons (such as DDT),
reduced the population levels of several birds such as the bald cagle, brown pclican
considerably.

We shall now take up the issue of habitat destruction due to deforestation, and
elaborate on it further. More than three quarters of the species that are in danger of
extinction today arc due to the destruction of their forest habitats. A large numbcr
of these species arc from the tropics, where human population growth has been most
explosive and habitais have been destroyed most rapidly. Tropical rainlorests cover 4
mere 7 per cent of the carth’s surface, yet they house about threc quariers of the
total species. T.oday these forests are being destroyed at an alarming ratc, and if the
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ecasystems are oblitera:ed, hundreds of thousands of species will be lost forever, ard
some of these may be of great importance. We shall now tell you about a species of
wild corn, which got accidently saved. Several years ago, a hillside in Mexico was
being ploughed when a fzw alert scientists discovered a previcusly unknown species
of wild corn—Zea diploperennis, that only grew on that hill and was found nowhere
else. These corn plants ars perennial whereas the domestic varieties of comn are
annuals. Moreover, the wild com is resistant to many diseases that infest domestic
varietics. The species was thus saved and it is now being used 10 breed and improve
new domestic varieties. So it is of utmost importance to save the living species from
extinction from the face of the earth,

14.4.3 Se_lecﬁv'e Destruction

“The selective destruction of one species of an existing fauna can produce equally
unfortunate results. The pe: fect demonstration of unexpected consequences of such
destruction occurred in the early years of this century in the USA. In a mistaken
effort to increase the deer i-erds on the Kaibab Plateau, President Theodore
Roosevelt, himself a very k:en naturalist, authorised the destruction of the natural
enemies of (he deer, the puma and the wolf. The result-was not as. expected.
Deprived of theit natural e-emies, which had served to keep their number in check,
the deers multiplied so rapicly that there was soon insufficient grazing areas to
support them. As a result what had been fertile grassland capable of supporting large
herds of deer was soon reduced to unproductive desert virtually unable to support
any wildlife. As their available food supplies diminished so the deers died of
starvation in the thousands nd in a very short time the 1otal deer population fell

" far below what it had been  en they were subjected to the full effects of their

natural epemies.

Extinction or near extinction can also occur because of altempts to exterminate pest

and predator species that compete with people and livestock for food. The Carolina
parakeet was exterminated in the United States around 1914 because it fed on fruit
crops. Its disappearance was hastened by the fact that when one member of a flock
was shot, the rest of the birds hovered over its body, making themselves easy targets.

When we talk of selective destruction we must narrate you the story of Passenger
pigeon. (See Fig. 14.3). The Passenger pigeon (Ectopistes migratorius) probably was
the most numerous bird on earth as recently as the middle of the nineteenth century.
Passenger pigeons certainly were the most abundant birds in pristine North America
The records include very interesting details about these birds. They were in such
immense numbers that their flocks darkened the sky dunng migration, and one such
flack alone was 400 km long and had no less than two billion birds!" So huge was
their number that the branches of trees would break under the weight of the
perching birds. Tt took hours for the Nocks 10 pass through a place. There used to be
as many as 90 nests per tree throughout a stretch of forest of about-5 km width and
67 km length. In 1871, an estimated 136 million passenger pigeons nested in a 2,200
sq. km area of central Wisconsin. An-immense tonnage of droppings fertilised the
forests where passenger pigeons roosted. One interesting feature about these
organisms is that a passcnger pigeon ldid just a single-cgg. ALl the above information
gives us a picture of immense abundance of the specics. But as you will sec in the
following details, an immense abundance does not immunise a specics from
extinction. Despite their large numbers, today there is nol even a single passenger
Pigeon on the earth. You must be wondering why this cxtinction occurred. We shall
discuss that now. Millions of passenger pigeons were killed for food (Sec Fig. 14.4).

In a span of three months in 1878, more than 1.5 million pigeons were shipped to
market from a nesting arca in Michigan. It is believed that, as many as 10 million

" may have perished due 10 hunting in the above arca. The birds were served in

fashionable restaurants in Chicago, New York and Boston for two cents each. Not
only that, their young ones were a particular delicacy; hence trecs in nesting colonies
sometimes were felled to obtain large numbers of young birds. Thus the oulright
killing of passenger pigeons often was accompanied by the destruction of
irreplaccable nesting habitats. The lack of refrigeration meant that even more birds
were kitled to cover losscs from spotlage during transportation to market. Another
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Fig. 144 : Passenger pigeons being hunted (Amevican Muoseum of Natural History).

. interesling aspéect that played a great role in their extinction was the two b

- technological developments—rail roads and telegraph, in the nineteenth century. The
extensive rail network helped the pigeon hunters in providing ready access to the
major nesting colonies of passenger pigeons east of Mississipi river. One dealer in
.New York received 18,000 birds a day as a result of the new rail connections.
Because these birds were nomadic, the telegraph kept hunters informed about the
locations of nesting colonics. Because the rail roads benefited from their association
with the market hunters, the train companies also provided up-to-date information

- concerning places where pigeons might be caught. Such relentless disturbances of

. colonies resulted in large-scale nesting failures year after year, and passenger pigeons
steadily diminished. The last pigeon—Martha died in Cincinnati Zoo in 1914, and its
body is preserved and kept in U.S. Natural Museum in Washington. The decline and -
eventual exlinction of such an abundant species now seems beyond imagination—but :
1i§~an event marking one of the darkest hours in environmental hlstory

14.4.4 Domestication

STIrTT RS -l

It means that man has taken under his direct care the living beings which are uselu!
to him. Through extensive breeding programmes, he has modified them to derive
maximum benefit of their products. During the process, the species have lost certain
useful characteristics so much so that these forms cannot survive on their own in
nature, A.very good cxample is corn, which is pampered so much by man that if it is
left on its own, it cannot survive.

We shall now take up the other aspect of how domesticated species create hostile
conditions for the survival of wildlife.

Today man has large herds of domestic animals. These animals can also play a
significant part in the reduction of animal populations by overgrazing the land, thus
destroying the vegelalion on which both they and the wild animals depend. The

" native wildlife of a particular area is capable of utilising the native plant life much
more efficiently than introduced domestic cattle, and is thus much less likely to
convert fertile areas into deserts. So, often domestic animals have little more than
prestige value, providing little in the way of cither meat or milk:

"The other important parameter is that the domestic cattle are carriers of several
discases which they can transmit to wild animals: For example, the steady
rehabilitation of the Great Indian Rhinoceros was seriously hampered by the
rinderpest disease whlch they contracted from the local domestic cattle.

14.4.5 Introduction of New Species

As long as human beings have travelled around the world, they have carried with

‘them (accidentally or intentionally) many specics of plants and animals, which they

"have introduced to new geographical areas. In some instances, an opening has .
\existed in the new environment and the {oreign or alien specics has been able to . 17
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establish itsell without seriously affecting the population size of the native species.
But in other instances, the alien has been a superior predaler, parasite or competitor,
and has brought about extinction or near extinction of native species. It can also
cause a population explosion of the existing species by killing off their natural
predators. Island specics are particularly vulnerable bceause many have evolved in
ecosystems with few il any natural herbivores, or carnivore predators.

