


MAN:-ENVIRONMENT RELATIONSHIPS

3.1 APPROACHES TO THE STUDY

The study of relationships between man and
environment has always been, in one way of the
other, a focal theme in geography but the concept of
geography as environmental science and facets of
man-environment relationship changed through
time with the development of human society and the
dimension of environment. In the beginning of the
process of evolution of man and his seciety physical
elements of the planet earth e.g. terrain, soil, water,
climate, flora and fauna formed man's enviroRment
and man was basically a ‘physical man’ because of
his limited wants, requirements and total depend-
ence on nature. As the man became social, economic
and technological man, he broadened his environ-
ment by creating his own environment (built
environment) through his design and skill to have
provision for better food, shelter, access and
comfort. The man-environment relationships, thus,
can be perceived and evaluated in a variety of ways
and approaches.

1. Environmental Deterministic Approach

This approach is based on the basic tenet of
‘earth made man’ and pays more attention on the

complete control of physical environment On man
and his activities. In fact, according to deterministic
perspectives of man-environment relationships,
man is subordinate to natural enviromnment as all
aspects of human life viz. physical (health and
comfort), social, economic, political, ethical and
aesthetic etc. not only depend but are dominantly
controlled by physical environment. Though this
deterministic or environmentalistic approach blos-
somed in the writings of E.C. Semple (1910) in the
second decade of the 20th century but its seeds were
already sown in the second half of the nineteenth
esntury. In fact, the publication of ‘The Origin of
§pecies’ of Charles Darwin in 1859 laid the
foundation stone of the concept of environmental
influences on man and other organisms.

Fredrich Leplay demonstrated the effects of
physical environment on society through his dictom,
place (environment)-work-folk, which shows that
enviropment (place) conditions the type of work,
and work shapes, atleast in part, the social organisa-
tiop (folk) (George Tantham). The concept was
further elaborated with the tone of firm determinism
by Bemeolins (1901 and 1903). He postulated that
‘sgeiety is fashioned by environment’ . He attempted
fo QH?D’ s¢ social structure in terms of ‘geographical
ghvirenment': Three American geographers e.g.
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W.NI. Davis, E.C. Semple and E. Huntington
strengthened the concept of envirommentalism.
W.M. Davis, though more known as a geomorphologist,
attempted to link nature with man. His two essays
published in 1903 and 1906 clearly demonstrate that
human activities, racial characteristics and cultural
elements are related to greater extent to the
environment. He classified human elements in terms
of physical elements and pleaded for the control of
physical elements over human elements but later on
he modified his earlier concept of man-environment
interrelationships as the main subject matter of
geography and treaied description of regions of the
earth as the core of geography.

The concept of environmentalism culminated
in 1910 when American geographer E.C. Semple
published her book ‘Influences of Geographic
Environment' wherein she opined that ‘man is the
product of the earth's surface. This means not
merely that he is a child of the earth, dust of her dust,
but the earth bas mothered him, fed him, set him
tasks, directed his thoughts, confronted him with
difficuities that have strengthemed his body and
sharpened his wits, givem him his problems of
irrigation and navigation and at the same time
whispered hints for their solutions’ (E.C. Semple,
1910, pp-1-2). Deterministic/environmentalistic ap-
proach was fully organised on scientific plane by E.
Huntington. His ‘Civilisation and Climate’ (1915),
“The Human and Habitat’ (1927), * Season of Birth®
(1938) etc. clearly demonstrate the influences of
physical environment on man. His postulation that
‘climate not only influences human life but alse his
birth’ proves that he was a strong advecate of
environmentalism.

It is apparent that the deterministie/
environmentalistic school advocating control of
nature on man dominated the geographic thoughts
upto 1920. According to Grossman (1977) the first
two decades of the twentieth century was influenced
by three aspects of contemporary scientific thoughts,
(i) Darwinian concepts of natural selection, adapta-
tion and survival of the fittest. Darwin's argument
that ‘gradual modification and diversification of
organisms stems from a process of natural selection
and adaptation to environmental factor both being
slow but engoing gver long peried of time’ (C.C.
Park, 1980, p. 11 is fully reflected in ‘Ratzels’
social Darwinist concept of geography as the study
of map s relationship to his environment’ which
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*had held sway-whether it was with emphasis on the
role of human choice (as in the possibilist tradition
of French geography) or on influences and controls
exerted by nature on the course of development of
humeni societies (as visible, for example, IR the
works on Ellen Churchil Semple in U.5.A. and AJ.
Herbertson in U.K.) (R.D. Dikshit, 1988, p- 69). (H?
Application of deductive approaches to seientific
enquiry, and (iii) Acceptance and application of
Newtonian concept of cause-effect relationships.

2. Teleological Approach

Teleological approach is based on religious
faith of man being superior to nature and all other
creatures. This school emanated from the teachings
of Judeo-Christian religious tradition which preached
that ‘man is superior to all creatures and every thing
is created for his use and enjoyment’. This ideology
of man-environment/nature relationship fostered
the man to exploit natural resources and te subdue
nature without considering the after-effecis of
reckless and uncontrolied plundering of natural
resources. This approach of man-environment rela-
tionship led to excessive and rapid rate of exploita-
tion of natural resources in North America and
Western Europe as well as in other parts of the world
which were their colonies. A host of scientists and
environmentalists have held this religious tradition
responsible for present-day ecological crises.

This approeach of thinking of man towards
nature and environment stimulated Europeans to
spread out all over the world in search of unexplored
land and resources. Consequently numerous cole-
nies were established in all of the inhabited
continenis. After 1750 there begam a race for
rapacious exploitation of natural resources and
widespread industrialization in Europe and America.
The process continued for the last three centuries
and created most of the present-day environmental
probiems.

3. Possibilistic Approach

Possibilistic approach to the study of man-
environment relationships emerged through the
criticism of environmental determinism and over-
tone of teleological approach. Right from the very
inception of the school of environmental determin-
isnit there was dissenting voice raised by these whe
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¢lieved that ‘no doubt physical environment
1hfluences man and his activities but there is ample
$cope for man to change the environment so much §6
thatit becomes suitable for man and his society’. The
German philosopher Hegal, fed. up with physisal
determinism remarked, ‘Don't talk to me about
environmental determinism. Where the Greeks onee
lived, the Turks live now, that settles the matter.’
While reviewing man-environment relationships,
Kirchoff concluded that ‘man is not an automation
without a will of his own. The suggestions thrown
out by the nature of his birth place some times find
him a docile, some times a different people’. A group
of people did not approve the principles of environ-
mental determimisim. Though they did not discord
the barriers of environment but they gave due
weightage to active man. They believed in the
capacity of man to modify and mould the nature in
their own ways. This concept of possibilism was
founded by Febvre who has remarked, ‘man is a
geographic agent and not the least. He every where
contributes his share towards investing the physiog-
nomy of the earth with those ‘changing expressions’
which are the special charge of geography to study’.

Twe French geographers, Vidal de l1a Blache
and Jeans Bruhnes and American geographers Isiah
Bowman and Carl Sauer founded the school of
possibilism which is based on the philesophy of
possiblism in nature at every stage in a given space
and time as remarked by Febvre, ‘There are no
necessities, but every where possibilities and man as
a master of these possibilities is the judge of their
use’, Possibilists were quite aware of the limitations
of freedom of man to dictate terms to ‘nature’ and
thus they did believe that man cannot fully tame the
nature and is not always victorious. Febvre, a
staunch believer and advocate of possiblism has
accepted that ‘Man can never entirely rid them-
selves, whatever they do, of the hold their environ-
ment has on them. Taking this into consideration
they utilize their geographical circumstances more
or less according to what they are and take advantage
of their geographical possibilities. But here as
elsewhere there is no question of necessity’. Jeans
Brunhes also accepted the limitations of man’s
control over nature as is evident from his writings,
“The power and means which man has at his disposal
are limited and he meets the nature bounds which he
cannot cross. Human activity can within certain
limits vary its play and its eaviroament, but it cannot

do away with its environment, but it can often
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madify it but it can never suppress it and will alyays

B eopditioned’ (Jeans Bruhnes): .
Possibilists replaced more deterministic lerms
‘sontFol’ by ‘influence’ and ‘inﬂu@gsg’ by ,mggg
modefate terms ‘response’ of ‘adjustment’. G.
TaRthath while bridging the gap betweep eRVIFOR-
mental determinism and possibilism maintained that
‘the maxim should not be conquest of AGF SUbMIS:
sioh to, but cooperation with nature . Harlap
Barrows (1923) presented an alternative approach
ad defined geography as ‘human ecology’ wherein
he pleaded for the study of mutual ipteraction
Between man and environment, the study of humap
speieties in relation to their environment and
efivironmental adaptation in place of enviroRmental

control.

4, Esonomic Deterministic Approash

This approach is based on the basic ideology
of man’s mastery over environment and continued
economic and industrial expansion through the
application of modern technologies. “The basic
thesis of the growth (affluence) schoel is that
because economic growth is required for political,
social and economic stability, the ‘quality of
environment’ normally assumes lower priority in
formulating planning proposals and in long-term
planning because the deterioratiomn of the environ-
ment is generally protracted and socially less
ebligue than a deterioration in the economy’ (C.C.
Park, 1980). In fact, ‘economic determinism’ based
oR twe fallacious assumptions of (i) positive
eorrelation between the population of a given region
and the level of economic development and activity
1p that region, and (ii) the interactions of people,
Fesources and society being governed by universal
SCONOMmIc principles as observed by W.Zelinsky
(1966); believes in man's ability to solve environ-
mental problems arising out of continued economie
BIoWth and industrial expansion. It may be pointed
OBt that this extreme concept of economic determin-
¥ 199_!9 Fapacious exploitation of natural re-
$OHFees in the western developed countries and thug

created most of the environmental and ecological
problems of global dimension.

The everincreasing environmentat problems,
'n'}%!ﬁly environmental degradation and pollution.
the alarmipg problems of ozone depletion and global

WaTIMRE: 69nsequent upon excessive use of Ratural
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resources in the last century softened the attitudes of
€coROMists towards nature and environment which
is validated from the emergence of the concepts of
‘epvironmental economics’, ‘ecological ecomomics’,
'steady-state ecomemy’ etc. Ecological economics
means ‘application of ecological insights to
economic analysis, incorporating ecological princi-
ples and priorities into economic accounting sys-
tem’ (W.P., and M.A. Cunnighan, 2003). It is now
believed by the economists that for sustainable
development and steady-state economy the mainte-
nance of environmental quality and ecological
balance is a prerequisite condition.

y
5. Ecological Approach

Ecological approach to the study of man-
environment relationships is based on the basic
principle of ecology which is the study of mutual
interactions  between organisms and physical
environment on the one hand and interactions
among the organisms on the other hand in a given
ecosystem. Thus, man is considered as an integral
part of nature/emvironment. ‘The relationship of
man with the natural environment should be
symbiotic and not exploitative nor suppressive’
(C.C. Park, 1980). This school recognises man,
being most skilled and intelligent, as the leader of ali
biota and steward of the earth. This approach further
lays emphasis on wise and restrained use of natural
resources, application of appropriate environmental
management programmes, policies and strategies
keeping in view the ecological principles so that
already depleted natural resources are replenished
(wherever possible), degraded environment is set
right and ecological balance is maintained.

The ecological approach lays emphasis on
rational exploitation of resources and optimum
utilization through recycling of resources. The
following facts should be taken into account while
using natural resources :

» that the environment is a closed system,

» that the natural resources are finite,

» that the geological processes of the formation
of abiotic resources, such as metals and
mineral oil, are exceedingly slow and take

millions and billions of years for their
formation and accumulation.
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$ that the natural resources are free gifts of
nature which should be used judiciously,

» that the natural resources are puplis PFrOperty
and hence no country or agency is allowed to
misuse them,

» that the environmental/natural system (€60-
system) is governed by in built self regulatory
system (homeostatis) which states that any
change in any component of the environment
effected by natural factors is suitably counter-
balanced by changes in other components but
if the changes brought in by human activities
are so enormous that these exceed the
resilience of homeostatic mechanism of the
natural system, serious environmental preb-
lems emerge, which become lethal to all bieta
in general and humans in particular,

» that the political and economic stability
depends on ecological and envirenamental
stability,

» that the sustainable society and sustainable
development may be possible only when the
environment also becomes sustainable,

> that the extraction of mineral resources and
their processing leave immense quantity of
wastes which degrade the environment,

> that the sustainable development, aiming at
real upgrading of quality of life of the people
and improving human welfare for long-term
withia the limit of the resources of the planet
earth, can be achieved without compromising
with the ability of the nature to provide
sustainable yield to the future generations and
without degrading the environment etc.

It may be pointed out following C.C. Park
(1980) that the debate on man-environment relation-
ships should be viewed taking into account the
multi-dimensional aspects of environmental prob-
lems which are the result of complex series of
several factors viz. physical, economic, social,
political, ethical etc. but any positive approach
adopted for the study of man-environment relation-
ships must take into account the fact that there
should be harmony and not hostility between man
and environment. It is obvious that the relationship
between man and environment is two-dirsctional 2§
the environment affects and influcaces map 8¢ It
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turp E‘Qﬂ-ﬂb@ influences and modifies the environ-
ment. This type of mutual interactions and relation-

§b}p between man and environment is symbiotic in
character.

Man-Environment Interactions

Thus, the interactions betweem man and
ERVIFORmeEnt may be systematically studied on the
basis of bi-dimensional aspects of man-environment
relationships as follows :

1. Eﬂvif@nmgnt and man i.e. environmental
contrels on human health and activities, and

2. Man and environment i.e. adverse effects of
human activities on environmental system vis-a-vis
enviropmental quality and ecological balance.

3.2 ENVIRONMENT AND MAN

The environment affects mam through (i)
biophysical limitatioms, (ii) behavioural controls,
and (iii) resource availability.

1. H aptyyssioail Liitktioms

Weather and climate affect human well-being
and health. The study of reactions of human body to
changes in the atmospheric environment is known as
‘human biometeorology’ which lays emphasis on to
‘establish how much of the overall biological
variability is the result of changes in weather,
climate and season’ (J.E. Hobbs, 1980, p. 60).
According to M. Bates (1966) three levels of
climatic environment affect human behaviour viz,
(i) ‘microclimate’ (which represents weather condi-
tions surrounding an individual organism), (ii)
ceeological climate’ or ‘ecolimate’ (represents weather
elements of the habitat of the organisms, in the case
of man the habitat may be his house and working
places like factory, office, mine, agricultural farms,
pasture or forest), and (iii) ‘geographical climate’ or
sgeoclimate’ (weather conditions of larger areal unit
and longer temporal span).

Biologically, human body can functien prop-
erly only in certain suites of environmental condi-
tions in terms of oxygen, heat, light, humidity and
preeipitation, wind, lightning, fog, eleuds,-atmes-
pherie electricity and space. Even.the surviaval of
Riifhah body depends on the above factors. Lack of
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ouir uft of oxygen at higher altitudes makes
E%%léfaéaﬂf?z‘{'ﬁl impzssible. Excesswve heat apd
himidity Fetard body and mental growth whereas
veib Bigh oF very low temperature O tHE ORE hand
adversely affeets human body and e the other hand
mikes fo6d a scarce commodity t0 SUPPOFt human
life. Miero-elimate affects leisure, FECFERAORN, COM-

fort etc. .

Eeftain non-infectious diseases and medical
disorders have been correlated with epviropmental
factors sueh as geochemistry of rocks, soils apd
water. Coneentration of a few trace minerals 1p the
fBeks, seils and water in the Uttarakhand Himalaya
eanses stomach disorders through diarrhoea, dysen-
tery ete. M. Cole (1971) has shown coFrelation
Between certain forms of cancer and cardio-vascular
tfoubles and geochemical properties of seils and
water whereas B.E. Davies and R.J.F. H. Pincent §
(1975) study of ‘minerals and morbidity’ has
fevealed relationships between stomach cancer and
hardening of tissues and arteries of human bedy
(sclerosis) and certain trace minerals in the seils and
water.

