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3.1 CONCEPT OF AN ECOSYSTEM

An ‘Ecosystem’ is a regan with a specfic and
recognizab e landscape form such as forest,
grassland, desert, wetand or coastzl area. The
nature of the ecosystem is based on its geo-
graphical features such as hils, mountains,
p airs, rivers, |akes, ccastal areas or sanas Itis
also cantro'led by cimatic cond tiens such as the
amount of sunlight, the temperature and the
ranfall n the reglon. The geographica, cimatic
and so/ charactenstics form its non-living (abi-
otic) companent. These features create candi-
tans that support a community of plants and
animals that evoluton has produced t¢  ve In
these specific conditions. The living part of the
ecosysterm s referred to as 1s biotic component.

Ecosystemns are divided into terrestr al or land-
based ecosysterns, and aquatic ecosystems in
water. These form the two major habitat condi-
tons for the Earth's livng organ sms.

All the living organsms In an area live 'n com-
munities of plants and an mals. They interact
w th ther nen-liv ng enviranment, and with each
other at d fferent points in time for 2 large num-
ber of reasons. Life can exist anly nasma pro-
pcrtion of the earth’s land, water and 1ts atmo-
sphere. At a global levelthe thin skin of the earth
on the land, the sea and the air, forms the bio-
sphera.

At a sub-global level thsz s divided intc blo-
geographical realms, =g. turas s called the
palasaruc realm, South and South-East Asz (of
which ind & forms a major part) Is the Oriental
realm, Narth Amerca s the Nearctic realm,
Sguth America forms the Nectropical realm,
Africa the Ethopian realm, and Austrzlia the
Austrzlian realm

At anationa cor s1ate level, this forms biogeo-
graphic regians. There are severa distincive
g=ographica regions in Ind a- the Himalayas, the
Ganget ¢ P'ains, the Highlands of Central India,
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the Western ana Eastern Ghats, the semi-arid
desert In the Wast, the Deccan Plateau, the
Coasta Belts, and the Andaman ana Nicobar
ls ands. These geoaraphically distinctive zreas
have plants and an mals that hawve been adapted
1o live in each of these regiors.

At an even mare oca leve, each area has sev-
era structurally and functicnal y icertifiable eco-
systems such as different types of forests, grass-
lands, nver catchments, mangrove swamps in
de'tas, seashores, 1slands, etc. togve only a few
axamples. Here too 2ach of these forms a habi-
tat for specific pants and animals.

Ecosystems have been formed on land and In
the sea by evo ut cn that has crezted species to
live together in a spec fic region. Thus ecosys-
tems have both nan-lving and living campa-
nents that are typcal to an area giving 't isown
specal characterstics that are eas |y observed.

Definitian: The ving cammunity of p ants and
anmals in any area together with the non-liv-
Ing campanerts of the environment such as sal,
air and water, constitute the ecosystem.

Some ecosystemns are farly robust and are less
affected by a certain level of human disturbance.
Others are highly fragile and are quick y de-
stroyed by human activities. Mountan ecosys-
temns are extremely fragile as degradaton of
forest cover eads to severa ercsion of so and
changes in river courses. Island ecosystems are
sasily affected by any form of human activity
which can lead to the rapd extincton of sev-
eral of thar unigue specles of plants and ani-
mals. Evergreen forests and caral reefs are aso
axamples cf species rich fragi'e ecosystems
which must be protected zgainst a variety of
human activities that lead to their degradaton.
River and wetland ecosystems can be senously
affected by pollution and changes n surround-
Ing anduse,
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3.1.1 Understanding ecasystems

Natural ecosystems incude the forests, grass-
lands, deserts, and aguatc ecosystemns such as
pands, rvers, lakes, and the sez. Man modified
ecosysterns nclude agr cultural and and urban
or Industrial 'and use patterns

Each ecosystem has & set of common features
that can be observed n the feld:

s "What dces the ecosysien cok like?*
One shou d be able to descr be specific fea-
tures of the aitferent eccsystems \n anes
own surroundings. Field observat ons must
be made in both urban and natura sur-
roundings.

o What 5 15 structure?
s it @ forest, a grassand, & water body, an
agricultural area, & grazing area, an urban
area, an ndustria area, etc.?

What you should see are 1s different char-
acterisucs. A forest has layers from the
ground to the canopy. A pand has d ffer-
ent types of vegetation from the penphery
toits center. The vegetation on a mountan
changes from its base to its summit.

*  What is the composition of its pant and
anmal speces?
List the we!-known plants and animals you
can see. Document their abundance &ng
numbers In nature: very comman, commaon,
uncammon, rare. Wild mamma's w! not
be seen In large numbers, catt & wou/d be
comman. Same birds are camman - which
are the most comman speces? Insect spe-
cles are very ccmmaon and most abundant.
n fact there are so many that they cannot
be easily counted

Ecosystems

e 'How does the ecosystem work'?

The ecosystem functions through several
biogeachemica cycles and energy transfer
mechanisms. Observe and documnent the
companents cf the ecosystem which con-
5 515 0f Its non-lvng or abiotic features such
as ar, water, cimate and soil. Its b otic com-
ponents, the various p/arts and animals.
Both these aspects of the ecosystemn inter-
zct wth each cther through several func-
tionzl aspects to form Nature's ecosystems,
Plants, herbivores and carnvores can be
seen ta farm food chans. All these chans
are oined together 1o form a ‘web of fe'
cn which man depends. Each of these use
energy that camnes from the sun and pow-
ers the ecosystem.

3.1.2 Ecosystem degradatian

Ecosystems are the bass of life tself! The natu-
ra ecosystems n the w dermness provide a vari-
ety of prcducts and are reg ans in which a num-
ber of vtal ecclogical processes are present,
withaut which human civ zzton would not be
ab'e to exist

Ecosystems are however frequently disrupted by
human actions which ead to the extinction of
speces of plants and animals that can live anly
in the ditferent natura eccsystems. Some spe-
ciesif el minated ser cus'y atfect the ecosystem.
These are caed ‘keystone’ species. Extncton
occurs due to changes in land use. Forests are
ceforestag for timber, wetlands zre drained to
Create more agricutura and and semi ard
grass ands that are used as pastures are changed
into irr gated flelds. Polluton from industry and
waste fram urban settngs can asc leaad to ex-
tinctan of severa speces.

The reason for the gepleton of naturzl rescurces
1s twofald - cur rapidly exp cdng population
that needs to sustain tself on rescurces, and
the growth of affluent societies, which cansume
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and waste a very large propormon of rasources
and energy ncreasing extraction of resources
s at the cast of natural ecosystems, leading to a
derangement of their impariant functions. Each
of usinourday vesuse a variety of resources.
If wracked hack to ther source, ane finds that
the resources were orginally abtained from
nature and natural ecosystems. Cur nsens tiv-
ity 1o usng resources carefully has preduced
sccleties that nature can na longer sustan. If
one thinks before wasung resgurces such as wa-
ter, reusing and recycling paper, using 'ess plas-
tcs that are non-gegradable, culm native y this
can have positive implicztions cn the ntegrity
of cur naturzl resource base and conserve the
rescurces that nature provides.

Ecosystems and man: Every region of cur earth
has aifferent ecasystemns based on 1t cimatic
cond tions and geograph cal feature. There are
terrestria ecosystems on land and quatic eco-
systems in water.

3.1.3 Resaurce ulilisation

Most trad ticnal societies used their environment
sustainzb'y. Though inegua ty 0 resaurce utili-
zation has existed in every soc ety, the number
of ndividuas that used a arge proportion of
rescurces was extremey imited. In recent nmes
the preportion of ‘nch’ people n atfluent scci-
eties, grew rapidly. neguality thus became a se-
rous problem. Wherezs in the past many re-
scurces such as imber and fue wocd fram the
forest were extracied sustanatly, ths patam
has drastically changed during the 'ast century.
The eccnomically better off sections began 1
use greater amounts of forest preducts, wh e
thase people who lived n the forest became
increas ngly poor. Sm any the building of large
irmgatan projects led 1o weath in these areas
that had canas, while thase whe hand to re-
main depengent on & constant supply of water
from the nver tsalf, found it difficult to survive.

The key 10 ths ssue is the nead for an 'equi-
table’ distrbuton of al types of natural re-
sources. A mare even sharing of resaurces wthin
the community can reduce these pressures on
the natural ecosystems.

3.2 STRUCTURE AND FUNCTIONS OF AN
ECOSYSTEM

Structural aspects

Components that make up the structural as-
pects cf an eccsystem ncude:

1) 'norganic aspects - C, N, CO,, H,0.