In 1859 a farmer in southern Ausiralia imported a dozen pairs of wild Europcan
rabbits as a pame animal. Within six years these 24 rabbits had mushroomed (o 22
million so that by 1907 they had reached every corner of the country. By the 1920s,
their population had reached an estimated 750 million. They competed with sheep
for grass and this cut the sheep population to half. They also devoured food crops,

gnawed young trees, fouled water holes and accelerated soil erosion in many places.
. In the carly 1950s, about 90% of the rabbit population was killed by the deliberate
human introduction of a virus disease. There is a concern, however, that members of

the remaining population may eventually develop immunity io this viral disease
through natural selection and again become the scourge of Australian farmers.

We shall now take up another example that demonstrates the devastating effects of
the intcoduction of alicn species on islands. In islands, particularly the endemic
species are often inadequalely equipped to deal with invasions of humans and their
domestic animals. For example, the bird dodo (see Fig. 14.5) lived only in Mauritius,
which is a small island in the Indian Occan. The dodo possessed two characteristics
that were its eventual undoing; it had no fear of people and, therefore, could be
easily clubbed té death, and it was flightless, so, it had to lay its eggs on the ground.
The dodo became extinct by 1681, alter the introduction of pigs to thc island, who
devoured ils cggs. .

On an izland, both the varicty of habitals, and the area that comprises each habitat
are physically limited. As a result of such constraints, the native animals’ ability to
adapt to new predators and competitors is often reduced. For example, the habitat
may not be large enough or diverse enough for a prey species Lo avoid new
predators. And the diversity.of resources may nol be adequate to allow an existing
species to coexist with a new competitive species. Hence, in some inslances
competitive exclusion leads Lo extinction of-the native species.

Compelilion exclusion can be itlustrated by the demise of tortoise on one of the
Galapagos islands after fisherman relcased some goats on the island in 1957. When a
rescarch fcam from the Charles Darwin Station arrived in 1962 to investigate the
tortoise population on the island, they found only empty tortoise shells, many of
‘which were wedged among the racks that covered the upiand slopes. Investigations
of the lowland indicated that all the vegetation that had previously been within reach
of the tortoises had been consumed by the [lourishing goat herd. As a result, the
hungry tortoises apparently were forced Lo obtain food on rocky slopes, where they
subsequently either became entrapped between rocks or fell over precipices and '
starved to death.

T

Istand flora, too, has been devastated by the introduction of alien species. For
example, in the Hawaiian islands, no lal:ge herbivorous animals existed until the
1700s, when Europeans introduced domestic livestock. Because no prior selection
pressure had existed Lo favour them, thorns or poisons to ward off herbivores were
not characleristic of native plants. Moreover, the limited size of habitats on the
islands favoured overgrazing. Thus specics that had not been threatened previously
were devastated by grazing animals. As a result, nearly one half of the native
vegetation in the Hawailan islands is thought to be in danger of extinclion.

An island, in the usual sense of the word, is a land mass that is surrounded by water.

Ecologically, however, a habitat island is defined as any restricted area of habitat
that is surrounded by dissimilar habitats. Hence, a lake without outflow is
considered to be an aquatic island. Also, when natural habitats are bisected by
highways and converted into farms and cilics, natural and semi-natural areas become
increasingly smaller and more isolated (scc Fig. 14.6). To save what little remains,
some of thosc isolated areas have been set aside as parks and conservancies. Forest
preserves are usually widely scattered and the intervening highways, farms and cities
serve as barricrs that prevent the migration of many specics of plants and animals
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into and out of them. Hence those natural and semi-natural habitats have become

Ecosystem Degradation and

islands as well, and the animals and plants that live in them are subject Lo the same the Wildlife
pressures as those living on islands that are surrounded by water. Furthermore, the
smaller the habitat island, the greater is the pressure on its inhabitants. Thus we
would consider these factors when we plan how to use land rather than
- indiscriminately invade and carve up natural habitats into increasingly smaller pieces.
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* Flg. 14.6: The reduction and fmgmeniation of woodland (shaded arezs) In Cadiz township, Wisconsin between
1831 and 1930, The plecerneal destruction of habliat yesulted In plecemea) extinction of many species {after J.

Curtls, 1555).
14.4.6 Pesticides

Another recently realised danger to wildlife in many parts of the world has come
from the development of more effective pesticides. As agricuiture became more.
efficient so the need to control crop pests also became more urgent, and the
agricultural chemists have devoled a great deal of their ime and energy to
synthesising compounds to meet this need. In the early 1960s il became clear that a
certain group of chlorinated hydrocarbons, notably aldrin, dieldrin and heptachlor,
which are undoubtedly extremely effective in controlling pests, are proving
increasingly harmful to many wild animals. Their great disadvantage, it was
discovered, was thatl whiereas most other pesticides were fairly rapidly destroyed
. when they fell on the ground, the above, three pesticides persisted in the soil for
years, and lended to accumulate (bicaccumulation) since each year’s spraying
reinforced the persisting residues from previous years.

The first elfect of these pesticides is a gradual accumulation in the bodies of worms,

insects and some small animals. These in turn arc eaten by birds, which thus acquire

these accumulations, and the cffects of which may be reproductive failure and cgg

shell thinning. These cffects have been seen in birds like percgrine falcon, eastern and

California brown pelicans, osprey, bald cagle.

In India, the threat to wildlife through the usc of these compounds had taken rather

a different turn. Here the farmers have been using them directly as poisons to kill

tigers, leopards and other large animals either by adding a [ew grams to the animal’s

food or by scajtering poisoned bail along their known tracks. In Kerala, elephants
have also been killed by poisoned bananas.

14.4.7 Pets, Medical Research and Zoos

Animals and plants are gathered throughout the world for zoos, private collectors,
pet shops and rescarchers in biology and medicine. Worldwide more than 6 millicn
live birds are sold cach year, most of them as pets, in countries like United States,
Great Britain and West Germany. Large number of these anmimals die during
shipment and after purchase, many are killed or abandoned by their owner. The
ratio may be very high, for cach bird that makes it into someone’s home, 10 1o 50
dic along the way. As a direct result of this tradc, at lcast nine bird species ar¢ now
listed as threatened or endangered, but still Lhese continue to be smuggled illegally

into the US and Europe. For example, bird collectors may pay as much as § 10,000

for a threatened hyacinth macaw illegally smuggled out of Brazil.

Animals are only one side of this story: plants such as cacti and orchids are also 1n

high demand and support a growing industry. These may be used to decorate houscs,

offices and landscapes. A single, rare orchid may be sold for § 5,008-Lo a collector.
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Each year, about 7 million cacti are imported 1o United States from more than 50
countries. Also, cacti are shipped out of Texas annually. In one area of Texas near
Big Bend National Park, 25,000 to 50,000 cacti were uprooted in a single month for
sale elsewhere. In the lale 1970s, about 10 million cacti were shipped out of Texas
annually.

Researchers throughout the world use a variety of animals such as mice, rats, dogs,
cats, primales, birds, frogs, guinca pigs and rabbits for their studies, many of which
came from the wild. Demand is especially great for monkeys and the great apes such
as chimpanzees. Taken from their homeland in Africa, as many as five chimpanzecs
die for every one that enters the laboratory. Some biologisis believe that the species
will be extinct in the wild by the end of the decade. Primates are desired because of
their anatomical, genctic and physiological similarly to humans. Primates have
played important part in biomedical research. The chimpanzee, for example, has -
been used in work on human reproduction and eancer detection. Although there has
been a reduction in the imporl of these animals into the developed nations, still the
figures of these animals causc concern. Since these research animals often do nol
breed in captivily and because they have a high mortalily, continual replenishment
from wild populations is likely 1o continue. '

Today, 60 primate species are on the endangered list. Many of these have been
exploited by researchers with litile concern for their declining population or ultimate
demise in the wild. Most people agree that research must continue under humane
conditions but that it shou'd not be carried out at the cost of existence of animal
and plant specics, Captive Srecding programmes which supply zoos and researchers
can be extended in countrits where primates are used. This would stop the Mow of
these animals [rom their natural habitat. Prompt action now can prevent the
extinction of many primates. :

_Public zoos, botanical gardens and aquariums are under constant pressure Lo exhibit
rare and unusual animals such as orangulan. For each exolic animal or plant that

reaches a zoo or bolanical garden alive, many others dic during capture or shipment. .