Certain diseases and illnesses have beem
related to atmospheric conditions. E.H. Derrick
(1965, 1966, 1969) has related seasonal, annual and
short-term variations in asthma in Brisbane (Aus-
tralia) to variations in weather conditions. He has
related weeks with high incidence of asthma with
decrease in mean and minimum temperature, dew
point, relative humidity and rainfall but increase in
sunshine hours whereas low incidence of asthma has
been found in those weeks which are characterised
by higher dew points and relative humidity, more
FaIRy days, low temperature ranges and fewer hours
of sunshine. Many more investigators have estab-
lished evidences to demonstrate close association
between asthma and cold e.g. L. Greenburg, F. Field,
J1. Reed and €.L. Erchardt (1964 and 1967,
relationship between asthma and temperature change
IR New ¥ork), §.W. Tromp and J. Bouma (1965,
Increase in asthma among 16 years old children
duripg periods of cooling in the eastern Nethet-
lands), M.J. Spondnik et'al. (1996), concluded that
AFflow Fesistance of 100 students of Baltiwore,
U-3.A.; increased with decrease in temperature etel

I-B. Hanescn and 5.A. Pedersen’s (1972)
stidy of relation between barometric pessure and
CETIAIR allments has demonstrated that there i
ROSitye eorrelation between rapid changes in the



MAN:ENVIRONMENT RELATIONSHIPS

atmospheric pressure and the incidence of perfo-
rated duodenal ulcers and peripheral arterial embeo-
lism. F.K. Davis has found close relationship
between temperature changes and frequency of
haemorrhaging from duodenal ulecers. A few
researches have revealed seasonal occurrences of
many diseases and ailments e.g. scarlet fever,
diphtheria, and jaundice are more prevalent during
winter whereas measles, influenza and chicken pox
are most common in spring in Switzerland (J.E.

Hobbs, 1980).

2. Behavioural Controlls

Various combinations of environmental fac-
tors have not only affected but conditioned racial
characteristics in different parts of the earth’s
surface. Environment also influences and conditions
thoughts, ideologies and culture of human being.
Even the social, economic and politicai behaviour is
influenced to certaim extent by man’s perception of
environmental factor and his respomses to these
factors. Frequency and magnitude of extreme
natural events and environmental factors like
vulcanicity, earthquakes, floods, droughts, land-
slides, atmospheric storms etc. influence man’s
perception of natural environment and decide his
reactions and responses to these events. For exam-
ple, the inhabitants of riparian tracts of major
alluvial rivers of the Ganga plain of North India are
largely adversely affected by recurrent floods and
riparian decay and thus they conceive that rivers are
sources of perpetual disasters but the inhabitants of
equatorial rainforest living in the riverine tracts are
seldom aware of floods and disastrous role of rivers.
The ravinous tracts of the Chambal valley (India)
have not only moulded the social behaviour of the
local people but also of the people of the adjoining
areas as the circuitous network of ravines provides
ideal hideouts and the people after committing
crime easily escape to these ravines which extend
standing invitation to criminals by providing safe
shelter though with least comfort. Many more
examples may be cited to demonstrate the impact of
environment on human behaviour, his perception
and responses to environmental factors.

The 1991 super eyclone of Orissa, the 2001
Bbuj earthquake in Oujarat (India), the 2004
tsunami onslonght in Thailand, Sumatra, Sri Lanka
and the eastern coasts of India, the 2005 Mumbai

furiots floods etc. created papic and fear among
thetisapds of family which suffered from mental
disease due to death of their kith and kiRs, SEparation
of family members, destruction @ PBFOREF Y

dwellings.
3. Resource Availability

The most significant aspect of the eRVIFOR-
ment in influencing human activity is the availabil-
ity of resources. The richness or poorﬂes&'q_uamy
and quantity and above all the availability of
renewable and non-renewable resources decide the
type of human activities, economic viability, secial
organisations, political stability, international rela-
tions etc. Very rich reserve of mineral oil in the
Middle East is the main reasom foF political
instability in the Gulf Countries. The inter-state
disputes sharing river waters are because of location
of rivers in more than one country. In fact, the level
of economic development largely depends on
natural resources.

It

3.3 MAN'SINTERACTIONS WITH THE ENVIRON-
MENT

HISTORICAL PERSPECTIVE

Man is an important part of the biotic
component of the environment and simultaneously
he is alse an important factor of the environment.
Thus man plays important roles in the natural
enviropmental system in different capacities such as

bielogical or ‘physical man’, ‘social man’, ‘economic

man’ and ‘techmelogical man’. All the natural

functions of human beings such as in birth, growth,

health and deaths are affected and determined by the
Ratural epvironment in the same manner as in the
cases of other organisms but mam being most
developed and advanced animal, both physically
and mentally and hence technologically, is capable
of making substantial changes in natural environ-
meEnt §6 as to make it suitable for his own living. The
role of most primitive bielogical or ‘physical man*
in the functions of natural environmental system was
fundamentally that of user of environmental re-
sources and thus he played the role of a factor of the
environment but as the skill and technology of man
developed with cultural development his feles
towards natural environment also changed progres-
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SIYely such as from user through modifier and
?héﬂg@r te destroyer of the environment.

So, it is the technology of man which has
drastically changed the man-environment relation-
ship from prehistoric period to the present most
advanced industrial peried. In fact, ‘the industrial
and scientific revolutions have led to rapid changes
in orrr environment, but all technology, from the
most primitive to the most advanced, causes some
changes in the environment’ (D.B. Botkin and E.A.
Keller, 1982). It may also be stressed that religious
ideas and materialistic outlook of man have also
played significant roles in changing man-environ-
ment relationships on a large-scale. Modern techno-
logical man, intoxicated by highly advanced tech-
nology and materialistic viewpoints, has changed
and is changing the environment for his vested
interests to such am extent that evem the very
existence of human beings is threatened.

Thus if we look at historical progression of
man-environment relationships it becomes dlear that
purely natural relationship between ‘physical primi-
tive man’ and natural environment during prehis-
toric period has changed to hostile relationship
between ‘technological man”and the environment at
present. This substantial change and shift in the
nature and magnitude of man’s interactions with the
natural environment has given birth t6 numerous
environmental problems of serious consequences
because the changes effected by man in the
environment have become unadjustable by the
inbuilt selfregulatory mechanism of the natural
environmental system/ecosystem. The study of
changing relationships between man and environ-
ment in historical perspective may help in demon-
strating the increasing adverse impacts of human
activities on the environment. The changing rela-
tionships of man with the natural environment from
prehistoric to modern periods may be divided inte
four stages as given below :

I. Period of hunting and food gathering
2. Period of animal domestication and pastoralisin
3. Period of plant domestication and agriculture

4. Period of science, technology and industriali-
zation.

1. Perlod of hunting and food gathering

This period is related to most prmitive man
when he was basically a part of natural environment
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and his function was like other animals: Thus the
%gfg%?['igv mmah was functionally a ‘biclegrcal map of
. i IF MaR’ beeause his basic requIFeIeRts WEE
Punca s faed only which he could collect fFom his

mmi

surroundings. Thus the primitive man used 19 Salsky
Sl{l_g Iﬁjﬁﬁggg g; fraits whizh were easily pbtained from
Biaiits ana trees and he spent his MEHIS 1R the £AVES
SF OR the trees: The relationship betweeR Map and
{he environment was very friendly, ﬁ9fﬂf§l angd
sWeet. The natural environmeat provided all re-
guiiFements of early man (food and shelter) and thus
Man was totally dependent on his ERVIFORMERL:
Though even early man used (0 deFIVE FESOUFEES
frem the nature (only food) but this did not make any
change ih the natural enviropment because oply
fruits were used.

With the march of time man learned (o hupt
animals for his food. This led to first aticmpted
intentional step of man in the cxploitation of natwral
resourees. Even the hunting of animals (significant
eomponent of biotic components of natural eRVIFOR-
ment) by early man did not make any change in the
natural environmental system because of his limited
requirement and very low population and URoFgan-
ized society.

The discovery of fire made a sigaificant
change in the attitude of man because now he learned
to cook animal flesh before eating. This practice
required wood which he used to derive easily from
the foresi. The demand of woed for burning
purpoeses to Foast animals made another significant
starting point in the technology as the man had to
invent seme divice to cut and chop trees and their
branches to get firewood. He also invented some
§99l§ to kill animals. Thus the discovery of fire and
invention of tools and weapons made the man capable
of expleiting natural resources from the forest
through fruit gathering and animal hunting.

) The first destruction of environment started
with inadvertent burning of forests due to careless-
Ress of man while cooking and roasting the animals
WM? fire: This led to a chain of effects by man on his
enviropment. He might have seea animals running
away due to inadvertent man-induced fire. He, thus;
might have intentionally used fire to drive AWAY
dangerows animals from his surroundings, At a mueh
latier date he also might have used fire to elear the
forest for different purposes (such as creation of
habiiats, farmland etc.). Since the enrly man
depended exclusively om fruit gathering and
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~Hunting to satisfy his hunger, he was very miuch
mobile because he had always to move in search of
food. This mobile tendency of early man was also
responsible for least interference with the environ-
ment in terms of its destruction.

It may be concluded that “fire was one of the
first major technological tools used by human beings
to change the environment for their own benefit. In
deed, fire has been used around the world by early
people to clear the land for improved travel and
hunting or for farming” (D.B. Botkin and E.A.
Keller, 1982).

2, iPerlcui of animal domestication and pastoral-
sm

With the march of time early man learned to
domesticate animals for his own benefits. He might
have domesticated some milch cattle and some
animals for meat in the beginning. Slowly and
slowly his herd of domesticated animals might have
substantially increased. This trend might have
necessitated to create habitats (ranches fenced with
branhes of trees and thorny bushes) though for
temporary stay for the domesticated animals. Thus
early man used to burm forest to create temporary
home for the domesticated animals, to exploit forest
resources to gather fodder for his animals and food
for himself. Domestication of animals might have
also given birth to group or community life among
the early people in order to protect their animals and
themselves from wild animals.

With the march of time the early people might
have gathered larger herds of domesticated animais.
They still stuck to nomadic way of life as they had to
move from one place to another place in search of
water and fodder for their animals and food for
themselves. Thus increase in the population of
domesticated animals also led to increase in the
population of early people which ultimately led to
meaningful exploitation of environmental resources
but this could not change the natural state of the
environment because the population of early people
and their domesticated animals was still under
manageable size and the changes brought in by
human activities in the environment were well
within the limit of self-regulatory mechanism of the
natural environmental system/ecosystem.

. D:B. Botkin and E.A. Keller (1982) have
malntained that prehistoris people changed the

gnvironment (i) by hunting (of animals for his feed);
(ii) by decreasing the abundance of some animals
through hunting; (iii) by increasing the abundance of
others when they altered the habitats (of animals)
and made them more favourable to lh@é‘s_ $pecies;
(iv) by burning (of the forests for making his and his
domesticated animal’s movement easy, foF G{G&H_fﬂg
homes for his animals etc.); (v) by domesticating
plants and animals; (vi) by changing erosion Fale$ by
agricultural and other land clearing practices and
thus altering soils as well as vegetation, and (vil) by
transporting organisms into new areas from which
they had been isolated by geographical boundaries.

3. Period of plant domestication and agriculture

Domestication of plants for foed was hall-
mark in the development of human skill of taming
and controlling the biotic component of the natural
environmental system or ecosystem. Domestication
of plants initiated primitive type of agriculture and
sedentary settled life of people who previously were
nomads and wanderers. But still many of the people
used to live nomadic life. It may be pointed out that
initiation of cultivation of mainly food crops
resulted into the formation of social groups and
organizations which gave birth to early human
civilization known as ‘river valley civilization’
because most of people settled in the river valleys
due to availability of water and fertile land for
cultivation.

Thus the emergence of socially organized
human communities, human civilization and farm-
ing practices changed the existing almost friendly
and cordial relationships between man and his
patural environment. Gradual but continuous im-
provement in farming practices resulted into
gradual increase in human population and in the
number of domesticated animals and thus more and
more virgin forest lands were cleared through felling
of trees with the help of more advanced tools and
weapons and through burning of forest in order to
increase the agricultural land so that increasing
number of human beings could get food. People also
moved from the area of greater concentration (of
people) to other areas in search of new fertile land.
This led to spread of human population and thus
destruction of natural ecosystem. Shifting or jhuming
eultivation, which was most prevalent form of
primitive cultivation, was responsible for MOF¢

destruction of natural forsest. Such farming practice
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$1 1B operation in many of the hilly regions of
$OUth and south-east Asia. North eastern hill states

E{f India are still characterized by jhuming cultiva-
ion.

With the march of time man developed his
OWR environment known as ‘the cultural environ-
ment’ by building houses and thus creating villages
and towns and cities, by developing social institu-
tions like schoels and colleges, by building places of
worships like temples, churches, mosques ete., by
constructing roads, railroads, bridges, canals ete. It
may be pointed out that all these and many more
elements of ‘cultural environment’ were evolved
through various stages of agricultural development
upte 1750 or say before industrial revolution. All
these could be possible because of development in
technologies which changed the physical and social
man inte ‘economic man’ which led to the phase of
industrialization but in the beginning no serious
damage was done to the natural environment though
significant changes, no doubt, were brought in the
environment. Though man became successful in
transforming the natural environmental resources in
his way but the nature was still supreme and master
and sman continued to be guided by physical
environment.

4. Period of science, technology and industriali-
zation

The dawn of industrial revolution in late
nineteenth century (say precisely since 1860 A.D.)
with the emergence of science and development of
more efficient and sophisticated technelogy initi-
ated the hostile relationship between man and his
natural environment. Extreme teleological and
economic deterministic concepts of the westera
world, advanced technologies and scientific tech-
niques of the modern ‘techmological man’ led to
reckless and indiscriminate rapacious exploitation
of natural resources for industrial expansion and
urban growth which have altogether created most of
the present day environmental and ecological
problems of global dimension.

The impacts of modern technological man on
patural environment are varied and highly complex
as the transformation or modification of one natural
condition and process leads to a series of changes in
the biotic and abiotic components of the biospheric

ecosystcms.
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The fhan’s impact on environment fall into
{wo biead categories as follows :

(i) Direet or intentional impacts, and

(ii)inditeet or uninternational impacts:

(1} DirectPlmpacts radXirech Qtc intentionaliion al

ifpacts are preplanned and premeditated becapse
AR is aware of the consequences, both posIive and
Regative of any programme which 1 launched 1o
¢hahge of modify the natural enviFoRment {oF
gcRoinie development of the region concerned: Such
ghanges inelude land use changes (clearing of
fofests and burning of grasslands for crop cwltiya-
tion; felling of trees for commercial Purposes:
¢hanges in cropping patteras in relation to new
faffing techniques, new high yielding seeds,
ifrigational facilities ete.), constructions and exea-
vations (constructions of dams, Feserveirs and
¢anals, diversion and manipulation of Fiver chap-
fels, construction of embankments and dykes to
proteet the area from floods, construction of roads
and bridges, increase in urbanisation, miRiRg,
drilling of mineral oils, withdrawal of groundwatsr
etc.), agricultural practices (mechanisation of agri-
culture, use of chemical fertilisers, pesticides and
insectisides), weather modification programimnes
(cloud seeding to induce precipitation, dispersal and
clearing of clouds and fogs, checking of hailstorms
etc.), nuclear programmes etc.