2} Crganic compeunas — Protenn, Carbe-
hydrates, Lipds - link abatic to blotc
aspects.

3) Cimatc regimes - Temperature, Mais-
ture, L.ght & Topography

4) Producers — Plants.

51 Maco cansumers - Phagotrophs - Large
animals.

6) Moo consumers - Saprotrophs, absort-
ers — fung

Functional aspects

11 Energy cycles.

2) fcod chains.

3) Dwersty-nter nkages betwseen organ-
ISms.

4) Nutrent cycles-b cgeachemical cycles.

5) Evoution.

56 Environmental Studies for Undergraduate Courses
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Since each ecosystem has 2 non-living and & liv-
Ing part that are linked to each other, one needs
ic ‘cok around us and observe this c.osely. This
s an impaortant aspect that is a vitzl part of our
lives,

The non-ving compenents of an ecosystem are
the amount of water, the var ous inorganic sub-
stances and organic compounds, and climatc
canaitions such 3s rainfal and temperature,
which depend on gecgraphcal conaitons ang
loczren which Is a'so related tc the amount of
sunlight. The \ving arganisms n an ecosystem
are inseparzble from ther habitat

The living companent cf plant life ranges fram
extremely sma’ bactena, which ve n air, wa-
ter and sall, algae which ve in fresh ana salt
water, 1o the terrestria plants wh ch range fram
grasses and herbs that grow after the monsoon
every year, to the giant long-lived trees of the
torest. The plants convert energy from sunhight
inta organ ¢ matter for ther growth. They thus
function as producers in the ecosystem. The liv-
ing campanent of the an mal world ranges fram
MCroscopic animas, to sma ' insects and the
larger an mals such as fish, amphibia, rept es,
birds and mammas. Man is ust ane of the 1.8
million species of plants and animals that inhahbit
the earth.

3 3PRODUCERS, CONSUMERS AND DECOM-
POSERS

Every livng organism is in some way dependant
on other organ sms. Plants
are food for herbivcrous an -
mals which are n turn food
far carnivcrous anima's
Thus there are different
trop ¢ levels in the ecosys-
tem. Some organisms such
as fungl live cnly cn oead
mater gl and inorganic mat-
tar,

Ecosystems
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Plants are the ‘praducers’ in the ecasystem as
they manufacture their fcod by using energy
from the sun In the forest these form commu-
nities of plant  fa. In the sea these incluge tiny
algal forms to large seaweed.

The herbivorous animals are primary consum-
ers as they live on the praducers In a forest,
these zra the insects, amphibia, reptles, birds
and mammas. The herbivorcus anma's noude
tor example hare, deer and elephants that ve
on p ant life. They graze an grass or feed on the
foliage fram trees. n grass ands, there are her-
b vores such as the blackbuck that feed on grass.
In the semiarid areas, there are speciez such as
the chinkara or 'ind an gazele 'n the sez, there

Herhivores

b
b N

I L7 X e
"(-{f. {:\\ Gramnivores
aresma fsh thatlive an algae and other plants.

At a hgher topic level, there zre carnivorous
animals, or secondary
consumers, which live
on herbivorous an-
ma's. In cur forests,
the carnivorous ani-
mals are tigers, eop-
ards, ackals, foxes
and small wild cats. In

Carnivores
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the sea, carnivorous fish [ve an other fish and
manne an mals. Animals that lve in the sea
range in size fram microscopic forms 1o g ant
mammals such as the whale.

Decomposers or detrivores are 2 arcup of or-
ganisms consisting cfsmal anmas ke worms,
insects, bactera and fungl, which break down
dead crganic matenal into smal er partices anad
fnaly nta simpler substances that are used by
pants as nutrtion. Decompos tion thus i & vital
tunction In nature, as w thout thig, &l the nutri-
ents would be ted up in dead matter and ng
new  fe could be producec.

Mast ecosystems are high'y complex and con-
sstof an extremely large number of ind v duals

Detrivares

of a w de variety of species. In the species-rich
trop cal ecosystems (such as in our country), anly
a few species are very comman, wh e most spe-
cies have relatvely few Indiv duals. Some spe-
ces of pants and animals are extremely rare
and may accur any at a few ocations. These
are said tc be 'endemic’ 1o these areas.

When human activ ties a'ter the balance in these
ecosystems, the "perturbatcn® leads to the
disappearance of these uncemmon species.
When this happens ta an engemic spec es that

58

Is not wdely dstrbuted, it becomes extnct for
all tme.

3.4 ENERGY FLOW IN THE ECOSYSTEM

Every ecosystem has several nterrelated mecha-
nisms that affect human iife. These are the wa-
ter cycle, the carton cyde, the cxygen cycle,
the nitiregen cycle and the energy cycle Whie
every eccsystem is controlled by these cycles, in
each ecosystem |ts abiotic and biotic features
are dstunct frem each ather.

All the functons of the eccsystem are in some
way related to the arowth and regeneration of
itz plant and an ma' species. These linkad pro-
cesses can be depicied as the vari-
ous cycles. These processes de-
pend on energy from sunlight
Durng phctosynthesis carbon di-
-=~_ oxide 15 taken up by plants and
oxygen is re eased. Anmals de-
pend an this oxygen for their res-
piration. The water cyc e depends
on the ranfal, which = necessary
tar plants and animals to live. The
energy cycle recycles nutrents
into the soill on which pant life
grows. Cur own ves are closely
linked ta the praper functoning
of these cyces of life. If human
activites go cn altering them, humanty cannot
survive on our earth.

3.4.1 The Water Cycle

When it rains, the water runs along the grcund
and flows nte rivers or fal's directly intc the sea,
A part of the ra nwater that falls on land perco-
lates intc the ground. This s stered underground
throughout the rest of the year. Water s drawn
up fram the grouna by plants zlong with the
nutrients from the sal. The water is transpired
fram the leaves as water vapour and returned
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3.4.2 The Carbon cycle

The carbon, wh ch occurs in
crganic compounds, is in-
¢ uded in bath the abotic and
biotic paris of the ecosystam.
Carton is a bu ding block of
both plant and an mal tissues
n the atmosphere, carbon
cccurs as carbon dioxide
(CO,). In the presence cf sun-
ght, plants take up carbon
dioxide from the atmosphere
through their leaves. The
plants comb ne carbon diox-
de with water, whch is ab-
sorbed by their roots from the
soll. In the presence of sun-

tc the atmosphere. As tis ghter than air, wa-
ter vapour rses and forms clouds. Winds blow
the clouds far ‘cng distances and when the
clouds rise higher, the vapour condenses and
changes into drap ets, which fall an the land as
rain. Though this is an end-
less cycle on which | fe de-
pends, man’'s activites are
making drastic changes n
the atmosphere through
pollution which is altenng
rainfall patterns. Ths s
lead ng to prolonged
drought periads extend ng
aver years In countries
such as Africa, while caus-
ing floods in countries such
as the US. E Nino storms
due 10 these effects have
devastated many places n
the last few years.

Ecosystems

ght they are atle to form car-
bohydrates that contain car-
bon. This process s known as
photosynthess Plants use this
camp ex mechanism far their
growth and development. In
this process, pants reease
oxygen into the atmaosphera on which animals
depend for their respration. Plants therefare
hep 0 regu ating and mon toring the percent-
age of Oxygen and Carban dicxide in the earth’s
atmasphere. A of mank nd thus depends an

59
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the oxygen generatad through this cycle. It alse
keeps the CO, at acceptable levels

Herbivorous animals feed on plant matenal,
which is used by them for energy and far their
grawth. Both plants and animals release carban
d ox de dunng respiration. They also return { xed
carbon to the sail in the wasie they excrets
When plants ang animals cie they return thair
carbcn ta the sal. These pracesses comp ete the
carbon cycle.

3.4.3 The Oxygen Cycle

Oxygen is taken up by pantsand ani- 50"

mals from the air during respiraton. S 4%

The plarts return oxygen 1o the at-
masphere durng photasynthesis. This
links the Oxygen Cycle 1o the Carban
Cycle Deforestatanis kely to gradu-
ally reduce the oxygen leve's in our
atmosphere. Thus plant life plays an
important role In our [ves whch we
frequently do not appreciate. This is
an mpertant reason 1o parncipate in
afforestation programs.