No animal lives for tver even under the most (avourable zoo conditions, and unless
an animal is one of those which breeds readily in captivity, then when it dies it- has
to be replaced from the wild. Eventually this steady replacement demand can have a
serious cffect upon the wild stocks. Al the present time the future of the monkey-
caling eagle, Pithecophaga jefferyi, a magnilicent eagle living on the islands of
Hindanoa and Luzen in the Philippines is in Jeopardy because the rate of capture for
the zoos of the world exceeds the annual reproduction rate. Because of the serious
position the members of the International Union of Directors of Zoological Gardens
have agreed not to buy these rare birds until the wild population has had a chance to
reestablish itsell. Unfortunately a stuffed monkey-ealing eagle on the sideboard is
regarded as a status symbol by the inhabitants of the Philippines, and this adds Lo
the pertls facing the species at the present time.

SAQ 2: Which of the following best defines wildlife? Write your answer in the
: space provided. o :

. @) all birds and animals that are not domesticated by humans

b) all microorganisms occurring in a {orest that are nol useful to man
c) -all forms of life that man has not been able to domesticate

d)}  all forms of life including microorganisms that grow and survive without
human intervention.

N

SAQ 3 : The [ollowing:are some of the basic causes that threaten the existence of
wildlile : ’

a} eclimination or disturbance of habitat
b) domestication

c) introduction of new species
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14.5 EXTINCT AND THREATENED SPECIES - .

Some of wildlife species are considered threatened and some are extincl. What is the
difference between the two? You would study in this seclion. Also you would learn
. about the various classes of threatened specics. -

'- 14.5.1 Extinct Species

These no longer exist outside museums and photographs. You have read about the
‘passenger egcon in the previous seclion. It is one of the most noted cxamples of -
extinct spe€ies. Other extinct species include the Carolina parakeel heath hen,
Labrador duck, Cheétah, Pink-headed duck, and Jerdon’s Courser.

The above examples indicate that the specics have become éxtinct because of human
activities. Many conservation experts warn that il deforestation, desertification and
destruction of wetlands and coral reefs continue at their present rate, at least
5,060,000 and perhaps I million species will become extinct as a result of human
activities belween 1975 and 2000. Using the,lower estimates, this amounts to an
average extinction rate by 2000 of 20,000 species a year (See Fig. 14.7), or I species
_every 30 minutes. There is thus a 200-fold increase (also see Fig. [4.7) in the
" extinclion rate in only 25 years (that is between 1975 and 2000). Most of the species
_will be plant and insccts that are yet to be classified and not much is known about
. their usé to peoplc and their role in the ecosystems.

Year ] Eslimated Annual Exlincion Rate of All Species
1975 100 -

1985
1990

Carolina parakeet—also sec Sub
section 1444, their  brightly
coloured feathers caused thdr
downlall, These feathers were
prized for decorating women's hats
and madc the birds popular as pets.

- Their extinciion came in 1914.

The heath hen wos used as food. In
the carly 1900s people realised that
the bird was becoming scarce and a
bird sancluary was set up. The flock
soon grew, but a [ire swept across
the sanduary, and only a few males
survived. The last bird died in 1932,

The labrador duck became extinet
_before anyone realised it was gone.
Most of the birds were killed for
their feathers, which were uscd 10
stufl pillows.

2000

Fig. 14.7 : Estimated annusl extifiction rate of ]l species between 1975 and 2000. {From Miller),

20.000
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J‘,»hnm'ng all the r;ounr.rius, India has
the greatest number of mammatian
species on the threatened spedcs
(endangered, rarc cic.) list, and in

the Red Data Book, ranks {irst in -

the world. Following s a list of
some threatened animals of our
country.
Mammelk :
Andaman Wild Pig
Bharal
Binturang
Black Buck
Bluc Whale
Brow-antlered Deer
Capped Langur
Caracal
Calecean species
Chectah
_Chinese Pangolin
Chinkara or Indian Gazelle
Clouded Leopard
Crab-cating Macaque
Desert Cat
Dugong
- 17. Fishing Cat

I8, Four-horned Antclope
. 19. Dolphin (Gangetic)

2D.  Flying Squirrel

21. Golden Ca1

22 Golden Langur

23, Himalayan lbex

24. Himalayan Thar

25. Hispid Hare

26. Hog Badger

27. Hoolock Gibbon

28. Hump-backed Whale

29. Indian Elcphant

30. Indian Lion

31, Tndian Wild Ass

32, Indian Wolf

33. Kashmir Siag

34. Leafl Monkcy
" 35. Lceopard
. 36, Leopard Cat
37, lLesser or Red Panda
38. Lion-tailed Macaque
39. Loris
40. Lynx
4l.  Malabar Civel
42 Malay or Sun Bear
43. Marbled Cat
44. Markhor
45. Mouse Deer
46. Musk Deer
© 47, Nilgiri Tahr
48. Ovis Ammon or Nyan
. 49. Pallas Cal

e RN o S
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'50. Pangolin
© 5l. Pygmy Hap
52. Ratel -

53. Rhinoceros
54. Rusty-spotted Can
55. Serow
56. Sloth Bear
57. Slow Loris
38. Small Travancore
: Flying Squirrel
59. Snow-copard
60. Spotied Linsang
6. Swamp Deer
62 Takin or Mishmi Takin
63. Tibctan Aniclope or Chiru
.4 Tibelan Gazelle
-65. Tibelan Wild Ass

'Allhough animal extinctions recéive the most publicity, plant extinctions are rore
dmportant ecologically, because most animal species depend directly or indirectly on

. ‘plants for food. An estimated 10 per cent of the world’s plant species are already

‘threatened with extinction and an estimated 15 to 25 pér cenf of all plant species will
face extinction by 2000. )

Some scientists, however believe that the projected extinclion rate for 2000 is only a
wild guess and it greatly overstates the situation. But even if the average extinction
rate is only 1,000 a-year then by the end of this century, this will rank as one of the
great mass extinctions since the beginning of hl'c on this planel.

_ 14.5.2 Threatened Species .

Many plant and animal species are threatened by the possibility of extinction.
However, the seriousness of the threat varies. For example, a species with fewer than
50 known survivors living in one small area is in much more critical condition than
another with 5,000 individuals living in several areas.

The Survival Service Commission {now called Species Survival Commission) of
International Union of Conservation of Nature (IUCN) has established four
categories of threatened species. These describe the degree to which a species is
threatened with extinciion. These categories are:
i)  Endangered
i)  Rare’
i) Depleted, and
iv Indeterminate
i) Endangered Species : A species Is considered endangered when its numbers-are so
few or/and its homeland is so small, that it may become extinct if not given special
‘protection.

