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2.0 INTRODUCTION

The environment consists of the atmosphere, lithosphere, biosphere and the
hydrosphere. The surface of the Earth is called the biosphere and is composed
of smaller units or segments called the ecosystems. An Ecosystem consists
of al the life forms and the non-living environment found in a particular
place. They can be large or small. The Earth hosts a variety of life forms and
the surface of the Earth, as a whole is an ecosystem. The term “ecosystem”
was first used in 1935 in a publication by the British ecologist Arthur Tansley
who devised the concept to draw attention to the importance of transfers of
materials between organisms and their environment. In later years, Tansley
defined the spatial extent of ecosystems using the term ‘ecotope’. Energy
and carbon enter ecosystems through photosynthesis and are incorporated
into living tissues, transferred to other organisms that feed on the living and
dead plant matter, and are released through respiration. Most of the mineral
nutrients are recycled within ecosystems. Ecosystems are controlled both by
external and internal factors. The study of natural ecosystems will help usto
understand the interrelations between living beings and the environment.
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2.1 OBJECTIVES
After reading this unit, you should be able to:

« define the concept and components of ecosystem;
o describe various ecosystems,
« explain the energy flow, trophic levels, food chains, food webs; and

« compehend the different biogeochemical cycles.

2.2 ECOSYSTEM: DEFINITION AND CONCEPTS

An ecosystemis a community of living organisms (biotic component) in
association with the nonliving components (abiotic) of their environment
(i.e. air, soil, water, climate etc.), interacting as a system. These biotic and
abiotic components are linked together through nutrient cycles and energy
flows. Each organism depends in some way on other living and nonliving
things in its environment. A pond, lake, desert, grassland, meadow, forest
etc. are common examples of ecosystems. An ecosystem can be classified
based on nature, duration and size.

(1) Nature: It can be natural or artificial.

Natural Ecosystems: These form naturally without human interference
i.e. pond, river, forest, etc.

Artificial Ecosystem: These are developed by man i.e. artificia ponds,
aquarium etc.

(2) Duration: It can be temporary or permanent.

Temporary ecosystem: This type is short lived and can be man-made or
natural i.e. rain fed pond.

Permanent ecosystem: This type is permanent and is a self supported
natural ecosystem for very long periods i.e. forest, river etc.

(3) Size: Ecosystems can be small or large.

Small: This type is small and is known as micro ecosystem. It can be
temporary or permanent i.e. Pond.

Large: It islargein size, known as macro ecosystem, is aways permanent
and mostly natural i.e. Ocean, river, forest and desert.

2.2.1 Definition and Concept of Ecosystem

The term ecosystem was initialy proposed by A.G Tandley in 1935. He
stated that ‘ The ecosystem was the system resulting from the integration of
all living and non-living factors of the environment’. Ecology is basically
derived from two Greek words, ‘oikos’ meaning dwelling place and ‘logos’
meaning study. So in other words ecology means the study of organisms in
their natural home. Ernst Haeckel, a German biologist in 1868 termed this
subject as ‘Ecology’. He defined ecology as the ‘ surrounding outer world’,
which is now called the environment. Further, E.P. Odum (1969) defined the



term ecology as the study of interrelationships between organisms and
environment. Ecosystems are defined as ecological units that include all the
biotic and abiotic factors in an area. E. P. Odum defined ecosystem as the
‘basic functional unit of organisms and their environment, interacting with
each other and within their own components’. Nearly all ecosystems are
dependent upon the flow of solar energy and nutrients. Carbon, hydrogen,
nitrogen, oxygen, phosphorus and sulfur make up al life on the planet.
Ecosystems are complex and contain thousands of interacting species wherein
the diversity is a measure of the number of different species.

2.2.2 Components of an Ecosystem

Ecology is the study of interactions between organisms and their nonliving
environment. The study deals with collecting information about organisms
and their environment. In an ecosystem, ‘habitat’ is the place a plant or
animal lives, and ‘niche’ is the specific place it occupies in an ecosystem.
Thus ecology is the study of ecosystems. The various life forms are organized
in an ecosystem by the mode of securing their food i.e. autotrophs or
heterotrophs. The number and type of organisms living in an ecosystem is
directly dependent on the amount of energy available in the system. The
amount of energy an ecosystem receives and the amount that is transferred
from one organism to another has an important effect on the structure of an
ecosystem’s. All organisms need energy to carry out essential functions. The
primary source of energy for an ecosystem is the sun. The energy in an
ecosystem flows from the sun to autotrophs (the producers of the ecosystem)
then to the heterotrophs (the organisms that eat the autotrophs), and then to
organisms that feed on other organisms.

2.3 STRUCTURE AND FUNCTION OF AN
ECOSYSTEM

The structure and function are significant characteristics of any ecosystem.
The (1) structure includes the biotic and abiotic components and the (2)
function includes the functions performed in the ecosystem i.e. food chains,
webs, trophic levels, the flow of energy in the ecosystem, productivity,
biogeochemical cycles and ecosystem regulation.