60

3.4.4 The Nitragen Cycle

Carnivarous animals feed cn herbvorcus ani-
mals that live on plants. When anima's defecate,
this waste materal is broken down by worms
and rsects mastly beatles and ants. These small
‘'so ermimals’ break the waste matenal into
smaller bts on which microscoplc bacteria and
fungi can act Thismatenal ¢ thusbroken down
further intc nutnents that plants can absort and
use far their grawth. Thus nutrents are recycled
back from animals 1 plants. Similarly the bod-
les of dead animas are also broken down into
nutrients that are used by the
plants for ther growth. Thus
the ntrogen cycle on which
ife s dependent s com-
pleted.

hitrogen fixng bacteria and
fung in so gves ths impor-
tant element to plants, which
sbsorb it as nitrztes. The ni-
trates are 3 part of the plant’s
metabclsm, which he'p n
forming new plant proteins,
This 1s used by animals that
teed on the plants. The nitro-
gen s then transferred to car-
nivorous animas when they
feed cn the herbivores. Thus our own ves are

Nitragen
Cycle
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closely interinkea 1o soll an mals, fung and even
bacteria in the sall. When we think of food webs,
we usual y think of the large mammals and ather
large forms of | f2. But we need to understand
that It is the unseen small anma's, plants and
m crascopic forms of life that are of great value
far the functioning of the ecosystemn.

3.4.5 The Energy Cycle

The energy cycle s based on the fow cf energy
through the ecosystemn. Energy frem sunl ght is
converied by plants themseves into growing
new plant matenal which ncudes eaves, flow-
ers, frut, branches, trunks and rocts of plants

e sl N
n

- ._:q'.:__

e v t..- ;-D E
e

Energy Cyde

Ecosystems

Since plants can grow by converting the sun’s
energy d rect'y intc their tissues, they are known
as praducers r the ecosystem. The plants are
used by herbivarous animals as fcoa, which
gives them energy. A arge part of this energy is
used up for day to day functions cf these ani-
mals such as breathing, digestng focd, suppaort-
ing growth of tissues, maintaning blood flow
and bady temperature. Energy is also used for
actwvites such as coking for foog, f nding shel-
ter, breeging anc bringing up young anes. The
carnivares n turn cepend on herbivarous ani-
mals an which they feed. Thus the different plant
and animal species are nked to one another
threugh food chains Each focd chain has thres
or four links. However as each p'ant or animal
can be linked to several other plants or
anmals through many aifferent link-
ages, these inter- nked chains can be
dep cteo as a complex food wehb. This
i5 thus called the ‘web of ife’ that shows
that there are thousands of nterrelaton-
shigs in nature.

The energy In the ecosystem can be de-
picted n the form of z food pyramid o
energy pyramld The focd pyramid has

- ‘&3 o 7 g\ alarge base of pants called ‘produc-
Ny SNy g~ aea

ers’. The pyramid has a nammower midd &
secticn that depicts the number and bio-
mass cf herblvarous animals «hich zre
callec first order consumers . The apex
depicis the sma  biomass of carnivarous
animals ca =c ‘second order cansum-
ers’. Man s cne of the animals at the
apex af the pyramid. Thus te support
mankind, there must be a large base of
herb varaus animals and an even greater
guantity of p'ant matenal.

v

When plants and animals die, this ma-
teral is returned 1o the soll after baing
broken down ‘nta simpler substances by
decampasers such as insecis, warms,
bacteria and fungi so that plants can
absort the nutrients through their reots.

ol
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Anmals excrete waste preducts after d:gesting
toad, which goes back 1o the sail This links the
energy cyc'e tc the Nitrogen cyce.

3.4.6 Integration of cycles In Nature

These cyc/es are a pan of globa ife processes
These b cgeochcemical cyc es have spec fic fea-
twres In each of the ecosystems. These cycles
are hawever linked 1o those of adjacent ecosys-
tems. Ther charactenstcs are specfic 1o the
pant and animal cammun ties in the reg an. This
s related to the geographica features of the
area, the climate and the chemiczl compasition
of the sa!. Together the cyces are respansib'e
farma ntaining life an earth. f mankind d sturks
these cycles beyand the | m1s that nature can
sustan, they wl eventua \y break doewn and lead
tc a degraded earth on wh ch man wil not be
able to survve.

3.5 ECOLOGICAL SUCCESSION

Ecolog cal success on s a process through which
eccosysterns tend to change aver 2 pericd of time.
Succession can be related to seasonal environ-
menta changes, which create changes in the
community of plants and anmals living n the
ecosystem. Other successional events may take
much longer periods of tme extending to sev-
eral decades It a forest s cleared, 1115 initiglly
coonized by a certan group of species of p ants
and anmas, which gradually change through
an argerly process of commun ty development.
One can predict that an opened up arez will
gradually be converted into a grassland, 2
shrubland znd finally a woodland ana a forest if
permitted tc do so without human interference.
There s a tendency for succession 1o produce &
mere or |ess stable state at the end of the suc-
cessiona stages. Devecpmental stzges in the
ecosystern thus consist of 3 poneer stage, 3
seres of changes known &s serel stages, and
fnaly a cdimax stage. The successive stages are
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reated ta the way in which energy f ows
through the biologica system. The most fre-
quent example of successional changes occur
In & pond ecosystem where t fluctuates fram a
dry terrestrial habitat tc the early colonisation
stage by smal aguatic species after the mon-
scon, which gradually passes through to 2 ma-
ture aguat c eccsystem, and then reverts back
to s dry stage in summer where s aguatic life
remains dormant.

3.6 FOOD CHAINS, FOOD WEBS AND ECO-
LOGICAL PYRAMIDS

The transfer of energy from the source in plants
through 2 senes of organsms by esting and
be ng eaten canstitutes fcod chans. At each
transfer, a large proportion of energy 1s last in
the farm of heat. These foca cha ns are not 1so-
lated sequences, but are interconnected with
sach other. This interlocking pattem 1s known
as the food web. Each step of the focd web 15
called a troph ¢ level. Hence green pants oc-
cupy the first 'eve, herbvores the secand leve,
carnivares the third level and secendzary carni-
vares the fourth 'evel. These trophic levels to-
gether form the ecclog cal pyram c.

3.6.1 The foed chalns

The most obv ous aspect of nature is that en-
ergy must pass fram cne living organism to an-
other. When herbivarous animals feed on piants,
energy ‘s transferred fram plants to anmals. In
an ecosystem, some of the anima s feed on cther
living organisms, wh e some feed on oead or-
ganic matter. The latter form the “detritus’ food
chain. At each linkage n the chain, a ma or part
of the energy from the focd s lost for daly ac-
tivties. Each chain usua'ly has ony four to fve
such nks. However & single speces may be
linked tc alarge number cf speces.
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3.6.2 The foad webs

In an eccsystem there are a very large number
of interlinked chains. This farms 2 food web. |f
the nkagesin the chains that make up the web
of life are d srupted due 1o human actvites that
lead to the css or extinct on of spedies, the wet
breaks down.

3.6.3 The ecological pyramids

In an ecosystem, green p anis - the producers,
utilize energy directy from sun ght 2nd convert
it into matter. A large number of these organ-
isms form the most basic, or first "traphic leve”
of the fcod pyramid. The herb varous animals
that eat plarts are at the second trophic level

Terrestrial
Food Pyramid

Aquatic .
Food Pyramid

.fr LI‘J‘ mmmn-mmnﬂ. ;
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£ !
T praMARY PRODUCERS
(FLAME TON)
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and are called prmary cansumers. The preda-
tors that feed cn themn torm the third trophic
leve and are known as seccndary consumers.
Onvy a few animals form the th rd trophic leval
consisting of camivares at the apex of the food
pyramid. Ths is how energy is used by (ving
creatures and flows thraugh the ecosystem from
I1s base to the apex. Much of the energy is used
up in activities of each v ng organsm

3.7 INTRODUCTION, TYPES, CHARACTERIS-
TIC FEATURES, STRUCTURE AND FUNCTIONS

Types af Ecosystems
Terrestrial Ecosystems Aquatic Ecasystems
Forest Pond
Grassland Lake
Semi arxd areas Wetlana
Dezarts Rrvar
Mountamns Delta
Islands Marnine
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Far each of these ecosystems we need 1o un-
derstand 4 basic (ssues

1. What Is the nature of the ecasystemn? What
is Its structure and Its functions?

2. Who uses the ecasystem and for what pur-
pose?

3. How are these ecosystems degraded?

4 What can be done to pretect 't from deterio-
rating n the long-term? How can the ecosys-
tem be canserved?

Ecosystem goods and services

Direct Values:

These are resources that pecp e depend upon
drecily ana are easy to guantify n economic
1erms.

* Consumptive Use Value - Non-market
va.ue af frut, fodder, firewocd, etc.
that are used by pecpe who collect
them from their surrounds.|

* Productve Use Value - Cammercial
vélue of tmter, fish, med ona plants,
etc that people colect for sae.