The lion-tailed macque which inhabits the rain forests and “Sholas™ of South India,
1s among the world’s most endangered primates. It is believed that there are not more
than 195 of this beautiful animal left in the wild, as its forest home has diminished
rapidly over the last 30 years to a small fraction of its former extent. The habitat of
these rainforest dwellers had dominant Dipterocarpus trees, which have becn
ruthlessly axed down. To worsen the situation, the indigenous vegetation has been
cleared indiscriminately for establishment of coffee and tea estales. Poaching is-also
responsible for reducing their number considerably. The animal is also hunted for its
flesh. Their capturing for pet and zoo trade also ffourishes.

ii) Rare Species : These are those species whose numbers are few or they live in such
small areas or in such unusual environments (endemics), that they could quickly
disappear.

The Hawaiian monk seal {Monachus schauinslandi) is an example of a rare species.
It is found only on six small islands extending north west from the Hawaiian islands.
There are probably no more than 1,500 of these seals. They were killed for their fat
in the late 1800s and they almost became extinct. Since 1909 they have been
protected and have slowly increased in number. Unfortunately, cven stopping the
killing may not be enough to save these seals. IT they are disturbed on the beaches
where they give birth, the mothers rush away into the water. Many of the pups left
behind die. With all the Hawaiian monk seals located on just these few islands there
is a great possibility of these being wiped, off, by some natural catastrophe, such as
an oil slick. There are a few-in captivily, but they have never bred.

The second example is of the Great Indian Bustard (Ardeotis nigriceps) one of the
world’s rare birds, belonging to India. (See Fig. 14.8) Its earlier distribution ranged
[rom Pakistan east to West Bengal and Soulhwards through the' Peninsular region of
southern Madras. It occurs in small groups, in large grassland iracts, cultivated fields
in arid and semi-arid lands of Gujarat, Madhya Pradesh, Maharashtra, Rajasthan,
Kamnataka, Haryana and Utlar Pradesh. It is believed that, presently only 750 birds
are left, Gujarat being the main surviving habitat for the species today. This, rare
and apparently declining species has been annihilated in the recent past by poachers
and its natural habital has been destroyed. The indiscriminate use of insceticides and
pesticides around its natural habitat has also affected them. They have also been

- _slaughtered for*food. In all, -the srluat:or'fls pretty bad, and we can say that locating

a bustard “at Thic moment softer as hard as “finding a needle in a_haystack™

!r'
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Fig. 14.8 : The Great Indizn Bustard

- iii) Depleted (Vulnerable) Species : These are the spectes whose numbers are greatly
reduced from those of the recent past, and they are continuing to decrease. It is the
continued decrease, that is the main cause of concern. Animals-in this category can
‘quickly change to a rare or endangered status. -

The addax (Addax nasomaculatus) of northern Africa is a member of the antelope
family. It originally lived in deserts from Egypt to Mauritina. This animal has been
50 heavily hunted that presently, fewer than 5,000 survive all across their former
range. Since 1900, they are no more in Egypt, and they have-also been wiped out in
‘Tunisia. It is doubtlul whether they exist in Libya'and Spanish Sahara, Algeria or
Sudan. Their last stronghold seems to be in Mauritania and Mali, where they are
still hunted by nomadic natives, who dry the meat for food. The number of the
addax antelope continues to decline, If the population continues to decrease much
longer, the species will become extinct. However, if the hunting were stopped today,
there would still be enough animals and a habitat extensive enough for the species to
' survive,

In the past few years, the fur of Lthe clouded leoﬁard {Neofelis nebulosa) was sold .
illegally in Kashmir markels. In Himalayas, ils number has decreased so much that it
is rarely seen. The deteriorating state of the evergreen forests, accounts for its
depleted status. Since the range of this beautiful animal extends from Nepal, Bhutan,
Sikkim to Assam, proper steps for its conservation can save it from reaching a poinl
of extinction. p

iv) Indeterminate Species : The fourth category consists of those species that scem to
be in danger, but there is not enough information about them to make a reliable
estimate of their true status. -

Examples of species in this category are many. One is the three-banded armadillo
(Tolypeutes trincinctus) of north eastern Brazil, which is hunted for its flesh.

Second, the short-eared rabbit (Nesolegus netscheri) of Sumatra which is
disappearing as the forests are cleared for agriculture. Third is the Mexican prairie
dog (Cynomys mexianus) which is killed for food and whose habitat is taken over
for agriculture.

Usually, when detailed information is collected about an indeterminate species, its
changes and depending upon its status it may be placed in any of the above three
categories, or may be declared a safe species. For example, the status ol the Amazon
manatee (Trichecus inunguis) a [resh water sea cow, was considered indeterminate in
1966. Within two years, its condition was determined and changed to endangered.

* Since il is hunted for its flesh. it is now amongst the most ‘endangered species. The
"snow leopard (Leo uncia) was classified as indeterminate species in’ 1968, and was
declared endangered in 1970. You probably know that the snow leopard is hunted
for its thick beautiful fur.

. In this, and the previous subsection you have studied about the extinct and various
' categories of threatened species. The examples discussed therein might have given
you some idea that a multitude of factors (environmental and human) are involved
in making them reach their present state. We would like to draw your attention to
another facet of the picture, that is, what features/characteristics predispose certain
. animal species 10 become threatened f@es Tahkle 14 9% WWhila oo cseed. . st

66. Tiger

67.  Urial or Shapu

68. Wild Bulfulo

69.  Wild, Yak

Amphibians and Reptiles

. Agra Monijtor Lizard

2. Alantic Ridley Turtle

3. Barred, Oval or Yellow

Monitor Lizard

Crocodiles

Gharial -

Ganges soft-shelled Turlle

Green Sea Tunle

Hawksbill Turile

Himalayan Newt

or Salamander

1. Indian egxcating Snake

I'l. Indian Sofi-shelled )
Turtle ’

12. Indian Tent Turle

13, Large Bengal

. Monitor Lizard

[4. Leathery Tuntle

15. Lopgr-head Turtle

16. Oliver-back
Logger-head Turile

17, Peacack-marked
soft-shelled Tudle

18.  Pythans

19. Threc-keeled Turlle

20. Torloise

21, VYiviparous Toad

22 Waler Lizard

Biras

©E oA

Andaman Teal
Assam Bamboo Partridge
Bazas
Bengal Florican H
Black-necked Crane
Blood Phcasants

© Brown headed Gull
Checr Pheasant
Eastern While Stork
Forest Spotied Owlet

Ll. Great Indian Bustard

12. Greal Indian Hornbili

13. Hawks

14, Hooded Crane

SPeENeL AN~

15, Hornbills

16. Houbara Busiard

I7. Humes bar-backed
Pheasant

I18.  Indian Pied Hornbill

9. Jerdons Courser

20, Lammergeicr

2. Large Falcons

22 Large Whistling Teal

23, Monal Pheasanis
24.  Mountain Quail

25, Narcondom Hornbill

26.  Nicabar Mcgapode
27. Nicobar Pigeon
28B. Osprey or Fish—

_caling Eagle
29. Peacock Pheasant
30." Pealow]

JI. Pinkhcaded Duck

‘32, Scalaters Monal

33. Siberian White Crane
34. Spur Fowl
35, Tibetan Snow-Cock

*36. Tragopan PPheasants

37. While-bellicd -Sea Caple
38, Whitcrared Pheasant

33. White Spoonbill -

40. White-winged'Wood Duck

ST I TS T TE R ST r T

JR—



I is helivved thit out ul the
15.000 Nowering plants that exist
in Indin. miteast 10 or possibly
upte 200 plants are found 1o be
threatened. Amongst the nrost
threateged plant species in India
*are sver-exploited medicinal
plunts, ornamental planes like
orchids and batanical curiositics
like pitcher plims. Some 1250
speeies of vrehids oceur in India,
of which 300 are beconting searce

- in Mephalaya alone. Today,

aboul 20 Mcghalayan orchid
specivs are thiinened. Given
belaw are 3 I-.w.\ examples ol
threatened pl.mh N Dur country.

| Aty

2 Yicha

3 Khulanjan

4. Angurshaga

5. Gugeal

6 Mishmee Tevta

7 Picotee Dendrobium
] Kins

9. Snow Orchid

i}, Kadu

L Loius

12, Indiaa Podophs llum
13, Sarpagandhba

14, Sukad

15. Kuth rouns

Mo Brahm Kamal
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characteristics which are discussed below you should keep in mind that no single

species possesses all of the following characteristics. Al the most, two or more of
these charactensucs may be scen in a specics.

