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An ecosystem can be visualised as a functional untt of
nature, where living orgarisas lnleraet among hemselves
and also with the sumounding physical environmeni.
Ecosyslem viarles greatly in size from a small pond (o a
karpe [oresl or & sea. Many ecologtsts regard (he entine
blosphere as a global ccosysiem. as a composile of all
local ecosystems on Earth. Since (his system is (oo much
big and complex to be stadied al one Eme. 1L 1s convenient
to divide 11 into two basic categories, namely Lhe
terrestrial and (he aquatic. Forest, grasstand and desen
are some examples of lerrestrial ecosysiems: pond, lake,
welland, river and esiuary are some examples of aquatle
ecosystems. Crop fielids and an aquarium may also be
constdered as man-made ecosysiems.

Wi will first look at the struclire of the ecosystem, i
order lo appreciate the Inpul (productivity), transfer of
energy (food chatn fweb, mutrieni cyrling) and (he oirput
(degradation and energy loss). We will also ook at the
relattonships - oyveles, chatng, webs —that are cieated as
# result of these energy lows within the systam and thetr
inter- relatonship.
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BROLOGY

12.1 EcosystEM — STRUCTURE AKD FuncTion

In earlier classes, you have lovked at the vartous components of Lthe
environmeni- abloiic and btotic. You studied how the tndividual biotic
and abtotie factors allected each other and hetr sorrounding. Let os look
at these components in a more integrated manner and see how the low of
enieThy Lakes place wilhin these compemenis of the soosystan.

Interaction of biolic and ablotic components result in a physical
siructure that 1s charactenstie for each type of ecosysten. ldentification
and enumeration of plant and antmal spectes of an ecosysiem gtves ils
spectes composilton. Vertical distributlon of dilferent specles occupying:
different levels is called stratification. For example, trees occupy (op
vertical strzita or laver ol a lorest, shrubs (he second and herbs and prasses
occupy the botlom layers,

The camponents of the ecosyslen are seen (o functian as a umi when
yvou conslder the following aspecis:

(1] Productivity;

{1} Becomposition:

() Enerey Now: and
liv) Nutrieni oycling.

To understand the ethos of an ‘aguatie ecosysiem lel us take a small
pond as an exampie, This Is [atrly a sell-sustamable unmil and rather simple
example thal explatn even the complex interactions Lhal extst inan aquatie
ecosystem. A pond 15 a shallow water body in which all the above
menitoned four basic components of an ecosystem are well exhibited.
The aboue component s e water with all the dissolved morganic and
oreEnic subslandes and the foh soll deposil sl the Bollom of the pond.
The salar tnput, the cyele of temperature, day-lengith and other climatic
conditions regniate the rate of function of the entire pond. The autotrophic
components inclode the phytoplankton, some algae and the floating,
submerged and marginal plants found at the edges. The consumers are
represenled by the xooplankion, the free swimming and hollarm dwelling
forms. The dicompasers are the fung, Bacteria and (lgellales espenially
abundant 10 the bottom of the pond. This system performs all the functions
of any ecosystem and of the blosphere as a whole, Le,, converston of
Inorganic nlo organte material with the help ol the radiant energy of the

“surn by Lthe autolrophs; consumplon ol the anlotroplis by helembroplis:

decompasition and mineralisation of the dead matter to release (hem back
for rense by the antotmophs, these event are repealed over and over agaln.
There 1s unidirecttonal movement of energy towarnds the higher trophic
levels and iis dissipaiion and lnss as heat (o the environmenti.

12.2 ProbovcTiviTY

A constanl input of solar energy s the basie requirement [or any ecosystem
to function and sustatn, Primary production 1s defimed as the amount of
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ECOSYSTEM

Dbiomass or organic matler produced per unil area over a lime period by
planis during photosynthests. It 1s expressed in Lerms of wetght (gm—=) or
energy (keal m 7). The rale of blomass production 1s called productivity.
it 15 expressed n terms of gm ™ yr! or (keal m ) y7 ! 1o compare the
productivity of different ecosystems. It can be divided into gross primary
productivity (GPP) anud nel primary productvity (NPP). Gross primary
productivity of an ecosysiem Us the rale of producton of organtc matter
ﬂmmg phu[n-s:mthusaﬁ'_ A constderable amount of GPP s uttised by plants.
in respiration. Gross primary productivity minus respiration losses (R).
Is Lhe net primary productivity [NPP).
GFP—R = NPP

Net primary productivity 1s the avatlable Bomass for the consumplicn
o heteroirophs (herhiviores and decomposers). Secondary productivity
Is defined as lhe rate of [ommzatlon of new organic matler by
COTESLIIETS.