2.3.1 Sructure

(@) Abiotic Components: They characterize the physical and chemical
characteristics of the environment. They determine the type of organisms
that can successfully live in a particular area. Examples of abiotic
components are temperature, average humidity, topography, natural
disturbances, amount of sunlight, oxygen, carbon dioxide, water, pH,
and the availability of nutrients. The temperature can vary as places
near the equator are warmer than the places near the poles. Humidity
influences the amount of water and moisture in the air and soil and
affects the rainfal.

(b) Biotic Components: This includes all the living organisms in the
ecosystem. They are the plants, animals, fungi, bacteria and other
living organisms inhabiting the area. The biotic components are
categorized as producers, consumers, and decomposers. The biotic
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components aid in the transfer and cycle of energy and are grouped in
terms of the means they use to get energy. Producers i.e. plants produce
their own energy through photosynthesis with the help of sunlight. The
consumers consgtitute the next level of the food chain and are of three
main types. herbivores, carnivores and omnivores. Herbivores feed on
plants, carnivores feed on other carnivores or herbivores, and omnivores
consume both plant and animal tissues.

(i) Autotrophs: They have the ahility to carry out photosynthesis. Some
examples are plants, bacteria, and algae. Autotrophs capture the
solar energy and produce organic compounds; therefore they are
also caled producers. Producers, such as plants with the green
pigment chlorophyll, make food through a process called
photosynthesis. In photosynthesis, plants use carbon dioxide and
water to make sugar. The rate of photosynthesis is influenced by
light intensity, temperature, and the availability of water. This food
is used by the plant for its own energy or may be eaten by consumers.
The types of autotrophs are: Chemoautotrophs: bacteria that obtain
energy from the oxidation of inorganic compounds such as ammonia,
nitrites, and sulfides. Chemoautotrophs are found in extreme
environments like caves, springs etc. Photoautotrophs: possess
chlorophyll and synthesize food through photosynthesis. Algae are
the main photoautotrophs in freshwater and marine environments.
Green plants are the main land photosynthesizers.

(if) Heterotrophs: The consumers or heterotrophs that eat the producers
or other organisms are termed heterotrophs. They eat the food that
autotrophs have produced. The primary consumer is the herbivore.
The secondary consumer eats the herbivores and the tertiary
consumer feeds on secondary carnivores. They can further be
classified into different groups: herbivores, carnivores, omnivores
and decomposers.

2.3.1 Function

Ecosystems are dependent on the sun’'s energy to perform their function and
it is this energy that flows in the system. The function can be explained in
detail as given below:

Producers, consumers and decomposers: Different organismsin an ecosystem
require energy for their survival and are dependent on each other thereby
deriving energy from the producers, consumers or decomposers.

(i) Trophic Structure Levels: These are the feeding positions in a food
chain such as primary producers, herbivores, primary carnivore, etc. A
trophic level is a group of organisms whose feeding source is the same
number of steps from the sun. The green photosynthetic plants form the
first trophic level and are called the producers. The herbivores form the
second trophic level, the carnivores form the third and fourth trophic
levels. Most animals (carnivores) feed at more than one trophic level.
The quantity of living matter at a given point of time at each level is
known as the standing biomass.

1. Autotrophic components (Producers): The term autotrophic means self
nourishing. Since these organisms are self nourishing, they are aso
called producers. Examples include: Algae, green plants, photosynthetic



bacteria. Green plants prepare their food through the process of
photosynthesisin the presence of sunlight with the help of chlorophyll
and carbon dioxide in the air, water.

CO,+2H,0 -» CHO+ O, + HO
(Carbon dioxide) + (Water) — (Carbohydrates) + (Oxygen) + (Water)

Some microorganisms have the ability to produce organic matter through the
oxidation of chemicals in the absence of sunlight by the process of
chemotrophy and the organisms are known as chemoautotrophs.
Example: The chemoautotrophic bacteria make use of the heat generated
by the decay of radioactive to produce organic matter in deep oceans
where there is no sunlight.

2. Heterotrophic components (Consumers): Heterotrophic organisms or
heterotrophs depend on others for their food. They can be of the following

types:
a. Herbivores: They are also known as primary consumers and feed

directly on living plants or remains of plants. Examples are rabbit,
deer, insects etc.

b. Carnivores: They are aso known assecondary consumers as these
carnivores feed on the herbivores. Examples are snakes, birds,
lizards, fox etc.

c. Tertiary Consumers: They are also known as tertiary carnivores
and feed on the primary and secondary consumers. Examples are
lion, tiger etc.

d. Omnivores: These consumers feed on both herbivores and
carnivores (plants and animals). Examples are human beings, birds
(hawk) etc.

3. Decomposers or Micro Consumers: These organisms feed on organic
compounds of living or dead plants and animals for their food and
energy. They absorb some of the products from decomposed material
and release organic compounds to make them available to the producers.
The decomposers are also called as “ Saprotrophs”. Examples are bacteria,
fungi, and flagellates.