It is significant to point out that the effects of
such anthropogenic changes in the natural environ-
ment are noticeable within short period and may
eontinue to affect the environment for long time but
these effects are reversible because both before and
after studies (which are possible) may enable the
2R to set the adverse effects right to certain extent
!f §9 intended by making suitable changes in the
initial programmes. For example, deforestation
(either for cropland or for commercial purposes)
leads to aceelerated rate of soil erosion resulting into
gully erosion and loss of soil fertility on the one hand
apd enormous increase in sediment load in the river
Which causes severe floods on the other hand. These
chain effects can be effectively stopped by reforesta-
lion of the deforested areas. Similarly, changes in
farm practices, which introduce adverse changes in
the environment, may be rechanged to suit the
enviropmental and ecological situations.

As regards weather modification and transfor-
WALSR of climate at local and regional levels

throush purposive human action, the after-effects
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are seldom pre-meditated. It is important to note that
it is not possible to master meteorological processes
because ‘there is no permanent channels of control
in the atmosphere such as in machines and living
organisms’ (E.K. Fedorov, 1983, p. 93) but man can
control or divert undesriable natural atmospheric
processes and disturbances such as cyclones, hail-
storms, precipitation, clouds eic. One of the Inten-
tional or purposive actions of man to modify
meteorological phenomena is ‘cloud seeding’
stimulate clouds and precipitation through crystalli-
sation of supercooled drops through the application
of solid carbon dioxide and certain compounds of
iodine. ‘A few hundred grams of solid carbondioxide
or a few grams of an iodine compound are enough to
crystaliise a cubic kilometre of a supercooled cloud
of water drops’ (E. K. Fedorov, 1983, p. 293) (also
see page 293). The second area of weather
modification is prevention of hailstorms. The third
area is of dispersal of low, supercooled clouds and
fogs to clear airports in winter for smooth landing
and take off of aircrafts. In all the cases enormous
heat energy employed to induce precipitation, to
prevent hails and to disprese and clear clouds and
fogs is released and it causes additional heating of
the lower layer of the atmosphere and thus changes
the natural meteorological processes.

Withdrawal of groundwater for drinking water

and irrigational purposes is a general practice in
almost all the countries but some times the impact is
so enormous that it becomes disastrous and pounds
back on man and society. The example of Broklyn
(Kings County, New York, U.S.A.) is sufficient to
demonstrate environmental impact of groundwater
withdrawal. The pumping of water from beneath the
ground surface of Brooklym city for urban dwellers
resulted in the formatiom of a cavity of 5-mile
diameter reaching a depth of 35 feet below sea level
by 1936 (drilling continued for the first three
decades of the 20th century). The water table
dropped considerably due to withdrawal of groundwater
at the rate of 75 million gallons per day on the one
hand and poor replenishment of groundwater from
patural sources (throngh infiltration of rainfall and
SHOY melt) because of increasing urbanisation on
the other hand. Fhis resulied into the formation of
18 cavity beneath the city, consequently saline sea
Water leaked 1nto the cavity and the wells beeame
‘889{%‘199&9&1 due to salty water which foreed the
cty awthorities to close down these contaminated
WE §. A few recharge wells were constructed and
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used water was allowed (o FEtUFR (0 the gFrouRdwater
thiotigh these reacharge wells. This resulfed intnxe.
Fapid rate of rise of water table by 1963. Fhe trend of
Fise in water table continued upto 1870 s apd the
waief table fese to the foundations of buildings
gausing great damages to human CORSHYCHOR.
Exeessive withdrawal of groundwater also Fesy s 1p
land subsidence (it may be pointed out that there was
o land subsidence in the case of Brooklyp as
referred to above because of massive and SIFORE
rocks). A land subsidence of one metre (0 3 MEHES
has been reported in a few localities of Sap Joagin
velley in California because of drop in water table
from 30m to 150m due to pumping of groundwater
from the basins filled with alluvial sediments (AR
Strahler and A.H. Strahler, 1976, p. 127). The ¢as€$
of land subsidence due to withdrawai of groundwater
have occurred in several localities and cities all over
the world e.g. Houston City (Texas, U.5.A., 0.3 19
1.0m), Mexcio city (ground subsidence from 4 to 7m
between 1891 and 1959), Venice (ltaly) ste. Ground
subsidence also occurs due to mining activiti€s.

Constructional activities, like consturction of
dams and reservoirs, upset the equilibrium of the
rocks below and thus is triggered off seismic events
because the load of water of lakes and reserveirs
constructed behind the dams om major rivers
increases hydrostatic pressure which causes distur-
bances in the underlying rocks., The earthquakes of
Denver since 1962 (Denver, Colorado, U.S.A., due
to pumping of fluids under pressure into disposal
well upte the depth of 3600m and associated release
of strains within the already disturbed rocks), Los
Angles earthquakes of 1963 (Califormia, U.S.A.
caused due to raising of the hydrostatic pressure
through pumping of fluids into the oil field so that
the produstion of mineral oil could be increased, this
Fesulted inte the movement of pre-existing faults
and triggered off tremors which fractured the wali of
the Baldwin Hills Reservoir), Lake Mead earth-
quake (Hoeover Dam in Arizona and Nevada, U.S_A.
due to weight of accumulated water in the Mead
Lake Reservoir), earthquakes occurring aroumd
Lake Kariba (on Zambezi river in Zambia), Koyana
earthquake of 11 Dec. 1967 (Satara, Maharashira,
India, due to weight of water in the Koyana
Reservoir) etc.

Man changes the river regime aﬂﬂl.6§919§9’
through flood control measures, reserveIrs; €0F
struetion of dykes and flood walls te resificl { €

water into Flver valleys, flood diversion SYSIEf
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SHEAM channelization (strengthening, shortening,

Widening, deepening of river channels to prevent
Stasonal overbank flooding).

(2) Indirect.Impacts: Thesindinectridnpastsnofacts
Man on the environment are not premeditated and
planned and these arise from those human economic
activities which are directed to accelerate the pace of
economic growth especially industrial develop-
ment. Though such economic activities may ,be
economically important but the after-effects are
certainly socially undesirable. The indirect impacts
of human economic activities on the environment
are not immediately noticeable because of time-lag
because the effects of economic activities bring in
slow rate of changes of moderate nature in a few
compenents of the ecosystems and these changes
take long time to cross the sensitivity of the system.
Moreover, the indirect impacts are experienced after
long time when they become cumulative. Some-
times, such effects are not reversible and therefore
it becomes very difficult to identify and evaluate
them. These effects may change the overall natural
system and the chain effects some times become
suicidal for human being. Majority of the indirect
impacts of human activities on the environment are
related to pollution and environmental degradation.

The release of toxic elements into the
ecosyststemm through their uses as insecticides,
fertilizers etc. changes the food chains and food
webs (e.g. introduction of D.D.T.). Similarly, the
release of industrial wastes into stagnant water,
rivers and seas contaminates water and causes
several diseases and deaths of organisms and thus
disturbs ecological balance (e.g. washing and
dumping of tailings or waste sludges from factories,
release and concentration of specks of asbestos,
release of mercury in its toxic methyl form, leakage
of crude oil from oil tankers, release of lead, mixing
of different quantities of dissolved inorganic matter
etc.).

The indiscriminate and excessive use of
chemical fertilizers, insecticides, pesticides etc. and
other chemicais not only pollute air, water and soils
but also adversely affect food chains and hence all
the biotza. It is estimated that about 2000 chemicals
are released to the atmosphere each year.

The accelerated rate of industrialization and
usbanizaton has been responsible for severe air and
water pollution all over the world. Several rivers in
India have been so greatly pelluted that they have
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sewers ¢.g. the Yamuna atDelbi and

Richikedh, Paridwar, Kannauj,

he G at Alizhabad hag
KQHBW‘> AKH aHaBﬂBdB](ithi%G :l:agta‘sadhus’-saiﬂ& of

diierent siets refused to take both in the Gangs 8f
the eccasion of Maun!

becomé HEFE!

?%W\H}Fag'lmf*ﬁggfm has become greeh and MERES ¢S

¢alled green soup. The Damodar has been s9 greaty
pollited by the slurry of coal washenes and
Ruferos industries located on 1ts erther bapks that
it is Aew ealled as biological desert. Th@_ heavHy
Bolitted Gomati at Lucknow has become biologica!
disastet The Periyar river once known for 1S
medieinal miracle mainly for curing skin diseases
Aew has beeome itself a sick river due 1o carryIng of
ehermous pollution load released from more than 50
farge and medium scale and 2500 small scale
industrial units. The Noyal river in Tamil Nadu has
been termed as a dead river because of heavy
chemical pollution from 800 odd dyeing and
bleaching units of Tirrupur industrial area lgsa&sﬂl
along the lower reaches of the river. These Units use
and discharge 90 million liters of water daily and
thus besides polluting the river, these units have alse
polluted groundwater. The Bhawani river, a tributary
of the Cauvery river, has been heavily polluted in
Erode and Coimbatore districts of Tamil Nadu. The
heavy pollution load of the Cauvey, besides agricul-
ture including coffee plantation, is contributed by
the effluents discharged from more than 60 indus-
trial upits in Karnatka and 1139 units in Tamil Nadu.
The Bhadar river in Rajkot district of Gujarat has
become the victim of chemical pollutants
discharged from 1200 odd sari dyeing and
pripting units lecated in Jetpur,. a small

Industrial town having more than 500 allied indus-
trial units.

Urbanisation, industrial expansion and land
us€ changes very often change weather and elimate
though 1n long-term perspective. Economic activi-
Hes of man are capable of affecting the heat balanee
oF the earth and its atmosphere which in tuih
transforms weather and climate at regional and
global scales. In fast, man changes the atmospheric
cORdIlons throwgh (i) changes in the Ratufal

20E0Us composition of the atmosphere mainly in

ceous
ﬁzg IoWer part, (1) changes in the watef vabour

content of the troposphere and
tiiny 31 dhe troposphere and the stratnsphers

f

r ud seedi di
geeflgggssgﬂ%rm, () shanse'si%?nd a‘itef‘?gd; 6?6 %ﬁ
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suffaces (deforestation, mining, urbanisation etc.),
(iv) introduction of aerosol in the lower atmosphere,
(v) release of additional heat in the atmosphere
(from urban and industrial sources) etc.

The burning of hydrocarbon fuels has in-
creased the concentration of CO2in the atmosphere.
The natural content of CO3 in the atmosphiere was
fixed at 0.029 per cent or 290 ppm (part per million)
before industrial revoluation (1750 A.D.) which
increased to 368 ppm by2000 A.D. and it has been
estimated by IPPC (Intergovernmental Panel on
Climate Change) (2001 estimate) that CO3 concen-
tration would rise to 405-460 ppm by 2025, 445-640
ppm by 2050 and 540-970 ppm by the end of the 21st
century if no effective and strict measures are taken
to control the release of CO3. The increase in CO2
content of the atmosphere may change heat balance
by increasing the level of sensible heat in the
atmesphere because CO3 allows more absorption of
incoming short wave solar radiation and outgoing
long wave terrestrial radiation. Release of
chlgrofluorocarbon in the atmosphere through the
propellants used in spray can dispensers and fluids
used in refrigerators and air conditioners and of
Ritrogen oxides emitted from the engines of super-

sonie jets (flying at the height of about 60,000 et
with a speed of more than twice the speed of sound) 7
is eapable of depletion of ozone. It may be pointed
out that ozone gas in the atmosphere (9ZoRe layer is
eoneentrated mostly between the height of 15 km:-35
ki) absotbs ultraviolet rays of the sun apd thus
protects the earth from becoming toe het. Depletion
in ozone layer means less absorption of ultraviglet
rays and thus increase in the temperature at the
earth’s surface. Thus increase in air temperature
through increased solar ultra-violet radiation due to
decrease in the concentration of ©3 (ozone) would
cause skin cancer, immuno-suppression in human
body, decrease in photosynthesis, water use effi-
ciency and crop yield. The marine environment
would also suffer drastic damages as the productiv-
ity of phytoplankton would be reduced due to
decrease in photosynthesis and therefore zooplankton
feeding on phytoplakton would starve. This will alse
affect the mortality of larvae of zooplankton. The
species composition of marine ecosystem may
change as certain species are more vulnerable to
ultraviolet radiation. Ultraviolet radiation alsoe
aceelerates the photochemical processes that create
urbaon smogs.




4.1 ECGOLOGY : MEANING AND DEFINITIONS

Ecology, in a very simple term, is a science
that studies the interdependent, mutually reactive
and interconnected relationships between the organ-
1sms and their physical environment on the one hand
and among the organisms on the other hand. Though
the term ‘ecology’ (oekologie or oecologie) was first
coined and used by the German bielogist, Ernst
Haeckel in 1869, a few conceptual terms were
already proposed to reveal relationships between
organisms and their eaviromment. For example,
French zoologist, Isodore Geoffroy St. Hilaire used
the term ‘ethology’ in 1859, for the study of the
relations of the orgamisms within the family apd
society in the aggregate and in the cOmMMUNLY.
British naturalist St. George Jackson Mivart pro-
posed the term ‘hexicology' for the study of the
relations which exist between the orgapisms apd
their environment as regards the nature of the
locality they frequent, the temperatures and the
amounts of light which suit them, and their relations
to other organisms as enemies, Fivals, oF accidental
and involuntary benefactors’.

It ay be pointed out that Darwin’s concept of
the ‘evelution of species’ through Ratural selection
LA UplVing interactions between 91919g99@11| spegies
and pabjitar was the key sloRe of the formulation of

vations tefms and concepts of inter-relatigonships
v
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between organisms and their physical environment
in ome way or the other. Thus, Ernst Haeckel coined
the term ‘oecology’ or ‘oekology’ (derived from twe
Greek words, ‘oikos’ meaning house or dwelling as
habitat and ‘loges’ meaning the study of) to
understand the relationships between organisms and
their environment. The following sentences of
Haeckel (originally in German Language) throw
light on various aspects of oecology (now ecology)).

‘By oecelogy we understand the sciemce of
occoneomy, of the demestic affairs of amimal
organisms. It enquires into the whole relation of
animals with their inorganic and organic surround-
ings, and above all their friendly and hostile
relations with such animals and plants as they come
IRto direct or indirect contact with, or in short with
all the invelved interdependence that Darwin
designated as the condition of the struggle for
existence’. Ernest Haeckel, 1869, 1870.

‘Oeconomy’ was later on developed into
‘ecopomics’ which means the laws or rules of
people’s management of business while ‘oecology’
became ‘ecology’, the science of laws and rules of the
management of erganic world. Haeckel defined the
subject of ‘oecology’ as the entire sciemce of the
relations of the orgamisms to the surrounding
exterior world, te which relations we can count in the
broader sense all the conditions of existence. These
are partly of organic, partly of inorganic nature’
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The development of the subject of ecology
was retarded during the late nineteenth century
pecause scientific communities were actively en-
gaged in either verifying or refuting the concept of
evolution of species as presented by Charles Darwin
in 1859. E. Warming associated the subject of
‘ecology’ to the study of plamts and thus defined
ecology as ‘the study of organisms in relation to their
environment’ (E. Warming, 1895, 1905). Ecology
was ccomisdered by American ecologist Frederick
Clements (1916) as ‘the science of community’
while Charles Elton defined ecology as ‘a scieatific
natural history®. Thus the science of ecology was
endowed with two overlapping areas of study e.g. (i)
the study of organisms IR relation te their environ-
ment, and (ii) the evelutiomary histery of the
organisms.