Indirect Values:

These are uses that do not have sasy ways o
guantify them in terms of & cleary definabe
price.

s hon-consumptive use value - scentific
research, brd-watching, ecatour sm,
Ei

¢ Cpuon value - mantainng options for
the future, so that by preserv ng them
cnecould reap eccnom c benef tsin the
future,

64

*  Existence value - eth cal and emoticnal
aspects of the existence of wildlife ana
nature,

Terrestrial ecosystems in ther natura state are
fourd in different types cf forests, grasslands,
semiand areas, deserts and ses coasts. Where
the 'and i1s ntensively used, these have been
graduz/ly modified over severa thousand years
into agrcultura and pastaral regions. In the re-
cent past they have bean rapidly converted into
intensvely irrigated zgricultura] ecosystems or
into urkan and ndustria centers. Though this
has Increased productian of food and pro-
vides the raw material for ‘consumer’ gaods
that we use, the cveruse and misuse of land
and natural ecosystems has led to a serlous
degradation of our envircnment. The unsus-
tzinable use cf environmental goods such assol
water, fuelwood, timber from forest, grasses
and herbs from grasslands for grazing and re-
peatedy buming the grass, degrades these natu-
ra ecosystems. Sim arly, improper use of re-
scurces can destroy the services that the natu-
ral ecosystems prov de. These processes of na-
tura such as photosynthesis, climate control, pre-
vention of soll ercsion are dsturbed by many
human actvites. When cur human populatan
was smal, most eccsystemns could supgply all our
needs Rescurces wers thus used 'sustainably'.
As industria "development’ led 1o a very great
increase \n consumpton of resources, the short
term economic ga rs for people became an n-
dicator of progress, rather than long term eco-
logica berefits. This has resulted in an "unsus-
tainable use' cf natura resources. Forests 1hus
d sappear, rivers run dry, deserts begin to spread,
and ar, water and scil become increasingly pol-
luted as by-products of development. Kuman
wel being itself s then seriously affected
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3.7.1 Farest ecosystem

Farests are formed by & cammunity of piants
which is predeminantly structurally defined by
its trees, shrubs, cimbers and ground cover.
Natural vagetaton lcoks vastly d fferent from 3
group of planted trees, whch are In orderly
raws. The mest ‘natura’ undisturbed forests are
located manly in cur National Parks and Wild-
life Sanctuzries. The landscapes that make up
varous types of forests ook very differant trom
each other. Their distinctive appearance Is a fas-
cinating aspect of nature. Each farest type forms
a habat for & specific communty of animals
that are adapted ¢ live In (L.

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

« The non-living or abiotic aspects of the
forest The type of farest depends upon the
gbiotic condtuons at the site. Forests on
maountains and hlls differ fram those along
river vélleys. Vegetation is specific to the
amount of ranfall and the oca tempera-
ture which vares accord ng to latitude and
zltitude. Forests also vary in their pant com-
munties in response to the type cf so .

* Theliving or the biotic aspects of the for-
est: The plants and an ma's form cammu-
rities that zre specifc to each forest ype.
For instance coniferous trees occur in the
Himealayas. Mangrove trees occur n river
cetas. Tharn trees grow In ard areas. The
snow eopard lives n the Hima ayas whi'e
the eopard and uger live in the faorests of
the rest of India. Wid sheep and goats ve
high up in the Himalayas. Many of the birds
cf the Himalayan forests are different fram
the rest of ndia. Evergreen forests of the
Western Ghats and North East Ind a are
mast rich In plant and anima speces.

Ecosystemns

The biatic companent inc udes bath the large
{macrophytes) and the mcroscopc plants and
anmals

Plants include the trees, shrubs, clmbers,
grasses, and herbs in the forest. These nclude
species that flower (angiosperms), and nan-f ow-
ering species (gymnasperms) such as ferns, bryo-
phytes, fung and zlgae.

The animals nclude species of mammals, b rds,
reptiles, amph bians, fish, nsecs ana other in-
vertebrates and a variety of microscop c anima's.

As the plant and animaz| species are ¢ osely de-
pendent on each other, together they farm dif-
ferent types of forest communites. Man s 3 parn
of these forest ecosystems and the oca peop e
depend directly on the forest for severzal natural
resgurces that act as their fe suppart systems,
Pecp'e who do nct live n the forest buy forest
products such as wood and paper, whch has
been extracted fram the forest Thus they use
torest praduce ndirecty from the market.

Forest types in Indla: The forest type depends
upon the abiotic factors such as ¢ mate and soll
characteristics of a region. Forests in India can
be broadly d wided Intc Coniferous forests and
Brozd eaved farests.

They can aso be classif ed according to the na-
ture of ther tree species — evergreen, decidu-
ous, xerophyt c or thorn trees, mangroves, e1c.
They can a'sc be class fied accord ng to the mast
abundant species of irees such as Sal or Teak
forests. In many cases a forest s named after
the first three or four mast abundant tree spe-
cles.

Coriferous forests grow in the Himalayzn moun-
tan regen, where the temperatures are ow.
These forests have 13/l stately trees with needle-
like leaves and cownward siaping branches so
that the snow can slip off the branches. They
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-, eral months Same even get tw
manscons, such s In Southern In-
dia. Evergreen plants shed a few of
their leaves throughout the year.
There = ne dry leafless phaseasina
dec duous forest. An avergreen for-
est thus loaks green throughout the
year. The trees overlap with each
cther to form a continuous canopy
Thus very ttle light pensetrates down
: - 1o the farest floor. Cnly 2 few shade
=Y ) " - ov.ng plants can grow In the ground
; ' s ' ayer in areas where some ght fil-

-

& tars down fram the cosed canopy.
(7 The forest is rich n orchids and ferns.
f e The barks of the trees are covered
s Ak n mass. The forest abounds in ani-

mal life and is mostrich i insect ' fe

G
V4
k£

r

Evergreen forest

Broadleaved forest

have ccnes instead cf seeds and are
called gymnasperms.

Broadleaved forests have severz| types,
such as evergreen farests, deciduous
forests, thorn forests, and mangrove
forests. Broadleaved forests have large
leaves of various shapes

Evergreen forests grow inthe high ran-
tall areas of the Western Ghats, Narth
Eastern India and the Andaman and
Nicobar Is.ands. These forests grow in
areas where the monscon asts for sev-
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Deciduous forest

called xerophyt ¢ species and ars
able 1o conserve water. Scme of
these trees have small ezves,
while other speces have thick,
Wwaxy eaves 10 reduce water
losses dur ng transp raton. Thorn
forest trees have long or fibrous
roots to reach water a1t grest
depths. Many cf these plants
have thorms, which reguce wa-
ter loss and protect them from
herbivares.

Mangrove forests grow a ong the
coast especialy in the rver gel-
tas. These p ants are sb'e to grow

Deciduous forests are found in regions
with 8 moderate amount of seasonal
rzinfall that lasts for only a few manths
Mast of the forests in which Teak trees
grow are cf this type. The deaduous
trees shed their leaves during the win-
ter and hot summer months. In Narch
or April they regan the r fresh leaves |ust
before the manscaon, when they grow
vigaraus y in respanse to the rains. Thus (3%
there are perods of eaf fa' and canopy S A 14 1L
regrcmh¥ The forest frequently has : I-E‘T-;f}cl\“ .
thick undergrowth as light can penetrate YT
easily ontc the forest fioor.

, P 71 > ol 0
Thomn forests are found in the sem:- ard W

regions af Ingia. The trees, which are S Ul

sparsely d strbuted, are surrcunded by __o'f“ﬂt-"f""—’éu

open grassy areas. Tharny p ants are ' —— T E )

Ecosystems o7
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Forest communities:
Forest type Plants Examples Common Animal Examples Rare Animal Examples
Himalayan Coniterous  Pine, ceodar Wile goats ard sheep, Snow leopard, +angul,

Hima ayar black bear.

Himalayan Sroadleavea  Maple, oak

Jamun, Ficus,
Diptarocarpus

Evergreen North-east,
Western Ghats,
Andaman & Necobar

Tiger, Leopard, Sambar, Malabar
whistlirg thrush, Maabar Fed
horrbil, tree frogs.

timalayan brown bear,
Musk deer, +:malayan
‘-"-'O"

F.gmy Hog, Rhino,
Lonta led macaque

Tiger, Chital, Barkirc ceer,

Babblers, Flycatcters, Hornbils.