Table 14.2 ; Characteristire nf Fxlmdlon-pronc 'ipecu:

S.NoCharacteristic Detuils “Exnmples
1. HARITAT . i} istand specics - -unable 1o compete with  Pureto Rican parrot, Pahrurrip Killifish,
invasion [rom continenial specics Indiana Bat, Golden-Cheeked Warbler.
Besides this, more than half of the 200
_ plant species of Hawaii are endangercd
i) Species with limiled habitzls—some Woodland Caribou, Everglades Crocodile
species are found only in a few millions of specics in the tropical
ccosysicms (endemics) rainforest, Elephanl Seal, Cooke’s
Kokio
it} Specics with specialised niches— Ivory-billed Woodpecker, Whooping
the niche wan be destroyed even if Crane, Orangutan
the ecosystem remains more or less '
inlact
2. FEEDIKG 1) Specialised feeding habits Everglade Kite fapple snait of
HARBITS seuthern Florida): Blue Whale
(Krilf in polar upwelling greas);
Black-fooled Ferrel {prairie dogs
and pocker gophers): Gunt Panda
{bamboo)
i) Feed on high traphic levels Bengal Tiger, Bald Eagle,
Andean Codor, Timber Wolf
1} REPRU 1) Specis with low repreduciive Blue Whale, Calitormia Condor,
DUCTION rales. Many species evalved low

reproductive raws because predaltion
was low, but in modera times, people
have become very elfective predators
against some of these species

ii) Speeialised nc'slingfbrcuding arcas

iii) Species that have limited
number of offsprings per breeding,
long gestation/ incubalion ‘periods,
or require extensive parental care

’ Mountain Gorilla, Abbortt’s

Polar Bear, Rhinoceros, Passenger
Pigeon, Giant Panda, Whopping crane

Kirtlands Warbler (Nests ondy in 6 1o 15
years ald Juck pine trees): Whooping
Crance (depends on morshes for nesting);
Green Sea turtle flays eggs on a fow
beaches): Eagle (prefers forested shoreline):
Nightingale wren (rests and breeds only
on an island in Pananig)

booby, Mississipi Sandhill Crane,
Calilornia Condor

4. PREDATORS

Ofien killed 1o reduce predation
of domeslic stock

urirzly Rear, Timber Wolf, Bengal
Tiger, some Crocediles, Asmuc Lion
Gray Wall.

5 BEHAVIOUR

1} Intolerant of the pn.scncn. af
hum.ms

i) Peculiar behavioural paliern
of the extinet species

iii) Behavioural indiosyncracies
that are non-adaptive loday

iv) Migration - live largely in-(or
migrate across) international
houndaries,

* Red-headed wondpéckcr (fTies in

Grizzhy bear

Passenger Pigeon (used ro nesr
i large colonies)

Jront of cars); Carolina Parakect
fwhen one bird is shos, rest of

the flock hovers over the body of the

dread bird): Key Deer (forages for

ﬂgarc.fu butts along highwars—ir is ¢
“nicotine addice}

Atlantic Green Sea ‘Turntle, Oceolot,
Atlantic Salmon, Blue Whale,
Kirtland's Warbler, Whooping Crane

6. ECONOMICALLY
VALUABLE
FOR SPORT

Hunuing pressure by humans for
various commereially important
products

Snow Leopard, Blue Whale,
Elephant, Rhinoccros

7. POLLUTION

Sume species are more suseeplible
Lo industrial pollution, insecticides
uand pesticides

Bald Eagle, Great Indizn
Bustard
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The extinct animals are goune forever. We can never bring them back. Threatened
specics can be managed and it should be our goal to make sure that they do not go
‘the way of extinct species. ' .

14.5.3 Out of Danger Species

This includes species, that were formerly included in one of the above categories, but
are now considered relatively secure because effective conservation measures have
been taken or the previous threat to their survival has been removed.

14.5.4 The Red Data Book

. Species judged as threatened are listed bj va.rious'agcnciw as well as by some private

organisations. The most cited of these lists is the.Red Data Book. It is a loose-leaf
volume of information on the status of many kinds of species. This volume. is
continually updated and is issued by the International Union for Conservation of
Nature (IUCN) located in Morges, Switzerland. “Red” of course is symbolic of the
danger that these species both plants and animals presently experience—throughout
the globe. The Red Data Book was first issued in 1966 by the [UCN's Special
Survival Commission as a gnide for formulation, preservation and management of
species listed. In this Book, information for endangered mammals and birds is more
extensive than for other groups of animals and plants, coverage is also given to less
prominent organisms facing extinction.

The pink pages in this publication include the critically endangered species. As the
status of the animals changes, new pages are sent to the subscribers. Green ‘pages are.
used for those species that were formerly endangered, but have now recovered to a
point where they are no longer threatened. With passing time, the number of pink
pages continue to increase. There are pitifully few green pages. )

i

From your study of the earlier sections you have learnt that species have been wiped
off from the face of the globe, and many of them are in the process of being wiped
off, if proper measures are not laken to save them. :

14.6.1 What is Meant by Conservation of Wildlife?

Now a days, we [requently hear or read about conservation. People from diverse
ficlds such as the environmentalists, scientisls, architects, politicians, town planners
and the common man-—all talk of conservation. Actually conservation means
different things to different pcople. In the present context, conservation refers to

the preservation of wild plants, and animals in natural ecosystems or even in gardens
or zoos, detached {rom their natural environment. Today, wildlife conservation is 2
total concept and it not only involves plants and animals, but also the

- microorganisms, soil and other physical elements of the environment in which they

live or on which they depend. We shall now discuss with you the various kinds of

.measures required for species conservation.

14.6.2 Measures for Species Conservation .
‘Several types of actions needed for species conservation are described below:

Ecosystem Degradation and
the Wildlife

45
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Primary objective

Not applicable

Not necessaril§ primary
but always induded
as imporlant cbjective
Included as objective
where resources and
olher objectives permil

i) Habiﬁt Conservation : Habitat-destruction is the major factor in the extinction
of plants and animals. If the écological considerations are kept in mind during urban
and other developments, the damage to the habilat can be prevented considerably. .

ii) Providing Critical Resources : Another way to improve the habitat of a -
threatened specics is to determine which resource is limiting the population size and
to provide more of that resource. Construction of nest boxes for wood ducks has
increased the wood duck population in paris of America. The white-naped crane
winters in Japan, but the one area where these large, beautiful birds used to feed has
now been buill over. In 1985, about 45 birds only appeared in all of Japan. The
Japanese, therefore, started fecding the birds at just one location in Kyusu, and more
than 700 birds now winter in the area cach year.