Primary productivity depends on the plant speoles inhabiiing a
particular area. |l also depends on a vanety of environmental aclors,
avatlability of nutrients and photosynthetic capacity of plants. Therefore,
L vartes in differenl types of ecosystems; The amiual nel primary
productivity of the whole Blespliere Is approxtmately 170 billion tons
[dry wedght) of organie matler. Of this, despile oteupyving aboul 70 per
centof the surface, the productivity of the poeans are only 55 hillton tons,
Rest of course. 1s on land. Discuss the main reason jor the low
productivity of ocean with your leacher,

12.3 DrcomposITiON

You may have heard of the earthworm being referred 1o as (he farmer's
‘end’. This is s0 because (hey help in the breakdown of complex organic
maller as well as n loosening of Lhe soll, Stmillarty, decamposers break
down complex organic malter into thorganic subsiances ke carbion
dioxide, water and nutrients and the process 1s called decomposition.,
Dead plant rematns such as leaves, bark, llowers and dead rematns of
anbmals, including fecal maiier, constiiuie detritus. which is the maw
malerial for decomposition. The important sieps in the process ol
decompaosilion are imementalion. leaching, calabolism, humifleation and
mitneralisation.

Detritivores (e.g.. earthworm) break down detritus tnlo smaller paricles.
This process 1s called fragmentation. By (lie process ol leaching, waler-
soltible noruanic nutients so down tnlo the soll horizon arid set preciptiated
as unavatllahle salts, Bacterial and fungal eneaymes degrade detnius o
simpler norganie substances, This process Is called as catabolism.

It is important Lo note that all the above steps 1 decomposition opemale
simullaneously on the detritus (Flgore 12,1), Humification and
mitneralisallion accar during decornpositon i the soll. Humification leads
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Figure 12.1 Dhagtrammyatic Tepresendation of decompesithon cyele o a terestrinl ecosyslem
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to accumulabion of a dark coloured amorphous substance called humus
that is highly reststant (o microblal action and undergoes decomposition
“al an extremely slow mle. Being collpidal in nature it seyves asa reserir
ol muirients. The limuos 1s foriher degraded by some pitcrobes and release
of Indrganic nuirenis occur by the process  kKnown as mineralisation.
Decomposition Is largely an oxyvgen-requiring process, The rate of
decomposition 15 controlled by chemical compostition of detritus and
climatic factors. Ina particular cimatic condition. decomposition raie

15 slower Il detritus s rich m lgnin and chitn, and qucker. Ifdetrias is
rich In nitrogen and waler-soluble subsiances like sugars. Tempermlure
ard soll molsture are the mos( timportant climatic factors thal regulate

decompositian through thelr elfects on the activities of sotl microbes.
Warm and moist environmen! favour decomppsilion whereas low
temperature and anacmoblosis nhibil decompesition resulllng tn butld

up ol orgailc nialerials,
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12.4 ErsErcy FLow

Except for the deep sea hyidro-thermal ecosysiem, sun s the only source
of energy for all soosystems on Earth, Ofthe moldent solar rmdistion less
than 50 per cent of i 1s photosynthetically active radiation [PAR). We
know that planis and pholosynthetie bactenia [autotrophs). fix Sun's
radiant energy Lo make l[ood from stmple Inorganic malerials. Planls
caplture only 2-10 per cent of the PAR and this small amounl of energy
sustains the enttre living worid. So, it ts very important (o knew how the
solar energy caplured by plants flows through different organisms of an
ecosvsiem. All organtsms are dependent for thetr [ood on producers., etther
directly or indirectly. So you find umdirectonal Now of energy from the
sun o producers and then o consumers. Is this in keeping with the firsi
law of thermodynamies?