Deciduous - Dry Teak, Air,
Terminaia
Moust Sal

Thorn and scrub,
Sermvarid forests

Eabul, Ber, Neam

| zard

Mangrove Delta Avceria

Forests

B ackbuck, Chinkara, Fourtarned
antelope, Partridge, Mantor

wao'f, Bustard, Florican,
Eustarcs,

Crocodle, shoreb rds — sanoplpers,  Water monitor | zard.
plovers, fish, crustacea

in & mix cf saline and fresh water. They grow
luxuriantly n muddy areas covered with silt that
the rivers have brought down. The mangrove
trees have brezthing rocts that emerge from
the mudbanks.

Farest utilisatian: Natura forests prov de local
people with a variety of progucts £ the forest is
used carefu ly. Over-explo tation for fue wood
or tmber, and conversion to monoculture plan-
tztions for timber or cther preducts, mpaver-
ishes local people as the economic benefit goes
to people who ve elsewhere. The entre re-
scurce base on which lccal people have tradi-
tonzlly survived for generations, 1s rapdly de-
stroyed. Eventualy the farest is completey de-
graded

Natura forest ecosystems play an mportant roe
in contrelling local cimate and water reqmes.
Itis we l-known that unger the canopy of a natu-
rzl forest, it Is ccoler than outsde the forest

68

During the monsocn, the forest retains mos-
ture and slowy releases it through perennal
streams during the rest of the year. Pantations
fail 1o perform this function adequately. The oss
of forest cover in the catchments of a rver thus
leads ta irreversible changes such as excessve
scll erasion, large run-cff of surface water dur-
iIng manscons leading to flash floods, and &
shortage of water cnce the mcnsoans are over.

Forest products that are collecied by peop e
inc ude fooad such as fruit, roots, herbs and me-
dicna plants. Peop'e depend on fue wocd 1o
cock food, collect fodoer for domestic an mals,
cut bulding matenal far housng, colect
med cina peants that have been known for
generations for several ailments and use 2 vari-
ety of non umer forest products such as fiber,
cane, gqum, 1o make househo!d artces Wood
from different species of trees have specia uses.
Far instance 2 scft woced 1s usea far the yok of 2
bullock cart while a very hard wcod s used for
its ax . These forest products are of great eco-
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Forest Products

nomicva ue as they are collected, sold and mar-
keted. Forest dwelers and agricu'tura peop'e
use these geods girectly. Other peaple get them
indirect'y from the market Traditional types of
agriculture needs forest material such as
branches and ‘eaves, which are burnt 1o farm
wood ash which acts as 2 fert/iser for crops such

as rce.

Urban pecple use these forest rescurces indi-
rectly as zll their fcod and cther goods come
fram agricultural areas that are dependent on
the ne.ghbouring forests.

Forest services include the control of the flow
af water in streams and rivers. Forest cover re-
duces surface runoff of ra nwater and allows
ground water to te stored. Forests prevent ero-
s.an of sall. Once soil 1s (ast by erosion, it can
tzke thousands cf years to reform. Forests regu-
late loca temperzture. It s ccoer and more
maist under the shade cf the trees in the forest.
Mast Importanty, forests zbsort carbon diox-
ide and release oxygen that we breathe.

The wid relatives of our crop plants and fruit
trees have specia charactenstics in their genes
which are used to develop new crops and newer
vaneties of fruit These nawer varieties devel-
oped from wi d reatives gve greater yields or

Ecosystems

are mare resstant 1o dseases. New industral
procducts are beng produced from the wid
plants of the forest Many of our new medi-
cnes come from wd plants.

Direct uses of forest products

Fruits - manga, jamun, awla

Rootz — Dioscaona

Medicine — Glor osa, Foxglove

Fus wood - many species of trees and shrubs
Sma’' tmber for bu 'ding huts and houses
Waod for farm implements

Bambco and cane for baskets

Grass for grazing 2nd siall feeding livestack

Indirect uses of forest products

Building matenal for construction and furni-
ture for the urban sector

Medicinal products co'ected and processed
Into drugs

Gums and res ns processed ntc & variety of
products

Raw materng for industnal products and
chemicals

Paper fram bambeco and scfiwoods

What are the threats to the forest ecosys-
tem?

As forests grow very slowly, we cannot use more
resgurces than they can produce durng a grow-
ing seasan. If umber is felled beyond a certain
limit the forest cannat regenerate. The gaps in
the farest change the habitat qua ty for its ani-
mals. The more sensitve speces cannot survive
under these changed conditons. Overut!izing

a9
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forest resources s an unsustainable way of ms-
using our imited forest resources. We are now
creatng mare and more gooes that are manu-
factured from raw matenal from the forest. This
leads to forest degradation and finally changes
the ecosystem into wasteland. Weod is | egally
extracted from many forests leaoing te a h.ghly
d sturbed ecosystam.

Develocpmenta activities such as rapd popula-
ton growth together with, urbansaton,
ingustralisaton and the increasing use of con-
sumer goods, leads to over util sation of forest
proguce. Forests are shrinking as our need far
agricultural land increzses. 1 s estimated that
India's forest cover has decreased from about
33% to 11% in the ast century. The increasing
use of wood for timber, wood pulp for paper
and the extensive use of fue'wood results n
continual forest loss. Forests are also lost by
mning and buildng dams As the forest re-
sources are exploted beyond what they can pro-
duce the forest canapy § opened up, the eco-
system (s degraded, and ts wildlife /s seriously
threztened. As the forest is fragmented nto
small patches its wild plart ang animal spedies
became extnct These can never be brought
back. Extnctian is forever.

What if the forests disappear?

When forests are cut down tribal peaple whe
depend direcily cn them for food and fue wood
and other products fnd it very d flicu't to sur-
vive. Agricultura people do not get enough
fuelwoed, sma' timber, e1c for making houses
and farm mplements. Lrban people who de-
pend on tood from agricultural areas, which in
turn depend on ne ghbaur ng farest ecosystems
have ta pay a hgher price far food as human
population grows.

Insects that ive and breed in the forest such as
bess, butterflies ang moths decrease n abun-
dance once forests are degraded. As ther num-
bers decrease they are unab e 1o effectvely pal-
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linate agr cu'tural crops and fru ttrees This leads
10 a decrease in agricultural y elds.

The rain that falls on deforested land flows di-
rectly nto nearby rvers. Thus water s not re-
taned under the ground. Peaple thus da not
get a sufficent quantity of water throughout
theyear The exposed so is rapidly washed away
durng the rains cnce the pratect ve forest cover
s removed. Thus agnicu ture Is ser cus'y affected
In such areas. In deforestad areas, the water in
streams s brown in colour as sal s washed away
while water in forested streams s crystal clear.

Wild anmz's lose their habitat. Ths leads to
axtinction of our precicus speces. Res dual for-
ests must be protected from beng destroyed
any further |f al the diverse speces of pants
and an mas are ta be kert for future gerera-
tions.

How can forest ecosystems be conserved?
We can conserve farests anly If we use 15 re-
sources carefully. This can be done by us ng al-
ternate sources of energy nstead of fuelwood.
There 1s 2 need to grow mare trees than are cut
down from forests every year for t mber. Affor-
estation needs to be dane cantnuausy from
which fue wood and timber can be |ud ciously
used.

The natura forests with al ther diverse spec es
must be protected as National Parks and W d-
life Sanctuar es where all the plants and animals
can be pressrved.

3.7.2 Grassland ecosystems

A wide range of landscapes in which the veg-
statop i1s main'y formed by grasses and small
annual plants are adapted 10 nd &'s varous cli-
mat ¢ conditions. These form a variety cf grass-

land ecosystemns with their spec fic plants and
anmals.
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What is a grassfand ecosystem?

Grasslangs cover areas where rainfa’ s usually
low and/or the soil depth and guaity s poar.
The low ranfall prevents the growth of z large
number of trees and shrubs, but 1s sufficient 1o
support the growth of grass cover during the
manscon. Many of the grasses and ather small
herbs become dry and the gpart above the
ground dies dur ng the summer manths. n the
next monsoon the grass cover grows back from
the root stock and the seeds of the previous
year. This change gives qrassiands 2 highly sea-
scnal appearance with periods of Increased
grawth followed by & darmant phase.

A vanety of arasses, herbs, and several species
of insects, b rds and mammals have evolved so
that they are adapted to these wde-open grass
cavered areas. These amimals are abe ta ve in
conditions where fcod is plent ful after the rains,
so that they can store this as fat that they use
durng the dry peniod when there is very litte to
eat. Man began to use these grasslands as pas-
tures to feed his Ivestock when he began to
domest cate amima's énd became a pastora st
in ancent umes.