2.3.2 Food Chain and Food Web
Food Chain

The transfer of food energy from the producers (plants) through a series of
organisms (Herbivores, Carnivores) successively with the repeated activities
of eating and being eaten is known as food chain. A food chain indicates
who eats whom in an ecosystem. The feeding of one organism upon another
in a sequence of food transfers is known as a food chain. Another definition
is the chain of transfer of energy from one organism to another. Examples
of food chains are:

1. Grass — Grasshopper — Frog — Snake — Hawk

2. Grass > Mouse — Snake — Hawk

3. Rose plant — Aphids — Beetle — Chameleon —» Hawk
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Each organism occupies a separate trophic level. In the above example seenin
point 3, the rose plant is the primary producer (trophic leve I). The aphids are
the primary consumers (trophic leve 1) as they feed on the juice from the rose
plant. The beetle is the primary carnivore (trophic level 111) because it eats the
aphids. The chameleon, a secondary carnivore (trophic level 1V), eats the beetle.
The hawk isthetertiary carnivore (trophic level V) because it eats the secondary
carnivore, the chameleon. The hawk eventually dies and microorganisms break
down the remains. All food chains start with photosynthesis and end with decay
except in degp-sea hydrothermal ecosystems. So the process of eating and being
eaten forms afood chain. In nature, there are two general types of food chains.
They are the grazing food chains and the detrital food chain.

1. Grazingfood chains: It begins with leaves, stems and seeds or the green
plants (producers), which are eaten by the herbivores, carnivores and the
omnivores. A typical land food chainisgiven in Figure 2.2. In this particular
food chain, grass and tree are the producers. Grass is eaten by rabbit and
other herbivores. They represent the primary consumers. Rabbit is eaten by
cats or snakes (secondary consumers), which in-turn is eaten by wolves or
hawk (tertiary consumers). The cat/ snakes and wolves/ hawks will be
consumed by tigers and other big carnivorous (quaternary consumers). These
dead organisms become the food for bacteria and fungi to produce simple
inorganic materials for reuse by the producers. Some examples are given
below:

1. Phytoplanktons—  Zooplanktons— Smdl fish — Tuna
2. Phytoplanktons—  Zooplanktons—  Fish - Man

3. Grass — Rabbit — Fox - Tiger

1. Detrital food chain: The detritus food chain starts with the dead organic
matter either from fallen leaves or dead animal bodies (Figure 2.3). This
food chain is not dependent on solar energy. Detrital food chains are
connected to a grazing food chain when consumers of a grazing food
chain feed on the decomposers of the detrital food chain. An example of
detritus food chain is marsh land where mangrove leaves fal into the
warm, shallow water. The detritus eating organisms i.e. Bacteria, fungi
and protozoans feed upon the dead matter of the dead |eaves and convert
them into simple inorganic substances. These are subsequently eaten by
insect larvae, grass shrimp, copepods, crabs, nematodes, bivalve mollusks,
amphipods, etc. Finally detritus consumers are eaten by the fishes.

1. Leavesor dead plants — Soil mites — Insects — Birds
2. Dead organic matter — Bacteria — Insects
3. Dead leaves — Algae — Fish —» Man

Food Web

Energy flows through an ecosystem in a complex network of feeding
relationships called a food web (Figure 2.4). A food web is defined as the
relationship in which a predator eats different types of food at each trophic
level and isinturn eaten by many different organisms. A food web may contain



severd food chains. Itisthe outcome of severa complex-feeding inter-relationships
that exist in nature. For example in agrassland ecosystem, in the absence of a
mouse, the grasses can also be eaten by rabbit, which can be eaten by a hawk.
Againgrasses can also be eaten by agrasshopper, which ispreyed upon by alizard
and then eaten by the hawk. Similarly, rat or mouseis eaten by snake but snake can
be eaten by predatory birds. Soin naturefood chainsareinterlocked forming food
webs. In contrast to food chain, food web has several distinct characteritics. They
include: (i) Food webiscomplex; (ii) Food web isformed dueto theinterlinking of
food chains; and (iii) A food web brings alternate source of food. Food websare
important in maintaining the ecol ogical balance and stability of ecosystems. For
example, in grasdands, adecreasein thenumber of rabbitswouldleadto anincrease
inthe mouse population etc. Thiswould upset the ecological balance. A proper
balanceisimportant for the survival of al living beingsinthe ecosystem. They are
alsoimportant for biogeochemical cyclesand energy flow through ecosystems.

2.3.3 Ecological Pyramids

In a food chain, producers and consumers at different trophic levels are
connected by way of number, biomass and energy. These above said properties
decreases from producers to consumers. An ecological pyramid shows the
trophic structure of an ecosystem as agraph representing the biomass, organism
number, and energy content of each trophic level in a food web. These
parameters give the pyramid a broad base and atapering apex. The base of the
pyramid represents the producer, and from there the consumer trophic level is
stacked, with the apex representing the highest consumer trophic level. There
are three types of ecological pyramids. They include:

(@ Pyramid of numbers
(b) Pyramid of biomass
(c) Pyramid of energy

(@ Pyramid of Numbers: It is based on the number of organisms in each
trophic level. It may be upright or inverted. In a grassland ecosystem, the
producers are the grasses, which form alarge base and are the maximum
innumber. They arefollowed by rabbits, mice (herbivores), then the snakes,
lizards (secondary consumers), followed by the hawks (tertiary consumers)
that gradually decrease in number forming a conical upright pyramid
(Figure 2.5). But in the case of a parasitic food chain, the pyramid could
beinverted. Thetreesform the producers, which arelessin number. They
support many fruit eating herbivores, birds that in turn support a large
number of parasites and hyperparasites. In this case, the pyramidisinverted
as the number of organisms at each level increases to the top.