Further., ecosystems are nol exempt from the Second Law of
thermodynamics. They need a constant supply of energy to synthesise
the riolérales ey mgulne, o coumleract the aiversal lendency loward
increasing disarderfiness.

The green plant in the ceosystem are called producers. In a terrestrial
erosvsien, major producers are herbaceous and woody plants, Likewlse,
producers in an aquatic ecosysiem are various spectes ke phytoplankion.
algae and hisher planis.

You have read about the nod cliatns and webs (hal exist in nalure,
Starting from the plants (or producers) food chains or rather webs are
formed such that an antmel feeds on a plant or on another antmal and tn
furn is food lor another. The chatn or web s formed beranse of this
Interdependericy. No energy thal is trapped 1nlo an organisin rémains in
It frir eser. Thie ensey lrapped by (he priducer, hence, is eliher passed an
lo a consumer or the organtsm diés, Death of organism ts (he beginning
of the detritus lood chain /weh,

All ardmals depend on plants (directly or indirectty) for thetr food needs.
They are hence called eonsumers and also heterotrophs. If they feed on
the producers,; the plants; Lhey are'called primary consumess, and U e
animals cal other animals whieh i wam eat the plands (or thetr produce)
they are called secondary consumers, Likewlse, vou could have tertiary
consumers ton. Obviously the primary consummers will be herbivores.
Spme common herbivares are insects, birds and mammals fn terrestrial
crosysiem and mollusces In aqualle ccosyslen.

The consumersthal feed on these herbitvores are camivores. or more
coirectly primary carnivores (though secondary consumers). Those
animals thal depend om the primary camivores for food are labelled

secondary carnivores. A simple grazing food chain (GFC) ts depicied

Ttlena:
GRS e ———— P Godl===== - Magg === == =
(Producer) (Primary Constmmer)  (Secondary consimer)
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The detritus food chain (DFC) begins with dead ongante matter It s
mitide up of decomposers which are helemotophic organlsms, matnly
fungl and bacteria. They meel thelr energy and nuirent requirements by
degrading dead organle maller or detrilus. These are also known as
saprotrophs (sapro: lo decompose), Decomposers gecrele digestive
engvmes that breakdown dead and waste materials into stmple, inorganic
materials, which are subsequently absorbed by them.

In an aquatic ecosystem. GFC 1s the major conduil for enerey flow.
As agninst this, in a lerresirial ecosysten, a much larger fraction of energy
flows through the detmus food chain than through the GFC. Delritus
foort chatn may be connected with the grazing food chatn &t some levels:
some of the orgardsms of DFC are prey o the GFC animals, and tna naiural
ceosysiem, some arifmals ke cockroachies, crows, elo., are omnivores,
Thest natural inderconnection of food chatns make it a food web. How
would you classify human belngs!

Organisms occupy a place 10 the natural surroundings or tn a
community according (o thetr feedimg relatonshipwith other orgmmisms.
Based an the souwrce of thetr nutrtion or food. organisms ocoupy a specific
place in the food chatn (hal s Known as thetr trophic level. Producers
belong (o the first (ropite level, herbivores (primary consumer) (o the
second-and carnivores [secondary consumaer) (o the third (Mgure 12.2).

Ezamples
Tertiiry Fourlh Frogphile level Man, llon
s [T Ciirnivore)
Secondiny Third irophie Birels. lishes
Corisier level woll
T [Carnivem]
iy Second Hophie Zaoplonkion, grasshopper
ST frvel podd cow
T [Haerbveire)
Frodiicer First ;I;E;Elll:; lewel Phytoplankion, gmss, trees

Figure 12.2 Dingrommatic represeniation of trophic levels in an ecosysiom
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The imporiant poliil Lo note Is that the amoumnt of energy decreases al
sucressive trophic levels. When any organtsm dies it ts converted Lo
dietritns or dead blomiass thal sevves asan energy souree: [ordecomposers.
Organtsms al each trophie level depend on those al the lower trophie level
[or thetr energy demands.

Each trophic leyel has a certain mass of Iiving malerial al a parilcular
tme called as the standing erop. The standing crop is measured as the
mass of living organtsims (blomass) or the mumber in & unil area. The
biomass of a species is expressed in terms of fresh or dry weight.
Measuremienl ol blomass L lesms ol dey welglil 1s more aceurale. Whiy?