" iii) Captive Breeding : Spcciw which are reduced to dangerous levels need more

intensive management, and one strategy is their captive breeding. It means, the eggs
from the nests of endangered birds are taken and hatched in captivity, Such attempts
have been suceessful with California condor and several species of cranes. Captive
breeding in zoos, animal breeding parks, and research centres has alse been
altempted with some success. For example, the Arabian oryx. became extinct in the
wild by the mid-1960s, and captive breeding was attempted aitd a few animals
produced were released in the reserves. Some species such as Cheetah, Pandas,
Cranes, Bats and Penguins are not inclined to breed in capuvity. So techniques like
artificial insemination and many others are used.

A major goal of captive br:eding programme is the eventual release of species back
into the wild. It has been found that the individuals that are released are especial'
vulnerable. They must face all the dangers that occur in small populations; in
addition, since they have been raised in caplivity they frequently fail to develop vital
behavioural patterns such as those necessary for [inding food. So when left in wild
many animals die on their release. Despite all this, if the natural habitats of species
are destroyed, zoos and animals breeding parks may be the last refuge for some
wildlife species. '

iv) Development of Reserves : Establishment of Biological reserves, National parks,
Forest reserves, Wildlife refuges and Biosphere reserves are effective means of -
preserving wildlife species. Such reserves are mostly established in the naturally
funclioning ecosystems, therefore, it is easy to manage them. Besides, the
maintenance cost and requirement of resources is minimal. The main objectives of
these reserves are illustrated in Fig. 14.9. An important aspect aboul these reserves is
that more than one endangered species can be protected in the same area.

CONSERVATION OBJECTIVE

Biological Reserve

National Park

Foresl Reserve

Wildlile Reluge

Biosphere Heservé

ig. 14.9 : Cunservation objeclives ol various reserves
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Reserves (Fig. 14.10) arc areas demarcated especially for the protection of wildlife.
.The various zones of a reserve and its use by humans for various activitics is also
~ shown in the figure.

' v} Controlling Introduction of Alien Species : As you know the alien species can
cause the cxisting population to decrease or even become extinct. The individuals of
-alien species, may affect the other species by preying on them, providing tough

compelition for food, or destroying their habitat. The alien species can also cause a
population explosion of existing specics by killing off their natural predators. Island
species are particularly vulnerable to the alien species, because they have evolved in
ecosystems wilh few if any natural herbivorous or carnivorous species. So before
introducing the alien species, all these aspecls should be kept 'in mind.

vi) Reducing Pollution : As you already know, pollition of various kinds has

"affected the survival of living beings, particularly the wildlife in various ways.

Rollution is the product of ' modern civilisation and this problem continues to grow.

“Then, what should be done? Today, our life styles have become such that il is not

easy to revert back to the old stage. So, development of effective methods to curb
pollution, change in practices to avoid the generation of pollutants is called for.

vii) Research and Documentation : First, list of endangered species are established
by various national and international agencies. Another important action used to
save an endangéred species is the compilation of information about it. What is the
current size of the population, and wht is critical minimum size of the species?
Information is also gathered about the way of breeding, area required, food, and

: emate in order to survive. It is also important to know why the population has
. been reduced to the danger point.

viii) _Legal Actions : Several legal approaches have been used to preserve species.
One is to enact laws regulating the killing of members of certain species, with severe
penalties for breaking the law. These laws may be very effective. In cerlain countries
like the United States, the hunting of deer is controlled by allowing hunting only
during a specific time of the year and by issuing tags to each person who applies for

a hunting license. Those, who are caught with a dead deer and do not carty a lag, or.
ones who killed out of season are fined heavily. This system permits wildlife agencies -

.o control deer populations very precisely. In many countries-it is illegal to kil any -
member of an endangered species.

Despite the strict penalties, poaching has not beeri eliminated comipletely as it brings

. huge sums of money to the smugglers. In 1975, 81 nations signed the Convention on

International Trade in Endangered Species (CITES) which prohibiis all trade of
endangered species or their products. All these laws are good only il they are
enforced and are able to save ammals lives.

ix) Fublic Participation and Awareness : The blame for extinction is usually fixed
on a few categories of people such as the smugglers, hunters etc. but in fact, all of us
too have some role in making the animals reach their present state. Through
excessive consumerism, apathy, unchecked population growth and lack of
involvement, we are all a part of the problem. But how can we help?

First, we all can reduce the consemption of energy by minimising wastage, that is,
shutting off lights, fans etc. when not in rooms. By many such practices, we can
conserve our natural resources especially the products that come from forests. This
can reduce destruction/loss of habitat, o

Second, we can help others learn to change their wasteful ways. We can begin with
our [amily and then explain to friends and relatives our role in extinclion. Also we
all can join others Lo spread the word through educational campaigns, television
advertisements, posters, books, pamphlets etc. We can support citizens action groups
that fight against pollution, habitat destruction; commercial and trophy hunting,
indiscriminate pest and predator control, and coliectlon of plants and animals for
rescarch and home use.

the WIkdife .

I

ELRE] Coraarea -

| Buffer Zone 1

-] Butter Zone 2

Fig. 14.10 : A popular and -
effective form of reserve consivls
of a tolally protected core arep
surrounded by bulfer zones in
which sdentific research and
Umited human activity is
permitied.
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14.6.3 Conservation in India

i) Traditional Approach : Conservation of wildlife in our counlry was uppermost in
the minds of ancient Indians. Early Indian literature including the Hindu epics, the
Buddhist Jataka-Kathas and the Panchatantra and the Jain Scriptures preached
against violence to even the minute “ife forms, They are eloquent proof of respect

- accorded to wildlife in ancient India. Even today there are some communities like

Bishnois (in North India) which are totally dedicated for conserving wildlife. It is’
about 390 year old sect which observes some 29 principles of conservation of plants
and animals, especially certain threateried species. In Rajasthan and Haryana, many
blackbucks and Khejari trees, which are otherwise rare can be seen around Bishnoi .
villages. ) '

Among the various conservation practices, some involve protecting entire biological
communities such as sacred groves and lakes. Near the temple of Rudra Nath, in the -
Himalayas several hectares are dedicated to the guardians of the god. In these alpine
pastures and rhododendron forests, no lopping, grazing or even trampling with shoes
is permitted. In Kerala, coastal evergreen foresls now survive only in small pockets
dedicated as sacred groves to serpent deities.

‘Traditionally, aristrocacy would set aside hunting preserves. The practice finds'a

mention in Kautilya’s Arthashastra. Even earlier in third century B.C. Ashoka
forbade the slaughter of certain birds in his fifth pillar edict. The Mughal rulers were
avid hunters, but kept up the preservation tradition. English tea planters also-set up
their own hunting preserves, for instance, Eravikulam plateau in the High Ranges of
Kerala. Besides, the Gir hunting preserve of the Nawab of Junagarh many of our
modern wildlife sanctuaries are much old hunting reservations. The tiger reserves of
Simplipal, Bandipur and Rantham bor, the bird sanctuary of Bharatpur and
Eravikulam National Park arc a few examples,

ii} Modern Approach : Modern nature conservation movement had its .origin in the
interests of sports persons and naturalits. As the populations of the game animals
began to decline steeply, particularly during and [ollowing World War I1, a number
of organisations became concerned with the long-lerm conservation of wildlife. This
effort was spearheaded by the Bombay Natural History Society, a premier
organisation of sports persons and the naturalists of the country. Their efforts
culminated in the establishment of the Indian Board of Wildlife and a network of
Wildlife Sanctuaries and National Parks. At the end of World War II, the concern
for wildlife conservation on a world-wide basis led to the founding of World Wildlife
Fund largely by European aristocrats. A branch of World Wildlife Fund was also
established in India in 1952 and it soon became the premier conservation society.