(b) Pyramid of Biomass: Thisisbased onthe weight (biomass) of organisms
at each trophic level at a given point of time. Usually alarge biomass of
plants supports a medium weight of herbivores and asmall weight of the
carnivores. Forest and grassland ecosystems show an upright pyramid.
Inverted pyramid of biomassis seen in pond ecosystems and seashores.

(c) Pyramid of Energy: Thisis based on the total amount of energy present
ineachtrophiclevel. It isalways pyramidal which meansthat assimilation
and growth are not 100 % efficient. Thereisalwaysaloss of energy at each
levd. Thus, theenergy ishighest at the producer level . About 10% of energy at
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aparticular trophicleve isincorporatedinto thenext trophicleve. Thus, 1,000
kg of plant material convertsto 100 kg of herbivoretissue, which convertsto
10kgof first carnivores, which can support 1 kg of second level carnivores.
Thisrapid lossof energy isthereasonfood chainshavefromthreeto four links,
rarely five. Thisrapid loss of energy is also the reason there arefew large
carnivores(Figure 2.6).

Check Your Progress 1
Notes: (a) Write your answers in bout 50 words.

(b) Check your progress with possible answers given at the end of
the unit.

1. Describe the structure and function of an ecosystem.

2. Explainfood chain and food web with suitable examples.

24 ENERGY FLOW

The movement of energy through a series of organismsin an ecosystem from
the external environment and back to the external environment againisknown
as energy flow. The sun is the main source of energy and this energy flowsin
an ecosystem through the food chains and food webs. Life depends on the
material cycling through the ecosystems. The sun and the solar energy is the
driving force and all of the solar energy that enters an ecosystemis eventually
lost as heat. Energy islost or used as it flows through the trophic levels of an
ecosystem. Producers absorb energy from the sun, but only about 50% of the
energy captured from the sun becomes part of the plant’s body. The rest 50%
isused for living or lost as heat. At each trophic level, the energy stored in an
organism is about 1/10. Since energy decreases at each trophic level, few
ecosystems contain more than 4 or 5 trophic levels. The energy flow is a
consequence of two fundamental laws of thermodynamics.

(@) First Law of Thermodynamics. It states that “ Energy can neither be
created nor destroyed; it can only be changed from one formof energy to
another” . For example, the green plants (producers) containing the pigment
chlorophyll capture solar energy. This is transformed into biochemical
energy in the plants. So this way energy is transformed or changed from
one form to another.



(b) Second Law of Thermodynamics:. It states that “ When energy is
transformed from one formto another, thereis always someloss of energy
fromthe system, usually as low-grade heat” . Energy is converted from a
more useful to aless useful or disorganized form. So energy is degraded
and this disorganization of energy is called entropy. Energy is maximum
at the | trophic level or in the producers. There isloss of energy at each
trophic level, through the processes of respiration, locomotion and other
energy consuming activities.

Primary productivity israte at which autotrophs capture/ accumulate solar energy
and storeenergy within organic compounds over aperiod of time. Thetotal energy
produced during photosynthesisiscalled the gross primary productivity. Plantsuse
theenergy produced in their metabolic processes and to support their own cellular
respiration. Thisisaccompanied by alossinenergy (about 45%). Thisenergy leftis
about 55% of the gross primary productivity and is stored asorganic matter inthe
producers, whichisavailableto the heterotrophs. Thisiscalled the net primary
productivity. Soil and climate affect gross primary productivity. Theenergy storage
at the consumer level sisknown as secondary productivity. Therefore, ecosystems
areunableto function unlessthey receive aconstant input of energy. Only asmall
portion of food taken in by heterotrophs becomes avail able to the next consumer.
Detritivores make use of energy present in dead organismsbeforeitislost tothe
system.

Ecological efficiency: Theratio between the energy assimilated and the energy
used within trophic levels of afood chain is known as ecological efficiency.
They are different for different communities. It can be determined by the
efficiency of energy transfer from one trophic level to the other trophic level
and the entire process depends on carbon metabolism. The three important
stepsin energy flow correspond to:

« Exploitation efficiency — ingestion of food/ prey/ production
o Assimilation efficiency — assimilation/ ingestion
« Net production efficiency — production/ assimilation

Ecological Efficiency = Exploitation efficiency x Assimilation efficiency x
Net production efficiency

Net ecosystem production (NEP) = GPP - R.

where, GPP (gross primary production) = Total photosynthetic C fixation
and ecosystem respiration (R.)