British ecologist Macfadyen (1957) empha-
sised to discover the principles which govern the
relationships between plants or amimals and their
enviroRment while K. Friederichs (1958) defined
ecology as ‘the science of living beings as members
of the whele of nature’ but he ignored the effects of
the orgamnisms om environment and those of the
enviroament on the orgamisms. F. Fraser Darling
(1963) broadened the field of ecology by defiming
the subject as ‘the science of organisms in relation to
their total environment, and the inter-relationships
of organisms inter-specifically and between them-
selves’. This definition of ecology led to the
development of two approaches to the study of
ecology and its divisions iate two branches viz. (i)
‘auteecology’ wherein ecological relations of indi-
vidual species in a given ecosystem are studied, and
(ii) ‘synecology’ which is the study of plant
communities in relation to their habitats of a given
ecosystem.

More recently, the concept of ecology has
been extended ‘to the corresponding range of
phepomena, research and problems. In that connec-
tion ‘ecology’ has been quite logically extended as
well to the field of the interaction of society and its
physical environment (Y.P. Trusov, 1983).

E.P. Odum (1963, 1964, 1969, 1971) pleaded
for remodelling the conventional definition of
ecology (the science of inter-relationships between
orgapisms and environment) on the ground that
biotic and abiotic components of nature are not only
Interrelated in reciprocal manmer but these two
components alse function in an orderly manner as a
defipite System. So, Oduin presented a new defini-
fon of ecology as ‘the study of the structure and

URChion of ecosystems® or the ‘study of structure
and function of nature’,

It may be summarized that : ‘ecology is
seience that studies interrelationships betweens
biotie and abiotic components of 2 pathral ecosys-~

tefh oh one hand and ameng erganisms op the other
hand’: Savindra Singh

4.2 AIMS AND SCOPE OF ECOLOGY

The scope of ccology and its @ims have
expanded enormously with the development of
ecological concepts and thoughts consequent WPOR
growing interests in man-environment relationships
due to increasing pressure om natural/ecological
resources to sustain and enhance economic develop-
ment in view of ever-increasing human population.
In fact, ‘the traditiomal view of ecology as the
science of living things in relation to their €RVIFOR-
ment has helped to place it in a valuable stralegic
position from which it can make important contshur
tions to their emvirommental management (€.€.
Park, 1980).' Thus ecology is not only confined to
biological sciences from where it has come out but it
has reached the whole society and many branches of

knowledge. ‘Indeed, to many people ecology is
almest synomymous with comservation and the

environment' (C.C. Park, 1980) because ‘ecology

noi omly studies various aspects of plants and

animals but the whoele society of all biota as ecology

has ceased to be a synthesised branch of biology... it
has become a view point ‘(K. Friederichs, 1958).
Ecology mow lays more emphasis on the study of
upity and balance of emviromment or biospheric
ecosystem. Ecology has been viewed as ‘a state of
the mind® by J. Maddox (1972) on the basis of its
holistic nature, *as a unifying social movement’ by
R.F. Dasmann (1974), while N. Simon and P.
Gerondet (1970) have highlighted the potential
contribution of ecology to envirommental and
ecological problems and relevance of ecological
studies to social and economic stability and balance
and they have suggested that ecology should net be
confined only to abstract scientific discipline but
should rise abeve to *solve the envirommental
problems which the human society is confronted
with.

Thus, the scope of ecology has been extended
from the scientific study of mutual relationships of
biotic and abiotic components of the whole bie-
sphere or part thereof to the environmental problems
in terms of environmental degradation and ecologi-
cal crises arising out of increased human impacts Of
natural/ecological resources through advapeed
modern technologies aimed at accelerated ralg ¢

economic development to meet the demands © €YET
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increasing population at global and regional leve §:
Thus, there has been marked shitt in the emp 4818 ¢

ecological studies in terms of MaR=CAYVIIONMED

relatiohehips atleast from geegraphica view poiR

Historically, the development of ecology 1
terms of the scope of the subject, MK AF
iAterest, aims and objectives and approaches (9 e
study of various aspects of 660108y, May be drvided
into four phases as folloWs -

(i) Phase One, representing the period upte
Fifst World War, was dominated by the attempts 19
define ecology mainly based oR reciprocal relation-
ships between the organisms and their environment,
to search and identify fundamental units of vegeta-
tion, to develop metheds for vegetation classifica-
tion, to trace the evolutionary history of plants and
animals as influenced by Darwinian concepts of
evolution of species, to explain the relationships of
plants and animals in relation to difference of
habitats eic.

(ii) Phase Twe, representing the inter-war
period (between the twe world wars), was character-
ised by more rigorous and serious study of relation-
ships between vegetation characteristics and physi-
cal conditions of habitat rather than the surveying,
mapping and classification of vegetation; develop-
ment of scientific methodologies based on laborarory
analysis, pollen analysis, application of statistical
techniques etc., diversification of the feld of ecology
(i.e. besides natural terrestrial plant commumnities,
the studies of plant commumities of fresh water and
seas and oceans and animal communities were brought
under the domain of ecology); attempts to study
ecological stability and various aspects of interactions
between biotic and abiotic components etc.

(111) Phase Three (from the Second World War
to 1960) was characterised by the introduction of
system analysis in ecological studies. The complex
relationships between organisms and their physical
eRViropment were attempied through ecosystem
studies based on more Figorous experimental results.
Major ecological processes became the focal theme
of ecological studies.

(iv) Phase Four or the Modern Phase (since

1960) is characterised by much diversification and
specialization of themes of ecology. The most
outstanding field of interest is the emergence of
applied ecology which envisages the role of ecology
i pature copservadion and eavironmmental manage-
ment from ecological view points for the solution of
socio-economic and political problems and for the
formulation of environmentally sound social plan-
ning programmes. ‘In particular the concept of niche
theory, the ecosysiem energy flow, material recy-
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eling, tolerance limits and successional change have
beem employed in a range of different planming
context’ (€.C. Park, 1980).

The major themes and areas of ecological
studies at ecosystem level (based on the basic tenet
that ecosystem is a fundamental ecological unit)
include the holistic view of the characteristics of
abiotic (physical) and biotic components which
form an ecosystem, the functionirg of ecosystem
through-energy tlow ard bio-geochemical cycles
involving the cycling and reeyeimg of organic and
inorganmic substances through Various COMPONENts
of ecosystem, photosyathesis, food chains and food
webs, ecological pyramids, ecosystem productivity,
limiting factors of productivity, ecological stability,
evolution of plamt and animal species, eXtAction of
species, contemporary evolution, successional de-
velopment of plamt COMMUTKIES, 593193111 distribu-
tion of plants and amimals and b{@l}n@ types,
ecological variations at global and regional scales,
man-induced ecological chamnges, emnvironmental
controls of ecological variations, ecological re-
sources, ecological imbalance and environmental
degradation and pollution and remedial measures
thereof, resource management, and ecological basis
of environmental management. The most significant
thrust area of vital interest is the study of man-
environment relationships specially the impacts of
man on epvironment which adversely affect the
environmental and ecological processes causing
environmental degradation and ecological imbai-
ance and the formulation of ecologically sound
environmental planning and management.

The concept of ecology now has been
extended from single phenomenon (plant ecology.
apimal ecology) to set of phemomena occupying a
Q?ﬂm!@ $pace In the biosphere at a definite time
ipterval e.g. forest ecology, grassland ecology. lake
€€0I0gY. Fiver ecology, agricuitural ecology, indus-
tr#l ecology, rural ecology, urban ecology, popula-
HOR ecology, social ecology ete. The main sub-fields

of ecology are outlined in the following next
subsection.

4.3 8UB-DIVISIONS OF ECOLOGY

The field and the scope of ecology have
chapged during various phases of methodoloical
development of the subject and therefore maiorub-:
dirvisions of ecology should be determimed aepord-
Ing 19 different approaches which include taxo:

inities, 3 : .
m?)@i?!’i"h éﬂnitlieg,ﬁ gg’%gfg LSXSE QI 9F§’=§‘N$9HQD gﬁ\gl

: onomic situations at olo
regional levels eC° n° m'CSiU'ations al S‘oB%l %Rg
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1. Sub-division Based on Taxonomic Affinities

In the beginning, ecology was exclusively
associated with biological sciences-botany and
zoology and thus plants (botany) and amimals
(zoology) were studied separately. This approach
led to the division of ecology inte (i) plamt ecology
and (ii) animal ecology. Each division was further

sub-divided into micro-divisions based on special- -

ized studies of individual components e.g. plamt
ecology into oak ecology. pine ecology etc. and
animal ecology inte insect ecology, bacterial ecol-
ogy, fish ecology etc. It may be pointed out that
these two groups of biota are so inseparable and
interrelated that it is not advisable to iselate one
individual from the groups of organisms for the
ecological study of single species and therefore this
subdivision is Reot acceptable at present om the
ground that there is complex interrelationships and
interdependencies of all types of orgamisms with
their habitats (physical environment).

2. Sub-divisions on the Basis of Habitat

The basic tenet of the division of ecology on
the basis of habitat is that there are variations in
habitats in termis of their physical characteristics
(e.g. topography, soils, insolation and temperature,
water, mimnerals, weather and climate etc.) and
therefore there are definmite effects of a particular
habitat on the organisms and general characteristics
of biotic cominumnities vary from one habitat to the
other. This approach of ecological study led to the
development of ‘habitat ecology®. The habitat ecol-
ogy is further sub-divided on the basis of habitats
and their relationships with the organisms inhabit-
ing a particular habitat inte forest ecology, grassland
ecology, fresh water ecology, estuarine ecology, island
ecology, marine ecology, coral reef ecology ¢ic.

3. Sub-division on the Basis of Levels of
Organisation

The third appreach to ecological studies is to
study either individual orgamisms or groups of
organisms of a particular ecosystem. In other words,
ecological studies may be accomplished at two
levels viz. (i) study of ecological relationships
between the species, and (ii) ecological relation-
ships within the ecosystem invelving all the
Organisms present therein. This approach led to the
development of (i) autecology, and (ii) symecology.
Antecology is the study of relationships of individual
species 1o its environment. Thus it is apparent that
autecological approach rests on individual species

as fundamental units of study wherein
aspeets of species like gepgraphical distributiop ..
morphological and taxOREMIC Position, life cyajacd
and succession and ecological factors which affecy
different stages of growth and development of
species are studied. Symeeelogy is the study of
complex interrelationships of groups of erganisms
known as bielogical community because organisms
(plants, animais and micro-organisms) affect each
other in reciprocal manner ang interact with the
habitat or Ratural environment. Thus the furdamen-
tal unit of study is bielogical community rather than
individual erganisins. Further, synecology is subdi-
vided into ‘population ecology’ (the study of interac-
tions of individuals-pepulation- of single species
with each other), ‘community ecology® (the study of
interrelationships and interdependencies of groups
of individuals of different species-plants and ani-
mals together), ‘biome ecology’ (the study of
interactions and interrelationships of more than one
biological communities in different stages of sue-
cession under similar climiatic condition of the area
concerned) and ‘ecosysten ecology® (the study of
interactions and interrelationships of all erganisms
amomg themselves and with their envirenment).
Thus the fundamental unit of study is an ecosystem
area having both biotic and abietic (physical)
components. It is ecosystem ecology which forms
the basis of studies in environmental geography.

4.4 ECOLOGICAL CONCEPTS AND PRINCIPLES

There are certain basic fundamental prinei-
ples which govern the various aspects of organisms
€.2. evolution and distribution of plants and animals,
extinction of species, bielogical succession, con-
sumption and transfer of energy in different compo-
rents of biological communities, cycling and recy-
cling of organic and inorganic substances through
various bio-geochemical eycles, life cycle of organ-
ISms, Interactions and interrelationships among the
organisms and between orgamisms and physical
environment, etc. These concepts and principles
may be analysed on structural and functional bases
separately but both bases may be combined together
if the ecological studies are considered at the level of
ecosystem which has been recently accepted as
fundamental ecological unit. The following funda-
mental concepts and principles of ecology in terms
of ecosystem may be highlighted.

(1) Eecosystem is a fundamental unit of
ecological study because it comprises both biotic
and abiotic components. In other words, ecosysteim
being a monistic concept, brings physical eRpvIFofl-
ment, plants and animals together in # SINEE



I{Qmwwk which facilitates the study of interac-
HORs between biotic and abiotic coMPONENLS.
Ecosysteis are well structured and organised Wpits
through biotic and abiotic components. Ecosystems
are also functional units Wherein twe bietic compo-
nents are of major significance i.e. (i) The aw-
totrophic components, comprised of green plants
prepare food through photosynthesis and use iR6fF-
ganic substances. These are s¢lf feeding and provide
food energy to other biological communities, (i)
The heterotrophic componenis (animals and micro-
organisms) use, Fearrange and decompeose organic
substances which are made available from the
primary produce of autotrophic components.

(2) At the largest scale, the whele biosophere
becomes an ecosystem. The biotie and abietic
components of biosphereie ecosystem are intimately
related to a series of large-seale cycle mechanisms e.g.
water cycle, chemical elements cycle, sediment
cycle and unmidirectional flow of emergy. These
cycles help in the transfer of energy, water, chemical
elements and sediments inlvarious components of
the biosphere.

(3) ‘Sustained life on the earth is a characteris-
tic of ecosystem, mot of individual orgamisms or
population® (D.B. Betkin and E.A. Keller, 1982).

(4) MLJ. Holliman (1974) has formulated the
following four ‘environmental principles’ of holistic
nature of natural ervironment which largely affects
the biological commumnities in a biospheric ecosys-
tem..

(a) ‘Nothing actually disappears whea we
throw it away' because all the materials are
rearranged and cycled and recycled through a series
of eyelic pathways in the natural environiment.

(b) ‘All systems and problems are ultimately
1f et intimately inter-related. It does not make sense
to squabble over which erisis is most urgent; we
canpot afford the luxury of solving problems one by
one. That is both ebsolete and ecologically unsound
apyway’.

(¢) *We live on a planet earth whoese resources
are finite’.

td) ‘Nature has spent literally millions of
yeirs retining a stable ecosystem’,

(3) The physical and biologicabpreegssesfollowses f

the principle ok tuniformitarianism’® which states that
same physical (right from the origin of planet earth
and its atmosphere) and biological (since the origin
of tirst organism) processes which operate today,
operaied 1A the past pot necessarily with constant
magnitude and frequency with time and will operate
in future but ‘at rates that will vary as the
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environment is influenced by humap activity (D-B.

» Botkin and E.A. Keller, 1982). __

(6) Natural hazards affeet adversgly the b_iologi-
¢al eommunities in general and map IR particilar.
Wheh biological processes are associated with
physical events, yet severe hazards are created. For
gxatple after floods maialy in urban areas, Waler 1s
eohtaminated by bacteria and thus diseases spread at

faster rate.

(7) All living organisins and physical eRvirgp-
ment are mutually reactive. In other words, living
organisms interact among themselves and affect
each other on the one hand and living organisms apd
physical environment are interrelated through recip-
rocal interactions and these affect each other on the
other hand. The varying degrees of interactions
among orgamisms, at both inter-and intraspecific
levels, are positive, negative and some times neutral.

(8) Ecosystem functions through the input of
energy mainly solar radiation which is t}:appcﬁi by
green plants (primary producers) and is used (o
prepare food (chemical organic matier) through the
process of photosynthesis. Thus, the solar radiation
is the main driving force of the ecosystem. Energy
flow (transfer of organic molecules) is unidirectional
(passes through various trophic levels) and is non-
eyelie. Ecosystem energetics or energy flow alse
helps in the circulation of chemical substances
(nutrients)within the ecosystem. There is progres-
sive loss of energy by respiration of orgamisms
through increasing trophic levels. The energy
pattern and tlow are governed by the following first
and second laws of thermodynamics.

Lay I=In any system of comstant mass,
energy is neither ereated nor destroyed but it can be
transformed from ome type to another type. The
energy inflow or input in a system is balanced by
ERergy outtlow.

. Lay I=When werk is dome, emergy is
dissipated and the work is done when one form of
ERergy 1is transformed into another form.