During the last decade, comprechensive legislation was enacted and action

. programmes were initiated to preserve wildlife in India. Based on the

recommendations of the Indian Board for Wildlife, the main advisory body for
wildlife conservation to the Government of India, the Wildlife Protection Act was
passed by Parliament in 1972. A special feature of this act is a set of provisions for
hunling of endangered species. Today, India has 80 National Parks, 412 Wildiife
Sanctuaries and 7 Biosphere Reserves. Some well-known National Parks and
Sanctuaries, and the Biosphere Reserves are shown in the Fig. 14.11.

iif) Project Tiger : Project tiger was initiated in 1973, in fesponse to alarming
decrease in (he population of wild tigers from 40,000 at the turn of the century down
to 1827 in 1972. The project was launched by Government of India with a grant of

is in 1973 nine liger rcserves were established, with a total tiger population of 268.
Today, there are 18 tiger reserves in the country (Sce Fig. 14.12), and the number of
tigers has risen to 4,334 as recorded in 1990. Project tiger is a spectacular landmark

" in our efforts at wildlife conservation.




Fig. 14.11 : Biosphere Reserves, National Parksand Sanctuaries in India. For theif names su.'l'nble 143(a &h).

- Table 14.3 2 Biosphere Reserves

1 Nilgiri Biosphere Reserve v Manas Biosphere Reserve
11 Gull of Mannar Biosphere Reserve ¥l  Nanda Devi Biosphere Reserve
111  Sunderbans Biospherc Reserve VII  Great Nicobar Biosphere Reserve

v Kaziranga Biosphere Reserve

I

Table 143 b : Natlonal Parks and Sanctuaries, These wre marked in the figure by dots, and some of the
dots are numbered. These are some well-known National Parks and Sanctueries. To know their names see

Lhe respective number in the particular stale.

'Andhra Pradesh

Arunachsl Pradesh
Asam

Bihar

Delhi

Gujarat

Haryana
Himachal Pradesh

Kumataka

Kerala
Maharashira
Madhya Pradesh
Orissa

Punjeb

Rsjasthan

lSIkldm
Tamil Nadu

Ultar Pradesh

—_ -

4.

Jammu and Kashmirl.
I
I. Eravikulom Natjonal Park 2. Periyar National Park 3. Silent Vallcy Mational Park
4, Idukki Sanciuvary

1

3. Melghat Sanciuary

. Indravati Naticnal Park 2 K:mh.a National Park 3. Pachmarhi Sancluary

— — =

- Rk A

. Kaziranga National Park 2. Manas National Park

_ Palamau Nationa! Park 2. Hazasibagh Sanctuary 3. Valmiki Nagar Sanctuary
. Indira Priyadarshini Sanctuary

. Gir National Park 2, Nalsarovar Sanctuary

. Sultanpur Sanctuary

1.

. Simplipal National Park
. Abohar Sanctuary

. National Gharial Sanctuary

Kolleru Sancluary 2. Nagarjunasagar Srisailam
’ Sanctuary

Namdapha Navianal Park

Gobind Sagar Sancluary 2 Khokhan Sanctuary 3. Naina Devi Sancluary
Renuka Sanciuary

Dachigam National Park
Bandipur National Park 2. Ranganathittu Sanctuary

TadOba National Park 2. Great Indian Bustard Sanciuary

Ranthambore National Park 2. Sariska National Park 3. Mount Abu Sanctuary

Singba Rhododendron Sancluary v

Guindy National Park 2. Kalakad Sanctuary 3. Madumalai Sancluary

Vedanthangal Sancivary

Corbett National Park 2 Dudhwa National Park 3, Nanda Devi National Park
Valley of Flowers National Park 5 Hastinapur Sanctuary

Kcdarnath Sanctuary

r\v‘\'_’ﬁi'. Bengal

Sunderban National Park 2 Buxa Sanctuary 1. Jaldpara Sancluary

-~
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Table 14.4 : Tiger Rescrves (From Annual cho_rt 1-989-
90, Ministry of Environment and Forests, Government af

Indin),

5.Nn Name of Tiger State Total Are;
- Reserve {in sq.km.
. Bandipur National Park  Kamnataka 86¢
2. Corbett National Park Utear Pradesh 521
3. Kanha National Park Madhya Pradesh 1 94+
4. Manss National Park Assam 2.84(
5. Mclghat Sanctuary Maharashira 1,618
6. Palamau National Park  Bihar 928
7. Ranthambore National ParkRajasthan 825
8. Simlipal Nattonal Park  Orissa 2,750
9. Sunderban National Park West Bengal 2,585
10. Periyar National Park Kerala 777
I1. Sariska Nationa! Park Rajasthan 804
12. Buxa Sanctuary West Bengal 759
13. Indravati National Park Madhya Pradesh 2,799

14. Nagarjunasagar Srisailam
Sanctuary. Andbra Pradesh 2,568
15. Namdapha National Park  Arunnchal Pradesh 1,985
16. Dudhwa National Park  Ultar Pradesh 811
"17. Kalakad Sanctuary. Tamil Nadu 800
18. Valmiki Nagar Sanctuary Bihar 848
Tatal Arca 28,017
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Fig. 14.12 : The Tiger Reserves of our coun
If you see the Tiger Reserve that is n

b) India’s Biosphere Reserve Pro

INDIAN OCEAN

-

Similarly you can read about the rem

launched on a world scale by UNESCO in 1973,

Programime (MAB). It has led |

14.11) namely: Nilgiri Riosphere Rese

try. See Table 14.4 for more informa
umbered 1 in ibe figure, for its detafls see S.No. I of the T:

uining 17 Reserves too.

s

as the Man and Biosphere

Llion about these reserves

able

gramme : The biosphere Reserve Programme was

o the creation of over 200 biospheres in about 40
countries so far. In our country Biosphere Reserves have been set in 7 areas (see Fig.
rve, Guif of Mannar Biosphere Reserve,

Sunderbans Biosphere Reserve, Kaziranga Biosphere Reserve, Manas Biosphere -

Reserve, Nanda Devi Biosphere Reserv,

The most significant as
of ecodevelopment. It
with efforts for water
reserves, and other pr

forest dwellers in such conservation programmes
people, ecodevelopment can make them allies in

¢) The Chipko Movement : The movement to protect trees, is a unique and well

. By bringing

the preservation efforts.

. and Great Nicobar Biosphere Reserve.

pect of India’s Biosphere Reserves Prog‘r'émme is the concept
is an attempt to integrate the restoration of degraded habitats
and soil conservation, for reforestation in areas adjoining the

ogrammes of rural development. It also aimed at involving the
direct benefits to local

known movement of conservation, The story of how this movement started is this.

The Chipko movement was born one
of Gopeshwar in Chamoli District. Q
goods factory situated in Allahabad
village Mandal. The villagers courte
contractors' persisted they hil upon
___'__'I'_l!gr_c_f_on_:, the next day the sports

moming in March 1973 in the remote hill town
n that fateful day, representatives from a sports
reached Gopeshwar to cut 10 ash trees near
ously told them not to do so but when the
the idea of hugging the ear-marked trees.
good manufacturers had to return empty-handed.