(RE) = RA + RH
R, =Autotrophic respiration
R,, = Heterotrophic respiration

2.5 ECOLOGICAL BALANCE

All ecosystems undergo changes over time and the system automatically resists
the changes to come back into equilibrium by a mechanism known as homeodtasis.
Feedback is very important in ecosystems. There are two feed backs, the positive
feedback which results in decline and collapse of the ecosystem and the negative
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feedback which results in homeostasis or equilibrium. When we start to disturb
this balance for our needs we introduce an e ement of imbalance into its working.
Deforestation have destroyed the trees, which has resulted in the disappearance
of the deers, tigers, beetles, birds, lichens, mosses, mushrooms and a host of
other forms of life. Consequently the uptake of soil water and its release into the
atmosphere through transpiration is affected. Therainfal is affected and subtle
changesin the climate set have in. A system is an entity in itsown right and a
disturbance at one point is sure to have repercussions al over the system. When
man clears aforest, he interferes with the ecological balance and is seeking to
establish a new ecosystem. In the process, the inhabitants of the old system
disappear. When older ecosystems are upset over alarge area, the migratory, the
adaptive and such other limitations cause the total disappearance of afew species.
Thisisundesirable not only because of the richness of the flora and fauna suffer
but more so because in the new dispensation, there might be disastrous
consequences. We are apart of anatural ecosystem and our survival depends on
the preservation of this ecosystem.

26 ECOLOGICAL SUCCESSION

Itisthegradual processby which ecosystems change and devel op over time. For
example, avolcanic eruption can cause apart of anidand to disappear. Habitatsare
constantly changing, no community is static in an ecosystem and organisms are
continuously replaced with time. Ecological succession can aso occur when the
conditionsof the environment change suddenly and drastically. For example, forest
fires, windstorms, and human activities, al tamper the conditions of theinitial
environment. These changed environmenta conditionsmay destroy speciesthereby
dteringthe dynamicsof theecologica community. Withinany community somespecies
may becomeless abundant over sometimeinterval, or may even vanish fromthe
ecosystem. Ecological successionisagradual and continuous processthat extends
over aperiod of time until astable community is established known as climax
community, which represents a stable end product of the succession sequence.
When thesuccession startsfromabarren conditionit istermed primary succession
and the successi ve stages|eading to a climax community istermed as secondary
succession.

(@) Primary Succession: Itistheseries of community changesthat occur onan
entirely new habitat that hasnever been colonized before. They include: newly
exposed or deposited surfaces, such aslandslips, volcanic lavaand debris,
elevated sand banksand dunes, quarried rock faces. Thecommunitiesthat are
characterigtic of aregioniscalled as‘ sere’ and thecommunitiescaled as’ seral
communities’. The seres can beclassified according to the climatic, geologic
and physiographic forcesbehind their origin and aretermed as: bioseres, diseres,
geoseres and eoseres respectively. Examples include: Hydrosere — when
succession startsfrom open water, X erosere—whenit startsfrom baren rock
or soil. A number of stages (seres) will takeplaceinwhichaninitia or ‘ pioneer’
community will gradually devel op through anumber of different seres, intoa
‘climax’ community’ whichisthefina stage.

(b) Secondary Succession: It isthe series of community changes, which take
placeonaprevioudy colonized, but disturbed or damaged habitat and isusually
much quicker than primary succession. The examplesinclude: areasthat have
been cleared of existing vegetation and destructive eventssuch asfires.



Check Your Progress 2

Notes: (@) Writeyour answersin bout 50 words.

(b) Check your progress with possible answers given at the end of the
unit.

1. Explanenergyflowinanecosystem.

2. Explain ecological succession.

2.7 BIOGEOCHEMICAL CYCLES

Dear learner, so far we have learnt about energy flow in the ecosystem which
isoneof thetwo fundamental processes where the ecosystem works. The second
fundamental processisthe cycling of nutrients and other elements of matter as
input and output of producers, consumers, detritus feeders and decomposers.
The output of each group will be used up by the other group. We can define a
nutrient cycle as the one in which movement and exchange of organic and
inorganic matter used for the production of living matter. This process is
regulated by food web pathwaysthat decompose matter into mineral nutrients.
Thesemineral nutrients are recycled and used up for the production of biomass.
For example, Oxygen isan output of the plant photosynthesi swhich isimportant
for respiration in higher animals and food for the consumers. Whereas CO,
released by the consumer is a nutrient for green plants.

This type of recycling process benefits the environment in two ways.
i. It reducesthe accumulation of waste that can cause pollution
ii. Theecosystem will not be exhausted of essential elements

Out of the 103 known chemical elements, only 24 are required by organisms
known as macronutrients and mi cronutrients. The six macronutrientsthat form
the fundamental building blocks of life include: carbon, nitrogen, hydrogen,
oxygen, phosphorus and sulphur.