Grassland Types in India: Grasslands form 2
varnety of ecosystems that are located n differ-
ent chmatic canditions ranging frem near desert
cond tions, 10 patches of sho a grassiands that
occur on hi'slopes a ongside the extremely maist
evergreen forests in South ndia. n the Hima-
layan mountains there are the high cold Hima-
layan pastures. There are tracts of tall elephant
grass In the low-lying Terai tet south of the
Himalayzn fcothills. There are semi-arld grass-
lands in Western ind a, parts of Central Ingia,
and n the Deccan P ateau

The Himalayan pasture belt extends upto the
snow ne The grassancs a1 a lower leve farm
patches acong with coniferous or brozdleaved
forests. M maayan wi dlife reguire both the for-
est and the grassland ecosystem as imporant
parts of ther habitat. The ammals migrate up

Ecosystemns

LAl

Himalayan Pastures

Ly e tm b 2aetit)

(3 L a1 $a
R LR B 8 U L

into the high altitude grasslands n summer and
mave down Into the forest in winter when the
snow covers the grassland. These Himalayan
pastures have a large varety of grasses and
herbs Hmalayan hill sapes are covered with
thousands of colourful flowering plants. There
are asa a large number of med ana p ants.

The Terai canssts of patches of ta grassiands
imerspersed with & Sal forest ecosystem. The
patches of tall elephant arass, wh ch grows to a
heght of about five meters, are located In the
low-ying watericqged areas. The Sal forest
patches cover the e evatad reglons and the Hi-
malayan foothil's. The Terai also Incluges
marshes in law-lying depressions. This ecosys-
temn extends as 2 belt south of the Himaayan
foathills.

i

e
e

Terar grassland
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Semiand grassland

The Semi-arid plains of Western India, Cen-
tral India and the Deccan are coverad by grass-
land tracts w th patches of thorn forest. Several
mammals such as the wolf. the blackbuck, the
chnkara, and birgs such as the bustards and
forcans are adapted tc these and conditons
The Scrublands of the Deccan P ateau are cov-
ered with seasonal grasses and heros cn which
its fauna is dependent. itis teaming with nsect
life on which the ‘nsectivorous birds feed.

Shaola grassland . s

The Shola grasslands ccnsist of patches on
hlslcpes zlong with the Sho'z forests on the
Western Ghats, Nigiri and Annamala ranges.
Ths forms a patchwork of grass and an the
s'opes and forest hab tats slong the streams and
lowlying areas.

Grass anas are not restricted only to low rainfall
areas. Cenan grassland types form when clear-
ings are made n different farest types. Some
are located an the h gher steep hi s opes with

72

patches of forest that occur along the streams
and n depresscns. The grasslands are related
1o repeated fres that o not permit the forest
10 grow.

The grasses are the major producers of b cmass
in these regions. Each grassiand ecosystem has
a wde variety of spec es of grassas and herbs.
Some grass and herb species are more sensitve
10 excessive grazing ana are suppressed f the
area 15 over grazed. Others are destrayed by re-
peated fres and cannot regenerate. Thus aver-
used or frequently burnt grasslands are de-
graded and are poor \n plant speces dversity.

How are grasslands used?

Grass ands are the grazing areas of many rural
commun ties. Farmers who keep cattle or goats,
as wel as shepherds who keep sheep, are high'y
dependent on grasslands. Domestic animas are
grazed n the 'cecmman’ land of the village. Fod-
der s collectad and stored to feed catt'e when
there is no grass left for them tc graze in sum-
mer. Grass s also used to thatch houses and
farm sheds. The tharny bushes and branches of
the few trees that are seen in grasslands are
used as & ma or source of fuelweoo.

Overgrazing by huge herds of domestc | vestock
has degraded many grasslands. Grass'ands have
diverse species of insects that pollinate craps.
There are alsc predators cf these nsects such
as the small mammals ke shrews, reptiles like
lizards, birds of prey, and amphibiz such as frogs
and toads. All these carn varous animals help to
cantrol nsect pests in &djoining agncultural
lands.

What are the threats to grassland ecosys-
tems?

In many areas grasslands have been used for
centuries by pastora commun ties.
Overutilizzticn and changes in landuse of the
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‘comman grazing lands’ of rural communities
has ‘ead 1o the|r degradatcn. The grasslang
caver in the country in terms of permanent pas-
tures now covers only 3.7 percent of land. A
major threat 1o natura grasslands is the con-
vers.an of grasslands into rmigated farmlands.
in the Deccan, grasslands have been altered 1o
irngated farms and are now mainly used to grow
sugarcane. After continuous irrigation such lang
becomes saline and useless in a few years. Mare
recently many of these res dual grassland tracts
have been converted into ndustral areas. This
provides short-term econcmic gains but result
in long-term econom ¢ and ecologica’ losses.

Grass'ands have a limited ability to supporn do-
mest ¢ animals and wild fe. Increasing this pres-
sure by increas ng the number of doamestic ani-
mals reduces the ‘nzturglness’ of the grass and
ecosystem eading to ts degradation,

Mast grass and ecasystems are hghly mod fied
by human actwvites. Cattle, sheep and goat graz-
ing, and lighting repeztad fires atfects grasslands
adversely. Changing the grasslands to other
forms of anduse such as agricu ture, tree p'an-
tatons and industrial sation forms a serous
threat to th s highly productive ecosystem. Thus
some cf the grassand patches whch are in a
less dsturbed state and bave retained their spe-
cial plants and an'mals need to be urgenty pro-
tected.

Degradation of grasslands due 1c over grazing
by cattle, sheep and goats accurs if mare than
acrica number of domestic animals are present
in the grasslands. When animals overgraze the
area, the grasses are converted (nto fat stubs
wth very ttle green matter Degraded grass-
lands have fewer grass species as the nutritious
speces are entirely used up by the large num-
ber of domestc animas. They are thus unabe
c regenerate.

When fires are lit n the grassiands in summer,
the burnt grass gets a fresh f ush af sma green

Ecosystemns

shoats which the domestic anmals graze on If
this = dane too frequenty the grasslands begin
1o deteriorate. Finzlly grasslanas become bare,
the soil is so dly compacied by trampling, ar is
washed away during the monsoan by ran and
whipped nto dust storms during the hot dry
summer. The land s degraded, as there s no
grass to hald the soll n place. 1 becomes a
wastaland.

Why are our grassland species vanishing?
Mast pecple feel that it 1s eny cur forests and
itz w glife that Is disappeanng. However, other
natural ecosystems such as grassands are ds-
appearng even more rapidly

Many of the grassland species have disappeared
fraom several parts of India in which they were
found 50 ar &0 years ago. The Cheetzh s ex-
tnctin ndia. The Welf s now highly threatened.
Blackbuck and chinkara are poached for meat
B rds such as the beaut ful Great Indian Bustards
are vanshing. Unless grassland species are pro-
tected they w | vanish from thair shrinking hati-
tat, as natural and undisturbed grasslands are
left in very few locations. | these animals and
birds are kiled ar their habtat s reduced fur-
ther, their extnciion will rapidyy follow.

What if our grasslands disappear?

If cur grassancs are ost we wil ose 2 hghly
specalised ecosystem n which plants and ani-
mazls have been agapted to these habitat candi-
tions aver milions of years. Lecal peogple w | not
be able to support ther vestock herds.

The extinctian of species is 2 great 'oss 1o Mzan-
kind. The genes of wi d grasses are extremely
usefu for develcpng new crop varieties. New
med cnes cou d well be discovered from wild
grassland p'ants. It is pessble that genes from
wid herbvores such as wild sheep, goats and
ante opes may be used for developing new
strains of damesuc amimals.
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How can grassland ecosystems be conserved?

Grass ands should not be overgrazed and areas
of the grasslands should te c osea for grazing.
ItIs better to co 'ect grass for stal feeding catile.
A partof the grassland in an area must te closed
every year sc that a rotationa grazing parern Is
establ shed. Fires must be prevented ang rap-
id'y cantralled. n hilly areas soil and water man-
agement n each micro-catchment heps grass-
lands tc return 10 & natura highly proguctve
ecosystem

To protect the most natural undisturbed grass-
land ecasystams, Sanctuaries and National Parks
must be created. Their management should fo-
cus on preserving all ther unique species of
plants and animals. Thus they should not be
caonverted intc plantatons cf trees. The open
grassland Is the hab tat of its spec zlised fauna.
Plant ng trees in these areas reduces the natu-
rél features of this ecasystem resultng in the
destruction of this unique habtat for wild fe

What should we do?

« There s a nead to preserve the few naturzl
grassiand areas that sti’ survive by creating
hatanal Parks and Wildlife Sanctuaries in
all the d tferent types cof grasslands.

» Animals such as the walf, blackbuck,
chinkara and birds such as busiards ang
tlor cars have now become rarea aver the
country. They must be carefully protecied
n the few National Parks and Wildlife Sanc-
tuaries that have natural grassland habitats
as well as outside these Protected Areas.