Thus, ener gy is transferred from one trophic
level to the next higher trophic level but organisms
at higher trophic leveis receive energy from more
than one trophic level (in a natural ecosystem. there
are fowr trophic levels viz. trophic level ome
rpresented by autetrophic green plants, trophic
Jevel tyo represented by herbiverous animals,
HS’E’E‘%? level three represented by carmivorous
ARIMa s apd trophic level four having ommivorous
ammats including man). RL. Lindeman (1942)
nas formuated fowr principles about the relation.
ships between trophic levels within a natwral
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Principle I : As the distance between the
organisms of a given trophic level and the initial
source of energy (trophic level one) increases, the
probability of the organisms to depend exclusively
onm the preceding trophic level for energy decreases.
In other words, the organisms at trophic levels
three and four do not depend for energy only on
trophic levels two and three respectively rather
they receive energy from more than one source
(trophic level) which means that organisms at
trophic level three and beyoad tend to be 'generalists’
rather than ‘specialists® in terms of their feeding
habit.

Principle Ik: The relative loss of energy due to
respiration 1s progressively greater to higher trophic
levels because the species at higher trophic levels
being relatively larger in size have to move and
work for getting food and therefore moie energy is
lost due to respiration.

Principle IIk: Species at progressively higher
trophic levels appear to be progressively more
efficient in using their available food supply,
because increased activity by predators increases
their chances of encountering suitable prey species,
and in general predators are less specific than their
prey in food preferences.’

Principle IV : ‘Higher trophic levels tend to be
less discrete tham the lower ones’ because the
organisms at progressively higher trophic levels
receive energy from more than one source (trophic
level) and are ‘generalists’ in their feeding habit and
they are more efficient in using their available food
suppiy.

Principle V : ‘Food chains tend to be reason-
ably shoit. Four vertical links™ is a commen
maximum’® because loss of energy is progressively
higher for higher irophic levels and species at higher
levels tend to be less discrete.

(10) The eeosystem produckixisy (referred 1o as

\ o; matter per
thE fale f growth of encigy B QRN Gepends
unit time by alﬂ{@ﬂgpnsg Lt lp fv h% Afotnht 6f
on two factors : (v) the aVagPHy - (A AR phS:
$QJar FAdiatioh to the primary produce e
gieeh plants) at trophic level one, and (ip) the
efficiency of planmts to cORVElt solar Jyg*iorﬁ
eheical energy. There is marked positive €0FF elatio
between primary productivity amd selar 12 55"1‘6 u
The progressive decrease in solar radiation [QWAT 2
the poles is closely tollowed by decrease In primary
productivity in that direction provided that other
faetors eontrolling productivity alse change 1p the
same direction. The limiting factors, besides solar
radiation, which control the ecosystem proghetivaty.
inelude abiotic factors (rainfall, depth of Water and
above all climate and chemiecal fae;l@f&ﬂ‘&k@ﬁ‘@%;’
and biotic factors (mode of inteFaction between
various populations such as mutualism. COMPELt-
tion, commensalim, neutralism, parasitism, preda-
tion etc. and internal instinctive control m@@h_;lmmé
within the populations such as social OFgamiSALON,
territoriality and social hierarchies).

(11) The ‘normal’ or ‘uneventful® ecosysiem
attaims its stability (whick means balance between
production and consumption of each element in the
ecosystem or balance between inpui and ouiput of
energy and normal functioning of different
biogeochemial cycles and stable condition of
concentration of all elements) through ‘homeostatie
mechanisms’. There is inbuilt seif-regulating mecha-
RisEM IR a Ratwral ecosystem through which amy
change caused by external factors in the ecosystem
is counter-balanced by the responses of the system to
the chinge in such a way that ultimately ecosystem
oF ecological stability is restored. The ecological
diversity and complexity enhance the ecosystem/
ecolpgical stability. The ecelogical comcept of
diversity/stability has been illustrated in the follow-

(9) The chemicale inonganic) ;and:)Organioganlitg Manmer :

substances are circulated among the various cOmpo-
pents of the biosphere through a series of closed
system of cycles collectively known as tbiegeochemical
eyeles’ in sueh a way that total mass of these
substances remains almest the same and are always
ayalable to bietic communities. The functioning of

!‘.;F&"Sb@misal eyelesis eyelie through various simple
ang complex pathways and the substamces are

!E%ﬁg;&ég&i: rearranged, cyeled and recycled through
rﬁa easseooiﬁ'ss %Mm%p@sﬂ‘é:)),, biotic and sedimentary
Eu e o FESErvours @f_ these smbgtamees These
ubstances gpggh 1Refganic and orgamic) are reﬂ]ﬂh’%ﬂ

ganisms as nutri ‘ :
. 4. ©° ents f e
their I]]\yees_fniSmS A nUtrients t(());- ¥L1g §H§ISQ§]P&g 91

(a) Increase in the diversity of food webs
Promotes ecosystem stability because increased
food web diversity increases the resilience of the
SYStem [0 outside invasions of exotic orgnisms and
reduces the fluctuations in the population within a
gIYER ecosystem. €.S. Elton (1958)

_ (b) The ecosystein stability increases with
1pcrease of Rumber of links in the food web because
2 large number ot interacting feeding links provides
alternative channels for emergy flow and thus is
generated a wide variety of adjustment of the
population to environmental changes and stresses
within the ecosystems.

P.H. MacArthur (1955)
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(¢) High Wpeciespediversitye@ind JRAWIG .y

ecosystem representing a ‘climax community |8
related to more stability of natwral ECOSYSIEM

because a5 the community SUECESSIDN OPETALES,
‘homeostatis’ increases due (0 MOFE PrOLecHOR
available to the member of the communily against

external environmental ¢hange.
E.P. Odum

(12) Ecosystem instability results whea an
geosystem becomes unable to adjust with enviroRmen-
tal changes. This so happens when the environmental
changes exceed the resilience or the capacity of the
ecosystem to adjust with changed envirommental
conditions.

(13) Evolution of species epitomises the inher-
ently dynamic nature of ecosystem. Charles Darwin
(1859) postulated the principles and mechanisms of
evolution of species by the process of ‘matural
selection’ wherein heritable variations in the populations

(population means a community of individuals of
sexually-reproducing species) form the basis of
evolution of species. The following are the main
principles of natural selection (based on H. Robinson's
interpretation of Darwinian theory of origin of
species) as advanced by Charles Darwin :

(a) There are heritable variations in the
individuals of species. Though such heritable
variation is small but it is very significant because it
forms the very basis of evolution of species.

(b) Heritable variations provide certain char-
acteristics which become advantageous (0 some
individuals to become more efficient and better able
to survive in their eavironment for the struggie of
their lives.

(c) Such advantageous characteristics c¢on-
ferred on am organism may provide better chance of
survival and reproduction.

(d) When these advantageous characteristics
are passed on by the organisms to their offsprings,
the succeeding gemerations become supérior and
further efficient in the struggle for existemce and
survival.

(e) The individuals of the species, which lack
the advantageous characteristics to stand up to their
environmental conditions in their struggle for life
and existence, are most likely eliminated by

competition from the better equipped superior
members (which have acquired advantageous char-
acteristics) of their species.

ENVIRONMENTAL GEOGRAPHY

when the struggle takes place between closely
related species.

(g) The pracess: ok nawrahaselectione(@sn (a

referred to abeve) and adaptatien te environmental
conditions leads to gradual modification and diver-
sification of species over long peried of time. Such
variations in species IRCFEdse progressively with
each succeeding generation of species and evoliition

of species coRtinUES.

(14)) De \ﬁ‘éesvahallengﬁdngbe IDAr wibniani o ian

concept of progressive evolution of species on the
ground that sometimes the offsprings differ from
their parents so markedly that a REW SPECIES I§
evolved within a single gemeration. There is
spontaneous and abrupt evolution of species. The
process of spontaneous evolutionary ¢hange I
termed as ‘mutation' which is believed to introduce
inheritable variations in a species. Such inheritable
variations cam be spread by inter-breeding. T.
Debzhansky (1950) has presented the following
basic elements of mutation :

(a) ‘The mutation process furnishes the raw
materials of evelution’.

(b) Numerous gene patterns are produced
during the process of sexual reproduction.

(c) *‘The possessors of some geme paiterns
have greater fitness tham the possessors of other
(gene) patterns in available environment’.

(d) The frequency of superior gene patterns is
increased by the process of natural selection while
the inferior gene patterns are suppressed.

(6) ‘Groups of some combinations of proven
adaptive weorth become segregated into closed
genetie system, called species.’.

(Quoted by €.C. Park, 1980)

(15) ‘Reproductive isolation’ is another as-
pect of evelution of morphologically differentiated
populations of species. The process of ‘isolation
allows pewly formed genetic patterns to avoid being
vitiated by comtinuous cross-breeding with neigh-
bovring individuals or pepulation’ (P.A. Furley and
WW Newey. 1983). In other words, there are
Certaip obstacles or barriers (comprising external
factors such as geographical isolation, ecological
isolation, seasonal isolation, mechanical isolation
etc. and internal factors, which prevent the forma-
HOR of hybrids after cross-fertilization) which
prevent geme exchange between morphologically
siaftg@m popwiations. Reproductive isolation is
considered to be the most crucial step in the

(f) Duringshestruggle for existence ibetween « 1w SYOIHIIOR 0f REW species because *without isolation,

orgamisms, the wirner leads to evolution of species
and the loser leads te extinction. This s happens

REV species might never evelve anywhere".
(§. Carkquist, 1974)
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(16) The concept and principle of succession are
very important in ecology as there is successional
development of species mainly vegetation communi-
ties. Succasion simply meanms the entire process of
directional and sequential chamge of either plait
community (groups of plants adapted to a particular
habitat) or the whole ecosystem through time. F.E.
Clements (1961) postulated the concept of vegeta-
tion succession which he defined as the directional
and sequential development of plant community in
am orderly and predictable sequence along definite
pathway towards predictable end situatioms. Ac-
cording to F.E. Clements there are five sequential
phases in the successional development of vegeta-

tion in a given habitat with available emvironmental
conditions.

(a) Phase of nudatiom or the creatiom of new
area devoid of vegetation.

(b) Phase of migration begins with the arrival
of seeds into the newly ereated bare area.

(c) Phase of ecesis, when the plant secds are
established in the newly created bare area through
germination and plant growdah.

(d) Phase of reaction, when there is competi-
tion between the established plants on the one hand
and interaction between plamts and the physical
environment of the habitat on the other hand.

(e) Phase of stabilization, when there is
equilibrium condition of population of plant species
in harmony with the environmental conditions of
local and regional habitats.

vesetation (either parly oF completely) srther P)Zéf{:‘f
ggi\éﬁ‘% pf@)eeéses (lava flow, @FQ&'E}W: §¥9§ QHS’P’ S

AAtHTA] firest fires thr@lﬂgh llghtﬁlﬁlg,v §§\‘/’g}-ee §E9>I:Q§

i !
FI388s eie-) of by human interfereRce (IRIEDHON:
burhing efbvegetZtiema, and land use chapges, Mass
felling of trees and overgazing GFQ:)-

(18) Besides community suceession, the ¢¢
tefh 2156 hndergoes the process of successional LhaRBES:
Aecording to E.P. Odum (1962) ‘ecological SHEFES-
sion is one of the most important processes WRIED
results from the community medifying the eRVIFOR-
ment’: According to R.H. Whittaker (1953) the
suecessional development of ecosystem is QL‘QFQS‘
terised by four major changes 16 the 0CyStem Viz. (1)
Progressive increase in the complexity and diversity
of community. (i) Progressive increase ip the
strieture and productivity of ecosystem, (1) In-
crease in soil maturity, and (iv) [ncrease In 1€/ative
stability and regularity of populations W#Fm{‘ the
ecosystem and stability of the ecosystem itself.

(19) Man, being an active agent of enviropmeq-
tal change, modifies the ecosystein through the exploi-
tation of natural resources. He reduces the ecological
diversity amd complexity of the ecesystem by
removing a host of biotic communities for different
purposes. The disruption of ‘climax vegetation’® and
ecosystem stability is caused by man through (1)
purely destructive actions (forest clearance through
mass felling and extensive burning), (i1) 1ntroduc-
tion and establishment of new types of vegetation in
the ecosystem which were previously not present in
that ecosystem (for example, natural forest replaced

0Sys-
0SYySs

(17) The tramsitienadistages sof; seqarentiah en iRy f00d crops), (iii) introduction of species of plants

chamnges from one vegetation community to another
vegetalion community are called ‘sere’. The tsere’ is
complete when the succession of vegetation com-
mupity after passing through different phases
culminates into equilibrium condition. The vegeta-
tion community developed at the end of succession
is called ‘elimax vegetation’, ‘climax community’ or
‘elimatic elimax’ (due to dominant control of climate
on the evelution and development of vegetation).
F.E. €lements (1916) has identified two basic forms
of succession : (i) Primary suceession : refers to
developmental sequence of vegetation in those bare
areas where there was ro vegetation earlier. Such
2reas may be newly emerged sea floor, cooled and
solidified basaltic surface due to recent lava flow,
exposed lake bed due to drying of water, newly
foymga* $and dupes, tlood plains formed by recent
Qi!ﬁ‘vvi';sl; heaps of debris accumulated by man ete. (i1)
Secondary Spccession 1 Developmental sequence of
YEREIALON Inthose areas which had vegetation cover
but now have been rendered nude due to destruction

and animals inte the areas beyomd their native
places. (iv) farming practices (for example, by
allowing the economic plants, such as food crops. to
grow while destroying the unwanted or uncconomi-
cal plants, such as weeds and bushes through the
application of herbicides and pesticides), (v) habitat
Qhélﬁlg@&, and (vi) constructional actioms (such as

roads, settlements, urbamisation, field drainave.
canals ete.).

(20) The ultimate goal of ecological study is to
preserve ecological resources by maintaining the
ecological diversity and ecosystemn stability. 'Preserv-
ing diversity in a world of rapidiy shrinking land
Fesources will require a prompt and universal
TeSPORse on an appropriate application of ccological
knowledge. Every nation should posscss an inven-
tory ot its biclogical endowment’ (J. Terborgh.
1974) for the purpeseful ecological and enviFeR-
mental management for future generation of human
society to which the present society has to bear the
ebligation.

<
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- The £E0lpgical principles may be summarnised
8 follows ¢

patural ecosystem is a fundamental unit of
ecological study.

¥ At the largest scale the whole of biosphere
becomes am ecosystem, the biotic and abiotic
components of which are intimately related.

» ‘sustained life on the earth is a characteristic
of ecosystem’..

> ‘nothing actually disappears when we throw it
away'’ because all the materials are Feaframgeai‘
and cycled and recycled through a series of
cyclic pathways (geobiochemical cyeles) in
the natural ecosystem.

> the natural resources are finite and are public
property.

> ‘“nature has spent millions of years to refine a
stable ecosysiem.’

> the physical. chemical and biological proc-
esses follow the prineiple of uni formitarianism.

» all living organisms and physical eaviron-
ments are interdependent and mutually inter-
active.

> ecosystem fumctions through the input of
mainly selar energy.

» there is unidirectional flow of energy through
various trophic leveis in natural ecosysiem.

» a5 the distance between the organisms of a
given trophic level in a natural ecosystem and
the initial source of energy (trophic level one
of the green plants) increases the probability
of the organisms to depend exclusively op the
preceding trophic level for energy decreases.

> the relative loss of energy due to respiration
increases with higher trophic levels.

» the chemical (inorgnaic) amd ergamic sub-
stances are circulated ameong the various
components of the biosphere through a series
ofclosed system of cyeles collectively known
as geobiochemical cycles.