Now we have to discuss how recycling takes placein the biosphereto maintain
adynamic system. In this unit we shall discuss some important macronutrient
biogeochemical cyclic processesthat are occurring in our ecosystem. They are
Hydrologic cycle, Carbon cycle, Oxygen cycle, Nitrogen cycle and Phosphorous
cycle.
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2.7.1 Hydrologic Cycle

Thisisaso known as Water cycle. It isthe movement of water from oceansto
atmosphere by evaporation, from atmosphere to oceansto land by precipitation,
fromland to oceans by runoff from streamsand riversand subsurface groundwater
flow. The cycleisdriven by solar energy. Of thetotd water onthe earth 97%isin
oceans, 2% in glaciersand icecaps, and therest in fresh water onland and inthe
amosphere. Thewater cyclecongistsof different physical processeslikeevaporation,
condensation, precipitation and gravitational flow. These processesoperatein three
principal loops. They are:-

1. Evapotranspiration: The water evaporates and returns to the earth by
precipitation (rain). This forms the main source of natural ecosystem.

2. Surface Run Off: Therain water run across the earth surface and forms
the main source of surface water system.

3. Ground Water: The surface water penetrates, then drip down to reach
the ground water and again reaches the surface water through aquifers
and finally forms springs or wells.

Now we can understand and the phenomenon of the water cycle as exchange
of water between the land, the atmosphere and the ocean. The exchange
processes of water in different forms through various phases are known as
fluxes. Thus the cycle fluxes between storage compartments.

2.7.2 Carbon Cycle

All living organisms contain carbon atoms because of its unique chemical
ability to form bonds with other four atoms. It isthe building block of life and
anchors all organic substances. The carbon compounds exist in solid, liquid
and gaseous forms. The movement of carbon atomsin different formsthrough
living and dead organisms (biosphere), the oceans, the atmosphere and the
earth’s crust is known as carbon cycle. All these act as storage reservoirs of
carbon. These reservoirs are of two types. Oneis carbon sink and the other is
carbon source. Carbon sink is one in which more carbon is absorbed than
released hence more carbon isaccumul ated and stored. Where as carbon source
is one in which more carbon is emitted than stored. The source of carbon
atoms in the atmosphere includes burning of fossil fuels, organic matter,
weathering of lime stone rocks, volcanic eruptions and other human activities.
The movement of carbon between these closely linked reservoirsis known as
carbon cycle. We can understand the carbon cycle starting from the reservoir
of atmosphere where as carbon existsin the form of carbon dioxide (CO,) and
methane (CH,). During photosynthesis, the oxygen from CO, molecules
released into the air and the carbon atoms become the organic moleculeswhich
are used to make up the plant body. These carbon atoms then move in to the
food web of higher order and become part of all living organisms present in
the ecosystem. Finally, the carbon atoms re-enter the atmosphere through
respiration of plants, animals, and soil decomposers. The carbon cyclein marine
ecosystem isdifferent and starts with the photosynthesis of phytoplankton and
macro algae absorb CO, from inorganic carbonates of seawater. Thenit enters
into marine food web and finally in to the marine organisms. The carbon cycle
will be completed by returning the carbon atoms to the marine system in the
form of carbonates by the process of respiration of biota and decomposers.



The cycling of carbon dioxidebetween terrestrial organismsand the atmosphereis
alargeflux, with around 15% of thetotal carbon inthe atmosphere being taken up
by photosynthesisand released by respiration annually. Thus, lifehasan effect on
thechemistry of theatmosphere.

2.7.3 Oxygen Cycle

Oxygen is one of the second largest gases that are present in the atmosphere
after nitrogen. One of the main sources of oxygen is the photosynthesis of
plants where plants take up carbon dioxide and give out oxygen. Where as
human beings and animal stake up oxygen and give out carbon dioxide through
respiration. This carbon dioxideisused up by plantsin photosynthesis. During
rain the water comes in contact with rocks and different other hard surface,
oxygen present in the air mixes with the water and entersin to different water
bodies and makes aguatic life alive. In this way this cycle continues in the
atmosphere.

2.7.4 Nitrogen Cycle

Nitrogen isvery essential to life because it is necessary for proteinsincluding
DNA. Free nitrogen makes up around 80% of the Earth’s atmosphere. But
organisms cannot use nitrogen directly, so it has to be converted to usable
forms. The cycle is driven by life and involves the following:

1. Nitrogen fixation: It isthe process of conversion of atmospheric nitrogen
in to other forms of nitrogen like ammonia, so that it can be used for
different purposes by all living organisms since atmospheric nitrogen is
inert in nature. There are four types of nitrogen fixation.

a. Atmospheric Fixation: The nitrogen fixation takes place when the
heat isgenerated dueto lightening, nitrogen in the atmosphere reacts
with oxygen and moisture to form nitrogen oxides and return to the
earth as rain. Hence, the rain water contains nitrogen in the form of
nitrates reach the ground and is used by the plants.