The number ol trophite levels i e grasing food ohatn s restricted as
the transfer of energy follows 10 per cent law — only 10 per cent of the
energy is transferred Lo each trophic level from the lower trophic level. In
nalure, It is possible to have so many levels - producer. herbivore, primary
camivore, secondary carmivore in the graving food chaln (Fygare 12.3) .
Bio you think there (s any such limillaiton in a detritus _food chamn?

it T

level producers POmMary constuters  lovel. secondary
| (Herhivores| vonEners

Iplitnis)

@ First trophiv Secornd trophile level  Third trophie Fourth trophic

@ [earTiivores) Hop carmivires

level tertiary
CONAHImErS

<

e W =

i;'gi

Ly

Figure 12.3 Encrgy flow Urovgh differcit troplde levels

12.5 Ecovocicar Pyravns
You must be famtitar with the shape of & pyramid. The hase of a pyramitd

Is broad and It narrows towards the apex. One gets a similas shape.
whether vou express (he [dod or energy refationship between organtsnis
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al differsmt Lrophic levels, This, relattonship s expressed In lemis of
number, blomass or energy. The base of each pyramid represents the
producers or the first trophic level while the apex represents leritary or
top level consumer. The three ypes of ecological pyramids thal are usually
sindied are (a) pyranitd of rumber; (b) pyraond of lomass and () pyramid
ol energy. For detall (see Figure 124 a b, c and d),

Trophic level Number of individuais

TE (Tertiary consumer)

o

S0 [Secomidary consurmet] 3.54.000

PC [Primary consurmer 708, 000

P (Froducer

£,842,000

Figure 12.4 (a) 'vramid of numbers (n 3 grassiand ecosystem: Only tiree lop-cumivores are
supporicd 0 an eoosysicmt based dn production of peacy B millions plants

Trophic level Dry weight (kg m )
TC (- 1.5
1
=) 11
pe ' a7
P 809

Figure 12.4 (b] Pyramid of hicmoss shows o shorp decresse i biomnss st higher rophic lovels

P g

B 1

Figure 12.4 (e) Invertcd pyramid of biomass -small standing crop ol phytoplankion supports ke
slnfiling crop of rooplankion
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TC 10
5C L)
P LG )
(8 10,000 J
1,000,000 J of Sunlight

Fipgure 12.4 (d) An ldeal pyromid of energy. Observe Lot primary producers comvori iy 1006l

e imergly ot sonlight awmilobie o teneinio NPP

Ay caleniablions of energy cofilenl. blomass or mmmbess. has (o include
all organisms al thal troplue level. No generalisations we make will be
true 1l we Lake only a few indtviduals at any rophic level tnlo account.
Alsp a given organism may occupy more than one trophic lovel
simulianconsly. One must remeinber that the roplue level represents a
lunctional level, not a spedes as sudh. A given specles may ofcupy more
than one rophie level tn the same ecosyvstem al the same Ume; for eample,
A SPATTOW 18 a primary consumer when it eats seeds, frulls, peas, and a
secofldary consiuner when i eats insects and wormms. Can you work ol
how many rophie evels hwman beings funclion at in a food chain?

In most ecosystems, all the pyvramids, of number, of energy and
Imomass are uprighl, Le.. produders are more n number and hlomass
than the herbivores. and herbivores are more In number and biomass
Lthan the carnivores. Also encrey al a lower troplilc level s always more
thian ai a higher level.

There are exepllons (o this generalisation: i von were (o count | he
nimmber of insects feeding on # big tree what kind of pyramid would you
pel? Now add anestimate of the number of small birds depending on the
Insects, as dlso Le number ol larger birds eatlng the smaller. Draw the
shape vou would gel

The pyramid of Bioniass in sea 1s generally inveried because the
biomass of fishes lar exceeds that of phytoplankton. fsn't that a paradox?
How woudd you explatn this?