> the ecosystem productivity and ecelogical
production depend on (i) the availability of
the amount of solar emergy to the primary
producers (autotrophic green plants) at trophie
level one, and (ii) the efficiency of plants 1o
convert solar emergy into chemical (food)

energy.
» tthere is markead positive coreglation batween
.solar radiation and primary ecological pro-
ductividy..
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» the natural ecosysiem altains s stability
through homeostatic mechanism.

» imcrease im the diversity of fQod webs
promotes ecosystein stability and ecological
balance.

» ecosystem instability and ecolagical imbal-
ance result when an €cosystem becomes
unable to adjust with environmental changes,
whether natural or anthropogenic.

» evolution off species represents the inherently
dymamic nature of ecosystem, wherein there
is gradwal speciation by the process of
‘natural selection’ and ‘adaptation’ (Darwin)
but there is alse spomtaneous and abrupt
evolution of species through the process of
‘mutation’ (De Vries).

> reproductive iselntion” is another aspect ofr
evolution of morphologically differentiated
populations of species.

» there is successional development of vegeta-
tion community through the phases of Rudation,
migration. ecesis, reaction and stabilization.

> the vegetation community developed at the
end of succession becomes ‘climax vegela-
tion® or ‘dimax community’ or ‘climatic elimx’.

> besides community succession, the ecosys-
tem also undergoes the process of succes-
sional changes.

» the ultitRate goal off ecolegical study is to
conserve and preserve ecological resources
by maintaining the ecological diversity
(biodiversity) and richmess, and ecosysteim
stability. %

" \ e tmys rviE<]
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4.5 ECOLOGICAL NICHE

The concept of ‘ecological miche® was first
introduced by J. Grinel in 1917 but it was developed
by €Charles Elton in the year 1927. G.E. Hutchinson
proposed more biophysical definition of ecological
niche. The term of ecological niche has been used in
different contexts by the ecologists such as ecologi-
cal niche as a particular function played by a specifie
species in a given ecosysiem (role of species): as a
habitat of specific species in a given ecosystem
representing total environmental condition (habitat
factor) or as a distributional pattern of species in
ecosystem (community role) ete.

It may be mentioned that in a natural
ecosystem there are several species of plant and
animal communities and species of each community
play different roles in getting food and thus each
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community is confined to a certain locality. Such
locality baving ideal envirommental conditions
which are suitable for the survival of specific species
is called niche. The species of a given niche may net
survive in other niches. It is also important to RELE
that there are numerous niches in a given natural
ecosystem.

Thus. ecological niche may be defined as ‘the
functiomal role amd positior (micro-habitat) of
species in its ecosystem, including what resources it
uses. how and when it uses the resources, and how it
interacts with other species’.

W.P. and M.A. Cunnigham, 2003

There are temporal changes in ecological
miche as the species develop new ways to exploit
resources. Thus, it becomes difficult for two species
to inhabit the same niche. Im such cases the law of
competitive exclusion works, which states that ‘no
two species will occupy the same niche and compete
for exactly the same resources in the same habitat for
very long’ (Cunnigham and Cunnigham. 2003). In
such situation, one species may adopt a few
alternative paths e.g. (i) either ome species may
migrate to new niche, or (ii) may become extinct, or
(iii) may change physiological behaviour fior the
competition of same resources. The process of
minimization of competition for resources in called
Fesource partition which ‘can allow several species
to utilize differemt parts of the same resource and
coexist within a single habitat (niche) (Cunnigham
and Cunnigham, 2003)°.

The ecosystem stability depends upon the
diversity of niche. In fact, the greater the niche
diversity. the more is ecosystem stability because of
larger number of pathways for the flow of emergy
and less fluctuation of species population. The
ecosystem becomes unstabie if one or more species
are elimipated because them the niche becomes
EMply and erergy pathways are remarkably reduced.

§4. McNaughton and L.L. Wolf (1970) have

outlined the following characteristic features of
ecological niche :

» The pumber of species in a niche of a natural
ecosystem becomes large with high abun-
dance of respurces:and vice versa.

> Wém’ms inerease in the number of species of
2 SOMMmunity the average width of niehe of
Eeé;cccfgss ‘J&'Hbfﬁlbtbal community decreases (and
€ avarlabili !
nence AYAMability eof r >
Reee 8 y esources alse de-
> ED(‘?ITJIPQ{‘! SPECies occupy extemsive Apd
roader ecolpgical niche in comparisoh o

ess dominant species because they ate
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specialists as they have adapted themselyesto §'v

4 partiehlar niche having sIRgle GMERSION of

environmental variation.

Miote speeies may be added (o the ecosyStem

by ‘eompression of existing RICAES -

5 If the sites (habitats or locations) ar¢ MOS!
eduitable having equitable distribrtion ©
resourees, the domimance of a partichlar
species becomes miniMuM.

Quoted by C.C. Park, 1980

Aecording to S.A. Whittaker, and R.B. Root
(1973) ecological niche are affected by 3 types of
variables e.z. inter-ecological niche are attected by
3 types of variables e.g. (1) iRICF-COMMuUNILY
variables or habitat variabies, (2) 1Rtra-commMinity
variables or niche varibles, and (3) popuiation
respomse variables. (1) Habitat variables include
physical factors such as relief (elevation), sIope, $oil
moisture, soil fertility etc. The community gradient
(species  variations as determined by physical
factors) as determined by physical emwar@mm&&%l
factors are also important factors which determine
the nature of a particular ecological niche. (2) Niche
variables include height of the location abeove
ground surface, relationship to iRtracommunity
pattern (food habit, food chain etc.). seasonal and
diurinal time, number and size of prey, and ratio
between pumber of animals and plant food ete. (3)
Population response variables include population
density (of both plants and animals), coverage of
species, frequency of feeding, success of reproduc-
tion, fitness of animals ete.

A A/

(In €.€. Park, 1980)

4.6 BEEP ECOLOGY VS. SHALLOW ECOLOGY
1. Deep Ecology

> Theierm deep ecology is related to environmen-

fahsm or is considered as a movement or a
COREEPL that pleads radical measures to protect
the Ratural

SRYIFORMERL irrespective of their effects on
human welfare.

% Deep ecology considers humans no more sig-
Rificant than other species (of plants and
agrimals). Tn eother words, all life whether
humans or plants and amimals. have equal
IMportance on our planet earth.

» Iptact, deep ecology brings to focus the fact that
Rature and man are two faces of the same €oiR
and thus removes the illusion that nature angd
man are different.

0y
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* The term ‘deep ecology® was first coined and
introduced by Norwagian activist and philoso-
pher Amnies Naess in the year 1972.

> The central theme of deep ecolagy is that we are
part of the earth rather thar apart, and separate
from it.

» Arnie Naess advecated to have close relation-
ships between different areas, bringing together
personal and social change, science and spiritu-
ality, economics and ecology.

» Deep ecology. thus, is an ecocentric philosophy
or view point of radical environmental move-
ment that comsiders humrans as equal to other
organisms within the global ecosystem. The
word ‘deep' is used because it asks deeper
questions about the place of human life, whe we
are. In fact, the term ‘deep’ applies to ‘deepness
of change’® and ‘deepness of questioning’ but it
does not necessitate an ‘ecocentric view', so W.
Fox (1990) suggested the abandoniment of the
term ‘deep ecology® in faveur of ‘ecocentrie’.

» Arnie also introduced the following terms in
1972 into environmendtal literature :

(a) deep ecology movement
(b) ecosophy
He defined ‘ecosophy’ as a philosophy of

ecological harmony or equilibrium in the global
natural ecosystem/environmental sysiem.

Primciples of Deep Ecology

(1) Humans and non-humans (all life forms includ-
ing plants and animals and physical environ-
ment) on the earth have intrinsie value.

(2) The richness and diversity of life forms are
values in themselves.

(3) Humans are not above nature and therefore they
should rot overexploit natwral reseources and
reduce this richness.

(4) Flourishing of human life and culture together
with non-human life om this earth requires
substantial decrease in humam population to
maintain ecological equilibrium.

(5) Presently, the interference of humanbeing with
noR-living world has become excessive and
hence it should be minimised.

ENVIRONMENTAL GEOGRAPHY

(6) Present-day technology being RoR-ecofriendly
must be drastically changed.

(7) There should be idealogical change regarding
standard of life of the western idealogy and
enlture. The high quality of life showld replace
the thinking of high standard of life.

2. Shallow Ecology -

» The term ‘shallow’ is used for these approaches
which are concerned primarily with Ratural
resource degradation and pollution. In fact the
philosophy of shallow ecology is more “anthro-
pocentric’ as it seeks to save the earth but oply
for humans. [t seeks to preserve wilderness arcas
for the recreation and pleasure of humans. The
shallow ecology wants us to save the natural
environment and the ecosystems only if they are
useful and valuabie for human society.

> Shallow ecology believes that nature and
humans are different and man is superior to the
nature. Thus, no amount of efforts of eRviroR-
mentalism cam prevent distruction of patural
environment if the present-day thipking and
culture that the world belongs to it by right as
man is empowered to exploit the Ratwral
resources in his interest, is not changed.

» Arnie Naess also argued that the ‘shallow
ecology movement' is oriented only to fight
against pollution and resource depletion inorder
to safeguard that health of people in the
developed western world.

It may be concluded that ‘deep ecology® is
‘ecocentric’ and considers humans and non-humans on
equal foeting and considers natural environmenmt in
holistic manner and pleads for the safeguard, conserva-
tion and preservation of all plant and animal species
because they have their intrimsic value. On the other
hand, ‘shallow ecology’ advocates for protection of
patural resources and control of poliution in the intrests
of omly humans. Thus, shallow ecology is such
environmentalism movement which is based on ‘an-
thropecentric’ view point. But deep ecology environ-
mentalism movement advocates for both, the raising
and maintenance of quality of human life as well as
safeguarding the natural ecosystem and maintaining
ecological equilibrium.

! .
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4.
5.1 ECOSYSTEM : MEANING AND CONCEPT

The term ‘ecosystem’ was first used by A.G.
Tanmsley in 1935 who defined ecosystem as ‘a
particular category of physical systems, consisting
of organisms and inorganic components in a
relatively stable equilibriuvin, open and of various
sizes and kinds’. According to Tansley the ecosysteim
is comprised of two major parts viz. biome (the
whole complex of plants and animals of a particular
spatial unit) and habitat (physical environment) and
thus ‘all parts of such an ecosystem-organic and
inorganic, biome and habitat-may be regarded as
interacting factors which, in a mature ecosystem, are
in approximate equilibrium, it is through their
interactions that the whole system is maintained®
(A.G. Tansley, 1935). F.R. Fosberg (1963) has
defined ecosystem as ‘a functioning, interacting
system composed of one or more living organisms
and their effective environment, both physical and
biological’.

According to R.L. Lindeman (1942) the term
ecosystem applies to ‘any system composed of
physical-chemical-biological processes, within a
space-time unit of any magnitude’. In E.P. Odum's
view (1971) ‘living organisms and their non-living
(abeitic) epvironment are inseparably interrelated
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and interact upon each other. Any unit that includes
all of the organisms (i.e. the community) in a8 givea
area interacting with the physical environment s
that a flow of energy leads to clearly defined trophic
structure, biotic diversity and material cycle (i.e.
exchange of materials between living and non-living
parts) within the system is an ecological system or
ecosystem’.

According to A. N. Strahler and A.H.Strahler
(1976), ‘the total assemblage of components inter-
acting with group of organisms is known as
ecological system or more simply, an ecosystem.
Ecoesystems have inputs of matter and energy, used
to build bioclogical structure (the biomass), to
produce and to maintain necessary internal energy
levels. Matter and energy are also exported from an
ecosystem. An ecosystem tends to achieve a balance
of the various processes and activities within it’.

Based on the contents of above definitions of
ecosystem provided by various scientists it may be
pointed out that ‘ecosystems are therefore unities of
organisms connected to one another and te their
environment’ (P.A. Furley and W.W. Newey, 1983),
‘and the ecosystem is thus the sum of ali natural
organisms and substances within an area, and it cap
be viewed as a basic example of an open system in
physical geography’ (C.C. Park, 1980). Stressifg
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the importance of ecosystem C.C. Park further says
that ‘ecosystems are regarded by many ecologists to
be the basic units of ecology because they are
complex, interdependent and highly organised
systems, and because they are the basic building
blocks of the biosphere’.

‘In a more lucid style and simple term ap
ecosystem may be defined as a fundamental
functional unit occupying spatial dimension of
‘earth space ship’ characterised by total assemblage
of biotic community and abiotic components and
their mutual interactions within a given time unit’.
(Savindra Singh, 1991)

Properties of Ecosystems

B A i
The ecosystems are characterized by the
following basic properties :

» Ecosystem of any givem space-time unit
represents the sum of all living organisms and
physical environment.

» Itis composed of three basic components viz.
energy, biotic (biome) and abiotic (habitat)
components.

» It occupies certain well defined area on the
earth-spaceship (spatial dimension).

»a [t is viewed in terms of time-unit (temporal
dimension).

» There are complex sets of interactions be-
tween biotic and abiotc components (includ-
ing energy component) on the one hand and
between and among the organisms on the
other hand.

> Itis an open system which is characterised by
contlinuous input and output of matter and
energy.

» It tends to be in relatively stable equilibrium
unless there is disturbance in one or more
controlling factors (limiting factors).

» It is powered by energy of various sorts but
the solar energy is the most significant.

» It is a funstional unit wherein the biotje
components (plants, animals including man
and micro-organisms) and abiotic (physical
ERVIFORMERL) components (including energy
component) are intimately related to each
other through a series of large-scale cyclic
mechanisms viz. encrgy flow, water cycle,

w

Y vy
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bid-pebechemical cycle, mincral cycle, sedi-

ment cycle ete.

Ecotystem has its own productivity which is
the proeess of building erganic matler based
ok the availability and amouwnt of epergy
passihg through the ecosystem. The produc-
tivity refers to the rate of growth of orgamc
fatter in an aeral unit per time-wpit.

Eeosystem has scale dimension i.¢. it varies in
spatial coverage. It may be as small as a
edwshed, a tree or even a part of a tree haying
¢&ftain micro-organisms. The largest upit is
the whole biosphere. Thus the ecosystems
fay be divided into several orders op the
basis of spatial dimension. It is clear that ‘the
eeosystem is a convenient scale at which to
eonsidet plants and animals and their ipterac-
tion because it is more localised and thus more
specific than the biosphere in its entirety, and
it includes a sufficient wide range of indi-
vidual organisms to make regional generali-
zations feasible and valuable® (€.C. Park,
1980)..

There are different sequences of ecosystem
development. The sequence of ecosystein
development in term of a particular suite of
physical and chemical conditions is called as
‘sere’. A ‘sere’ represents the development of
a series of sequential successions starting
from primary succession and culminating into
the last succession in a sere as ‘climax’ or
‘climatic climax’ which is the most stable
sitvation of an ecosystem. Thus, the study of
gcosystem development may help in environ-

mental planning from ecological point of
view.

Ecosystems are natural resource systems.

Ecosystem concept is monistic in that envi-
[onment (abiotic component), man, animals,
Blants and micro-organisms (biotic compo-
RERLs) are put together in a single framework
S0 that it becomes easy to study the patterns
of interactions among these components.