b. Biological Fixation: This is carried out by certain types of
prokaryotes. The cyanobacteria fix significant amounts of nitrogen
in the oceans, lakes and soils. Rhizobium, symbiotic bacteria that
inhabit the root rodul es of legumes and other symbiotic cyanobacteria,
like Nostoc, Anabaena that are found in free state, or in thalli of
Anthoceros, Azolla, coralloid roots of Cycas species also fix
atmospheric nitrogen. Certain free living nitrogen fixing bacteria,
such asAzotobacter, Clostridium alsofix free nitrogen of atmosphere
in the soil. Frankia, an actinomycete found in the roots of higher
plantsalso havethe ahility to fix nitrogen. Nitrogen fixing organisms
combine the gaseous nitrogen of atmosphere with hydrogen obtained
from respiratory pathway to form ammonia, which then reacts with
organic acids to form amino acids.

c. Industrial Fixation: In Haber-Bosch process nitrogen combineswith
hydrogen to form ammonia which is used to make fertilizers.

d. Combustion: During combustion of fossil fuels, nitrogen from coal
isoxidized toform nitrogen oxidesinthe atmosphere and is converted
to nitric acid and reaches the earth as acid precipitation.
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2. Nitrogen Assimilation: Inthisprocess, nitrates, nitritesand ammoniainthe
soil are absorbed by the plants and converted into nitrogenous organic
compounds. Nitratesare converted into ammoniawhich combinesto organic
acidstoformaminoacids. Theamino acidsare usedinthesynthesisof proteins,
enzymes, chlorophylls, nucleic acids, etc. Animals derive their nitrogen
requirement fromthe plant proteins. Thisway it entersthe consumersthrough
thefood chain. In this process energy istransferred to them in the form of
protein and returnsto the soil when they die.

3. Ammonification: Whentheliving organismsdie or excretewaste nitrogenis
returned to the soil in the form of ammonium compounds by saprobiotic
microorganisms like Bacillus vulgaris and Bacillus mycoides which
convert protein to ammonium compounds.

4. Nitrification: In nitrification process, ammoniais converted into nitrates
by agroup of chemo- autotrophic bacteriain the presence of oxygen. This
processinvolvestwo steps. Nitrosomonas, Nitrococcus and Nitrospirain
oceans and soils convert ammoniainto nitrites. The equationisasfollows:

2NH, + 20, — NO, + 2H,0 + energy

Bacteriasuch as Nitrobacter convert nitritesto nitrates. The equation isas
follows:

Nitrobacter
2NO,;+0O, — 2NO, + energy

5. Denitrification: Denitrification isthe processwhere the excess of nitrogen
that is not used by the plants and ammonia is converted to nitrogen by
some denitrifying bacteria such as Pseudomonas denitrificans. In these
ways nitrogen will return to the atmosphere. The equation is as follows:

2NO,—2NO,— 2NO — N,
2.7.5 Phosphorous Cycle

Phosphorous cycleistherepresentative of all the biologically important mineral
nutrients. It isanimportant constituent of protoplasm. These organic compounds
are broken down by bacteria to phosphates which are available to autotrophs.
Phosphorus is present in different forms like soil, rock and sediments on the
earth as phosphate ion PO,*. This phosphate reaches the earth by the process
of weathering of rocks. Unlike other compounds phosphorus cannot exist in
the gaseous state because phosphorusis aliquid at normal temperatures and
pressures. Plants absorb PO,* and enter into the higher order food chain. It is
apart of DNA-molecul es, which store energy (ATPand ADP). From autotrophs
it reaches animals through the grazing food chain. Excess phosphorous is
excreted and again reaches the autotrophs. Sea-birds have played animportant
rolein this cycle and an example is the guano deposits that occur on the coast
of Peruin South America. Phosphorous enters the living system from the soil,
where it exists in minerals combined with potassium, calcium, magnesium,
iron and as phosphates. It moves out of the soil in awater soluble form and is
transported through rivers, streamsand to oceans. Thus, phosphorous recycles
through water, soil and sediments. The richest phosphorous mineinthe world
isin Bone Valley situated 40 km east of Tampa, Florida (USA).



2.7.6 Sulfur Cycle

Most of the Earth’ssulfur ispreserved inrocks and mineralsas sulfate saltsburied
deepwithin ocean sediments. Sulphate (SO, isthemainformavailableto autotrophs
andisincorporated into proteins. They are essential componentsof someamino
acids. Thesulfur cycle consists of two processes: (a) atmospheric and (b) terrestrial.
Intheterrestrial process, the cycle beginswith the weathering of rocksthat rel eases
stored sulfur. Thesulfur thenisconvertedinto sulfate (SO,) through oxidation. This
sulfateistaken up by green plants and microorganismsand isconverted into organic
forms. Theheterotrophsthen consumethese organic formsthrough their food andin
thisway sulfur cyclesthrough thefood chain. When organismsdie and decompose,
some of the sulfur is again released as sulfate and some enter the tissues of
microorgani sms. Vol canic eruptions, breakdown of organic matter in swampsand
tidal flats, combustion of fossil fuel's, and the evaporation of water also rel eases
sulphur into the atmosphere which comes back to the earth with rainfall. Sulfur
entersthe ocean through fall out from the Earth’ satmosphereand terrestrid processes.
Inthe ocean, some marine communities use sulphur in their metabolism. A part of
thissulfur is emitted back into the atmosphere through seaspray. Theremaining
sulfur islost to ocean depthsforming ferrous sulfide that isresponsibl efor the black
color of most marine sediments.