* We need to create an awareness among
pecple that grasslands are of graatvalue. f
wa are al concerned sbout cur disappear-
ng grassiands and their wonderful wildlife,
the Government will be motivated 1o pro-
tect them.
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* Keepnggrassiands allve is a hatonal prior-
1y

3.7.3 Desert ecasystem

Desert and sem ard ands are high'y spec alised
and sensitve ecosystems that are easlly de-
stroyed by human activities. The spegies of these
dry areas can \ve on'y In this special sed hati-
tat.

What is a desert or a semi-arid ecosystem?

Desertz and semi arid areas are located n West-
ern ndia and the Deccan Plateau. The cimate
In these vast tracts Is extremely dry. There are
also cold deserts such as in Ladakh, wh ch are
located in the high pateaus of the Himalayas.
The most typical desert landscape that s seen
in Rajasthan is in the Thar Desert. Ths has sand
dunes. There are a'so areas coverad with sparse
grasses and a few shrubs, wh ch grow f trains.
In mast areas of the Thar the rainfal Is scanty
and sporadic. In an area t may ran only once
every few years. In the adjoning sem ard tract
the vegetaton canssts of a few shrubs and
thorny trees such as kher and babul.

The Great and Litve Rann of Kutch are highly
speqa sed arid ecasystens . In the summers they
are smar to a desert andscape. However as

Desert and Semi arid eco systems
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these are low-'ying areas near the sea, they get
converted to salt marshes during the mansocns.
Durng this period they attract an encrmous
number of aguatic b rds such as ducks, geese,
cranes, storks, etc. The Great Rann s famaus,
as tis the anly known breeding colony cf the
Greater and Lesser Famngos n our country
The Little Rann of Kutch s the only hame of the
w'd as¢ In India

Desert and sem ard reg ons have a number of
high'y spec alized nsects and rept es. The rare
animas include the Indian wolf, desert cat,
desert fox and birds such as the Graat Indian
Bustard and the Flarican. Some of the com-
moner birds Include partr dges, qualls and
sandgrouse

How are desert and semi-arid ecosystems
used?

Areas of scanty vegetation with semi-ard scru-
b and have been used for camel, cattle and goat
grazing in Ra asthan and Cu arat, and for sheep
grazng n the Deccen Plateau.

Areas that have a | ttle moisture, such as along
the watercourses, have been used for growing
crops such as jowar, and bajra. The natural
grasses and local vaneties of crops have adapted
¢ growing at very low moisture eveis. These
can be used for genetic eng neering and devel-
oping arid land craps for the future.

What are the threats to desert ecosystems?
Severz| types of development strateg es as well
as human population growth have begun 1o
affect the natural ecasystem of the desert and
sem| and land. Canversion of these (ands
through extensve (rrigaticn systems has
changed severa of the natural characterstics
aof this regian. The canal water evaporaies rap-
idly bringing the sa'ts tc the surface. The region
becomes h ghly unproductive as it becomes sa-
line. Puling excessive grocudwater from tube

Ecosystems

wels lowers the water table creztng an even
drier environment. Thus human act vities destroy
the naturaness of this unigue ecosystem. The
speczl species that evolved here over mllions
of years may scon become extinct.

How can desert ecosystems be conserved?

Desert ecosystams are extremaly sens tive. Their
acologica balznce that forms 3 habitat for their
plants ang anima's 15 easily disturted. Desert
peaple have traditanzlly protected thair mea-
gre water resgurces. The Bishnois \n Raasthan
are known tc have protected their Khedi trees
and the blackbuck antelope for several genera-
tons. The tradition began when the ruler of their
region ardered hs army to cut down trees for
his own use Severz| Bishnos were sad 1c have
been killed while trying to protect their trees.

There i1s an urgent need to protect residual
patches of this ecosystem w thin Nationa Parks
and Wi dlife Sanctuaries in cesert and sem arnid
areas. The ndra Gandhi Canal n Raazsthan is
destroying this important natural ard ecosys-
tem, as It will convert the region into niensve
agriculture. In Kutch, areas of the litte Rann,
which is the only hame of the W /d Ass, w be
destroyed by the spread of sat works.

Deve opment Pro ects a'ter the desert and arid
landscape There s asharp reduction in the habi-
tat avallable for 1s specalised species brnging
them tc the verge of ext ncion. We need a sus-
tanable form of gevecpment that takes the
spec 2l needs of the desert into account.

3.7.4 Aquatic ecasystems

The aguatic eccsystems constitute the marine
envronments of the seas and the fresh water
systems in lakes, nvers, ponds and wetands.
These ecosystems provide human beingswth a
wealth of natura resources. They provide goods
that pecple colect for food such as fish and
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crustaceans. Natural aquatic systems such as riv-
ers and seas break down chemical and organic
wastes created by man. Hawever, this function
has mtations, 25 the aguat ¢ ecosystem can-
nat handle great guantites of waste. Beyond 2
certaln lim ¢, pallution destrays this natural func-
ten.

It zguatic eccsystems are misused or over uti-
lized, ther ability tc prov de resources suffers in
the long term Over-fishing ‘eads to a fall in the
fsh catch. River ccurses that are changed by
dams 1o provide electrcity affect thousands of
pecple wha de not get a continuous supply of
water downstream for ther daly use. When
wetlands are drained, their cannecied nvers tend
to csuse foods These are a examples cf un-
sustainable changes in the use of natural re-
scurces and nature’s ecasystems that are de-
pendent on hydroiag cal regimes.

Water s an impaortant factor n all cur ecosys-
tems. Several ecosystems exist in freshwater and

mar ne salt water, There is very (Tt e fresh wa-
ter on earth, which is a key resource for peop e
all cver the waorid.

What is an aquatic ecosystem?

In aquatic eccsystems, plants and anima's |ive
in water These species are adapted tc live In
different types of aguat ¢ habitats. The specal
abotc features are its physical aspects such as
the qual ty of the water, which incluges its ¢ ar-
Ity, 53 /nity, axygen canient and rate of flow
Aguatc ecosystems may be classifed as beng
stagnant ecosystems, of running water eco-
systems. The mud gravel ar rocks that form the
bed of the aguatic ecosystem alter It charac-
terist cs and influence its p'ant and animal spe-
cies campesitan. The aguatc ecosystems are
classified into freshwater, brackish znd marine
ecosystems, which are based on the sa nity lev-
els

The fresh water ecosystems that have running
water are sireams and nivers. Ponds, tanks and
lakes are ecosystems where water does not flow.
Wetlands zre speczl ecosystems in which the
water level fuctuates drameatcally in different
seasons. They have expanses of sha ow water
with aguatic vegetaton, wh ch forms an deal
habitat for fish, crustacez and water b rds.

Marnne ecasystems are highly sal ne, whie brack-
1sh areas have 'ess sa ne water such as in rver
detas. Coral reefs are very rich In species and

Types of Aquatic ecosystems
Fresh water ecosystems Marine ecosystems
Flowing water Still water Brackish water Saline water
Streams Rivers Fonds, Deltas Coastal Deep ocean
wetlancs, sha'lows,
akes Coral reefs
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are found in only a few shallow tropical seas.
The nchest coral reefs |n India are around the
Angaman and Nicobar slands and in the gulf of
Kutch.

Brackish water ecosystems In rver deltas are
covered by mangrove forests and are among
the world's most product ve ecosystems in terms
af blomass production. The largest mangrove
swamps are n the Sunderbans in the de1a of
the Ganges.

The Pand ecasystem

The pond s the simplest aguatic ecosystem to
obiserve.

There are aifferences in a pond that (s tempo-
rary and has water only in the manscon, and a
larger tank or ake that s an aguatic ecasystem
throughout the year, Most ponds become dry
atter the rains are over and are cavered by ter-
restral plants for the rest of the year.

When a pand begins tc fill during the rans, ts
life forms such as the algae and microscopic
amima's, aguat c insects, snails, and worms come
out of the focor cf the pond where they have
remzined dormant in the dry phase. Gradually
more complex an mals such as crabs frogs ang
fish return to the pand. The vegetation n the

Ecosystems

water cons sts of floating weeos and rooted veg-
etation an the penphery which grow on the
muddy fcor under water and emerge cut of
the surface of the watear.