[t is struetured and well organized syste.
onvenj :
a Hla iﬁ 72& i \a%rll!ﬁg‘c‘sé(:‘lﬁy be s.tud:ed
) ’ §
thesrndy 9Fmpuﬂaifa‘b1‘ég ant Selgggﬂ“g\h p%.nt
anables while the input variables may be
1gnored 19 reduce the complexity:
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5.2 TYRES OF ECOSYSTEMS

Ecosystems may be identified and classified
on various bases, with different purposes and
objectives as outlined below :

(1) On the basis of habitats : The habitats
exhibit physical environmental conditions of 2
particular spatial unit of the biesphere. These
physical conditions determine the nature and char-
acteristics of biotic communities and therefore there
are spatial variations in the biotic communities.
Based on this premise the world ecosystems are
divided into two major categories viz. (A) terrestrial
ecosystems, and (B) aquatic ecosystems. There are
further variations in the terrestrial ecosystems in
terms of physical conditions and their responses to
biotic communities. Therefore, the terrestrial ecosystems
are further divided into sub-categories of (i) upland
or mountain ecosystems, (ii) lowland ecosystems,
(iii) warm desert ecosystems, and (iv) cold desert
ecosystems. These subecosystems may be further
divided into descending orders depending on specific
purposes and objectives of studies. (B) The aquatic
ecosysteins are subdivided into two broad categories
(i) freshwater (om continents)) ecosystems,, andi (i)

marine ecosystems. Fresh water ecosystems (Bi) are
further divided into (Bia) river ecosystems, (Bib)
lake ecosystems, (Bic) pond and tank ecosystems,
(Bid) marsh and bog ecosystems while (Bii) marine
ecosystems are divided into (Biia) open oceam
ecosystems, (Biib) coastal estuarine ecosystem,
(Biiic) coral reef ecosystem, or can be alternatively
divided into (Biia) ocean surface ecosystems, and

(Biib) ocean bottom ecosystems.

(2) On tho basis: dfaegoalinesoclilieoclinecociine

means a broad transition betweem two different
ecosystems of mainly plant communities. Infact an
ecocline represents gradient along which biotic
communities mainly plant community and abiotic
conditions change. The study of ecocline represent-
ing the changing conditions, across an ecosystem
boundary is known as ‘gradient analysis’ which
implies the pletting of variations of plant commu-
Rity in particular direction and the analysis thereof
and division of world ecosystem (M.J. Bradshaw,
‘379) Based on abeve considerations R.C. Whittaker
(1970) has drawa four profile diagrams of four
9999]!995‘ OR a major world scale viz. (A) from
Applachians to southera Texas (USA) on the basis of
IREIeasing aridity, (B) from equatorial rainforest to

deseEt area, on the basis of increasing aridity, (€ 1y
ffofh ground surface to higher altitides of the Andes
B the basis of increasing altitude, and (B) from
topieal rainforest to tundra on the basis of
decteasing temperature. Thus on the basis Of apove
gradient profiles and associated ecochines He
following types of ecosystems in the aforesaig four
situations may be identified :

(A) From mountains with relatively more
moisture to the areas of increasing aridity :

(a) mesophytic forest ecosystem, (b) oak-
hickory forest ecosystem, (c) oak woodland eco§y$-
tem, (d) prairic ecosystem, (e) dry grassland
ecosystem, and (d) desert ecosystem.

(B) From the areas of high moisture (equate-
rial areas) to the areas of lowest moisture (desert) :

(a) tropical rainforest ecosystem, (b) €Verf-
green seasonal-deciduous forest ecosysiem, (€)
thorn forest ecosystem, and (a) desert scFub €co8Yys-
tem.

(C) from lower to higher altitudes (in the
Andean area of S. America) :

(a) tropicalorainfiorstirecesystem,y (&) |oWer low e

montane rainforest ecosystem, (¢c) montane rainforest
ecosystem, (d) montane thicket ecosystem, (e) elfine
woodland ecosystem, and (f) paramos ecosysteim.

(D) From equatorial hot and moist areas to
cold tundna::

(a) Tropical forestiecosystem; (b)sub<tropisalopic

forest ecosystem, (c) temperate deciduous forest
gcosystem, (d) temperate mixed forest ecosystem,
() boreal forest ecosystem, and (f) tundra ecosys-
tem.

(3) On the basis of spatial scales ecosystems
are divided into different types of various orders om
the basis of spatial dimensions required for specific
purpeses. The largest ecosystem is the whole
biosphere which is subdivided into two major.types:
(A) continental ecosystem, and (B) oceamic or
marine ecosystems. The spatial scales may be
brought down from a continent to a single biotic life
(plant or animal).

(4) On the basis of uses E.P. Qdum (1959)
has divided the world ecosystems on the basis of use
of harvest methods and net primary production inte
two broad categories viz. (A) cultivated ecosystems,
and (B) non-cultivated or natural ecosystems.
Cultivated ecosystems may be further subdivided
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into several categories on the basis of cultivation of
dominant crops. e.g. wheat field ecosystem, rice
field ecosystem, sugarcane field ecosystem, fodder
field ecosystem etc. Similarly, non-cultivated eco-
systems can be subdivided into forest ecosystem, tail
grass ecosystem, short grass ecosystein, desert
ecosystem, seeweeds ecosystem €le.
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efiefgy to erops, to kill insects and unwanied plapts
§p that maximum energy is utilized by field crops)
iFrigational water (which augments the cyching and
feeyeling of nutrients so thal these are made
available to desired plants), and by developiRg new
hybrid high yielding varieties of seeds so that the
plants remain dwarf and require relatively low

afmeunt of solar energy and can make maximym wse
8fsolar energy to prepare food through photosynthesis
and thus can yield more production. The wse of
machines like tractors, hees ete. also helps in
augmenting the natural processes of bie-geochemical
eyeles (these agricultural implemem_mak@ the soil
horizons very friable after ploughing an&i_ thus
organic matter is easily distributed in the seils for

(A) Unsubsidized natural solaripowered eeocd ecgasy uptakc: by plamts). The exampi@§ of such
systems are those which are driven by solar energy ecosystems are simple crop and fibre farming
only wherein incoming solar radiation is used to fix systems and highly advanced mechanised farming
chemical energy. Opem_oceams? upland forest, wide systems (agriculture) and some forms of aguacwlture
and deep lakes may be cited typical examples of such .y, gy ming, shellfish cultivation etc.). The annual
ecosystems. The annual energy flow ranges between energy flow is from 10,000 to 50,000 Kel/m3/year

1000-10,000 Keal/m¥/yr (kilocalories per square .4 ccimated average annual quantity being 20,000
meter per year) whereas estimated average energy is Kcl/m¥year

about 2000 Keal/m?¥/yr. = D) Fuel o nted
e o uel-powered ecosystemsyarenrepresentedse n
(bj Naturaksubsidized: stlaripowered eansy “°€°°4y urban and industrial areas where fuel energy fully
tems represent tidal estuaries, lowland forests, coral . .
i . replaces solar energy. The fuel emergy is derived
reefs etc. Natural processes like tides, waves, . . .

. through fossil fuels like coal and petroleum which
surface runoff, wind etc. supplement solar energy are obtained from under d quit £ th
input because these processes bring additional ¢ £ utilizati e g’Bf"“‘“? d quile away from i ©
organic matter and bio-geochemical cycles help in CeR ff.‘s d Gth utl ll:ahw;l‘ 1651 ‘€8, energy 1s also
recycling of nutrients in the aforesaid ecosystems §H§P le d f@u% Tl;, roelectricity, nuclear power
and thus solar energy is augmented to produce an i;g@@ coal, ese ecosystems are basically
oFganic matter through primary producers (phtotroph ~ * ¢? th generating systems. These ecosystems also

generate pollutants and thus are potential sources of

and chemotroph plants) so much so that these . e e
ecosystems become the most productive natural envirormental pollution in cities and towns, subur-
ban areas, industrial areas as well as the rural

ecosystems. The annual energy flow in such i "
ecosystems ranges between 10,000-50,000 Kcal/my ~ #MOSpheric environment of even very distant
places. These fuel-powered urban-industrial eco-

year and average estimated energy flow is 20,00
. systems though generate material wealth of the

(5) On the rbasis of ssource andclevel ofyci
energy : ecosystems can be classified on the basis of
source, type and amount of energy available in the
ecosystem on the basic premiise that the main driving
force of the ecosystems for their functioning is
energy. E.P. Odum (1975) has classified the
ecosystems into four categories on this basis.

Keal/m¥/year.

(€) Man-subgjdized solar: powered recosystemmo sy s EFRFOMY of the society but these depend for life
are those where additional energy is supplemented  SHPPOFL (9Xygen supply and food supply) fully on
By human _QGEiViﬁ% (e.g, farming). In other words, solar-powered natural ecosystems, nature-subsi-
map applies additional energy in the form of  $i264 solar-powered ecosystein and man-subsidized
fertilizers both natural and chemical, maehines solar-powered ecosystems. The annual flow of

irrigatignal Waler efc, to make the land more  SMETEY Fapges between 100,000 to 3,000,000 Keal/

BFQQHGH\Y@ Thus he produces more food and fiber m //}’gg}' Hpg estimated average b@il‘lg 2.00,0000

crops (food and fibre producing ecosystems) in a ca m
: : . ca m €ar. Tbﬁl$ these ec red
§HPP_19 farming system. In a highly mechanised r Y ount of energy u?;’i”:t:cgfn:;}i?:w-

r -

farming ecosystems, man increases the productivity  §6lar'sourcesor™ °f A Wh‘Ch COmeS from n
throngh the use of chemical fertilizers, pesticides

and herbicides (fossil energy te provide additional ) .0 basis of Stage
develkygﬁ.Tgm . Op t2BEs of ecosystem

/\h °f s
the basis of characteristics of
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different stages of ecological successioms and
ecosystem development in terms of community
energetics, community structure, life history, nutri-
ent cycling and overall homeostasis (as mentioned
by E.P. Odum in his paper ‘The Strategy of
Ecosystem Development,’ 1969) the following four
major types of ecosystems are identified :

(A) Early succession ecosystems are these
which are characterised by high net community
production, low biomass supported/unit energy
ratio, linear food chain (plants—»>grazing
animals—carnivores), small totai organic matter,
extra biotic inorganic nutrients, low biotic diversity,
short size of organism, simple life cycles, rapid rate
of nutrient exchange, unimportant role of detritus in
the regeneration of nutrients, undeveloped mutual
relationship among community species, poor nutrient

conservation, high entropy (disordered biotic
community) etc.

(B) Maturevecoystem oyaremthose which argich
characterised by low net community production,
complex weblike food chain (besides major plants
and animals, decomposers also play important
roles), large total organic matter, intrabiotic inorganic
nutrients, high community diversity, large size of
organisms, long and complex life cycles, closed
mineral cycles, important roles played by detritus in
the regeneration of nutrients, quality production,
developed mutuai relationships among the community
species, good conservation of nutrients, low entropy
(ordered structure of communities) ete.

(€) Miixed ecosystems represent the overlapping
characteristics of early succession ecosystemns and
mature ecosysteins consequent Upom general
environmental change.

(D) Inmert ecosystems represent the destroyed
ecosystems. These may result from the destruction
of either early succession ecosysteins or mature
ecosystems due to volcanic eruptions or onset of ice
ages resulting into complete destruction of life.

(7) On the basis of stability or instability :
The concept of stability or instability of ecosystems
has been elaborated in different but contrasting ways
By various scientists. In a very general sense the
§l§b§}ity of an ecosystem is defined in terms of
relationships between input and output of matter and
energy and functioning of bio-geochemical cycles.
Apecosystem in homeostatic or dynamic equilibrium
state Is that which represents (i) balance in the input
and output of energy, (ii) excess of resource pool in

eompatison to the matter being cyeled, (ifi) func-

tioning of soils, micro-climate and bio-geochemical

eyele as buffers against sudden changes 1n exiereal
eonditions, and (iv) minimization of instability dye
to diversity within the ecosystem. Based on Hus
premise, ecosystems may be classified 1o m
simple stable ecosystems, and (ii) complex unstable
ecosystems. But this classification is highly GQHCIQVGFF}?ﬂ
and debatable because there are lot of variations 1f
opinions regarding the concept of sysiem stability.
For example, if the stability is defined by frequency
of fluctuation of species population, stability has
been reported to increase with succession whereas if
the stability of an ecosystem is defined in terms of
time to be taken for a community te FEIWFR (O 1§
former condition, stability may actually decrease
through time (C.M. Harrison, 1980).

]

5.3 COMPONENTS OF ECOSYSTEM

are

There are three major components of €605y s-
tems : enmergy component, abiotic oF physical
component and biotic component. The abistic
component comprises land and soils, water, air and
sunlight. Besides, some organic substances (carbe-
hydrates, protein, fat and liquid substances) and
biogenic substances (carbom, nitrogem, hydrogen,
phosphorous, calcium and potassium in large
quantity and irom, manganese, magnesium, zinc,
cobalt in small quantity) are required to sustain life
of different biotic communities. Components of the
ecosystems have been discussed in detail in the next
chapter (Chapter 6).

The biotic components represemt plants,
animals and micro-organisms. Biotic components
are classified inte two broad categories on the basis
of functions : (i) autetrophie component comprises
those plants which preduce their food themselves
through photesynthesis and chemosynthesis. Thus
they become (a) photographs (which prepare food
through photesynthesis by using solar radiation) and
(b) chematzgphs (which prepare food through
chemosynthesis from inerganic substances by oxi-
dation). Autetrophs are the primary producers of the
ecosystem. (ii) Heterotrophic components comprise
those organisms which depend on autotrophs or
primary producers (plants). Besides, some hetero-
trophic organisms decompose and rearramge the
organic substances. On the basis of feeding oF
getting food heterotrophs are divided into 3 swb-
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types : (a) saprophytes (depending oR OFEaRnIc
compounds in solutions derived from dead plants
and animals), (b) parasites (depending on living
erganisms), and (c) holozonic (get food through their
mouths, cxample-large animals including man). The
elements of ecosystem are divided into 4 calegories
on the basis of functions : (i) abietic elements
include abiotic and dead biotic compounds of any
site or habitat, (ii) producers (green plants (autotrophs)
which act as intermediataries between bietic and
abiotic kingdoms), (iii) consumers are primarily
animals including man and they obtain their food
from organic substances produced by autotrophs or
primary producers, and (iv) decompeosers are micro-
organisms which decompose dead plants and
animals and organic substances. During this process
they receive their food as well as they rearrange
organic substances so that these become easily
available to primary producers.

5.4 FUNCTIONING OF ECOSYSTEM

The functioning of an ecosystem depends on
the pattern of energy flow because all aspects of
living components of an ecosystein depend on
energy flow which alse helps in the distribution and
circulation of organic and inorganic matter within
the ecosystem. While the energy flow follows
unidirectional path, the circulation of matter follows
cyclic paths. These aspects of energy flow and
circulations of matter will be discussed in detail in
the 8th and 9th chapters respectively. Here, only a
brief discussion is presented so as to have a general
idea of the functioning of ecosystein.