Check Your Progress 3
Notes: (a) Write your answers in bout 50 words.

(b) Check your progress with possible answers given at the end of
the unit.

1. Explainthe hydrologic cycle.

2. Explainthe carbon cycle

28 LET USSUM UP

In this unit we have studied about different phases of environment and
ecosystem and their functions. The environment consists of the atmosphere,
lithosphere, biosphere and the hydrosphere and ecosystem. Ecosystem consists
of al the life forms and non-living things in a particular place. The study of
natural ecosystemswill help usto understand theinterrelations between living
beings and the environment and how the impact of human beingsisinfluencing
the natural world. The biogeochemical cyclesexplainsnatural cycling process of
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nutrientsto maintain the balancein the natural environment and functioning of the
entireearth.

29 KEY WORDS

Ecosystem . Badicfunctiond unit of organismsand their environment,
interacting with each other and within their own
components.

Food Chain . Thetransfer of food energy fromthe producers (plants)

through aseriesof organisms (Herbivores, Carnivores)
successively with the repeated activities of eating and
being eaten isknown asfood chain.

Food web . A foodwebisdefined astherelationship inwhich a
predator eats different types of food at each trophic
level and is in turn eaten by many different
organisms.

Ecological pyramid : An ecologica pyramid shows the trophic structure
of an ecosystem asagraph representing the biomass,
organism number, and energy content of each trophic
level in afood web.

Ecological succession : Itisthegradual processby which ecosystems change
and develop over time.

Eutrophication . Excessive richness of nutrientsin alake or other
water bodies, frequently due to run-off from the
land, which causes abundant growth of algae or
other plant life.

Evapotranspiration : The combination of evaporation and transpiration
that restores water to the atmosphere.
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ANSWERSTO CHECK YOUR PROGRESS

Answersto Check Your Progress1

1. Youranswer shouldincludethefollowing points.

0]

(i)

(i)
v)

Thesgtructureand function aresignificant characteristics of any ecosystem.
The (1) structureincludesthe biotic and abiotic componentsand the (2)
functionincludethefunctionsperformedin the ecosystemi.e. food chains,
webs, trophic levels, theflow of energy inthe ecosystem, productivity,
biogeochemical cyclesand ecosystem regulation.

Abiotic components. Temperature, average humidity, topography, natural
disturbances, amount of sunlight, oxygen, carbon dioxide, water, pH, and
theavailability of nutrients.

Biotic components: Autotrophs and Heterptrophs

Function: Producers: Algae, green plants, photosynthetic bacteria.
Consumers: Herbivores, carnivores, omnivores. Decomposers.

Saprotrophs

2. Your answer should include the following points:

(i)

(ii)
(iii)

(iv)

Food Chain: Thetransfer of food energy from the producers (plants)
through a series of organisms (Herbivores, Carnivores) successively
with the repeated activities of eating and being eaten is known as
food chain. A food chain indicates who eats whom in an ecosystem.
The feeding of one organism upon another in a sequence of food
transfersisknown as afood chain. Another definition isthe chain of
transfer of energy from one organism to another. Each organism
occupies a separate trophic level.

Types of food chains: Grazing food chainsand the detrital food chain.

Food Web: Energy flowsthrough an ecosystem in acomplex network
of feeding relationships called afood web. A food web is defined as
the relationship in which a predator eats different types of food at
each trophic level and is in turn eaten by many different organisms.
A food web may contain several food chains. It is the outcome of
several complex-feeding inter-relationships that exist in nature.

Examples of food web

Answersto Check Your Progress 2

1. Your answer should include the following points:

The movement of energy through a series of organisms in an
ecosystem from the external environment and back to the external
environment again is known as energy flow.

The sun is the main source of energy and this energy flows in an
ecosystem through the food chains and food webs.

Life depends on the material cycling through the ecosystems.
Two fundamental laws of thermodynamics
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Primary productivity
Secondary productivity

Your answer should includethefollowing points.

Itisthegradual processby which ecosystems change and devel op over
time
Examples

Changed environmental conditionsmay destroy speciesthereby atering
the dynamicsof the ecol ogical community.

Primary succession

Secondary succession

Answersto Check Your Progress3

1

Your answer shouldincludethefollowing points:

Thisisalso known asWater cycle. It consists of evaporation of water to
theatmosphere, loss of water inthe form of water vapour through green
plants by the process of transpiration and get back to the earth by the
processof precipitation or rain.

Thewater cycleconsistsof different physical processeslike evaporation,
condensation, preci pitation and gravitational

Evapotranspiration, Surface run off, Ground water

Your answer should includethefollowing points:

All living organisms contai n carbon atoms because of itsuniquechemical
ability to formbondswith other four atoms.

The carbon compoundsexistin solid, liquid and gaseousforms.
Storage reservoirs of carbon
Source of carbon atoms in the atmosphere

The movement of carbon between these closely linked reservoirsis
known as carbon cycle.

The carbon cycle will be completed by returning the carbon atoms
to the marine system in the form of carbonates by the process