Rkl Eo



Some weeks later the same contractor surfaced at Rampur Phata, another village
some 80km away from Gopeshwar, with a fresh allotment from the forest
department. As soon as the villagers of Gopeshwar learned of this, they marched to
Rampur Phata with drums and songs, gathering more people on the way. A
confromiation ensued and the agitators hugged the ear marked trees to foil the
contractorns once again.

The (:hipko movement reached its climax in 1974 when the women of village Reni,
some 65km from Joshimath got involved in a dramatic way. ‘One day, when their
men were away in Joshimath protesting against the auction of a forest neighbouring
Remi, the contractor arrived at the village to begin felling, taking this as an

" opportunc movement. Undaunted by the number of men or their axes, the women of
Reni, led by Gaura Devi, au illiterate woman of 50, barred the path to the forest
which went through the village. As the women stoad there, they sang: “This forest 18
our mother’s home, we will protect it with all our might.”

The genesis of the Chipko movement has both an ecologicat and an economic
backpround. The Alaknanda valley in which the movement originated was the scene
of an unprecedented flood in 1970. The tragic aftermath of this flood left a deep
impression on the hillfolk and, with it, soon followed the appreciation of the vital
ecological role that forests play in their lives.

Y

Two leaders — Chandi Prasad Bhatt from Gopeshwar and Sunderlal Bahuguna from
Silyara in Tehri region have contributed immensely in making it a big success and
also spreading it. They realised that if the local village communities have the right to
control their surrounding resources they must also undertake to conserve and

- develop these resources. Eventually, these lwo leaders orgenised one of the country’s
largest afforestation programmes. Today, the Chipko movement has come a long

* way and is internationally known. Now it.is not confined to iree protection or ~
plantation only, but also concerns itself with the safety and preservation of ihe
environment as a whole including the habitat and the wildlife therein.

d) The Appiko Movement : This is 2 successful conservation movement of south
India, and it originated in Karnataka. Karnataka’s Uttara Kannada which forms part
of the Western Ghats is known as the “forest district”. At the time of Independence
as much as 82 per cent of the district was covered with forests rich in teak trees. So
a large number of forest-based industries mushroomed there resulting i In massive tree
felling. Also, many big dams were, built in the area, that submerged vast tracts of
land. Al these activities combined, led to drastic.drop in forest cover to 20 per vent
in 1983-84. Consequently, not only the soil in the area degraded, but also the
hydrology was affected. The denudation in Uttara Kannada has destroyed the
ecological balance between agriculture and nature. A great impact has been felt on
the microclimate also. Earlier, this area had a typical microclimate that was highly
suitable for cash crops such as black pepper and cardamom. But in the recent years
the mlcrachmatc deteriorated and affected the cultivation of spices.

Waking up to the destruction of forests, the local people especially youth were
motivated into direct action. They appealed to the people involved in clearing the

. forests. However, their appeal was ignored. Then the villagers decided to launch the
popular Chipko movement. They took oath to protect trees the same way as the
Chipko movement activists did. Pandurang Hegde is the leader of this movement. In
(he recent years the movement also spread to Coorg, Dakshina Kannada and
Shimoga districis. The three main objectives of the movement are popularly known in
Kannada as ‘nlisu’ (to conserve); ‘belesu’ (to grow) and ‘balasu’ (rational usc).

‘1
To sum up, Appiko movement has created a mass awakening about conservation in

.South India and particularly in Kamataka, emphasising the need to involve the local
people in saving the Western Ghats. .

Ecorystern Degradstion and
’ the Wildlire
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14.8 SUMMARY

In this unit you have learnt that:

54

Degradation of ecosystems is brought about by several human activities such as:
1) deforestalion (due to shiflling cultivalion; several kinds of development projects;
consumption of firewood; raw material for industries; pests, diseases, natural
calamities; and defénse activities), ii) overgrazing by the domesticated animals,

iii) agricultural aclivilies, iv) mining and associated activities, and v) urbanisation.
Wildlife refers to all forms.of life, including the microorganisms of an ecosystem
which grow and survive on their own, that is, ‘withoul human intervention.

The existence of wildlife is threatened by: i) hunting activities of man;

ii) elimination or disturbance of natural habitats of wildlife; iii) selective destruction
of species; iv) domestication; v) introduction of new species in an ecosystem,;

vi) excessive use of pesticides; vii) various kinds of pests; ix) heavy demand of
species to be used in medical research and for collection in zoos.

Extinct species are those that could not survive the changed conditions of their
environment, so they all perished. Threatened species are likely to become exlincl
if their environment deteriorates further, or their crucial requirements are not met
with. Endangered species cause concern because their numbers are few orfand
their homeland is too small. The .dep!eted species are those whose numbers have
decreased in the recent years and are continuing to decrease. /ndeterminate species
are organisms about whom not enough information is available to make an
accurate estimation of their status. Our of danger species — whose existence was
in danger, but now they are safe.

The Red Data Book gives information about the various categories of threatened
species. It is issued and continually updated by IUCN. '
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Wildlife conservation requires acticns in Lhe [ollowing spheres: habitat
conservation; provision of critical resources; captive breeding programme;
development of reserves; control of the introduction of alien species; check on
pollution; research and documentation; legal dctions; and last but not the least —
public participation and awareness.

In our country conservarion has both traditional as well as modern approach.
Chipko movement, Appiko movement, Project Tiger and the Biosphere Reserve
Programmes are lestimony of our commitment towards conservation ol
ecosystems and the life therein.

Conservation of wildlife is important because of their: economic importance,
medicinal value, use in medical research, polential genetic, reservoir, ecological
role and aesthetic and recreational signiﬁcanée.

"149 TERMINAL QUESTIONS )

In the alphabet square given below, there are 21 words which you have studied
in this unit. We have outlined a word — “biomass”, to show how to go about
doing this pame-exercise. Can you now identify the remaining 20 words? Lisl
them in the space provided below. h

wlillje|lyl|lt]laln]lo{p|r]sls|ql|z
om|ljjhluym|n|r|e|s|e|r|v|a]|s|g
a|lifn|ilm|i]lplals|b|s|lc|dle]|lp]|a
nld|i|P|j|cik|lall|m|t|lo|s p|la]lp
dle|lelklip|rim|tlu|lv|[i|w]x|a]|l]|p
alc|e|lo(d|ojdja|lw|x|cln|q|la]eli ,
nle|flglijetals|c|t]ilalif[o|ly|k
gleyr|b|lpit|r|z|s|g|d|Tjjjn]|ale
o|ly{r|elsjiln|s|alc|e|d|k|v]|g|m
rle/n|d|elm c|lri{g|s|s|tldjula
e|lhlafrln|ajolaly|o|y|lg|lz]x|m|k
dinjttgq]v|t|njuin|d|r|ylrt|lalstm
plofirjalr|o|lc{hiom|j|p|i]ll]i]a
rls|juw|diejf]lo|rla|ls|1|alt]i ?T‘I
alg|r|o|jc|h]o ile|la|lls]lalx|y
elhlaje miolp|hli|t|li|la|j|n]|ald
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2. Write a significant line about each of the above Words in context.of this unit.

14.10 ANSWERS

Self-Assessment Questions

D

ECOSY'STEMS

are affected by aclivities ke

Developmenl

Mining

Execessive cutling of
planis for Industry

Projecis

Agriculture

—

Shifting
Cultivation

Urbanisation

Overgrazing

- these -

3 eventually €
= b

lead 1o
&

Deforestation

v

reduction in the
rale ol evaporation

Iéaiis 10 }

resulls in

increased exposure
1