As the pond f/'s In the monsacn 2 ‘arge num-
ber of food chans are formed. Algze s eaten
by micrescop ¢ emmals, which ara in turn eaten
by small fsh an which larger carnivorous fch
depend. These are In turn eaten by birds such
as k ngfishers, herons and b rds of prey Agquatic
insects, worms and sna s feed cn the waste
matenz| excreted by animals and the dead or
decaying plant and anima matter. They act an
the detrtus, whch s broken down into nutri-
ents which aguat ¢ plants can absorb, thus com-
pleting the nutrient cycle n the pand. The tem-
porary ponds begin to dry after the rains and
the surrounding grasses and terrestrial plants
spread into the meist mud that s exposed. Ani-
mals such as frogs, snails and worms remain dor-
mant in the mud, awaitng the next monsoon.

Lake ecosystem

A lake ecosystem functions like a glant perma-
nent pond. A large amount of its p ant mater al
s the a'gae, wh ch der ves energy from the sun,
This s transferred to the microscop ¢ an mals,
which feed on the a gae There are fsh that are
herbivarous and are dependent on algae and
aquatic weeds. The sma'' an'mals such as
snals are used as fcod by small carnvo-
rous fish, whch in turn are eaten by zrger
carnivarcus fish. Scme speciaised fish,
such as catfish, feed an the detritus on the
muddy bed of the lake.

| Energy cyc'es through the lake ecosystem
" from the sun' ght that penetrates the wa-
ter surface e the pants. From plants en-
ergy is ransferred to herb verous animals
and carnvares. Animals excrete waste
products, which settle on the bottom of
the lake. Th ¢ is broken down by small ani-
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mals that live in the mud n the foor of the zke.
This acts as the nutrient mater al that s used by
aquatic plants for the r growth. During this pro-
cess p'ants use Carben from CC, for their
growth and in the process release Oxyaen. This
Oxygen is then used by aguatic an ma's, which
1 ter water through their respiratary system.

Stream and River ecosystems

Streams and rivers are f owing water ecosystams
in which all the livng farms are spec al y adapted
to different rates of fow. Some pants and ani-
mals such as snalls and other burrcwing ani-
mals can withstand the rapid flow cf the hill
streams. Cther speces of plants and animals
such as water beetles and skaters can live anly
in siower maving water. Same speces of fish,
such as Mahseer, go upstream from rvers to
hi streams for breeding. They need crystal clear
water to be able 1o breed. They lay egas on'y in
clear water so that their young can grow suc-
cesstully.

As defarestat an occurs in the hills the water in
the strezams that ance fowed throughout the
year become seasonal This leads to flash flcods
in the rans and a shortage of water cnce the
streams dry up after the monsoan.

The community of fara and fauna af streams
and rvers depends ar the clanty, fcw and cxy-
gen content as we' as the nature of their beds.
The stream ar rver can have a sandy, rocky or
muddy bed, each type having its own speces of
pants and anmals.

Marine ecosystems

The ndian Ccean, the Arab an Sea and the Bay
of Bengal constitute the marne ecasystems
around peninsular nda. In the coastal arez the
seais sha ow while further away, tis desp. Both
these are d fferent eccsystems. The producers
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in ths ecosystem vary from microscopic a'gae
1o arge seaweeds. There are millions of zoop-
lanktan and a large varety of inveriebrates an
which live fish, turt es and marine mammals.

The shallow areas near Kutch and around the
Andaman and N cobar s ands are same of the
mast incredible caral reefs in the world. Coral
reefs are only secand to trepical evergreen for-
ests n their nchness of species. Fsh, crustacea,
starfish, ellyfish and the polyps that deposit the
coral are a few of the thousands of species that
form ths incredib e world under the shalow sea.

Deforestavon of ad zcent mangroves [gads to
s/t beng carried out to sea whete it is depas-
ited on the cora which then dies. There are
many dfierent types of coastal ecosystems
which are highly dependent on the tide.

The marine ecosystem 1s used by coastal
fsherfolk for fshing which forms their livel hood.
[n the past, fishng was done at 2 sustainzb e
level. The marine ecosystemn continued to main-
tan its abundant supply of fish over many gen-
eratans. Now wth intensive fishing by using
glant nets and mechanised boats, fsh catch in
the nd an Ocean has dropped sgnif cantly.

Seashore ecosystems

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

Varous shore b rds feed on the r prey by prob-
Ing Intc the sand or mua on the sez shora.

Severz| d tferent species of fish are caught by
fishermen. In many areas the fish catch has de-
creased durng the ast gecade ar two.
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How are aquatic ecosystems used?

Man uses aguatic ecosystems far the clean fresh-
water on which his ife iscompletely depengent.
We neasd cean water to dnnk and for cther
domestic uses. Water Is essentia for agr culture.
Fisherfo'k use the aguat ¢ ecosystems to 2am 3
live'hcod People catch fish and crabs. They also
co ect edibe plants. This 1s used locally as food
ar forsae n the market Cver fishing leads 1o 2
serous decline in the catch and along-term loss
of iIncome far fisharfolk.

Marshes and wetlands are of great econcmic
imponance for peaple who live on ther fish,
crustacea, reeds, grasses and other preduce.

Modem man mpounds water indams o beabe
tc store it thraughout the year. Agnicuiture and
ingustry are hahly dependent cn large quanti-
tes of water. Bowever this leads to problems
for tribal people who have |ved there before
the dams were built as they are dsplaced to
bulld ‘arge dams. These dams make rich pecp e
rcher in the farmand and supports peaple In
large urban centres that use enarmaous quanti-
t es of water. The pocr bzl folk become even
poorer as the natural resources they depend on
are taken away as ther lands are submerged
under the water of the cam.

Dams are bu 1 across rivers 10 generate elac-
wicity. A large propartan of this energy is used
by urban people, by agrcultunsts \n rrgated
farm'ands and In enormous quantites for ndus-
try. Large dams have senous (| effects on natu-
ra rver acosysiems. While water fram dams
used far rrgation has lead to economc pros-
perity In same areas, In sem ard areas that are
artificialy irrigatad the high level of evaparation
leads 1o severe salinsaton as salts are brought
up into the surface ‘ayers of the sail. This makes
such 'anas gradually more and mare saline and
unproguct ve

Ecosystemns

What are the threats to aquatic ecosystems?
Water polluton occurs from sewage and poaorly
managed solid waste /n urban areas when it
enters the aguatic ecosystem of lakes and riv-
ars. Sewage 2ac0s 1o a process called eutrophi-
cation, which destroys [ e n the water as the
oxygen cantent s severely reduced. Fish and
crustacea cannot breathe and are killed. A foul
odour is produced. Graduslly the natural fora
and fzunz of the aguatic ecosystem s dastroyed.

In rural areas the excessive use cf fertlisers
causes an increase in nutnents, which leads to
eutrophicaticn. Pesticides used in 2d acent fields
pollute water and kills off 15 aguatc anmals.
Chemcal palluten from industry kills z large
number of life forms n adjacent aquatic eco-
systems. Cantamnation by heavy metals and
other toxic chem ca ¢ affects the health of peap e
wha live near these areas as they depend on
this water.

CASE STUDY
Threats to wetlands in Assam

Almost 40% of all wetands in Assam are
under threat. A survey conducted by the
Assam Remote Sensing Applcatan Center
(ARSAC), Guwahat, and the Space Research
Center, Ahemadabad, has reves ed that
1367 out of 3513 wetands in Assam are
under severe threat due 1o invason of
aguztic weeds and severzsl developmenta
activities. The wetands cf Assam form the
greatest potentia source of income for the
State In terms of fsheries and tcurism.
Though the wetlands of Assam have the ca-
pacity of producng 5,000 tones of fish per
hectare per year, arouna 20,0C0 tones cf
fsh have 1o be impaorted 10 meet loca de-
mands. This s primarily due tc poor wetland
management.
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How can aquatic ecosystems be conserved?
Far sustainzble use of an aguatc ecosystem,
Wwater paution must be prevented. It does not
make sense 1c zllow water 1o be poluted and
then try to clean tup.

Changing the nature cf the aquat ¢ ecasystem
from a flowing water ecosystem tc a static eco-
system destroys (15 natural biological diversity.
Thus dams across rivers gecrease the popula-
ton of speces that require runn ng water, wh e
tzvourng thase that need standing water.

Aguatic ecosystems, aspecally wetlands, need
pratection by Including them in Sanctuaries or
Natonal Parks in the same way in which we
protect natural forests. These sanctuaries n
aquatic eccsystems protect 3 variety of forms
of life as well as rare fish wh ch are now hghly
endangered such as the Mahsser. Wetand
Sanctuaries and Natonal Parks are of greatest
imporiance as this s ane of the mast threat-
ened of our eccsystems. As the proportan of
the earth’s surfzce that 1s naturally coverad by
wetlands s very small compared tc forests or
grasslands, the wetland eccsystems are very
hgh'y threatened.
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