Pyramid of energy 1s always upright, can never be tnveried, because
when enenzy flows from a particular trophie level (o the next trophie level,
same energy is always ipst as heal al each slep. Each bar in the energy
pyramid indicates the amount of energy present al each trophiclevelina
uiven me or annually per anill area.
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However, there e cerlitn imtlalions of ecological pyramids such as

it does not lake nto account the same species belonging to two or more
tropiic fevels: [t assumes a simple food chain. something thal almost
never exisis I nature; Il does not accommpdate a food webh, Moreover,
saprophyles are not gven any place in ecologics! pyramids even though
they play a vital role in the ecosystem.

SUMMARY

Ant ccosystem ks a struchiral and functional unit of natare and #
comprixzes ablotic and blotlc components. Ablotic componenis are
freorparile minlecinie. ol woter and soll wheteas Blolle componenis
nre produecers. consumers il decomposers. Eoacll ecosyslem lins
chamctenstic physical simicture resulting from . interaction amonEst
abiotic omd biotic compononts. Specles composition and sirattffcation
are the two maln stroctural features of an ecoosysiem. Hased on soumee
ol ruintlon cvery soiankam oocuples a0 phue i an eeospdon,

Moodiiciivity. decomposition. cocrily llow, aml nwilrenl cvcling b
the four importnnl. comporgmts of an cogsystom. Primary productivity
is the tatc of capture of solar energy or biomass production of the
prodicers. It ts divided inlo two lypes: gross primary pamsductivity (GPP)
angd ned primary productidly (NP1, Rie of capture of solar enerpy or
tolnl production of organie muter is called bs GPP. NPP ts (he remnfming
biomuss or the emrgly Jeft afler otilisation of prodocers. Scoondory
productivity is the mte ol assimilatien of food encrgy by the conmamers.,
n deeomposition. complex ongme compounds of detritus se converted
to carbon diexiie, water and morganie putrients by the decamposers,
Decomposidon involves three processes, namely fmgmentation of
detritns, Teasrhing and cotiibolism.

Fmg}r flow ix unidirectionnl First. plonts caplare solur energy
i then, food is transfermad o (e producers to decomposers.,
Opganisms of different wrophde Jevels o omalune are conneeted Lo each
other for fodd of cnerpy relationship forming o food ¢hoin. The stomge
] movemensl ol nolriesl elemenls Uirogh Qe varions eomponients
of the crosystom s colled nuivien) oycling: mastrients are repentedly
nsed through this procoss. Nutriont cycling s of twn types—gascous
and sedimentary. Atmosphere or hydrosphiere & the Teservalr for the
gascous type of cyvle (carbon), whereas Earith's erust & the resnvolr
for sedimeniury. type (phosphiorus). Products of écosystom processcs
are moned as ecosmestimy servioes, o, purcification of odr acel saler by

EXERCISES

FUl fen the Wlanhs=
(6l Mamts are ealled as becouse they fx corbon dioxide.

) T dh eeosystem deminuled by brves, e pyramid (of nonbaers)

b= wvpr
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{e) In agualle ccosystems, Lhe Hmiting metor for the productivity
= .
() Common detritivores in pur ccosystem are
el The mnjor, eservoir of corbon on carth 18
2, Which ene of e olowing s the Brgest poprubation in s food chiln?
ia) Producers
[b) Primary consmers
le) Seeondary consmmers
{d}) Dvcompouers
3, The second (rophic lowel inon lake s
] Ty ioplunkimn
(b} Zooplunkian
(vl Beathos
{d} Fishes
4. Secondary producers ore
{a) Herbivores
(b} Producors
[e] Cornivores
(d) Notie of the alwwe
Whal 5 the pereentage of photosynthetically active mdiation (PAR) in
b inridert solnr mdintion?
fa) 1006
h) 50 %
(el -5
dy 2-10%
B, Distleyruiah belwesn
{a) Grazing foud chain amd detritus food eliain
(b} Troduction amd decompoesitian
lel Uiprighit and iveried pymoomd
{d} Food chain and Food wels
fe) Litter ond detritus
i Tmmary and secondary productivity
7. Disiribe We complihetits 6f an ocosyslem.

i

B, Drefine ccological pymamtds amd descobe with wommples, pymmids of
by i IHomnss.

9. What s primary procdisct vity? Give briel deseription of factors (it affect

primary provhuctivity
10, Peline decomposition and describe (he provesses and products of m
ibecomposition,
—_—

11. Give sn deconnt of ciergy (ow i an sosysiem.
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