The energy pattern and flow are governed by
first and second laws of thermodynamics. The first
law states that in any system of constant mass,
energy is neither created nor destroyed but it can be
transformed from one type to another type (example,
electrical energy can be converted into mechanical
energy). In terms of ecosystem energy inflow or
energy input inte the system will be balanced by
energy outflow from the system. The second law of
thermodynamics states that whem work is done,

energy is dissipated and the work is done when one
form of energy is transformed into another form. In
the context of ecosysteimn there is dissipation of
energy froin each transfer point (trophic level) and
thus the dissipated or lost energy is not agaim
available to the ecosystem.
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Solar radiation is the basic input of energy
entering the ecosystem. The radiant solar energy is
received by the green plants. Most of the received
solar energy is converted into heat energy and is lost
from the ecosystem to the atmosphere through plant
communitics. Only a small propertion of radiant
solar energy is used by plants to make food through
the process of photosynthesis. Thus green plants
transform a part of solar energy into food energy of
chemical energy which is used by the green plants to
develop their tissues and thus is stored in the primary
producers or autographs at the bettom of trophic
levels. The chemical energy stored at trophic level
one becomes the source of energy to the herbivorous
animals at trophic level two of the food chain. Some
portion of energy is lost from trophic level one
through respiration and some portion is transferred
to plant-eating animals (herbiveres) at trophic level
two. The transfer of energy from trophic level one
(green plants) to trophic level tweo (herbiveres) is
performed through the intake of orgamic tissues
(which contain potential chemical energy) of greea
plants by the herebivores. Thus the chemical energy
consumed by herbivores helps in the building of
their own tissues and is stored at trophic level twe
and becomes the source of energy for carnivores at
trophic level three. A substantial portion of chemical
energy is released by carniveres at trophic level
three through respiration because more energy is
required for the work to be done by carnivores at
trophic level three (building of tissues, growing,
movement for grazing, catching prey, reproduction
of their offsprings etc.). Some portion of potential
chemical energy is transferred from trophic level
three to trophic level four or top trophic level
represented by emnivores (those animals which eat
both plants and animals, man is the most important
example of omnivores). The animals at trophic level
fowr mainly man alse take energy from trophic levels
one and two. Again some portion of emergy is
released by omniveres through respiration. The
remaining stored chemical energy in the plants and
animals is transferred to decomposers when they
(plants and animals) become dead. The decomposers
release substantial amount of energy through respi-
Fation to the atmesphere. It may be pointed out that
ateach trophic level the available potential chemical
energy (o be transferred to the next higher trophic
level decreases as more energy is released through
FeSpiralion to the atmesphere from each trophic
level. Respiration means chemical breakdown of



food in the body and thus respiration releases heat
which is transferred to the atmosphere.

Based on above statement it may be summa-
rised that apart from the energy released to the
atmosphere through respiration, the remaining
energy ‘is transferred in successive consumer stages
known as trophic (literally nourishment) levels from
autotrophs to heterotrops (meaning that they derive
their nourishment from others). Ultimately all the
energy is passed on the detrivores, or decomposer
organisms’ (P.A. Furley and W.W. Newey, 1983).

The circulation of elements or matter or
nutrients (organic and inorganic both) is made
possible through emergy flow. In other words,

energy flow is the main driving force of nutsient”
circulation in the various biotic components of the
ecosystem. The organic and inorganic substances
are moved reversibly in the biosphere, atmosphere,
hydrosphere and lithosphere through various closed
system of cycles in such a way that total mass of
these substances remains almost the same and are
always available to biotic communities. ‘In other
words, the materials that make up the biosphere are
distributed and redistributed by means of an infinite
series of cyclic pathways motored by the continucus
input of energy’ (P.A. Furely and W.W. Newey,
1983). The materials or nutrients involved in the
circulation within an ecosystem are grouped inte
three categories viz. (i) micro-elements (which are
required in large quantity by plants, ¢.g. oxygen,
carbon and hydrogen), (ii) minor or micre-elements
(which are required by plants in relatively large
amounts, c.g. nitrogen, phosphorous, potassium,
calcium; magnesium and sulphur) and (iii) trace
elements (plants require very small amounts of about
100 elements, important being iron, zinc, manga-
nese and cobalt). Besides these inorganic chemical
elements, there are organic materials as well which
comprise (1) decomposed parts of either alive or
dead plants and animals, and (ii) waste materials
released by animals. A few of the chemical elements
act as organic catalysts or enzymes because they
help chemical reactions but seldom undergo
chemical change themselves. Such chemical cle-
ents are hydrogen, oxygea and nitrogen which
991995 10 gaseous phase (that is they are found in the
atmosphere in gaseous state—atmospheric reservoir
Of pogl) and Phosphate, calcium or sulphur which
_99!9% to sedimentary phase (that is they are found

Ip Weathered rocks and soils-sedimentary reservoirs
or pool).

Thus these elements, derived from atmoss: <+

phefic and sedimentary reservoirs, afe pooled nto
56ils from where these are taken by plants 1p solption

fori thiough the process of root 9sMOS1S: The plants
then eonvert these elements into such fOFMS Wwhich

afe easily used in the development of plapt Hsspes

and plant growth by biochemical processes (gener-

ally photosynthesis). Thus the nutrients driveR by

energy flow pass into various componsnts of bIgHC

communities through the process knowp 3§

‘biogeochemical cycles’. In a gencralised form the

biogeochemical cycles include the uptake of nutri-

ents or inorganic elements by the plants throngh
their roots in solution from the soils where these
inorganic elements, derived from sedimentary phase,
afe stored. The nutrients are transported 19 Y2FiQUS
trophic levels through energy flow. Here the
nutrients become organic matter and are stored in the
biotic reservoirs of organic phase.

The organic elements of plants and animals
are released in a variety of ways i.e. (i) decomposi-
tion of leaf falls from the plants, dead plants and
animals by decomposers and their conversion into
soluble inorganic from, (ii) burning of vegetation by
lightning, accidental forest fire or deliberate action
of man. The portions of organic matter on burning
are released to the atmosphere and these again fall
down, under the impact of precipitation, on the
ground and become soluble inorgamic form of
element to join soil storage, while some portions in
the form of ashes are decomposed by bacterial
activity and joim soil storage, (iii) The waste
materials released by animals are decomposed by
bacteria and find their way in soluble inorganic form
to soil storage. Thus, biogeochemical cycles involve
the movement and circulation of soluble inorganic.
substances (nutrients) derived from sedimentary and
atmospheric phases of inorganic substances (the two
basic components of inorganic phase) through biotic
phase and finally their return to inorganic state. The
study of biogeochemical cycles may be approached
on two scales : (i) the cycling of all the elements
together orf (ii) eycling of individual elements e.g.
carbon cycle, oxygen cycle, nitrogen cycle, phos-
phorous cycle, sulphur cycle etc. Besides, hydro-
logical cycle and mineral cycles are also included in
the broader biogeochemical cycles.
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5.5 ECOSYSTEM PRODUCTIVITY

The productivity of ecosystem refers to the
Fate of growth of energy or organic matter per unit
time by autotrophs at trophic level one through the
process of photosynthesis with the help of solar
energy. In other words, ecosystem productivity
ropresents the total amount of energy (orgaRic
matter) fixed or stored by the autotrophs per umit
time in the ecosystem. The production of organic
matter or energy by autotrophos is known as primary
preduction and the green plants involved in the
production activity are called primary producers.
The ecosystesn productivity depends on two factors
e.g. (i) the availability of the amount of solar
radiation to the primary producers at trophic level
one, and (ii) the efficiency of the plants to convert
solar energy into chemical energy which is used by
the green plants to build up their tissues. Primary
production is measured in two ways : (i) gress
primary preduction (GPP) is the total amount of
energy produced by the autotrophs at trophic level
one, and (ii) net primary preduction (NPP) repre-
sents the amount of energy or organic matter fixed or
stored at trophic level one. Thus net primary
production excludes the amount of energy which is
lost through respiration by the autographs. Net
primary production is, thus, gross primary produc-
tion minus the energy lost through respiration. Net
primary production represents the usable amount of
energy at trophic level one, which is available to
higher trophic levels. The ecosystemm productivity,
whether gross or net, is generally measured in gram/
m3day or year.

Biomass refers to the quantity or weight of

living materials (animals, plants etc.) per unit area
and is represented in terms of dry weight. Plant and
animal biomass may be measured and represented
separately. R.H. Wittaker and G.M. Woodwell have
measured the net primary productivity and biomass
of plants of the major natural ecosystems and of the
whele earths surface. Mean net primary productiv-
ity for the whele earth is 320 dry grams/m¥/year
whereas the mean values for the tropical rainforest,
swamps and marshes and estuaries are 2000 dry
grams/m3Y/year in each case. Very low net primary
productivity is of extreme desert, rock and ice (3 dry
grams/in Yyear), desert scrub (70 dry grams/m¥/
year), oper oceam (125 dry grams/m3/year) and
Tundra and Alphine ecosystem (140 dry grams/m¥/

year).

ENVIRONMENTAL GEOGRAPHY

Since the primary productivity of a naiural
geosystem largely depends on the amount of solar
Fadiation, there is positive correlation betweca
primary productivity and solar radiation. Since there
is marked decrease in 50laF radiation reccived at.the
earth’s surface from equalor towards the poles,
primary productivity also, o an average (besides a
few intermediate zones of exception), decrcases
markedly towards the poles. This results in spatial
variations in primary productivity at regiopal and
joeal scales. At a very large scale the primary
productivity of the terrestrial ecosysicms is faF more
than the marine ecosystems. E.P, Odum (1959) has
identified three levels of productivity at world scale
as follows : ,

(i) the regions of high ecological productivity
represented by shallow water areas, moist forest
(tropical and temperate), alluvial plains and regions
of intensive farming;

(i) the regions of low ecological productivity
represented by arctic snow-covercd wastelands,
deserts and deep ocean areas, and

(iii) regions of intermediate ecological pro-
ductivity e.g. grasslands, shallow lakes and
farmlands except intensively cultivated areas.

See chapter 8 for detailed discussion om
trophic levels and food chains.

5.6 STABILITY OF ECOSYSTEM

The stability of ecosystem refers to the
balance between production and comsumption of
cach clement in the ecosystem. In other words,
ecosysiem stability means balance between input
and output of cnergy and normal functioning of
different biegeochemical cycles and stable condi-
tion of concentration of all elemeats. T.D. Brock
(1967) has defined steady-state condition in mature
ecosysiehn as ‘a time-indepemdent comdition in
which production and consumption of each element
in the sysiemi are exactly balanced, the concentration
of all elements within the system remaining con-

stant, even though there is continual change’ (Brock,
1967).

Ecosystem of ecological stability is viewed in
differeat ways as follows :

1. No-Oscillation stability : Stability is viewed
as constancy of species numbers within a natural
gcosystem or the constancy of individual numbers of
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a species within a population. Such stability has
been termed by M.I. Dunbar (1973) as ‘no-
oscillation stability’.

2. Stability resilience : stability of a natural
ecosystem is viewed in terms of system's capacity to
withstand changes brought in the system by external
factors and te maintain or retura to its original state
after external change. Such stability has been termed
by H.A. Regier and E.B. Cowell (1972) as ‘stability
resistance’.

3. Resilience stability : Stability has been
interpreted by A.R. Hill (1975) as a resilience of
system to adjust to stresses brought in the ecosys-
tem. This is called as ‘resilience stability’.

4, Elastic stability : Elastic stability refers to
the establishment of stability in a natural ecosystem
after large-scale disturbances or perturbations.

§, Cyclic-stability : Cyclical stability refers to
the adjustment of a system to regular extermal
changes. There is no unprecedented disturbance or
perturbation.

The natural, ‘normal’ or ‘uneventful’ ecosys-
tem attains its steady state or equilibrinm condition
through homeostatic mechanisms. There is inbuilt
self-regulating mecmanism ir a natural ecosystem
through which any change in the ecosystem is
counterbalanced by rsponses of the systemn to the
change and ultimately ecosystein or ecological
stability is restored. For example, if there is sudden
change in the ecosystem (due to any external factor)
like rapid increase or decrease in the population of a
species and if this chamge is regulated and the
population returns to its normal position through self
regulating mechanisms within the system and the
system returns to stability, these self regulating
mechanisms are called as homeostatic mechanisins.
This may be further explained with an example. If
the population of insects in a specific area increases
significantly beyond optimum level due to favour-
able climate, the food supply falls short of the
demand of increased insect population. With the
fesult there is competition among the insects for
food and many insects die of starvation and thus the

Insect BS’.B.HIMQH is brought back to its original size
and stability is restored.

Biversiyy Stability Theory | i; E |
The ‘diversity/stability theory® of ecosystem
oF eeologieal stability states that ecosystem 1ver
sity and complexity enhance the stability § POP®
tioh in a given system. This has beeR Hipstra ¢ 1R
variety of ways by different scieRlists €:g: ¢
aeeording to C.S. Elton (1958) increase 1B ¢
diversity of food webs promotes ecosystemn stabHiLy
beeause increased food web diversity increases [ ¢
resilience of the system to outside invasions of
exotic organisms and reduces the ﬂu@t_gaﬁ@m IR _ﬂ?g
population within a given ecosystem. (D FQ”QW!_&'&
R.H. MaeArthur (1955) the ecosystem stability
inereases with increase of number of links in the
food web because a large number of IRtEFacting
feeding links provide alternative chanpels for
energy flow and thus is generated a wide variety of
adjustments of the population (o GﬂV!!’Qﬁ]ﬂ‘@Né‘f
changes and stresses within the ecosystem. (iil) EP-
Odum has related high species diversity of 2 mature
ecosystem representing a ‘climax commuRpity 10
more stability of a natural ecosystem because as the
community succession operates, the homeostasis
increases due to more protection available te the
members of the community against external
environmental change.

Equifibrivee-Nom-Equilibrium Theory

There are twe models of the nature of
ecosystem equilibrium. The equilibrium model states
that an ecosystem always tends towards stability.
Whenever the community of am ecosystem is
disturbed due to external environmental change, it
guickly returas to original state whereas the mon-
equilibrivm model states that ecosystem stability is
rarely attained because disturbamces caused by
frequent external envirommental change do not
allow to develop ordered state of species assem-
blages in an ecosystem.

5.7 ECOSYSTEM INSTABILITY

Ecosystem instability refers to that state when
an ecosystem is unable to adjust with environmental
changes. This so happeas when the changes are
continuous and enormous and these changes exceed
the resilience or capacity of the ecosystem. For
example, rapid rate of mass felling of trees in a forest
ecosystem seldom allows regenmeration of forest
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COMmMupity because exposed surface due to defor-
estation is subjected to intemse weathering and
erosion and nutrients are washed out by surface run-
off. Himalayan forest ecosystem is a typical
example of ecosystem instability because mass
deferestation and subsequent grazing have
resulted into complete removal of forests at certain
localities.

The factors responsible for ecosystem stabil-
ity or instability should always be viewed in terms of
ecosystem resilience. If the environmental changes
exceed the ecosystem resilience, ecosystem instabil-
ity is caused but when the ecosystem resilience is
such that it cam withstand the envirommental
changes, ecosystem stability is maintained. The
environmental changes which are responsible for
ecosystem instability are both natural ones (climatic
change, for example) or man-induced.

Man causes instability in the natural ecosys-
tem by !

» destroying completely or partly the natural
vegetation or original animal species or by
replacing them by other vegetation or animal
species;

> introducing exotic plants or animals or both to
any arca where such biotic communities were
not present previously;

> altering or modifying one or more compo-
nents of physical environment (such as land
use changes);

ENVIRONMENTAL GEOGRAPHY

» introducing foreign chemical substances through
the use of chemical fertilizers, pesticides and
herbicides; \ A

$ inereasing or decreasing the original proper-
tion of atmospheric gas i.e. by changing the
atmospheric chemistry e.g. emission of green-
house gases and ozone depletion;

> manipulation of environmental processes etc,

Man has modified many of the natural
ecosystems and hence has disturbed the stability of
ecosystem and ecological balance through fa_§t Fate
of urbanization and industrialization, mechanization
of agriculture, alarming rate of deforestation efc.
Most of the forest ecosystems right from the
rainforests of Amazonia to mountain forests in all
the climatic regions have been degraded due to
reckless felling of trees. The freshwater terrestrial
ecosystems such as rivers and lakes have been
greatly polluted due to immense volume of sewage
water, coming from the urbaan and industrial
sectors, discharged into rivers and lakes. Managed
ecosystems such as farmlands have been destabilized
due to heavy irrigation and excessive use of
chemical fartilizaers and herbicides. The temperate
grassiand ecosystems (such as Steppes, Praries,
Pampas ete.) have been entirely changed by remov-
ing natural grasses and other vegetation and have
been changed into farmlands. Many more examples
may be cited to demonstrate the impacts of human
activities on stability/instability of ecosystems. (see

chapter 3 and 15 for further reading materials on this
theme).



